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ABSTRACT

Rhodamine B dye-doped with titanium dioxide (TiO,) nanoparticles
in certain proportions were prepared by simple sol-gel technique. The
structural and morphological properties of the prepared samples were
studied using X-ray diffraction (XRD) and field emission scanning electron
microscopy (FESEM). The results showed that the TiO, nanoparticles
have spherical agglomerated shapes with anatase and rutile phases. The
average crystallite size of the samples was calculated using the Debye-
Schirer formula, ranging from (10 to 24) nm for anatase and rutile phases.
The results show that when a percentage of Rhodamine is introduced,
the crystallite diameter increases and the diameter ranges from (4 to
12) nm. The intensity of the peaks changes significantly and the phase is
transformed by increasing the percentage of Rhodamine.
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INTRODUCTION

The use of nanomaterials in laser media
represents an exciting and innovative field in
materials science and technology. Due to their
small size, which ranges from 1 to 100 nanometers,
these materials have unique properties that
distinguish them from conventional materials
[1]. Nanomaterials contribute to improving the
chemical, mechanical, optical, electrical, and
magnetic properties of the material [2]. Titanium
dioxide is one of the most prominent and
important nanomaterials, as it is characterized
by its high potential and excellent performance in
most applications [3]. This material also has a great
ability to absorb ultraviolet rays and stimulate
chemical reactions, in addition to being a non-
toxic, low-cost, and light-resistant material [4].
This material exists in three different crystalline
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phases, which are rutile, anatase, and brookite,
where the rutile phase is considered the most
stable, and each phase has its own properties
suitable for a variety of applications [5]. This
material can be prepared in several ways, including
spraying, reactive thermal deposition, chemical
vapor deposition, sol-gel, and spray thermal
analysis [6]. The sol-gel method is considered the
most suitable due to its advantages in obtaining
a homogeneous material required in applications
[7]. The crystal structure of the nanomaterial can
be controlled through the synthesis conditions
[8]. This nanomaterial can be used with laser
dye to improve the properties and apply them in
certain fields such as using them in random laser
media where they amplify light [9]. The laser
dye is known as an organic dye with multiple
applications, and one of the laser dyes is the
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Rhodamine dye which is used in many applications
due to its unique properties, as it is characterized
by its ability to absorb light and re-emit it with
high efficiency, in addition to its chemical stability
and easy solubility [10]. Research indicates that
increasing the concentration of additives [11] and
the temperature used in annealing [12] can lead
to changes in the crystal structure. Other studies
have shown that when the dye concentration
is increased, interference between molecules
may occur, which negatively affects the crystal
arrangement and leads to an increase in the crystal
size or even a change in the crystal shape [13].
The effect of the Rhodamine dye concentration
on the size of TiO, crystals depends largely on the
ratio used and the specific application. According
to studies, it is preferable to use Rhodamine dye
with TiO, as an effective laser medium so that the
dominant phase of TiO, is rutile [14]. Researchers
Majida A. Ameen et al. 2022 studied titanium
oxide (TiO,) nanofilms prepared by sol-gel dip-
coating and doped with Rhodamine 6G (R6G).
The results showed that the films are amorphous
and have a homogeneous surface. R6G was
incorporated into TiO,, suggesting the potential
of these films for the fabrication of visible and
ultraviolet lasers [15]. Researchers Noor Y Khudair,
and Mohammed K Dhahir 2023 fabricated laser
gain media using different dyes and silicon dioxide
(Si0,) nanoparticles using Sol-Gel technology. The
results showed that the dyes doped with silica
had lower absorption and higher fluorescence
spectra. The analyses also showed that the silica
particles were spherical with a size of 25-67 nm,
making them suitable for constructing laser media
[16]. Researchers Noor Y Khudair, and Mohamed
K Dhahir 2024 demonstrated random laser
gain media using Rhodamine 101 dye and SiO,
nanoparticles at different concentrations. These
media were fabricated using Sol-Gel technology
and using a pulsed blue laser to produce random
lasers, with the reflected light collected by a
spectrometer. The results showed a coherent
random laser at 532-536 nm, with the best
maximum width at the optimum concentration.
Electron microscopy showed that the SiO,
particles were spherically packed with an average
size between 25 and 52 nm. The absorption
spectra of R640 dye with nanoparticles at different
concentrations were also analyzed [17].

In this work, Rhodamine dye RhB doped with
TiO, in certain ratios was prepared using the sol-
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gel method. The structural and morphological
properties of the samples were studied with the
aim of using them as active laser media in random
lasers since these lasers have unique properties
such as being portable, mirrorless, and low cost
compared to conventional laser systems.

MATERIALS AND METHODS

Titanium isopropoxide, a colorless to yellowish
liquid, was used as the basic material for titanium
oxide. In addition, Rhodamine dye, pure ethanol
(Ethyl Alcohol 99.9%), hydrochloric acid (HCI,
HCIO, 36.5-38.0%), and deionized water were
used.

Sample Preparation

Rhodamine B dye solution was prepared by
dissolving the required amount in ethanol. Before
dissolution, the weight of the dye was measured
using a sensitive balance, and the weight was
calculated using the following equation [18]:

W = (M.V.C) / 1000 (1)

Where:

W is the weight (gm), M is the molecular
weight of the dye (gm/mol), V is the volume of
the solution (ml), and C is the molar concentration
(M) A high concentration of the dye solution was
prepared and then diluted to a concentration of (1
x 10~* M) using the dilution law [19]:

Cl.Vl = Cz.Vz (2)

Where:

C; is the initial concentration before dilution,
V; is the initial volume before dilution, C; is the
second diluted concentration, and V, is the second
volume after dilution.

This solution was stored in a silicon-coated
flask. Then, pure TiO, was prepared by adding 10
ml of TTIP (the basic material for forming TiO,) to
50 ml of ethanol in a glass beaker. The beaker was
placed on a magnetic stirrer for a quarter of an
hour at 600 rpm to homogenize the components.
In another beaker, 50 ml of ethanol was added
with 10 ml of water and 1 ml of HCl, and these
materials were homogenized, then added to the
ethanol and TTIP solution, and the stirring process
continued for an hour, and a gel-like substance of
pure TiO, was obtained. Then, the ratio of 75% TiO,
and 25% RhB was prepared, where 35 ml of ethanol
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was added with 10 ml of TTIP and 15 ml of diluted were added to 50 ml of ethanol and mixed well,
dye solution. The solution was mixed and left on a then added to the mixture by distillation and left
magnetic stirrer at 600 rpm for a quarter of an hour. on a magnetic stirrer for an hour, which resulted in
In another beaker, 10 ml of water and 1 ml of HCl obtaining a gelatinous material containing the dye

Fthanol dye sol

Fig. 1. Preparation of the dye.
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Fig. 2. Showing the preparation of TiO,-doped Rhodamine.
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impregnated with TiO, in the required proportion.
Then we prepared the ratio of 50% TiO, and 50%
RhB, where we added 10 ml of TTIP to 20 ml of
ethanol, then added 30 ml of the dye solution
prepared by distillation. We left the mixture on
the magnetic stirrer for a quarter of an hour to
homogenize the materials. After that, in another
beaker, 50 ml of ethanol was added with 10 ml
of water and 1 ml of HCl and mixed gently, then
added to the solution containing TTIP, ethanol,
and dye, and the stirring process continued for an
hour to obtain a gelatinous solution in the required
proportions. Finally, we prepared the ratio of 25%
TiO, and 75% RhB, where 10 ml of TTIP was added
to 5 ml of ethanol, then 45 ml of the prepared dye
solution was added. The mixture was left on the
magnetic stirrer for a quarter of an hour, and in
another flask, 50 ml of ethanol, 10 ml of water,
and 1 ml of HCl were added, after mixing the
materials well, they were added dropwise to the
solution containing the dye and TTIP. We left the
mixture for a full hour on the stirrer at a speed of
600 rpm until we obtained a gelatinous solution in
the required ratio. After preparing these samples,
they were left in a dark place for some time until
they dried, and then we ground them manually to
obtain a fine powder. After grinding, these samples
were placed in the oven at a temperature of 500
°C to obtain the samples after annealing. After
that, the structural and morphological properties

of the Rhodamine dye were studied after doping
with the nanomaterial to determine the effect of
the nanomaterial on the dye (Fig. 1 and Fig. 2).

RESULTS AND DISCUSSION
X-Ray Diffraction (XRD) Analysis

Fig. 3. shows the X-ray diffraction patterns for
TiO,, 75%Ti0,-25%Rh, 50%Ti0,-50%Rh and 25%
TiO,-75%Rh; The XRD patterns of TiO, exhibited
a peak at 26 = 25.2°, 37.8°, 48.1°,55.1° and 62.7°
which assigned to (101), (004), (200), (211) and
(204) crystal lattice planes of the anatase form
in TiO,, (JCPDS Card no. 96-900-8214) and at
20 = 27.5°,44.76°, 54.3°,56.6° and 69.8° which
assigned to (110), (210), (211), (220) and (301)
indicated the rutile form of TiO, (JCPDS Card no.
96-900-4145). The intensity of these peaks at 20 =
25.2°, 27.5°,37.8° and 54.3° changes significantly
with the introduction of different percentages
of Rhodamine B, indicating the effect of the
introduction of this dye in the transformation
of anatase to rutile titanium dioxide phases. By
increasing Rhodamine B percentage diffraction
peaks from Rhodamine B (C,.H, CIN,O,) could not
be observed due to the interference with TiO,
peaks, which is consistent with the findings of xiu-
hua et al [20].

The Tables 1, 2, 3, and 4 present the XRD
results for the synthesized TiO, and TiO,-RhB
nanoparticles ~ We can observe the effect of
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Fig. 3. XRD patterns of TiO, and TiO,-RhB samples.
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Rhodamine dye concentration on the crystal size
where Determining the crystal size of the samples

using the Debye-Scherrer formula [21].

Table 1. XRD analysis results of sample TiO,.

D=KA/fcosB

(3)

In this equation, D represents the average

fs d(A) (hkl) The phase FV\(I:;M Crystalline size (nm)
1. 25.354 3.51 (101) Anatase 0.69428 11.7283
2. 27.465 3.244 (110) Rutile 0.34239 23.8852
3. 36.133 2.483 (101) Rutile 0.38678 21.6047
4. 37.785 2.379 (004) Anatase 1.26891 6.6172
5. 41.297 2.184 (111) Rutile 0.37217 22.8112
6. 44.091 2.052 (210) Rutile 0.4751 18.0402
7. 48.077 1.891 (200) Anatase 0.7621 11.4141
8. 54.392 1.685 (211) Rutile 0.53511 16.6913
9. 56.689 1.622 (220) Rutile 0.42311 21.3336
10. 62.728 1.480 (204) Anatase 0.71544 13.0042
Average Crystalline Size Of Anatase Phase 10.69095
Average Crystalline Size Of Rutile Phase 20.7277
Table 2. XRD analysis results of sample 75%TiO,, 25%RhB.
?g d(A) (hkl) The phase FV\(IOI-;M Crystalline size (nm)
1. 25.307 3.516 (101) Anatase 0.6379 12.7638
2. 27.508 3.239 (110) Rutile 0.3625 22.5622
3. 36.951 2.4307 (103) Anatase 0.3760 22.2765
4. 37.792 2.378 (004) Anatase 0.9945 8.4432
5. 41.335 2.182 (111) Rutile 0.3633 23.3710
6. 44.162 2.049 (201) Rutile 0.4865 17.6219
7. 48.043 1.8922 (200) Anatase 0.7067 12.3072
8. 54.459 1.6835 (211) Rutile 0.6449 13.8539
9. 56.784 1.6199 (220) Rutile 0.4107 21.9881
10. 62.689 1.4808 (204) Anatase 0.7154 13.0023
Average Crystalline Size Of Anatase Phase 13.7586
Average Crystalline Size Of Rutile Phase 19.87942
Table 3. XRD analysis results of sample 50%TiO,, 50%RhB
2 . FWHM . .
(g d(A) (hkl) The phase ©) Crystalline size (nm)
1. 25.367 3.508 (101) Anatase 0.8477 9.6059
2. 27.445 3.247 (110) Rutile 0.3026 27.0248
3. 36.081 2.487 (101) Rutile 0.3126 26.7275
4. 37.909 2.3715 (004) Anatase 0.568 14.7882
5. 41.24 2.1871 (111) Rutile 0.3227 26.3032
6. 44.059 2.0536 (210) Rutile 0.4151 20.6455
7. 48.158 1.888 (200) Anatase 0.8704 9.9970
8. 54.051 1.6952 (105) Anatase 0.3731 23.9027
9. 56.646 1.6235 (220) Rutile 0.3944 22.8819
10. 62.867 1.477 (204) Anatase 0.5398 17.2483
Average Crystalline Size Of Anatase Phase 15.10842
Average Crystalline Size Of Rutile Phase 24.71658
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crystallite size, K is a constant, which is set to 0.94 (full width at half-maximum (FWHM) , and ¢ is the
in this case, A is the X-ray wavelength (Cu Ka = diffraction angle.

0.154056 nm), B is the corrected band broadening We note that the average crystal size in TiO,

Table 4. XRD analysis results of sample 25%TiO,, 75%RhB.

%‘? d(A) (hkl) The phase FV\(/:M Crystalline size (nm)
1. 25.354 3.5100 (101) Anatase 0.7970 10.2167
2. 27.465 3.244 (110) Rutile 0.3074 26.6039
3. 36.884 2.4350 (103) Anatase 0.3455 24.2383
4. 37.785 2.3790 (004) Anatase 0.7350 11.4239
5. 41.297 2.1844 (110) Rutile 0.3162 26.8489
6. 44,091 2.0522 (210) Rutile 0.4199 20.4118
7. 48.077 1.8910 (200) Anatase 0.7234 12.0247
8. 54.392 1.6854 (211) Rutile 0.3992 22.3740
9. 56.689 1.6224 (220) Rutile 0.4063 22.2163
10. 62.728 1.4800 (204) Anatase 0.6094 15.2671

Average Crystalline Size Of Anatase Phase 14.63414
Average Crystalline Size Of Rutile Phase 23.69098
% n _ ; R L SN
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Fig. 4. The FESEM images of (a) TiO,, (b) 75% TiO,-25% RhB (c) 50% TiO,-50% RhB and (d) 25%
TiO,-75% RhB samples.
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only for the anatase phase is 10.69 nm and for the
rutile phase is 20.73 nm. This size represents the
ground state of titanium, where the crystals are in
their pure state. At the ratio of 25% Rhodamine
and 75% TiO,, the average crystal size of the
anatase phase was 13.76 nm and for the rutile
phase, it was 19.88 nm. Here, we notice a slight
change in the average crystal size, indicating that
the addition of Rhodamine did not significantly
affect the structure of TiO,. This could be because
the low concentration of Rhodamine did not
significantly affect the crystal growth process. This
ratio provides high stability because it contains a
high amount of titanium, meaning it can be used
in applications that require high laser energy, but
with less efficiency. At the ratio of 50% Rhodamine
and 50% TiO,, the average crystal size of the
anatase phase was 15.11 nm and for the rutile
phase, it was 24.72 nm. We notice an increase in
the crystal size here, indicating that the balanced
concentration between Rhodamine and TiO, began

25 30 35 40 45 50
d(nm)

a5 9.0 95 100 105 110 115
d(nm)

to affect the crystal structure of TiO,. It is possible
that Rhodamine contributed to enhancing the
growth of the crystals or changing the way they
were arranged. This ratio achieves a good balance
between stability. Efficiency and this ratio are
considered optimal for applications that require
high efficiency. At a ratio of 75% Rhodamine and
25% TiO,, the average crystal size of the anatase
phase is 14.63 nm and the rutile phase is 23.69
nm. Although the size is still larger than in the case
of TiO, alone, it may indicate opposite effects, as a
high concentration of Rhodamine can reduce the
effectiveness of crystal growth of TiO,. This ratio
increases the absorption efficiency but reduces
the stability of the medium at high energies. This
ratio is suitable for low-power laser applications.
According to the ratios used, the low concentration
may not have much effect, while the medium
concentration (50%) shows a positive effect on
the crystal size and on increasing the intensity in
the rutile phase, and is considered the optimal
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Fig. 5. The size distribution of (a) TiO, (b) 75% TiO,,25% RhB (c) 50% TiO,, 50% RhB and (d) 25% TiO,-75% RhB samples.
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ratio to achieve a balance between efficiency and
stability. However, the high concentration (75%)
may lead to negative interferences, meaning that
there must be a balance in using the dye with
different concentrations of TiO, and according to
the specific application.

FESEM Analysis

The morphological properties of TiO, and TiO,-
RhB samples were examined using field emission
scanning electron microscopy (FESEM). The results
of FESEM analysis are shown in Fig. 4, at a scale of
200 nm. The obtained images clearly demonstrate
the porous nature of pure TiO, and TiO,-RhB
samples. It is worth noting that the nanoparticles
exhibit a high degree of size uniformity and mainly
exhibit a spherical morphology. This is consistent
with  researcher Sambandam Balaji [22].
Moreover, it is evident that these nanoparticles are
interconnected, resulting in a disorganized porous
network structure. When the concentration of
Rhodamine B is increased to 75%, an increment in
crystal size and agglomeration is observed.

Fig. 5 shows the particle size distribution of
the samples. The data presented in the graph
indicated that the calculated particle sizes of TiO,,
75% Ti0,-25% RhB, 50% TiO,-50% RhB, and 25%
TiO,-75% RhB samples are 4 nm, 9 nm, 10, 11 nm,
and 12 nm. Rhodamine B, a fluorescent dye, may
affect the formation and growth processes of TiO,
crystals. The dye may interact with TiO,, resultingin
differences in particle size, shape, and distribution
this is consistent with researcher Neyda Baguer
[23]. It is worth noting that the sol-gel method
greatly affects the structural properties of TiO,,
resulting in the agglomeration of particles and
the formation of irregular shapes this is consistent
with [24,25].

CONCLUSION

The optimal ratio selection for titanium and
Rhodamine dye as a laser medium depends on
laser properties. The structural and morphological
properties were studied using XRD and FESEM
analysis of samples prepared with different ratios
of Rhodamine dye-doped with nano-TiO, material.
The results showed that the ratio of 50%TiO, and
50% Rhodamine dye positively affects the crystal
size and increases the intensity in the rutile phase.
This ratio is also considered the optimal ratio to
achieve a balance between efficiency and stability.
However, when the titanium ratio increases to
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75% TiO, and 25% Rhodamine, it increases the
energy loss due to dispersion. At a lower ratio
of titanium, i.e. at a ratio of 25% TiO, and 75%
Rhodamine, it reduces the stability of the medium
at high energies. As shown by the analysis of the
FESEM results, the diameter of the crystals in the
ratio of 50% TiO, and 50% Rhodamine is from 10
to 11 nanometers.
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