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ABSTRACT
Random gain medium based on organic Rhodamine 590 (R590) laser-dye and Titanium dioxide (TiO2) suspended nanoparticles have been
prepared with polymethylmethacrylate (PMMA)
as a host. Spray-coated homogeneous film samples of 22.4 µm thickness. Optimum concentrations have been determined depending on the
normal fluorescence spectra which give evidence that the laser dye provides amplification
and TiO2 nanoparticles act as scatter center. At
the optimum concentrations, results of the random gain medium under second harmonic Nd:
YAG laser excitation shows that the values of
bandwidth at full width half-maximum (FWHM)
and the threshold energy are about 11 nm and 10
mJ respectively.
Keywords: Random Gain Medium; Random Laser;
Internal Resonator

1. INTRODUCTION
Random lasers (RL) are unique sources of stimulated
emission in which the feedback is provided by scattering
in a gain medium [1,2]. Random laser effects have been
observed in a variety of organic and inorganic gain media
including powders of solid-state luminescent and laser
crystals [3,4], liquid laser dyes with scatterers [5], polymeric films with and without intentionally introduced
scatterers [6], ZnO scattering films and nanoclusters [7],
dye-infiltrated opals [8], porous media infiltrated with
liquid crystals with dyes [9] and many others. Random
lasers are very attractive for a variety of applications,
low coherent random laser sources can be advantageous
in holography, laser inertial confinement fusion (driver
sources for megajoule lasers), transport of energy in fibers for medical applications, and other applications,
detailed reviews of random lasers can be found in [10,11].
Copyright © 2012 SciRes.

Random lasers are strongly scattering media that amplify
light. There are striking similarities between these systems and more conventional lasers based on a gain medium enclosed in a cavity with two mirrors to provide
optical feedback. An example is the observation of a
threshold for lasing action and frequency narrowing in
random lasers. Evidently, the optical properties of random lasers are quite different from those of conventional
lasers: The propagation of pump and fluorescence light is
diffusive in a random laser. In contrast with cavity systems, scattering is actually advantageous. Since feedback
is provided by multiple scattering, the random laser
threshold is lowered by a stronger scattering, i.e., a shorter
transport mean free path, because the feedback is more
efficient. It has been shown that the threshold in random
lasers is reduced dramatically when the photon transport
mean free path approaches the stimulated emission wavelength [12].
On other hand, gain narrowing denotes a decrease of
the width of the spectrum of the emitted light triggered
by an increase in the pump fluence. The width will be
characterized by the at full width half maximum
(FWHM). Gain narrowing is observed in all laser systems [13]. In a random laser the FWHM of the spectrum
of the emitted light below the threshold of the laser is
approximately the width of the emission spectrum of the
gain medium (typical 40 nm) for R6G. However, far
above threshold, this FWHM can be as narrow as 10 nm.
A measure for the gain narrowing is the narrowing factor
NF, defined as the FWHM of the emitted light below
threshold (FWHM below) divided by the FWHM of the
emission spectrum of a random laser far above threshold
(FWHM above) [14,15].
In this work, random gain medium based on mixtures
of suspended TiO2 nanoparticles of different concentrations and were mixed with R590 and the polymer PMMA
was used as a host [16], from fluorescence measurements
of the above concentrations, it was noticed that a TiO2
concentration of 10–4 mol/l had the highest intensity and
the narrowest bandwidth for film samples. At this optiOPEN ACCESS
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mum TiO2 nanoparticles concentration, the emission intensity spectra at different Nd: YAG pumping energies
were investigated to determine the lasing threshold [17].

2. EXPERIMENTAL
2.1. Chemicals and Preparation
Rhodamine 590 laser dye (C28H31N2O3Cl) with molecular weight 479.02 g/mol supplied by Lambda Physics
LC (5900): Ethanol alcohol (C2H5OH) with spectroscopic grade purity supplied by Gainland Chemical
Company and chloroform (CH3CCl3) with spectroscopic
grade purity supplied by Philip Harris chemical company
U.K. Polymethylmethyleacrylate (PMMA) with chemical
forms (CH2CH3COOCH3), supplied by fluka (Switzerland), and used as a host for laser dye and nanoparticles.
Titanium dioxide (TiO2, nanoparticles 50 nm) of Anatase
crystal structure was acquired from Dupont Inc. The
mean particle size TiO2 nanoparticles which is prepared
as film, determined by a scanning electron microscope
(SEM).
The solutions of laser dye are prepared by dissolving
the required amount of the dye in ethanol. The concentrations of dye solutions were: 10–3, 10–4, 10–5 and 10–6
mol/l. The powder of TiO2 was suspended in chloroform
and its concentration was estimated based on the known
weight fraction of TiO2 in the suspension. The PMMA
solution is prepared with chloroform solvent at 10–2 mole/
liter. While final solutions, which are used in the decomposition process, prepared at maxing volume ratio:
4:3:3 of R590:TiO2:PMMA respectively. Spray pyrolysis
technique was used to prepare the film samples. Figures
1 and 2 show the photographs of some prepared film
samples.
The SEM electron beam produces charges on the surface

R590 10–3

R590 10–4

Gold coating

Figure 2. Photos of some prepared film samples.

of the sample under test. These charges prevent getting a
clear image and thus, the particles size can never be
measured. This problem is eliminated by covering part of
the sample surface with a gold coating to facilitate the
discharging of the surface charge as shown in Figure 2.
Figure 3 show random distributions of TiO2 nanoparticles in the film sample (at a host polymer PMMA).
The SEM unit is used to estimate the particle size of the
TiO2 nanoparticles introduced as a suspension within the
film samples prior to being sprayed as shown in Figure 2
for most tested samples, the value of the estimated
particle size is found to be 52 nm and its comparable to
the corresponding value of the standard TiO2 powder (50
nm). This means that Rayleigh scattering by TiO2 nanoparticles in the prepared samples is dominant (the most
occurrence). This is reasonable since Rayleigh scattering
occurs when the particle size is far less than the wavelength of the incident light
Figure 4 illustrates SEM topography image for the
film sample. The thickness of coating in three different
regions of the film as approximately the same giving
indication of the homogeneity of the prepared film.
Another purpose of the SEM test is that it can be
employed to measure the thickness of film samples. The
thickness of the film samples can be controlled by the
number of sprays, which is associated with spraying time
and the solution flow rate through the nozzle. For each
sample, the thickness values, measured at different regions, are comparable and this also gives an indication
about the homogeneity of film samples.

2.2. Experimental Setup
R590 10

–5

R590 10–6

Figure 1. Photos of the spray pyrolysed sample films at different R590 concentrations and 8.56 × 1015 cm–3 of TiO2 nanoparticles With PMMA as a host.
Copyright © 2012 SciRes.

Figure 5 illustrates the experimental setup of random
gain medium measurement. The pumping source of random gain medium is random polarized Q-switched Nd:
YAG 2nd harmonic generation (λpump = 532 nm, with a
pulse width of ~6 ns, repetition rate of 6 Hz, and focal
OPEN ACCESS
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Figure 3. Random distribution of TiO2 nanoparticles at film sample.

Figure 4. Image of SEM for measuring thickness sample as film.

spot size of ~4 mm). A monochromator and photomultiplier tube was used, successively, to select and detect the
emission signals. A cylindrical lens was used to extend
the laser spot along the film sample and thus, enabling a
Copyright © 2012 SciRes.

precise measurement of the emission signals by monochromator and photomultiplier tube. The emission spectra ware recorded at different gradually-increasing pumping energies.
OPEN ACCESS
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Figure 5. Schematic diagram of RL experimental setup.

3. RESULT AND DISSECTION
The liquid samples derived from mixing R590 dye and
TiO2 nanoparticles in the suspension, which are prepared
as random gain media. In these samples, the TiO2 nanoparticles have not been dissolved and are mixed within
the solutions (but have not changed the color of the solutions even at high concentrations of TiO2 nanoparticles).

405

The film samples, which are prepared by the spray
pyrolysed technique. These samples are shown to be
highly homogeneous. The reason for the homogeneity of
the prepared films is due to several factors such as selecting the special appropriate parameters of the chemical spray technique like the number of sprays and the
substrate temperature (maintained fixed at 80˚C). Furthermore, the spraying is done in an isolated ambient (i.e.,
clean atmosphere). On the other hand, the incorporation
of the PMMA polymer as a host for both the R590 dye
and the TiO2 nanoparticles has an advantage of obtaining
transparent and homogeneous films in view of the many
benefits it possesses such as the good compatibility in the
laser dyes and the high optical homogeneity.
The photo stability obviously increases when the dye
chromoform bind with the polymer chains. It’s for these
reasons the polymer could be chosen as a host. These
media are characterized by having appropriate thermal
optical coefficients as well as they work in a wide temperature range and in small volumes.
The absorption and fluorescence spectra are recorded
of all prepared samples as a function of concentrations of
both R590 dye (as active molecules) and TiO2 nanoparticles (as scatter center). These measurements give us
an indication about the optimum concentrations for the
samples which are prepared as random gain media.
Film samples as shown in Figure 6 the results showed
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Figure 6. Absorption spectra of the film samples at different dye concentrations
and at 8.56 × 1015 cm–3 TiO2 nanoparticles.
Copyright © 2012 SciRes.
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that the addition of the polymer PMMA as a host to R590
dye and TiO2 nanoparticles causes a red shift in the absorption spectrum as compared to solutions without
polymer. This is due to the increase in the perturbation
field among molecules in addition to dimer formation as
a result of dye molecules aggregation giving rise to its
being absorbed at a higher energy than that of the
monomers and being emitted at a lower energy.
Upon mixing the different solution concentrations of
the R590 dye with PMMA polymer as a host medium
and measuring the fluorescence spectra, the obtained
results revealed that the 10–4 mole/liter dye concentration
within the polymer is the premium as illustrated in Figure 7, concerning the fluorescence spectra of these samples a red shift has been observed owing to the fact that
increasing the concentration increases the molecules
number per unit volume as well, i.e., increasing collisions between these molecules. This results in certain
energy loss as heat and consequently, the shift to longer
wave-lengths of emission occurred.
Shows Figure 8 the fluorescence spectra of dye solution of a concentration of 10–4 mole/liter and at different
TiO2 nanoparticles concentrations and from which the
optimum 8.56 × 1015 cm–3 TiO2 nanoparticles concentrations has been selected where it has not changed the dye
fluorescence and never quenched it by scattering. The
dye and TiO2 nanoparticles concentrations that have been
selected are therefore considered to be essentially the
optimum where the presence of TiO2 nanoparticles scatterers has not affected the spectral response of the prepared samples being present within the host medium.

The combining of R590 dye within polymer PMMA
host as an active laser medium decreases degradation of
the dye. These active media have eliminated the use of
large volumes of organic solvents and in addition, it involves other benefits like good compatible with the dyes
and the optical homogeneity, these media enabled the use
of high-concentration dyes without dimer formation and
dye quenching. It can be noticed that the increase of
polymer solution solidity prevents the disintegration of
excited dye molecule resulting from the photo chemical
reactions. Thus, the dye stability increases and the fluorescence intensity increases as well. This is a result of
dimer disintegration that ends the absorption process at
the re-absorption fluorescence.
The polymer PMMA film samples doped with R590
dye and TiO2 nanoparticles have been prepared in which
the TiO2 nanoparticles are randomly distributed within
the PMMA host. These particles scatter photons and increased the path length photon walking in the film and
cause amplified spontaneous emission (incoherent laser).
The AES emission intensity variation with the wavelength for the different excitation energies of the film
selected sample, it can be noticed from these spectra that
the emission intensity increases and the FWHM decreases within the 5 - 40 mJ range increase of the excitation energy. For the film sample under study, the obtained narrowest bandwidth at FWHM is 11 nm. This
dependence is more clarified in the Figure 9 plotted for
comparison purpose. In accordance with optimum the
dye concentration of 10–4 mole/l, the maximum intensity
peak occurs at 567 nm for all the plots.
Dye R590
with PMMA
PMMA
Dye
R59010^-3
10–3 with
Dye R590
R590 5*10^-3
with PMMA
Dye
5*10–3 with
PMMA
Dye R590
R590 5*10^-5
with PMMA
Dye
5*10–5 with
PMMA
Dye R590
R590 10^-5
with PMMA
PMMA
Dye
10–5 with
–6
with PMMA
Dye R590
R5905*10^-6
5*10 with
PMMA
with PMMA
PMMA
Dye R590
R59010^-6
10–6 with
–4
Dye R590
R590 5*10^-4
with PMMA
Dye
5*10 with
PMMA
Dye R590
with PMMA
PMMA
Dye
R59010^-4
10–4 with

45

Fluorescence Intensity (arb. uint)

40

35

30

25

20

15

10

5

0
480

500

520

540

560

580

600

620

640

660

680

Wavelength (nm)

Figure 7. The fluorescence spectra of film sample at different concentrations
of R590 dye hosted by PMMA.
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Figure 8. The fluorescence spectra of film samples at 10–4 mole/liter of
R590 dye and different concentrations of TiO2 nanoparticles hosted by
PMMA.
35

20

30

Emission Intensity (arb. uint)

35 mJ

15

8

Ethintensity
Eth FWHM

10
5

4

30 mJ
0

0
0

5

10

15

20

25

30

35

40

45

Pump Energy (mJ)
25 mJ

20 mJ

15 mJ
10 mJ
5 mJ
545

12

20

FWHM (nm)

40 mJ

Intensity (arbt. uint)

16
25

555

565

575

585

Figure 10. Random laser threshold determination from maximum intensity and FWHM relationship versus the pumping
energy for a film sample: 10–4 mole/liter of R590 and 8.56 ×
1015 cm–3 of TiO2 nanoparticles.

The evaluation of the film threshold energy (Eth = 10
mJ) at which the gain exceeds the loss, the dependence
of the emission intensity and the FWHM on the excitation energy are shown in Figure 10, which confirms
what has already been mentioned above. Hong et al. and
reported a similar result.

Wavelength (nm)

Figure 9. Comparison of emission spectra of the selected film sample doped
PMMA at different of pumping energies
and 1 Hz repetition rate.
Copyright © 2012 SciRes.

4. CONCLUSION
Random gain medium is synthesized via spray coating
technique. The statistical spectroscopic studies of the
OPEN ACCESS
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concentrations of both R590 dye and TiO2 nanoparticles
scatter centers were achieved giving an indication about
the optimum required concentrations. The results of RL
measurements show that the minimum bandwidth at
FWHM is ~11 nm at 40 mJ for the film sample at 10–4
R590 mol/l and TiO2. Was observed for homogenously
prepared spray-coated film sample these results are not
far away from the ones reported elsewhere [4,6,12,17].
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