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ABSTRACT. Solid state dye laser (SSDL} monamers of rhodamine B dissolved
in ethylene glyeol and added in a 2-hydroxyethyl-methaervlale methyl-
methacrylate (volume mixtwe 1) copolymerized by gamma {rradiation
polymerization method (GIM) using Cobalt 60 and compared with couventional
thermal polyinerizatiou wethod {CTM) using oven. The fluorescence spectra.
lasing. refractive index, and color difference are ineasured and discussed.
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1. Introduction

Dye lasers have attractive propertics due to their broad spectral range tuning and high
quantum efficiency. They arc simpler to produce and cheaper in comparison with other
laser sources. Two types of dyc-doped active laser medium arc mainly used, namely liquid
and solid-state. The second typc has some operational advantages rclative to the first.

At present, research on solid-state dyc lascrs is a very active ficld. Organic dyes are
doped in organic, inorganic glasscs or in composile organic—inorganic materials. The
processability, photo-stability and thermostability of the solid-state dyc laser materials are
sought to be improved continuously. Solid-state dye lasers have been developed as an
attractive alternative to conventional liquid dye lasers, duc to its low cost fabrication
techniques, compactness, lack of toxicity or flammability, suppression of flow fluctuations,
and the suppression of evaporation of solvent.

Several solid-host materials such as poly(methyl mcth-acrylate) (PMMA),
polystyrenc, polyethyl-acrylatc and polybutadicne!' ™! efc., have been embedded with dyes
to obtain laser cmission.

However, low laser-damage resistance, low photobleaching threshold of dycs and
rclatively low lascr efficiency has suppressed the usage of this class of lasers,

Therefore, the higher lascr-damage resistance dye-doped host matcrials have been
devcloped such as: modified polymerst™™ (modified-PMMA), co-polymers!”’ (poly(2-
hydroxycthyl methacrylate) (PHEMA)), sol-gel®™  (tetra-methoxysilane (TMOS),
tetraetboxysilane (TEOS)).
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Most of the research in dye-doped polymers was donc with Rhodamine!™™" which
emits in the yellow to red regions of the spectrum. Very little rcsearch has heen carried out
on hlue and UV cmitting solid-state dye lascrs'™. Howevcr, in the future, the blue and UV
lascrs might be required in some important fields, such as medical. tcle-communications,
optical data storage,

In this work, Fluorcseence Specira and lasing output from two prepared solid state dye
laser samples of rhodamine B dissolved in Ethylene glycol (conc. 5x107° M) and mixed
with 2-hydroxycihyl-methacrylate and methyl-methacrylate copolymer (voluine mixture
1:1) polymerized by conventional thermal method (CTM) and gamma irradiation method
(GTM) are measurcd and compared.

2. Experimental

The structure formulae of the additive ethylenc glycol, Rhodamine B and copolymer
poly(2-hydroxyethyl-mcthacrylate methyl-methacrylate) are depicted in fig. 1.
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Fig.l. Structural formulae of Ethylenc Glycol, Rhodamine B, and PLHEMA-MMA),

2.1 Sample preparafion

The samples were prepared and copolymerized using two methods of polymerization,
conventional thermal method (CTM) polymerization using oven and y-irradiation method
(GIM) polymerization using Cobalt 60.

The rhodaminc B dye was dissolved in Ethylene glycol (EG) and left in ultrasonic
water bath for two hours. The dye used was highly pure (>99%) as the impuities lead to a
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decrease in lasing efficiency. The dye concentralion was 5x107° M. This mixture then
added to HEMA-MMA monomcr mixtures (volume 1;1) for copolymerization, Larger dye
concentration leads to aggregation of dye molecules to form dimmers thereby reducing the
photostability of the host. The HEMA-MMA monomers used was also pure, washed
repeatcdly with aq NaoH 10% until free from inhibitors (such as hydroquinone}), then
washcd with distilled water, dried (CaCl,) and fractionally distilled under reduced pressure
in an all-glass apparatus sealed under nitrogen and stored at 0°C in dark .The dye
dissolution was carried out in asonicator.

Two samplcs were prepared. For the first sample, polymerization was brought about
by conventional thcrmal method (CTM) using initiators 2, 2-azo bis isobutyronitrile (conc.
(.015 g/1). Polymcrization process was carried out in cylindrical polypropylene nould
where kept in oven undcr controlled tempcrature conditions for several days (40° for 5
days and 50° for 3 days) and cooled gradually for 6 hours to avoid thermal stress/strain.
For the second sample, polymerization was brought abont by v-irradiation method {GIM)
without using initiator. In this case, polymerization process was carried out in cylindrical
glass mould where kept in cobalt 60 under 8 kGy y-irradiation condition. Two polymcrized
sample rods were formed with diameters of 12 inm and 20 mm length and optical quality
surface was obtaincd by conventional grinding and polishing,.

2.2 Fluorescence spectra and lasing measurement

The experimental sctup for fluorescence and lasing measurcments 1s shown in figure 2.

The cxcitation was performed using frequency-doubled Q-switched Nd:YAG lascr
model LO 71294 made by SolarLS, Belarus. It is capablc of giving 10nm pulses of energy
more tban 170 mJ. The pump energy was rendered into a line image by a quartz cylindrical
lens { f = 150 mm) and uscd to transversely cxcite rhe solid state dye laser samplcs,

Digilal
Delay

Nd: YAG Laser Menochromator

Telescope
= Front laser mirror
S58DL

o Back mirror
Energemeter

Fig. 2. Schematic diagram of solid state dye laser experimental setup.
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The fluorescence and lasing gencrated out of the cavity was colleeted by fiber optics
into monochromator/ICCD camera and scnsor, respectively, and analyzed (10 pJ and 6m]
only were used to excite the samples to generate fluorescence and lasing, rcspeetively).

3. Resulis and Discussion

The GIM polymerization method used for copolymerizing HEMA-MMA/EG-RB
sample has the following advantages:

- The polymerization time was reduced from 8 days in the case of conventional
thermal method (CTM) to less than 2 hours in the case of gamma irradiation
method (GIM).

2- No initiator was used in the case of gamma irradiation method.
3- The cross link was enhanced due to the formation of free radieals by irradiation.

In the case of GIM method, several samples was tested to see the effect of
polymerization process (from 1 kGy to 64 kGy dosages) using cobalt 60 system. The
complete polymenzation occurred at around 8 kGy dosage. No sign of complele
polymerization was recognized at less than 4 kGy dosage. The color of the dye inside the
copolymer matrixes of the GIM samples was affected when dosage irradiation increascd
above 8 kGy. From the results of color measurement using color-meter device (CIE L* a*
b* -system), il was clear there was not much difference between the colors of C'TM sample
and GIM- at 8 kGy, as shown in Table 1. The small differences between the two samples
can be recognized from the refractive mdex differencce, where n=1.5055£0.0002 and
n=1.5033+0.0002 were measured for C'TM and GIM samples, respectively, using Abhe
refractometer.

Table .1 Color measurements of conventional thermal method (CTM) and y-irradiation method {(GIM)
samples measured by color-meter device {CIE L* a* b* - gysiem).

Color type Color Scale | CTM sample GIM sample
Lightness From 0 (dark) to 100 {kight) 49.76 4731
| Red-to-green +94 (red) to - 90 (green) -20.27 ) -17.68
| Yellow-to-Blue +90 (yellow) 10 -90 (bluc) 16.09 13.30 |

Fluorescence spectra of PIMMA-HEMAYEG-RB samples eopolymernized by GIM
and CTM methods measured using 532 nm output wavelength from Nd:YAG laser is
shown in fig. 3. The fluoreseence spectra for P(MMA-HEMA)EG-RB sample
copolymerized by GIM method revcals double increase in the intensity compared with
P(MMA-HEMA) /EG-RB sample copolymerized by CTM method.

The fluorescence life times for SSDL P(HEMA-MMAYEG-RB samplcs of
concentration 5x10° M was determined. The incoherent fluorescence upconversion
techniquc was used as in ref. ) The corresponding fluorescence lifctime for both SSDL

samples PFHEMA-MMA)/EG-RB copolymerized by CTM and GIM mcthods were 7 =

4.8 ns and 7 = 5 ns, respectively. The spectra covers nearly the same range of
wavelengths.

There are a red —shifted in GIM spectra by several nanometcr.
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Lasing speetra of PIMMA-HEMA)EG-RB samples copolymerized by GIM and
CTM methods measured using 532 nm output wavclength from Nd:YAG laser 1s shown in
fig. 4. The lasing spectra for PIMMA-HEMAYEG-RB sample copolymerized by GIM
method reveals an increase in the intensity and red shifted by = 3 nm compared with
P(MMA-HEMA) /EG-RB sample copolymerized by CTM method.
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Fig. 3. Fluorescence spectra from samples prepared by v-irradiation pelymerization methed (GIM) and
conventional thermal polymerization method (CTM).
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Fig. 4. Lasing spectra from sampics prepared by y-irmadiation polymerization method (GIM) and
conventional thermal polymerization method (CTM}.

Conclusion

We have fabricated and synthesized solid state dyc laser materials by v-irradiation
polymerization method without adding initialor, The consnmed time in fabrication and
synthesis bas been reduced by 90% by this mcthod. We have shown that fluorescence and
lasing intcnsitics of GIM samples werc higher than CTM samples synthesized by
conventional thermal method using oven. The complete polymerization for GIM sample
was at 8kGy. As a futurc work, the dispersion degree, intercalation spacing and thermal
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stabilities of these samples will be studied with X-ray diffraction, high-resolution
. . . i . . i 2
transmission clectron microscopy and thermal gravimetric analysis, respectlvcly['“].
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