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INTRODUCTION

The heart of any dye laser is the laser dye that
acts an active medium in it. Either; it is in solution case
when dissolve in an appropriate solvent, or it is in solid
state when doping with polymer material. Laser dye
plays an important role in defining the physical prop-
erties of dye laser. Dye lasers utilizing a solid material
are very attractive for a wide range of applications
including selective photothermolysis in medicine, re-
mote sensing of atmospheric contaminants under wa-
ter, communication and optoelectronic field[1].

The xanthene dye molecules have been used in many
scientific and technological applications like fluorescein
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We present the absorption of FTIR spectrum of pure polymethylmethacrylate
polymer with different weight, pure laser dye fluorescein, and fluorescein
dye doped PMMA polymer films with different doping ratio of fluorescein
solution. All these films are prepared by casting method. It was found that
the effect of increased doping ratio of fluorescein solution on FTIR spec-
trum led to increased the two distinct band (2989.66, 2951.61)cm-1

 
and de-

creased other bands. The role of added fluorescein dye clear at peaks (1635,
1581) cm-1 which corresponds to conjugated keton which increased with
increased doping ratio. Also, the effect of carboxylic acid salt was shown at
peaks (1481.33, 1448.61, 1388.75) cm-1 with increased the dye solution added
to polymer. The effect of decreased weight of PMMA polymer led to in-
creased the intensity of the peaks that appeared in FTIR spectrum. This
study is to determine the effect of change the weight of polymer and dop-
ing ratio of dye solution on FTIR spectrum, which have been evaluated and
compared with other researches.  2012 Trade Science Inc. - INDIA

Polymer
Research & Reviews In

Trade Science Inc.

RRPL, 3(3), 2012 [102-106]

Volume 3 Issue 3ISSN : 2249 - 8877

dye used for laser system, solar energy accumulator,
holographic according immunoassay analysis and oth-
ers[2-4].

Among the polymer properties as low as cost,
high processability, light transparency, chemical and
thermal stabilities. Also, polymers are interesting
media for solid state dye laser, non-linear optical
devices, optical computing and selective chemical re-
actions[5,6]. Many research groups have synthesized
and tested a numerous chemical substances, which
have proved to be a good laser dye, the dye has
however to be embedded in host polymer. So, the
spectroscopic properties and kinetic of dye must be
studied[7,8].
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The incorporation of fluorescein in host polymer
will obviously induce structural changes. So that, in this
paper the structural properties of fluorescein doped poly
(methyl methacrylate) PMMA polymer films are stud-
ied by FTIR method. Also, the effect of variation of
weight of polymer and the doping ratio of fluorescein
dye solution will be studied.

EXPERIMENTAL WORK

Fluorescein laser dye has been selected supplied
from Lambda physics, and used without further purifi-
cation. The chemical formula of fluorescein is
(C

20
H

12
O

5
), and molecular weight (332.31)gm/mole.

The chemical structure of fluorescein laser dye is shown
in figure 1[9].

Poly (methyl methacrylate) PMMA polymer sup-
plied from ICI Company. The chemical structure of
PMMA polymer is shown in figure 2[10].

der normal laboratory conditions (dark room, room tem-
perature) for 24hr to get homogeneous dye doped poly-
mer films.

The samples that studied in our work are arranged
and numbered according to the weight of polymer and
the value of doping ratio of dye solution, as shown in
TABLE 1.

Fluorescein doped PMMA polymer films were fab-
ricated by casting method[11]. The solution of the poly-
mer is prepared by dissolving the required amount of
polymer (0.4 and 0.5 gm) in (10 ml) of solvent Ac-
etone.

The dye solution prepared as the method mentioned
in reference[12] was 10-2mol\liter. In every case, we
change the doping ratio of fluorescein dye solution that
added to the polymer solution and stirred very well to
get a uniform mixture. This mixture poured into glass
Petri dish with (10 cm) diameter, and leave to dry un-

No. of 
samples 

Weight of 
polymer (gm) 

Doping ratio of 
fluorescein solution (ml) 

1 0.5 0 

2 0.5 2 

3 0.5 4 

4 0.5 8 

5 0.5 12 

6 0.4 0 

7 0.4 1 

8 0.4 5 

9 0.4 10 

TABLE 1 : The arrangement of samples

FTIR spectrum has been carried out using (FTIR-
84005 Fourier Infrared spectrophotometer
SHIMADZU).

RESULTS AND DISCUSSIONS

The FTIR spectrum of pure PMMA with weight
(0.5gm soluble in 10ml acetone), sample 1, in the fre-
quency range (4000-400) cm-1 is shown in figure 3, in
absorption mode.

This spectrum is comparable to earlier re-
ports[10,13,14]. Two bands appeared at 2989.66 cm-1and
2951.09 cm-1with intensity (1.3, 1.4), respectively. The
first band arises from the methyne C-H stretch, and the
second band arises from the asymmetrical (as) stretch-
ing mode in which two C-H bonds of the methyl group
are extending.

There is two distinct bands 1735.93 cm-1 and
1728.22 cm-1 which are very strong with intensity
(3.7,3.6), respectively. The structure of pure PMMA is
characterized by 1735.9cm-1 band which assigned to
free lateral C=O stretching as shown by Tomar et al[15]

and Laska[16]. The other band 1728.22 cm-1 refers to
esters (C-O-C) groups[16]. The peak 1481.33cm-1with
intensity (1.2) corresponds to methylene C-H bends
(CH

2 
scissoring)[13-17]. The other peak 1448.61cm-1(in-

Figure 1 : Chemical structure of fluorescein laser dye[9]

Figure 2 : Chemical structure of PMMA polymer[10]
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tensity 1.4) attributed to CH
3
 asymmetric stretching or

deformation of PMMA[18].
The characteristic peak at 1388.75 cm-1, (intensity

0.9) is appeared due to O-CH
3 

deformation of
PMMA[17]. The absorption bands corresponding to
skeletal C-C vibrations are appeared at 700-1300 cm-

1as demonstrated by Coates[13].

(with sample no.(2,3,4,5)), as shown in TABLE 1 are
demonstrated in figures (5-8), respectively.

Figure 3 : FTIR spectrum for (0.5gm) PMMA polymer
(sample 1)

For pure fluorescein, the FTIR spectrum is shown
in figure 4, in absorption mode. There is wide band
from (3570-3200) cm-1corresponding to hydroxyl
group, H-bonded-OH stretch, and narrow band (3645-
3600) cm-1 attributed to non-bonded hydroxyl group,
OH stretch as demonstrated by Coates[13].

Figure 4 : FTIR spectrum for pure fluorescein

The bands from (1420-1300) cm-1 refer to car-
boxylic acid salt. The other most important set of bands
are aromatic ring vibrations centered around 1600 cm-

1 and 1500 cm-1, which usually appeared as a pair of
band structures, often with some splitting. Then the aro-
matic C-H out of plane bend clear at (900-670) cm-1

and O-H out of plane bend clear at (700-590) cm-1[13].
The FTIR spectra of fluorescein doped PMMA

films for different doping ratio of fluorescein solution

Figure 7 : FTIR spectrum for (0.5gm ) PMMA polymer doped
(8ml) fluorescein solution (sample 4)

Figure 5 : FTIR spectrum for (0.5gm ) PMMA polymer doped
(2ml) fluorescein solution (sample 2)

Figure 6 : FTIR spectrum for (0.5gm ) PMMA polymer doped
(4ml) fluorescein solution (sample 3)

The intensity of two bands (2989.66, 2951.09) cm-1

increased with increasing the doping ratio of fluores-
cein solution. The intensity of band 1739.93 cm-1will
decreased with increasing doping ratio until damaged
with the second band 1724.36 cm-1at sample (5) to be
one peak.

There are some peaks (1635,1581) cm-1will ap-
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The C-O stretch was observed obviously within
range (1070-1140)cm-1with increasing doping ratio of
fluorescein solution, and other peaks (1195.87, 1149.5,
1134.14, and 1064.71) cm-1 will appeared due to ef-
fect of fluorescein dye.

When the weight of PMMA polymer decreased to
be (0.4gm); sample (6) in TABLE 1, the FTIR spec-
trum is shown in figure 9 in absorption mode. The two
distinct peaks (2898 and 2951)cm-1 were obviously
clear and higher intensity than it in figure 3. The bands
(1743.65, 1720.50) cm-1corresponds to C-O-C ester
and carbolic acid, respectively. Decreasing concentra-
tion of PMMA polymer led to increase the intensity of
all peaks (1600-400) cm-1.

FTIR spectra for samples (7-9) are shown in fig-
ures (10-12), which take the same behavior with
samples (2-5).

Figure 8 : FTIR spectrum for (0.5gm ) PMMA polymer doped
(12ml) fluorescein solution (sample 5)

Figure 9 : FTIR spectrum for (0.4gm) PMMA polymer
(sample 6)

Figure 10 : FTIR spectrum for (0.4gm ) PMMA polymer
doped (1ml) fluorescein solution (sample 7)

peared in samples (2-5). The first band corresponds to
conjugated keton that is lower frequency band which is
from conjugated double band that found in fluorescein
dye. The second band refers to carboxylate form, these
two peaks clearly show the effect of fluorescein solu-
tion as demonstrated in figure 4. Whereas the three
peaks (1481.33, 1448.61, and 1388.75)cm-1 increased
with increasing the doping ratio. This shows the effect
of carboxylic acid salt from fluorescein solution.

Figure 11 : FTIR spectrum for (0.4gm ) PMMA polymer doped
(5ml) fluorescein solution (sample 8)

Figure 12 : FTIR spectrum for (0.4gm ) PMMA polymer
doped (10ml) fluorescein solution (sample 9)

CONCLUSION

The effect of change of weight of polymer (PMMA),
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and the amount of doping ratio of fluorescein solution
that added to polymer- dye mixture on FTIR spectrum
were studied. Decreasing weight of PMMA polymer
doesn�t change the behavior of spectrum, only increase

the intensity of peaks. Whereas increasing the doping
ratio of dye solution led to disappear some peaks and
demonstrate other peaks that confirm the role of fluo-
rescein dye on FTIR spectrum.
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