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Abstract : The present paper reports on the development and optical analysis of PVA and
Eu’": PVA polymer films. For reference PVA film, the XRD spectral profile has been carried
out and found that this polymer possesses a semi crystalline nature. Spectral analysis for
different concentrations of (0.1, 0.15, 0.2 mol %) Eu’": PVA polymer film has been made
based on the measurement of the excitation, emission spectra. A Bright red emission was
noticed from the Eu’" doped polyvinyl alcohol (PVA) films .Under a UV source (254 nm) ,a
bright red emission was noticed from the surface of Eu’":PVA polymer film. Such emission
polymer films are expected to find potential applications as new optical materials.
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Introduction

In recent times, a special attention is focused to explore the possibility of using polymer films and
modified polymer films as potential optical materials. Based on the survey made in the literature, it has been
found that earlier a little work has been reported on polymers with Eu**and with other lanthanide ions such as
Nd*" Er*’ etc'**. From these papers, we understand that polymer films with rare earth (RE) ions have rich
applications in different optical fields such as optical sensors, electro luminescent displays, optical amplifiers
and optical wave guides. In our preliminary effort, a basic polymer namely polyvinyl alcohol (PVA) film was
developed and its properties, including absorption spectrum, were understood. Upon going through the
literature *>*”* | it has become quite clear to realize the fact that in PVA film with Eu*" no emission analysis
has been studied so far, that is why we have chosen it to study its emission behavior. When it was explained
under an UV source, a bright red emission was displayed by this simple PVA film due to the presence of Eu’*
ions in its matrix”'*'",

Experimental studies

Polymer films preparation

In the present work, pure PVA(Mwt. 1, 25,000; S D Fine Chem. Ltd) and Eu** doped (0.1, 0.15, 0.2
mol %) PVA films were made from aqueous solutions by film casting method. Regarding Eu’": PVA films,
EuNO; chemical was dissolved in PVA solution. These chemicals were dissolved in a small beaker (250 cc)
containing double distilled water in different concentrations and then they were mixed by using a magnetic
stirrer in a little warm condition for a homogenous mixing, later on these solutions were cast into polymer films
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in flat based dishes through a slow evaporation method. Thus clearer and highly transparent PVA films were
obtained.

Characterization

The XRD spectrum of pure PVA was measured on an X pert PRO X-ray diffractometer with cu k,
(1.5405 A", and it was operated at 40 KV voltage and 50mA anode current. The absorption of both PVA and
Eu’": PVA films were measured on a Jusco absorption spectrophotometer in the wavelength range of 200-900
nm. The photoluminescence (excitation and emission) spectra of Eu’” : PVA films were recorded on a
spex fluorolog -2 fluorimeter (model II) ,with a Xenon arc lamp of 150w power as an excitation source for a
measurement of emission spectrum.

Results and Discussion
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Figure 1: XRD spectrum of pure PVA polymer film

Figure 1 shows the measured XRD spectral profile of the reference PVA polymer film. And it confirms
the semicrystalline nature of this film, as was reported previously in the literature'>',
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Figure 2: Absorption spectrum of pure PVA polymer film.

Figure 2 shows the absorption spectrum of the pure PVA polymer film . From the PVA
absorption spectrum it was noticed that there is a weak absorption band located at 275nm, which
is in agreement with the value reported in the literature'.
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Figure 3(a): Excitation spectrum of Eu3+ :PVA polymer film.
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Figure 3 (b): Emission Spectrum of Eu™ :PVA Polymer Film.

Figure 3 (a, b) shows the excitation and emission spectra of Eu’": PVA polymer film. The excitation
spectrum reveals six excitation bands such as ('Fy — °D,) at 363 nm, ('Fy — °G,) at 379 nm, ('Fy — °Lg) at 395
nm, ('Fy — °D;) at 419 nm, ('Fy — °D,) at 466 nm, ('Fy — 'F5) at 534 nm. Among them, one transition ('Fy —
*Le) at 395 nm has the maximum excitation intensity and hence with this excitation band the emission spectrum
has been obtained. It is well known that because of the shielding effect experienced by 4f° electrons from the 5s
and 5p electrons, Eu’": PVA exhibits narrow emission bands because of high non radiative relaxations from the
excited states of energy higher than D, state. The intense emission bands in the range of 590 — 700 nm are
assigned to the electronic transitions of (*Dy—Fj_1, 2, 3, 4) and the transitions such as *Dy—F_4 transitions are
electric dipole (ED) transitions. In particular, the red emission (*Dy—F,) is considered to be hypersensitive
transition that follows the selection rule of AJ=2 and hence demonstrates a very bright emission from Eu’":
PVA polymer film. Another transition ("Dy—F,) with AJ=1 has been identified as a magnetic dipole transition
(MD) which is a bright orange emission band. Two weaker emission bands also observed in the spectrum and
these are appropriately identified with the corresponding electronic transitions such as (*Dy—F;) at 654 nm,
(5D0—>7F4) at 696 nm. The measurement of emission spectrum with different concentrations (0.1, 0.15&0.2), the
0.2 concentration is the most intense one. Then we calculate the decay lifetime for 0.2 concentration only. It is
observed in figure4.
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Figure4: Decay curves for emission transitions of Eu3+:PVA polymer film
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Conclusions

In summary, it could be concluded that transparent and more clear pure PVA and Eu*": PVA polymer

films have successfully been developed by a solution cast method. For these polymer samples XRD studies
have been carried out to understand their structural properties. From the measurement of host PVA we can
conclude that a small weak absorption band. Photoluminescence spectra have been carried out for Eu’: PVA
of concentration (0.1, 0.15 and 0.2 mol %). From the emission spectral measurement, it is clear that the red
emission intensity increases with increase Eu®" concentration.

References

1. Bonzanini, R., Girotto, E. M, Gonocalves, M. C., Radovanoric, E., Muniz, E. C., Rubira A.F., Effects
of europium (III) acetylacetonate doping on the miscibility and photoluminescent properties of
polycarbonate and poly(methyl methacrylate) blends, Polymer., 2005, 46; 253-259.

2. Kumar Hemanth, G. N., Rao Lakshmana, J., Gopal, N. O., Narasimhulu, K. V., and Varadarajulu, A.,
Spectroscopic investigations on Mn®" ions doped polyvinyl alcohol films, Polymer 2004, 45; 5407—
5415

3. Wong, S., Altinkaya, A., and Mallapragada, S.K., Drying of Semicrystalline Polymers: Mathematical
Modeling and Experimental Characterization of Poly(vinyl alcohol) Films, Polymer, 2004,45; 5151-
5161.

4, Sosa R. F., Flores, M. H., Rodriguez, R. T., Munoz, F. Rev Mex, Fis., Optical Properties and Judd-
Ofelt Intensity Parameters of Eu®" in PMMA-PAAc Copolymer Samples, 2003, 49; 519-524.

5. Yang, C. C, Lin, S. J,, Hsu, S. T., Synthesis and characterization of alkaline polyvinyl alcohol and poly
(epichlorohydrin) blend polymer electrolytes and performance in electrochemical cells, J Power
Source., 2003, 22; 210-218.

6. Yang, C. C., Chemical composition and XRD analyses for alkaline composite PVA polymer
electrolyte, Mater Lett ., 2003, 58; 33-38.

7. Xu, X, S., Ming, H., Zhang, Q., Optical-transition probabilities of Nd* ions in polymer optical fibers,
Opt Commun. 2001, 199; 369-373.

8. Smirnov, V. A., Philippova, O. E., Sukhadolski, G. A., Multiplets in Polymer Gels. Rare Earth Metal
Ions Luminescence Study, Macromolecules., 1998, 31; 1162-1167.

9.  Rajagopalan, P., Tsatsas, A. T., Synthesis and near infrared properties of rare earth ionomers, J Polym
Sci Part B: Polym Phys .,1996, 34; 151-161.

10. Parra, D. F, Mucciolo, A., Brito, H. F., Thompson, L. C., Optical characteristics of the Eu’’ I2-
diketonate complex doped into epoxy resin, J Solid State Chem., 2003, 171; 412-419.

11. Bermudez, V. Z., Carlos, L. D., Silva, M. M., Smitu, M. J., An Interesting Ligand For The Preparation

of Luminescent Plastics . The Picrate lon, J. Chem Phys., 2002, 112; 3293-3313.

3k Xk %k k Xk



