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Abstract—This paper focus on the synthesis and photoluminescent properties of electrospun nanofibers of europium ion doped polymethylmethacrylate nanofibers. This fibers were characterized by scanning electron microscopy (SEM), energy dispersive spectroscopy (EDX) and photoluminescence (PL). The photoluminescence properties  shows superior bright red emission spectra from the Eu3+ and hence it is widely useful in optoelectronic devices and also specially in fabric designing in textile. All this happens because of  relatively stronger hypersensitive behavior of the 5D0→7F2 transition. This paper present the brief discussion on the potential application of smart fabric to address challenges in human life
Keywords—photoluminescent,poly(methylmethacrylate),fabric,nanofibers,electrospinning; 

I.  Introduction 

Polymer containing rare earth ions are useful in various photonic and optoelectronic devices [1]. It has been observed that the polymer doped RE ions  possess improved photoluminescence properties and thermal stability, and are mechanically flexible with easy processability which are important  parameters in manufacturing various optoelectronics devices and display systems[2-6]. The RE ions  incorporated in the polymer matrixes represents a class of new materials that present the characteristics of both the complexes and the matrix materials, making them applicable in a broad range of new technologies[7]. The Eu3+ doped polymer nanofibers have attracted a lot of attentions due to their high fluorescence emission efficiency .
Europium ions  are usually incorporated into all types of material including  organic, inorganic or organic/inorganic hybrid matrices[8] .RE ions in polymer , enhanced the luminescent efficiencies because of  uniform distribution of the europium   ions along macromolecular chains of  the polymers. The  presence of polymer increases the fluorescent intensity of the 5D0→7F2 hypersensitive transition of Eu3+ ions. One-dimensional (1D) nano/micro-fibers have been of great attention due to their outstanding properties and potential applications in many fields[9-13]. The polymer optical fibers synthesized by the electrospinning technique acquired several advantages, such as exceedingly high surface-to-volume ratio, tunable porosity, malleability and the ability to control the fiber composition to accomplish the required performances from their properties and functionalities[14-17].This light emitting fibers is a  new trend  in making light emitting fibers in textile industry, which are extensively used in large number of applications[18-21].
II. Synthesis of Nanofibers
A. Electrospun nanofibers of Eu3+/poly(methylmethacrylate)
PMMA solution was prepared by using 1 gm of PMMA powder in 10 ml N, N-dimethylformadide (DMF) and stirred for 5 hours at room temperature. Eu(Cl3) of different weights (0.1g and 0.5g) were separately dissolved in the PMMA solution to obtain Eu(Cl3)/PMMA solution with 1:10 and  1:2 concentrations. Each of Eu(Cl3)/PMMA solution was rigorously stirred for 12 hours at room temperature for homogenous mixing and then loaded into a 5 ml disposable glass syringe with a stainless steel needle having an orifice of 0.5mm. The needle was electrically connected to a positive high voltage 17 kV provided between the needle and the collector placed at a distance of 20 cm. The solution flow rate was kept at 0.4 ml/h and maintained using computer control programming. A dense web of PMMA/Eu3+ nanofibers of two different concentrations were collected after around 10 hours on the grounded collector made of aluminum foil of thickness 0.05mm. The nanofibers were then dried in vacuum oven at 80oC for 12 hours. In the similar way PMMA/Eu3+ nanofibers were prepared with the same processing condition of electrospinning to compare the photoluminescence properties.  

B. Instrumentation and Characterization
Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray spectroscopy (EDX) were done by Carl Zeiss EVO-18 model SEM-EDX. Photoluminescence spectra were recorded on FP8200 spectrophotometer.

III. Result and Discussion
SEM images of electrospun nanofibers PMMA/Eu3+ with the weight composition of EuCl3:PMMA=1:10 and 1:2 are shown in Fig. 1 (a, b) .It can be observed form Fig. 1 that when more Eu3+ ions were added by increasing weight composition of EuCl3:PMMA from 1:10 to 1:2, diameter size of the electrospun PMMA/Eu3+ nanofibers increased. This is because the  Eu3+ ions and polymer chain molecules are get properly mixed  in a magnetic stirrer for the longer time period of 12 hours[22].  Another reason  behind increasing diameter is, the doping of Eu3+ ions .This increases the electric conductivity of solution and hence surface charge of spinning jet also. Therefore solution become more fluent and increases  the jet quantity of solution. In this way diameter of fibers increases[23]. 
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Fig. 1: SEM images of electrospun nanofibers with the weight composition of EuCl3:PMMA=1:10 (a)and 1:2(b)  
Fig. 2 shows the energy dispersive x-ray spectra of PMMA/Eu3+ nanofibers for weight composition of EuCl3: PMMA=1:2. Energy dispersive X- ray spectroscopy (EDX) has been also used along with SEM to investigate the elemental compositions in PMMA/Eu3+ nanofibers. From the EDX spectra, the element Eu peak can be detected confirming its existence in PMMA/Eu3+ nanofibers. PMMA/Eu3+ contain maximum concentration of the elements like carbon along with oxygen.
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Fig. 2: EDX spectra of PS/Eu3+ (1:2) nanofibers

Fig. 4 shows the PL spectra of PMMA/Eu3+ nanofibers with different weight compositions (1:10, 1:2) under 411 nm excitation at room temperature. It is observed that no emission peak is observed  in pure PMMA nanofiber while  the emission intensity of PMMA/Eu3+ nanofibers was found to be increased if we increase the concentration of the europium ions. It is because of  increase in the number of luminescent centers in polymer matrix. In emission spectra, two peaks around 592 and 615 nm are assigned to 5D0→ 7FJ transition (J = 1, 2 ) respectively. The 5D0 → 7F2  transition is a called as “hypersensitive transition” (electric dipole transitions).  The intensity of the hypersensitive transition 5D0 → 7F2 is often used as a measure for the asymmetry of the Eu3+ site i.e. intensity is much more affected by the environment of Eu3+ ions also the nature of ligands.. The 5D0 → 7F2 transition is responsible for the typical red luminescence observed in europium (III).The another peak is because of 5D0 → 7F1   transition called as magnetic dipole transitions. Laporte selection rule is only applicable for this type of transition. The intensity of magnetic dipole transition is very weak as compared to  electric dipole transitions. The weak emission intensity of 5D0 → 7F1 transition at 592 nm is because of independent of the coordination environment of the Eu3+ [24-26].There is an interaction between lanthanide ion and magnetic component of light through magnetic dipole. During transition if charge is displaced over a curved path then the transition will possess magnetic dipole character. The curvature of the displacement will only be weakly apparent in a volume as small as the extent of a lanthanide ion and hence  magnetic dipole transitions have a weak intensity.
It is observed that when more europium ion is doped with polymers the intensity of emitting light increased because of the well homogeneous distribution of the Eu3+ ions with the polymers as well as high surface area of the nanofibers due to which more emission centres could be excited. So, the emission intensity of the hybrid nanofibers had a significant increase. Thus, Eu3+ doped polymeric nanofibers are suitable for photoluminescent fabric designing.
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Fig. 4: Emission spectra of pure PMMA (a) and  PMMA/Eu3+ nanofibers for composition (b) 1:10 and (c) 1: 2

Conclusion

The nanofibers of PMMA/Eu3+ are fabricated successfully by electrospinning technique having average diameter of 200 nm. SEM images clears that the Eu3+ ions are homogeneously mixed in the PMMA molecule chain. This fabricated nanofibers has great effect on the PL properties of Eu3+ ions due to the strong coordination interaction between Eu3+ and polymers. 
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