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The possibility of photon localization inside or outside the nanoparticles has become an interesting question. By standardizing experimental conditions for nanoparticles, it should be possible to result from near-field multiple scattering within subwavelength regions and radically alter some upconversion performance characteristics, leading to a significant variety of excited-state processes, such as the strong enhancement at 407 nm was observed in Yb3+, Er3+:CaF2 nanofilm. 

Dependence of Infrared-to-ultraviolet emission enhancement on Yb3+, Er3+:CaF2 nanoparticle dimension
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In the nanocomplexes with Yb3+, Er3+ codoped calcium fluoride (CaF2:Yb3+, Er3+) nanoparticles, the infrared (IR)-to-ultraviolet (UV) upconversion (UP) properties were explored under 980 nm laser diode (LD) excitation. The strong enhancement of ultraviolet emission at 407 nm was observed. a UP mechanism of the materials were discussed.
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1 Introduction
Due to the need for developing miniaturized and UV-lasing solid-state devices with upconversion processes, it is very necessary and valuable to explore novel upconversion approaches. It is well known that the changes in lifetime have been found earlier for molecules near planar surfaces1. So, the very possibility of photon localization inside and outside the nanoparticles has become interesting questions2, 3. The near-field multiple scattering within subwavelength regions (seeing 2, 3) can result in inhibited or enhanced spontaneous emission4-6 etc. Here, it is therefore interested to extend the work into the researches on the upconversion processes of atoms or molecules inside spherical dielectric nanoparticles. 
In the nanocomplexes composed of appropriate CaF2:Yb3+, Er3+ nanoparticles, the strong enhancement at 407 nm was observed. The results shown that the UV enhancement is independent of the both the Er3+ concentration and the excited power, and only dependent of the annealed time linked to the size parameter. According to the analysis theoretically and experimentally, an upconversion process was proposed, being able to explain the phenomenon satisfactorily.
2 Experiment
A series of CaF2: Yb3+, Er3+ nanocomplex films were respectively prepared by spin vaporizing method7 and XRD analysis shows that the nanoparticles is crystal. We explored the dependence of the IR-to-UV emission properties on the particle dimension, the Er3+-doped concentration and the excited power with a fluorescence spectrophotometer Hitachi F-4500 and a 978 nm LD.
3 Results and Discussion
From Fig. 1, the UP emission spectrum of the unannealed CaF2: 0.1 Yb3+, 0.01 Er3+ sample at room temperature is displayed, which a sequence with favorable resonance is 4I13/2→4F9/2→2H9/2, and seeing the inset in Fig. 1, the emissions in the UV and visible regions come from the following transitions: 2H9/2→4I15/2, 4S3/2→4I15/2 and 4F9/2→4I15/2, respectively. Fig. 2a shows the up-conversion emission spectrum of the CaF2: 0.1 Yb3+, 0.01 Er3+ nanoparticles before annealing. It is noted that the UV emission intensity of the nanofilm at 407 nm is enhanced in comparison with that of the bulk at 900 0C after 10 min annealing. Furthermore, Fig. 2b presents a remarkably UP emission enhancement at 900 0C after 20 min annealing. 
Theoretical study on photon localization in spherical dielectric particles has shown that the transition rates are sensitive functions of the size parameter and the dielectric constant of the host particle8. If the radius of the particle is small compared to the wavelength of radiation transition (Rayleigh limit), the transition rates are independent of polarization and the location of the emission centre within the particle and, for a nonmagnetic particle in air, the transition rate goes down to the rate in the bulk by a factor
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; when the transition frequency coincides with a resonance frequency of the host particle, the transition rates have huge enhancement.
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 ＜ 1 because dielectric constant ε is more than 1 for fluoride materials. So，it is clear in Fig. 1 that, for the unannealed sample, the little nanoparticles (radius r<100 nm) content the condition of r < the wavelengths of three radiation transition 2H9/2→4I15/2, 4S3/2→4I15/2 and 4F9/2→4I15/2 , and make the transition rates decrease, equally, resulting in the similarity of the spectrum in the bulk sample with CaF2: 0.1 Yb3+, 0.01 Er3+. However, for the annealed samples, the nanoparticle radius gives a raise with annealing time increasing, accordingly, influencing the change of the rates from three radiation transition 2H9/2→4I15/2, 4S3/2→4I15/2 and 4F9/2→4I15/2. Then, the nanoparticles grow into >200 nm, the condition, r < the wavelengths of radiation transition, only can be met for the transition 4S3/2→4I15/2 and 4F9/2→4I15/2, and the rates sill are maintained in a lower value, but the transition rate from 2H9/2→4I15/2 should rapidly increase because the increase of nanoparticle size remodels the lifetime with 2H9/2 level, more efficient population occurring at 2H9/2 level.
4 Conclusions
In collusion, by examining the upconversion emission on the particle size of CaF3: Er3+, Yb3+ materials, For CaF3: 0.01 Er3+, 0.1 Yb3+ sample, the results that reveals a greatly enhancement at 407 nm is observed as the nanoparticle have an appropriate size. It is understood that nanosize is the main reason of the upconversion emissions with the near ultraviolet enhancement. It is concluded that, from obtaining strong UV emission materials, efficient three-step upconversion excitation is possible along the sequences 4I15/2→4I11/2→4F7/2 and 4S3/2→2G7/2, 2K15/2, 2G9/2, and 4I13/2→4F9/2→2H9/2 in the nanostructure materials.
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FIG. 1  The spectrum of upconversion emission from unannealed CaF2: Er3+, Yb3+ nanoparticle materials.(Inset in top right corner is the sequences 4I15/2→4I11/2→4F7/2 and 4S3/2→2G7/2, 2K15/2, 2G9/2, have a spacing of ～10200cm-1 (around 980 nm) and allow energy transfer Upconversion (ETU) and excited state Absorption (ESA) processes to take place efficiently under 980 nm LD excitation.
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FIG. 2 The spectra of the nanofilms with the CaF2: 0.01Er3+, 0.1Yb3+ nanoparticles, (a) annealed for 10 min, (b) annealed for 20 min.
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