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Abstract: In this research, nanoscale Ca-α-SiAlON:Eu2+ phosphor is formed by pulsed laser ablation 

(1.27 J/pulse cm2) in deionized water. Analyses of particle size and composition are accomplished by 

transmission electron microscopy (TEM) and energy-dispersive X-ray spectroscopy (EDS), 

respectively. High-resolution TEM (HR-TEM) shows that the nanoparticles are highly crystalline and 

EDS confirms their composition. The emission spectrum of the nanoscale Ca-α-SiAlON:Eu2+ shows an 

obvious blue shift compared with that shown by the target, possibly resulting from changes in the 

crystal field around Eu2+ caused by the enhancement of surface effects due to the nanoscale size. 
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In recent years, white-light-emitting diodes (WLEDs) have attracted increasing attention as highly 

efficient, energy-saving, and environment-friendly lighting sources1). In general, phosphor conversion 

is one of the primary methods of generating WLEDs, with the system phosphor playing a key role in 

generating the white light. However, the amount of incident light decreases significantly because of 

backscattering loss caused by micrometer-sized phosphor particles, resulting in poor beam collimation2). 

For instance, only 30% overall conversion efficiency is obtained from Y3Al5O12:Ce3+ micrometer-sized 

particles3). The Rayleigh scattering intensity of one particle, IS, is determined by the following 

equation:4) 
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where  is the intensity of the incident light, Nm is the refractive index of the medium, a is the 

diameter of the particle, m is Np/Nm (Np, refractive index of particle), λ is the wavelength of the incident 

light, r is the distance between the viewing point and the nanoparticle, and θ is the scattering angle. 

According to the formula, the scattering efficiency depends on the particle diameter (a) to the sixth 

power. Accordingly, reducing phosphor particles from micro- to nanoscale size is an effective method 

of reducing the scattering losses in WLEDs, as recently demonstrated in Y3Al5O12:Ce3+ phosphor 

nanoparticles.2,5) 

α-SiAlON has been established as an excellent host material for the formation of rare-earth doped 

phosphors owing to its chemical and thermal stabilities derived from the strong covalent bonds of (Si, 

Al)-(N, O).1). Ca-α-SiAlON:Eu2+ phosphor shows an absorption in the range of 280-470 nm, a broad 

yellow emission between 550 and 600 nm,1,6) and is regarded as a potential candidate to replace sulfide 

and oxide phosphors.1) To the best of our knowledge, nanoscale Ca-α-SiAlON:Eu2+ has not been 

reported to date. Owning to the high temperature and gas pressure required to obtain 
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Ca-α-SiAlON:Eu2+, the ability to control nucleation and grain growth required to obtain nanoscale 

particles has remained elusive, and we are unaware of any reports of their syntheses. Herein, we offer a 

new method for the formation of forming nanoscale Ca-α-SiAlON:Eu2+ particles and report their 

optical properties. 

In this study, Ca-α-SiAlON:Eu2+ nanoparticles are successfully fabricated from a 

micrometer-sized target by pulsed laser ablation, which is a highly efficient, safe, and clean method.7-9) 

In this procedure, nanoparticles are formed in a plasma plume comprising emitted atoms, ions, and 

clusters ejected from the target during the ablation process. Moreover, laser ablation in liquids results in 

the formation of nanoparticles with outstanding purity. In addition, the luminescent property of 

nanoscale Ca-α-SiAlON:Eu2+ is also investigated with a view toward their use as a phosphor. 

The synthesis of micrometer-sized Ca-α-SiAlON:Eu2+ powder was accomplished by the 

gas-pressure sintering of a mixture of CaCO3, Si3N4, AlN, and Eu2O3 at 1750 °C for 4h under 0.92MPa 

of N2. The powder was then pressed into a laser ablation target pellet and sintered at 1750 °C for 2h 

under 0.92MPa of N2. Finally, the target was irradiated in deionized (DI) water with a focused pulsed 

laser beam (wavelength: 532 nm, repetition rate: 10 Hz, pulse duration: 13 ns.) with an energy density 

of 1.27 J/pulse cm2. 

The phase analysis of the pellet was performed by X-ray diffraction (XRD, Philips 

X’Pert-PRO-MRD,) with Cu-Kα radiation and the scanning speed of 1.2°/min at 2θ = 15°–90°. The 

particle size and the lattice fringe of the nanoparticles were observed by scanning electron microscope 

(SEM, Hitachi S-5500) and high-resolution transmission electron microscope (HR-TEM, JEOL 

JEM-2010F), respectively. The elemental composition was measured using an energy-dispersive X-ray 

spectrometer (EDS) equipped in JEM-2010F. The photoluminescence spectra, under ultraviolet 
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excitation (365 nm UV-LED), were obtained at room temperature using a multichannel photodetector 

(Otsuka electronics MCPD7700) with an optical bundle fiber attached to an optical microscope 

(BX51M). 

The structure and crystallinity of the Ca-α-SiAlON:Eu2+ target was analyzed by XRD [Fig. 1(a)]. 

All diffraction peaks for the Ca-α-SiAlON:Eu2+ target can be well indexed as the trigonal P31/c crystal 

α-Ca0.8Si9.2Al2.8O1.2N14.8 (ICDD, No.33-0261), indicating that a highly crystalline structure was  

formed without any impurity phases [Fig. 1(a)]. The SEM images of the target [Fig. 1(b)] reveal that 

the Ca-α-SiAlON:Eu2+ consists of regularly shaped 0.8-1.2 μm particles that have grown together, 

ultimately yielding micrometer-sized Ca-α-SiAlON:Eu2+ particles. 

Nanoparticles of Ca-α-SiAlON:Eu2+ were obtained by pulsed laser ablation in DI water of the 

micrometer-sized Ca-α-SiAlON:Eu2+ target. Results of the TEM, EDS, and HR-TEM analyses of the 

Ca-α-SiAlON:Eu2+ nanoparticles are shown in Fig. 2. The highly aggregated nanoparticles are 

composed of polycrystalline Ca-α-SiAlON:Eu2+. The diameter of the aggregated nanoparticles ranges 

between 90 and 110nm, whereas the crystalline grain size is less than 20 nm. As shown in Fig. 2(d), the 

lattice fringe of the crystal is clearly visible with a lattice spacing of 3.37 Å, approximately conforming 

to the lattice spacing of the (200) plane of Ca-α-SiAlON:Eu2+ (JCPDS, No.33-0261). The EDS result 

shows the elemental composition of the nanocrystalline particles to be Ca, Si, Al, O, N, and Eu [(Fig. 

2(c)], indicating that Ca-α-SiAlON: Eu2+ has successfully been formed by pulsed laser ablation in water. 

For a more quantitative analysis, an EDS study of five different zones of nanoparticles and the 

target was conducted. The mean values with standard deviations of the composition of the 

nanoparticles and target are presented in Table I. The amount of Si seems to slightly decrease with 

evaporation in the laser ablation process, while the content decreases from 40.1 ± 2.9 to 33.6 ± 
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4.3% at.%. The ratio of other elements do not significantly change between the target and the 

formation of the nanoparticles; however, the O and N elements were not analyzed owing to the 

inherent inaccuracy of measuring light elements by EDS. A more detailed and accurate composition 

analysis will be pursued in future research. 

The photoluminescence spectra of the Ca-α-SiAlON:Eu2+ target and nanoparticles are shown in 

Fig. 3. The emission spectra of the target and nanoparticles (excited at 450 nm) exhibit a single broad 

band at 585 nm and 580 nm, respectively, because of the allowed 4f65d1→4f7 transition of Eu2+10). As 

can be seen in Fig. 3, the blue-shift and broadening of Ca-α-SiAlON:Eu2+ nanoparticle emission 

spectrum are obvious compared with those of the target. This phenomenon suggests that the crystal 

field around Eu2+ ions becomes weaker with a wider distribution. The full width at half-maximum 

(FWHM) of the emission band of nanoparticles is approximately 98 nm, which is wider than that of the 

target (91 nm). As an important luminescent property, FWHM can represent the color purity of the 

phosphor emission. 

In Ca-α-SiAlON:Eu2+, the broadband emissions are caused by the 5d-4f transitions, according to 

the knowledge of Eu2+ energy level scheme.11). The 5d levels are easily affected by the crystal field 

effect, whereas the 4f energy levels are well protected from the perturbation of the crystal field.12). As 

particle size decreases, the ratio of particle surface area to particle volume increases. It is known that 

the nanoparticle has a large surface area, which would increase the surface tension. It is possible that 

the size reduction down to the nanosize range leads to some distortions of crystal lattice owing to the 

increasing effect of the surface. These distortions of the crystal lattice would affect the crystal field 

around Eu2+ leading to the observed changes in the emission spectra. A similar phenomenon was also 

reported in the case of the Y3Al5O12:Ce3+,12-14) Y2O3:Eu3+,15) and YVO4:Eu3+ 16) nanophosphors. 
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However, The detailed mechanism of the changes in luminescence properties and the principle 

calculation of Ca-α-SiAlON:Eu2+ nanoparticles are currently being explored. 

In this work, nanoscale Ca-α-SiAlON:Eu2+ particles are successfully obtained by the pulsed laser 

ablation (1.27 J/pulse cm2) of a micrometer-sized target in DI water. The HR-TEM images clearly 

display the highly crystalline nanoparticles, and the EDS results show the nanoparticle contents of Ca, 

Si, Al, O, N, and Eu. Furthermore, we found that the emission spectrum of Ca-α-SiAlON:Eu2+ 

nanoparticles shows an obvious blue shift compared with that of the target, possibly resulting from a 

change in crystal field around Eu2+caused by the nanometer-size. Continued studies of 

Ca-α-SiAlON:Eu2+ nanoparticles to characterize their optical properties, such as quantum efficiency, 

and phase purity of powders for WLED application are under way. 
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Figure captions 

Fig. 1. (a) XRD pattern and (b) SEM image of micrometer-sized Ca-α-SiAlON:Eu2+ target. 

Fig. 2. (a) HR-TEM image of Ca-α-SiAlON:Eu2+ nanoparticles; (b)magnified TEM image of (a); (c) 

EDS results in the encircled area; (d) HR-TEM image of red frame of (b). The inset is selected area 

electron diffraction pattern of (b). 

Fig. 3. Photoluminescence spectra of Ca-α-SiAlON:Eu2+ target and nanoparticles. 

Table captions 

Table I. Atomic percentages of elements from results of EDS analyses of Ca-α-SiAlON:Eu2+ target and 

nanoparticles (average of 5 points). 
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Fig. 1. 
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Fig. 3. 
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Table I. 

 Ca Si Al Eu 
Target 

(Average of 5 points) 
4.3±0.9 40.1±2.9 11.1±1.9 0.5±0.2 

Nanoparticles 
(Average of 5 points) 

4.3±1.0 33.6±4.3 12.4±2.9 0.6±0.2 

 


