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Abstract

In this paper, we introduce a sol-gel process for preparing Y,Si,O;: Eu’" nanocrystals. The rare earth
compounds were dispersed in the SiO, colloids and the monodisperse nano-scale composite materials
were prepared. The reactant mass fraction and heat treatment temperatures could affect the structures and
emission spectrum properties of as-synthesized samples. The samples emit the strong red light upon
excitation under the ultraviolet. The main peaks originate from Dy-'F, electric dipole transition of Eu’".
With regard to the samples treated at different temperatures, the emission spectra obtained under 266 nm
excitation show different shapes of spectra lines and relative intensities, indicating that the Eu’" ions have
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1. Introduction

Because of the potential application in high-resolution display and fluorescence labelling, the researches
on rare-earth doped nanomaterials have been intensively concerned in the preparation methods and
luminescence properties [1-2]. Compared to the traditional preparation methods, the sol - gel method is
simple but has some advantages, such as good optics transparency and homogeneous doping and so on.
Some researchers have used the sol-gel method to prepare the rare-earth doped silicate materials with
excellent luminescence properties, for example, Tb-doped Y,SiOs is a good green cathode ray
luminescence material [3-4], Eu*" doped Y,SiOs has an important potential application in the high density
time domain and frequency domain light memory[5]; W.P. Zhang et al observed a meaningful
phenomenon that the quenching concentration and luminescence intensity are higher in the nanoscale
Y,Si0s:Eu’” sample than those in the corresponding bulk sample [6]. In recent years, some researchers
have begun paying attention to RE,S1,0; nanomaterials but the research work mainly focused on the
synthesis of materials rather than on luminescence properties [7]. In this article, Y,Si,O;:Eu’" samples
were prepared through adjusting the reactant proportion and the annealing temperature. The samples have
better luminescence properties and can produce strong red light excited by the ultraviolet light.
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2. Experiment

Eu,0; (99.99%), Y05 (99.99%) and analysis pure ethyl tetrathoxysilanc (TEOS) were used as the
starting materials. First Eu,0; (0.1% mol) and Y,0; (4.9% mol) were dissolved in HNO;, then deionized
water was added. The mixed nitrate solution was obtained. Excessive amount TEOS was dissolved in
ethanol. The above two solutions were mixed and vigorously stirred to form a uniform solution. The pH
of the mixed solution was adjusted to 1-2 by HNOs. After aging process the mixed solution became the
gel. The gel was heated to 80 °C and the temperature was maintained for 8 hours to form a dry gel. The
samples with various precursor fractions and heat treatment temperatures were prepared. The samples that
contains 40 wt% Y,05 and were annealed at 1000 'C, 1200 ‘C, and 1300 C, are labelled as a, b, ¢
respectively. It is the same that samples that contained 5 wt% Y,0; are labelled as A, B, C. For
comparison, we have also prepared a sample (d) that contained 40 wt% Y,O; and were annealed at 800
‘C. X-ray powder diffraction (XRD) data were collected on a Rigaku / Max 2550V/PC diffractometer
with Cu-Ka radiation (A=1 .54178A). The particle size morphology of the samples were observed by the
Hitachl S-4800 field emission scanning electron microscope (FE-SEM). The samples were excited with
266 nm light generated by a fourth-harmonic-generator pumped by the pulsed YAG: Nd laser with 10ns
pulse width and the emission spectra were measured with a TRIAX-550 spectrometer, a R955
photomultiplier, a 162 boxcar averager and processed by a computer.
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Fig.1 XRD patterns of sample A, B, C and sample a, b Fig.2 SEM images of Y,Si,0;: Eu®” sample a, b, cand d (800°C)

Inset in part c: enlarged image of a single composite particle

3. Results and discussion

Figure 1 shows the XRD patterns of the samples. A wide diffraction peak was observed for sample A.
This represents that the sample A is mainly amorphous. The samples B and C are mixed phase structures
that consists of Y,Si,0; crystals belonging to o- phase (No.21-1457) and 8- phase (No0.42-0168) and
also several unidentified peaks. The samples a and b consist of a-Y,Si,0; crystals (No0.38-0223), and no
impurities were observed. As a matter of fact, a-Y,Si,0O; crystals could be formed starting at 1000 °C.
The pattern of sample ¢ was given in literature [8]. It showed that a-Y,Si,O; crystal structure was
dominating and a few 3-Y,Si,0; diffraction peaks appeared. The result indicates that a-Y,Si,O crystals
is dominating in the sample ¢ annealed at 1300°C. Some reports related to silicate materials indicated that
the heat treatment temperature was a primary factor to determine the crystal structure. Because the crystal

phase changes easily with the heat treatment temperature [9-10], it is very difficult to prepare a pure
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phase Y,Si,0; sample. But Figure 1 reveals more abundant information that even the crystal structures of
products might be different even though the heat treatment temperature is the same but the Y203 mass is
different. The sample A shows an amorphous structure, but the sample a is a pure phase Y,Si,05:Eu*
crystal structure; the sample B is a multiphase structure but the sample b is a pure phase material. The
XRD results show that the mass fraction of reactants is also a key factor in preparing Y,Si,O7:Eu’"
materials. As SiO,, Eu,0;, and Y,0; are high melting point substances, the reaction can not achieve a
balanced state or obtain a pure phase Y,Si;O;:Eu’™ product if the heat treatment temperature is
inappropriate. The increased proportion of Y,0; in samples a and b can contribute to the contacting of the
reactants with each other, provide a larger reaction area for the reactants, and speed the reaction. This
might be the reason that the crystalline or even pure phase Y,Si,O;:Eu’" samples could be prepared at a
lower temperature.

Figure 2 shows the scanning electronic microscope (SEM) photographs of the samples d, a, b, and
¢, in which their mass fractions are the same. It could be observed in Figure 2-d that the amorphous
particles were evenly dispersed in the SiO, colloid and the particle size was smaller than 10nm. A
significant change could be seen in Figure 2-a, in which the increasing temperature makes the chemical
reaction speed up and the moisture reduces in the colloid, and the crystal structure Y,Si,0,:Eu’ begins to
appear. In Figure 2-b, it could be clearly observed that the particles have an average size of about 15 nm
and shows a trend of gathering. Figure 2-c shows that the particles have gathered into the monodisperse
composite balls that have a uniform size distribution of about 60 nm. The inset demonstrates clearly that
the nanoscale composite ball is composed of some smaller nanoparticles (Y2.,Si,07:Eu’", x=0.02)
embedded in the SiO, framework. The SEM photographs could directly reflect the morphology and
particle size distribution, and indirectly reflect the sample crystallization states. Figures 3 and 4 show the
emission spectra of the samples excited with 266 nm at room temperature, in which all spectrum peaks
have been normalized to their maximum value. The spectral changes of the samples with annealing
temperature could clearly be seen in Figure 3.
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Fig.3 Emission spectra of sample A, B and C Fig.4 Emission spectra of sample a, b and ¢

Even if the reactant mass fractions are the same, the spectrum structures might not be the same. the sample A
emission spectrum shows a broadband that is the amorphous material performance, which is consistent with the
XRD results; in the sample B spectrum, the Eu®* transition originated from Dy — ’F, is stronger than from *Dy —
’F,; the sample C spectral lines are obviously narrowed and split, which is caused by better crystallization as the
heat treatment temperature increase. In addition, we also observed the changes of the relative intensity of the
spectral lines, in which D, — ’F, transition increase is faster than *Dy — F, as temperature increase.

Figure 4 shows that the emission spectra of samples a, b and ¢. When the samples were prepared at lower
temperature the transition intensity of Dy — ’F, could be increased and the colour purity could be improved. These
might be attributed to that the smaller particle size could make the local environment of Eu3 + ion change, the
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symmetry reduce, and the Eu3 + ion occupy the non-inversion center of symmetry. When the samples were
prepared at higher temperature, their particle size, the crystallization, and inversion symmetry centres were all
increased. L D Sun group [11] reported that the colour purity of the YBO;: Eu*" nanocrystals were better than the
corresponding bulk material. The emission spectra of all samples were compared. The results indicate that the
spectra structures in Figure 3 are affected less by the annealing temperature and the luminescence properties are
better than Figure 4. We consider that Y,Si,07:Eu’" product with high phase purity could be obtained at the same
heat treatment temperature if the reactant proportion is appropriate. Because Y,Si,O;: Eu®" nanoparticles were
embedded in SiO2 host framework balls, the doped Eu** ions might be stable and less affected by external factors.
The one of main factors affecting the sample luminescence intensity is the Eu3" ions local environment. The suitable
reactant mass fraction could reduce environment defects that might affect the luminescence properties. For example,
the Eu®" ions in the sample b are less affected by the external environment than in the sample B.

Conclusion

In this article, we reported that the Y2Si207: Eu3 + nanocrystal samples were prepared with the sol-gel method at different
annealing temperatures and in different reactant mass fractions. When Y203 mass fractionln are too small the pure phase
structure Y2Si207:Eu3 + could not be formed. Only when the reactant mass fraction is appropriate in chemical synthesis, the
Y2Si207 Eu3 + structure with high phase purity might be obtained. When the samples were prepared at lower temperatures the
color purity was improved and the particle size decreases, which is related to the local environment of Eu3 + ions. We thought
that heat treatment temperature is one of the most important factors. The appropriate reactant proportion is the essential condition
to prepare the higher phase purity and better luminescence property Y,Si,07:Eu*" nanoscale samples.

Acknowledgments: This work is supported by the National Natural Science Foundation of China (Grants
10874180, 10774142, 10834006, 10774141 and the MOST of China 2006CB601104).

References and Notes
[1]R.Reisfeld, T.Saraidarov, M.Gaft, and M. Pietraszkiewicz, “Luminescence of cryptate-type Eu’*'complexes
incorporated in inorganic and ormocer sol-gel matrices,” Optical Materials. 29(2007)521-527
[2] A. P. Magyar, A. J. Silversmith,K.S.Brewer, and D.M.Boye, “Fluorescence enhancement by chelation of Eu**
and Tb>" ions in sol-gel,” J.Lumin.108(2004)49-53
[3]Y.C.Kang, I,W,Lenggoro, K.Okuyama, and S.B.Park, “Luminescence Characteriatics of Y2Si205:Tb Phosphor
Particles Directly Prepared by the Spray Pyrolysis Method,” J.Electrochem.Soc,146(1999)1227-1230
[4] M.Stiebler, J.Reichardt.R.Hirrle,and S.K.Sack, “Cathodo-and Photoluminescence in the System Y.
Tb,SiOs:Eu**,” Phys.Stat.Sol. (a) 119(1990)317
[5JW.Y.Ching, L.Ouyang,and Y.N.Xu, “Eiectronic and optical properties of Y,SiOs and Y,Si,0; with comparisons
to a-Si0, and Y,03,” Phys.Rev.B.67(2003)245180
[6]W.P.Zhang, P.B.Xie, C.K.Duan, and K,Yan, “Preparation and size effect on concentration quenching of
nanocrystalline Y,SiOs:Eu,” Chem. Phys. Lett.292(1998)133-136
[7]1 P.G.Zhou, X.B.Yu, L.Z.Yang, and S.P.Yang, “Synthesis of Y,Si,0,:Eu nanocrystal and its optical properties,”
J. Lumin. 124(2007)241-244
[8]S.Z.Lu, J.S. Zhang, and J.H.Zhang, “The Luminescence of Nanoscale Y,Si,O-:Eu*" Materials,”
J.Nanosci.Nanotechnol. 10(2010)1-4
[9] J.Parmentier, P.R.Bodart,L.Audoin,and J.L.Besson, “A Phase Transformation in Gel-Derived and Mixed-
Powder-Derived Yttrium Disilicate,Y,Si,0-, by X-Ray Diffraction and 29Si MAS NMR
[10]N.Taghavinia, G.Lerondel, H.Makino, and T.Yao, “Europium-doped yttrium silicate nanoparticles embedded
in a porous Sio2 matrix,”Nanotechnology 15(2004)1549-1553
[11] Z.G.Wei, L.D.Sun, C.S.Liao, and J.L.Yin, “Size-dependent chromaticity in YBO;:Eu
Nanocrystals:Correlation with Microstructure and Site Symmetry,” J.Phys.Chem.B.106(2002)10610-10617



