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ABSTRACT. Cerium activated yttrium silicate phosphors show blue 
luminescence under UV excitation. Phosphor utilisation depends on powder 
characteristics and luminescence properties that are regulated during the 
synthesis stage. In this paper yttrium silicate based phosphors were prepared 
by solid state reaction using different molar ratio between SiO2 and Y2O3. 
The effect of chemical composition and structure on luminescent properties 
of phosphors were investigated and discussed. 
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INTRODUCTION 

Yttrium silicate phosphors (Y2SiO5) doped with Eu3+, Ce3+, Pr3+, Tb3+ 
or Yb3+ are well known luminescent materials due to their luminescent 
characteristics [1]. Under UV excitation Y2SiO5:Ce phosphor exhibits blue-
white emission with the peak maximum situated at 414 nm. 

Y2SiO5 phosphor is usually used as luminescent material in fluorescent 
lamps, field emission display (FED) and projection television (PTV) because 
of its brightness, acceptable atmospheric stability and quantum efficiency [2,3].  

Many methods such as solid state reaction, sol gel techniques, 
spray pyrolysis and combustion synthesis have been used to prepare silicate 
phosphors [4-6]. The analysis of the Y2O3-SiO2 phase diagram shows the 
presence of various compounds such as: Y2O3, SiO2, Y2SiO5 and Y2Si2O7, 
depending on the synthesis temperature [7,8].  

In correspondence to the 1:1 molar ratio, we can find two type of 
monoclinic Y2SiO5 (Y2O3.SiO2), known as X1-Y2SiO5 phase (crystallographic 
group P21/c) and X2- Y2SiO5 phase (crystallographic group B2/b) [9,10].The 
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second compound in the system is Y2Si2O7 (Y2O3.2SiO2), which shows an 
even more complex polymorphism, since six Y2Si2O7 different structures 
are reported for it [11]. 

In practical applications the chemical reaction between rare earth 
oxides and silicon dioxide at elevated temperatures should be considered 
as a possible cause of drastic modification of both structure and luminescent 
properties of yttrium silicate-based powders.  

In this paper yttrium silicate phosphor samples were prepared by solid 
state reaction using different molar ratios between SiO2 and Y2O3. The effect 
of chemical composition and structure on optical properties of Ce3+ activated 
yttrium based silicates were investigated and discussed. Samples were 
characterised by infrared absorption spectroscopy (FT-IR), X-ray diffraction 
(XRD), and photoluminescence spectroscopy, i.e. emission (PL) and excitation 
(PLE) spectra. 

 
RESULTS AND DISCUSSION 

The Y2O3-SiO2 phase diagram is currently explored with a variety of 
synthesis techniques especially in the 1:1 and 1:2 molar ratio domains 
because of the optical properties that can be induced by dispersion of rare-
earth elements such as Eu3+, Tb3+ and Ce3+ into the matrix. According to 
the diagram phase [8] several compounds can be detected depending on 
the Y2O3–SiO2 molar ratio. 

In order to study the influence of the powders composition on the 
structure and luminescent properties, yttrium silicate based materials were 
prepared by solid state reaction route at 14000C using different SiO2:Y2O3 
molar ratios (MRSi:Y) namely: 1:4 (sample code YSO25); 1:1 (sample code 
YSO26); 1:0.5 (sample code YSO27) and 1:0.25 (sample code YSO28). 
The photoluminescence of the samples YSO29, YSO30, YSO31 and 
YSO32 was induced by adding 3% mol Ce /(Y+Ce) in the mixture of silicon 
dioxide and yttrium oxide. 

The crystalline structure and structural homogeneity of the powders 
were put in evidence by XRD measurements (Figure 1).  

The XRD patterns indicate that all the powders contain mainly 
crystalline phases. Also, the XRD patterns confirm the structural changes 
that occur due to the addition of various amounts of SiO2 in the synthesis 
mixture. Different compounds such as: X1-Y2SiO5 (low temperature phase); 
X2-Y2SiO5 (high temperature phase) and monoclinic Y2Si2O7 together with 
unreacted Y2O3 and SiO2 can be identified. It can be also observed that the 
increase of SiO2 amount in the synthesis mixture determines changes in 
both, the composition and structure. 
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Based on the XRD patterns, the unit cell parameters and the quantitative 
phase composition were determined through Rietveld refinement using the 
PowderCell software. The amount (volume percentage) of the various phases 
in the silicate based powders was calculated [12]. 

 

 
Figure 1. The X–ray diffraction patterns (λCu=1.540598Å)  

of samples prepared with different MRSi:Y 
 

Composition of the starting synthesis mixtures together with some 
microstructural parameters are presented in Table 1.  

When yttrium oxide is used in excess (the case of MRSi:Y=1:4, 
sample YSO25), the synthesis mixture contains mainly un-reacted crystalline 
cubic yttrium oxide phase in proportion of 89.4 vol.% together with 2 vol.% 
of unreacted tetragonal silicon dioxide and 8.6 vol.% X1, X2 yttrium silicate. 
When stoichiometric amounts of yttrium oxide and silica oxide were used in 
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sample YSO26, the phase X2-Y2SiO5 becomes the dominant (81.7 vol.%). 
Excess of silica dioxide (MRSi:Y = 1:0.5) in the synthesis mixture leads to the 
formation of one phase powder that consists only in monoclinic yttrium 
disilicate- Y2Si2O7.  

The results are in agreement with the literature data namely: Y2O3 -cubic 
phase (PDF 43-1036); SiO2 tetragonal phase (PDF 39-1425); X1-Y2SiO5 
monoclinic phase, (PDF 41-0004); X2-Y2SiO5 monoclinic phase (PDF 21-1458) 
and Y2Si2O7 monoclinic phase (PDF 38-0440). 

 
Table 1. Microstructural parameters for SiO2 - Y2O3 based phosphors 

Microstructural parameters  Sample MRSi :Y 
 Phase a[ Å ] b[ Å ] c[ Å ] Beta V[ Å3 ] 

Y2O3-cubic(89.4% ) 10.616 10.616 10.616 90.0 1189.0 
X1-Y2SiO5 (8.4%) 8.400 6.841 6.383 103.0 357.5 
X2-Y2SiO5 (0.2%) 10.317 6.623 12.583 103.7 835.1 

 
 YSO25 

 
1:4 

SiO2tetragonal (2 %) 4.973 4.973 6.923 90.0 171.2 
Y2O3 -cubic (8.3% ) 10.507 10.507 10.507 90.0 1159.9 
X2-Y2SiO5 (81.7 %) 10.420 6.726 12.499 102.6 854.9  

 YSO26 
 
1:1 

SiO2tetragonal (10.0%) 4.973 4.973 6.923 90.0 171.2 
 YSO27 1:0.5 Y2Si2O7monoclinic 100% 6.871 8.968 4.718 101.7 284.7 

Y2Si2O7 (78.8%) 6.871 8.969 4.719 101.7 284.8 
 X2-Y2SiO5 (6.2%)  10.453 6.732 12.444 103.0 854.0 YSO28 1:0.25
SiO2 tetragonal (15.0%) 4.973 4.973 6.923 90.0 171.2

 

FT-IR spectra for yttrium silicate based samples are presented in 
Figure 2. Significant changes are observed as the amount of SiO2 increases 
from 20 mol.% to 80 mol.%, in the synthesis mixture.  

The vibrational bands in FT-IR spectra in 400-1400 cm-1 domain 
can be grouped in three main regions namely: 

• 1070 -1200cm-1 domain for stretching vibrations of silicon atoms against 
oxygen atoms in Si-O-Si bonds in β-Y2Si2O7 phase [13]; 

• 850 -1000cm-1 domain corresponds to Si-O stretching vibration involving 
non-bridging oxygen. The band situated at around 849 cm-1 is 
ascribed to multiple Si-O stretching in which all oxygen and silicon 
atoms of silicate groups participate in the vibration [13]; 

• 400- 600 cm-1 domain consist in lower vibrational bands more difficult 
to characterize, because single Y-O and Si-O vibrations coexist in 
similar spectral ranges. It can be stated that the vibrations situated in 
the range 600 to 500 cm-1 are mainly due to Y-O stretching, and those 
from 500 to 400 cm-1 are vibrations with a large component of Si-O 
bending [14,15]. 
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 It can be seen that as the SiO2 amount decreases, the specific 
vibration for Si-O-Si bond in Y2Si2O7 phase disappears (sample YSO27, 
YSO28) and bands from asymmetric stretching vibration in SiO4

2- groups 
arise and become more structured (sample YSO25, YSO26).  

Photoluminescence of Y2SiO5: Ce phosphor samples was evaluated 
on the basis of excitation (PLE) and emission (PL) spectra and compared 
with an internal standard where the MRSi:Y = 1:1. The internal standard was 
prepared by wet chemical synthesis route, using the SimAdd technique [16-
18]. The intensity of the internal standard (YSO1.1) was considered to 
possess 100% photoluminescence [18].  

 
Figure 2. The FT-IR spectra of samples prepared with different RMSi:Y 

 

Figure 3 and Figure 4 show the PLE and PL spectra of Ce3+ activated 
Y2SiO5 samples synthesized by solid state reaction with different SiO2:Y2O3 
molar ratio. 

The excitation spectra can give also information on the nature of the 
luminescent centres.  
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In this respect, the excitation spectra taken in the range of 220-400 nm 
present three wide bands (Figure 3). These bands (designated with I, II, III) 
are associated with the crystal field split of Ce3+ 5d electronic levels.  

The excitation peaks of the internal standard (sample YSO 1.1) are 
situated at 265 nm, 300 nm and 356 nm, respectively.  

The intensity and the position of excitation peaks of the yttrium silicate 
samples are variable and depend on the SiO2:Y2O3 molar ratio. For samples 
YSO30 and YSO32, the peaks I and III present a shift from 265 nm to 246 nm 
and from 356 nm to 349 nm, respectively.  

The excitation spectra for samples prepared with excess of SiO2 
namely YSO30 (MRSi:Y=1:0.25) and YSO32 (MRSi:Y=1:0.5) present a similar 
behaviour. Thus, the peak II with maximum situated at 301 nm for samples 
YSO30, YSO32 is more broad compared to the corresponding one situated 
at 299 nm for sample YSO29 and 300 nm for standard.  

 
Figure 3. Excitation spectra of some YSO samples ( λem=420nm) 

 

The photoluminescent characteristics correlated with XRD and FT-IR 
data, lead to the conclusion that depending on the molar ratio, different 
luminescent centres are formed. In samples YSO30 and YSO32, the Ce3+ 
surrounding is given by the presence of the Y2Si2O7 as host lattice, meanwhile 
in sample YSO 29 the luminescent centers are formed in an Y2SiO5 host 
lattice.  
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Excitation spectrum of the sample YSO31, prepared with SiO2:Y2O3 
molar ratio of 1:4, presents only one broad band with low intensity with a 
maximum situated at 361 nm. The reduced excitability of YSO31 sample can 
be also explained in correlation with XRD data. Due to the formation of a non-
homogeneous powder that consists mainly in a mixture of unreacted Y2O3 and 
SiO2 together with Y2SiO5 in relative small proportion, the incorporation degree 
of cerium is reduced.  

 
Figure 4. Emission spectra of some YSO samples (λex=356nm) 

 
 
Under UV light (365 nm) all YSO samples exhibit a luminescent 

emission situated in the blue domain of visible spectra. The emission spectra 
present a wide band with a maximum situated at around 400 nm as a result of 
the 4f energy levels splitting into 4f5/2 and 4f7/2 in cerium activator (Figure 4). 

The Ce3+ activator (rCe3+ = 0.106 nm) can easily substitute Y3+ from 
the oxide host lattice (rY3+ = 0.104 nm) and populate two crystallographic 
sites in X1-Y2SiO5 and X2-Y2SiO5. If there is an excess of SiO2, the chemical 
surrounding of the Ce3+ becomes more complicated due to the formation of 
Y2Si2O7 with different structures [11]. 

A double broad emission band with peaks situated at around 402 nm 
and 423 nm respectively, due to the splitting of the 4f1 ground configuration 
of the cerium ions into 2F5/2 and 2F7/2 can be observed for both YSO1.1 
(standard) and YSO29 sample.  
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Considering the XRD information for MRSi:Y=1:1 we can assume that 
the luminescent centres in sample YSO29 are given mainly by the presence 
of Ce3+ activators in X2-Y2SiO5 host lattice.  

The emission intensity and the peak positions are modified as the 
composition of the silicate based samples is changed. Sample prepared with 
excess of silicon dioxide posses similar emission curves as can be observed 
for samples YSO 30 and YSO32 in which the main component is Y2Si2O7. 
This samples have high photoluminescence (Iem = 147% and Iem = 137%) 
with the maximum situated at 398 nm  

Another tendency easily observed in the emission spectra is the large 
emission tail which extends toward the red region of the visible spectrum (from 
450 to 550 nm) as well as the shoulder situated at 465 nm. This behaviour is 
associated with 5d-4f transitions and the formation of Y2SiO5 phase [19].  
 
CONCLUSIONS 
 Yttrium silicate based materials were prepared by solid state 
reaction with different SiO2:Y2O3 molar ratios in order to study the influence 
of the synthesis mixture composition on the structural and luminescent 
properties. It was revealed that MRSi:Y influences the structural and luminescent 
characteristics of samples.  

The XRD patterns and FT-IR spectra put in evidence that the phosphor 
samples are formed from a mixture of unreacted Y2O3 and SiO2 together 
with monoclinic X1-Y2SiO5, X2-Y2SiO5 and Y2Si2O7 phases in various proportions 
depending on the molar ratio.  

The photoluminescent investigations put in evidence that under UV 
light all yttrium silicate based samples exhibit more or less intense blue 
emission. The excitation spectra have three broad bands which present a 
shift toward shorter wavelengths as the content of the SiO2 increase. The 
excess of Y2O3 leads to samples with small excitability and low emission 
intensity. This suggests that an insufficient amount of SiO2 can not assure 
the formation of the proper host lattice surroundings for Ce3+. An excess of 
SiO2 in the synthesis mixture generates the formation of monoclinic yttrium 
disilicate phase with a high luminescent emission. 
 
EXPERIMENTAL SECTION 

Two samples series of yttrium based silicate powders were prepared by 
solid-state reaction method. In this respect, homogeneous synthesis mixtures 
containing Y2O3 (Sigma Aldrich) and SiO2 (Sigma Aldrich) as generator of host-
lattice and Ce(NO3)3.5H2O (Sigma Aldrich) as activator supplier were fired at 
high temperature (14000C) for 4 hours, in air, using alumina crucibles. The 
yttrium silicate based powders were carefully washed, dried and sieved.  
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The first sample series is formed from samples: YSO25, YSO26, 
YSO27 and YSO28 which are prepared using different SiO2:Y2O3 molar 
ratios namely: 1:4, 1:1, 1:0.5 and 1:0.25 respectively. 

Second set of samples consist of samples: YSO29, YSO30 
YSO31,YSO32 which are prepared using different SiO2:Y2O3 molar ratios 
namely: 1:1, 1:0.25, 1:4, 1:0.5 and are prepared using 3% mol Ce /(Y+Ce) 
in the synthesis mixture in order to generate photoluminescent properties. 
The internal standard (YSO1.1) was prepared by SimAdd method using 
ammonium oxalate (Merck 99.9%), yttrium oxide (Aldrich99.99%), cerium 
nitrate (Merck, extra pure) and silicagel powder (Alfa Aesar) as starting 
materials [16-18]. The synthesis consist in the thermal treatment at 16000C 
in nitrogen for 4 hrs of the precursor prepared by precipitation of yttrium-
cerium nitrate solution, with ammonium oxalate solutions and silica suspension 
at pH=6 [18]. The post-precipitation stage consisted of 24 h aging, centrifuge 
separation, water wash and drying. 

Samples were characterised by photoluminescence spectroscopy, X-
ray diffraction (XRD), infrared absorption spectroscopy (FT-IR). The emission 
(PL) and excitation (PLE) spectra were registered with JASCO FP-6500 
Spectrofluorimeter Wavel (Farbglasfilter WG 320/ Reichmann Feinoptik-Ger). 
X-ray diffraction patterns were obtained with BRUKER X8 ADVANCE X-Ray 
Diffractometer (CuKα λ=1.540598Å radiation). The infrared absorption spectra 
were measured with a NICOLET 6700 Spectrometer (KBr pellets technique). 
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