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A series of Dy3+ ions activated YAG nanophosphors have been prepared by means of solvothermal process and sintered at 
various temperatures. The crystalline structure and morphology of the samples were investigated by X-ray diffraction and 
scanning electron microscopy measurements. The synthesis, structural and luminescent properties along with chromaticity 
coordinates of the nanophosphor samples with the compositions xDy: Y(3-x)Al5O12 (x=0.5 to 5 mol%) are featured in this 
paper. Furthermore, the yellow to blue intensity ratio of Dy3+ ions activated YAG system nanophosphors varies from 0.71 to 
0.54. Such luminescent powders are expected to find potential applications such as optical display systems and lamps. 
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1. Introduction 
 
The research on the trivalent rare earth (RE3+) ions 

activated inorganic luminescent  materials (also called 
phosphors) continues to be an active research area, which 
may be attributed to the remarkable physical and chemical 
properties of these complexes and their applications in 
optoelectronic devices, temperature sensors, solid-state 
lighting (SSL) and luminescent probes or labels in 
biological systems and so on [1-5].  In recent years, 
interest in the RE3+ ions doped nanocrystalline host has 
increased due to their unique optical behavior and their 
attractive applications in the field of nanobiotechnology 
[6]. It is well known that yttrium aluminum garnet 
(Y3Al5O12 or YAG) is one of the widely studied phosphor 
host materials with interesting optical and mechanical 
properties [7-9]. Initially in the early 1960s, single crystals 
of YAG have drawn attention for fluorescence and solid-
state laser applications [10, 11]. In view of the 
expensiveness and difficulties involved in single crystal 
growth, the focus has now been shifted to polycrystalline 
YAG with ceramic processing techniques having 
advantages in preparation time, cost, and scale of 
production [12, 13]. YAG has cubic crystal structure with 
isotropic thermal expansion and absence of birefringence 
effects, which are favorable for the aforementioned 
properties [14]. Small amounts of different RE3+ activators 
are substituted into the dodecahedral site of YAG lattice to 
induce interesting luminescence characteristics. 
Furthermore Dy3+ ions can show strong luminescence in a 
variety of lattices and exhibit both blue  (4F9/2→6H15/2) and 
yellow (4F9/2→6H13/2) emissions, which  are necessary for 
the development of  white light emission and are very 

useful in high resolution optical display systems, 
temperature sensors and lamps [15, 16]. 

Generally, YAG phosphors are prepared by traditional 
solid-state reaction method using yttrium oxide (Y2O3) and 
aluminum oxide (Al2O3) compounds. Due to insufficient 
mixing and low reactivity of raw materials, several 
intermediate phases such as Y4Al2O9 (YAM) and YAlO3 
(YAP) easily coexist in the product. Repeated mechanical 
mixing and long heating durations are essential to 
eliminate these intermediate phases [17].  However, in 
recent years, several wet chemical techniques such as co-
precipitation method, sol-ge1, combustion, hydrothermal 
synthesis and spray-pyrolysis synthesis were used to 
prepare the single phase phosphor [17-22].  These wet 
chemical processing methods offer an intimate mixing of 
starting materials and hence have shorter diffusion 
distances between reactants, requiring relatively low 
temperatures for final formation of products with excellent 
chemical homogeneity [23]. However, to achieve high 
crystallinity and transform the powder into a dense 
ceramic, sintering at elevated temperatures becomes 
mandatory. In this regard, the solid-state method still 
stands a practical option and the best emission efficiencies 
are often recorded by powders obtained from this method. 

In this context, we have synthesized the Dy3+ activated 
YAG phosphor by means of solvothemal process with 
single phase at various sintering temperatures. To the best 
of our knowledge, a very few reports with fewer 
luminescent properties have been found on Dy3+:YAG 
phosphors[24,25], but no reports have been found on 
Dy3+:YAG nanophosphors by means of solvothermal 
process. In this paper, the first time we report on the 
synthesis, structural and luminescent properties of Dy3+: 
YAG nanophosphors. 
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2. Experimental 
 
A series of Dy3+ activated YAG nanophosphors were 

prepared by means of solvothermal process with the 
composition xDy3+: Y(3-x)Al5O12 (x=0.5 to 5 mol%). The 
stoichiometric amounts of high purity grade yttrium nitrate 
hexahydrate (Y(NO3)3·6H2O), dysprosium nitrate 
pentahydrate (Dy(NO3)3·5H2O), and aluminum 
isopropoxide {[(CH3)2CHO]3Al} were dissolved in 40 ml 
of 2-propanol. All reagents were used without any further 
purification and stirred vigorously by using magnetic 
stirrer until the homogeneous solution was formed and 
transferred into a stainless steel autoclave with a Teflon 
liner (80ml capacity and 50 % filling). It was then heated 
to 230 ⁰C at a rate of 2⁰C/min and maintained for 5h with 
magnetic stirring (at 180 rpm) to make stable networks of 
Y-O-Al and Dy-O-Al. After cooling gradually down to 
room temperature, the precipitate was separated by a 
centrifugal separator with 3000 rpm for 3 min and then 
dried at 50 ⁰C for a day in ambient atmosphere.  The dried 
powder was sintered at different temperatures for 5h. 

 
Characterization 
 
Thermogravimetric/differential thermal analysis 

(TG/DTA) of the dried powder precursors were carried out 
with a Material Analysis and Characterization TG-DTA 
2000. This experiment was carried out at a heating rate of 
5 ⁰C/min and the samples were heated from room 
temperature to 1000 ⁰C.  X-ray diffraction (XRD) patterns 
of sintered powders were recorded on X’ PERT PRO X-
ray diffractometer with CuKα=1.5406Å. The morphology 
and the atomic wt% of the sintered particles were 
examined by means of scanning electron microscopy 
(SEM) along with EDX, model HITACHI S-4200 FESEM. 
Osmium coating was sprayed on the sample surfaces by 
using Hitachi fine coat ion sputter E-1010 unit to avoid 
possible charging of specimens before SEM observation 
was made on each time. The room temperature 
photoluminescent spectra were recorded on a PTI (Photon 
Technology International) fluorimeter with a Xe-arc lamp 
of power 60W.  

 
 
3. Results and discussion 
 
Fig. 1 illustrates the TG/DTA curves of the YAG 

powder precursor. The TG curve of YAG shows three 
distinct weight loss steps up to 180 ⁰C, 470 ⁰C and 650⁰C 
respectively; no further weight loss was registered up to 
1000 ⁰C. The weight loss is related to the decomposition 
of organic matrix. The DTA curve consists of four 
exothermic peaks with maxima at 278 ⁰C, 384 ⁰C, 525 ⁰C 
and 930 ⁰C. The first three exothermic peaks indicating 
that the thermal events can be associated with the burnout 
of organic species involved in the precursor powders of 
the residual nitrates. The fourth exothermic peak is due to 
crystallization of YAG powder from the amorphous 

component. The crystallization temperature is well in 
agreement with the XRD analysis.  

 
Fig 1. TG/DTA curves of YAG powder precursor. 

 
 

Fig. 2 compares the XRD patterns of Dy3+ :YAG 
nanophosphor at various sintering temperatures and which 
confirm their cubic nature. The phosphor was found to be 
amorphous until the precipitate powders was sintering at 
800 ⁰C and crystallized as pure YAG at 900 ⁰C without 
the formation of any intermediate phase, indicating that 
the powders prepared by solvothermal process is pure in 
both chemistry and crystalline phase. The diffraction peaks 
intensity and the crystallite size increases significantly 
with increasing the sintering  
 

 
 

Fig 2. XRD patterns of Dy3+:YAG nanophosphors at different 
sintering temperatures. 

 
 
temperatures. At all sintering temperatures (900 ⁰C - 1350 
⁰C), the diffraction peaks are in well agreement with the 
standard JCPDS card [PDF (82-0575)] with space group 
Ia3d. In general, the crystallite size can be estimated by 
using the Scherrer’s equation, Dhkl=kλ/βcosθ, where D is 
the average grain size, k=0.9 is shape factor, λ is the X-ray 
wavelength (1.5406Ǻ), β is the full width at half 
maximum (FWHM) and θ is the diffraction angle of an 
observed peak, respectively. The strongest diffraction 
peaks are used to calculate the crystallite size of Dy3+: 
YAG nanophosphor, sintered at 900 ºC, 1000 ºC, 1200 ºC , 
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1350 ºC, which yield average values of about 35 nm, 44 
nm, 56 nm and 78 nm respectively. The reason for the 
crystalline size increases is that the high energy supply 
from the high synthesis temperature improves nucleation 
and crystallization growth [26].  

Fig. 3 shows the effect of sintering temperature, 
crystallite size, and emission intensity of the 1 mol% Dy3+: 
YAG nanophosphor. The crystallite size and emission 
intensity increases with increasing the sintering 
temeperature as shown in Fig. 3(a). Fig. 3(b) also clears 
that the emission intensity increases gradually with 
increasing crystallite size. For this reason, remaining all 
measurements was carried out at higher temperature of 
1350 ⁰C. 

 
 

Fig 3(a). Relationship between sintering temperature-
crystallite size and emission intensity  

 

 
 

Fig 3(b) Relationship between crystallite size and 
emission intensity of Dy3+:YAG nanophosphors 

 
 

Fig. 4 shows the SEM image of Dy3+: YAG 
nanophosphor and from which spherical shaped particles 
are noticed, those might be due to the occurrence of 
agglomerations amongst the YAG particles during the 
period of sample sintering at 1350°c for 5h. It is well 
known that spherical-shaped  

 
 

Fig.  4. SEM image of Dy3+:YAG nanophosphor  at 
1350⁰C sintering temperature.inset figure shows the EDX  
                                      spectrum. 

 
 
particles (≤ 2 µm) are of greater importance because of 
their high packing density, lower scattering of light and 
brighter luminescence performance. The energy dispersive 
X-ray (EDX) analysis was carried out to identify the 
compositions of phosphor as shown inset of the Fig. 4.  

Fig. 5 presents the photoluminescence excitation 
(PLE) spectra (within the range of 200nm -500nm) of 
Dy3+: YAG nanophosphors sintered at1350 ⁰C. The 
excitation spectra of Dy3+: YAG nanophosphors were 
measured with the emission wavelength fixed at 482nm 
corresponding to the electronic transition (4F9/2→6H15/2) 
and at all concentrations, the spectra show similar features 
except intensity. The excitation spectra consist of sharp 
lines due to the f-f transitions of Dy3+ ions, which are 
assigned to the electronic transitions (6H15/2→6P3/2) at 
326nm, (6H15/2→6P7/2) at 352nm, (6H15/2→6P5/2) at 366nm, 
(6H15/2→4K17/2) at 379 nm, (6H15/2→4I13/2) at 387nm, 
(6H15/2→4F7/2) at 393nm,  (6H15/2→4G11/2) at 427nm and 
(6H15/2→4I15/2) at 448 nm. In the same way, very weak 
Dy3+-O2- charge transfer state (CTS) bands was observed 
in the short wavelength range (285 nm -305 nm) and host 
absorption band (HAB) was not observed. This 
phenomenon also confirms that the Dy3+ interactions  

 

 
Fig 5. The PLE spectra of Dy3+: YAG nanophosphors at 

1350⁰C sintering temperature 
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with host lattice are weak, and no energy transfer between 
Dy3+ and the host. The assignment of all the transitions of 
excitation and emission spectra are based on the earlier 
results of W.T Carnall et al. [27]. 

Fig.6 shows the photoluminescence (PL) spectra of 
Dy3+: YAG nanophosphors sintered at 1350 ⁰C, which 
were excited at 352 nm. The PL spectra shows the two 
main groups of lines in the blue region (460nm - 500nm) 
and yellow region (555nm - 610nm) and also some weak 
lines observed in red region. These blue, yellow, and red 
emissions  

 
 

Fig 6. The PL spectra of Dy3+:YAG nanophosphors at 
1350⁰C sintering temperature 

 
 

are assigned to the electronic transitions (4F9/2→6H15/2), 
(4F9/2→6H13/2) and (4F9/2→6H11/2) respectively.  The crystal 
field splitting components of Dy3+ can be observed and is 
well correlated with the Kramer’s doublets (2J+1)/2, 
where J is the total angular momentum of the electrons 
[28,29]. It indicates that Dy3+ ions are well substituted into 
Y3+ sites. The integrated intensity of blue emission is 
greater than that of the yellow emission, this can be 
explained according to the following reason: It is well 
known that The blue (4F9/2→6H15/2) emission 
corresponding to the magnetic dipole transition, which is 
insensitive to the crystal field symmetry around the Dy3+ 
ion and the yellow (4F9/2→6H13/2) emission belongs to the 
hypersensitive (forced electric dipole) transition with the 
selection rule, ∆J=2, which is strongly influenced by the 
outside surrounding environment. When Dy3+ is located at 
a low symmetry local site (without inversion symmetry), 
the yellow emission is often dominant in the emission 
spectrum and when Dy3+ is at a high symmetry local site 
(with inversion symmetry center), the blue emission is 
stronger than the yellow emission and is dominant in the 
emission spectrum [30]. The latter case occurs for Dy3+ 
doped YAG nanophosphors, this can also be explained 
according to the crystal structure of Y3Al5O12. The cubic 
unit cell of a general garnet compound C3A2D3O12 
contains eight formula units, where C, A, D are metal ions 
occupying different symmetry sites are shown in fig.7. It 
has a bcc structure (space group Ia3d) with 160 atoms in 
the cubic conventional cell. The Y ions (C atoms) occupy 
the 24(c) sites and each is dodecahedrally coordinated to 

eight O with D2 point symmetry (with inversion center). 
There are two different sites for Al, Aloct (A atoms) occupy 
the 16(a) site with octahedral point symmetry (C3i) and 
Altet (D atoms) occupy the 24(d) sites with tetrahedral 
point symmetry (S4) [31].  These structural units may show 
the different behavior to internal stresses, the dodecahedral 
unit being the less rigid one [32]. 
 

 
 

Fig 7. Magnified crystallographic unit cell of Y3Al5O12 
garnet system. 

  
 

Considering the ionic radii, r (Dy3+) =0.912Å (for 
octahedral site) and 1.027Å (for dodecahedron site), r 
(Y3+) =1.019Å for dodecahedral site and r (Al3+) = 0.39Å 
(for tetrahedral site) and 0.535Å(for octahedral site). It is 
easier for dodecahedral site of Dy3+ ions to replace the 
dodecahedral site of Y3+ ions than the other octahedral and 
tetrahedral sites of Al3+ ions in the YAG host lattice. The 
spectral property of the Dy3+ confirms that the Dy3+ ions 
occupy the dodecahedral Y3+ sites in the Y3Al5O12 host 
lattice. When the concentration of Dy3+ increases from 0.5 
to 1mol%, the emission intensity increases, and exceeds 
the concentration more than 1 mol%, the emission 
intensity decreases due to concentration quenching. The 
concentration quenching might be elucidated by two 
factors, (i) the excitation migration due to resonance 
between the activators is enhanced when the doping 
concentration is increased, and thus the excitation energy 
reaches quenching centers, and (ii) the activators are 
paired or coagulated and are changed to quenching center.  
Furthermore, the yellow to blue (Y/B) ratio also depends 
upon the concentration, and when the concentration 
increases from 0.5 to 1 mol%, the Y/B ratio also increases 
from 0.6 to 0.71 and when the concentration increases 
above 1 mol% the Y/B ratio decreases from 0.71 at 1 mo% 
to 0.65 at 2 mol%, 0.56 at 3 mol% and 0.54 at 5 mol%. 
This can be understood if one considers that the doping 
concentration of the Dy3+ ions in the host matrices may 
changes the degree of polarization of neighboring O2- ions 
[30].   

Fig. 8 shows the decay of the luminescence of the 
4F9/2 level of Dy3+: YAG nanophosphors. The decay of 
Dy3+:YAG has been recorded under excitation at 351 nm 
(6H15/2→6P7/2) and emission at 482nm (4F9/2→6H15/2). At 
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lower concentrations the decay curves were well fitted by 
a single exponential function and at 5 mol%, however, the 
observed decay curve was bi-exponential. With the 
increase of Dy3+ concentration, the distance between the 
Dy3+ ions decreases; subsequently, the energy transfer 
between  

 

 
 

Fig 8. Decay curves of the different concentrations of 
Dy3+:YAG nanophosphors. 

 
 
Dy3+ ions is more frequent. Therefore the energy transfer 
process between the Dy3+ ions provides an extra decay 
channel to change the decay curves, resulting in a bi-
exponential decay curve. The average life times of these 
bi-exponential curve was calculated from the formula 
(A1t1

2+A2t2
2)/(A1t1+A2t2). The measured lifetimes are 535, 

642, 450, 375 and 280 μs. From the measured lifetimes, it 
is clear that, when the concentration increases to 1 mol% 
the lifetime increases to 535 to 642 μs, and when the 
concentration increases above 1 mol% the life time 
decreases from 642 to 280 μs. Therefore the lifetimes are 
well correlated with the emission intensities. The 
Commission International De I- Eclairage (CIE) 
chromaticity coordinates for Dy3+:YAG nanophosphors 
were calculated and represented in Fig. 9. We have 
observed that the Dy3+: YAG exhibits excellent CIE 
coordinates of (0.29, 0.35), (0.32, 0.38), (0.30, 0.37), 
(0.28, 0.35) and (0.26, 0.34) for 0.5, 1, 2, 3 and 5mol%, 
respectively, which are quite close to that of the national 
television system Committee (NTSC) illuminant white 
light point (0.3101, 0.3162), high definition television 
(HDTV) system illuminant white light point (0.3127, 
0.329) and color match illuminant white light point 
(0.3457, 0.3585). This makes it possible to make a near 
UV- white LED capable of emitting cool white desired for 
outdoor illumination applications, temperature sensors and 
also useful for optical display systems. The above 
observations hint at the promising application of Dy3+: 
YAG nanophosphors to produce white-light for near UV-
LEDs as well as optical display systems 
 

 
 

Fig.  9. CIE diagram represented with our obtained 
chromaticity coordinates  

  
 

4. Conclusions 
 
We have successfully been synthesized a series of 

Dy3+ ions activated YAG nanophosphors by means of 
solvothermal process and sintering at various 
temperatures. The structural and the luminescent 
properties of Dy3+: YAG nanophosphors have been studied 
by the measurement of their XRD, SEM, PLE and PL 
spectra. The emission spectra show two strong bands in 
blue (4F9/2→6H15/2) and yellow (4F9/2→6H13/2) regions. 
Based on the emission spectra, we could calculate the 
chromaticity coordinates of Dy3+: YAG nanophosphors 
and which approaches the NTSC, HDTV and color match 
illuminant white light condition. Such luminescent 
nanophosphors could be suggested as an ideal optical 
material for the development of white light emitting 
optical display systems and lamps. 
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