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Graphical abstract 

 

Highlights 

 The Sr2CeO4 fine powders were prepared by hydrothermal combustion reaction. 

 The crystallization, morphology and luminescence can be effectively improved.  

 The molar ratio of urea to Gly and sintering temperature are two important factors. 

 The optimized samples exhibit spherical shape and uniform size (200~350 nm).  

 Intense blue-light emission can be noticed as excited with medium and near UV light.  

 

 

 

ACCEPTED M
ANUSCRIP

T

mailto:shishikao@hebtu.edu.cn


Abstract In this paper, the blue-light-emitting Sr2CeO4 phosphor powders were prepared by 

hydrothermal combustion reactions and a subsequent sintering process. During the process, the 

mixed urea and glycine were both used as leavening agent and fuel. The particle crystallization, 

surface morphology as well as the luminescence intensities of the Sr2CeO4 phosphor powders were 

effectively improved by adjusting the amount of glycine and post-sintering temperatures. The 

Sr2CeO4 phosphor exhibited strong crystallization and well-distributed spherical particle after 

optimization. Moreover, the intense blue-light emission band with the maximum at 468 nm in the 

range of 400 to 600 nm was observed as excited with ultraviolet light 277 nm. In particular, after 

the precursors were heat-treated at 1100 oC, the samples could be well-excited around 350 nm. The 

excitation bands were ascribed to the charge transfer from O to Ce, and the enlarged excitation 

range may facilitate its uses in optoelectronic fields.  

 

Keywords:  A. Oxides. A. Optical materials. B. Luminescence. D. Phosphor. 

 

1. Introduction 

Due to the high thermal and chemical stability, the oxide-based phosphor powders have been 

given much interests and widely used in diverse optoelectronic devices such as plasma display 

panels, field emitters, light-emitting diodes and scintillator panels for X-ray radiography [1,2]. 

Among the oxide-based phosphors, the powders with blue-light emission are very important 

because they can mix with red, orange and green phosphors in a certain portion to achieve other 

colors. In general, the blue-light-emitting powders such as BaMgAl10O17:Eu2+ are prepared by 

reducing lanthanide Eu3+ to Eu2+, which needs high calcination temperature (14001600 oC) 

accompanied with a reduction atmosphere [3]. At the end of the 20th century, Danielson and his 

group developed an unusual blue-light-emitting Sr2CeO4 material by combinatorial chemistry for 

the first time [4,5], and then the studies on the phosphor system have attracted great attention owing 

to its special structure as well as excellent luminescent performance [6,7]. The structure of Sr2CeO4 

is indexed to an orthorhombic unit cell (space group: Pbam) with one-dimensional chains of 

edge-sharing CeO6 octahedrals. The blue-light emission in Sr2CeO4 originates from a 

ligand-to-metal Ce4+ charge transfer, which is not related to Ce3+. Thus, it is only necessary to 
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calcine the raw materials in air without reducing Ce4+ to Ce3+ in the preparation process. Moreover, 

the energy transfer from OCe band to luminescent lanthanide ions (such as Eu3+ and Sm3+) can 

easily happen after the lanthanide ions are introduced to Sr2CeO4, and the emitting-color is changed 

from blue to red by adjusting the concentration of lanthanide ions [8-10]. 

During the past twenty years, some approaches to synthesize Sr2CeO4 phosphor powders have 

been attempted, including the traditional solid state reaction, sol-gel method [11], solution 

combustion synthesis [12], spray pyrolysis [13], microwave-assisted solvent thermal method [14], 

co-precipitation reaction [15], high temperature mechano-chemical means [16] and emulsion liquid 

membrane system [17]. The above approaches often require high temperature, long reaction 

duration or sophisticated devices. Although the direct solution combustion synthesis is very simple 

to achieve Sr2CeO4, the as-prepared samples often display serious agglomeration owing to the 

instantaneous reaction process, and therefore result in irregular distribution, which is certainly to 

limit its practical applications in optoelectronic fields. In this work, the precursor powder of 

Sr2CeO4 was prepared by a hydrothermal combustion process. During the hydrothermal combustion 

reaction, the mixed organic composition urea and glycine (abbreviated as Gly) were both used as 

leavening agent and fuel. It has been found that the particle crystallization, surface morphology and 

luminescence intensities of the Sr2CeO4 phosphor powders were effectively improved by adjusting 

the amount of Gly and subsequent sintering temperature. In the post-sintering process, it is not 

necessary to use a reduction atmosphere, and the optimized sintering temperature to achieve the fine 

Sr2CeO4 powder is only 1100 oC, which is much lower than 14001600 oC. Moreover, the 

blue-light-emitting Sr2CeO4 sample can be effectively excited with 277 and 350 nm, which is 

possible to promote its applications in field emission displays and other optoelectronic fields. 

 

2. Experimental 

2.1. Synthesis of Sr2CeO4 phosphor powders 

The initial materials for preparing the Sr2CeO4 powders contain Sr(NO3)2 (Yongda Chemical, 

Tianjin, 99.5%), Ce(NO3)36H2O (Yongda Chemical, Tianjin, 99.5%), urea (Analytical Reagent) 

and Gly (Biochemical Reagent). First of all, the initial materials were mixed together in which the 

molar ratio of Sr : Ce : urea : Gly = 2 : 1 : 5 : x (x = 05), and dissolved with certain amount of 

distilled water. Then, the aqueous solution was put in a Teflon vessel and placed in an oven at 160 
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oC for 3 h to perform the hydrothermal process. In the hydrothermal process, the mixed urea-Gly 

gradually leavened to send out OH-, and the produced OH- was connected with the metal ions to 

form precipitates. Then, the residual solution (containing urea and Gly) and precipitate were 

directly transferred to a porcelain crucible to continue a combustion reaction in a furnace at 500 oC. 

In the combustion process, the urea-Gly acts as fuel to ignite the reactant. After the combustion 

reaction was completed, the resulting precursor powders appeared to be pale-yellow foam with 

swelling. Finally, the precursor powders were grounded with an agate mortar, and moved to a 

corundum crucible to heat-treatment at different temperatures (9001200 oC) for 3 h.  

2.2 Characterization 

The X-ray powder diffraction (XRD) patterns of the samples were obtained using an X-ray 

diffractometer (BrukerD8Advance, Germany) with CuKa (λ= 1.5406 Å) radiation at 40 kV and 40 

mA over a 2θ scan range of 1565o. The morphology, particle size, energy dispersive X-ray 

spectroscopy (EDS) and the mapping elements of the powders were studied using a field emission 

scanning electron microscope (SEM, S-4800 Hitachi, Japan). The photoluminescence excitation and 

emission spectra were measured using a spectrofluorometer (F-4600 Hitachi, Japan) equipped with 

a Xe lamp as the excitation source, and both the excitation and emission slits were 2.5 nm. The 

fluorescent decay curves and lifetimes were recorded using a spectrofluorometer (FS5-TCSPC 

Edinburgh, the United Kingdom). All the measurements were carried out at room temperature. 

 

3. Results and discussion 

3.1 The structural and morphological characterization 

To investigate the composition and the effects of urea-Gly content as well as the post-sintering 

temperature on the crystallization of the powders, the XRD patterns of some samples were carried 

out and given in Figs. 1 and 2. Fig. 1 shows the XRD patterns of the phosphor samples assisted with 

different molar ratios of urea to Gly (5 : 1~5) heat-treated at the same temperature (1000 oC) for 3 h. 

In Fig. 1, the diffraction peaks at 16.8o, 29.1o, 29.8o, 30.2o, 42.1o and 53.1o correspond to the (110), 

(220), (130), (111), (221) and (151) planes of Sr2CeO4, respectively, which are in agreement with 

the JCPDS 50-0115 and indicate the formation of Sr2CeO4 after heat-treatment at 1000 oC no matter 

what molar ratio of urea to Gly is used. However, the intensities of diffraction peaks closely depend 

on the molar ratio of urea to Gly. Without the addition of Gly, the diffraction peaks are all very 
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weak, which implies the sample is not well-crystallized. After the addition of Gly, the peak 

intensities get obviously stronger as the molar ratio of urea to Gly reaches 5:2. Further increase the 

molar ratio of urea to Gly to 5:5 still remains good crystallization. This phenomenon convinces us 

that the Gly plays a crucial role in improving the crystallization of the samples. Additionally, one 

weak peak around 20.7o is observed in Fig. 1, which should originate from SrCeO3 [18]. In other 

words, a small quantity of SrCeO3 is simultaneously formed during the preparation of Sr2CeO4. It 

can be found that the impurity peak intensity from SrCeO3 is somewhat increased with the increase 

of molar ratio of urea to Gly from 5:2 to 5:5, but the peak intensity corresponding to (110) of 

Sr2CeO4 is oppositely decreased. As a result, the optimal content of urea to Gly for preparing pure 

Sr2CeO4 should be 5:2.  

Fig. 2 shows the XRD patterns of the precursor powders and the samples prepared by 

heat-treatment from 9001200 oC (the molar ratio of urea to Gly keeps the same as 5:2). For the 

precursor powders, the Sr2CeO4 is not formed and most of the XRD peaks correspond to Sr(NO3)2, 

SrCO3, and CeO2 (labeled with #， and  in Fig. 2, respectively). After heat-treatment with 900 oC, 

the Sr2CeO4 composition can be achieved. However, quite a few diffraction peaks belonging to 

SrCO3 and CeO2 still exist in the samples, which confirms that 900 oC as heat-treatment 

temperature is not suitable to obtain pure Sr2CeO4. As the heat-treatment temperature is increased to 

1000 oC, the peaks ascribed to SrCO3 and CeO2 are almost vanished, and the pure Sr2CeO4 should 

be achieved. Further increase the sintering temperature to 11001200 oC, the diffraction peak 

intensities are also increased, implying that the host crystallization can be well-improved by 

adjusting the post-sintering temperatures. 

In order to further explore the composition and elemental distribution of the products, the EDS 

and elemental mappings for the sample prepared with urea-Gly (the molar ratio of urea: Gly = 5:2) 

assisted hydrothermal combustion reaction and subsequent heat-treatment at 1100 oC are measured 

and shown in Fig. 3. The result reveals the existence of Sr, Ce, and O elements, and no other 

elements are observed in the spectra (Fig. 3a). Additionally, the product shows a homogenous 

distribution of the elements (Sr, Ce and O for Fig. 3b-d, respectively), manifesting that the pure 

Sr2CeO4 sample can be achieved. 

The morphology and size of the Sr2CeO4 samples prepared at different conditions were analyzed 

with SEM and displayed in Fig. 4. Without the addition of Gly in the synthesis process of 
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precursors (Fig. 4a), the samples after heat-treatment at 1000 oC are still poor-crystallized and the 

particles seem to be serious agglomeration with irregular distribution. Nevertheless, the particle 

crystallization and surface morphology are dramatically improved when the mixed urea and Gly are 

used in the hydrothermal combustion reaction. Fig. 4(b-d) gives the SEM images of samples after 

sintering with different temperatures (9001100 oC) in which the molar ratio of urea to Gly is the 

same as 5:2. As the sintering temperature is 900 oC (Fig. 4b), most of the particles are crystallized 

with the particle size around 50~250 nm (not very homogenous). With the increase of 

heat-treatment temperature to 1000 oC (Fig. 4c), the samples exhibit well-crystallized spherical 

shape and the agglomeration phenomena are greatly decreased. Simultaneously, the particle looks 

uniform and the size is about 80~150 nm. Further increasing of the heat-treatment temperature to 

1100 oC leads to much stronger crystallization and enlarged particle size (200~350 nm), as can be 

seen from Fig. 4d. 

The above XRD and SEM results all confirm that Gly acts as an important role in the preparation 

process of Sr2CeO4 samples. Without the addition of Gly, the XRD diffraction peak intensities are 

very weak (Fig. 1, urea:Gly = 5:0) and therefore results in poor crystallization (Fig. 4a). After 

certain amount of Gly is introduced into the hydrothermal combustion reactions, the XRD 

diffraction peak intensities (such as Fig. 1, urea:Gly = 5:2) are greatly enhanced and the strong 

crystallization is formed (Fig. 4c and d). This means that Gly is not only a leavening agent and fuel 

but also an effective surfactant to control the crystal growth and particle distribution. On the other 

hand, the post-sintering temperature is also an important factor to influence the host composition, 

crystal growth as well as the surface shape. At relative low heat-treatment temperature (900 oC), 

there still exists quite a few SrCO3 and CeO2 impurities. By increasing the sintering temperature to 

10001100 oC, the relative pure Sr2CeO4 can be achieved and display well-crystallized spherical 

shape.  

In general, the spherical morphology, small degree of agglomeration and uniform particle size 

play the crucial roles for the phosphor powders in practical applications [19]. Therefore, it is 

necessary to investigate in detail on the luminescence properties of the well-distributed uniform 

spherical Sr2CeO4 powders. 

  

3.2 The photoluminescence properties 
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The photoluminescence properties of the Sr2CeO4 powders prepared with different molar ratio of 

urea to Gly (the sintering temperature is 1000 oC) were measured and given in Fig. 5 and Fig. 6, 

respectively. The excitation spectra (Fig. 5) mainly consist of a broadband with peak at 277 nm, 

corresponding to the charge transfer transition from oxygen (O) to Ce4+ [20]. The emission spectra 

(Fig. 6) excited with 277 nm also present a broadband with maximum at 468 nm, which is ascribed 

to the transition from ligand-to-metal Ce4+ charge transfer state to the ground state and almost the 

same as those reported by a few groups [7,9,10]. Therefore, the Sr2CeO4 powders prepared by 

hydrothermal combustion reaction can generate the characteristic blue-light emission under the 

excitation with UV light. However, the emission peak is quite different from that Danielson’s result 

(485 nm) [5]. The reason for the large peak shift should be due to the difference of the preparation 

methods and particle sizes [7,21]. On the other hand, the luminescence intensity is closely related to 

the molar ratio of urea to Gly, as can be seen from Figs. 5 and 6. When the molar ratio of urea to 

Gly varies from 5:0 to 5:2, the blue-light emission intensity also gradually increases. After further 

increase the content of Gly, the emission intensity of the Sr2CeO4 sample decreases inversely. The 

reason for this is that Gly not only acts as fuel but also as surfactant in the reaction. As surfactant, 

the appropriate Gly can serve as capping agent to improve the crystallization, particles distribution 

and morphology. However, the introduction of excessive Gly will form micelles and lead to serious 

particle aggregations with dense pores after combustion process [22]. The facts support the 

conclusion that the amount of Gly is an important factor in enhancing the luminescence intensity 

and the optimal molar ratio of urea to Gly is 5:2, which is quite consistent with the above XRD and 

SEM analysis. In other words, the optimal molar ratio of urea to Gly can not only lead to strong 

crystallization and regular particle distribution, but also improve the luminescence efficiencies. 

Since the post-sintering temperature to the precursor of the samples evidently influenced the 

crystal structure and morphology (Fig.2 and Fig. 4), the photoluminescence properties of Sr2CeO4 

after heat-treatment at different temperatures were further investigated, and the emission spectra 

(the molar ratio of urea to Gly is 5:2) are shown in Fig. 7. Under the excitation with UV light, the 

samples all exhibit characteristic blue-light emission at 468 nm, and the luminescence intensity is 

obviously enhanced with the increase of the sintering temperature from 900 to 1100 oC. At relative 

low heat-treatment temperature 900 oC, there exists some impurities including SrCO3 and CeO2, 

and the particles are not well-crystallized. Therefore, the sample shows very weak emission 
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intensity. With the increase of sintering temperature to 10001100 oC, the impurities are obviously 

vanished and the particles display superior crystallization and uniform shape, which results in the 

dramatically enhanced luminescence. The relative emission intensity of the samples after sintering 

at 1100 oC is more than 2-fold as compared to that heat-treated at 900 oC. As the sintering 

temperature further increases to 1200 oC, the blue-light emission intensity decreases due to the 

formation of harder particles and coarser surface [23]. In consequence, the optimal sintering 

temperature to achieve strong blue-light emission should be 1100 oC. The diagram of CIE 

chromaticity coordinates (achieved from the strongest emission line of Fig. 7) as well as the 

luminescence photograph (irradiated with a 254 nm UV lamp) of the optimized Sr2CeO4 sample is 

given in Fig. 8. The CIE chromaticity coordinates of the optimized sample are x = 0.17 and y = 0.23, 

which shows blue-white emission and is better than in reference 4. 

Fig. 9 gives the excitation spectra of the sample after heat-treatment at 1100 oC. In Fig. 9, there is 

a wideband from 200 to 400 nm (red line) and the strong peak locates at 277 nm, which is almost 

the same as previously described in Fig. 5. Moreover, a shoulder peak at about 350 nm can also be 

easily noticed. To clearly elucidate the excitation spectra, the original broadband is separated into 

two peaks by deconvolution means. One is the main peak at 277 nm (green line), and the other is at 

350 nm (black line). It is known that in orthorhombic Sr2CeO4, each Ce atom is coordinated with 

six O atoms. The octahedron shows two trans-terminal Ce-O1 perpendicular to the plane defined by 

four equatorial O2 atoms. Therefore, the two excitation peaks should be attributed to the different 

charge transfer transitions from O to Ce4+. Actually, a tiny shoulder peak at 350 nm also exists in 

Fig. 5, but it is so weak as compared to the main peak at 277 nm. The results indicate that the 

Sr2CeO4 sample after sintering at 1100 oC can both be effectively excited with medium and near 

ultraviolet light. This may be a good hint for its practical uses in optoelectronic industry.  

The nature of the luminescent decay kinetics of orthorhombic Sr2CeO4 has ever been studied by 

Van Pieterson group [20]. To further investigate the luminescence behavior and achieve the decay 

lifetimes of Sr2CeO4 fine phosphor powders prepared by hydrothermal combustion, the luminescent 

decay curves of the optimized sample were measured and shown in Fig. 10. The decay curve for the 

fine powders is well fitted with a single-exponential function, implying that the Ce4+ ion in the 

lattice should locate only one type of site. The decay lifetime  is about 35.8 s, which is almost the 

same as Van Pieterson reported (35 s) and shorter than Danielson’s result (50 s). In Sr2CeO4 
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crystal, the Ce4+ ion has empty 4f shell. One electron from oxygen ligand can be transferred to the 

4f shell of Ce4+ and result in the ligand–metal charge transfer transition. Due to a relatively long 

decay lifetime (~s), the charge transfer is not possible to be a spin-allowed transition. Therefore, it 

should be a spin-forbidden transition and produce a high spin triplet excited state. 

 

4. Conclusion 

The Sr2CeO4 phosphor powders with orthorhombic system have been successfully prepared 

through hydrothermal combustion reaction and a heat-treatment process. In the reaction process, the 

urea and Gly components are both mixed into the raw materials as leavening agent and fuel. It has 

been found that the molar ratio of urea to Gly and the post-sintering temperature are very important 

factors to adjust and improve the particle crystallization, surface morphology and luminescence 

intensities of the Sr2CeO4 phosphor powders. The optimized molar ratio of urea to Gly as well as 

the sintering temperature is confirmed to be 5:2 and 1100 oC, respectively. In the post-sintering 

process, the reduction atmosphere is not necessary, and the optimized sintering temperature to 

achieve the fine Sr2CeO4 powder is much lower than 14001600 oC. After optimization, the samples 

display not only strong crystallization and well-distributed spherical particle, but also intense 

blue-light emission as excited with medium (277 nm) and near ultraviolet light (350 nm). The 

luminescence decay time is about 35.8 s, and the CIE chromaticity coordinates are x = 0.17 and y 

= 0.23. The hydrothermal combustion synthesis is an effective approach to achieve fine Sr2CeO4 

phosphor powders (200~350 nm), which may be beneficial to the practical applications in the 

optoelectronic fields. 
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Figure captions 

 

Fig. 1. The XRD patterns of the powders prepared with hydrothermal combustion reaction in 

different molar ratios of urea to Gly (the sintering temperature is 1000 oC). 

 

Fig. 2. The XRD patterns of the precursor powders and samples after a sintering process at different 

temperatures (the molar ratio of urea to Gly is 5:2). 

 

Fig. 3. The EDS spectra (a) and elemental mappings of Sr (b), Ce(c) and O(d) of Sr2CeO4 powders. 

  

Fig. 4. The SEM images of Sr2CeO4 powders after sintering at (a) 1000 oC without Gly, (b) 900 oC, 

(c) 1000 oC, and (d) 1100 oC with Gly. 

 

Fig. 5. The excitation spectra (em= 468 nm) of Sr2CeO4 powders prepared with hydrothermal 

combustion reaction in different molar ratios of urea to Gly (sintering temperature is 1000 oC). 

 

Fig. 6. The emission spectra (ex= 277 nm) of Sr2CeO4 powders prepared with hydrothermal 

combustion reaction in different molar ratios of urea to Gly (sintering temperature is 1000 oC). 

 

Fig. 7. The dependence of emission spectra (ex= 277 nm) of Sr2CeO4 powders with the 

post-sintering temperature (the molar ratio of urea to Gly is 5:2). 

 

Fig. 8. The diagram of CIE chromaticity coordinates (achieved from the strongest emission line of 

Fig. 7) and the luminescence photograph (irradiated with a 254 nm UV lamp) of the optimized 

Sr2CeO4 sample. 

 

Fig. 9. The excitation spectra (em= 468 nm) of Sr2CeO4 powders prepared with hydrothermal 

combustion reaction (the molar ratio of urea to Gly is 5:2) and heat-treatment at 1100 oC. 

 

Fig. 10. The luminescence decay curve of the OCe charge transfer transition for Sr2CeO4 powders.  
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Fig 9 
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Fig 10 
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