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Abstract: In our study, the 1% mol Eu2+ doped Li2CaSiO4: B3+ phosphors were prepared
by the combustion method as fluorescent material for ultraviolet, light-emitting diodes (UV-
LEDs) used as a light source. The properties of Li2 (Ca0.99, Eu0.01) SiO4: B3+ phosphors
with urea concentration, doping boric acid and a series of initiating combustion temperature
were investigated. The crystallization and particle sizes of Li2 (Ca0.99, Eu0.01) SiO4: B3+ has
been investigated by using powder X-ray diffraction (XRD) and transmission electron microscopy
(TEM). Luminescence measurements showed that the phosphors can be efficiently excited by UV
to the visible region, and exhibited bluish green light with a peak of 480 nm. The results showed
that the boric acid was effective in improving the luminescence intensity of Li2 (Ca0.99, Eu0.01)
SiO4: B3+ and the optimum molar ratio of boric acid to calcium nitrate was about 0.06. The
optimized phosphors Li2 (Ca0.99, Eu0.01) SiO4: B3+

0.06 showed 180% improved emission intensity
compared with that of the Li2 (Ca0.99, Eu0.01) SiO4 phosphors under ultraviolet (λex =287 nm)
excitation.
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1 Introduction

White light generation through GaN-based light emitting diodes (LEDs) has a number

of advantages over the existing incandescent and halogen lamps in power efficiency, reli-
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ability, and long lifetime [1, 2]. So, they are widely utilized in many applications such as

automotive displays and traffic signals [3, 4]. The light-conversion phosphors for solid-

state lighting have attracted much attention in recent years [5].

As is well known, the silicate-based phosphors activated with Eu2+ are promising

candidates as white-light-emitting diodes (WLEDs) pumped by ultraviolet-light-emitting

diodes. Some Eu2+ doped silicates also have found their applications in solid-state light-

ing, thanks to their excellent efficiencies and appropriate absorption bands. Park et al.

prepared Sr2SiO4: Eu and Sr3SiO5: Eu phosphors, and found stronger yellow emission

than the conventional light-conversion phosphor YAG: Ce [6, 7]. Eu2+ and Mn2+ co-doped

Ba3MgSi2O8 and Sr3MgSi2O8, combined with UV-LED, showed warm and stable white

light [8, 9]. M.P. Saradhi et al. prepared Li2SrSiO4: Eu2+ as potential orange-yellow

phosphors for solid-state lighting [10]. Generally, the blue phosphors are very important

in the white LED strategy by combining the UV-LED with blue, green, and red phos-

phors. As traditional blue phosphors, (Sr, Ca)5(PO4)3Cl: Eu2+ and Sr4Al14O25: Eu2+

are used as blue phosphors for UV-LEDs [11, 12]. L. Jie et al. reported that Li2CaSiO4:

Eu2+ phosphors show bluish green emission and are superior to Sr4Al14O25: Eu2+ in

color saturation. They found that Li2CaSiO4: Eu2+ has more extensive application in

solid-state lighting than traditional blue phosphors [13].

With the development of scientific techniques for materials, several chemical synthesis

methods, such as solid-state reaction [14], sol-gel [15], co-precipitation [16], spray pyroly-

sis [17], and the combustion synthesis method [10] have been applied to prepare LED. The

conventional solid-state reaction for preparing LEDs requires a high calcining tempera-

ture, which induces sintering and aggregation of particles. For sol-gel or co-precipitation

techniques, processing routines to prepare the precursor powders are complicated and the

duration is long. The combustion method to synthesize the phosphors, however, can pro-

duce a homogenous product in a short time without the use of expensive high-temperature

furnaces. This synthesis technique makes use of the heat energy liberated by the redox

exothermic reaction at relative low igniting temperature between metal nitrates and urea

or other fuels [18]. Furthermore, the process is very simple and energy efficient.

The mechanism of the combustion reaction is quite complicated. The parameters that

influence the reaction include type of fuel, fuel to oxidizer ratio, use of excess oxidizer,

and ignition temperature [19]. In this work, the combustion synthesis was applied to

prepare the Li2 (Ca0.99, Eu0.01) SiO4: B3+ using urea as a fuel and boric acid as a flux

agent. The influence of the amount of urea, the molar ratio of boric acid flux to calcium

nitrate, and the initiating temperature on the luminescent properties of the Li2 (Ca0.99,

Eu0.01) SiO4: B3+ phosphors have been investigated in detail. To our knowledge, this

is the first report on the preparation of Li2 (Ca0.99, Eu0.01) SiO4: B3+ phosphor by the

combustion method using urea.
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2 Experimental procedure

2.1 Sample synthesis

Powder samples with the general formula Li2 (Ca0.99, Eu0.01) SiO4: B3+
X (X=0–0.12) phos-

phor was prepared by the combustion synthesis method. The starting materials were

LiNO3 (analytical grade), Ca(NO3)2 · 4H2O (analytical grade), Si(OC2H5)4 (analyti-

cal grade), Eu2O3 (99.99%) and NH2CONH2 (analytical grade), and H3BO3 (analytical

grade). NH2CONH2 was added as fuel and H3BO3 was flux. Eu2O3 was dissolved with

HNO3 to convert into Eu(NO3)3 completely. The appropriate molar ratios of LiNO3,

Ca(NO3)2, Eu(NO3)3, NH2CONH2, and H3BO3 were dissolved in a minimum amount of

distilled water. Then a stoichiometric amount of Si(OC2H5)4 dissolved in ethanol was

added dropwise into the solution under vigorous stirring. Si(OH)4 was synthesized by the

hydrolysis of Si(OC2H5)4 as follows:

nSi(OC2H5)5 + 4nH2O → nSi(OH)4 + 4nC2H5OH.

The mixture of reagents with stoichiometry was dissolved into a certain amount of

de-ionized water to obtain a homogeneous solution and then stirred at 80◦C for 5 hours.

After completely stirring, the mixture solutions were introduced into a muffle furnace

maintained at various temperatures from 400◦C to 800◦C. Initially, the solutions boiled

and underwent dehydration, followed by decomposition with the escape of large amounts

of gases (oxides of carbon, nitrogen and ammonia). Then, spontaneous ignition occurred

and underwent smouldering combustion with enormous swelling. The whole process is

over in less than 5 minutes. After the combustion ashes were cooled to room temperature,

we milled them slightly to obtain the phosphor powder of Li2 (Ca0.99, Eu0.01) SiO4: B3+.

2.2 Sample characterization

The phase of the resulting powders was checked by X-ray powder diffraction (XRD) with

a Burker D8 Diffractometer using Cu Kα radiation (1.5406 Å) at 40 kV and 40 mA.

The XRD patterns were collected in the range of 15◦ < 2Θ < 90◦. The morphology

and dimension of the product were observed by transmission electron microscope (TEM),

taken on a Tecnai G20 (FEI Corporation of Holland) transmission electron microscope

using an accelerating voltage of 200 kV. The emission spectra were analyzed using a

Perkin-Elmer LS-55 (Perkin-Elmer Corporation of USA) luminescence spectrophotome-

ter equipped with a xenon discharge lamp as an excitation source. The excitation and

emission slits were set for 5.0 nm. All the luminescence properties of the phosphors were

studied at room temperature.
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3 Results and discussion

3.1 Influence of the amount of urea

Fig. 1 Photoluminescence spectra of samples with different ratios of urea.

The stoichiometric composition of the redox mixture was calculated based on the total

oxidizing and reducing valency of the oxidizer and the fuel. This also serves as a numerical

coefficient for the stoichiometric balance, so that the equivalence ratio is equal to unity

(total oxidizing valency/total reducing valency (O/F ) = 1), and the maximum energy

is released [20]. For the combustion synthesis of oxides, metal nitrates are employed

as oxidizer and urea is employed as a reducer. Theoretical equation assuming complete

combustion may be written for phosphors Li2 (Ca0.99, Eu0.01) SiO4 using urea as fuel as

follows:

6LiNO3 + 3Ca(NO3)2 + 12CO(NH2)2 + 3Si(OH)4 →
3Li2CaSiO4 + 12CO2 + 4NH3 + 24H2O + 15N2.

In order to release the maximum energy for the reaction, the reactants should be com-

bined in a molar proportion of 2:1:4:1 of LiNO3:Ca(NO3)2:NH2CONH2:Si(OH)4. How-

ever, the real process is actually somewhat more complex, producing varying amounts of
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gases. It is difficult to determine a reaction equation; the equation above can only describe

an ideal process. Fig. 1 shows photoluminescence spectra of samples with different ratios

of urea at an initiating combustion temperature 600◦C. The insert displays the emission

intensity of a sample obtained from the ratio of a theoretical quantity equal to 2. Seven

ratios (1, 1.5, 2, 2.5, 3, 4, and 5) of a theoretical quantity of NH2CONH2 were used to

determine the influence of urea on the luminescence properties of the phosphors obtained

from the mixtures containing the same amount boric acid at an initiating combustion

temperature 600◦C. Obviously, when the concentration of the urea is too low, the reac-

tive temperature will lower, which will lead to the incomplete reaction of raw materials.

The optimum ratio of reactants can make the combustion reaction more complete and

benefit the formation of crystalline particles.

3.2 Influence of the boric acid

Fig. 2 XRD patterns of powders at different H3BO3 molar ratios.

The minor amount of H3BO3 was introduced as flux in the experiment, since it was

proved to be effective in stimulating host-lattice formation and grain growth in some

studies [21–24]. The molar ratio of boric acid to calcium nitrate was varied from 0 to

0.12. The effect of boric acid on the crystal structure of phosphor particles prepared by



S. Yao and D. Chen / Central European Journal of Physics 5(4) 2007 558–569 563

the combustion method at an initiating temperature of 600◦C is shown in Fig. 2. The

phosphor powders showed that all the peaks were due to the Li2CaSiO4 phase, and no

other crystalline phase could be detected when the amount of boric acid was from 0 to

0.06 molar ratios. The doped B3+ has little influence on host structure. The XRD pattern

of the sample, however, shows much sharper peaks due to coarsening of the particles at

higher H3BO3. When the molar ratio of boric acid is at 0.10, a mixture of Ca(BO2)2 and

Li2CaSiO4 is obtained.

Fig. 3 Photoluminescence spectra of samples with different amounts of boric acid (λex =

287 nm)

Fig. 3 shows emission spectra of Li2 (Ca0.99, Eu0.01) SiO4 phosphors at an initiating

combustion temperature of 600◦C with boric acid. The molar ratio of boric acid to

calcium nitrate was varied from 0.02 to 0.12. All of the samples show the emission peak

at the same position, centered at 480 nm. With the boric acid doping at 6 mol %, the

highest intensity was about 180% higher than that of the Li2 (Ca0.99, Eu0.01) SiO4: B3+.

3.3 Influence of the initiating temperature

The XRD patterns of the phosphor sample Li2 (Ca0.99, Eu0.01) SiO4: B3+. is shown in

Fig. 4. The results indicate that the diffraction peak positions and the relative intensi-
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ties of the prepared samples are well matched with the standard powder diffraction file

(Contrast JCPDS date file NO. 27 − 0290), and the codoped Eu2+ and B3+ have little

influence on the host structure. Li2CaSiO4 has body-centered tetragonal unit cells with

dimensions a = 5.047 ± 0.005, c = 6.486 ± 0.006 Å, and space group [13]. In its crys-

tal structure, the Ca atom occupies the 8-coordinated distorted dodecahedral site [19].

Phase-pure crystalline Li2CaSiO4 can be obtained at 600◦C, a much lower temperature

than a conventional solid-state reaction, to form phase-pure Li2CaSiO4 using Li2CO3

and SiO2 as raw materials. The observed diffraction peaks became sharper and stronger

with increasing initiating temperature, which indicates that the crystallinity of Li2CaSiO4

powders increases.

Fig. 4 The XRD pattern of Li2(Ca0.99, Eu0.01) SiO4: B3+
0.06 phosphors.

Fig. 5 displays a typical transmission electron micrographs of the phosphors synthe-

sized at 600◦C (Fig. 5a), 700◦C (Fig. 5b), and 800◦C (Fig. 5c). The electron micrographs

reflect the basic particle morphology, where the smallest particle could be identified with

the crystals and/or their aggregates. The particle sizes increase because of a higher tem-

perature, which is significant for promoting the growth of Li2 (Ca0.99, Eu0.01) SiO4: B3+

particles and leads to excessive sintering and aggregation of particles.
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Fig. 5 TEM photographs of particles prepared at 600◦C (a), 700◦C (b) and 800◦C (c)

Fig. 6 shows the excitation and emission spectra of Li2 (Ca0.99, Eu0.01) SiO4: B3+
0.06

particles, with an initiating combustion temperature from 400◦C to 800◦C. The phos-

phor particles prepared at 400◦C had low photoluminescence intensity because of poor

crystallinity. A higher reaction temperature caused a more complete reaction and en-

hanced sintering of the products. It is obvious that the emission and excitation intensity

increased with the increase of initiating temperature, due to the improvement of crys-

tallinity. However, the spectrum intensity has not significantly changed with the increase

of the initiating combustion temperature. It may be due to excessive sintering and aggre-

gation of particles, which agrees with the result supplied by TEM observation (Fig. 5).

3.4 Luminescence properties

The photoluminescence spectra of Li2 (Ca0.99, Eu0.01) SiO4: B3+
0.06 is shown in Fig. 7. The

excitation spectrum ranging from 240 to 475 nm is composed of several bands, which

are due to the transition of Eu2+ ions from the parity-allowed 4f 7(8S7/2) ground state to

the excited state 4f 65d1. The sub-band with a peak at 287 nm is due to the transition

from the ground 8S7/2 to the eg (4f 55d1) state. Others at around 380, 400, 425, and

456 nm are attributed to the t2g (4f5d) state [5, 25]. The structure of the excitation

spectrum is assigned to the crystal field splitting of the 5d levels of Eu2+ ions. The

excited 5d levels are not shielded from the ligand field, giving rise to a marked splitting

of the excited levels [13]. The symmetry of the anion coordination polyhedron around

the emission centers determines the number of the splitting level [26]. In the crystal

structure of Li2CaSiO4, the Ca atom occupies the 8-coordinated distorted dodecahedral

site [19]. Since the codopant Eu2+ ions are substituted for the Ca2+ sites and are exposed

to a strong crystal field, the excitation band of Eu2+ extends into the visible region.

With different excitation wavelengths of 287, 380, and 451 nm, the emission spectra are

similar, consistent with the fact that there is only one kind of Ca site in the host material

Li2CaSiO4. Upon 287 nm excitation, Li2 (Ca0.99, Eu0.01) SiO4: B3+
0.06 shows a bluish green

emission band with a peak at 480 nm. Owing to its excellent excitation spectrum profile,

it is believed that Li2 (Ca0.99, Eu0.01) SiO4: B3+
0.06 phosphors would find application in the

solid-state lighting field.
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Fig. 6 Excitation (a) and emission (b) spectra of Li2(Ca0.99, Eu0.01) SiO4: B3+
0.06 phosphors

(λem = 480 nm and λex = 380 nm).
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Fig. 7 Photoluminescence spectra of Li2(Ca0.99, Eu0.01) SiO4: B3+
0.06

4 Conclusions

Li2 (Ca0.99, Eu0.01) SiO4: B3+ powder phosphors have been synthesized using a simple

combustion method at 600◦C. The process involves a low-temperature, self-propagating

ignition route, which is safe, simple, and rapid for the production of fine powder. The

experimental results showed that the optimal ratio of urea is 2.5 times higher than the-

oretical quantities, and the phosphor of good emission intensity with a peak at 480 nm

can be obtained when the H3BO3 molar ratio is 0.06. The photoluminescence spectrum

of Li2 (Ca0.99, Eu0.01) SiO4: B3+
0.06 has excitation bands from 250 to 475 nm, resulting from

the strong crystal field imposed on the Eu sites. Under ultraviolet and visible excitation,

Li2 (Ca0.99, Eu0.01) SiO4: B3+
0.06 shows a bluish green emission band centered at 480 nm.

According to its excellent excitation spectrum profile, we have demonstrated that the

optimized phosphor Li2 (Ca0.99, Eu0.01) SiO4: B3+
0.06 is potentially useful as a bluish green

phosphor for white-light emitting diodes.
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