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Abstract 

The fabrication and luminescent properties of novel Na2YMg2V3O12:Eu3+ phosphors 

produced by conventional solid-state reactions were investigated. Self-activated emission of the 

Na2YMg2V3O12 host produces a broad emission band ranging from 400 to 700 nm with a 

maximum peak at 530 nm, ascribed to the charge transfer in the (VO4)
3− groups. Excitation with 

near-UV (365 nm) light causes the Na2YMg2V3O12:Eu3+ phosphors to emit bright red light, 

including both the broad emission band of the (VO4)
3− groups and the sharp emission peaks of 

Eu3+ ions. At a quenching concentration of 0.03 mol, the Eu3+ ion emission peaks were located at 

597, 613, 654 and 710 nm. As-prepared Na2YMg2V3O12:Eu3+ phosphors also exhibited stable 

emission at high temperatures. Furthermore, a designed and packaged white-light-emitting diode 

(WLED) lamp, including the obtained phosphors, commercial (Ba,Sr)2SiO4:Eu2+ green phosphors, 

BaMgAl10O17:Eu2+ blue phosphors and a near-ultraviolet (n-UV) chip, emitted bright white light 

with a good chromaticity coordinate of (0.3068, 0.3491), a satisfactory colour rendering index of 

88.20 and a properly correlated colour temperature of 4460.52 K. These results indicate the 

potential of this Na2YMg2V3O12:Eu3+ phosphor as a red-emitting phosphor for solid-state 

illumination. 
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1. Introduction 

White-light-emitting diodes (WLEDs) are widely used as light sources in instruments, traffic 

lights and large-area display screens because of their low heat generation, low power consumption, 

high durability, fast response speed and small size[1-3]. Most WLED devices implement 

InGaN-based blue LED chips with the yellow phosphor YAG:Ce3+ due to the lack of a reliable red 

light component. This implementation has limitations of low (<75) colour rendering index (Ra) 

and high colour temperature (>4500 K)[4-8]. Two common methods provide solutions to the 



 

above problems: One method combines the blue LED chips (420–470 nm) with red and green 

phosphors, and another promising method is based on red, green and blue phosphors stimulated by 

near-ultraviolet (n-UV) LED chips (350–410 nm). Both of these methods require high-efficiency 

red phosphors[9-12]. 

It is known that a broad emission peak or multiple emission peaks in the visible region 

provide white light with an appropriate CRI and accurate colour rendering[13-16]. Vanadate, 

composed of VO4
3− tetrahedral, constitutes an important phosphor host that shows a broadband 

emission band at 400–700 nm, high luminous efficiency and excellent chemical stability upon 

excitation by n-UV light.[17, 18] Vanadate phosphors produce intense visible emissions 

corresponding to the V5+→O2− charge transfer (CT) transition in the VO4
3− tetrahedron[19]. In 

addition, rare earth ion-activated vanadate phosphors can give rise to visible emissions that can be 

tuned by the energy transfer between VO4
3− and rare earth ions[20, 21]. The Eu3+ ion is a classical 

activator for efficient red phosphors and has been widely investigated because of its characteristic 

red emissions arising from 5D0→
7FJ (J = 0, 1, 2, 3, 4) transitions. Among these transitions, the 

dominant 610–630 nm emission from the 5D0→
7F2 electric dipole transition is conducive to the 

improvement of the colour purity of the phosphor, in which Eu3+ occupies the lattice sites lacking 

centro-symmetry[22]. Among such phosphors, tetragonal zircon-type LnVO4 (Ln = Y, La, Gd) has 

been widely studied as a luminescent matrix, and YVO4:Eu3+ red phosphor has been used in 

high-pressure mercury lamps, plasma flat-panel displays and other applications[23, 24]. Novel 

single-garnet-structure Na2LnMg2V3O12 (Ln = Y, Gd) was first synthesised by Guo[25], but few 

studies report the luminescent properties of these rare earth ion-doped compounds. Recently, 

researchers have investigated materials such as Ba2BiV3O11:Eu3+[26], Ca2NaMg2V3O12:Eu3+[27] 

and Na3Gd(VO4)2:Eu3+[28]. The discovery of a new, efficient, self-activated, luminescent, 

Eu3+-doped vanadate material would be highly desirable. 

In this work, a series of red-emitting Na2YMg2V3O12:Eu3+ phosphors were prepared via 

high-temperature solid-state reactions. The phase purities, morphologies, decay times and 

photoluminescence properties of the as-prepared Na2YMg2V3O12:Eu3+ phosphors were studied in 

detail. A WLED lamp was designed and packaged, further confirming the feasibility of these 

red-emitting phosphors for implementation in conventional indoor lighting. 

2. Experimental process 

Each Na2YMg2V3O12 host lattice phosphor, Na2YMg2V3O12:xEu3+ (x = 0.01, 0.04, 0.08, 0.12, 

0.16, 0.20, 0.24), was prepared via a high-temperature solid-state reaction. The analytical reagents 

NaHCO3, Mg(OH)2 and NH4VO3 and the high-purity rare earth oxides Y2O3 (99.99%) and Eu2O3 

(99.99%) were used as raw materials. It is noteworthy that 5 mol% excesses of NaHCO3 and 

Mg(OH)2 were needed to compensate for volatilisation losses. All of these chemicals were mixed 

homogeneously in an agate mortar for approximately 30 min and pre-heated in a muffle furnace at 

500 °C for 6 h, followed by heating at 800 °C for 6 h in air. After cooling to room temperature 

naturally, each sample was ground into powder for measurement. 

The LED devices were fabricated with the as-prepared Na2YMg2V3O12:xEu3+ phosphors, 



 

commercial (Ba, Sr)2SiO4: Eu2+ green phosphors, BaMgAl10O17:Eu2+ blue phosphors, and an 

InGaN chip with a dominant emission at 365 nm (Shenzhen Looking Long Technology Co., 

Shenzhen, China). First, the phosphors were thoroughly mixed with organic silica gel. The weight 

ratio of total phosphors to organic silica gel is about 1:5. The silica gel used to package LED chips 

needs excellent light transmittance[29], and the light transmittance of the silica gel we chose is 96% 

(thickness of 1mm). Then, the surfaces of the InGaN chips were coated with the mixture with an 

approximate thickness of 0.5 mm. Finally, the chips were dried at 135 ℃ for 2h and the LED 

devices was obtained. 

The powder X-ray diffractometer (XRD-6000, SHIMADZU, Kyoto, Japan) with Cu Kα 

radiation (λ = 0.15406 nm) was used to measure the phase composition of the as-prepared samples 

with a 40 kV operating voltage and 30 mA current. The microscopic morphology of the 

as-synthesized sample was investigated by a field-emission scanning electron microscope (SEM, 

Model Zeiss Supra-55, Heidenheim, Germany). The fluorescence spectrophotometer (F-4600, 

HITACHI, Tokyo, Japan) equipped with a 150 W Xe lamp as an excitation source was utilized to 

measure the photoluminescence (PL) and photoluminescence excitation (PLE) spectra at room 

temperature under 400 V of operating voltage (Xe lamp). The photoluminescence spectrum of the 

selected phosphor, which is temperature-dependent, was examined using a computer-controlled 

electric furnace spectrophotometer (TAP02, Orient KOJI, Tianjin, China). The phosphor powder 

was heated with a heating rate of 50 ◦C/min, and held at each test temperature for 3 min. The PL 

decay curves were obtained through a spectrofluorometer (TBX-PS, HORIBA Jobin Yvon, Paris, 

France). Quantum yield (QY), defined as the ratio of the emitted photons to the absorbed photons, 

was measured by a spectrofluorometer (FLS1000, EDINBURGH, Livingston, Britain) equipped 

with an integrating sphere. The electroluminescence spectra, CCT, and Ra of the packed LED 

devices were measured using a UV-vis-near IR spectrophotocolorimeter (PMS-80, Everfine, 

Hangzhou, China). 

3. Results and discussion 

3.1. Phase and crystal structure of Na2YMg2V3O12:Eu
3+

 

The phase compositions and crystal structures of the as-prepared powder samples were 

characterised at room temperature. The XRD patterns of Na2YMg2V3O12:xEu3+ (x = 0.01, 0.04, 

0.08, 0.12, 0.16, 0.20, 0.24) samples collectively exhibited main peaks at 17.5°, 20.3°, 28.8°, 32.3°, 

33.9°, 35.5°, 36.9°, 51.0°, 53.2° and 55.4° (Fig. 1a), corresponding, respectively, to the (2 1 1), (2 

2 0), (4 0 0), (4 2 0), (3 3 2), (4 2 2), (4 3 1), (4 4 4), (6 4 0) and (6 4 2) planes of a single garnet 

structure with cubic space group Ia3d (No. 230). All of these diffraction peaks of the 

Na2YMg2V3O12:xEu3+ samples match well with the standard profile of Na2YMg2V3O12 (PDF No. 

49-0412). These results indicate that the Eu3+ ion doping does not significantly affect the 

crystalline structure of Na2YMg2V3O12. In general, a new solid solution can be formed when the 

percentage difference in radii between substituted ions and dopant ions is less than 30%. The 

percentage difference in radii between Y3+ (substituted ion) and Eu3+ (dopant ion) can be 

estimated using the expression[11] 



 

𝐷𝑟 = 𝑅𝑚(𝐶𝑁) − 𝑅𝑑(𝐶𝑁)𝑅𝑚(𝐶𝑁) × 100%,                         (1) 

where Dr is the percentage difference in radii, and Rm(CN) and Rd(CN) are the ionic radii of the 

substituted ion and dopant ion, respectively. Here, the radii of Y3+ and Eu3+ ions are 0.90 and 0.95 

Å, respectively. As a result, the Dr value was calculated to be approximately 5.56%, which is less 

than 30%. This calculation further revealed that Eu3+ ions can easily replace Y3+ ions to be 

incorporated into Na2YMg2V3O12 host lattices. 

A spatial structural schematic of the garnet-structured Na2YMg2V3O12 unit cell is pictured in 

Fig. 1(b). As implied, the alkali metal Na+ ions and rare earth Y3+ ions occupy the A sites, 

coordinating with eight O2− ions to form a dodecahedron with D2 symmetry (lacking an inversion 

centre). Meanwhile, the alkaline earth metal Mg2+ ions are located in octahedral B sites bonded 

with six oxygen atoms, and the V5+ ions (in VO4
3−) are located in Td sites surrounded by four O2− 

ions. Owing to the similar cation radii and the equal valence of Y3+ and Eu3+, the Y3+ ion position 

can be easily occupied by Eu3+ ions in the host lattice without any structural transformation. The 

same XRD patterns for Na2YMg2V3O12:Eu3+ and the Na2YMg2V3O12 standard further confirm 

that the Eu3+ ions are doped in the Na2YMg2V3O12 host at the Y3+ sites. 



 

 
Fig. 1. (a) XRD patterns of Na2YMg2V3O12:xEu3+ (x=0, 0.01, 0.04, 0.08, 0.12, 0.16, 0.20, 0.24) phosphors and the 

standard pattern of Na2YMg2V3O12 (JCPDS 49–0412), (b) the schematic crystal structure of Na2YMg2V3O12 

compound 

3.2. Luminescence properties of Na2YMg2V3O12:Eu
3+

 phosphors 

The PLE and PL spectra of an undoped Na2YMg2V3O12 sample are presented in Fig. 2(a). 

The Na2YMg2V3O12 sample shows a broad absorption band from 250 to 400 nm, which could 

match the near-UV LED chip for use in WLEDs. Under excitation at 365 nm, the as-prepared 

Na2YMg2V3O12 sample also emitted a broad emission ranging from 400 to 700 nm, with a 

maximum at 530 nm. This emission is attributed to the CT of an electron from the oxygen 2p 

orbital to the vacant 3d orbital of V5+ in tetrahedral (VO4)
3− groups[30]. The emission band whose 

maximum lies at 530 nm can be further decomposed by Gaussian peak separation into two 

sub-bands centred at 324 and 366 nm respectively. As shown in Fig. 2(b), the (VO4)
3− group has a 

ground-state 1A1 and excited states 1T1, 
1T2, 

3T1 and 3T2. The decomposed emission sub-bands are 

attributed to the 3T2→
1A1 (Em1 = 512 nm) and 3T1→

1A1 (Em2 = 571 nm) transitions of the 

(VO4)
3− groups. Moreover, the excitation band is composed of two sub-bands, which can be 



 

assigned to the 1A1→
1T2 (Ex1 = 324 nm) and 1A1→

1T1 (Ex2 = 366 nm) transitions of the (VO4)
3− 

groups. 

Fig. 2(b) shows the PLE and PL spectra of the Na2YMg2V3O12:0.2Eu3+ phosphor at room 

temperature. As shown in Fig. 2(b), the excitation spectrum for Na2YMg2V3O12:0.2Eu3+ 

monitored at 613 nm shows a broad band similar to that of samples lacking dopant ion Eu3+. This 

similarity may result from the energy transfer behaviour from (VO4)
3− to Eu3+ and the complete 

overlap between the excitation spectra of (VO4)
3− and Eu3+. The broad excitation spectrum of the 

Na2YMg2V3O12:Eu3+ sample indicates that it can be efficiently excited by n-UV light, making it 

well matched with n-UV LED chips. Also observed are the broad emission band at 530 nm due to 

the CT transitions of the (VO4)
3− groups, as well as emission peaks at 597 nm (5D0→

7F1), 613 nm 

(5D0→
7F2), 654 nm (5D0→

7F3) and 710 nm (5D0→
7F4) due to Eu3+ ions. According to Judd–Ofelt 

theory, the number and relative intensity of 5D0→
7FJ transitions can vary with the variation in the 

crystal field environment of Eu3+ ions[31]. 5D0→
7F2 emission is dominated by the electric dipole 

transition, which occurs only when Eu3+ ions occupy the lattice sites lacking inversion 

symmetry[32]. On the contrary, when Eu3+ ions occupy the lattice sites with inversion symmetry, 

the 5D0→
7F1 magnetic transition dominates. In the Na2YMg2V3O12:Eu3+ sample, the 5D0→

7F2 

electric dipole transition located at 613 nm is much stronger than the 5D0→
7F1 magnetic dipole 

transition located at 597 nm, thus confirming that Eu3+ ions are located at the 

non-centro-symmetric sites in the point group.  

PL spectra for Na2YMg2V3O12:xEu3+ (x = 0.01, 0.04, 0.08, 0.12, 0.16, 0.20, 0.24) samples 

with different doping concentrations are shown in Fig. 2(c). As the Eu3+ concentration increases, 

the position and shape of the emission peak remain almost unchanged. Emission intensity 

increases initially with increasing Eu3+ concentration, reaches a maximum at an Eu3+ 

concentration of x = 0.20 and then decreases with further concentration increase due to the 

concentration quenching effect. The host emission of the (VO4)
3− groups has an intensity 

comparable with that of the Eu3+ emission in the 1% doped sample. At a doping concentration of 

20%, the intensity of the host emission is much lower, and Eu3+ emission dominates the emission 

spectrum. Fig. 2(d) shows the concentration dependence of (VO4)
3− and Eu3+ emission intensity. 

With increasing Eu3+ concentration, the emission intensity of 5D0→
7F2 grows drastically and the 

emission intensity of the (VO4)
3− groups decreases. This finding also indicates energy transfer 

from the (VO4)3− groups to Eu3+.  

Fig. 3 shows a schematic diagram of the energy transfer between (VO4)
3− and Eu3+. In the 

matrix undoped with Eu3+, (VO4)
3− ground-state absorption energy occurs in the 1A1→

1T1 and 1A1

→1T2 transitions and decays to 3T1 and 3T2 non-radiatively. When the matrix is doped with Eu3+ at 

an excitation wavelength of 365 nm, part of the energy of 3T1 and 3T2 is transferred to the 5D0 

excited state of Eu3+; the radiative transition then leads to red light emission. Therefore, in the 

emission spectrum of Na2YMg2V3O12:Eu3+, both the charge transition band of (VO4)
3− and the 

characteristic f–f transition emission peak of Eu3+ can be observed. 

 



 

 

Fig. 2. (a) PLE and PL spectra of Na2YMg2V3O12 samples with their Gaussian components. (b) PLE and PL 

spectra of Na2YMg2V3O12:0.2Eu3+ phosphor. (c) PL spectra of Na2YMg2V3O12:xEu3+ phosphors at 365 nm for 

various doping concentrations. (d) Dependence of PL intensity on Eu3+ doping concentration. 

 

Fig. 3. Excitation and emission mechanisms of VO4
3− and Eu3+; energy transfer process among the corresponding 

energy levels. 

To obtain further insight into the synthesised compounds, the PL decay curves of 

Na2YMg2V3O12:xEu3+ (x = 0, 0.04, 0.12, 0.20 and 0.24) phosphors were recorded at 530 and 613 

nm under excitation at 365 nm. As revealed in Fig. 4(a), all normalised decay curves can be well 

fitted using the second-order exponential equation expressed in Eq. (2), and average decay times τ 

can be determined using Eq. (3)[33].  



 

𝐼𝑡 = 𝐼0 + 𝐴1 exp (− 𝑡𝜏1) + 𝐴2 exp (− 𝑡𝜏2),                           (2) 𝝉∗ = (𝐴1𝜏12 + 𝐴2𝜏22)/(𝐴1𝜏1 + 𝐴2𝜏2),                            (3) 

where It and I0 are the emission intensities at time t and initial time, A1 and A2 are two constants, 

τ1 and τ2 are the fastest and slowest decay constants and τ* is the effective decay time. With 

increasing concentration of Eu3+, the τ* values of host emission monotonically decrease from 2.42 

to 2.37, 2.20, 2.16 and 2.05 μs for x = 0, 0.04, 0.12, 0.20 and 0.24, respectively. These results 

show that the matrix has photoluminescent properties. When doped with Eu3+, the host emission 

lifetime decreases, further indicating the existence of energy transfer from (VO4)
3− to Eu3+. 

The normalised decay curves of Eu3+ emission monitoring at 613 nm are shown in Fig. 4(b). 

All decay curves consist of fast and slow decay components. Indeed, on the basis of the 

observation of the emission spectra of the host and samples doped with Eu3+ ions, the fast 

component can be attributed to host emission decay. The slow component corresponds to the 

decay of the 5D0 level of Eu3+. It is found that the slow curve follows single-exponential decay[34], 

i.e. 𝐼𝑡 = 𝐴exp (−𝑡/𝜏) + 𝐼0,                                           (4) 

where It and I0 are the emission intensities at time t and initial time, A is a constant and τ is decay 

time. According to this function, the average lifetimes of Na2YMg2V3O12:xEu3+ phosphors are 

determined to be 1.13, 1.06, 1.02 and 0.99 ms for x = 0.04, 0.12, 0.20 and 0.24, respectively. The 

PL lifetimes of Na2YMg2V3O12:xEu3+ are similar possibly because of the energy transfer 

behaviour between the vanadate host and Eu3+ ions. 

 

 

Fig. 4. Decay curves of Na2YMg2V3O12:xEu3+ for various Eu3+ concentrations x. 

The colour coordinate for the Na2YMg2V3O12:0.2Eu3+ phosphor is an important factor in the 

performance of phosphors, it was calculated, and it is shown in the CIE chromaticity diagram in 

Fig. 5. The colour coordinate for the Na2YMg2V3O12:0.2Eu3+ phosphor under excitation at 365 nm 

was found to be (0.5843, 0.3683). This characteristic index indicates that the 

Na2YMg2V3O12:0.2Eu3+ phosphor emits red light and that it can be used as a red-emitting 



 

phosphor for WLEDs. The quantum yield is another important factor for phosphors applied in the 

field of WLEDs. The quantum yields of the Na2YMg2V3O12:xEu3+ phosphors were recorded, and 

they are presented in the table inset in Fig. 5. Under excitation at 365 nm, the quantum yield 

values of Na2YMg2V3O12:xEu3+ were found to be 11.9, 27.7, 45.4 and 52.4 for x = 0, 0.08, 0.12 

and 0.20, respectively. These findings are also consistent with the variation in emission intensity 

across Eu3+ concentrations. These results reveal the potential applicability of this phosphor in 

near-UV chip excited WLEDs. 

 

Fig. 5. CIE chromaticity coordinates for the Na2YMg2V3O12:0.2Eu3+ phosphor. Inset table shows the quantum 

yield (QY) values for Na2YMg2V3O12:xEu3+. 

The high thermal resistance of phosphors is very important for the high optical performance 

of WLED devices and their consequent practical applicability in solid-state lighting[35]. The 

thermal quenching properties of the Na2YMg2V3O12:0.2Eu3+ phosphor were tested by obtaining 

temperature-dependent emission spectra under excitation at 365 nm. As shown in Fig. 6, the 

emission intensity decreased smoothly with increasing temperature because of the increasing 

probability of non-radiative transition at high temperatures. The inset in Fig. 6(a) shows that the 

PL integral intensity at 100 °C retained approximately 73.59% of the initial intensity at room 

temperature. Notably, the emission positions changed little with increasing temperature in the 

temperature-dependent emission spectra. This favourable finding suggests colour stability for this 

phosphor across a range of operating temperatures.  

To further investigate the temperature-dependent performance of this sample, the activation 

energy (ΔE) of the Na2YMg2V3O12:0.2Eu3+ phosphor was calculated using the Arrhenius 

equation[36], i.e. I(T) = 𝐼01+𝑐𝑒−∆𝐸𝑘𝑇,                                        (5) 

where I0 is the phosphor’s maximum emission intensity at room temperature, I(T) is the intensity 

at a given temperature, c is a constant and k is the Boltzmann constant (8.629 × 10−5 eV). As 

shown in Fig. 6(b), the plot of ln[I0/I(T) − 1] versus 1/kT is well fitted by a straight line. On the 



 

basis of the slope of the fitted line, the ΔE value was determined to be 0.33 eV for excitation at 

365 nm. This result indicates that the obtained Na2YMg2V3O12:Eu3+ phosphors are of relatively 

good thermal stability, with great potential for use in WLEDs. 

 

 

Fig. 6. (a) PL spectra (λex = 365 nm) of the Na2YMg2V3O12:0.2Eu3+ phosphor at various temperatures in the range 

of 25 °C–150 °C. Inset images in (a) show changes in PL intensity of Na2YMg2V3O12:0.2Eu3+ with increasing 

temperature. (b) Dependence of ln[I0/I(T) − 1] on 1/kT for the Na2YMg2V3O12:0.2Eu3+ phosphor at the 613 nm 

emission peak. 

To further demonstrate the feasibility of the as-prepared phosphors for solid-state 

illumination, a WLED device was designed and packaged based on an n-UV chip (365 nm) and an 

Na2YMg2V3O12:0.2Eu3+ phosphor. To balance the colour combination and improve the Ra value 

of the LED, small quantities of commercial (Ba,Sr)2SiO4:Eu2+ green phosphors and 

BaMgAl10O17:Eu2+ blue phosphors were added, and a warm-white-emitting LED was fabricated. 

The electroluminescence spectra and photographs of the as-fabricated LED device are presented in 

Fig. 7, clarifying that the LED device’s emitted light changed from red to white with the addition 

of green and blue phosphors. The CIE coordinates, Ra and CCT values of the white light 

generated from the LED device were (0.3068, 0.3491), 88.20 and 4460.52 K, respectively. These 

results demonstrated that the as-prepared phosphors are promising red-emitting phosphors for 

indoor solid-state illumination. 



 

 

Fig. 7. (a) Electroluminescence spectra of a WLED combining 365 nm InGaN LED chips, as-prepared red 

Na2YMg2V3O12:0.2Eu3+ phosphor, a commercial blue BaMgAl10O17:Eu2+ phosphor and a green (Ba,Sr)2SiO4:Eu2+ 

phosphor with injunction current. (b) Chromaticity coordinates of red LED fabricated with 

Na2YMg2V3O12:0.2Eu3+ phosphor. (c) Chromaticity coordinates of the fabricated WLED. 

4. Conclusions 

A series of Na2YMg2V3O12:Eu3+ vanadate phosphors were synthesised via solid-state 

reactions at 800 °C for 6 h. XRD results indicated that the as-prepared phosphors were crystallised 

in a single garnet structure with a cubic Ia3d (230) space group. Under excitation light in the UV 

region, self-activated emission of the Na2YMg2V3O12 host occurred at 530 nm. The broad 

emission band, ranging from 400 to 700 nm, is ascribed to the CT in the (VO4)
3− groups. The 

Na2YMg2V3O12:Eu3+ phosphors showed both the broadband luminescence of the (VO4)
3− groups 

and the sharp peak emissions of Eu3+ ions, producing intense red light emission. Energy transfer 

occurred between the 3T excited state of (VO4)
3− and the 5D0 excited state of Eu3+. The phosphors 

could also be excited by 365 nm light, and the optimum concentration of Eu3+ ions was around x = 

0.20. Temperature-dependent emission spectra indicated good thermal stability for 

Na2YMg2V3O12:Eu3+ phosphors. Finally, a WLED device based on an n-UV chip, the as-prepared 

Na2YMg2V3O12:0.2Eu3+ phosphor and (Ba,Sr)2SiO4:Eu2+ and BaMgAl10O17:Eu2+ phosphors 

produced an intense white light with CIE coordinates, Ra and CCT values of (0.3068, 0.3491), 

88.20 and 4460.52 K, respectively. These results suggest the potential of Na2YMg2V3O12:Eu3+ 

phosphor as a red-emitting phosphor for WLEDs and indoor solid-state illumination. 
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