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Abstract: A single phase white light emitting Dy3+ ions doped NaCaAlPO4F3 phosphor was synthesized via solid state reaction using flux. 

The obtained sample was characterized by powder X-ray diffraction (PXRD), Optical absorption, Photoluminescence (PL) and Fourier 

Transform Infrared Spectroscopy (FT-IR) techniques. From powder XRD data, the average crystallite size and structural parameters are 

evaluated. Absorption spectra shows absorption peaks corresponding to the transitions from the 6H15/2 ground state to various excited energy 

levels. Transition probabilities, branching ratios and radiative lifetime were evaluated by using Judd–Ofelt analysis. Photoluminescence 

spectra shows three prominent emission bands centered at 480, 577 and 624 nm corresponding to the 4F9/2→
6HJ (J = 15/2, 13/2 and 11/2) 

transitions respectively. From the emission transitions, stimulated emission cross-section (σe) and gain bandwidth (GBW) were predicted. 

The colorimetric parameters CIE coordinates, Correlated colour temperature (CCT) of the prepared phosphor understands the suitability of 

these material for white light generation. FT-IR spectrum exhibits the characteristic vibration bands of the prepared phosphor material. 

 

Keywords: Phosphor, Cell parameters, Optical absorption, Judd-Ofelt analysis, CIE coordinates, Photoluminescence 

 

1. Introduction 
 

As the driving force of the country’s economy, energy is a 

fundamental factor to ensure the development of material 

civilization of modern society. In the light-emitting areas, 

researchers are looking for energy-efficient and environmental 

phosphors for solid-state lighting [1-3]. During the past few 

years, the topic of  producing white light in a single-phase host 

has been the subject of much speculation by an increasing 

number of research groups because of the advantages of high 

color rendering index (CRI), tunable correlated color 

temperature (CCT) and pure Commission Internationale de 

I’Eclairage (CIE) chromaticity coordinates, as well as averting 

the re-absorption existing in red–green–blue (RGB) tricolor 

phosphors for application in white light-emitting diodes (W-

LEDs) [4-6]. Now, there has been an extensive research on 

phosphor hosts with low phonon energy and high stability, 

which are ideal for doping rare earth ions as they reduce 

multiphonon de-excitation between rare earth ion energy 

levels and enhance the quantum efficiency of luminescent 

transitions [8]. Among various rare earth ions, Dy
3+

 is capable 

of emitting several interesting wavelengths between its f–f 

transitions, which are having potential applications in 

diversified fields. It plays a major role in the preparation of 

white light emitting phosphors due to two characteristic blue 

and yellow intense emission bands in the visible region 

corresponding to transitions  
4
F9/2 - 

6
HJ (J=15/2,13/2) [9-11]. 

To accomplish white light emission, optimization of local field 

environment around Dy
3+

 ions with a suitable yellow to blue 

(Y/B) intensity ratio is significant [12]. However, few works 

have been reported on Dy
3+ 

doped phosphate based phosphors 

for white light emission. Shinde et al., reported luminescence 

studies on Li2Sr2Al2PO4F9:Dy
3+ 

phosphor [13], photo-

luminescence characteristics of  Dy
3+

 doped KLa(PO3)4 

phosphor reported by Chemingui et al., [14], Ratnam et al., 

reported white light emitting NaCaPO4:Dy
3+ 

phosphor [15],  

Zhang et al., reported KSrBP2O8:Dy
3+

 single phase white 

emitting phosphor by solid state reaction method [16]. 

 

At present, researchers explored an entirely new aluminate 

halophosphate based phosphor with structural diversity, 

chemical stability and high absorption yields [17]. Recently 

Shinde and co-workers reported various rare-earth 

halophosphates for lighting applications [13,18,19]. As a 

substantial host of luminescent material, NaCaAlPO4F3 is a 

halophosphate based phosphor and its crystal structure 

resembles with alumina fluorophosphate of sodium and 

calcium, named as Viitaniemiite, NaCaAlPO4(F,OH)3 reported 

by Ramik et al. This mineral belongs to monoclinic structure 

with the space group P21/m [20, 21]. 

 

Recently authors reported the synthesis and characterization of 

transition ions and rare earth doped NaCaAlPO4F3 phosphor 

[22-26]. The present work reports studies made on structural 

and optical properties of Dy
3+

 ions doped NaCaAlPO4F3 

phosphor by solid state reaction method. The present study is 

to perceive the crystal structure and evaluate the lattice cell 

parameters by powder X-ray diffraction, identify the local 

structural groups through FT-IR spectrum, determination  of 

Judd–Ofelt parameters from the absorption spectra, which also 

provide us enough information for calculating the bonding (β 

and δ) parameters, analyzation of the photoluminescent 

spectrum to estimate radiative properties and life time and 

finally to explore the suitability of the prepared phosphor 
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towards white light application through colorimetric 

characterizations. 

 

2. Experimental Section 
 

2.1 Chemicals and Synthesis Procedure 

 

Dy
3+

 ions doped NaCaAlPO4F3 phosphor was prepared by 

solid state reaction method. Sodium carbonate (Na2CO3), 

Calcium carbonate (CaCO3), Diammonium hydrogen 

orthophosphate ((NH4)2HPO4) were purchased from Sigma-

Aldrich Corp., Aluminum tri fluoride (AlF3.3H2O) and 

Samarium oxide (Sm2O3) were purchased from Merck 

Chemicals. All of the chemical reagents used in this 

experiment were analytical grade and used without further 

purification. 

 

The starting chemicals Na2CO3, AlF3.3H2O, CaCO3, 

(NH4)2HPO4 were weighed in a requisite stoichiometric 

proportion and ground into fine powder for 30 minutes using 

an agate mortar and pestle. After that Dy2O3 was added to the 

above mixture and grounded in an agate mortar for another 

one hour. The obtained chemical mixture was taken in a 

crucible for sintering at 650 
°
C for 8 hours, 700

°
C for 4 hours, 

750
°
C for 2 hours in a high temperature furnace with several 

intermediate grindings for 30 minutes and with excess of 20 

mol% AlF3.3H2O was also used as a flux finally to obtain 

Dy
3+

 ions doped NaCaAlPO4F3 phosphor. 

 

The prepared phosphor was characterized by several 

techniques. X-ray diffraction (XRD) pattern of the prepared 

sample is recorded on Shimadzu-6100 with Cu Kα radiation. 

Optical absorption spectrum is recorded at room temperature 

on JASCO V670 spectrophotometer in the wavelength region 

of (200-1800) nm. Photoluminescence spectrum is recorded at 

room temperature on Horiba Jobin-Yvon Fluorolog-3 

Spectrofluorimeter with Xe continuous (450 W) and pulsed 

(35 W) lamps as excitation sources. Shimadzu IR affinity FT-

IR Spectrophotometer is used for recording of the prepared 

sample in the region 500–4000 cm
-1

. 

 

3. Results and Discussion 
 

3.1 Powder X-ray diffraction Study 

 

In order to determine the crystal structure, powder XRD 

analysis has been carried out. Figure 1 shows the X-Ray 

diffraction pattern of Dy
3+

 ions doped NaCaAlPO4F3 

phosphor. The XRD pattern shows the peaks corresponding to 

the monoclinic structure. Nearly, all the diffraction peaks of 

the resultant phosphor is consistent with Joint Committee 

Powder Diffraction Standard data (JCPDS) file no 35-0598 

and are well matched with those of the standard pattern of 

mineral Viitaniemiite [20]. 

 

The evaluated lattice cell parameters are: a = 0.6856, b = 

0.7452 and c = 0.5523 nm, β = 109.68
0
. These values are 

reliable with unit-cell parameters reported earlier [26]. 

 
Figure 1: Powder X-ray diffraction pattern of Dy

3+
 ions doped 

NaCaAlPO4F3 phosphor. 

 

From the XRD spectrum the average crystallite size was 

calculated from the most intense peak (1 2 1) using the Debye-

Scherrer’s formula [27],  

d = (kλ / β Cosθ) 
where k = 0.89, λ represents the wavelength of Cu-Kα 

radiation, β is the full width at half maximum (FWHM) of the 

diffraction peak and θ is the angle of diffraction. Debye-

Scherrer’s formula is used to calculate the average crystallite 

size of Dy
3+

 doped phosphor and it is found to be 82 nm. The 

sharp and high intense peaks reveal that the prepared phosphor 

material is well crystalline material which can result in the 

high luminescence intensities.  

 

3.2. Optical Absorption Spectra 

 

3.2.1. Nephelauxetic ratio and bonding parameter 

The optical absorption spectrum of Dy
3+

 ions doped 

NaCaAlPO4F3 phosphor sample in UV-VIS and NIR region is 

as shown in Figure 2 & 3. The absorptions bands were 

obtained at 27397, 26954, 26041, 23474, 22172, 20790, 

14513, 12484, 11467, 9337, 7225 and 5787 cm
-1

.  

 
Figure 2: UV-Vis absorption spectrum of Dy

3+
 ions doped 

NaCaAlPO4F3 phosphor 
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Figure 3: NIR absorption spectrum of Dy

3+
 ions doped 

NaCaAlPO4F3 phosphor. 

 

The absorption bands correspond to the transitions that 

originate from the ground state 
6
H15/2 to the excited states 

6
P5/2, 

4
M19/2, 

4
F7/2, 

4
G11/2, 

4
I15/2, 

4
F9/2, 

6
F3/2, 

6
F5/2, 

6
F7/2, 

6
F9/2,

 6
F11/2

 
and 

6
H11/2 respectively. The energy of these absorption transitions 

of Dy
3+

 ions in NaCaAlPO4F3 phosphor are also compared 

with aquo-ion system [28] and shown in Table 1.  

 

Table 1: Observed band positions of Dy
3+

 ions doped 

NaCaAlPO4F3 phosphor (vc) and aquoion (va) (cm
-1

) along 

with nephelauxetic ratio (β) and bonding parameter (δ). 

 
 

The nature of the Dy
3+

 ligand bond can be understood by 

evaluating the nephelauxetic ratio (β) and bonding parameter 

(δ) [29]. The nephelauxetic ratio can be calculated by using 

the equation, 

β = νc/νa 

where νc and νa are the energies in cm
-1

 for a particular 

transition in the present host and aqueous solution [28] 

respectively. The bonding parameter can be evaluated by the 

equation, 

δ = (1-β
׳
)/β

׳
 

where β
׳
 is the average of the nephelauxetic ratios for all the 

observed transitions in the absorption spectrum. The nature of 

the ligand associated with Dy
3+

 in the host is revealed from the 

sign of the bonding parameter. The nephelauxetic ratios (β) 

and bonding parameter (δ) for the Dy
3+

 ions doped 

NaCaAlPO4F3 phosphor are presented in Table 1 and the 

nature of the Dy
3+

 ligand bond in the present host is found to 

be ionic. 

 

3.2.2. Judd–Ofelt intensity parameters 

The intensity of an absorption band is expressed in terms of 

“oscillator strength”. The Judd-Ofelt theory has been applied 

to the absorption bands for Dy
3+

 ions doped NaCaAlPO4F3 

phosphor recorded in the wavelength range 350–700 nm (UV-

VIS) and 800–1800 nm (IR) as shown in Figure 2 & 3. The 

experimental oscillator strengths (fexp) of absorption bands for 

Dy
3+

 ions doped NaCaAlPO4F3 phosphor are evaluated by 

measuring the integrated areas under the absorption bands 

using the relation [30],  

fexp = 4.32 x 10
-9 

 ∫ ɛ(ν) dν 

where ɛ(ν) represents the molar absorption coefficient of an 

absorption band at a wavenumber (cm
-1

) and dν is the half-

band width. According to J-O theory the calculated oscillator 

strength(fcal)  [31, 32] of an electric-dipole allowed transition 

J-J׳ is given as, 

fcal =
8ᴨ2mc ν

3h 2j+1 

 n2+2 
2

9n
 Ωλλ=2,4,6  < 𝜓𝐽 ׀׀ Uλ׀׀ ψ׳J׳ > 

2
 

where m represents the mass of an electron, h is the Plank’s 

constant, ν is the mean energy of the transition, n is the 

refractive index of the sample, J and J׳ are the total angular 

momentum for the ground and upper level respectively, Ωλ are 

the J-O intensity parameters (Ω2, Ω4, Ω6) that are characteristic 

of a given rare earth ion and ׀׀U
(λ)

׀׀
2
 is the doubly reduced 

matrix elements of unit tensor operator evaluated in the 

intermediate coupling approximation for the absorption 

transition [28]. Considering the quite similar crystal structure 

between Vittanimite and NaCaAlPO4F3 phosphor host matrix, 

the refractive index of NaCaAlPO4F3 phosphor is assumed 

from Vittanimite and  its value is 1.546 [20]. The fexp values 

were evaluated from the absorption bands, whereas the fcal 

values were calculated from the J-O theory. The J-O 

parameters are determined by least square fitting procedure 

and the reduced matrix elements, ׀׀U
(λ)

׀׀
2 

(λ= 2, 4 and 6), were 

taken from Ref. [33]. 

 

The host dependent J-O intensity parameters (Ω2, Ω4, Ω6), 

experimental (fexp) and calculated (fcal) oscillator strength of 

Dy
3+

 ions doped NaCaAlPO4F3 phosphor are presented in 

Table 2. Among the three J-O parameters, Ω2 is more sensitive 

to the environment of the RE
3+

 ion and in turn strongly 

depends on hypersensitive transition. Ω4 and Ω6 are related to 

the long range effects and are strongly influenced by the 

vibrational levels associated with the central rare-earth ions 

bound to the ligand atoms. Generally, J-O parameters (Ω2, Ω4 

and Ω6) provide information about the nature of the metal–

ligand bond and the symmetry around the site occupied by the 

RE ion in the host [34, 35].  

 

From the table it is observed that Ω2 > Ω6 > Ω4 indicating the 

covalent nature of the bonding between the Dy
3+

 ions and the 

host. The similar trend of J-O parameters can be observed in 

different host matrices [36 - 39]. 
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Table 2: Oscillator strengths and Judd-Ofelt parameters (Ω2, 

Ω4, Ω6) of Dy
3+ 

ions doped NaCaAlPO4F3 phosphor. 

 
 

Higher value of Ω2 indicates high degree of metal-ligand 

covalency bond and lower symmetry of the coordination 

structure surrounding the Dy
3+

 ions [40].  The value of Ω2 for 

Dy
3+

 ions doped NaCaAlPO4F3 phosphor is found to be lower 

than that of Dy
3+

 ions doped phosphors [12,36,37,41], indicat-

ing less covalent nature. The evaluated J-O parameters, Ω2, 

Ω4, Ω6 are presented in Table 3 along with those reported Dy
3+

 

doped phosphors [36, 37]. 

 

Table 3: Comparison of J-O parameters (x10
–20

 cm
2
) and their 

trend in Dy
3+

 doped phosphors 

 
 

A measure of the accuracy of the fit between the experimental 

and calculated oscillator strengths is given by the root mean 

square (rms) deviation,  

𝛿𝑟𝑚𝑠 =  
 (𝑓𝑒𝑥𝑝  − 𝑓𝑐𝑎𝑙 )2

𝑁
 

1/2

 

where N is the number of levels included in the fit. The small 

deviation of rms value indicates a good fit between 

experimental and calculated oscillator strength as given in 

Table 2. 

 

3.3 Photoluminescence spectrum 

 

Under 380 nm excitation wavelength, the emission spectrum 

of Dy
3+

 ions doped NaCaAlPO4F3 phosphor exhibits sharp 

emission peaks centered at 450, 480, 514, 577 and 624 nm 

corresponding to 
4
I15/2 → 

6
H15/2 [14], 

4
F9/2 → 

6
H15/2, 

4
I15/2 → 

6
H13/2 [42], 

4
F9/2 → 

6
H13/2 and 

4
F9/2 → 

6
H11/2 due to the intra-

configurationally 
4
f - 

4
f transitions of Dy

3+
 ions, as shown in 

Figure 4. 

 

 
Figure 4: Photoluminescence spectrum of Dy

3+
 ions doped 

NaCaAlPO4F3 phosphor. 

 

Among the transitions 480 and 577 nm are intense, a transition 

corresponding to (577 nm) 
4
F9/2 → 

6
H13/2 is in the yellow 

region and hyper sensitive obeying the selection rules ∆J = ±2 

and ∆L = ±2 [43]. The yellow emission is related to the 

electric dipole (ED) transition, strongly influenced by the 

crystal-field environment. The transition corresponding to the 

(480 nm) 
4
F9/2 → 

6
H15/2 is in the blue region, which is a 

magnetic dipole (MD) transition less sensitive to the crystal 

fields.  

 

The intensity ratio of the ED to MD transitions could be used 

to know the symmetry of the local environment of the f
 
ions.  

The greater the intensity of ED transition indicates high 

asymmetry nature [44-46]. From Figure 4, it can be seen that 

the fluorescence intensity of the MD transition 
4
F9/2 → 

6
H15/2 

possess higher intensity than the allowed ED transition 
4
F9/2 → 

6
H13/2 revealing a higher symmetry around the Dy

3+ 
ions. 

Similar observations have also been reported in certain Dy
3+

 

phosphor materials [47, 48]. In general the strong yellow 

emission decreases the color temperature of the phosphor and 

generates warm white light emission [49]. So the strong blue 

emission in Dy
3+

 ions doped NaCaAlPO4F3 phosphor is 

capable of generating a cool white light potential for solid 

state lighting. 

 

3.4. Radiative parameters 

 

The evaluated J-O intensity parameters are used to calculate 

the radiative parameters such as electric dipole line strength 

(Sed), magnetic dipole line strength (Smd), radiative transitions 

probabilities (Aed and Amd), spontaneous transition 

probabilities (AR), total transition probability (AT), radiative 

life time (τR) and branching ratios (βR) corresponding to 

different emission channels from 
4
F9/2 → 

6
HJ (J = 15/2, 13/2 

and 11/2) have also been calculated using the relations 

described elsewhere [50] and are presented in Table 4. 

Experimental branching ratios are the relative areas 

corresponding to different transitions. Branching ratio of each 

transition has been calculated from the luminescence spectra. 

The stimulated emission cross-section (σe) of each transition is 

found by using the equation, [51] 

𝜎𝑒 =
𝜆𝑝

4

   8𝜋𝑐 𝑛2∆𝜆𝑒𝑓𝑓

𝐴𝑅  (Ψj; Ψ′𝑗′) 
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where λp is the peak wavelength of emission band, Δλeff is full 

width at half maximum wavelength of the transition, n is the 

refractive index of the host and c is the light velocity. The 

values of stimulated emission cross-section indicate the rate of 

energy extraction from the phosphor material. 

 

Table 4: Calculated dipole line strengths (Sed and Smdx10
-22

), 

Radiative transitions probabilities (Aed and Amd), radiative 

lifetime (τRms) and branching ratios (βR) of Dy
3+ 

ions doped 

NaCaAlPO4F3 phosphor. 

 
 

Experimental branching ratios and stimulated emission cross-

sections of each transition obtained from the luminescence 

spectrum is reported in Table 5. It is observed that the 

calculated branching ratio (βR), stimulated emission cross-

section (σ(λp)) and GBW are found to be maximum for 
4
F9/2 → 

6
H13/2 transition. The experimental branching ratio (βm) 

obtained from the relative area of emission bands characterizes 

the lasing strength and is found high for 
4
F9/2 → 

6
H15/2. As can 

be seen from Table 5, the experimental βm follows the trend as 
6
H11/2 < 

6
H13/2 < 

6
H15/2 where as calculated βR follows 

6
H11/2 < 

6
H15/2 < 

6
H13/2. The variation in radiative and experimental 

branching ratios may be due to the contribution of non-

radiative processes from the 
4
F9/2 level of Dy

3+
 ions in the 

prepared sample. Similar trend can be found in previous 

reports [52, 53]. It is observed that, the sum of the branching 

ratios of the 
4
F9/2 → 

6
H15/2 and 

4
F9/2 → 

6
H13/2 transitions are 

found to be approximately unity (~1) and is useful to achieve 

higher stimulated emission cross-section and quantum 

efficiency [54, 55]. 

 

Table 5: Emission peak wavelength (λpnm), Stimulated 

emission cross section (σ(λp)x10
-22

 cm
2
) and (GBWx10

-28
 cm

3
) 

and branching ratios (βR and βm) of Dy
3+ 

ions doped 

NaCaAlPO4F3 phosphor. 

 
 

3.5. Colorimetric performance  

 

3.5.1. Color coordinates 

The luminescence color of the samples excited under 380 nm 

has been characterized by the CIE (Commission International 

de I’Eclairage) 1931 chromaticity diagram [56]. The emission 

spectrum of the Dy
3+

 ions doped NaCaAlPO4F3 phosphor was 

converted to the CIE 1931 chromaticity diagram using the 

photo-luminescent data and the interactive CIE software (CIE 

coordinate calculator) as shown in Figure 5 [57].  

 
Figure 5: CIE chromaticity diagram of Dy

3+
 ions doped 

NaCaAlPO4F3 phosphor. 

 

From Figure 5 it can be seen that the color coordinates of the 

Dy
3+

 ions doped NaCaAlPO4F3 phosphor lie in the white light 

region (0.325, 0.374) which is very near to “ideal white” 

(0.33, 0.33) in the chromaticity diagram. PL emission band 

positions and corresponding chromaticity coordinates of 

different white light emitting phosphors [58-61] are 

summarized in Table 6.  

 

Table 6: Comparison of PL emission bands and corresponding 

chromaticity coordinates of different white light emitting 

phosphors. 

 
 

3.5.2. Correlated Color Temperature (CCT) 

The correlated color temperatures (CCT) represents the quality 

of the light emitting source, which illustrates the temperature 

of a closest Planckian black-body radiator to the operating 

point on the chromaticity diagram [62]. CCT relates to the 

color of light produced by a light source, measured in degrees 

Kelvin. The CCT rating is an indication of how “warm” or 

“cool” the light source appears. The higher CCT value 

indicates the cool white light emission, where as in warm 

white emission the CCT value is low. However, opposite to 

the temperature scale, lamps with a CCT rating below 3200 K 

are usually considered as “warm” sources, while those with a 

CCT above 4000 K are considered as “cool” in appearance. 

McCamy has proposed the analytical equation to calculate the 

CCT [63], and is given by the expression, 

CCT = – 449 n
3
 + 3525 n

2
 – 6823n + 5520.33 
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where n = (x – xe)/(y – ye) is the inverse slope line and (xe = 

0.332, ye = 0.186) is the epicenter of the convergence. The 

CCT value of the prepared phosphor is found to be 5905 K, 

i.e. CCT > 4000 K. The CCT value lies in the cool white light 

region signifying the possibility of the prepared phosphor for 

the application in w-LEDs. 

 

3.5.3. Colour purity 

The color purity of the dominant emission is also important to 

realize better light source for LED applications and the color 

purity is calculated using the following equation 

colour purity =
  x − 𝑥𝑖 

2 + (y − 𝑦𝑖)
2

  𝑥𝑑 − 𝑥𝑖 
2 + (𝑦𝑑 − 𝑦𝑖)

2
 

where xi and yi are the chromaticity color coordinates 

corresponding to the equal energy point (0.33, 0.33) and (xd, 

yd) are the chromaticity color coordinates of the dominant 

wavelength point calculated from the intersection point of the 

connecting line between equal energy point (0.265, 0.723)  

and (x, y) = (0.325, 0.374) color coordinates in the 

chromaticity diagram [64]. The color purity is found to be 

10.2 x 10
-2

. The color purity should be very low to achieve 

white light emission from the emitting sources [52, 65] and the 

color purity for the standard white light is 0% [52, 66]. The 

color purity of the present sample is very closed to zero and 

well consistent with recently reported Dy doped hosts [52, 

65,67], which indicates that the lower color purity of the Dy
3+

 

ions doped NaCaAlPO4F3 phosphor is suitable for the 

generation of white light and further suggest their utility and 

suitability for W-LED applications. 

 

3.6. FT-IR study 

 

Figure 6 presents the FTIR spectrum of Dy
3+

 ions doped 

NaCaAlPO4F3 phosphor exhibiting several transmission bands 

at 3177, 1654, 1583, 1399, 756 and 894 cm
−1

. The 

assignments of the peak position and their bonding are given 

in Table 7. The vibrational modes of hydroxyl ions are 

observed in the region of 4000-3000 cm
-1

. In IR spectrum of 

the prepared phosphor, broad band at 3177 cm
-1 

affirms the 

symmetric and asymmetric modes of hydroxyl (O–H) groups. 

Vibrational modes of P-O-H are observed at 1654 and 1583 

cm
-1 

[68]. Asymmetric modes of O-P-O are detected at 1399 

cm
-1 

[69]. The stretching vibrations of F-P-F are perceived at 

756 and 894 cm
−1

 which specify the formation of F-P-F bonds 

and their existence as fluorophosphates units [70]. All the 

assignments made for phosphor is found to be comparable to 

the literature reported earlier [22]. 

 
Figure 6: FT-IR spectrum of Dy

3+
 ions doped NaCaAlPO4F3  

phosphor 

 

Table 7: Assignments of vibrational bands in FT-IR spectrum 

of Dy
3+ 

ions doped NaCaAlPO4F3 phosphor 

 
 

4. Conclusion 
 

In summary, the structural and luminescent properties of 

single phase white light emitting Dy
3+

 ions doped 

NaCaAlPO4F3 phosphor was synthesized by the solid-state 

reaction method.   X-ray diffraction (XRD) pattern confirms 

the monoclinic structure and crystallinity of the sample. The 

nephelauxetic ratio and bonding parameters calculated through 

the optical absorption spectra suggests the ionic character of 

the Dy
3+ 

ions with its surrounding ligands. The J-O parameters 

of the Dy
3+ 

ions doped NaCaAlPO4F3 phosphor followed the 

trend Ω2 > Ω6 > Ω4. Photoluminescence spectrum under the 

ultraviolet (UV) excitation at 380 nm, exhibits three 

characteristic luminescent peaks at 480 nm blue emission 

(
4
F9/2 → 

6
H15/2), the 577 nm yellow emission (

4
F9/2 → 

6
H13/2) 

and the 624 nm red emission (
4
F9/2 → 

6
H11/2). The fluorescence 

intensity of the 
4
F9/2 → 

6
H15/2 transition possess higher 

intensity than the allowed 
4
F9/2 → 

6
H13/2 transition revealing a 

higher symmetry around the Dy
3+ 

ions. The branching ratios 

calculated from J-O theory are found to be in small deviation 

with experimental values due to the contribution of non-

radiative processes. The CIE color coordinates were calculated 

from emission spectrum and found to be located in white 

region (0.325, 0.374). The color purity (10.2 x 10
-2

) and CCT 

(5905 K) of the sample indicates the emission of cool white 

light from Dy
3+ 

ions doped NaCaAlPO4F3 phosphor. The FT-

IR spectrum confirms the formation of PO4 groups. The 

evaluated luminescent properties reveal the feasibility of Dy
3+ 

ions doped NaCaAlPO4F3 phosphor for the production of 

white light emitting diodes. 
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