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Abstract

In this paper we report the photoluminescence behavior of rare earth and transition metal doped Eu3* doped
Cao.57Q0.10Al407: Eug 03 (Q= Sr, Mg) synthesized by urea fuel combustion method. The XRD analysis shows that the
sample to be single phased in nature and crystallized into monoclinic phase with standard JCPDS 23-1037 card. The
SEM & TEM analysis confirm the formation of nano particle, with average particle size around 30-80 nm. The
elemental composition was confirmed by using Energy Dispersive X-ray (EDX) technique. The oxide formation was
examined via FTIR technique. UV-Visible spectroscopy is used to study the optical band gap of material, it’s value
in the current case, Cao.s7Qo.10Al407: Euoos (Q= Sr) is 3.91eV. The photo-luminescence study revealed that it gives
sharp emission peaks due to electric-dipole (E-D) and magnetic-dipole (M-D) transition using excitation wavelength
Xex= 394 nm. It is observed that the Eu®* doped Cao7Qo.10Al:07: Eugos (Q= Ba, Ca, Mg) phosphor can be regulated
as orange-red emission with the high color temperature and good color rendering index (CRI). The orange-red
lights can regulate the circadian rhythm through melatonin, and it is also suitable for orange-red LED and other

optoelectronic devices.

Keywords: Combustion Method; Phosphor; Photoluminescence Properties; CIE Color Coordinates; Ptoelectronic
Devices.
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Introduction

Phosphor materials have attracted substantial attention for luminescent applications, particularly lighting
applications. Aluminium related alkaline based phosphors emerged as a topic of extensive research over the last few
decades due to their unique optical properties and their multitude of excellent advantages. It comprises a wide range
of luminescence, a high quenching temperature, good stability, resistant radiation, and high quantum efficiency,
among other advantages. The current interest focuses on novel down converting phosphors that can be effectively
excited with near UV light. According to Park et al., several phases such as CaAl,04, CaAl;O7, CasAl,Os, and
Caz2Al14033 can be obtained, with the CaAl,O4: Eu?* phase contributing the most to a strong blue emission at 440nm
with an excitation wavelength of 330 nm [1]. A well-known commercially available persistent luminous phosphor is
Eu®*, Dy*/Nd* co-doped CaAl,04[2]. CaAl,O; is a popular ceramic substance used in high-temperature
refractories. It's also deployed as a component of high-alumina cement and as metallurgical slag in the steel
industry. In the world of mineralogy, calcium dialuminate is known as "grossite™ and can be found in natural
terrestrial rock and meteorites [3]. This compound has recently attracted attention due to its remarkable
crystallographic properties, specifically the presence of "triclusters,” which consists of an oxygen atom which is
surrounded by three Al tetrahedral atoms, which has extremely low coefficient of thermal expansion. CaAl4O-is also
an appealing host for spectroscopic materials due to its strong optical transparency and chemical stability in the
ultra-violet to near-infrared spectral region. As a dopant for optical amplifiers, display phosphors,
electroluminescence devices, and optical storage phosphors, the Eu®* ion has gotten a lot of interest [4]. Only a few
investigations on rare earth doped CaAl:O7 phosphor have been done so far. It was previously reported on the
luminous properties of CaAl4O; phosphor activated with Pré*, Ce®*, and Th®" and produced via solid state process
[5-9].

Therefore, in this work CaAl,O7:Eu.eo, Eu*doped Cagg7AlsO7: Eugoesz and Caos7Qo10Al:07: Eugos(Q= Mg, Sr)
phosphors were prepared by a urea fuel combustion method at much lower temperature (500°C). The variation in
electric-dipole transitions of Eu®*-ion doped Ca;.xAlsO7: Eux via co-doping of transition metal ion was first time
studied for this host. The prepared phosphor samples were studied for the structural, optical, morphological,
Photoluminescence (PL) properties.

Experimental details
Synthesis Method

Using the urea fuel combustion method, the CaAl;O7:Euogo, Eu®*doped CaggerAlsO7: Eloos and Caos7Qo.10
Al:O7:Euo.03 (Q= Mg, Sr) phosphors were produced. Nitrates such as Strontium nitrate [Sr (NOs).], Calcium nitrate
[Ca (NOs);], Magnesium nitrate [Mg (NOgz)2] and aluminum nitrate [Al (NO3)3.9H20], oxides such as europium
oxide [Eu203], Urea [CO (NH)2] and HNO3 (1.4 g/mL) were used as starting ingredients in the synthesis technique.
As a reducer and fuel, a certain amount of urea was used. According to the stoichiometry, the powders were

weighted. The nitrates and urea were dissolved in enough deionized water to make a transparent solution, then Eu
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oxide was dissolved in concentrated HNOs3, then the two solutions were mixed and agitated for 1 hour at 50 degrees
Celsius. The procedure is depicted in Fig.1 as a schematic diagram.

Euz Og+ 6HNO3— 2Eu (NO3) 3+3H, O (Eq. 1)

After stirring, the precursor solution was transferred to a crucible and placed in a preheated vertical muffle furnace
(MICRONIX MIT 961) set to 500 degrees Celsius. The combination is first cooked and dehydrated, followed by
decomposition and the release of a huge number of gases containing the oxides of carbon, nitrogen, and ammonia.
The reaction is very exothermic, which after sometimes results in spontaneous ignition. Smoldering combustion
with tremendous swelling produced white frothy and copious ash from the solution. The vapour phase oxides are
converted to mixed aluminates at flame temperatures of 1700-1800 °C. The flame lasts between 80 and 120 seconds.
After then, the crucible is removed from the furnace and left to cool at room temperature [10]. The whole process
was over within less than 5 min, and obtains the final CaAlsO7: Euoco, Eu*doped Cagg7AlsO7: Euoos and
Ca0.87Q0.10Al107: Euo .03 (Q= Mg, Sr) phosphors.

The synthesized samples and their parameters are listed in Table 1. The chemical reaction of these reactants is
shown in Eq. 2, Eq.3, Eq.4 and Eq.5 which is for the Eu®* doped Cas-xAl:O7: Eux phosphor synthesized with the urea
fuel combustion method as shown in Fig. 1.

Ca(NO3),.4H,0 + AI(NO3)5.9H,0 + CO(NH,), — CaAl,0, + (H, + N, + O, + NH; + H,0) 1 (Eq.2)

(0.97)Ca(NO3),.4H,0 + AI(NO3)5.9H,0 + (0.03)Eu(NO3); + CO(NH,), = Cag9,A1,0, : Eugos +
(H; + N, + 0, + NH; + H,0) T (Eq.3)

(0.87)Ca(NO3),. 4H,0 + (0.10)Mg(NO3),. 4H,0 + AI(NO3)5. 9H,0 + (0.03)Eu(NOs); + CO(NH,), —
CaggyMgo.10Al40; : Euggs + (H; + N; + 0, + NH; + H,0) T (Eq.4)

(0.87)Ca(NO3),. 4H,0 + AI(NO3)5.9H,0 + (0.10)Sr(NO5),. 4H,0 + (0.03)Eu(NO5); + CO(NH,), -

Table 1: The various samples and their sample codes for CaAl,07:Euooo, Eus*doped Capg7AlsO7: Eugos and

Cao.57Q0.10Al407: Eug o3 (Q= Mg, Sr) phosphors prepared by urea fuel combustion method.

S.N. | Samples Sample Code Combustion Temperature (°C)
1. CaAl4O7: Eug.oo CA pure 500
2. Cap.97Al07: Eug 03 CAE 0.03 500
3. Cape7Mdo.10Al407: Eug o3 CMAE 0.03 500
4. Cao.87Sr0.10Al407: Euo.o3 CSAE 0.03 500

Figure 1: Schematic diagram for Combustion synthesis method.
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Characterization Technigues

The crystalline phase purity of CaAl4sO7:Euoc (CA pure), Eu®* doped Capg7AlsO7: Euoos (CAE 0.03) and
Ca0.87Q0.10A1407: Eug.03 (Q= Mg, Sr) (CMAE 0.03 & CSAE 0.03) phosphors were characterized by X-ray diffraction
pattern; it was obtained using Bruker D8 Advance X-ray diffractometer with CuKa (1.5406A) radiation. The
diffraction pattern was recorded between 10° and 70° (20) by using step size at 0.02680 and Estimated Scan Time of
3832 sec/step during the XRD measurement. The crystal structure was drawn by using Vesta software. The surface
morphology of samples was studied using a scanning electron microscope (SEM, NOVA NANOSEM 450). Energy
dispersive X-ray (EDX) spectrometer (Oxford- EDX system INCA 250 EDS coupled with SEM, NOVASEM 450)
was used for the verification of elemental composition. Transmission electron micrograph (TEM) images were
obtained by using TEM-TECNAI G2 T30 (S-TWIN) electron microscope having voltage range of 100-400 kV.
Which is used for measurement of the particle crystal picture, HRTEM image, and selected area electron diffraction
(SAED) image, Crystal structure, voids, pores, particle size defect, and other characteristics of CA pure, CAE 0.03,
CMAE 0.03 and CSAE 0.03 phosphor. The chemical bonding behaviors of samples were analyzed by Fourier
transform infrared spectroscopy (FTIR -6300 spectrometer equipped with NRS-3300 laser, Jasco, Japan). The
optical characterization was done by using UV-VISIBLE spectrophotometer (Lab India Analytical UV3092) and the
photoluminescence (PL) was recorded on Spectro fluorophotometer (Horiba scientific Instrument Fluoromax-4
spectrofluorometer) with a spectral slit width of 1.0 nm using a 450 W xenon arc lamp as an exciting source.
Results and Discussion

X-Ray diffraction (XRD) Analysis

The synthesized samples' diffraction peaks are highly matched to the reference JCPDS Card no. 23-1037, as shown
in Fig. 2. The lattice planes of the monoclinic phase (a=12.88, b= 8.88, ¢=5.44, a. =y =90°, = 106.93°) with space
group C 12/c1 are nicely notated as [020], [220], [311], [400], [130], [131], [511], [112], [331], [711], [313], [333],
and [133] in the XRD. The single-phase character of the constructed sample was given by the data obtained in the
angular range of 10° to 70° shown in Fig. 2.

The Eu®* ions were unquestionably integrated into the host crystal lattice because the Eu®*doped Cai-xAl:O7: Eux
samples offered indistinguishable diffraction patterns identical to host. The characterization peak's intensity
indicates that the sample is crystalline, while the peaks' breadth shows that the sample has smaller average crystal
sizes [11].
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Figure 2: XRD spectrum of CA pure, CAE 0.03, CMAE 0.03 and CSAE 0.03 phosphors and standard spectrum
JCPDS 23-1037 card.
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The Crystallite Size (D)[12], Dislocation density (8)[13], Micro strain (g) and inter-planner spacing (d) [14] are
calculated using these formulas.

094

CrystalliteSizeD = FC0S6 (Eq.6)
DislocationDensityd = 2 (Eq.7)
Microstraine = L (Eq.8)
4 Tanf
InterplannerSpacingd = —2 Eq.9
nterplannerSpacingd = S——j (Eq.9)

Where, n equals to unity, giving a minimum dislocation density and D is the crystallite size, A is the wavelength of
the occurrence X-beams, 0 is the Bragg’s diffraction angle and B is the full width of the diffraction line at half
greatest force (FWHM), in radians, radian and using a shape factor (K) of 0.9. The values of crystallite sizes (D),
Dislocation density (3), Micro strain (¢) and inter-planner spacing (d) for CA pure, CAE 0.03, CMAE 0.03 and
CSAE 0.03 phosphors are given in Table 2.

Table 2: Structural Parameters- crystallite size D (nm), Dislocation density, micro strain and Inter-planner spacing d
(nm) of CaAl;07:Eupo (CA pure), Eut*doped Cagg7Al4O07: Eugos (CAE 0.03) and Cag7Qo.10Al:07: Eugos (Q= Mg,
Sr) (CMAE 0.03 & CSAE 0.03) phosphors.

S.N. Composition Crystallite Size | Dislocation density Microstrain d SPACING
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D (nm) 3x10° ex10° (nm)
(nm?)
1 CA Pure 22.3537 2.5202 5.7189 0.2659
2. CAE 0.03 22.2748 2.6350 5.6608 0.2605
3. CMAE 0.03 50.52 0.41 2.86 0.32
4, CSAE 0.03 43.64 0.70 3.55 0.30

Table 3: Structural Parameters- Peak Position (26), Miller indices (hkl), crystallite size D (nm), Dislocation density,

Microstrain and Inter-planner spacing d (nm) of CSAE 0.03 phosphors.

(hKI) Peak FWHM d Spacing Crystallite Size Dislocation density Microstrain
26° B°) (nm) D (nm) 6 x 10-3 (nm-2) €% 10-3
(020) 20.228 0.168 0.438 47.914 0.435 4.119
(311) 25.627 0.224 0.347 36.306 0.758 4.304
(400) 30.290 0.297 0.294 27.632 1.309 4.801
(131) 34.784 0.238 0.257 34.915 0.820 3.321
(711) 47.369 0.121 0.191 71.475 0.195 1.207

From the Table 2 it is observed that when we doped transition metal ion in our host, the dislocation density and
micro-strain decrease with increase in crystallite size, as shown in Fig.3, which indicates a lower number of lattice

imperfections, and decrease in the occurrence of grain boundaries because of an increase in the crystallite size of the

particle. The structural parameters for CSAE 0.03 phosphor are shown in Table 3.

Figure 3: Variation of Dislocation Density, Micro strain and Crystallite Size with Concentration of CA pure, CAE

0.03, CMAE 0.03 and CSAE 0.03 phosphors.
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Scanning electron microscopy (SEM), SEM mapping and EDX analysis

The SEM is widely known as a significant scientific technique for characterization because it can provide high
resolution images of objects. Details about morphological changes, changes in grain size and shape, etc., are
provided. SEM can also be used to determine the micro fabric and crystallographic orientation of the tested sample.
The SEM pattern of synthesized phosphor is shown in Fig.4 (a), (c) and (d). Fig.4 (b) shows the typical plot
indicating the distribution of nanoparticles. The morphological images of the samples have irregular shapes and

exhibit poor particle aggregation. The high temperature at which the samples are created may be what causes such
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an aggregation. As synthesis temperature changes, the surface shape changes as well. The sample exhibits large and
spherical grains in terms of size, and surface morphology exhibits more roughness at the lower temperature. The
surface roughness and grain size are less at the higher temperature. In other words, compared to the sample
developed at lower temperature, the grain size and surface roughness decrease as the temperature rises. It shows how
the sample's structural quality and crystalline orientation are enhanced by the temperature increase. At a very high
temperature, agglomeration happens as the samples are being synthesized. High synthesis temperatures cause
particles to close together and atomic forces to weaken when atomic bonds begin to disintegrate. It can be
determined from these micrographs that the majority of the particles are micrometer-sized, which is again

advantageous for their use in the field of solid-state lighting.

Figure 4: Eu**-doped Cai.«Sro.10Als07: Eux (x= 0.03) phosphor SEM image (a), (c) and (d) Typical plot indicating

the distribution of nanoparticles (b).

=

Energy Dispersive X-ray (EDX) spectra can identify the sample's elemental composition and distribution. The EDX
spectra of the CaAl;07:Eugq0 (CA pure), Eu**doped Cag.s7Al4O7: EUgos (CAE 0.03) and Caos7Qo.10Al:07: Eug.os (Q=
Mg, Sr) (CMAE 0.03 & CSAE 0.03) phosphors samples are shown in Fig.5 (a), (b), (¢) & (d) respectively. This is
done in order to determine the composition of the sample. It is evident from the EDX spectra that the phosphors'
primary components are calcium (Ca), magnesium (Mg), strontium (Sr), aluminium (Al), europium (Eu), and
oxygen (O). Quantitative EDX analysis reveals that while the percentage contribution of the other elements
remained unchanged, the concentration of Ca decreased as a result of the rise in dopant Eu3+ and transition metal,
which is in good agreement with the stoichiometry calculated theoretically. The presence of the elements in the

synthesized phosphor is confirmed by the principal peaks seen in the EDX spectra.

Figure 5: Typical EDX spectra of CA pure (a), CAE 0.03 (b), CMAE 0.03 (c) and CSAE 0.03 (d) phosphors.

RN CA Pure "“ =2 CMAE 003

. (b) CAE 0L03 = ) ey CSAE 0.03
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The typical EDX mapping images of Caps7Qo.10Al407: Eugos (CSAE 0.03) phosphors are shown in Fig.6(a)-(e)

respectively. The EDX mappings show the homogeneous distribution of nano particles in crystal structure.

Figure 6: (a)-(f) Typical EDX mapping images of Eu®*doped Caos7Qo10Al:07: Euoos (CSAE 0.03) phosphor
material.

An identifies the attributes for analyzing information on the crystal structure, particle size, flaws, imperfections,
voids, and pores is transmission electron microscopy (TEM). Transmission electron microscopy was used to
measure the particle crystal morphology, HRTEM image and the selected area electron diffraction (SAED) image
for the sample CSAE 0.03, as shown in Fig. 7 (a)-(e). The TEM images of an average crystal size makes it
abundantly evident that the majority of the particles are found in clusters with an average particle size of 30-80 nm
as shown in Fig. 7 (a) —(c). The predicted diameter of particles in the nanometer range is shown in Fig. 7 (d). Due to
the synthesis procedure, the cluster of powder particles is also visible. As a result of the exothermic reaction of
combustion, smaller crystal grains with irregular sizes ranging from 2 to 10 nm have been reported inside larger
particles (L00nm-1 pm). These differences were discovered when the samples were heated to a high temperature in a
reducing atmosphere after the combustion reaction. The TEM image's selected area electron diffraction (SAED)
pattern, which has occupied diffuse circular diffraction, rings. As shown in Fig.7 (f), the SAED pattern results
(Table.4) of the sample are exactly equivalent to the XRD pattern results (Table.3), which are [020], [311], [400],
and [221] accordingly. The high-resolution image that displays HR lattice fringes is shown in Fig. 7 (e). We have
calculated the inter planner spacing between two lattice fringes using the Bragg formula; the calculated inter planner
spacing d = 0.34 nm by using TEM data and the observed inter planner spacing d = 0.35 nm for [311] plane (Table
3) from XRD results are highly compatible with the Eu®*doped CaixSro10Al4O7: Eux (x= 0.03) (CSAE 0.03)
phosphor.As a result, we came to the conclusion that the SAED and HR-TEM images show that the synthesized

CSAE 0.03 sample’'s crystalline size is constructed as a nano particle and exhibits high quality crystalline properties.
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Table 4: Inter-planner spacing (d spacing) calculated from TEM image's selected area electron diffraction (SAED)
pattern for Eu3*doped Cay.xSro.10Al407: Eux (x= 0.03) phosphor (CSAE 0.03).

S.N. | 1/Dor 1/2r (nm™) Ur (nm™) r (nm) d Spacing (hk,I)
1. 11.521 23.042 0.043399 0.43399 [020]
2. 13.906 27.812 0.035956 0.359557 [311]
3. 16.091 32.182 0.031073 0.310733 [400]
4, 18.323 36.646 0.027288 0.272881 [221]

Figure 7: Eu**doped Cai1xSro10Al:O7: Eux (x= 0.03) phosphor (CSAE0.03) TEM image (a), (b), (c), Typical plot
indicating the distribution of nanoparticles (d), HRTEM image (e) and SAED pattern (f).
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FTIR Analysis

The physical characteristics of inorganic substances are represented by their infrared spectrum. For the investigation
of both organic and inorganic substances, the middle part of the spectrum (4000-400 cm™?) is quite helpful. Fig.8
displays the FTIR spectra of the CaAl4O7: Euooo (CA pure), Eu*doped Cagge7Al4O7: Eugos (CAE 0.03) and
Cao.87Q0.10Al:07: Eug .03 (Q= Mg, Sr) (CMAE 0.03 & CSAE 0.03) phosphors that have been doped with Eu®*. Due to
moisture in the atmosphere, the weak band centered at 3634 cm™ can be attributed to the vibration mode of
chemically linked hydroxyl groups[15]. The band at 2054-1982 cm!, which is attributed to vibrations of the H-O
structure, may offer proof of the presence of molecular water in the structure. The vibration band in the CAOE
samples is focused at 542, 592, 566, 638, and 1227, 1587 cm™*. Due to the presence of nitrates, it is notable that there
is no band around 1387 cm™.[16,17] According to reports, nano phosphor produced by the combustion of urea fuel
contains nitrates. The nitrate, organic impurities, and evaporated water molecules are totally eliminated after 5 hours
of annealing at 900 °C. In our synthesis method, the furnace was kept at 500 °C, and combustion took place to
produce an exothermic reaction and raise the reaction temperature to above 1800 °C. As a result, at high
temperature, nitrates and other organic products are removed from the final phosphor, and our process didn't require
any post-thermal treatment. It's also in good agreement with the X-ray diffraction results for the crystalline CaAl1O7:
Euo.oo (CA pure), Eut*doped Cag.97Al:O7: Euo.03 (CAE 0.03) and Cao.7Q0.10Al407.EUo0s (Q= Mg, Sr) (CMAE 0.03 &
CSAE 0.03) phosphors material that the sharp peaks between 510 cm™* and 600 cm* are caused by the stretching or

rotating mode of Ca-Al-O in monoclinic lattice coordinate.
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Figure 8: FTIR spectrum of. CaAl:O7:Euo oo, Eu3+d0ped Cap.97Al4O7: Eugoz and Caos7Qo.10Al4O07: Eug .03 (Q: Mg, SI’)
phosphors (a) and CMAE (b).
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UV- VISIBLE Analysis

The study of optical absorption is an important characteristic for understanding the behavior of nano phosphor. The
energy difference between the filled valence band and the empty conduction band, known as the band gap, is a
fundamental characteristic. An abrupt increase in absorption at the wavelength corresponding to the band gap energy
results from optical excitation of electrons across the band gap, which is strongly permitted. The optical absorption
edge is the name given to this aspect of the optical spectrum. The optical absorption spectra of the 200-800nm-
bandwidth Eu**doped CaixAl:O7: Eux (x= 0.03) (CAE 0.03) phosphor material is shown in Fig.9. It is evident from
Fig.9 that no absorption occurs for wavelengths less than 310nm.

The Kubelka-Munk function was used to calculate the band gap [18]. In the parabolic band structure, we are aware

of the Tauc link between Eg and the absorption coefficient [19]. For a direct band gap material, the Tauc relation is

chv = A (hv — Eg)" (10)

Where symbols have their usual meaning, the power of the bracket n is taken to be equal to 1/2 for direct band gap
materials. Inferring from the fact that the kubelka munk function is proportional to the absorption coefficient and
that the scattering coefficient is assumed to be constant with respect to wavelength and applied to the above
equation, we obtain the following relationship:

[F(Ro)hv]? = A (hv- Eg) a1
The (ahv) 2 vs. hv graph is shown in Fig. 9 (inset figure). The optical band gap for the Eu**doped CaixAl:O7: Euy
(x= 0.03) (CAE 0.03) phosphor material is calculated by extrapolating a straight line along the sharp edge of the
curve intercepts the energy axis at a point which gives the estimated value of band gap and is 3.91eV.
Figure 9: UV- Visible spectrum and Tauc Plot for Eu**doped Cai.x AlsO7: Euy (x= 00.03) (CAE 0.03 phosphor).
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Photoluminescence Analysis

The Excitation and emission spectra are measured using a Horiba scientific Instrument Fluoromax-4
spectroflurometer fitted with a 450 W xenon arc lamp as the light source at room temperature in order to explore the
photoluminescence (PL) characteristics of the manufactured phosphor. The PL excitation spectra of the sample are
measured by observing the emission at 610 nm wavelength attributed to transition Do—'F, [20]. The excitation
spectra of CaAl4O7:Euooo (CA pure), Eu*doped Cagg7Al107: Euoos (CAE 0.03) and Caos7Qo.10Al207: Euoos (Q= Mg,
Sr) (CMAE 0.03 & CSAE 0.03) phosphors are shown in Fig. 10(a). Fig 10(b). shows the charge transfer (CT) band
for host material.

Figure10: PL Excitation spectrum of CaAlsO7:Euoo0 (CA pure), Eu*doped Caos7AlsO7: Eugoez (CAE 0.03) and
Ca0.87Q0.10Al407: Eug03 (Q= Mg, Sr) (CMAE 0.03 & CSAE 0.03) phosphors(a), Charge Transfer (CT) band for host
CaAl 07 (b).
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The excitation spectra were captured between the wavelengths of 325nm and 600nm. Five peaks were found, as
shown in Fig. 10, at wavelengths of 360 nm, 380 nm, 394 nm, 413 nm, 464nm and 532 nm. The transition "Fo—5Ls
is responsible for the largest intensity peak, which is seen at 394 nm [21]. According to the strongest peak, which is

at 394 nm, phosphor is appropriate for UV LED chips and other optoelectronic devices.
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Table 5: Excitation Wavelength and Energy Band gap for CaAl;O7:Eug.o0 (CA pure), Eu**doped Cage7Al4O7: Eloos
(CAE 0.03) and Cao87Qo.10Al:07: Eug .03 (Q= Mg, Sr) (CMAE 0.03 & CSAE 0.03) phosphors.

Excitation Wavelength (nm) 360 380 394 413 464 532

Energy band gap (eV) 344 | 326 |314 |309 |299 |233

The energy band gap calculated by using photoluminescence excitation data is shown in Table.5, the high intensity
peak cantered at 394 nm has energy band gap value 3.14 eV, which is highly matched with optical band gap, 3.91
eV calculated by using UV-VISIBLE spectroscopy (Fig.9) for Eu®*doped Cai.xAlsO7 : Eux (x= 0.03) (CAE 0.03)
phosphor.

We prepared a series of CaAlsO7:Eugo (CA pure), Eud*doped Cag.s7AlsO7: Eug.os (CAE 0.03) and Cao.s7Qo.10A1407:
Euo.03 (Q= Mg, Sr) (CMAE 0.03 & CSAE 0.03) phosphors and analyzed their emission spectra in order to determine
the optimal transition metal for doping in host lattice. The emission spectra is shown in Fig.11(a). The 394 nm
wavelength excites the PL emission spectra of Cai«Al:O7: Eux. The emission spectra have five emission peaks,
which are located at 576, 587, 610, 652 and 701 nm. The stronger peak at 610nm wavelength is attributed to the
electric dipole transition, whereas the weaker peaks at 576nm, 587 nm, 652nm and 701nm wavelength are caused by
the magnetic dipole transition [22]. When the transition (Mg, Sr) metal is doped in Eu*doped Cagg7Al407: Euoos
phosphor then the emission intensity of sample increase as shown in Fig 11(b).

Figure 11: PL Emission spectra of CaAlsO7:Euoco, Eu**doped Cago7AlsO7: EUoos and Caos7Qo.10Als07: EUoos (Q=
Mg, Sr) phosphors.
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A model illustrating the role of energy states in the Cai.xAlsO7: Euy phosphor's photoluminescence excitation and

emission process is shown in Fig. 12. In this model, the activator is the first ions (Eu*) excited from the ground state
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to the singlet state in the °Dj= 3,2,1,0 configuration, and the electrons are then transferred to the triplet state,
essentially to state 4, because of symmetry considerations. In comparison to other luminous processes, the shift to
the final state °Do occurs extremely instantly.

It implies that the presence of singlet state has no impact on the luminescent process [23]. Most frequently found in
emission spectra are the transitions Do—'F at 610 nm wavelength and Do—'F; at 595 nm wavelength. Large color
purity is primarily attributed to the red emission's high contribution (610 nm) and the orange emission's low
intensity (587 nm), which are sufficient for light-emitting phosphor [24]. The Cao.87Q0.10Al407: Eug.oz (Q= Mg, Sr)

phosphor shows potential application for light emitting diode because of its effective excitation at 394nm.

Figurel2: Energy level diagram showing light emission process from phosphor.

Red Emission

O —>Eu* Ground states Sl

The decay curves for various samples were measured (Aex. = 394nm, Aem. = 610nm) which are shown in Fig.13, the
decay curves are well fitted by using double exponential decay function according to Eq. (12), where I(t), t, A1, Az,
71, and 12 are the PL intensity, time, fitting constants and decay time for exponential component, respectively. The
average age lifetime (tav.) has been calculated by Eq. (13)

1(t) = Ay exp (- i) =+ ex (- L) (12)

_ A]_T%‘l‘ AzT%

t =
av At Az1p

(13)

Based on Eq. (13), the luminescence lifetimes of CaAl;07:Euoo0 (CA pure), Eus*doped Cago7Al:O7: Elooz (CAE
0.03) and Cao.87Q0.10A1407: Eug 03 (Q= Mg, Sr) (CMAE 0.03 & CSAE 0.03) phosphors have been determined and are

shown in Table.6.

Figurel3: Typical Photoluminescence decay result for CaAl;O7:Euoo(CA pure), Eus*doped Cage7Al4O7: Elgos
(CAE 0.03) and Cao.87Qo.10A1407: Eug.03 (Q= Mg, Sr) (CMAE 0.03 & CSAE 0.03) phosphors.
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From XRD analysis it can be seen that crystallite size of Mg?* doped sample is more compared to another sample.
Since the highest crystallite size represents ordered structure and reduction of energy trapping defect centers.
However here observed lifetime tau is high for CMAE 0.03 opposite to expectations which should high be for CSAE
0.03. The lifetime tau is inversely proportional to radiative and non-radiative transition. For Mg doped sample
crystallite size high so non-radiative transition rate decreases than total transition rate decreases. Since lifetime is
inversely proportional to total transition rate so it is increases. CSAE 0.03 lifetime decreases because it’s less

crystallite size cause slight increase in radiative as well as non-radiative transition so that lifetime slightly decreases.

Table 6: Typical photoluminescence (PL) exponential components CaAl,O7:Eupoo (CA pure), Eu®*doped
Cao,97A|407Z Euo.o3 (CAE 0.03) and Cao,g7Qo_1oA|4073 Euo o3 (Q= Mg, Sr) (CMAE 0.03 & CSAE 0.03) phOSphOI'S.

S.N. | Sample code R? value T1(ms) T5(ms) Ay A, tg, (MS)
1 CA pure 0.99983 0.00804 151138 1.01623E6 20921.67451 1.2026
2 CAE 0.03 0.99963 0.27633 1.45412 855.66848 14984.16906 1.4414
3 CMAE 0.03 1 0.24882 1.60498 141.12332 1767.85121 1.5884
4 CSAE 0.03 1 0.9054 1.7659 4873.14023 7240.5503 1.5451

For Visual understanding of the color- tunable emission and the chromaticity properties the Commission

Internationale de 1'Eclairage (CIE) diagram has also been used. The CIE diagrams are shown in Fig 14.

Figurel4: (a) PL CIE diagram of CaAl4O7:Euoe (b) Eud*doped CaggrAlsO7: Euoos (€) Caos7Mgo.10AlsO7: Eug.os
(CMAE 0.03) and (d) Cao.g7Sro.10Al207: Eug.03 (CSAE 0.03) phosphors.
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Each solid-state lighting product has a distinct CCT attribute that represents the color temperature of white light.
Additionally, it describes the source of the light and how warm or cold the light it emits is. The CCT value is high
in the cool region and low in the warm region. However, it indicated the cool region if the CCT value of the light
source was greater than 4000K. The color correlated temperature (CCT) is computed using McCamy empirical[25]
formula, which is given in Eq. (14).

CCT = —449n3 + 3525n? + 6823n + 5520.33 (14)

—- (x—2x,)
Where Y Ve isthe reciprocal of slope line, (X,y) are the computed CIE coordinates of Srix Al,O4 :Euy
phosphor and xe = 0.3320, y. = 0.1858 is the epicenter. The calculated CCT values of the synthesized phosphor are

presented in Table.7.

The importance of the light source's spectrum is described by the associated color rendering index (CRI). Itis an
important parameter to define how well the spectrum of the light source is composed. An excellent quality light
source has a CRI range from 75 to 100, a good quality source of light has CRI range from 56 to 75, a fair quality
source of light has CRI range from 55 to 65, and a poor-quality source of light has CRI range from 0 to 55 are
observed [26]. In this work, we have calculated the CRI value by Eq. (15)

CRI = =Y2 R
? . (15)

The concept and calculation of color rendering index (Ri) are already reported by Ghosh et al [27]. In this work,
calculated CRI values vary from 37 to 87 which indicates prepared phosphor is showing excellent CRI range for
orange red color. therefore, it is predicted that the color of the phosphor may be applicable as a architectural firms

in offices and hospitals, it may use for fabrication of outdoor lighting etc., because it has a high color index and
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high CCT value therefore it may be a useful of optoelectronic applications. The luminous efficacy of radiation

(LER) is calculated using lumens per visible watt.

Table 7: Composition, CIE Coordinate (x,y), Correlated color temperature (CCT), Color Rendering Index (CRI)
and Color purity for CaAl:O7: Eug.oo, Eu*doped Cag.97Al4O7: Eug.oz and Caos7Qo.10Al:07: Eug.oz (Q= Mg, Sr)
phosphors.

S. Sample code | CIE Co- Color CRI CCT LER Visible Lume
N. ordinate Purity (K) Watt ns
(%)
mwW
1 CAE 0.03 0.2984, 7.53 81 8655 42.7 5482154 | 234132
0.2760 000 198
2 CMAE 0.03 0.3071, 7.05 79 7732 41.3 8280785 | 342110
0.2761 500 765
3 CSAE 0.03 0.3036, 8.45 74 8350 29 1296377 | 376473
0.2693 3000 391
Conclusion

In this work efficient, high purity and homogeneous Cags7Qo.10Als07: Euoos (Q= Mg, Sr) phosphors were
successfully synthesized by urea fuel Combustion method. The study of electric-dipole transitions of Eu®*doped Cay.
xAl:07: Eux via co-doping of transition metal ion (Q=Sr & Mg) was done for the first time for this CaAlsO7 host.
The phase purity and monoclinic structure of synthesized phosphor are confirmed by the XRD analysis. The SEM
and TEM images exhibits aggregation of particles with irregular shape in as synthesized phosphors and particle size
is found to be in the range of 30-80 nm. The elemental composition of as synthesized phosphor is confirmed by
EDX spectra. The EDX mapping images show that all the activator ions (Eu®*) are homogeneously distributed in
crystal lattice. The Symmetric and anti-symmetric stretching between active bands of synthesized phosphor were
observed by FTIR spectroscopy. The optical band gap is calculated by UV-VISIBLE spectroscopy and for CSAE
0.03 phosphor the value of optical band gap is 3.91 eV. The photoluminescence spectra were monitored at excitation
wavelength 394 nm and it showed strong red emission lines at 610 nm corresponds to the electric dipole transitions
5Do—"F; transition and orange emission lines at 587 nm corresponding to magnetic dipole Do—F; transition. The
PL spectra shows that by co-doping of transition metal ions in host, it gives highest emission intensity for CSAE
0.003 phosphor. The CCT, CRI and Visible Watt values were also calculated for all the synthesized phosphor and
found that Cao.87Qo.10A1407: Eug.os (CSAE 0.03) phosphor have optimum and efficient results. Therefore CSAE 0.03
phosphor material would have application in architectural firms in offices and hospitals, it may use for fabrication of
outdoor lighting etc., because it has a high color rendering index (CRI) and high CCT value therefore it may be a
useful of optoelectronic applications.
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