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Abstract:

The red-emitting phosphors were attracting very much interest in the fields of lighting devices. Therefore, we have
prepared LiCa3ZnV3012:Eu’* by using a simple high temperature solid-state reaction. The garnet has cubic structure
that was confirmed by XRD and Rietveld refinements. The photoluminescence properties were demonstrated by
emission and excitation of the samples. The excitation wavelength was 344 nm for both VO,*- and Eu*" in the UV
region while emission peaks were found at 490 nm due to VO4*-and at 592 nm, 611 nm and 633 nm due to Eu*" but
dominant peak was obtained at 611 nm in the transition from Dy to ’F;. The blue emission was confirmed by CIE
chromaticity with coordinated (0.239, 0.329) and CCT was 17210 K for vanadate garnet. The surface analysis was
analyzed by FE-SEM and compositional analysis was analyzed by EDX. The energy bandgap of the sample was
studied by UV-VIS spectroscopy and it was found as 3.72 eV for absorbance wavelength 334 nm of the host sample.
The investigation for bond length and nature of bonds in the samples were carried out with FTIR spectroscopy. For
thermal stability and transitional temperature were studied by TGA/DTA analysis. The garnet phosphors that have
been prepared can be applicable in the production of red and blue lighting devices, white lighting devices, optical
temperature sensors, active powder in solid-state lasers, and CRTs.

Keywords: Self-activated, garnet phosphor, UV-VIS absorbance, Eu*'- doped garnet, vanadate garnet.

Introduction splitted and how electrons move in a garnet phosphor
that contains a rare earth activator [3]. Where, A is
without inversion symmetry while B & C are with
inversion symmetry [4]. Also, A, B, and C has
occupied for dodecahedral, octahedral, and
tetrahedral sites, respectively. Generally, the garnet

According to economic demand, energy is essential
for modern life. The researchers have been always
looking for more efficient energy sources. They are
focusing on improving solid-state light sources with
new garnets due to their superior properties and color ) ) i
rendering. Last twenty year ago, they have thought phosphor are possessmg cqblc strlllcture and having
Ia-3d as space group with international space group
number 370. The garnet contained vanadate which
has unique property to emit bluish light when it is
irradiated by UV radiation [5]. Therefore, it is
preferred to include in the host to energy transfer

(ET) due to single dopant.

that inorganic compounds with a garnet structured
phosphor would be great for optical uses because
they have rigid lattices and can transfer heat well [1].
The formula for garnet is A3B.C301, where, A, B,
and C cations have different shapes, sizes, and
valences, which lead to a wide range of

compositions. Due to change in shape, size & The composition of garnet with vanadate allows
valances, it can lead to changes in crystal field efficient energy transfer from their energy absorption
strength, symmetry, and electronic structures [2]. to trivalent lanthanide activators. Vanadate VO4*
These can have a hug impact on how energy is based garnet compounds like A3B2(VO4); have been
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studied. Due to their intrinsic luminescence, these
garnets have become a growing research field [6].
Vanadate garnet has cubic in crystal structure
compounds which received more attention. The CT
transition from V°" to O% in the tetrahedral [VOy]
structure causes intense visible emission from these
phosphors, which absorb UV and near-UV light [7].
The vanadate phosphor's [VO4] had a good
luminescent center [8]. The doping of Ln*" ions into
vanadate hosts result that ET from [VO4>"] groups to
Ln*" ions which become brighter luminescence.
Recently, garnet structured vanadate phosphors like
LiCazMgV301s, LiCa;MngolzzEu3+ and
LiCa3ZnV3012:Nd*" have been studied for optical
applications. Ca;LiMgV;0;2:Eu®* [9],
LiCa;MgV30;2:Sm’" [10], LiCazMgV3012:Bi*" [11],
LiCa3MgV3012:EI:’Jr [12], LiCazMgV30i2: Nd>*/Yb3*
[13], Bi**/Eu’" garnet phosphors for full-color
luminescence  tuning [14]. However, Eu*
photoluminescence in LiCa3ZnV30;, matrix is not
reported.

In recent years, there have been useful investigations
done on rare earth-doped garnets phosphor that
include phosphors with emitting yellow, green, blue,
and red light [15]. These phosphors have the potential
to be used in white light emitting diodes (w-LEDs).
Within this group of rare earth, there is a persistent
interest in the synthesis of garnets that have been
triggered by Eu®* for the purpose of producing red-
emitting phosphors [16]. The europium was
applicable in phosphor materials for luminescence
due to their numerous advantages, including high
color purity as well as luminescence efficiency [17].
Eu®* ions have been extensively used in solid-state
lighting [18]. Furthermore, a pure white light can be
easily achieved by using these rare earth metal Eu®*
as luminescent ions (activator). Fluorescent lamps
and white lighting devices have been developed by
using solely these elements as luminescent centers
within oxide, nitride, or sulfide Ilattices [19].
Nevertheless, Eu** ions with vanadate exhibit narrow
excitation spectra owing to the forbidden 4f—4f
transitions, leading to optimum absorbance [20].

As results, the present research article investigates
the applications of phosphor by concentrating on the
photoluminescence and thermal properties of Eu®*-
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doped self-activated (LiCa3ZnV30;2) vanadate garnet
phosphor. This phosphor was prepared using the high
temperature solid state reaction, and the vanadate
garnet group VOs> was used as the sensitizer in host.
This method transferred the absorbed energy from
VO4* to the activators Eu**, which resulted in a wide
range of blue emission due to VO4*~ and red emission
due to Eu**. The analysis of emission spectra ranging
from near ultraviolet to visible light has provided a

comprehensive understanding of the complex
mechanisms that underlie ET.

2. Experiments

2.1. Material Preparation

By wusing the SSR technique, a series of

LiCa3ZnV;0;2:xEu® were synthesized, with x = 0,
0.2 to 0.5, 1, 2, 3, and 5%. The stoichiometric ratio
was used to determine the weight of the raw materials
Li,CO;, CaCOs, ZnO, and NH4VOs;. When the
mixture had been ground for approximately thirty-
forty minutes using an agate mortar and pestle, it was
then transferred to a muffle furnace and sintered
twice. The two conditions for sintering were 650
degrees Celsius for two hours and 950 degrees
Celsius for six hours, respectively. The prepared
samples were ground into powders so that they could
be used in subsequent investigations.

2.2. Characterization Techniques

The X-ray powder diffraction patterns of samples
were investigated by X-ray diffractometer (Rigaku
Miniflex 600, 40kV and 30mA, Cu Ko wavelength
0.154059 nm) was used to identify the phase. FE-
SEM (JEOL, JSM-6500F) with an 80W Xe light
source and a 25 kV high tension voltage between the
anode and cathode as electron accelerating voltage
that is used to optimize the topographical and
compositional characterizations. FTIR spectroscopy
was recorded for identification and nature bonds by
BRUKER (Alpha II). TGA/DTA was done by
SHIMADZU (DTC-60) to investigate about thermal
stability of sample. The energy bandgap was
determined from UV-VIS absorbance spectra which
are demonstrated by UV-VIS Spectrophotometer
(Lasany LI-285). Using a photomultiplier tube
operating at a 135W Xenon lamp as the excitation
lamp, the excitation and emission spectra were
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recorded at room temperature using FS5 fluorescence
spectrometer. Color chromaticity data were used to
calculate and color coordinates and CCT.

3. Results and Discuss
3.1. XRD

Figure 1 shows the XRD patterns of the host
LiCa;ZnV;01,  as as LiCa;ZnV;0;2:Eu®*
compounds that have Eu®" added to them. There are
no impurities in the specimens, so the peaks are all
the same as on the standard card. It was seen that the
diffraction patterns of the synthesized sample were
similar, which means that all of the peaks fit with the
pure crystalline phase of the LiCa3ZnV301, vanadate

well

matrix. There is no appreciable in the pattern of XRD
due to doping into the samples. The unit cell structure
of LCZVO host is the cubic structure in the Ia-3d
space group. CaOs dodecahedral are formed by
connecting Ca atoms with eight O atoms. ZnOs
octahedral are formed by Zn atoms and six O atoms.
V atoms are found in the center of VOy tetrahedral.
Figure 2 shows the XRD with Rietveld refinement
results of a typical LCZVO phosphor. The results of
the refinement are reliable because the factors are low
(Rp = 9.136, Ry = 7.364, Ry = 4.361, and y* =
2.361). The results show that the samples were made
pure, and adding Eu’" ions in the right way doesn't
change the purity of the phase.
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Figure 1: XRD pattern for LiCa;ZnV3Oi» host as well as LiCa;ZnV3012:Eu®".
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Figure 2: XRD pattern with Rietveld refinement of
LiCa3ZnV301; garnet phosphor.

3.2. Morphology and EDX

T 1
75 80

7890

Figure 3 displays SEM images of LiCa;ZnV3012:Eu**
obtained from a FESEM at varying magnifications.
Investigating the grain size and surface study can be
accomplished with the help of this technique. The
EDX technique is used to characterize the sample in
order to investigate the elemental composition of the
material. Figure 4 demonstrates that all of the
elements are present and the composition is as
desired. The host materials Ca, Zn, V, and O, in
addition to the dopant Eu*" ions, are shown to have
energy dispersive peaks. Lithium has a relatively low
atomic mass therefore; it is not shown in the
representation.
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Figure 3: SEM images of LiCa;ZnV3012:2%Eu®" garnet phosphor.
3.3. TGA/DTA

The TGA/DTA analysis has been demonstrated to
investigate the thermal stability, transition
temperature, and melting point of the LiCa3;ZnV3O;,.
The TGA/DTA analysis was performed for the
sample at temperatures ranging from room
temperature to 900 degrees Celsius. After reaching a
temperature of 150 degrees Celsius, the DTA curve
of the sample displayed a plateau region that was
parallel to the temperature axis till reaching 471
degree Celsius, after that it goes decreasing, is shown
in Figure 5. There are two plateau regions for TGA
curves at 203 degrees Celsius and 807 degrees
Celsius is shown in Figure 5.

Figure 4: Energy Dispersive X-ray Spectrum of
LiCa3ZnV3012:2%Eu*" garnet phosphor.
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Figure 5: TGA/DTA curve of the LiCa3ZnV30,
garnet phosphor.

3.4. Fourier Transforms Infrared Spectroscopy
(FTIR)

As seen in Figure 6, FTIR spectroscopy was
performed at 950 °C using a Fourier transform
spectrometer. The FTIR revealed absorption peaks at
lower regions, approximately 500 cm™! to 1000 cm ™,
which correspond to pure metal-oxide bonds, such as
the Ca—O (metal-oxygen), Cd—-O, and Li—O metal
bonds formed for LiCa3ZnV3Oj,. Presence of
moisture in the sample was responsible for the
development of the peaks at 2855cm™! and 2922
cm!. Nitrate peaks have been noticed in the
absorption peaks at 1758 cm™!, 2023 cm™! and 2378
cm !, The existence of bending frequency Ca—O and
Zn—0O vibrational motions contributed for the
absorptions at approximately 756 cm™! and 855 cm™!
[21]. The bending and vibrations of the V-O and Li—
O bonds in LiCazZnV30i, were the cause of the
absorption peaks at 540 cm™' and 785 cm!
respectively [22].
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Figure 6: FT-IR spectroscopy of LiCa3;ZnV30i,
sintered at different 950 °C recorded in the range of
500 cm—1 to 4000 cm™!
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3.5. UV-VIS Spectroscopy

One molar mass of Ca;LiZnV30i2:xEu®" was used to
prepare the solution with DMSO as base.

Figure 7 shows the UV-VIS absorbance spectrum
that was recorded to investigate the energy bandgap
of host sample. It is also carried out for absorbance of
Ca;LiZnV302:xEu®*. The results showed that
absorption peaks ranging from approximately 250—
375 nm. It was the defect states that were responsible
for the broad emission spectra that were seen from
250-375 nm. Both the area under the curve and the
full width at half maximum (FWHM) were found to
increase as increasing concertation of Eu**. There is a
small other peak (in the same broad region) formed
due to doping. While increasing doping, the
sharpness of the peak also increasing. The energy
bandgap is decreasing while increasing concentration
of Eu*". In order to determine the band gap Eg(host)
for Ca3LiZnV30y,, the formula is represented by
equation (1). But, same formula cannot be applicable
for Eu**-doped phosphor, because absorptions
spectral of host and Eu®" are overlap as shown in
Figure. Hence to determine the band gap (Eg)
accurately for Ca;LiZnV30:xEu?* (x = 0.5, 1, 2, 3
and 5%), the formula is represented by equation (2)
[23, 24].

hc

Egthosy =5, (€V) e
1

n/2
ahv = By(hv — Eg(Eu)) __________
()

Where « is absorption coefficient, Bq is a constant,
hv is the energy of incident photons, and # equals 1
to 4 for direct and indirect transitions, respectively.
After taking log on both sides then we got a new
formula which is represented by equation (3).

hc ahc 2/n
Egrny =5 — (@)
For vanadate garnet phosphor, we got 3.72 eV (for
334 nm) while energy bandgap 3.5 eV, 3.42 eV, 3.37
eV, 3.25 eV and 3.11 eV for x = 0.5%, 1%, 2%, 3%
and 5% respectively. Figure 8 shows the energy
bandgap decreasing with increasing concertation.
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UV-VIS Absorption Spectra for Bandgap Energy Eg(in eV) of LiCazZnV30,,:x%Eu 3.6. Photoluminescence
\/\, x = 5% of Eu . o
] =" E, due Eu” Absorpon (i = 952 i) In Figure 8(a), the excitation spectra of
-\/\/ x = 3% of Eu LiCa3ZnV30;, are monitored at 490 nm, and the
1 B—— phosphors of LiCa;ZnV;Oj2:Eu®" are monitored at
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<] J/\r 611 nm. Both of these spectra are presented
@ . . .
g f’f x=1% of Eu respectively. The excitation band was recorded from
§‘ 200 to 400 nm. VO4* groups have the excitation
] = % .. .
<] w/‘\, X20.5% ol By transition from 'Al to 'T;, [25]. Phosphors with the
] ‘f\' X = 0% of Eu formula LiCa;ZnV30:Eu" has an excitation
] ~—E, due Eu”Absorption (i, = 334 nm) spectrum that is characterized by a broad excitation
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(CTB) at 292 nm in LiCa3ZnV3;Oi2:Eu’" samples,
Figure 7: The UV-VIS absorbance spectra of which demonstrates that electron transfer (ET) will
Ca;LiZnV302:xEu’*. take place from VO4>~ groups to Eu*" ions when the
excitation wavelength is 344 nm [26].
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Figure 8: The variation energy bandgap with
concertation of activators Eu3+ in Ca3LiZnV30:,.

Figure 8(b-e) illustrates the emission spectra of
LiCa;ZnV;012:Eu®" phosphors those were stimulated
by a wavelength of 344 nm wavelengths. Phosphors
emit a broad emission from 400 nm to 570 nm due to
VO groups. It originates in emission from
transitions of VO4*" groups from 3T1,, to 'A; [27]. In
addition, samples that have been doped with Eu**
exhibit a number of distinct peaks at wavelengths of
592 nm, 611 nm, and 633 nm. These peaks originate
from the transitions of Eu3+ from *Dy to "Fo123 [28].
The energy transition diagram of LiCa;ZnV;O012:Eu®*
is shown in Figure 9(b). Figure 8(f) illustrates how
the changes in emission intensities occur in response
to changes in Eu*" concentrations. At a concentration
of 2%Eu**, the concentration quenching is achieved.
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Figure 8 (a): Excitation spectra of LiCa;ZnV3;0;; and LiCa3ZnV;012:Eu®*. (b) Emission spectra of
LiCa3ZnV;012:Eu**. (¢) Emission spectra due to VO4*. (d) Emission spectra due to Eu’*. (e) 3D view of emission

spectra with concentrations of Eu**. (f) Variation of PL intensity due to concentrations of Eu**.

3.7. CIE Coordinators

As shown in Figure 9 (a), the CIE chromaticity
diagram of LiCa3ZnV3;012:Eu*"  garnet-structured
phosphor is visually represented. The sample has an
emission spectrum that appears to be somewhere
between blue and red regions. The chromaticity
studies provide information about the color and the
color coefficient that is dependent on temperature.
The digital image of the CIE of the garnet structured
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phosphor that has been prepared draws its power
from 6W and is illuminated by light with a
wavelength of 356 nm. The color coordinates (x, y)
of the LiCa;ZnV;01; are (Cy, Cy) = (%, y) = (0.239,
0.329). This is true across the entire wavelength
range, which extends from 400 nm to 700 nm. It has
been observed that the color-dependent temperature
for the obtained coordinates (CCT) is 17210 K. The
arrow in the Figure 8(a), the changing in coordinates
of LiCa;ZnV3012:xEu’* from x = 0.5 to 5%.
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Figure 9 (a): Color coordinates calculation of LiCa;ZnV3;02:XxEu’*. (b) Energy transitional diagram of

LiCa3ZnV3012:xEu3+.

4. Conclusion

LiCa;ZnV;0;2:xEu®"  garnet  phosphors  were
effectively synthesized by the SSR method which
was sintering at 650 degrees Celsius for two hours
and 950 degrees Celsius for six hours. The
characterization techniques like XRD, SEM, EDX,
FTIR, UV-VIS, and PL-spectra was used to study the
phase, morphology, composition, bonds, energy
bandgap and luminescence performance of vanadate
garnet triggered by Eu3+ respectively. XRD study
investigated the single phase crystalline
structure. This XRD was refined and we got low
factors (R, = 9.136, Ry, = 7.364, Ry. =4.361, and y° =

was

2.361). SEM images was displayed the
morphological and topographical study. The
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