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A series of Y203-AG: Eu®* (where AG = Anionic Groups [PO%', SO%' and BO%']) nanophosphors were syn-
thesized via a chemical combustion method and their structural and photoluminescence properties were
investigated. The crystal structure and the surface morphology studies were analysed through the X-Ray powder
diffraction (XRPD), Field-emission scanning electron microscopy (FE-SEM), Fourier-transform infrared spec-
troscopy (FT-IR) and X-ray photoelectron spectroscopy (XPS). The XRD results showed that undoped Y03
phosphors crystalized in a cubic crystal structure, while the Y,03-AG phosphors transformed from the pure Y203
cubic structures, except for SO3~ based phosphor materials. The SEM micrographs showed that the particles were
formed in the micrometer range with different sizes and shapes. The FTIR spectra revealed the presence of
various structural groups in the Y503, Y203-AG: Eu®" phosphors. Moreover, the optical diffuse reflectance
spectroscopy (DRS) and photoluminescence (PL) properties were investigated. Using the DRS data, the optical
band gap energy values were obtained from the Kubelka-Munk function theory. Upon 395 nm excitation, the
Y,03-AG: Eu®" phosphors emitted red light at 615 nm wavelength. Among all the samples, the Y,03-BO3: Eu*
produced the highest intensity of red-light emission. The International Commission on Illumination color co-
ordinates indicated that these phosphors are potential candidates for producing enhanced red color components
in white light-emitting diode (W-LEDs) applications.

1. Introduction

Nowadays, white light emitting diodes (W-LEDs) are the next gen-
eration of solid-state lighting due to their superior properties such as
cost-effectiveness, easy preparation, environmental friendly, high
luminescence efficiencies and longer lifetime [1-4]. The general struc-
ture to fabricate W-LEDs is mainly through the combination of a blend of
red, green, and blue colours that are produced by different phosphor
materials when they are excited by a near-ultraviolet light source [5,6].
The cubic structure model of Y,03 with a body-centered positions of the
Y3+ ions in the middle of the cubic lattice, while the oxygen ions 0%)
are located at the corners of the cubic lattice [7,8]. Choosing a simple
cubic structure model has the advantage of making it easy to track
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structural changes through the introduction of various anionic groups or
dopant ions into the cubic lattices [9]. In light of this, the impact of
anionic group substitutional effect of ionic group substitutions plays a
crucial role in enhancing absorption properties of Y203 materials [10].
In this respect, the anionic group systems are chosen from the chemical
compounds for substitution into the Y,O3 materials [11,12]. For
example, Yousif et al., reported the structural and luminescence prop-
erties of Y,03 red phosphor by incorporation of Ga®* and Bi**ions [13].
R.S. Ukare et al. studied the effect of Li* and Zn%" co-doping on PL
properties of Y;O3 phosphors [14]. Danmian Wang et al. reported
emission of white light from YVO,4/Y,03 composite phosphors for UV
light-emitting diodes application [15]. In the periodic table lanthanides
ions play a crucial role in the field of solid-state lighting applications. In
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this case, rare earth ions are responsible for producing respective
emission colours of visible light when doped in various host materials
[16]. Among all different rare earth ions, europium ions (Eu®") in any
host materials are responsible for the characteristic red-light emissions,
around 614 nm wavelength, which is attributed to the 5Dy = 7F, tran-
sitions [17]. Up to now, many researchers have reported on the red
emission of Y,03:Eu®" phosphor materials with a poor color rendering
index (CRI). To address this issue, the anionic group systems such as
PO?(, SO?{ and BO%’ were introduced to the Y503 matrices to enhance
the Eu* red color emission, thereby improving its CRI index [18-20].

In this work, we synthesized Y503, Y203-AG: Eu®" where AG = PO?{,
S07~, BO3") nanophosphors, via the chemical combustion method. The
structural and morphological properties of these materials were char-
acterized to investigate their crystal structure and particle morphology.
In addition to this, the optical and photoluminescence properties were
also investigated. In this present work, the impact of the anionic groups
on the red color emission of Y,03:Eu>" phosphors were examined.

2. Experimental techniques

In this study, Y203, Y203-AG: Eud" nanophosphors were prepared
using a chemical combustion method. The samples were annealed at
1100 °C for 4 h. In this method, the raw materials were yttrium nitrate,
ammonium dihydrogen sulfate, boric acid ammonium phosphate, urea
and europium nitrate. The 1 mol% of europium ions were doped into the
Y203, Y203-AG compounds. The raw materials were mixed in one beaker
and then dissolved in de-ionized water and then placed over a magnetic
stirrer for a period of 45 min. The final solution was then placed in a
porcelain crucible and then transferred to the furnace that was pre-
heated to 600 °C for a minimum duration of 10-15 min. The product was
removed from the furnace and again ground into a fine powder using a
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mortar and pestle. The basic balanced equation for the preparation of
Y03 is:

2 Y(NO3); + 15 NH,CONH, — Y03 + 18 Ny + 15 CO, + 30 H,

Various characterization techniques were used to analyze the sam-
ples, namely, X-ray powder diffraction (XRD), scanning electron mi-
croscopy (SEM) equipped with an energy dispersive X-ray spectroscope
(EDS), Fourier Transformed Infra-red spectroscopy (FTIR), diffuse
reflectance spectroscopy (DRS), and photoluminescence (PL) spectros-
copy. Philips X’Pert Pro-X-Ray Diffractometer coupled with PANalytical
software was used to evaluate the crystal structure. A nickel-filtered
CuKa target were used with the wavelength target set at 0.1540 nm.
Philips CM100 Mega View III field emission scanning electron micro-
scope (FE-SEM), coupled with the Oxford Aztec 350 X-Max80 EDS was
used to obtain the surface morphology and chemical composition of the
prepared materials. FTIR spectra were measured using the Shimadzu
QATR 10 single reflection ATR accessory, which were recorded from
400 cm ™! to 4000 cm L. The chemical composition and electronic states
were analyzed using the PHI 5000 Scanning ESCA Versaprobe X-ray
photoelectron spectroscope. The optical reflection spectra were recor-
ded at room temperature using the PerkinElmer Lambda 900 spectro-
photometer, in the range of 250-2300 nm. For photoluminescence
studies, the Cary eclipse fluorescence spectrophotometer was used at
room temperature with a monochromatized 150 W xenon lamp as
excitation source. The lifetime decay measurements were taken using
FS5 spectrofluorometer from Edinburgh Instruments. The quantum
yield measurements were done by using the Edinburgh Instruments
FLS980 instrument equipped with an integrating sphere.
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3. Results and discussion
3.1. X-ray diffraction analysis

Fig. 1. shows the X-ray powder diffraction (XRPD) patterns of Y203,
Y,03-AG: Eu®*nanophosphors. All X-ray diffraction patterns showed
that these materials were formed into cubic lattice structures, which
matched well with the background pattern of the Y503 structure with
JCPDS file no. 86-1326, which is also displayed in Fig. 1. The XRPD
reflection peaks of pure Y203 are located at 20 angles of 20.26°, 29.17°,
33.74°, 35.73°, 39.81°, 43.52°, 48.24°, 52.94° and 57.26° which
correspond to the lattice planesof (211)(222)(400)(411)(322) (4
31)(440)(611)(622)respectively [21]. The lattice structure pa-
rameters of YoO3isa=b = c=10.759 A [21-23]. The addition of Eu®*
to Y203 resulted in no significant changes in the diffraction patterns,
however substitution of different anionic systems resulted in changes in
the crystal structures from cubic to hexagonal for the Y,03-BO3 (JCPDS
file no. 04-015-8698) and cubic to tetragonal for the Y203-PO4 (JCPDS
file no. 00-011-0254) and no changes for the SO4 based phosphors.
Substitution of anionic group systems (AG = BO3" and PO3 "), created the
possibility of structural deformation in Y2Oj3 lattices. This is because of
the compressive strain created in the lattice, due to the BO% and PO3~
ions substitution [24]. Fig. 2 displays the Williamson-Hall (W-H) plots
for the Y203:Eu3+, Y,03-AG: Eu3+nanophosphors. The linear fitting of
the W-H plots reveals parameters such as crystalline size and lattice
strain values obtained through the slope and Y-intercept of the linear
plot. The negative slope of the W-H plots indicates a compressive strain
for all the Y,03:Eu>" and Y,03-AG: Eu®*phosphors due to lattice
shrinkage [25]. Table 1 shows the crystalline size and lattice strain
values calculated through the Scherrer formulae and W-H method,
respectively [25]. The calculated crystallite sizes for these prepared
materials were found in the range of 20-73 nm, as presented in Table 1.
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Table 1
Crystallite size of the Y,03: Eu®", Y,03-BOs: Eu®", Y,05-PO4: Eu®* and Y,05-
S04 Eu®" phosphors.

S. No Sample Crystallite size (nm) Strain (x1072)
Scherrer W-H plot
1 Y,04:Eu®* 68 90 -3
2 Y503-BOg:Eu®" 51 98 —2.2
3 Y,05-PO4:Eu’* 20 89 -1.5
4 Y,03-S04:Eu* 73 95 —4

These particle size values were compared to the values obtained from
the W-H plots. Both methods show a good agreement of the particle size
values of the prepared phosphors, in the range of ~60 nm. It is also
observed from the table that the addition of anionic group systems leads
to random changes in the crystallite particle sizes, such as 51 nm for
Y203-B0§’: Eu3+, 20 nm for Y,03- PO%’: Eu3+, and 73 nm for
Y,05-SO37: Eu®*. From the table, it is also observed that the lattice
strain values were increased for the BO3" and PO3~ ions-based com-
pounds, which confirms the deformation of cubic Y503 structures to the
new type of hexahedral and tetrahedral structures for Y,03-BO3 and
Y203-PO4 phosphors, respectively.

Rietveld refinement structural parameters of the Y»03, Y203-AG:
Eu®" nanophosphors were determined using the Full-Prof suite. Rietveld
profile fits well for all the XRD patterns of Y203, Y203-AG: Eu®* nano-
phosphors after refinement, as shown in Figs. 3 (a-f). Analysis of the fit
reveals that there is close co-relation between the observed and calcu-
lated XRPD patterns. In this figure, the solid lines dots represent the
measured experimental XRPD data, while the red color solid line rep-
resents the theoretical XRPD data patterns. However, the difference
between these two data points is represented by purple solid line in the
Figure. The additional vertical bars show the Bragg’s positions of the
respective XRPD patterns of the materials. Results obtained from the
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Fig 2. The W-H plots of (a)Y;03: Eu®*, (b) Y,03-BOs: Eu®™, (¢)Y503-PO4: Eu®* and (d)Y,03-SO4: Eu®*phosphors.
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Fig. 3. Rietveld analysis of different (a)Y,03: Eu®", (b) Y203-BO3: Eu®*, (€)Y203-PO4: Eu®* and (d)Y203-SO4: Eu®* phosphors.

Rietveld refinement analysis of prepared nanophosphors are presented

Table 2
The lattice parameters, unit cell volume, goodness of fit, and R-factors of Y503:
Eu®", Y503-BO3: Eu®*, Y,03-PO,: Eu®* and Y,03-50,4: Eu®* phosphors.

S. Sample R, Rup Rexp Ve Lattice Cell
No. parameters volume
&) (A7
1 Y,03: 14.57 18.65 9.31 4.01 a=b=c= 1188.63
2 Eu®* 20.08 25.09 9.15 7.52 10.59 108.78
3 Y203- 18.33 24.36 9.70 6.31 a=b=3.78, 280.63
4 BOg3: 18.59 23.52 8.57 7.53 c=8.80 1189.57
Eu*t a=b=6.84,
Y,03- ¢ =6.00
POy a=b=c=
Eu*t 10.60
Y,03-
SO4:
Eu3+

in Table 2. This table consists of refinement agreement factors, lattice
parameters along with the cell volume values of all studied materials.
From the table, it is observed that the lattice parameters of all materials
were found to be very close to the calculated standard data of the
respective crystalline materials. Fig. 4 displayed the unit cell structure of
all Y5053, Y205-AG: Eu®* nanophosphors. The cell volume of the Y,03
phosphors is also in good agreement with the standard data for this
material. However, when BO3~ and PO3~ anions added into Y203 ma-
terials reduced the volume of the unit cells, indicating that the cubic
structures of the Y203 were transformed to the new crystalline structures
via the replacement of BO3~ and PO?( anions within the Y503 cubic
lattice. However, no such changes in the cell volume of Y503-SO4 ma-
terials, which indicates that SOZ~ ions were positioned into the inter-
stitial sites of the Y03 cubic lattices resulting in no crystalline
deformation as also shown in XRPD diffraction patterns of Fig. 1. The
chemical features of all compounds are summarized in Table 3.

For the compound, Y203, when the coordination number (CN) is 6,
implies that Y is surrounded by 6 O atoms or vice versa. In this scenario,
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Fig. 4. Unit cell structure of different (a)Y203: Eu®*, (b) Y203-BOg: Eu®*, (¢)Y205-PO,: Eu®* and (d)Y205-SO4: Eu®* phosphors.

Table 3
Structural properties and bond length for Y503, Y203-AG: Eu®>* nanophosphors.

S. Compound Space
No group

Crystal
structure

Bond length

1 Y,03:Eu®" 1a-3 Cubic Y-O (Y,1/0y) =
2.25712 A
Y-O (Yo/04) =
2.26507A
2 Y,03-BO3/YBO3: P63/m mc Hexagonal B-O (B1/0y) =
Eu* 1.58410 A
B-Y (B1/Yy) =
2.46223 A
B-O (B,/0;) =
1.10420 A
0-Y (02/Yy) =
2.41702A
P-O (P1/01) =
1.39712 A
0-Y (0y/Yy) =
2.4420A
Y-O (Y1/01) =
2.27162 A
Y-O (Y2/01)
=2.24840A

3 Y,05P0,/YPO,:  141/a
Eu®’ md:2

Tetragonal

4 Y,03-SO4:Eu®t 1a-3 Cubic

the radius of Y3* ions are relatively close to the dopant Eu®" ions. The
relative error in% when substituting Eu®(1.17 A) ions with Y2t (1.011
10\) ions for CN = 6 or 8, using the formula below,

|R, (CN =6 or 8) —R, (CN =6 or 8)|

A, = 7 x 100% 2

where R,/Rp represents the ionic radius of dopant and original ions,
respectively. The average A, obtained values are ~15.7 % and ~ 4.95%
for Y503, Y,03-AG: Eu®" nanophosphors. This percentage is less than 30
% and it means that Eu®>" ions have a high probability to be substituted
for Y3* ions, without causing any major crystal distortions to the host
lattice [26,27].

3.2. Surface morphology analysis

Fig. 5 shows SEM (a,b,c,d) and EDS (e,f,g,h) images of pure Y503 and
Y203-AG nanophosphors, respectively. All micrographs were captured

at the same magnification level for the purposes of similar comparisons.
Fig. 5(a) displays particles of different sizes and shapes with a low level
of agglomeration, whereas Fig. 5(b—d) consists of spherical-like shape
particles with a higher level of agglomeration, due to the addition of
BOs, PO4 and SOy ions, respectively. It is also noticed from this figure;
that the compact nature of the materials is high in PO4 materials
whereas it is low in SO4 materials due to the voids created by escaping
gasses during calcination [28]. Fig. 5 (e-h) displays the corresponding
EDS spectra of the Y,03-AG: Eu>" nanophosphors, respectively. The EDS
spectra confirm the presence of all elements of the respective com-
pounds, with the dominant elements being Y and O followed by trace
elements of P, B, and S for all synthesized Y>03-AG nanophosphors
respectively. Some trace elements of impurities such as carbon were
found in the black tape used for mounting during measurements. Fig. 6
(a-h) shows the SEM and EDS images of pure Y203 and Y203-AG:Eu3+
nanophosphors, respectively. Fig. 6 displays comparable data for the
Eu>" doped nanophosphors regarding agglomeration, particle sizes, and
shapes.

3.3. Fourier transform infrared spectroscopy (FT-IR)

FTIR measurements in the range of 400-4000 cm ™! were performed
to analyze the structural groups present in the prepared phosphor ma-
terials. Fig. 7 shows the FT-IR spectra of the Y,03-AG: Eu®* nano-
phosphors. The bonds of the Y-O matrix are observed at around 430
em™! due to the vibrational properties within the Y203 [29,30]. The
substitution of the anionic groups such as BO3, PO4 and SO4 ions, which
were measured at room temperature are observed at 850 cm™!, 950
em~! and 1025 em ™! respectively [24,31]. The peak observed at 1025
em ! is attributed to the presence of the BO3 compounds [32]. The
broad transmission around at 3625 cm ™! is attributed to the stretching
modes of the O—H bonds that exist in the materials [33]. This is due to
the accumulation of moisture on the surface of the samples during
characterization measurements [30,33].

3.4. Surface characterization by X-ray photoelectron spectroscopy (XPS)

Fig. 8 shows the elemental composition in the XPS survey spectra of
the a) Y,03-BO3 & Y203-B03:Eu3+and the b) Y,03-PO4 & Y203-POy4:
Eu®* phosphor materials. Fig. 8(a and b) shows the XPS peak of various
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Fig. 6. SEM and EDS images of (a),(e)Y20s: Eu®" (b),(f) Y203-BOs: Eu®* (c),(g)Y205-PO,: Eu®" and (d),(h) Y205-SO4: Eu®* phosphors.

elements in the prepared materials above, which were identified as Y, B,
P, C, O, F, and Eu signals. The survey spectra show the only difference in
finding B and P peaks for the Y,03-BO3:Eu®and Y,03-PO4:Eu®t phos-
phor materials, which confirms the presence of BO3~ and PO~ groups.
In addition to this, the presence of impurities such as carbon and fluorine
arise from the carbon tape or from the surface contamination during
measurements [34,35].

Fig. 9(a—d) shows high-resolution XPS spectra of (a) Y 3d, (b) B 1,
(c) O 1 s and (e, f) Eu 3d of the Y503-BO3 and Y203—B03:Eu3Jr nano
phosphors. The element Y 3d has a binding energy of 157.84 eV which
corresponds to an oxidation state of +3 in the Y-O bonds [35]. The B 1s

peak shows a binding energy of 192.27 eV, which indicates an oxidation
state of +3 [36]. Similarly, O 1 s has an oxidation state of —2 corre-
sponding to a binding energy of 531.04 eV [37]. Furthermore, Eu 3d has
an oxidation state of +3 with doublet spin-orbit coupling states of 3ds/>
and 3ds/5 corresponding to a binding energy of 1124.60 and 1154.47 eV
respectively [38]. Additional peaks positioned at 1124.10 eV and
1155.24 eV binding energies are attributed to the presence of the +2
state of Eu atoms [38]. The inset figures of Fig. 9(a) and (c) shows the
de-convoluted peaks of Y 3d and O 1 s bands respectively [39,40,38].
The Gaussian peaks of Y 3d indicates that doublet spin-orbit coupling
states of 3ds/2 and 3ds/, correspond to a binding energy of 159.59 eV
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and 157.51 eV respectively [39]. Similarly, the Gaussian triplet
configuration of the O 1 s profile reflects the presence of oxygen through
Eu-O, Y-O and B-O bonding groups positioned at binding energies of
528.79, 530.85, and 532.05 eV respectively [40,38] Fig. 10(a—-d) shows
high-resolution XPS spectra of Y 3d, P 2p, O 1 s c 1 s, and Eu 3d of the
Y,03-PO, and Y203-PO4:Eu®* nano phosphors. The element Y 3d has an
oxidation state of +3 corresponding to a binding energy of 158.41 eV
[35], and the element P 2p has a pentavalent oxidation state of +5
corresponding to a binding energy of 133.79 eV [41] and the element O
1 s has an oxidation state of —2 corresponding to a binding energy of
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531.50 eV [37]. Furthermore, Eu 3d has an oxidation state of +3 with
doublet spin-orbit coupling states of 3ds,, and 3ds,, corresponding to a
binding energy of 1133.87 and 1154.62 eV respectively [38]. The
additional peaks positioned at 1124.10 eV and 1155.24 eV are attrib-
uted to the presence of the +3 state of Eu atoms [38]. The inset figures of
Fig. 10(a) and (c) shows the Gaussian fitting of the peaks for Y 3d and O
1 s profiles, respectively [39,40,38]. The doublet deconvoluted peaks of
Y 3d indicates that the doublet spin-orbit coupling states at 3ds,» and
3ds,/2 correspond to a binding energy of 159.32 eV and 157.35 eV
respectively [39]. Similarly, the Gaussian triplet configuration of the O
1 s profile reflects the presence of oxygen through Eu-O, Y-O, and P-O
bonding groups with binding energies of 528.95, 530.49, and 531.55 eV
respectively [40,38].

3.5. UV-VIS and band gap measurements

Fig. 11 shows the UV-VIS reflection spectra of the Y,Os: Eu3*, Y,05-
BOs: Eu®*, Y503-PO4: Eu®' and Y,05-SO4 Eu®t phosphors in the
wavelength spectral range of 200-800 nm. From the figure it is observed
that there are greater absorption signals in the UV region around 340 nm
wavelength, whereby the anionic group materials have a greater ab-
sorption compared to the un-doped materials. This spectra shows, no
traces of Eu>* absorption bands for Eu®* doped material because of low
concentration of Eu®" ions (1 mol%) [42,43]. The spectral bands in the
profile clearly indicate that the absorption bands were blue-shifted,
which corresponds to increases in band gap values over the addition
of anionic group systems [44,45]. From a reflectance spectrum, the
optical bandgap can be estimated by using the Kubelka-Munk function
as a function of photon energy hv [46,47]. The optical band gap is an
important feature of an any material that determine its application in
various fields [48]. The K-M function relates the absorption coefficient,
the scattering coefficient, of the Diffuse Reflectance spectra (DRS) in the
format:

(1-R,) K
F(R,) = TR, S 3)

Therefore, the Optical gap energy and the absorption coefficient can

be related by the Tauc relation [48]:

(ahv) = Cy (hu - Eg)" 4)

From the plot of [F(R,,).h}* against photon energy hv, the band gap
energy of a materials can be extrapolated by a linear fit to the [F(R,).hv]?
=0 model.

Fig. 12 shows the plots of F(R,) as a function of photon energy hv for
individual band transitions with n = % or 2. The extrapolation of the
linear line to intercept the X-axis at F(R,,) = 0, gives the bandgap values
of the respective materials. All estimated bandgap values are tabulated
in Table 4. From the table it is observed that the band gap value for the
Y03 host materials have increased after doping of Eu®* ions, this
phenomenon is described by the Burstein-Moss effect [49]. The insert
chart diagram in the table displays the variation of the bandgap ab-
sorption edge, resulting from the incorporation of different anionic
group systems. The absorption edge abruptly increased for the Y,03:
Eu®" phosphors when substituted with the BO3~ and PO3~ anionic
group systems, whereas the absorption edge decreased for substitution
of SO~ groups [24,50]. This is mainly due to the structural changes that
occurred in the cubic structures for Y,05-BOs: Eu®* (hexagonal) and
Y,03-PO4: Eu* (tetragonal) phosphors.

3.6. Photoluminescence excitation and emission spectra measurements

Fig. 13(a) shows the PL excitation spectra of the Y503: EuT, Y,03-
BOs: Eu*, Y503-PO4: Eu®" and Y,03-SO4: Eu* phosphors in the
wavelength range of 300-560 nm by monitoring the emission band at
615 nm. These spectra consist of six characteristic excitation peaks
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Fig. 9. The high-resolution XPS scan spectra of (a) Y 3d (b)) B1s(c) O1s(d) C1 s (e),(HEu 3d for the Y,03-BO3 and Y,03-BO3: Eu3+phosphors.

which are attributed to the 4fg— 4fs intra-configurational bands arising
due to the transitions from the ground state “Fy to the various excited
states of Eu®* ions such as °D ; (where J = 0-3) and °Lg [51,52]. These
excitation bands positioned at 361, 395, 464, 524, and 532 nm are due
to the Fo— Dy, °Lg, °Ds, °D;, and °D; transitions of Eu®' ions,
respectively. Among all these band transitions, the high-intensity band
observed at 395 nm, was used to measure the PL emission spectra of the
prepared materials.

Fig. 13(b) shows the emission spectra of the Y503: Eu®", Y,03-BOs:
Eu®t, Y,03-PO4: Eu®t and Y,03-S04: Eu®" phosphors in the wavelength
range of 550-720 nm, which were recorded using the excitation wave-
length of 395 nm (“Fo—"Lé). The six characteristic emission bands found
in the spectra are attributed to the 5Do—>7F 7 (J = 0-4) transitions of Eut
ions [53]. Among all these transitions, the highest emission band was
noticed at 615 nm, which is due to the electric dipole transitions of Eu>*
ions in the red color region [54]. This spectrum indicates that the pure
Y203 has shown a very low-intensity emission band, and the subsequent

addition of anions has had a remarkable influence on the luminescence
properties of this pure Y203 phosphor (100 times better). This can be
described by the high intensity absorption/excitation of the UV light for
the Y203: Eu®*, Y,03-BOs: Eu®t, Y,05-PO4: Eu®t and Y203-SO4: Eut
phosphors due to the anionic substitutions. This creates more efficient
UV light absorption in Y503-BO3: Eu®", Y05-PO4: Eu®" and Y,03-S04:
Eu®" phosphors, thereby resulting in enhanced Eu®* ion emissions, [50,
55,56] as shown in Fig. 13(b). A comparison of all the emission profiles
indicates that the Y,03-BO3 phosphors produced the highest
red-emitting color, followed by the Y503-PO4 and Y203-SO4 phosphor
materials, respectively with the trend of
Y203-BO3>Y503-PO4>Y503-SO4. These results suggest that the
red-emitting Y203-BO3 phosphor is a potential candidate for w-LEDs
applications [57].
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3.7. Quantum Yyield

The quantum yield of the Eu®>* jon luminescence in the Y,03-AG:
Eu®* nanophosphors were determined from the plots as shown in Fig. 14
(a—d). These spectra were divided into two regions: reflection of light
from the external source at 397 nm and color emission from the phos-
phors at longer wavelengths as plotted and shown as a magnified insert
plot in Fig. 14(a—d). The response of a reflective Spectralon standard is
given by Curve 1 compared to the sample of Curve 2 in each case. The
number of photons absorbed can be estimated by subtracting the curves
and integrating the photon distribution near the excitation wavelength
of 397 nm [58]. The quantum yield (QY) of the prepared materials were
estimated using the data provided in the photon distribution curves, as
reported in our previous paper [24]. The QY values for the Y203;Eu3+,
and Y,03-AG: Eut nanophosphors were determined to be 2.4, 17, 11
and 15 % respectively. These QY values are good agreement with pre-
viously reported values and were found to be enhanced after different

anionic group substitution into the Y,03.Eu®* phosphors [59].

3.8. Lifetime decay measurements

Fig. 15 shows the lifetime decay profile of the Y20s3: Eu3+, Y,03-BOs3:
Eu®t, Y,05-PO4: Eu®" and Y,03-S04: Eu®* phosphors, using 395 nm and
615 nm excitation and emission wavelengths, respectively. The lifetime
profile of the phosphors were well-matched to the non-exponential
function of the equation [60].

—t —t
I=1p+ Ajexp (T—) + Asexp (;) 5)
1

where I is the emission intensity. Fast and slow lifetimes are represented
by 71 and 75, respectively. In addition to that the fitting constants A; and
A, are evaluated. The average lifetime decay from excitation to ground
state is given by the equation, [60]
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The average lifetime decay for Y,03: Eu®", Y503-BO3: Eu*, Y,03-

POy4: Eu®* and Y,05-S04: Eu®* phosphors are tabulated in Table 5. From
this table, it is observed that the lifetime decay of Y503: Eu®T, Y,03-BOs3:

Table 4
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Eu®*, Y505-PO4: Eu®* have similar values of 1.705, 1.737, 1.757 milli-
seconds respectively while that of Y203-SO4: Eu®* was much lower
decay time of at 1.192 milliseconds. This behavior may be attributed to
the occurrence of traps created within the bandgap of the host materials
[61]. The lower lifetime decay for the Y503-SO4: Eu®" based materials is
due to shallow traps [62], which was also evidenced directly from the
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Fig 13. (a) Photoluminescence excitation and (b) Photoluminescence emission
spectra of Y503 Eu®', Y,03-BOs: Eu®', Y,05-PO4 Eu®' and Y;03-SOg4:
Eu®* phosphors.

Optical bandgap values of the Y,03: Eu®", Y,03-BOs: Eu®", Y,03-PO,: Eu®' and Y,05-SO4: Eu®' phosphors. Insert chart represents the schematic

diagram of absorption edge variation.

S. No Prepared Sample Band gap (eV)
1 Y,03 (Cubic) 5.513
2 Y,03: Eu®* (Cubic) 5.768
3 Y,05-BOg: Eu®" (Hexagonal) 6.102
4 Y,03-PO,: Eu* (Tetragonal) 5.808
5 Y,03-S04: Eu®" (Cubic) 5.544
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Table 5
Average lifetime decay values of the Y,03: Eu®™,
Eu®* and Y,05-S04: Eu®* phosphors.

Y,03-BOs3: Eu®', Y,03-PO,:

S.No Sample Lifetime decay (ms)
1 Y,05: Eu®* 1.705

2 Y503-BO5: Eu®*™ 1.737

3 Y,03-PO,: Eu®* 1.757

4 Y,05-S04: Eu®* 1.193

11

decay profile pattern and the extra hump gap calculations profile.

3.9. CIE color coordinates

Fig. 16 displays the Commission Internationale de I’Elcairage (CIE)
of Y,0s: Eu3+, Y203-BOs3: Eu3+, Y203-POy: Eu®* and Y203-S04: Eu®t
phosphors. The calculated CIE coordinate values were tabulated in the
insert figure of Fig. 16. All the values were lying in the red color region
of the chromaticity diagram. These results verified that the prepared
phosphor materials are potential red emitting candidates for white LEDs
applications.

4. Conclusions

In the present work, the combustion method was used to synthesize
Y503, Y203-AG: Eut nanophosphors. XRPD analysis confirmed the
impact of the substitution of different the anionic groups on the cubic
structure of the Y,03: Eu®t phosphors resulting in new structures such as
hexagonal and tetragonal structures for the Y,03-BO3 and Y,03-PO4
phosphors, respectively. However the Y203-SO4 cubic structure was not
transformed. The SEM analysis revealed a wide particle size distribution
from compactness to agglomeration. The FT-IR and XPS results
confirmed the presence of the functional groups and oxidation states of
all elements present. To report the impact of the anionic group sub-
stitutions on the optical properties, the bandgaps of the prepared ma-
terials were obtained. The anionic group based Y5Os materials,
exhibited significant changes in the PL profiles in comparison to the pure
Y,03:Eu®" phosphors. The PL results revealed that the Y,03-AG: Eu®*
phosphor materials can be effectively excited in the UV range to emit
more efficient red light with improved quantum efficiency. The CIE
chromaticity diagram indicated that the color coordinates of the
respective anionic groups were in the red color region. From this
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Fig 16. CIE diagram of Y,03: Eu®*, Y503-BOs3: Eu®", Y505-PO,: Eu®* and Y,03-
SO4: Eu®* phosphors.

investigation, amongst all prepared materials, Y03-BO3:Eu®" produced
the highest red color emission, making it an ideal candidate for high
intensity red-emitting phosphor materials in W-LEDs applications.
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