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Optical transitions and radiative properties of green
emitting Ho>*:YVO, phosphor
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The Ho3+-doped YVO,4 phosphors were successfully prepared via a sol—gel process in which citric acid was
used as a chelating agent. X-ray diffraction (XRD) confirmed the effective inclusion of Ho®>* ions into the
host matrix with the formation of single phase YVO,. The surface morphology was observed using SEM,
the results of which showed a grain growth propensity and the agglomeration of prepared phosphors.
The V-0 (VO,*") vibration mode was analyzed through Fourier transform infrared (FTIR) spectra. The
spectroscopic properties were reported through UV-vis-NIR diffuse reflectance and photoluminescence
(PL) spectra. The Judd—Ofelt (J-O) intensity parameters @, = 0.03 x 1072° cm?, @, = 0.22 x 1072° cm?,
and Qg = 0.23 x 1072° cm? obtained for the Yo ¢7;V04:0.03H0>" phosphors were used to obtain the total
transition probabilities (A7), radiative lifetimes (t,54) and branching ratios (8) for the certain transitions of
Ho®* ions. Under 310 nm UV excitation, the visible emission spectra were measured, and an intense

] 202 emission was observed around 541 nm (green region) for all the samples. The emission cross-section
iii:g’ti% Gztgtk?liltgvbeer;bgr 2022 ap(A) was 3.22 x 1072 cm? and the branching ratio (8) was 0.816; these were investigated to capture the
optimal concentration of the Y0.07VO04:0.03H0>* phosphor. The estimated color coordinates were

DOI: 10.1039/d2ra06257a observed in the green region of CIE diagram. Ultimately, the superior properties (ap(1), 8, and color
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1. Introduction

Recently, the zircon structured orthovanadate (AVO,, A =
trivalent metal ion) has attracted substantial research attention
because of its applicability in a wide variety of areas.® This
material is not only used as a luminescent host material but has
also been used in diverse applications in the fields of gas
sensing, high power lasers, fuel cell anodes, and counter elec-
trodes in electrochromic devices.>* Yttrium vanadate (YVO,) is
a well-recognized host lattice for rare-earth (RE) activators from
the family of AVO,. YVO, shows excellent thermal, mechanical,
and optical properties, and it exhibits wide absorption in the UV
region; therefore, RE doped phosphors are widely used for
optoelectronic application alongwith biosensors and laser
devices.*** YVO, shows high birefringence and can be used as
a polarizer in the infrared (IR) region.*® YVO, is also a good up-
conversion host due to its low phonon energy (~880 cm™%).
Many studies have examined up-conversion luminescence in
RE*"-doped and co-doped YVO, phosphors.**"7 YVO,:Nd**
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purity) of Y0.07/V04:0.03H0>" phosphor may make it suitable for green emitting devices.

performs better than YAG:Nd**, and it is therefore a good laser
excitable host crystal for Nd** ions, and has shown remarkable
applicability in laser-diode pumped micro lasers.**>*

At present, to conquer multiple color tunability, the phos-
phor materials are used in energy conversion and materials
technology. Due to its efficient energy conversion, the high color
purity and thermal stability of Eu’*-doped YVO, make it
a promising red phosphor for use in a wide range of applica-
tions in luminescence and display devices, such as fluorescent
lamps, cathode ray tubes, plasma display panels, etc.***° Foka
et al®* synthesized Dy*"-doped YVO, phosphor via the
combustion route and reported white emission with excitation
in the UV region. Liu et al.** synthesized YVO,:Ln** (Ln = Eu,
Sm, Dy) via the microwave heating method and reported its
morphology and photoluminescence (PL) results. Xu et al.*®
studied the effects of organic additives on the shape and
morphology of RE*-doped YVO, phosphors synthesized via
a hydrothermal method. They have found remarkable results,
which can be used for tunability in the display panels. Their PL
study indicates an efficient multicolor emission that can be
useful in lasers and displays related to the optoelectronic
devices. Huang et al.** synthesized (Bi**, RE*") co-doped YVO,
phosphor by a solid-state reaction technique and reported that
the phosphors could improve the efficiency of the power
conversion of dye-sensitized and crystalline silicon (c-Si) solar
cells. The energy transfer between single and triply doped RE**
ions in the YVO, host and its luminescence property have
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recently been studied by Medvedev et al.** Moreover, all the rare
earth ions and their doped systems of the phosphors with Ho**
ion serve as good activators due to energy transfer and reflecting
the multiple color emission. Zhou et al.*® studied the PL prop-
erty of red emitting YVO,:Pr** phosphor, which is considered to
be a good candidate for optical thermal sensing applications.
YVO, phosphors have been synthesized through various
synthesis methods, such as co-precipitation,®” solution
combustion,* solid state reaction,** microwave heating,** sol-
gel,***° microemulsions,** solvothermal,” ultrasonic,*® and
spray pyrolysis methods.** The YVO,:(Ho*",Yb**) phosphors
synthesized by different synthesis method and their effect on
luminescence have recently been studied.*® The study indicates
that the YVO,:(Ho>",Yb*") phosphor prepared by sol-gel method
exhibit better optical properties than the phosphor synthesized
by the combustion and solid state reaction methods.

In the present work, most notably, we have successfully
synthesized trivalent holmium (Ho*")-doped YVO, phosphors
with different doping concentrations. The samples were char-
acterized in terms of their physical and radiative properties by
using X-ray diffraction (XRD), scanning electron microscopy
(SEM), Fourier transform infrared (FTIR) spectroscopy,
ultraviolet-visible = (UV-vis)  spectrometry, and photo-
luminescence (PL) techniques.

2. Materials preparation and analysis

Phosphor materials of Y;_,VO,:xHo>" (x = 0.01, 0.03, 0.05, 0.07,
0.09, 0.11) were prepared through the sol-gel method. The
details of the sample composition and the starting materials
along with required weights are given in Table 1. The appro-
priate amounts of Y(NOj3);-6H,0, NH,VO;, Ho(NO3);-5H,0,
and citric acid (chelating agent for the metal ions) were weighed
and added into a 150 ml glass beaker with 10 ml deionized
water. The prepared solution was stirred for 1 hour to ensure
uniform homogeneity. Next, the solution was placed in a hot
oven until it was completely dried. The dried gels were heated in
air at 400 °C for upto 2 hours. The preheated powder samples
were ground and again heated in air at 800 °C for 2 hours to
acquire the final samples. Fig. 1 shows a flow chart of the
synthesis method.

The phase of prepared powders was identified using
a RIGAKU (Miniflex-II) XRD spectrometer with CuKea light
radiation as X-ray. FTIR spectrum in the 4000-400 cm ™' range
was obtained on a Thermo Fisher Nicolet (6700 FT-IR)
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Fig. 1 Flow chart of synthesis method of Y;_,VO4:xHo>" phosphors.

spectrometer utilizing KBr pellets. The sample surface
morphology was imaged using a S-3400, SEM (Hitachi, Japan).
The diffuse reflection spectrum was captured with a UV-VIS-NIR
(Cary-5000) spectrophotometer. PL characterizations were
carried out at room temperature using a RF-5301PC, Shimadzu,
fluorescence spectrophotometer with a Xenon flash lamp as an

excitation source.

3. Results and discussion

Fig. 2 shows the crystal structure of the YVO, compound with
different orientations. YVO, is (zircon type structure) crystal-
lized in the tetragonal /4,/amd space group. In this structure,

Table 1 Detailed information of sample and weight of the required starting materials

Samples Base materials

Y(.09V0,:0.01H0*>* Y = 0.7583g V = 0.2338g C.A = 1.5368g Ho = 0.0176g
Y.67V04:0.03Ho™* Y = 0.7430g V =0.2338g C.A = 1.5368g Ho = 0.0592g
Yo.05V0,:0.05H0* Y = 0.7277g V =0.2338g C.A = 1.5368¢ Ho = 0.0882g
Yo.03V04:0.07Ho>* Y = 0.7123g V =0.2338g C.A =1.5368g Ho = 0.1243¢
Yo.0,V0,:0.09Ho* Y = 0.6970g V = 0.2338g C.A = 1.5368g Ho = 0.1578g
Y.55V04:0.11H0™>* Y = 0.6817g V =0.2338g C.A = 1.5368g Ho = 0.1940g

Y = Y(NO3)3-6H,0, V = NH,VO3, C.A = citric acid, Ho = Ho(NOs);-5H,0

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Crystal structure of YVO, (a) standard orientation and (b—d) three different orientations 100, 010, and 001.

Y*" atom has D,q site symmetry and is bonded in 8-coordinate
geometry to eight equivalent O>~ atoms to form an anti-prism.
Out of these eight Y-O bonds, four have shorter bond lengths
(2.33 A) whereas the other four have longer bond lengths (2.45
A). The V°* atom is bonded with four equivalent 0>~ atoms to
form VO, tetrahedra which share edges with YOz dodecahe-
drons, as shown in Fig. 2. All V-O bond lengths are 1.74 A. The

A L 14\ A L; _Y(.89V04:0.11Ho
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Fig. 3 Powder XRD patterns of Yl,XVO4:xH03Jr phosphors.
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0>~ atom is bonded with two equivalent Y** atoms and one V°*
atom.*>*® Fig. 3 shows the observed XRD patterns of the YVO,
phosphors produced through the sol-gel technique. The
observed XRD patterns are counterpart with the standard card
of JCPDF 70-1281. No miscellaneous or additional peak is
observed in all the XRD patterns, thus suggesting a single-phase
material and indicates that the crystal structure of host matrix
does not change with the addition of Ho®* ion. The ionic radius
of Ho*" (r = 0.89 A) was found to be well matched with ionic
radius of Y** (r = 0.9 A, CN = 8), thus indicates that the Ho®" is
successfully incorporated at the Y** sites. The XRD pattern
shows that the prepared YVO, crystallizes in the tetragonal 4,/
amd space group alongwith cell parameters a = 7.120 A, ¢ =
6.289 A, and volume = 318.82 A*. The average crystallite size can
be determined using the formula,

D =0.9M/Bcos b (1)

here, A (1.540598 A) is the wavelength of X-ray radiation, and the
diffraction angle of Bragg's (/) and Full width at half maxima
(FWHM) is denoted by (. The average crystallite size of the
phosphor samples was within the 20-30 nm range.

Fig. 4 presents SEM images of the synthesized
Y0.07V04:0.03H0>" phosphor. The inhomogeneous morphology
and large grain size are observed in the SEM images. SEM
images reveal that the phosphor particles morphologies are not
uniform, they also show that the phosphor particles are irreg-
ular and agglomerated Fig. 4(b) shows an enlarged view of the

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (a) SEM image of Yq.67VO4:0.03H0>" phosphor and (b) enlarged view of zone (a)'.

“zone (a)’” of Fig. 4(a), wherein the sample consists of voids, and
pores that are most likely due to the evolution of large amount
of gases during the process of sintering. The grain size distri-
bution is broad, and the average particles size ranges from 100
nm to 500 nm for the Y,0,V04:0.03H0>" phosphor. These
characteristics suggest that the optical properties are suitable
for the industrial use.

Fig. 5 reveals the FTIR spectrum of Y 4,V0,:0.03H0>" phos-
phor, which is used to analyze the chemical structure and
presence of the functional groups associated with the crystal.
The intense band situated at 814 cm ™" is remarkably matched
with the characteristic vibrational modes of the V-O group of
the tetrahedral structure of VO,*>~ group.” The weak band
occurring at 450 cm ' is attributable to the Y-O group of
structural vibrations. The very weak bands observed between
1100 to 1400 cm " is due to the presence of C-O and nitrate
groups alongwith the band between 1400 to 1500 cm '
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Fig. 5 FT-IR spectrum of Yg.47V04:0.03H0>" phosphor.

© 2023 The Author(s). Published by the Royal Society of Chemistry

associated with the vibrations of carboxylate anions of the citric
acid. A very weak band observed at 2350 cm ™' corresponds to
the asymmetrical stretching modes of CO,."” Some very weak
bands beyond 3500 cm ™" are also assigned to the water mole-
cules present on the sample surface.

Fig. 6(a) depicts the diffuse reflectance spectrum of
Y0.07V04:0.03H0”" phosphor. The sharp peaks observed around
421, 458, 469, 478, 489, 544, and 651 nm are associated with the
transitions from the ground state of *I to the >Gs, >Gg + °Fy, *K,
°F,, °Fs, °F, + °S,, and °F; excited states of Ho®" ions, respec-
tively.*** The extracted absorption coefficient (« cm™*) with the
Kubelka-Munk function can be written as:*

2
rry= LR @
where R is the sample reflectance. The extracted optical coeffi-
cient (&« cm™') can be calculated by using relation (2). The
optical band gap (E,) for the Yo.07V0,:0.03H0>" phosphor can be
estimated using the Tauc relation:*®

F(R) hv = A(hv — Ep)" (3)

where A is a constant, F(R) is the absorption coefficient, /v is the
energy of the photon, and n = 1/2 (and/or 2) for allowed direct
(and/or indirect) transition. Fig. 6(b and c) represents the vari-
ation between the (F(R)*hv)" and hv (eV). By generalizing the
linear region of the plot to (F(R) *hv)? = 0 and (F(R) * hv)"* =0,
the energy bandgaps for the indirect and direct allowed tran-
sitions are found to be 3.30 + 0.24 eV and 3.59 + 0.38 eV,
respectively for the Ho®" doped YVO, phosphor.

The Judd-Ofelt theory*>* is used to characterize the spec-
troscopic properties of rare earth doped host matrix, for which
details are available elsewhere.”* Therefore, these remarkable
outcomes explain the existence theory of the material proper-
ties. The doped YVO, phosphor is an excellent host matrix for
rare earth doping to support the energy conversion to the Ho**
ions. According to Judd-Ofelt theory, the oscillator strengths

RSC Adv, 2023, 13, 3592-3601 | 3595
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Fig. 6 (a) Diffuse reflection spectrum, (b) absorption spectrum and (c)
plots of indirect and direct bandgaps of Yg.57V04:0.03H0>* phosphor.

(feal) Of an electric dipole multiplets (J — J') of Ho>" can be
expressed as,

8mme- (n® + 2)°

32T+ )aon > @ (sIuPisI @)

A=24.6

f(‘:al =

where Q, (1 = 2, 4 & 6) are the J-O intensity parameters and U'”
are the doubly diminished matrix elements taken from ref. 52,
and these tensor operators are independent of the host. The
measured oscillator strengths (fieas) for the observed absorp-
tion bands are calculated using,*

mc? 2.303

meas — 55 X T OD(A)dA 5
fowa = e 2 | 0D ©)
where N is the ion concentration (ions/cm®), d is the sample
thickness, and OD (1) is the optical density as a function of
wavelength. Table 2 reports the oscillator strength (fineas and

fear) for Ho*":YVO, phosphor alongwith the other hosts. Q;
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parameters are evaluated through a standard least square fitting
method with the known oscillator strengths of the absorption
transitions. The magnitude of root mean square (6,,,,s) provides
information on the quality of the fit, and its formula is,

[(fmeas — fea) /(0 — )] (6)

6rms =

where p and g are the number of transitions employed to the fit
and the required fixed parameters, respectively. The observed
small r.m.s. deviation (see Table 2) indicates the authenticity of
J-O theory.

Table 3 shows the J-O intensity parameters (2,, 24, and Q)
of various host matrices. It is well known that the Q, param-
eter is associated with the covalency of the Ho-O bond, and
that the Q, and Q, intensity parameters are related to the bulk
properties of the host matrix. From Table 3, it can be seen that
the magnitude of Q, in YVO, phosphor is comparable with
that in the YAG (Y3A50;0) and lower than those in the other
reported host matrices, thus indicates lower covalency around
the Ho-O bond. Using the J-O intensity parameter, 2, values;
the transition probabilities for the radiative transitions (A;aq),
excited states of radiative lifetimes (tg), and branching ratios
(8) are calculated for the Ho®*:YVO, phosphor using the
formula,>?

2

64 n(n?+ 1) ON1r ot Y [2
Ant = EGTTT) 9 A;AGQ"}<(SL)J"U l(SLHI)|

(7)

tR = I/AT (8)

B = Arad/AT (9)

where Ar is the total radiative transition probability and is
estimated by the sum of the A,,q. Table 4 represents total radi-
ative transition probabilities (Ay), radiative lifetime (t;.q) Of
certain excited states, and branching ratios for certain emission
transitions of Ho®" ions in YVO, phosphor. From Table 4, it can
be seen that the magnitudes of radiative lifetime for the excited
levels are in the order of *Kg > °F5 > °F, > °F; > °F, > *H; > °Gq.
The observed magnitudes of the radiative lifetimes of
Ho*":YVO, are comparatively higher than those of the reported
Ho*" doped hosts: CaScO,,”* SrLaGa0,,* Y,0;,°® and Lu,SiOs,*
respectively.

Fig. 7(a) represents the PL excitation spectra of Y;_,VO,:xHo*"
phosphor materials in the wavelength range from 220 to 530 nm
that are obtained by observing the emission wavelength at
541 nm. The broad excitation band appearing between the ~220
and 350 nm wavelength range is the charge transfer (CT) tran-
sition (at 310 nm) from the oxygen ligand (O®") to the central
vanadium atom (V*>*) within the VO,*>~ group, as well as the CT
band (at 270 nm) from O®>  to Ho>" ions.®>*#%2 Some sharp
excitation peaks appear at ~360, 420, 450, 456, 468, 475, and
487 nm, and these are attributed to the transitions from the
ground state °I to *Hg, °Gs, “F1,°Gg, °Kg, °F,, and °F; of the
excited states of Ho®>' ions, respectively.®* Among all these
observed sharp peaks, the 456 nm peak is the most prominent.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Measured and calculated oscillator strengths (fex, and fca) for Ho>" ions in the Yo 97VO4:0.03H0>" phosphor

Y(.9,V0,:0.03H0*" ¢

CaSc,0, (ref. 54) SrLaGaO, (ref. 55) Y;3Al504 (ref. 56)

[S'L)T] manifold 2 (nm) fineas X 107° Sfeal X 107 Sfineas X 107° fineas X 107° fineas X 107°
°Gs 421 0.05 0.35 1.11 — 3.61

G + °F; 458 0.73 0.74 5.47 20.7 5.83

K 469 0.01 0.11 — 0.29 4.03

°F, 478 0.03 0.11 — 0.10

°F, 489 0.09 0.20 — 0.92

58, + °F, 544 0.48 0.62 1.73 3.86 4.72

°Fs 651 0.68 0.44 2.12 3.37 3.86

Orms 0.45 0.14 5.36 0.89

“ Present work.

Table 3 Judd—Ofelt intensity parameters (5, A = 2, 4 & 6) for Ho®*
ions in the host matrices

Host matrix Q, Q, Q¢

Yo.9,V0,4:0.03Ho>" ¢ 0.03 0.22 0.23
CaSc,0,(ref. 54) 3.78 5.17 1.92
SrLaGaO,(ref. 55) 1.25 0.42 1.80
Y3AL;0,o(ref. 56) 0.04 2.67 1.89
SrLaGazO,(ref. 57) 2.23 0.85 1.81
Y,05(ref. 58) 0.45 0.59 0.32
LiYF,(ref. 59) 1.16 2.24 2.09

¢ Present work.

Table 4 Radiative properties of certain excited levels/transitions of
Ho®* ions in the Yq.47V04:0.03H0>* phosphor

[S'LYT] manifold Ap (57 Trad ()
°Hs 1497 668
G 1592 628
3K 159 6297
°F, 867 1153
SF, 1060 943
F, 1082 924
5Fs 542 1845
Transition B
SH, — 1, 0.423
’Ge — °lg 0.752
IKg — O, 0.880
SF, — 51, 0.566
SF, — Ol 0.524
Sp, — 51, 0.816
SF, — Ol 0.775

Under UV excitation of 310 nm, the PL emission spectra of
Y;_,VO,:xHo®" phosphors are measured from the 450 nm to
700 nm wavelength region, and the results are represented in
Fig. 7(b). The emission spectra show intense green emissions
around 541, 546, and 551 nm, which are attributed to the (°S, +
°F4) — °Iy transitions of Ho " ion. A few small emission peaks are

© 2023 The Author(s). Published by the Royal Society of Chemistry

observed around 475 nm (°F, — °Ig), 485 nm (°F; — °Ig), 526 nm
(°Gs — °I,), and 650 and 661 nm (°F; — °I) wavelengths.®>*
Fig. 8 shows the energy level diagram of Ho>" ion with possible
transitions. Under UV excitation at 310 nm, the excitation energy
is first absorbed by VO,*~ group, which excites the electrons from
the filled oxygen 2p levels in the valence band to the empty
vanadium 3d levels of the conduction band. The emission from
the VO,*~ group is not observed in this phosphor. Instead of
emission from the VO,*>~ group, the resonant energy transfer
takes place from the VO,*>~ group to the G, level of the Ho®" ion.
From °G, level, the non-radiative transitions take place to lower
lying levels of Ho*" ion and due to this, various emissions take
place at different wavelengths as indicated in Fig. 8.

In general, the doping concentration could affect the effi-
ciency or performance of the phosphor, so it is necessary to
analyze the effect of Ho>" ion concentration on the PL intensity.
In the present analysis, the concentration of Ho®" ion in the
YVO, host is varied from 0.01 to 0.11 mol, and the resultant PL
intensity as a function of Ho>" ion concentration is shown in
Fig. 9. The PL intensity is maximum at x = 0.03, and it then
decreases due to the effect of concentration quenching. This
result suggests that the optimum concentration of Ho®" ion in
the YVO, host is 0.03 mol. The concentration quenching
depends on the critical distance (R¢) between the activator ion
and the quenching site. According to Blasse, R¢ can be calcu-
lated using the following expression:®*

1/3
R. =2 371/
4TCXCN

here, V = volume of unit cell, X, = optimal concentration of
Ho*" ions, and N = number of dopant sites available in the unit
cell. In our case, V = 318.82 A®, X, = 0.03, and N = 4. From eqn
(10), this equates to a critical distance of 17.18 A, which is
greater than 5 A, thus indicating a smaller chance of energy
transfer via exchange interaction. Therefore, the process of
energy transfer occurs via electric multipolar interaction, which
causes concentration quenching of Ho®>" ion in the prepared
phosphors.

The peak stimulated emission cross-section (o) for the (°S, +
°F,) — °I; transition of Ho®" ion for the optimum

(10)

RSC Adv, 2023, 13, 3592-3601 | 3597


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra06287a

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

Open Access Article. Published on 26 Sanda-ppn 2023. Downloaded on 2025/11/04 4:49:35 AM.

(cc)

View Article Online

RSC Advances Paper
(@)
\&
°>b‘ 0.11
& MRk 0099
W ‘ g
—— A ak 007§
- 5
o= N
s 0.05 5
e g
[ ()
) L 0.03 *O
i S
2 <]
2 — - - 0.01
=
T T T T T T
250 300 350 400 450 500
Wavelength (nm)
(b)
Q& ] — == 0.11
'\3\9 = — 0.09 =
7 -
W - —_— 007 .5
g £
= - - —— 005 &
e L
< = e 0.03 <
- . -+
z o
£ =
T T T T v T T T v 1
450 500 550 600 650 700

Wavelength (nm)

Fig.7 Photoluminescence spectra of Y;_VO4:xHo>* phosphors: (a) excitation spectra (Aemi = 541 nm) and (b) emission spectra (Aexe = 310 Nm).

(Yo.07V04:0.03H0>") phosphor is also obtained from the

following relation®

o (\) =

3598 | RSC Adv, 2023, 13, 3592-3601

SmenAigy "

Here, Ap and Al are the peak wavelength and effective line

width of the emission band, respectively. The estimated Alesr

4
% Arad (11)

and o,(2) are 6.33 nm and 3.22 x 10~ >! cm?, respectively for the
(SSZ + 5F4) N
values of o, (1) (3.22 x 10 >' em?) and B (0.816) for the green

®I, transition of Ho®>" ions in YVO, phosphor. The

© 2023 The Author(s). Published by the Royal Society of Chemistry
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concentration in the Y;_,VO4xHo>* phosphor.

emission of Ho®":YVO, are larger than Y,0;:Ho’" (o}, (1) = 1.32
x 107%' ecm?; B = 0.65),°® which suggests that the Ho*":YVO,
phosphor is a desirable optical material for low threshold and
high gain applications. These remarkable results provide
information on energy transfer from VO,*” group to Ho>*
ions.

The CIE (Commission International de I'Eclairage) chroma-
ticity coordinates of the prepared Y;_,VO,xHo** phosphor
materials are represented in Fig. 10. The results show that the
CIE coordinates fall in the green region.®*®” The color coordi-
nates and color purity of the prepared phosphors are summa-
rized in Table 5.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 CIE diagram for Y;_,VO4:xHo>" phosphors.

Table 5 Commission International de I'Eclairage (CIE) color coordi-
nates and color purity for the Y;_,VO4:xHo®" phosphors using PL
emission at Agxe = 310 NmM

Rexe = 310 nm
Y;_ VO :xHo*" x y Color purity (%)
X =0.01 0.315 0.649 84.27(e)
x = 0.03 0.273 0.704 98.64[0)
x=0.05 0.274 0.700 97.61(e)
X =0.07 0.276 0.700 97.56(s)
X =0.09 0.277 0.697 96.78(s)
x =0.11 0.282 0.699 97.18(0)

4. Conclusions

In summary, we report herein the spectroscopic properties of
a homogenous series of Y;_,VO,xHo>" phosphor materials
synthesized using the sol-gel synthesis procedure. SEM analysis
shows the irregular particles size of the phosphor. The prepa-
ration of a single-phase compound was confirmed by the XRD
patterns. The optical transitions of Ho®" ions are identified
through diffuse reflectance spectrum. Using these absorption
bands, the oscillator strength of the bands (fexp & fear), the Judd-
Ofelt parameters (2, A = 2, 4, & 6), total radiative transition
probabilities (Ay), radiative lifetimes (7;4q), and branching ratios
(8) for the transition of Ho®>" ions in Y, .4,V0,4:0.03H0>" phos-
phor are reported. The energy conversion; and optical direct
and indirect bandgaps are observed for YVO, phosphor doped
with Ho®" ions. In this approach, the energy transfer to the Ho*"
ions supports the results of the spectroscopic analyses. The
phosphor exhibited a strong excitation band in the UV region at
310 nm while monitoring emission at 541 nm. Upon 310 nm

RSC Adv, 2023, 13, 3592-3601 | 3599
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excitation, all the synthesized phosphors showed intense PL
emission in the green region. Concentration quenching of Ho**
ion was observed after 0.03 mol and this was mainly attributed
to the electric multipolar interaction process. The
Y0.07V04:0.03H0*" phosphor showed good emissive properties
with very high color purity, suggesting that this material would
be useful for green emitting devices.
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