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Abstract

A potential UV-excitable green-emitting erbium-doped a-Na;Y(VO,), nanocrystalline phosphor has been successfully
synthesized via facile citrate-based solution combustion method. The structural characterization of the sample was
carried out using X-ray diffraction, TEM, HRTEM, SAED, EDS and FTIR analysis. The phosphor exhibits green emission at
523 nm and 552 nm, which correspond to 2H,;,,— *l;5,, and *S;,, —*l; 5, transitions of Er**, respectively. The energy
transfer mechanism among Er** ions and the concentration mechanism have been studied. The optimal doping concen-
tration of Er** in the a-Na,Y(VO,), is found to be 0.025 mol. The non-radiative interaction among Er** is attributed to the
dipole—quadrupole interaction. The quantum yield is found to be 7.25%, and chromaticity coordinates for the optimal
concentration are found to be (0.2571, 0.6707) which are close to National Television System Committee standards for
green (0.21, 0.71). The lifetime of erbium emission is found to be in microsecond range. The photoluminescence studies
reveal that the newly synthesized Er**-doped a-Na,Y(VO,), nanocrystals would be a good choice as green emitter to be
combined with previously investigated blue- and red-emitting Tm**- and Sm**-doped a-Na,Y(VO,), nanocrystals for

realizing RGB phosphor.

Keywords Vanadate - Erbium - Photoluminescence - Concentration quenching - Host sensitization

1 Introduction

Phosphor-converted (pc) WLED is rapidly replacing the
conventional incandescent and fluorescence lamp in the
field of general lighting and display backlight, owing to
their surpassing benefits such as low energy consumption,
low heat output, small footprints, spectral tunability, long
lifetime as well as efficient conversion of electric power
into optical power [1]. Coating of luminescent materials
onto the surface of the UV/blue LED chip is the common
method employed in improvising phosphor-converted
WLED. This can be achieved by the combination of a blue
LED with a yellow phosphor (YAG:Ce3*) or a combination
of UV-LED with tricolor red, green and blue (RGB) phos-
phors or a combination of UV-LED with single-phased

white-emitting phosphors [2]. Among them, combination
of UV-LED with single-phased tricolor-based white-emit-
ting phosphors is significantly employed in WLED indus-
try owing to their simplicity in operation, good luminous
efficiency, low color correlated temperature (CCT), high
color rendering index (CRI) and low manufacturing cost.
A potential single-phased tricolor-based white phosphor
with good absorption in the UV region, low correlated
color temperature (CCT) and high color rendering index
(CRI) is a matter of prime importance.

Among various rare earth-doped inorganic phosphors
oxides, rare earth vanadates are an important class of lumi-
nescent materials. In addition to the good chemical stabil-
ity, moisture resistance, inertness and eco-friendliness, rare
earth-doped vanadates are attracting much attention due
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to their capacity to transfer energy from charge transfer
band of vanadate to almost all luminescent rare earth ions
efficiently ensuring intense characteristic emission in the
entire visible range [3]. Rare earth ions are characterized by
a partially filled 4f which is well screened by the 5s? and 5p°®
orbitals, yielding sharp emission lines especially in the vis-
ible region [4]. It is reported that yttrium vanadate single
crystal can serve as laser host material [5] and Eu**-doped
yttrium vanadate has been used as commercial red phos-
phor in fluorescent lamp and cathode ray tube for last two
decades [6, 71. Rare earth-doped double vanadates of the
form A;B(VO,), (A denotes alkali metal like Na, K, Liand B
represents La, Y, Gd) have attained significant attention in
lighting applications [8, 9]. a-Na;Y(VO,), has been selected
as host lattice in this work, owing to their lower symmetry
(C,,) occupied by Y3* jons in a-Na,Y(VO,), compared to
the D, symmetry of Y3* ions in tetragonal YVO, [10]. We
have already reported blue-emitting thulium-doped and
reddish-orange-emitting samarium-doped a-Na;Y(VO,),
nanocrystals in which intense luminescence emission is
achieved via host sensitization [11, 12]. The current work
is a follow-up in search of a green-emitting rare earth-
doped a-Na;Y(VO,), in order to realize phosphors suit-
able for white light applications. Even though terbium is
the commonly used green-emitting ion, terbium-doped
a-Na;Y(VO,), is not a proper choice to realize the green
component in RGB phosphor since there is no significant
energy transfer from vanadate band to terbium ion [13].
Therefore, the search for new green-emitting vanadate
phosphor leads to the investigation on photolumines-
cence studies of Er**-doped a-Na;Y(VO,), nanocrystals.
In this work, synthesis and photoluminescence charac-
teristics of green-emitting erbium-doped a-Na5;Y(VO,),
nanocrystalline phosphor are reported.

2 Experimental methods
2.1 Synthesis

Solution combustion method with citric acid as the fuel
was employed for the synthesis of erbium-doped sodium
yttrium vanadate [a-Na;Y,_,Er,(VO,),] nanocrystals. A set
of samples with varying erbium concentrations corre-
sponding to x=0, 0.01, 0.015, 0.02, 0.025, 0.03, 0.04, 0.05
were prepared. Sodium hydroxide (NaOH), ammonium
vanadate (NH,VO;), ammonia solution, citric acid mono-
hydrate (C4HgO,-H,0), high purity erbium (lll) nitrate pen-
tahydrate (Er(NO;);-5H,0 (99.99%)) and yttrium (lll) nitrate
hexahydrate (Y(NO;);-6H,0 (99.9%)) were used as the raw
materials. All the chemicals used were of analytical grade.
The chemical reaction leading to the formation of erbium-
doped sodium yttrium vanadate is
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2NH,VO; + 3NaOH + (1 — x)Y(NO;), + xEr(NO;),
— Na,Y,_Er, (VO,), + 2NH,NO; + HNO; + H,0

Orthovanadate solution was prepared by mixing 10 ml
aqueous solutions of 0.2 M NH,VO; and 0.3 M NaOH under
stirring followed by heating at 70 °C for 1 h. 0.1 M aque-
ous solutions of Y(NO;); and Er(NO;); were mixed in the
required stoichiometric ratio and added with citric acid
keeping the ratio of total metal cations to citric acid as 1:4.
This solution was then added drop wise into orthovana-
date solution under stirring. The resulted yellowish orange
solution was further heated at 80 °C for 1 h in a closed
beaker and the color changed into blue. This solution was
then allowed to evaporate by boiling at 120 °C for 1 h
and was transferred into a muffle furnace and sintered at
500 °C for 2 h at the rate 300 °C/h and then allowed to cool.
Fine powder of erbium-doped a-Na,;Y(VO,), nanocrystals
thus formed were used for further analysis.

2.2 Characterization

X-ray powder diffraction patterns of the synthesized
erbium-doped sodium yttrium vanadate samples were
recorded in the 20 range 10°-60° using Rigaku RU-200B
X-ray diffractometer. Fourier transform infrared (FTIR)
spectra of the samples were traced by a Shimadzu IR
Prestige 20 spectrometer. Energy-dispersive X-ray spec-
trometry was employed to study the chemical compo-
sition of the sample using Carl Zeiss EVO 18 Secondary
Electron Microscope with EDS. Transmission Electron
Microscopic analysis was carried out using a JEOL JEM
2100 transmission electron microscope. The absorption
spectra of the sample were recorded using Perkin Elmer
Lambda 25 UV-Vis spectrometer in the wavelength range
200-800 nm. Photoluminescence excitation, emission and
decay analysis were carried out on a Horiba Jobin-Yvon
Fluoromax-4 spectrofluorometer.

3 Results and discussion
3.1 X-ray diffraction analysis

The X-ray diffraction patterns of erbium-doped sodium
yttrium vanadate nanocrystals with varying erbium dop-
ing concentration are shown in Fig. 1. The well-defined
diffraction peaks in the XRD profile ascertain the highly
crystalline nature of prepared samples. The diffraction
peaks of all the prepared samples match with that of pure
a-Na;Y(VO,), with monoclinic phase as per the stand-
ard data in ICDD file No. 55-0797. Table 1 represents the
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Fig. 1 XRD patterns of a-NasY,_.Er (VO,), nanocrystals

computed lattice parameters and the cell volume of the
nanocrystals using the unit cell win software.

Close resemblance in the lattice parameters among
various samples is ascribed due to the proximity in the
ionic radii of yttrium (0.9 A) and erbium (0.89 A) with simi-
lar valences as well as due to the successful incorporation
of erbium into the host lattice. Scherrer equation,

D= ,;%229' has been employed to estimate average crystal-

lite size of the sample, where D is the average crystallite
size, Ais the X-ray wavelength (1.548 A), B is the diffraction
angle, and B is the full width half maximum (in radians) of
the peak [14]. The estimated crystallite size of samples with
various erbium concentrations is found to be in the range
22-33 nm and is also tabulated in Table 1.

a-Na;Y(VO,), is found to be iso-structural with mono-
clinic a-Na5Er(VO,), with slightly distorted glasserite lattice
with space group P2,/n, No.14 and Z=2. Isolated VO,>~ tet-
rahedra, YO4 and NaOg4 octahedron constitute the crystal

structure of a-Na;Y(VO,),. The site symmetry of Y3* and
Er**is C,,, whereas VO3~ possesses the point symmetry
of C; [11]. The crystal structure has an effect on the lumi-
nescence properties of rare earth-doped a-Na;Y(VO,),,
and it is identified as an excellent phosphor for solid-state
lighting applications.

3.2 Energy-dispersive X-ray analysis

The chemical purity of the sample is further verified by
Energy-dispersive X-ray analysis, and the EDS spectrum of
the sample a-Na5Y g75Erg 025(VO,), is shown in Fig. 2. The
peaks present in the spectrum corresponding to sodium
(Na), yttrium (Y), erbium (Er), vanadium (V), oxygen (O)
validate the chemical composition and chemical purity of
the samples.

3.3 Microstructural analysis

Figure 3 illustrates the microstructural features of a-Na,
Y0.975EM0.025(VO,), nanocrystals—a representative among
the synthesized samples. TEM image shown in Fig. 3a indi-
cates that the nanocrystals are of spherical shape and are
well dispersed. The statistical particle distribution curve is
plotted as shown in Fig. 3b, and the particle size is found
to be in the range 10-50 nm. The formation of spherical

1000

800

600

V K

counts

200 L

0.0 1.4 2.8 4.2

Energy (keV)

5.6

Fig.2 EDS spectrum of a-Na;Y g75Er 025(VO,4), nanocrystals

Table 1 The lattice parameters

Lattice parameters Cell volume (&) Crystallite
of a-NasY,_Er (VO,), . . . size (nm)
nanocrystals a(A) b(A) c(A) B

0 7.2423 9.7785 5.5151 93.025 390.039 29.679
0.010 7.2423 9.7755 5.5153 92.988 389.934 25.664
0.020 7.2311 9.7725 5.4994 92.960 388.129 33.146
0.025 7.2331 9.7767 5.5004 93.001 388.089 23.897
0.030 7.2319 9.7662 5.5021 92.979 388.077 30.782
0.040 7.2293 9.7663 5.5023 92.987 387.960 32.221
0.050 7.2273 9.7671 5.4981 93.020 387.400 22.345
SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2020) 2:1076 | https://doi.org/10.1007/542452-020-2873-2

»
—
o
-

~ (b)

A 4
s>
[ ]
Frequency
.

1

i
¢

15.25 2535
2 . :
= Particle size range (nm)

202

Fig.3 a TEM image, b particle distribution, ¢ HRTEM image and d
SAED pattern of a-NazY g;5Erg 0,5(VO,), nanocrystals

nanocrystals is due to the presence of excess citric acid in
confirmation with the previous reports [15].

Clear fringes in the HRTEM image corroborate the high
crystalline nature of the a-Na5Y, g75Erg 925(VO,), sample as
shown in Fig. 3c. The presence of the (121) crystal planes
corresponding to spacing d=3.202 A is recognized in
the HRTEM image which is consistent with the XRD data.
Selected area electron diffraction (SAED) image of a-N
a3Y( 975Er0.025(VO,), sample is displayed in Fig. 3d. Well-
defined rings patterns are attributed to the polycrystal-
line nature of the sample. The planes (121), (031) and
(222) which are associated with d=3.19, 2.80 and 1.951
A, respectively, are identified and are in close agreement
with the standard ICDD of a-Na5;Y(VO,),.

3.4 Fourier transform infrared (FTIR) spectroscopy
analysis

The vibrational modes in a-Na;Y,_Er,(VO,), where
x=0,0.01, 0.02, 0.025, 0.030, 0.04, 0.05 were identified
from the FTIR spectrum displayed in Fig. 4. Tetrahedral
V0,3 ion possesses T, symmetry and has four normal
modes of which only two are IR active. When the vana-
date group becomes the part of monoclinic a-Na;Y(VO,),
lattice, the VO,3~ group gets slightly distorted and the
symmetry shifts to a lower one (C;) and all the funda-
mental modes become both IR and Raman active [16].
The bands below 1000 cm™ are assigned due to inter-
nal vibration of the VO,>~ ions. Strong bands observed
at 740 cm™" and 960 cm™! are identified as v; mode of
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Fig.4 FTIR spectra of a-Na;Y,_,Er,(VO,), nanocrystals

VO,*~. The band at 410 cm™' is attributed to v, and v,
modes and that at 905 cm™" as due to v, mode of VO,*~.
Feeble peaks at 3343 cm™', 2301 cm™' and 1449 cm™ are
due to the stretching and bending modes of OH vibra-
tions and are less significant [17].

4 Optical characterization
4.1 UV-Vis absorption analysis

UV-Vis absorption spectra of erbium-doped
a-Nas;Y(VO,), nanocrystals were recorded in order to
have a better insight into the photoluminescence char-
acteristics of the prepared phosphor. The absorption
spectra in the range 200-800 nm for the samples with
varying erbium concentration are depicted in Fig. 5. A
strong and broad absorption band in the UV region is
present in all the spectra attributing to the overlapped
02 to Er** and 0%~ to V> metal-ligand charge transfer
transitions [18]. In the longer wavelength region (above
350 nm), narrow absorption peaks due to f-f transitions
of Er** are expected, but in the present case only a small
peak is observed at 522 nm which is attributed to the
transition from the ground state of erbium “l;5,, to 2H,; .
No other peaks are detected in the present case, may be
due to the low doping content of Er** and pronounced
intensity of host absorption band. The intense and
broadband in the UV region is a promising pathway for
energy transfer from vanadate host to erbium ions and
offers flexibility in the choice of excitation wavelength
in UV region.
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Fig.5 UV-Vis absorption spectra of a-NasY,_,Er,(VO,), nanocrys-
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Fig.6 Excitation spectra of a-Na;Y,_Er (VO,), nanocrystals

1-—x="x
4.2 Photoluminescence studies

The excitation spectra of a-Na,Y,_,Er,(VO,), nanocrystals
with a range of erbium concentrations corresponding to
x=0.01,0.02,0.025, 0.030, 0.04, 0.05 were recorded in the
range 230-420 nm monitoring the 552 nm emission of Er**
and are displayed in Fig. 6. The broadband peaked around
310 nm arises due to the charge transfer transitions [19].
The sharp peaks at 366 nm, 380 nm and 407 nm are
assigned, respectively, due to *l;5/,— *Gg/y, *lis,— *Gy1)2
and 1,5, — *Hy, transitions of Er** ion [20]. The appear-
ance of strong and extended excitation peak in the UV
range on monitoring the emission of Er** ascertains the
sensitization of erbium via host.

Figure 7 illustrates the photoluminescence emission
spectra of a-Na,Y,_,Er,(VO,), where x=0.01, 0.02, 0.025,

6
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Fig.7 Emission spectra of a-Na;Y,_,Er,(VO,), nanocrystals
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Fig.8 Emission spectrum of a-Na;Y, o;5Erg o25(VO,4), nanocrystals

0.030, 0.04, 0.05 under 310 nm host excitation. Green emis-
sion centered at 523 nm and 552 nm was detected and
attributed to the transitions from ?H,,,, and *Ss, levels
to the *l;5,, ground state, respectively. Violet emission
around 408 nm (*Hy/, — *l;5/,) and red emission around
660 nm (*Fy,, — *l;5/,) were hardly visible revealing the
efficient non-radiative relaxation from ?H,,, and “F,, [20].
The prevalent green emission in the emission spectra as
depicted in Fig. 8 brings out a-Na,Y,_,Er,(VO,), nanocrys-
tal as an excellent green phosphor with better chromatic-
ity for white light generation.

Various radiative and non-radiative pathways
involved in the photoluminescence mechanism of Er** in
a-Na;Y(VO,), is picturized in the schematic energy level
diagram as shown in Fig. 9. Vanadate ion in 'A; ground
state could be excited to 'T, state upon excitation at
310 nm and then non-radiatively relaxed to 'T, state. The
'T, excited state energy of vanadate is almost the same as
that of *G,, excited state of Er** resulting in non-radiative
resonant energy transfer from vanadate to Er** ions. The
G, , excited state of Er** gets depopulated non-radiatively
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Fig.9 Energy level diagram
representing photolumines-
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into 2H;,;,, and *S;,, emitting state of Er** ions which .
trigger the green emission around 523 nm and 552 nm, 8x10 | -
respectively. The possible non-radiative cross-relaxation 7x10°4 A =310nm
channels responsible for concentration quenching are * N exc
4 2 2 4 4 4 4 6x10°
lo/2+ "G/ “Hyg o+ "Hyq o 01 7S50 and “lys 5+ Gy — 3 aidy
l13+2Hyy/, OF *S5/, and are represented as CR1 and CR2, i e
respectively, in Fig. 9 [21]. i .
Photoluminescence emission spectra of the samples g 4x107
(Fig. 7) also show that the intensity of green emission g
goes on increasing with the increase in doping concen- J \
tration Er3* up to the optimal concentration x=0.025 mol 2x10° u
and then decreases in tune with the trend observed in the s l
- . ) . ————
excitation spectra. The plot of intensity of 552 nm emis- 0.01 0.02 0.03 0.04 0.05

sion versus Er** concentration when excited at 310 nm is
displayed in Fig. 10. A sudden fall in luminescence inten-
sity on increasing Er** content beyond x=0.025 mol arises
from the concentration quenching effects due to non-radi-
ative cross-relaxation path and the energy transfer among
Er** ions until energy sink in the lattice is reached.

The type of non-radiative energy transfer among Er
ions that leads to concentration quenching strongly
depends on the critical distance (R.) between adjacent Er3t
ions. The critical distance (R.) between adjacent Er¥*ions
as provided by the following Blasse equation is

1
3V 3
R =2
¢ <475XCN>

where V is the unit cell volume, N is the number of Er
ions in a unit cell, x, is the optimal concentration, and the
critical distance is calculated to be about 24.55 A [22].
If the critical distance (R,) between adjacent Er3* ions is

3+

3+
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Fig. 10 Intensity of green emission at 552 nm versus Er** concen-
tration

less than 5 A, the interaction is mainly exchange interac-
tion whereas the critical distance (R ) is greater than 5 A,
multipolar interaction is responsible for concentration
quenching. The type of multipolar interaction can be iden-
tified using Dexter’s formula [23].

log(//C) =K —(Q/3)log (C)

where [ is the intensity corresponding to the doping con-
centration (C). Q represents the type of multipolar inter-
action and Q=6, 8, 10 correspond to the dipole-dipole,
dipole-quadrupole and quadrupole-quadrupole inter-
actions, respectively. log (//C)—log (C) curve is plotted
for different a-Na;Y,_Er (VO,), nanocrystals (x=0.01,
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0.02, 0.025, 0.030, 0.04, 0.05) for green emission (552 nm)
excited at 310 nm and is found to be linear as depicted in
Fig. 11.The value of Q is calculated as 8.57 which indicates
that the non-radiative energy transfer among Er** ions is
caused by dipole-quadrupole interaction. The quantum
yield of the a-Na,Y,_,Er,(VO,), nanocrystals with x=0.025
is found to be 7.25% and comparable with earlier reported
cases [24].

4.3 Luminescence decay analysis

Figure 12a displays the decay curves of a-Na;Y,_,Er,
(VO,), nanocrystals (x=0, 0.01, 0.025 and 0.05) monitor-
ing the host emission at 438 nm on exciting at 310 nm.
All the decay curves of host emission are found to be
double exponential, and the luminescence emission

9.0

8.5
Slope= -2.859

©
o
1

log(1/C)

N
@
1

7.0+

6.5 — 77— —
-1.65 -1.60 -1.55 -1.50 -1.45 -1.40 -1.35 -1.30
log(C)

Fig. 11 log (I//C) versus log (C) curve
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persists up to 80 us. The short lifetimes are found to be
0.616, 0.554 and 0.553 ps, and the long lifetimes are
12.393, 11.571, 10.99 us for erbium concentrations
x=0.01, 0.025 and 0.05, respectively. This double expo-
nential decay nature indicates energy transfer from
vanadate to erbium. The average lifetime of the host

Lo . A 2 +A,t2
emission is calculated using the formula t, 4 = ﬁ,
14 2%2

where t; and t, are the lifetime values and A, and A, are
the corresponding weight factors. The calculated aver-
age lifetime values are 10.128, 9.067 and 8.663 s cor-
responding to erbium concentrations x=0.01,0.025 and
0.05, respectively.

The decay curves of 552 nm erbium emission moni-
tored upon 310 nm excitation are shown in Fig. 12b. The
nature of the decay curves seems to be multi-exponen-
tial by appearance on account of the very slow decay in
the beginning of the curve. But the decay curves are best
fitted to single exponential in nature, since the slow
decay in the beginning of the curve is less significant
considering the general nature of the decay process. The
lifetime values obtained by the single exponential fitting
are 11.045, 10.519 and 10.466 ps corresponding to
erbium concentrations x=0.01, 0.025 and 0.05, respec-
tively, matching with similar reports [25]. The slight
decrease in the lifetime values is due to the lumines-
cence quenching due to the interaction among the Er**
ions. The energy transfer efficiency from vanadate to
erbium in a-Na;Y,_,Er,(VO,), nanocrystals (x=0.01, 0.025
and 0.05) was calculated as 40.725, 53.285 and 56.385%
using the equation ngr = 1 - :—; where 1, and 1, refer to

the lifetime of vanadate emission without the activator
Er** and with Er** ions, respectively, on host excitation
310 nm.

Fig. 12 Decay curves of a host emission at 438 nm, b Er** emission at 552 nm of a-Na,Y,_,Er,(VO,), nanocrystals
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Fig. 13 CIE chromaticity diagram of a-Na,Y,_,Er,(VO,), nanocrys-

T-x
tals (x=0.01, 0.02, 0.025, 0.030, 0.04, 0.05). The inset shows digital
photograph of the sample under 310 nm excitation

Table 2 The CIE chromaticity

‘ Doping CIE chromaticity
coordinates of a-NasY;_,Er, concentra-  coordinates
(VO,), nanocrystals tion (x)

y
0.010 0.2540 0.5877
0.020 0.2571 0.6767
0.025 0.2574 0.6662
0.030 0.2517 0.5949
0.040 0.2407 0.6560
0.050 0.2322 0.5771

4.4 Colorimetric analysis

In order to have a better understanding on the quality of
emitting color of the phosphor which is very significant
in various lighting applications, CIE colorimetric stud-
ies can be employed. The Commission Internationale de
I'Eclairage chromaticity diagram of a-Na,;Y,_,Er(VO,),
(where x=0.01, 0.02, 0.025, 0.030, 0.04, 0.05) nanocrystal-
line phosphors under 310 nm excitation was plotted using
the color calculator software and is exhibited in Fig. 13.
The corresponding digital photograph of a-NasY,_Er,
(VO,), (x=0.025) is shown in the inset of Fig. 13. The chro-
maticity coordinates of the samples were evaluated and
are tabulated in Table 2 [26]. The CIE chromaticity coordi-
nates of a-NasY g75Erg 925(VO,), (0.25, 0.67) are found to
be very close to National Television System Committee
(NTSC) standard green (0.21, 0.71) as well as European
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broadcasting union (EBU) standard green (0.29, 0.60) with
high color purity (84%).

4.5 Conclusion

Erbium-activated a-Na5;Y(VO,), was synthesized via fast
and facile low temperature citrate-based solution combus-
tion method. X-ray diffraction studies confirmed the mon-
oclinic phase of the sample and the chemical composition
is validated by EDS analysis. FTIR studies also confirmed
the formation of a-Na;Y(VO,), phase by observing the
characteristic peaks. The highly crystalline nature and uni-
form spherical morphology of the sample were revealed
by TEM analysis. Efficient energy transfer from host to Er**
is proposed on the basis of UV-Vis absorption and pho-
toluminescence excitation studies. Under 310 nm host
excitation, a-NasY,_,Er,(VO,), nanocrystals exhibit intense
green emission around 523 nm and 552 nm corresponding
to the transitions 2H,; , —*l;5, and *S;, — %I/, of Er**,
respectively. The quantum yield of the sample is found to
be 7.25%, and energy transfer efficiency is calculated as
56% for optimum concentration of erbium. The lifetime
of erbium emission in a-Na;Y,_Er,(VO,), is found to be
in the microsecond range. From the CIE chromaticity dia-
gram, the potential of a-Na;Y,_,Er,(VO,), nanocrystals as
a green phosphor with high color purity (84%) is ensured.
The proximity of the chromaticity coordinate values of the
above sample with the NTSC and EBU standards makes
it suitable for developing single wavelength excitable
phosphor-converted white LED applications.
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