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Dy3+-doped BaY2ZnO5 nanophosphors were successfully synthesized by use of
a solution combustion process. The effects of sintering temperature and dys-
prosium concentration on the structural and luminescence characteristics of
the phosphors were investigated. X-ray diffraction (XRD) analysis confirmed
the formation of pure orthorhombic BaY2ZnO5 with the space group Pbnm at
1100�C. Morphological investigation revealed spherical nanoparticles with
smooth surfaces. The luminescence features of the nanophosphor were studied
by use of photoluminescence excitation (PLE) and photoluminescence emis-
sion (PL), with luminescence decay curves and color (x, y) coordinates. On
excitation at 355 nm, BaY2ZnO5 nanophosphor doped with trivalent dyspro-
sium ion emits white light as a mixture of blue (4F9/2 fi 6H15/2) and yellow
(4F9/2 fi 6H13/2) emission. Concentration quenching is explained on the basis
of cross-relaxation between intermediate Dy3+ states. Thus, BaY2ZnO5:Dy3+

nanophosphor may be suitable for producing efficient white light for ultra-
violet-light-emitting diodes (UV-LEDs), fluorescent lamps, and a variety of
optical display panels.

Key words: Nanophosphor, solution combustion process, white light,
BaY2ZnO5:Dy3+

INTRODUCTION

During the last decade, rare earth-based nano-
phosphors have been at the forefront of scientific
research because of their unique electronic, optical,
and chemical properties, arising from the 4f shell,
and their significant applications in opto-electronics
devices, solid-state lighting, photonics, field emis-
sion displays, luminescent paints, cathode rays
tubes, light-emitting diodes, biological labeling,
lasers, and fluorescent lamps, among others.1–5 The
luminescence of these nanomaterials is highly
dependent on the interaction of rare earth ions
(RE3+) with the host crystalline structure, local
symmetry, structural disorder, the ability of the
crystal lattice to host RE3+, dopant concentration,
and efficient energy transfer between host and

dopant ions.6 Apart from their excellent magnetic,
thermal, electronic, and superconducting proper-
ties, the ternary oxides BaLn2ZnO5 (Ln = trivalent
lanthanide ions) with stable crystal structure have,
when doped with different RE3+ ions, emerged as
potential luminescent materials.7–23 BaLn2ZnO5

compounds containing Sm, Eu, Gd, Dy, Ho, Y, Er, or
Tm ions have an orthorhombic structure belonging
to space group Pbnm; those containing the La or Nd
ions have a tetragonal structure with the 14/mcm
space group. The orthorhombic BaY2ZnO5 structure
with the space group Pbnm comprises BaO11, YO7,
and ZnO5 polyhedra.24 In this lattice, Y3+ atoms
occupy two different sevenfold oxygen-coordinated
sites inside monocapped trigonal prisms having
same crystal field symmetry (Cs) but slightly dif-
ferent Y–O distances. These prisms share edges to
form wave-like chains parallel to the b-axis, and two
such units join to form a basic Y2O11 structure. Ba
atoms reside in distorted elevenfold coordination
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cages whereas ZnO5 has distorted tetragonal pyra-
midal coordination.11–13

Among RE3+ ions, trivalent dysprosium has been
considered as a promising luminescent center
for emission of white light originating from blue
(4F9/2 fi 6H15/2) and yellow (4F9/2 fi 6H13/2) tran-
sitions.25–28 From the perspective of efficient opto-
electronic applications, nanophosphors with the
desired composition, and reproducible size, shape,
and structure, are essential; this can be achieved by
use of reliable synthetic methods. To meet the
requirement of white light emission, conventional
efforts had been made to synthesize Dy3+-doped
BaLn2ZnO5 (Ln = Gd or Y) phosphor at high tem-
perature.11,12 In contrast with the vibrating milled
solid-state method previously used for synthesis of
BaY2ZnO5:Dy3+ phosphor, which requires sintering
of 12 h at high temperature, i.e. 1250�C, solution
combustion synthesis (SCS) has been introduced as
a simple, low-cost, rapid, simple, and relatively
green technique for preparation of phosphors of
defined size and morphology, with fewer defects and
excellent luminescence properties.29 We have
recently used SCS for synthesis of Eu3+/Tb3+-doped
BaY2ZnO5 nanophosphors and have investigated
their luminescence properties.18,22 Because a search
of the literature revealed that no work has been
conducted on preparation of BaY2ZnO5:Dy3+ phos-
phors by use of SCS, in this study we synthesized a
Dy3+-doped BaY2ZnO5 nanophosphor by solution
combustion. The dependence on dysprosium ion
content of phase formation and tuning of the color of
white emission for the single-phase host lattice were
also investigated in detail.

EXPERIMENTAL

Powder Synthesis

BaY2(1�x)ZnO5:2xDy3+ nanophosphors were syn-
thesized by a solution combustion approach from
high-purity Ba(NO3)2, Y(NO3)3Æ6H2O, Zn(NO3)2,
Dy(NO3)3Æ6H2O, and urea as starting materials. The
chemical reaction was:

Ba NO3ð Þ2 þ 2 1� xð ÞY NO3ð Þ3 þ 2xDy NO3ð Þ3
þ Zn NO3ð Þ2 þ 8:32CH4N2O ureað Þ
! BaY2ð1�xÞDy2xZnO5 sð Þ þ gaseous products:

(1)

On the basis of the nominal composition
BaY2(1�x)Dy2xZnO5, where x = 0.5–7 mol.%, stoi-
chiometric amounts of the metal nitrates were dis-
solved in a minimum quantity of deionized water
and then urea was added as fuel. The amount of
urea was calculated on the basis of total oxidizing
and reducing valencies of the oxidizer and the fuel
(urea) according to the concept used in propellant
chemistry.30 This aqueous paste containing the
calculated amounts of metal nitrates and urea was

then placed in a preheated furnace maintained at
500�C. The mixture of metal nitrates (oxidizers) and
fuel (urea) underwent rapid and self-sustaining
combustion, and the chemical energy released dur-
ing the exothermic redox reaction resulted in
dehydration and foaming followed by decomposi-
tion. Consequently, large amounts of volatile com-
bustible gases were generated, with flames, yielding
a voluminous solid within 5–8 min. SCS utilizes the
enthalpy of combustion for formation of BaY2(1�x)-

Dy2xZnO5 nanophosphors. The powders obtained
were sintered at different temperatures for 3 h to
investigate the effect of sintering on the structural
and luminescence features of BaY2ZnO5:Dy3+

nanophosphor.

Powder Characterization Techniques

The phase purity of BaY2(1�x)ZnO5:2xDy3+ pow-
ders was evaluated by x-ray diffraction (XRD) using
a Rigaku Ultima IV diffractometer with CuKa
radiation, at a tube voltage of 40 kV and 40 mA tube
current, in the 2h range between 10� and 80�. The
surface morphology of the samples was examined by
use of a Jeol JSM-6510 scanning electron micro-
scope (SEM). Photoluminescence excitation and
emission in the ultraviolet–visible region and decay
curves in the time-scan mode were studied, at room
temperature, by use of an Hitachi F-7000 fluores-
cence spectrophotometer equipped with an Xe lamp.
All measurements were performed in the Depart-
ment of Chemistry, Maharshi Dayanand Univer-
sity, Rohtak, India. Crystallite size and shape were
evaluated by transmission electron microscopy
(TEM) with an Hitachi, Japan, H-7500 at the
Sophisticated Analytical Instrumentation Facility
(SAIF), Panjab University, Chandigarh, India.

RESULTS AND DISCUSSION

Crystal Structure and Particle Morphology

XRD profiles of BaY1.92Dy0.08ZnO5 nanophosphor
as-synthesized and after sintering at 800�C to
1100�C are compared with JCPDS standard no. 049-
0516 in Fig. 1. As-synthesized BaY1.92Dy0.08ZnO5

powder is poorly crystalline, as is apparent from
relatively weak and broad peaks corresponding to
the BaY2ZnO5 phase, in addition to many other
peaks, denoted ‘‘*’’, arising from undecomposed ni-
trates in the sample. The powder sintered at 800�C
contains the BaY2O4 (JCPDS no. 082-2319) and
Y2O3 (JCPDS no. 088-2162) phases, labeled ‘‘j’’ and
‘‘�’’, respectively, with the BaY2ZnO5 phase. Even at
900�C, the pure orthorhombic phase could not be
obtained, because the secondary BaY2O4 phase was
still detected in the sample with all the character-
istic BaY2ZnO5 peaks. At 1100�C, all the peaks in
the diffraction patterns were well indexed to the
dominant orthorhombic BaY2ZnO5 phase (JCPDS
no. 049-0516, Pbnm space group, lattice parameters
a = 7.070 Å, b = 12.33 Å and c = 5.709 Å). No traces
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of other peaks from other phases apart from the
single orthorhombic BaY2ZnO5 phase were observed
at this temperature. It is clearly apparent that on
increasing the temperature the intensity of main
peak at 29.61� assigned to the (131) plane is
enhanced, with a decrease in line width, indicating
that the crystallinity of dysprosium-doped BaY2Z-
nO5 nanocrystals is improved by increasing the
sintering temperature.

Figure 2 illustrates the XRD patterns of
BaY2(1�x)Dy2xZnO5 powders sintered at 1100�C,
doped with different amounts of dysprosium ions,
with JCPDS standard no. 049-0516.

The closeness of the ionic radii of Y3+ (0.96 Å) and
Dy3+ (0.97 Å) makes the substitution process easier
at sites with the same symmetry (Cs) in the

BaY2ZnO5 host lattice.24 It is evident that all the
samples have the single orthorhombic BaY2ZnO5

phase belonging to space group Pbnm, indicating
that a small quantity of doped Dy3+ ions had no
effect on the crystallographic structure of BaY2

ZnO5. The crystallite size, D, of BaY2(1�x)ZnO5:2x-
Dy3+ was estimated by use of Scherrer’s formula:

D ¼ 0:941k=b cos h (2)

where k is the wavelength of CuKa radiation
(0.1548 nm), b is the full width in radians at half-
maximum (FWHM), and h is the Bragg angle of an
observed x-ray diffraction peak. The calculated
average crystallite sizes (D) corresponding to the
observed phases for different mol.% Dy3+ ions in
BaY2(1�x)ZnO5 nanophosphors, sintered at different
temperatures, are summarized in Table I. It was
observed that all the powders are in the nano range,
although an increase in crystallite size with
increasing sintering temperature was noticed,
because enhanced atomic mobility of particles leads
to faster grain growth at higher temperature.

Figure 3 shows the SEM image of BaY1.92-

Dy0.08ZnO5 powder sintered at 1100�C. Narrow size
distribution of spherical particles, with slight
agglomeration, are apparent. Uniform and smooth
spherical morphology of BaY1.92Dy0.08ZnO5 sintered
at 1100�C in the diameter range 80–90 nm is also
apparent from the TEM micrograph (Fig. 4). The
high crystalline quality of the Dy3+-doped BaY2Z-
nO5 nanoparticles indicated by XRD results has
been confirmed by TEM, because crystallite size
estimates from both analyses are consistent. Mor-
phology studies revealed that BaY1.92Dy0.08ZnO5

nanocrystalline particles are spherical. Because of
high packing density, less light scattering, and
brighter luminescence, these are more desirable
than irregularly shaped particles because good
crystallization substantially affects the photolumi-
nescence properties.31

Luminescence Studies

The photoluminescence excitation (PLE) spec-
trum of BaY1.92Dy0.08ZnO5 nanophosphor sintered
at 1100�C, measured with kem = 580 nm, corre-
sponding to the 4F9/2 fi 6H13/2 transition in the
200–500 nm range, is shown in Fig. 5. The PLE
spectrum consists of a broad band in the ultraviolet
region (200–250 nm) with a maximum at 241 nm;
this might arise as a result of overlapping of charge-
transfer states (CTS), because of Dy3+ and O2�

interactions. The spectrum contains several sharp
excitation lines originating from intra-configura-
tional 4f transitions from the ground state 6H15/2 to
excited states of Dy3+ ions; the peak centered at
�355 nm (6H15/2 fi 4M15/2 + 6P7/2) is prominent.13

The sharp excitation peaks observed in the range
250–500 nm for BaY1.92Dy0.08ZnO5 nanophosphor,
sintered at 1100�C, monitored with 580 nm as
emission wavelength, are identified in Table II.

Fig. 1. XRD patterns of BaY1.92Dy0.08ZnO5 nanophosphors as-syn-
thesized and sintered at different temperatures, with JCPDS stan-
dard no. 049-0516.

Fig. 2. XRD patterns of BaY2(1�x)Dy2xZnO5 powders sintered at
1100�C, doped with different contents of Dy3+ ions, with JCPDS
standard no. 049-0516.
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The photoluminescence (PL) spectra of BaY1.92-

Dy0.08ZnO5 nanophosphors as-synthesized and sin-
tered at different temperatures, measured in the
range 400–650 nm with 355 nm as excitation
wavelength, are shown in Fig. 6. The spectra com-
prise two main groups of lines in the blue 450–
525 nm) and yellow (530–650 nm) regions. The blue
emission peak at 490 nm and the yellow emission
peak at 580 nm are assigned to the 4F9/2 fi 6H15/2

and 4F9/2 fi 6H13/2 transitions, respectively, of
Dy3+ ions.27 It is clearly apparent that the PL
intensity of as-synthesized BaY1.92Dy0.08ZnO5

nanophosphor corresponding to both blue and yel-
low transitions increases rapidly on increasing the
sintering temperature from 800�C to 1100�C, as a
result of reduction of non-radiative recombination

effects, quenching sites, and surface defects in the
crystal structure at higher temperature and, hence,
better crystallinity.2 In all BaY1.92Dy0.08ZnO5

samples, the PL intensity of yellow emission
(4F9/2 fi 6H13/2) was greater than that of blue
emission (4F9/2 fi 6H15/2), because Dy3+ ions are
located at non-inversion symmetry sites (Cs) in the
BaY2ZnO5 lattice. This phenomenon occurs because
the blue emission, which arises as a result of mag-
netic dipole transitions, is hardly affected by the

Table I. Crystallite size (nm), calculated by use of Scherrer’s formula, for BaY2(12x)ZnO5 nanophosphors
containing different mol.% Dy3+ ions, sintered at different temperatures

BaY2(12x)Dy2xZnO5 phase and crystallite size (nm) after sintering at:

500�C 800�C 900�C 1100�C

x = 0.5 mol.% BaY2ZnO5 18.5 BaY2ZnO5 34.6 BaY2ZnO5 64.0 BaY2ZnO5 80.0
BaY2O4 35.9 BaY2O4 76.8
Y2O3 36.5

Ba(NO3)2 53.2
x = 3 mol.% BaY2ZnO5 17.0 BaY2ZnO5 36.3 BaY2ZnO5 71.4 BaY2ZnO5 88.4

BaY2O4 43.9 BaY2O4 78.2
Y2O3 35.5

Ba(NO3)2 75.3
x = 4 mol.% BaY2ZnO5 16.9 BaY2ZnO5 34.8 BaY2ZnO5 73.4 BaY2ZnO5 92.8

BaY2O4 51.2 BaY2O4 82.8
Y2O3 37.9

Ba(NO3)2 66.1
x = 7 mol.% BaY2ZnO5 17.0 BaY2ZnO5 36.9 BaY2ZnO5 67.9 BaY2ZnO5 81.8

BaY2O4 37.3 BaY2O4 71.2
Y2O3 32.9

Ba(NO3)2 55.6

Fig. 3. SEM image of BaY1.92Dy0.08ZnO5 nanophosphors sintered at
1100�C.

Fig. 4. TEM image of BaY1.92Dy0.08ZnO5 nanophosphors sintered at
1100�C.
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crystal field symmetry of Dy3+ ions whereas the
yellow emission, which arises from hypersensitive
forced electric transitions with the selection rule,
DJ = 2, is strongly affected by the surroundings.
The crystal field splitting of 4F9/2 fi 6Hj can pro-
vide information about the site symmetry of Dy3+

ions with Kramer’s doublets (2 J + 1)/2 for each
lattice site, where J is the angular momentum of the
electrons.32 In a host lattice, when Dy3+ ions occupy
non-inversion symmetry sites, the yellow emission
is stronger, whereas the blue transition dominates
the emission spectrum when Dy3+ ions occupy high-
symmetry local sites (with inversion centers). The
photoluminescence features of nanophosphors con-
firm that Dy3+ ions are located at sevenfold Y3+ low-
symmetry sites (Cs) in the BaY2ZnO5 lattice, as
suggested by XRD studies.

PL spectra of BaY2(1�x)Dy2xZnO5 sintered at
1100�C as a function of dysprosium doping concen-
tration, measured with 355 nm as excitation wave-
length, are illustrated in Fig. 7. No distinct
emission spectral features of BaY2(1�x)ZnO5:2xDy3+

were observed on varying the x value from
0.5 mol.% to 7 mol.%, because the shape and
positions remained the same. The emission spectra
of all BaY2(1�x)Dy2xZnO5 samples contained char-
acteristic both blue (4F9/2 fi 6H15/2) and yellow

(4F9/2 fi 6H13/2) emission of Dy3+ ions, that from
the hypersensitive (4F9/2 fi 6H13/2) transition
being the stronger. The PL intensity of the
4F9/2 fi 6HJ (J = 15/2 and 13/2) transition of
the nanophosphors was enhanced by increasing the
doping concentration, and reached a maximum for
BaY2(1�x)ZnO5 nanophosphor containing 4 mol.%
Dy3+ ions. For 5 mol.% of dopant concentration, the
emission intensity was reduced by a nominal value
only, indicative of concentration quenching at
higher dysprosium content. Cross relaxation among
neighboring Dy3+ ions at higher concentrations is
the most plausible explanation of such quenching
behavior; this phenomenon depopulates the 4F9/2

state of Dy3+ ions via non-radiative energy-transfer
processes, i.e. Dy3+ (4F9/2) + Dy3+ (6H15/2) fi Dy3+

(4F9/2/6H7/2) + Dy3+ (6F3/2).33 Furthermore, the yel-
low-to-blue emission ratio (Y/B) is almost constant
at 1.05 ± 0.02 over the range of Dy3+ content of
BaY2ZnO5 nanophosphors. This leads to the
assumption that the hypersensitive electric forced
transition (4F9/2 fi 6H13/2) senses no substantial
changes in the crystal field symmetry of Dy3+ sites
in BaY2ZnO5 lattice at different doping concentra-
tions.

The luminescence decay curves corresponding to
the 4F9/2 fi 6H13/2 emission line at 580 nm for

Fig. 5. Photoluminescence excitation (PLE) spectrum of BaY1.92-

Dy0.08ZnO5 nanophosphor sintered at 1100�C, monitored with
kem = 580 nm.

Table II. Excitation transitions in BaY1.92Dy0.08ZnO5 nanophosphors, sintered at 1100�C, monitored with
kem = 580 nm

Transition Wavelength (nm) Transition Wavelength (nm)

6H15/2 fi 4K13/2 + 4H13/2 300.5 6H15/2 fi 4I13/2 388.5
6H15/2 fi 4K15/2 327.2 6H15/2 fi 4M21/2

4I13/2 + 4K17/2 + 4F7/2 394.5
6H15/2 fi 4I9/2 + 4G9/2 339.2 6H15/2 fi 4G11/2 427.8
6H15/2 fi 4M15/2 + 6P7/2 354.5 6H15/2 fi 4I15/2 453.2
6H15/2 fi 4I11/2 367.8 6H15/2 fi 4F9/2 467.8

Fig. 6. Photoluminescence (PL) spectra of BaY1.92Dy0.08ZnO5

nanophosphors as-synthesized and sintered at different tempera-
tures, monitored with kex = 355 nm.
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BaY2(1�x)ZnO5 nanophosphors, where x = 0.5–
7 mol.%, recorded under excitation at 355 nm
(6H15/2 fi 4M15/2 + 6P7/2) are shown in Fig. 8.

All the decay curves were found to obey single
exponential behavior, represented by the equation:

I ¼ I0 exp ð�t=sÞ (3)

where s is the radiative decay time, I and I0 are the
luminescence intensities at times t and 0, respec-
tively. Calculated average lifetimes for 0.5, 1, 3, 4, 5,
and 7 mol.% Dy3+ ions in BaY2(1�x)ZnO5 nanophos-
phors are 2.84, 2.78, 2.59, 2.38, 2.29, and 2.09 ms,
respectively. For BaY2(1�x)Dy2xZnO5 nanophosphors

lifetimes decrease with increasing dopant concen-
tration, because of non-radiative energy transfer
between optically active ions at higher content,
owing to the well known concentration quenching
mechanism. The Commission International De
I’Eclairage (CIE) chromaticity coordinates for
BaY2(1�x)ZnO5 nanophosphors doped with 0.5–
7 mol.% dysprosium under 355 nm excitation were
calculated and are presented in Fig. 9. BaY2(1�x)

Dy2xZnO5 powders have excellent color (x, y) coor-
dinates of (0.279, 0.328), (0.303, 0.365), (0.311,
0.379), (0.323, 0.399), (0.339, 0.396), and (0.345,
0.392) for 0.5, 1, 3, 4, 5, and 7 mol.%, respectively, in
the white region, comparable with other standard
color systems, for example NTSC (0.3101, 0.3162),
PAL/SECAM/HDTV (0.3127, 0.329), ProPhoto/Color
Match (0.3457, 0.3585), and CIE white light point
(0.33, 0.33).25 It is quite apparent that BaY2(1�x)

Dy2xZnO5 nanophosphor at low concentration has a
cool white color, tending slightly to yellowish at
higher concentration. The precise emission color
tuning on CIE color coordinates makes BaY2(1�x)

Dy2xZnO5 nanophosphor an ideal optical material
for UV-white LED applications.

CONCLUSIONS

BaY2ZnO5 nanoparticles doped with different
concentrations of dysprosium ions have been syn-
thesized by use of a low-cost, rapid, simple, and
environment friendly solution-combustion process.
BaY2(1�x)Dy2xZnO5 nanophosphors have the ortho-
rhombic structure, and the mean particle size ran-
ges from 80 to 90 nm. On excitation at 355 nm,

Fig. 7. Photoluminescence (PL) spectra of BaY2(1�x)Dy2xZnO5

nanophosphors sintered at 1100�C, doped with different amounts of
dysprosium, monitored at kex = 355 nm.

Fig. 8. Luminescence decay curves of BaY2(1�x)Dy2xZnO5 nano-
phosphors, sintered at 1100�C, doped with different amounts of
dysprosium, measured with kex = 355 nm and kem = 580 nm.

Fig. 9. CIE color (x, y) coordinates for (a) 0.5 mol.%, (b) 1 mol.%, (c)
3 mol.%, (d) 4 mol.%, and (e) 7 mol.% Dy3+ ions in BaY2ZnO5

nanophosphors sintered at 1100�C after excitation at 355 nm.
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BaY2ZnO5:Dy3+ nanoparticles generate white light as
a result of blue (4F9/2 fi 6H15/2) and yellow (4F9/

2 fi 6H13/2) emission. The dependence of PL inten-
sity on sintering temperature and dopant content
was also studied. Increased PL intensity with sin-
tering temperature may be attributed to better
crystallization and reduction of the number of de-
fects, which serve as centers of non-radiative
relaxation in nanophosphors. The concentration of
dysprosium ions has a significant effect on lumi-
nescence intensity and maximum PL was obtained
for 4 mol.% Dy3+. Highly optimized luminescence in
the white region indicates Dy3+-doped BaY2ZnO5

nanophosphor is a promising candidate for
advanced display applications.
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