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In this study, lanthanum zirconate (La2Zr2O 7) doped with Bi3+ and co-doped with Dy3+ ions were synthesized by polyol method and
their luminescence properties were reported. From XRD results, a pure cubic phase with the Fd3̅m space group (#227) was confirmed for
the as-prepared samples. In order to understand the absorption properties and estimate the optical energy band gap values of the asprepared samples absorption studied were used. The morphological studies of the as-prepared samples showed irregular shaped
agglomerates with particle size between 60 and 90 nm. The PL emission spectra of the Bi3+ doped La2Zr2O7 showed the emission of blue
colour located at 460 nm (3P1→1S0 transition) when excited at 330 nm. The Bi3+ and Dy3+ co-doped samples exhibited the PL emission
peaks around 480 nm (4F9/2→6H15/2) and 575 nm (4F9/2→6H 13/2) when excited at 307 nm. From PL studies, the identified optimized
composition was La2Zr2O7: 0.5 at% Bi3+; 2 at% Dy3+ with strong tunable blue-yellow emissions. The co-doping of Dy3+ with Bi3+ in the
host lattice is a promising method to enhance the emission intensities for use in pc-LED.
Keywords: Emissions Spectra, Excitation, Photoluminescence, Energy-transfer, pc-LED

INTRODUCTION
Due to the importance of single-phase white
luminescent materials in powder converted Light Emitting
Diodes (pc-LEDs) and field emission display applications,
many efforts have been made to develop these materials
[1-5]. In this context, the pyrochlore structured compound
La2Zr2O7 has attracted the attention of researchers due to its
unique structural and intriguing luminescent properties
for various solid state lighting applications [6].
By changing temperature, pressure, and chemical doping,
these ordered pyrochlore (La2Zr2O7) undergo phase
transitions to disordered fluorite of the Fd3̅m space group or
*Corresponding author. E-mail: sandhya.cole@gmail.com

vice versa [7-9]. Rare-earth (RE3+) activator ions have
received a lot of attention due to their good
photoluminescence performance in the visible and nearinfrared regions [10-13]. In particular, the emission lines of
Dy3+ activator ions which lie under the blue and yellow
regions make the phosphors much suitable for developing
the white light emissions. However, emissions from Dy3+
ions activated phosphor have relatively low luminescent
efficiency. Hence, energy transfer from sensitizers to
activators is an efficient way to improve the luminescent
efficiency and intensity of the activator ion.
When the Dy3+ ions (activator) are embedded in
inorganic host materials, co-doping with Bi3+ ions
(sensitizer) can increase their luminescent efficiency [5,14] .
Since Bi3+ ions emit broad wavelength (its maximum
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peaking varies between the blue and green), the outer 6s2
electronic configurations of Bi3+ is strongly dependent on
the environmental conditions such as site symmetry,
coordination number, and covalence. The transitions from
1
S0 (ground state) to 3P1 and 1P1 (excited states) have an
acceptable absorption capacity (UV absorption), which may
increase the emission efficiency of the activator ion by
exploiting the effective energy transfer (from sensitizer to
activator) [15,16]. In order to have energy transfer,
overlapping of the emission of sensitizer and excitation of
the activator are the crucial requirements. In the present
study, synthesis and characterization of Bi3+/Dy3+ co-doped
La2Zr2O7 phosphor powders by polyol method were studied
and their photoluminescence properties were evaluated.
Enhanced emission and improved colour quality of the
prepared samples indicated that they are suitable
compounds for use in pc-LEDs.

Table 1. Starting Chemicals Used in Synthesis
Chemical
name
Lanthanum
nitrate
Zirconyl
nitrate
Bismuth
nitrate
Dysprosium
nitrate

Chemical
formula
La(NO3)3.6H2O

Purity
99.99%

Zr(NO3)3.6H2O

99.99%

Bi(NO3)3.5H2O

99.99%

Dy(NO3) 3.6H2O

99.99%

Chemical
manufacturer
SigmaAldrich
SigmaAldrich
SigmaAldrich
SigmaAldrich

RESULTS AND DISCUSSION
Phase Formation and Morphology
The XRD reports of undoped and La2Zr2O7: 0.5 at.%
Bi and La2Zr 2O7: 0.5 at.% Bi3+; 2 at.% Dy3+ phosphors
annealed at 1300 °C were recorded and are shown in Fig. 1.
All X-ray diffraction patterns are indexed to pure cubical
phase (JCPDS No.01-071-2363) with Fd3̅m space group
(#227) and there was no formation of impurity phases
[17].Using POWDERX software, the lattice parameters of
the synthesized nanophosphors were calculated that are
shown in Table 2.
The calculated crystallite sizes of all samples using the
Scherrer’s equation were about 20 nm. The SEM image of
the La2Zr 2O7: 0.5 at.% Bi3+; 2 at.% Dy3+phosphor is shown
in Fig. 2. From the SEM image, it was found that the sample
powder had irregular shaped agglomerates. By employing
ImageJ software, the grain size of the agglomerates through
histograms was found around 80 nm.
3+

EXPERIMENTAL
The samples of undoped, Bi3+-doped and Bi3+/Dy3+ codoped La2Zr2O7 nanophosphors were prepared by a simple
wet-chemical method namely polyol method. The
precursors employed for the synthesis are shown in Table 1.
Stoichiometric amounts of the above materials were
weighed and well mixed in a round bottom flask containing
20 ml of ethylene glycol (EG), kept on hot magnetic stirrer
which acts as a reducing and capping agent. To get the
precipitation, 2 g of Urea was added to the above mixture
and stirred well; simultaneously, the temperature of the
solution was kept constant between 120-130 °C for two
hours. The produced solution then was washed thrice with
methanol, collected, centrifuged and dried over-night in a
dust-free environment. Later, the dried samples were
calcinated at 1300 °C in a furnace and were collected by
grounding them in an agate mortar. The crystallinity,
surface morphologies, photoluminescence, and the life-time
decay analysis were carried out at room temperature using
Rigaku Miniflex 300/600 (40 kV, CuKα, 0.02° step) for
X-Ray Diffraction (XRD), FEI Thermo Fisher Quanta 200F
for Field Emission-Scanning Electron Microscopy (FESEM), and Edinburgh FLSP 920 (450W Xe lamp) for
Photoluminescence (PL) studies.

UV-Vis Absorption Studies of Bi3+/Dy 3+ Co-Doped
La 2Zr2O7 Nanophosphors
The UV-Vis Spectrophotometer (LAB INDIA UV
3092) was used to record the UV-Vis absorbance of the asprepared nanophosphors. The optical energy band gap of the
prepared samples was measured by uniformly dissolving the
particles in solvent (ethylene glycol) at the wavelength
range of 190-900 nm. The UV-Vis Absorption spectra and
estimated optical energy bandgap values of the La2Zr2O7:
24
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Fig. 1. (a) XRD patterns corresponding to Undoped, Bi3+/Dy3+ Co-doped La2Zr 2O7 nanophosphors and (b) Simulated
3-D View of La2Zr2O7 nanophosphors.

Table 2. Unit Cell Parameters of Bi3+/Dy3+ Co-doped La2Zr 2O7 Nanophosphors

Composition
La2Zr 2O7: Undoped
La2Zr 2O7: 0.5 at.% Bi3+
La2Zr 2O7: 0.5 at. % Bi3+; 2 at. % Dy3+

a
(Å)
10.8090
10.8080
10.7860

b
(Å)
10.8090
10.8080
10.7860

c
(Å)
10.8090
10.8080
10.7860

V
(Å)3
1262.8639
1262.5134
1254.8194

Fig. 2. (a) SEM image and (b) particle size histogram of Bi3+/Dy3+ Co-doped La2Zr 2O7 nanophosphors.

0.5 at.% Bi3+ and La2Zr2O7: 0.5 at.% Bi3+; 2 at.% Dy3+
nanophosphors are shown in Figs. 3a and b.
The UV-Vis spectrum (Fig. 3a) shows the strongest and

most noticeable absorption zone in the range of 260275 nm. A plot of (h)2 vs. h was generated and
examined to find the optical bandgap of the as-prepared
25
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Fig. 3. (a) UV-Vis spectra and (b) optical energy bandgaps of Bi3+/Dy3+ Co-doped La2Zr 2O7 nanophosphors.

of the La2Zr2O7:Bi3+ (0.1, 0.5, 1, & 1.5 at.%), which were
5.31, 7.65, 3.22, and 2.14 μs. The graphs of the relative
emission intensities of Bi3+ ions as a function of dopant
concentration are shown in Fig. 4c.

nanophosphors. Here,  is the optical absorption coefficient
and h is the incident photon energy. The optical energy
bandgap values (Fig. 3b) of the La2Zr 2O7: 0.5 at.% Bi3+ and
La2Zr2O7: 0.5 at.% Bi3+; 2 at.% Dy3+ nanophosphors were
2.97 eV, and 2.65 eV, respectively, extrapolated from the
linear side of the curve (h)2 = 0 [18]. The incorporation
of the dopants into the host lattice influenced the electronic
structure, resulting in the formation of intermediate energy
levels, which may be responsible for the reduction in
bandgap of the doped and co-doped nanophosphors [19-21].

Photoluminescence Properties of Bi3+/Dy3+ codoped La2Zr2O7 Phosphors
Figure 5 shows the emission spectra (a) and the
excitation spectra (b) of the La2Zr2O7: 0.5 at.% Bi3+; Dy3+
(1, 2, 3, & 4 at.%) samples. At the excitation wavelength of
330 nm, the recorded emission spectra of the La2Zr 2O7: 0.5
at.% Bi3+; Dy3+ (1, 2, 3, 4 at %) was consisted of blue &
yellow emission lines originated from Bi3+ ions (blue) and
Dy3+ ions (blue & yellow). By keeping the concentration of
Bi3+ ions constant at 0.5 at.%, and by varying the
concentration of Dy3+ ions as 1, 2, 3, 4 at.%, the emission
intensity of the Bi3+ remarkably decreased. The emission
intensity of the Dy3+ ions increased and reached a maximum
for the 2 at.% concentration; further increase in
concentration led to a decrease in the emission intensity.
This effect can be interpreted as concentration quenching
effect caused by Dy3+ ions energy transition and cross
relaxation. The Photoluminescence intensity drops during
the cross-relaxation process due to exchange interaction,
radiation reabsorption, or multipole-multipole interactions
in the synthesized composition [23].

Photoluminescence Properties of Singly Doped
La 2Zr2O7: x % Bi3+ Phosphors
Figure 4 depicts emission (a) and excitation (b) spectra
of the singly-doped La2Zr 2O7: x% Bi3+ (x = 0.1, 0.5, 1 &
1.5). The emission spectra of the Bi3+ ions doped samples at
460 nm (blue) revealed a broad peak maximum, which can
be attributed to the transition 3P1→1S0 of the Bi3+ ions
excited at 310 nm [22]. The life-time decay curves of the
Bi3+ ions doped samples are also represented in Fig. 4d.
With an increase in the concentration of the Bi3+ ion, the
emission intensity at 460 nm initially grew, reached to a
maximum value for 0.5 at. % Bi3+ ions, and then declined
by a further increase in concentration; this can be attributed
to the concentration limiting effect. The latter was
confirmed by estimating the Bi-exponential life-time values
26
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Fig. 4. Photoluminescence of Bi3+ doped La2Zr2O7 nanophosphors (a) Emission (λex = 330nm), (b) Excitation
(λem = 430 nm), (c) Concentration vs. Intensity and (d) Lifetime decay curves.

Fig. 5. Photoluminescence (a) Emission spectra (λex = 330 nm), (b) Excitation spectra (λem = 575 nm) of Bi3+/Dy3+
co-doped La2Zr 2O7 nanophosphors and (c) Spectral overlap of excitation spectrum (λem = 575 nm) of
La2Zr2O7: 2 at%. Dy3+and emission spectrum of La2Zr 2O7: 0.5 at. % Bi3+ (λex = 330 nm).
27
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Fig. 6. (a) Intensity variation of Bi3+ as a function of Dy3+ and (b) Comparison of singly doped Dy3+ (Ex at 285 nm)
and Bi3+/ Dy3+ co-doped La2Zr 2O7.
Furthermore, from the excitation spectra of the
Bi3+/Dy3+ co-doped nanophosphor samples, it was
monitored that at 575 nm (4F9/2-6H13/2) of Dy3+ ions, the
broad peak in the range of 300-330 nm of Bi3+ (Fig. 4b) and
the charge transfer absorption band peak of Dy3+ centred at
307 nm (Fig. 5b) overlapped with virtue of Bi3+ co-doping.
The spectral overlap between the Dy3+ ions emission
band and the Bi3+ ions excitation band in the as-prepared
samples is shown in Fig. 5c, which suggests the possibility
of energy transfer (ET) between the energy levels of Bi3+
and Dy3+ ions [24]. This indicated that the activator Dy3+
was sensitized by the excited Bi3+ in the host lattice,
demonstrating the existence of an efficient energy transfer
(ET) from the Bi3+ ions to the Dy3+ ions [25]. Figure 6a
shows the intensity variation in emission spectra of Bi3+
ions as a function of Dy3+ ions concentration, and Fig. 6b
shows the singly doped La2Zr2O7: 2 at% Dy3+emission
spectra (violet) and the Bi3+/ Dy3+ co-doped La2Zr 2O7
(green).

ions might radiate back to the ground state by emitting blue
(~430 nm) emission that could be reabsorbed by the Dy3+
ground state levels; 6H15/2 resulted in energy transfer (due to
spectral overlap) and was excited to the relative excited
states. The excited electrons further relaxed to the 4F9/2 level
of Dy3+ through a non-radiative transition, and then deexcited to the 4F9/2-6H15/2 and 6H11/2 levels of Dy3+ions by
emitting blue (~480 nm) and strong yellow (~575 nm) lines,
respectively [26-28].
The CIE chromaticity coordinates of 0.5 at% Bi3+ and
3+
Bi /Dy3+ co-doped La2Zr 2O7 are shown in Fig. 7b and
Table 3. From Fig. 7b, the hue of the as-prepared samples
can be tuned from blue → cyan → yellow when co-doping
the host sample with Bi3+/Dy3+. Finally, the enhanced
luminescence intensity observed from Fig. 6b, and the ET
and CIE observed from Figs. 7a and b indicate that the asprepared phosphor may potentially be used as a singlephase phosphor for pc-LED and field display device
applications.

Energy Transfer (ET) Mechanism in Bi3+/Dy3+ codoped La2Zr2O7 Phosphors

Table 3. CIE Chromatic Co-ordinates, CCT and Colour
Purity of Bi3+/Dy3+ co-doped La2Zr2O7 Nanophosphors

Figure 7a illustrates the energy transfer mechanism in
as-prepared samples. Under UV excitation (280-350 nm),
the electrons of the Bi3+ ions absorbed energy and excited to
a higher excited state 3P1, and then relaxed to the lower
energy level (the bottom of the parabola) by non-radiative
relaxation. When de-excited from the 3P1 level of Bi3+,
energy can be transferred through the ET (cross relaxation)
process to the 4G11/2 level of Dy3+. Some electrons of Bi3+

Phosphor
1 at.% Dy3+
2 at.% Dy3+
3 at.% Dy3+
4 at.% Dy3+
0.5 at.% Bi3+
28

Symbol
A
B
C
D
α

X
0.28
0.39
0.37
0.32
0.27

Y
0.28
0.4.0
0.38
0.34
0.30

CCT
10619
3922
4315
6072
10477

Purity
23.3
37.4
25.2
4.20
22.6
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Fig. 7. (a) Energy Transfer diagram and (b) CIE chromaticity diagram of Bi3+/Dy3+ co-doped La2Zr2O7 nanophosphors.

CONCLUSIONS
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A series of Bi3+ and Dy3+ co-doped La2Zr 2O7
nanophosphors were prepared using the polyol method. The
optimized composition among the prepared nanophosphors
was La2Zr2O7: 0.5 at% Bi3+; 2 at% Dy3+. From the UV-Vis
absorption studies, the prepared samples were capable of
absorbing UV energy. The luminescent properties of the
Bi3+/Dy3+ co-doped La2Zr 2O7 nanophosphors, and energy
transfer from sensitizer (Bi3+) to activator (Dy3+) were
studied. The measured Bi-exponential life-time values of
the La2Zr 2O7:Bi3+ (0.1, 0.5, 1, & 1.5 at.%) were correlated
with the dopant concentration. In the co-doped sample, Bi3+
ions emitted a broad peak at ~430 nm (blue), which was
attributed to the transition from 3P1→1S0. The Dy3+ ions
emitted broad peaks at ~480 nm (blue) and ~575 nm
(yellow), which were attributed to 4F9/2 → 6H15/2 and 6H11/2,
respectively. The remarkable enhancement of Dy3+ emission
by Bi3+ co-doping, and tunable emissions from CIE
coordinates make the Bi3+/Dy3+ co-doped La2Zr 2O7
nanophosphors a promising material that can be used in pcLED and display applications.
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