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Abstract: Zinc zirconate nanocomposites with varying compositions of Dy3+ ions were
synthesized through a solution combustion method using citric acid as a fuel. There were mixed
hexagonal ZnO and cubic ZrO2 phases in the X-ray diffraction patterns of the composites whose
average crystallite sizes range between 27 and 38 nm. Scanning electron microscopy images
show a mixture of polygonal and hexagonal rod-like structures of varying aggregation levels at
the different Dy3+ -doping concentrations. The reflectance spectra showed absorption edges
around 400 nm and an energy bandgap between 2.99 and 3.07 eV. There was a violet emission
from the host matrix that gradually shifted towards white light with enhanced doping. At a higher
Dy3+ concentration, there was luminescence quenching attributed to dipole-dipole interaction
among the dopant ions. The synthesized nanocomposite phosphors may be used in sensors and
colored display technology.

© 2020 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Zinc zirconate nanocomposites have been applied in dye-sensitized solar cells (DSSCs) as well
as in the photocatalytic removal of textile dyes [1–4]. Nanocomposites exhibit more enhanced
properties than those inherent in the individual constituent compounds. These properties are
usually dominated by the interface or interphase characteristics [5,6]. In the zinc zirconate
nanocomposites, the different percentages of ZnO and ZrO2 compounds significantly affect the
applications of the material [7]. In the nanocomposite, zinc oxide (ZnO) has been observed
to enhance the conductivity and stability of the material [8]. Zinc oxide has drawn a lot of
research attention due to its possible application in solar cells and water purification among other
interests [2,3,9–11]. Further, the oxide has been used in chemical gas sensors, the removal of
environmental contaminants and in photocatalysis. Due to its anti-bacterial activity, zinc oxide is
used in the production of cosmetics and sunscreens [12].
The ninth most abundant substance in the earth’s crust, zirconium, forms three major oxide

phases; namely monoclinic, tetragonal and the cubic phase [13]. The properties of zirconium
oxide (zirconia) depend on the phase that is present in a particular material. The thermal and
chemical stability of zirconia coupled with excellent photophysical characteristics make it useful
in the ceramics industry, dentistry, piezo-electric devices and as an electrolyte for electrochromic
devices. With a high refractive index of about 2.18, zirconia is also used as a gemstone [13–16].
Due to a tunable wide bandgap of up to 6.4 eV, zirconia phosphors are a good host matrix for
rare-earth ions and hence useful in light emitting applications as well as in high-temperature
thermometry [17,18].
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Rare earth metal dopants are used in semiconductor nanocomposites in order to influence their
structural and optical properties [15,19,20]. Dysprosium is a rare earth metal used in making
contrast agents for magnetic resonance imagery and the production of permanent magnets for
electric cars as well as direct-drive wind mills. It is also used in the manufacture of multi-layer
ceramic capacitors and data storage materials such as computer hard disc drives [21–23].
The most traditional route for preparing perovskite nanomaterials is the solid-state reaction

method. Nevertheless, ceramic material oxides prepared using this conventional method have
shown inhomogeneity through uncontrolled and irregular particle morphologies [24,25]. In the
recent past, there has been increased uptake of wet chemical synthesis methods. By reducing the
diffusion path, wet chemical methods ensure molecular level mixing of each of the constituent
compounds to the nanoscale. These methods have been used in the synthesis of semiconductor
oxides of high crystallinity at lower temperatures in comparison to the conventional solid-state
reactions [26].
Among the wet chemical methods, solution combustion synthesis (SCS) is an effective route

for the synthesis of nanoparticles. Once heated, the precursor mixture results in a self-sustaining
exothermic reaction, in which the reactants self-ignite. This method has gained prominence due to
the simplicity of equipment and the refinement of the resultant nanocrystals [17,27–32]. Studies
have reported the synthesis of zinc zirconate nanocomposites by sol-gel [4,7,33] and hydrothermal
[34] techniques. This study sought to investigate the optical and structural characteristics of
dysprosium-doped zinc zirconate nanocomposites, synthesized by citric acid - assisted solution
combustion process which to the best of our knowledge, has not yet been investigated nor reported.

2. Experiment

2.1. Synthesis

The composite was synthesized using 80 wt. % zirconium butoxide in 1-butanol from Aldrich
alongside 98% zinc nitrate, analytical grade nitric acid and ammonia solution from Merck.
Details of the synthesis route used in the preparation of the composites are outlined in our earlier
work [35,36]. The zirconium (IV) butoxide was reacted with concentrated nitric acid to produce
a solution of zirconium nitrate. The solution was diluted with 50ml of de-ionized water and
then mixed with 0.03 M zinc nitrate. Six samples were made by mixing the solutions with
varying percentages of dysprosium nitrate, constituting 0, 1, 2, 3, 4 and 5% Dy3+ ions per mole.
Citric acid fuel which acted as a complexant, was added to each of the mixtures and then the pH
adjusted, while stirring using ammonia solution to 7. In each case, the precursor mixture was
heated until spontaneous flaming occurred as a result of self-combustion. Using a mortar and
pestle, the resultant fluffy composite powders were ground, then calcined at 600 °C for 2 hours.

2.2. Characterization methods

X-ray diffraction (XRD) measurements on the composite were done using a Bruker D8X-ray
diffractometer whose wavelength, Kα= 0.15406 nm. The angle of diffraction, 2θ was varied
between 10° and 70° in steps of 0.03° per minute. Ultraviolet/visible (UV-vis) measurements
were performed using a Lambda 950 PerkinElmer UV WinLab Spectrophotometer while
photoluminescence measurements were done with a Hitachi Spectrophotometer, Model number
F-7000 FL. The morphology studies were carried out using a Jeol JSM-7800F Field Emission
Scanning Electron Microscope (FESEM) equipped with Oxford Aztec EDS and Gatan Mono
CL4.
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3. Results and discussion

3.1. X-ray diffraction analysis

Figure 1 shows XRD patterns of the synthesized nanocomposite mixtures of the cubic zirconia
and the hexagonal zinc oxide phases that correspond to ICDD cards 81-1551 and 75-1526,
respectively. From the figure, it was observed that the zirconia peaks were comparatively broader
and more intense than the zinc oxide peaks. The enhanced peak intensity on increased doping
was probably due to the more preferentially oriented reflecting surface planes that resulted from
an increased density of the zirconia crystallites [37,38].

Fig. 1. XRD patterns of the Dy3+-doped nanocomposites.

Figure 2 shows the peak shifts against the dopant concentrations. For each of the phases in
the composite, there was an initial shift towards lower angles as a result of the incorporation
Dy3+ at the cations sites. It was expected that the substitution of either Zn2+ or Zr4+ ions by the
Dy3+ dopant would cause a distortion in the crystal and hence strain the lattice. Further, there
would be a need for charge compensation due to the valence difference between the dopant and
the substituted cations, leading to oxygen vacancy defects.
In the hexagonal ZnO, the Zn2+ ions are tetrahedrally coordinated by four O2− ions while

the Zn2+ ions coordinating each O2− ion is four. Therefore, its coordination number (CN) in
the structure is 4, and the ionic radii for the Zn2+ and Dy3+ ions at CN= 4 are equal to 0.60
Å and 0.78 Å, respectively [39,40]. Similarly, the cubic ZrO2 structure has Zr4+ coordinated
by 6-oxygen atoms and the Zr4+ ionic radii is 0.72 Å while that of Dy3+ is 0.91 Å [40]. The
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Fig. 2. (a) Illustration of (111) ZnO/Dy3+ & (101) ZrO2/ Dy3+ peak shifts and (b) difference
in peak shifts for ZrO2 and ZnO, respectively for various Dy3+ ion concentrations.

differences in ionic radii between Zn2+/Dy3+, and Zr4+/Dy3+ are 0.18 Å and 0.19 Å, respectively.
These values are, however, are too close to pinpoint the substitution site for the Dy3+ dopant ions.

Earlier studies have shown that the radius percentage difference between dopant and the host
ions should not be greater than 30%. For the nanocomposite, the difference in the percentage
radius, ri between the dopant ion (Dy3+) and the host ions (Zn2+) in ZnO and (Zr4+) in ZrO2,
were evaluated using the relation [41,42];

ri =
rh − rd

ri
× 100 % (1)

where rh is the host radius (Zn2+or Zr4+) and rd is the radius of the Dy3+ dopant ion, at the
coordination number, CN. When a Dy3+ ion substitutes a Zn2+ ion, the value of rh is 30% and
26% when on a Zr4+ site. Therefore, the Dy3+ dopant will preferentially substitute the Zr4+ ions
in the nanocomposite lattice because of the smaller radius percentage difference, despite the ionic
radius difference. This is correlated by Fig. 2(b), which shows that with the incorporation of the
Dy3+ in the nanocomposite structure, the ZrO2 lattice is more distorted than that of ZnO.
The composite crystallite sizes and their corresponding lattice strains were determined using

the relationships [43–46];
βε = 4ε tanθ (2)

βD =
kλ

D cosθ
(3)

where D is the average size of the crystallites, ε is the micro-strain in the lattice, k is a shape
dependent dimensionless factor, λ is the wavelength of the X-rays used, θ is the Bragg’s angle of
diffraction while βε and βD are the micro-strain and crystal size profile broadening, respectively.
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These crystallite parameters were obtained using the following four most intense peaks in
each phase; ZnO (100), (002), (101), (110) and ZrO2 (111), (220), (311), (200). Table 1 shows
the average crystallite size, micro-strain, lattice constants and the volume of the unit cell of the
nanocomposites as calculated from those peaks [25,47]. Generally, the substitution of the larger
ion (Dy3+) at the sites of smaller ions (Zr4+ & Zn2+) in the lattice caused an enlargement of the
lattice and hence an increase in average crystallite size. The table shows that there were small
deviations in the calculated values of the lattice constants and the volume of the unit cell for the
Dy3+- doped nanocomposites against those of the undoped sample, which were attributed to
the local distortions on the crystal structures. The enlargement of the unit cell volume for the
doped samples in comparison with the undoped sample is a confirmation of the presence of the
Dy3+ on both cation sites in the nanocomposite lattice. Table 1 further reveals that the lattice
strain of the nanocomposite samples decreases with increasing Dy3+ concentration (although
non-monotonically). The occupation of Dy3+ ions on the tetrahedral sites of the host cations is
therefore, expected to increase the lattice strain of the nanocomposite as a result of the difference
in radii. The uneven redistribution of strain in the component lattices of the nanocomposite is
attributed to lattice distortions arising from the change of the morphology of the particles [48].

Table 1. Values of the average crystallite size, lattice parameters and induced lattice strain of the
nanocomposites

Sample

Nanocomposite
Crystal size Lattice Parameters ZnO Lattice Parameters ZrO2 Crystal Strain, ε (10−3)

(nm) a(Å) c(Å) V(3) a(Å) V(3) ZnO ZrO2

0% Dy 27.1 3.210 5.560 49.613 5.069 130.247 2.76 7.40

1% Dy 28.9 3.156 5.466 47.149 5.075 130.710 2.47 5.96

2% Dy 33.8 3.257 5.641 51.814 5.144 136.114 2.07 6.18

3% Dy 29.6 3.263 5.652 52.121 5.150 136.591 2.14 6.26

4% Dy 38.3 3.213 5.565 49.755 5.081 131.174 1.75 5.71

5% Dy 32.4 3.205 5.551 49.367 5.069 130.247 1.84 6.22

3.2. Composition and morphology studies

Figure 3 presents some Energy Dispersive X-ray Spectroscopy (EDS) spectra, that were selected
to represent the host and doped samples of the nanocomposites. For the undoped sample in
Fig. 3(a), the spectrum displays the presence of Zn, Zr, O peaks while the spectrum for the Dy3+-
doped sample (Fig. 3(b)) shows Dy peaks in addition to the other elements. The preferential
substitution of Zr by Dy is confirmed by the reduced atomic percentage of Zr in the doped sample.
It was also observed that there were no other impurity peaks present in the samples, apart from a
carbon peak due to the tape used for holding the samples during the measurements.

Figure 4(a-f) present SEM images of Dy3+-doped nanocomposite samples at the various dopant
concentrations. Figure 4(a) shows well dispersed polygonal-shaped particles in the undoped
nanocomposite. The images for the samples doped with Dy3+ at 1% and 3% in Fig. 4(b), (d) show
similar characteristics with those of the undoped sample except that the particulates were more
populated and compact than in Fig. 4(a). At 2% Dy3+ doping, Fig. 4(c) shows an agglomeration
of vertically erect hexagonal rods. At 4% Dy3+-doping (Fig. 4(e)), the particles transform into
well packed aggregates of eroded polygons similar to those at 5% Dy3+ doping in Fig. 4(f),
although the latter has smaller crystals that are less agglomerated. It was observed from the SEM
images that inadequate or excess dopant concentration inhibits the growth of compact crystal
structures. The variation of the morphology with doping was attributed to the lowering of the
surface energy of the particles as well as the distortion of grain shapes [49,50].
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Fig. 3. Elemental composition spectra at (a) 0% Dy-doping, the host material (b) 4%
Dy-doping ratio.

Fig. 4. SEM images of the nanocomposites with (a) 0%, (b) 1%, (c) 2% (d) 3% (e) 4% and
(f) 5% of Dy3+ in the nanocomposite.

3.3. Diffuse reflectance spectroscopy

Figure 5(a) shows diffuse reflectance spectra of the nanocomposites. The non-monotonic variation
in the reflectance as the dopant concentration changes showed absorption edges around 400 nm.
By evaluating the Kubelka-Munk function, F(R) = (1−R)2

2R together with Tauc’s relation on the
spectra, the energy bandgap of the nanocomposites was determined [45,46]; For direct transition
bandgap materials,

F(R)hυ = α0(hυ − Eg)
1
/2 (4)

where R, hν, α0, and Eg represent the absolute reflectivity, photon energy, absorption coefficient,
and optical energy bandgap, respectively. As illustrated in Fig. 5(b), Eg was obtained by plotting
[F(R)hν]2 against hν and then extrapolating the linear section of the curve to the hν-axis, the
point where [F(R)hν]2 = 0. The energy bandgaps were obtained as 3.07, 3.01, 3.04, 2.99, 3.03
and 3.04 eV for 0%, 1%, 2%, 3%, 4% and 5% Dy3+ concentrations, respectively. These bandgaps
represented a trend which is in agreement with that of the crystallite sizes in Table 1.
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Fig. 5. (a) UV-vis reflectance spectra (b) a plot of the Kubelka-Munk function of the
composite.

The declined energy bandgap of all doped samples relative to the undoped nanocomposite is
an indication that Dy3+ formed energy states within the host bandgap. Generally, energy levels
within the bandgap create shallow donor level of impurities near the edge of the conduction band
while the levels near the valence band edge are created by shallow acceptor impurities. This
means that there is an increase of the density of states of these dopant ions as the amount of
doping increases, which effectively reduces the bandgap by the formation of a continuum of
states, just as in the bands [51].

3.4. Photoluminescence spectroscopy

Figure 6(a) shows the photoluminescence excitation and emission spectra determined at various
wavelengths for undoped zinc zirconate nanocomposite. The excitation spectra obtained by
examining the sample at 406, 481 and 580 nm wavelengths shows three peaks. The dominant
excitation peak observed at 211 nm was attributed to Zr4+ - O2− charge transfer band, while
those at 275 and 400 nm are due to defect levels in the host [52]. The presence of the host
excitation peaks when monitoring the emission from Dy3+ at 481 and 580 nm is an indication
that the host lattice is transferring energy to the dopant ions. The emission spectra of the undoped
nanocomposite in Fig. 6(a) was obtained by exciting the samples at 211 and 275 nm. The spectra
present a broad exciton emission peak centered at 406 nm, ascribed to intrinsic defects within the
ZnO and ZrO2 lattices. The Gaussian fit of the broad band in Fig. 6(b) shows four overlapping
peak maxima at 356, 406, 434 and 500 nm. The peaks at 356 and 500 nm were attributed to the
near band and the Vo/Oi induced state emissions in ZnO, respectively [53]. Selvam et al. [54]
attributed the 406, 434 and 500 nm to deep trap state emissions due to the recombination of the
electron−hole pairs from localized deep level states in the bandgap. An estimate of the energy
bandgap from PL at the host emission of 406 nm has a value of 3.05 eV for the undoped sample,
which agrees quite well with the values obtained from UV spectroscopy in Fig. 5(b).

Figure 7(a) shows the excitation spectra at 481 nm while (b) shows the emission spectra of the
Dy3+ -doped nanocomposites excited at 211 nm. Just as in the undoped samples, the excitation
spectra have three peaks at 211, 275 and 400 nm. The emission spectra consist of the host emission
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Fig. 6. (a) Excitation and emission spectra of the undoped sample (b) deconvoluted emission
spectrum of the undoped sample.

band whose maxima is centered at 406 nm and the Dy3+ intra-configurational transition lines at
481 and 580 nm. The dominant 481 nm (blue) peak is ascribed to the hypersensitive electric dipole
(4F9/2→

6H13/2) transition, while the yellow emission peak at 580 nm is assigned to magnetic
dipole (4F9/2→

6H15/2) transition of Dy3+ [55,56]. The emission intensities of 4F9/2→
6H13/2

transition in nanocomposite samples are greater than the 4F9/2→
6H15/2 transition (Fig. 7(a)),

showing very little deviation from an inversion symmetry [57]. According to Diaz-Torres et al.,
[55], the ratio between the intensities of these two peaks is known as the asymmetric ratio, R. R
is used in determining the site symmetry or estimate the structural changes around the Dy3+ ions
as well as the covalency of the bonds involving the oxygen ions. The asymmetry ratio, R for the
composites was calculated using Eq. (5) [58];

R =

∫
I(4F9/2 →

6H13/2)dv∫
I(4F9/2 → 6H15/2)dv

(5)

where
∫
I(4F9/2 →

6H13/2)dv and
∫
I(4F9/2 →

6H15/2)dv are the integrated intensities of the
hypersensitive transition and magnetic dipole transition, respectively.
Table 2 shows the calculated values of R, at the various concentrations of the Dy3+ doping

in the nanocomposites. It has been shown that whenever the site occupied by the Dy3+ ions is
highly symmetrical, the R value is low, whereas high values of R results from lower symmetry.
Table 2 shows low values of R, (1.95–2.28) indicating a low symmetry around the Dy3+ sites in
the nanocomposite, hence the electric dipole transition (blue) has the strongest intensity.
The intensities of the 4F9/2→

6H13/2 and 4F9/2 →
6H15/2 transition peaks decreased with

increasing Dy3+ concentrations indicating concentration quenching as a result of the shortened
distance between activator ions (Dy3+ ions). At close proximity, energy is transferred among
Dy3+ ions until it is absorbed by the lattice leading to the observed emission quenching. The
critical distance, Rc is a threshold distance which defines the interaction mechanism of the
concentration quenching and is defined by the relation [59];

Rc = 2
(

3Vx
4πXcN

)1/3
(6)
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Fig. 7. (a) Excitation spectra of the Dy3+-doped samples at λ= 481 nm and (b) Emission
spectra of the samples at λ= 211 nm.

Table 2. CIE coordinates and asymmetry ratio of nanocomposites

Sample
CIE Coordinates

CCT (K) Colour Purity % Asymmetry Ratio, R
x y

0% 0.165 0.103 2734 81.9 -

1% 0.250 0.265 17025 34.4 2.14

2% 0.271 0.315 9581 22.3 2.06

3% 0.258 0.301 11516 27.9 2.16

4% 0.242 0.285 14974 34.6 1.95

5% 0.201 0.239 51318 52.9 2.28

where Vx is the unit cell volume; in this case 49.970 Å3 for ZnO and 132.514 Å3 for ZrO2, N
is the number of cationic sites available in the unit cell of the nanocomposite, in which N = 4
for both hexagonal ZnO and cubic ZrO2. Finally, the critical concentration, Xc of the Dy3+

ions, is the concentration at which the luminescence intensity of sensitizer is half that of sample
without the activator. Since Dy3+ ions were excited through the host excitation band wavelength
at 211 nm (Fig. 7(b)), the emission from Dy3+ is as a result of the transfer of energy from the host
to the activator (Dy3+) ion. Therefore, the critical concentration, Xc was obtained by plotting the
emission intensity verses the concentration of Dy3+ ions as shown in Fig. 8. From the figure,
the point at which the Dy3+ concentration axis for the host emission intensity is half that of the
sample without Dy3+ ion is the critical activator ion concentration and its value was found to be
0.64%. There are basically two energy transfer mechanisms responsible for the concentration
quenching; the exchange interaction which takes place at short distances below 5 Å and multipole
interaction at distances larger than 5 Å. The calculated Rc values are 15.5 Å and 21.4 Å for ZnO
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and ZrO2 in the nanocomposite, effectively ruling out the possibility of exchange interaction as
the energy transfer process.

Fig. 8. (a) Dependence of the host emission band intensity on Dy3+ concentration and (b)
fitting line of ln(I/x) versus ln(x) in nanocomposite.

According to Dexter’s theory of energy transfer, [60–62], multipolar interaction can be
determined by the relationship: -

I
x
= k[1 + β (x)θ/3]−1 (7)

where x is Dy3+ ion concentration (usually greater than the critical concentration, Xc), I/x is
the emission intensity per concentration, k and β are constants dependent on the host lattice
and θ is a function of multipolar character; whose values are θ = 6, 8, 10 for dipole-dipole
(d-d), dipole-quadrupole (d-q) and quadrupole-quadrupole (q-q) interactions, respectively. Using
natural logarithms, Eq. (7) was reduced to a linear relationship and plotted in Fig. 8(b). From the
equation, the slope of the linear fit of ln(I/x) verses ln(x) is equivalent to −θ/3 and has values
of −2.09 and −2.10 for the 4F9/2→

6H13/2 (481 nm) and 4F9/2→
6H15/2 (580 nm) transitions.

Thus, θ was evaluated as 6.3, showing that the major energy transfer process responsible for the
luminescence quenching in the nanocomposites was the dipole-dipole interaction between Dy3+

ions.
Therefore, the quenching at the high Dy3+ doping ratios is due to the energy transfer amongst

the dopant ions arising from the reduced distances between the ions [63]. However, enhanced
defect levels arising from the dopant oxygen vacancies, that act as charge traps in the lattice may
lead to quenching [64]. The incorporation of Dy3+ ions in the composite may as well populate
deep level non-radiative defects in the host matrix with enhanced doping.
Figure 9 shows the Commission International de I’Eclairage (CIE) coordinates [65] for the

nanocomposites. From the PL spectra data, the chromaticity coordinates, the correlated colour
temperature (CCT) and the colour purity of the Dy3+ doped composites were calculated at
various concentrations and presented in Table 2. The coordinates of the undoped composite
are in the violet region, while those of the doped samples are in the light blue region, with an
advancement towards white light with enhanced doping. The CCT column in Table 2 shows that
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higher temperature radiations are emitted from the surfaces having enhanced doping. This is in
agreement with studies which have shown that dysprosium has a dominant emission in the blue
region [66]. Due to the dependence of the emissions on the dopant concentrations, the phosphors
can, therefore, be tuned for use as sensors and blue LEDs as well as efficient light applications
such as display systems.

Fig. 9. CIE coordinate diagram of the composite showing the colours emitted at various
doping percentages.

3.5. Lifetime measurements

Luminescence decay analysis can be used to obtain the energy transfer and quenching mechanisms
within a material. Figure 10(a) shows the decay lifetimes of the 481 nm Dy3+ emissions when the
samples were excited at a wavelength of 211 nm while Fig. 10(b) shows the normalized half-log
decay curves. The non- linearity of the half-log plot shows that the decay was multiexponential
and hence subsequently fitted into a bi-exponential function. According to Kumari and Manam
[58], a bi-exponential decay may be expressed as;

I(t) = I0 + A1e−t/τ1 + A1e−t/τ2 (8)

The average decay lifetime, < t > is expressed as,

<t> =
A1τ1

2 + A2τ2
2

A1τ1 + A2τ1
(9)

where I(t) is the luminescence intensity at time t, A1 and A2 are weighted constants, τ1 and τ2 are
short and long decay components of the lifetimes, respectively. The long decay time is attributed
to the dopant ions entrenched at the core of the crystallite site while the short decay time is
associated with the dopant ions at the surface or near defect sites such as interstitials [67].
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Fig. 10. (a) Normalized decay lifetime (b) half-log plot of decay lifetime of the nanocom-
posite.

Table 3 shows the average decay lifetimes < t >, of the doped samples. It was observed that the
lower dopant ratios had higher lifetime values than the other samples. The reducing lifetimes on
increased doping are an indication of non-radiative energy transfer from the host matrix to Dy3+

ions at or near the surface [67,68]. It can be concluded that the dopant ions segregated out onto
the surface or interstitials in agreement with the XRD results and the decreased luminescence
observed from enhanced doping.

Table 3. Average lifetimes of the samples excited at 211 nm to
emit at a wavelength of 481 nm

Dysprosium conc./mol 0% 1% 2% 3% 4% 5%

Average lifetime <t> (ms) 4.80 8.18 5.47 4.01 3.24 3.10

4. Conclusion

Dysprosium - doped zinc zirconate composites were synthesized successfully using the solution
combustion route. In this synthesis, zirconium butoxide and citric acid fuel were used. The
composite consisted of mixed phases of cubic zirconia and hexagonal zinc oxide nanocrystals.
These composites showed a tunable energy band gap lying between 2.99 and 3.07 eV. The doped
samples exhibited varied PL spectra with the major excitation and emission peaks observed at
211 nm and 481 nm, respectively. The synthesized phosphors emit in deep blue region advancing
towards white light as the Dy3+ concentration increases. The nanocomposite phosphors can be
used in sensors, LEDs and the display technology.
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