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The study examines the synthesis, structure, and optical properties of lithium tantalate
microcrystals impregnated with an aqueous praseodymium nitrate solution and annealed at
various temperatures. The samples were characterized by X-ray diffraction, scanning electron
microscopy, diffuse reflection, and luminescence spectroscopy. It was found that trigonal LiTaO4
is the main phase obtained during synthesis. LiTa;Og and Pr,Ta,04 admixture phases were
observed in small amounts at annealing temperatures T > 800 °C. The XRD data indicated that
Pr3* ions are incorporated in both Li* and Ta®* cationic positions in LiTaOg crystals. SEM data
showed that doping and annealing lead to a reduction in the crystallite’s size from about 3—5 um
to 1-4 pm. The estimated band gap values for initial LiTaO5 and samples synthesized at 600
and 800 °C were 4.67 eV, while corresponding values are about 4.55 eV for samples prepared
at higher temperatures. The doped samples revealed intense f-f photoluminescence of Pr3* ions
under their excitation directly via the allowed 4f — 5d transition (2560-370 nm) and via parity-
forbidden 3H 4L 3p 5 electric-dipole f-f transitions (440-510 nm). The synthesis temperature and
the excitation wavelength significantly influence the color properties of the emission. The calcu-
lated correlated color temperatures indicated that all the samples reveal “warm” visible light.
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BiactuBocTi cuHTE30BaHHX METOIOM 3aMOYYBAHHS MIKPOKPHCTAJIIB TAaHTAJATY
Jgiriro sierosBanux npaseogumom. B. Yopniii, B. Boiiko, M. Kpemencoroii, C.I'. Hedinvko

YV  nmochipKeHHI ONMKMCAHO HPOIEAYPY CHUHTE3y, CTPYKTYPY Ta OITHYHI BJIACTABOCTI
MIKPOKPUCTAJIB TAHTAJATY JITII0, MPOCOYEHUX BOJHUM PO3UMHOM HITPATy IIPA3eoauMy Ta
BIITAJIEHUX 34 PI3HUX TEMIIEPATYP. 3pas3Kku 0yJI0 0XapaKTepU30BAHO 34 JIOTIOMOT0I0 PEHTIeHIBChKOT
nudpakiiii, CkaHyBaJIbHOI €JIEKTPOHHOI MIKPOCKOITi1, METOIaMu JU(Y3HOr0 BITOMBAHHS CBIT/IA TA
JIIOMiHECIIeHTHOI creKkTpockorii. Byso susasieno, mo Tpuronansauit LiTaO4 e ocHOBHOIO dhasoro,
OTPUMAHOIO B peaybTari cunTesy. Jlomintkosi dhasu LiTagsOgta PryTay0 4y HeBeTMKHX KITBKOCTAX
crrocrepirasucs 3a remieparyp Bigmasry T > 800 °C. Jlaui penTreHIBCchbKol UM PAKIIIi HOKAa3aJIH, 1110
iorn Pr3* B kpucranax LiTaOg4 poamimyiorses B I03HILiAxX kaTioHis Li* Ta Ta®*. Jlani ckanyiodoi
€JIEKTPOHHOI MIKPOCKOIMIi MOKa3aiu, IO JIeryBaHHS Ta BIAMAJ IPU3BOAATH JI0 3MEHIIeHHS
po3Mipy KpHcTaiTIB Bix 3—5 10 1-4 MmrM. PospaxoBani sHavyeHHA MIMPUHU 3a00POHEHOI 30HU IJI
BuxigHoro LiTaO4 ta spaskis, cuaTesosarux mpu 600 Ta 800 °C, crarosunu 4,67 B, Toxi ax ana
3pas3KiB, BUTOTOBJIEHUX 34 BUIIUX TEeMIIePATyp, BIAMOBIIHI 3HAUYEHHS CTAHOBUJIN OJIM3bKO 4,55
eB. Jlerosani 3pasxy BUABIIN iHTeHCHBHY f-f (poToIOMIHeCIIeHTTi0 10HiB Pr3t mpu ix 36ymxermi
OesmocepeIHbO Yepes J03BoJIeHu repexin 4f—5d (250—370 uM) Ta yepes3 3a00poHEH] 3a ITapHICTIO
estexTpoguIONbHi f-f mepexomn SH 4 3p j (440-510 um). Temmepatypa cuHTe3y Ta JIOBXKHMHA
XBWJII 30y?KE€HHSI CyTTEBO BILIMBAIOTH HA KOJIIPHI BJIACTUBOCTI BUIPOMIHIOBaHHSA. Po3paxoBaHi
KOpPeJIbOBAHI1 KOJIIPHI TeMIIepaTypy MOKA3aJIH, 10 BCl 3pa3KU BUIIPOMIHIOIOTDH «TEILIe» CBITJIO.
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1. Introduction

Lithium tantalate is a recognized multifunc-
tional material with a set of notable physical
properties, including electro-optical, pyroelectric,
and photorefractive characteristics, which enable
its use in ultra-fast switchers, multiplexors, opti-
cal amplifiers, and lasers [1-3]. Due to its piezo-
electric properties, LiTaO4 has been extensively
studied as a material for sensors and nanogenera-
tors [4-6]. Incorporation of lithium tantalate lat-
tice with rare-earth (RE) ions greatly improves
its optical properties, particularly luminescent
ones. For instance, doping with a low concentra-
tion of praseodymium results in intense photolu-
minescence (PL) from LiTaOg:Pr crystals in the
visible and near-infrared spectral regions [7, 8].
Moreover, LiTaO4:Pr crystals can exhibit per-
sistent (long-lasting) photoluminescence, ther-
moluminescence, mechano-luminescence, and
ultrasound-induced luminescence [8-12]. The
natures of the emission centers of the aforemen-
tioned types of luminescence are similar, but the
processes that precede emission are still under
discussion [13].

For most of the Pr - containing oxide materi-
als, the main luminescence bands, regardless
of the excitation types, are located in the visible
spectral range and associated with electron-
ic transitions within the f - shell of Pr3* jons
[7-12, 14, 15]. These bands are related to radia-
tion electronic transitions from excited 3P0
1D2 energy levels to the levels of the 3H J and
3F ; multiplets. In some wide-gap dielectric
hosts (e.g., YPO, crystals), the PL bands fall
within the UV and violet spectral regions [16].
Those PL bands were ascribed to 4f15d! — 4f2
transitions in Pr?* ions. Thus, Pr3* ions in an
oxygen environment are the primary emission
centers in Pr-doped oxide materials. The cor-
responding luminescence processes depend on
the material’s composition, morphology, struc-
ture, and defects. No doubt, the synthesis and
post-treatment parameters affect all the fac-
tors noted.

Undoped lithium tantalate powders are
typically synthesized by a solid-state method.
However, this process requires high tempera-
tures and/or a long annealing time, leading
to large crystal grains and non-stoichiometry
in the synthesized materials [17, 18]. As for
LiTaO4:Pr crystals, they have already been
obtained by the noted high-temperature solid-
state reaction [1], high-energy ball milling with
subsequent annealing [19], etc.
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In our work, a simple, accessible, and low-
cost synthesis technique, namely the impregna-
tion method followed by annealing (sintering),
was used to prepare the LiTaO4:Pr compound.
Previously, this method was used to synthesize
undoped lithium tantalate [20]. To the best of
our knowledge, the impregnation method has
not yet been applied to the synthesis of Pr-
doped LiTaOg. The set of materials annealed
at different temperatures was characterized
by X-ray diffraction (XRD), scanning electron
microscopy (SEM), UV-Vis reflection spectros-
copy, and photoluminescence spectroscopy. The
luminescence characteristics of Pr3* jons were
used to probe the composition and structure of
the samples. The color characteristics of the
materials were calculated, and their potential
use in lighting devices was noted.

2. Materials and methods

Commercial LiTaO4 and a water solution of
Pr(NO,); were used as precursors for the elab-
oration of LiTaOg doped with praseodymium
ions. The doping procedure included impreg-
nating 3 g of lithium tantalate powder (99.9%
metal basis, crystalline, Sigma-Aldrich) with 30
mL of a Pr(NO;),; water solution (nitrate con-
centration of 2.83 g/L). The obtained suspen-
sion was evaporated at 90 °C with continuous
stirring on a magnetic stirrer. The dry powder
was placed in an alumina crucible and heated
at 200 °C for 1 h to remove residual water. The
prepared powder was divided into four batch-
es, each annealed at a different temperature
for 5 h. The samples treated at 600, 800, 1000,
and 1200 °C are labeled S600, S800, S1000, and
S1200, respectively. The commercial undoped,
non-sintered LiTaO4 was labeled SO.

X-ray diffraction patterns were recorded
using a Shimadzu XRD-6000 diffractometer
with a graphite monochromator in front of the
counter (20 continuous scan at 1°/min) over
a 20 range of 5.0 — 65.0 °. The morphology of
the samples was examined using an Inspect S
scanning microscope (SEM). Diffuse reflection
spectra of the samples were measured with a
Shimadzu UV-2600i spectrometer. The photo-
luminescence and PL excitation spectra were
recorded using upgraded SDL-2 and DFS-12
spectral-luminescent complexes. The diode-
pumped lasers with radiation wavelengths
Moy = 473 and 405 nm, as well as a powerful
Xenon lamp (DXeL- 1000) were used as PL ex-
citation sources. All of the measurements were
performed at room temperature. The spectra
were corrected for system response.
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Fig. 1. a) Powder XRD patterns of the commercial LiTaO
(S600-S1200). The standard patterns for trigonal LiTaO4 (Cé
#1563401), and LiTazOg (COD #1525455) crystals are shown at the bottom and top of the

60

(S0) and synthesized Pr-doped samples
D # 2101846), monoclinic Pr,Ta,04 (COD
legure; the ar-

rows indicate the position of weak reflexes of PryTa,04 and LiTagOg admixture phases; b) detailed view of

the XRD patterns at the region of LiTaO4 (012) reflex

3. Results and discussion

The XRD patterns for initial undoped LiT-
a0, and treated materials are shown in Fig. 1.
Detailed analysis of XRD reflections revealed
features of the structural behavior of the syn-
thesized materials. It is observed that the pat-
terns of undoped (S0) and annealed at 600 °C
(S600) samples are identical to the standard
pattern for rhombohedral (trigonal) lithium
tantalate (R3c space group) noted in the Crys-
tallography Open Database (COD).

The rhombohedral LiTaO4 also remains the
main phase of the samples treated at T > 800
°C. At the same time, weak additional peaks
of admixture phases (marked by arrows in Fig.
1) were also observed for these samples. These
peaks can be attributed to the monoclinic
LiTa30g and PryTa,0g4. The formation of such
phases is due to differences in ionic radii and
charge states among Pr3", Li*, and Ta®" ions.
In fact, praseodymium ions in the LiTaOg host
can substitute for either lithium or tantalum
cations. Both cationic positions in lithium tan-
talate have the same Cg site symmetry, and con-
sequently, praseodymium ions are coordinated
by six oxygens [21]. In such an environment,
the ionic radius of Pr3* (101.3 pm) is smaller
than that of Li* (128 pm) but much larger than
that of Ta®* (68 pm). The radii mismatch noted
above should lead to the formation of vacancies
at oxygen and/or lithium sites [8]. As a result,
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a small amount of admixture phases had been
observed earlier in Pr-doped LiTaO,, even at
relatively low RE concentrations [12].

It is worth noting that the shift of the maxi-
mum was observed for the peak at 20 = 23.74
° both in the direction of increasing and de-
creasing 20 with increasing synthesis tem-
perature (see arrows in Fig. 1b). The spectral
profile of this reflex for the sample S1200, the
highest synthesis temperature, is a superposi-
tion of low-angle and high-angle components.
Therefore, the shift of the maximum towards
smaller scattering angles is evidence of the in-
troduction of Pr3* jons into the position of Ta®*
ions. On the contrary, the increase in the angle
is evidence of the entry of Pr3* ions into the
position of Lit cations. Therefore, these data
confirm that praseodymium ions incorporate
into LiTaO4 crystals at two crystallographic
positions.

The unit cell parameters were determined
using the FullProf Suite software [22]. As shown
in Table 1, doping and thermal treatment have
minimal impact on the structure of the LiTaO4
host material. The incorporation of Pr3* ions at
two crystallographic sites and the formation of
lithium/oxygen vacancies may explain the non-
linear variations in structural parameters as
the treatment temperature increases.

The SO sample, the initial LiTaOs,,
and the synthesized S600 — S1200 samples
are somewhat different in their morphologies

Functional Materials, 33, 2, 2026



V. Chornii et al. /| Impregnation synthesis and properties of ...

) & L), 5 9 .
WD 5/26/2026“ det HFW 50 pm
"NOVAZII" Company

mag HV W
2 000 x 12.50 kV(10.1 mm 12:06:05 PM ETD 211 um

Sum
“NOVAZII" Company

mag | HV WD

5/ det | HFW
5000 x|12.50 kV|10.1 mm| 12:1

M |ETD|84.5 ym|

mag HV WD | & 26

20 000 x| 12.50 kV|10.2 mm| 1 PM |ETD |21.1 um" "NOVAZII" Company

Fig. 2. SEM images of the SO (a, ¢) and S1000 (b, d) samples

(Fig. 2). Various-sized agglomerates are typical
of the initial untreated powder (Fig. 2a),
whereas small, separated particles (3 — 5 pm
in size) are dominant in synthesized samples
(e.g., the S1000 sample shown in Fig. 2b). The
crystallites of the synthesized samples do not
show clear shapes; their sizes are smaller
(1 — 4 pm), and the surfaces are covered with
submicron-sized particles. These formations
can be related to the admixture phases noted
above.

The initial LiTaO3 reveals high diffuse re-
flection (R > 93 %) over the entire visible re-
gion and a strong dip in the reflection spectrum
in the short-wavelength region (A < 300 nm)
(Fig. 3a, curve S0). The spectra of the
synthesized materials are substantially
different from those of the undoped LiTaO3.
The most important differences are 1) the ap-
pearance of sets of narrow lines in the ranges

Functional Materials, 33, 2, 2026

430 — 530 and 580 — 680 nm (Fig. 3a, inset),
and 2) a shift of the aforementioned reflec-
tion edge (at A > 300 nm) toward longer wave-
lengths with increasing annealing tempera-
ture (Fig. 3a, curves S600 — S1200 and inset).
The narrow lines are attributed to electronic
transitions from the 3H4 ground state to the
3PJ (J = 0 — 2) excited levels in Pr3+ ions. The

Table 1. Parameters and unit cell volume
for commercial LiTaO, and synthesized

samples.
Sample a=b, A c, A V, A3
SO 5.1520 13.7766 317.08
S600 5.1517 13.7742 316.60
S800 5.1541 13.7795 317.01
S1000 5.1536 13.7775 316.90
S1200 5.1555 13.7721 317.01
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Fig. 3. Diffuse reflection spectra (a) and Tauc plots (b) for commercial LiTaO4 and synthesized Pr-doped

samples. Inset: enlarged region of f - f transitions in Pr

edge shift can be attributed to an increase in
the absorption band due to intervalence charge-
transfer (CTB) between Pr3* and Ta®* [23, 24].
In addition, the shoulder appears in the range
280 — 340 nm for the S1200 sample. This fea-
ture can be related to light absorption by ad-
mixture phases noted above.

The optical band gap, Eg, is an important
parameter for the analysis of the optical/lumi-
nescence properties of materials. In this study,
the widely used Kubelka-Munk transforma-
tion [25] and the Tauc plot [26] were applied to
estimate K values from the diffuse reflection
spectra. Firstly, the Kubelka-Munk functions,
F(R,), which are proportional to the absorp-
tion coefficient, o, were calculated from the
diffuse reflectance spectra in Fig. 3a using the
formula:

_ 2
LY S
2R
where R, = R, 1/Retandarq 15 the diffuse re-

flectance of an infinitely thick layer [27]. At the
next step, Tauc plots were constructed using
the following relation between o and Eg:

(a-hv)" = B(hv—E,),

where h — Planck constant, v — photon frequen-
¢y, B—constant, n — factor, that depends on the
type of transition [27]. According to electronic
band structure calculations, the pure initial
LiTaO4 has a direct band gap with extrema
at the G point of the Brillouin zone [28] Thus,
the Tauc plot for direct allowed transitions was
drawn using n = 2 (Fig. 3b). The band gap value
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* ions

was determined as the photon energy at which
the linear fit of the (a-hv)? function (dashed
lines in Fig. 3b) intersects the horizontal axis.

The E, for initial LiTaO4 was estimated as
4.67 eV, which is close to 4.7 eV reported ear-
lier [10, 28]. The same band gap values were
observed for the samples prepared at 600 °C
and 800 °C. Annealing at higher temperatures
produced two absorption bands with maxima
near 4.1 and 4.55 eV (marked in Fig. 3b). As-
suming that these bands are related to admix-
tures that appear at high annealing tempera-
tures, they were “excluded” from the plot fitting
according to the recommendations reported
earlier [27]. As a result, the estimated band gap
values for samples S1000 and S1200 were near
4.55 eV. The decrease in the band gap values
relative to the initial LiTaO4 case can be attrib-
uted to the formation of vacancies at cationic
and anionic sites in the crystal lattice [29, 30].
Interestingly, when the Tauc plot is drawn for
sample S1200 without excluding the admixture
bands, we obtain E_ = 3.83 eV, which is close to
Eg = 3.85 eV reported earlier for LiTa;O0g4 [31].

The presented data on optical properties
clearly show that the main component of the
synthesized materials is lithium tantalate
doped with Pr3* ions. This conclusion is also
supported by the luminescence study.

The PL and the PL excitation spectra (PLE)
of the synthesized samples can be seen in
Figs. 4 and Fig. 5. The PL excitation of Pr-doped
oxide phosphors is commonly attributed to the
following processes: 1) light absorption by the
host material, followed by energy transfer to
praseodymium; 2) direct excitation of Pr3* ions

Functional Materials, 33, 2, 2026
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Fig. 4. The PL excitation spectra of the S8 (1), S10 (2), and S12 samples (3); A, = 615 nm.

via inner f-f or f-d transitions; and 3) interva-
lence charge transfer between praseodymium
and transition-metal ions in the host. [8, 9, 19,
24, 32-36].

As it follows from the PLE spectra in
Fig. 4, the effective excitation of Pr3* ions’ lu-
minescence can be performed via a wide band
in the range 250 — 370 nm, where the 4f —
5d allowed excitation transitions in Pr2* ions
can occur, as well as via 3H4 — 3PJ J=0-2)
parity-forbidden electric-dipole f-f transitions
(spectral range 440 — 510 nm). The PL excita-
tion intensity within the 3H 4 3p j transition
range rises across the samples S800, S1000,
and S1200, suggesting a higher ions incorpo-
ration as the synthesis temperature increases.
However, the behavior of the 4f — 5d transition
band differs from the specified one. The shift
in the maximum position of this band from
312 nm to 314 nm (as shown in Fig. 4) indicates
a significant change in the local environment
of some Pr3* ions across the sample sequence
S800 — S1000 — S1200. The Pr3*-related PL
in admixture phases can also contribute to this
outcome. In fact, the PLE band of Pr3* ions in
the LiTag0g:Pr compound in the 250 — 400 nm
range exhibits two components with peaks near
312 and 340 nm [31].

The behavior above was attributed to chang-
es in the oxygen environment of Pr3* jons at
Lit and Ta®" sites in the LiTaOq lattice, as well
as to the incorporation of Pr3* ions into admix-
ture phases. Different variants of the Pr3* ions
arrangement are also manifested in the lumi-
nescence spectra (Fig. 5).
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The PL spectra measured under direct ex-
citation of the Pr3* jons within 3H4—>3P1 tran-
sition A,, = 473 nm) are shown in Fig. 5a.
Despite the high intensity of laser radiation
used, no reliable data on the luminescence of
undoped LiTaO4 (sample S0) under the noted
excitation were observed. All the shown spec-
tral details can be ascribed to f — f electronic
radiative transitions in Pr3* ions. The most in-
tensive of them are noted in Fig. 5a.

Concerning the luminescence mech-
anism in the case of PL excitation at
473 nm, the following should be noted.
According to spectra shown in Fig. 3a, the en-
ergy gap between 3P1 and 3P0 levels is near 540
cm, which is close to the phonon energy of Ta-O
vibrations (corresponding IR absorption bands
are in the 590-870 cm™! range [37]). Thus, a
population of the 3P0 emitting level increases
due to phonon-assisted electron relaxations
from the 3P1 level. The population of the 1D2
emitting levels may be ascribed to the follow-
ing processes: 1) multi-phonon relaxations, 2)
phonon-assisted [3P0, 3H4] — [3H6, 1D2] Cross-
relaxation process, and 3) “virtual recharge”
mechanism with formation of [Pr#t+Ta%']
charge transfer state [35, 36, 38]. Among these
processes, only the last one can be considered
as sensitive to the type of crystallographic site
that is occupied by praseodymium.

According to the theory of intervalence
charge transfer state [38], the emission proper-
ties of Pr-doped oxides depend on the param-
eter R = x(M™")/Avg(Pr-M), where x(M"") is
the optical electronegativity and Avg(Pr-M) is
the average distance between praseodymium
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and the transition metal. If R < 0.5, both blue
and red emissions of the Pr3* ion are observed;
when R > 0.50, the emission is mainly in the
red region (emission from the 1D2 level domi-
nates when R > 0.55). In the LiTaOg crystal,
the average distances are 3.05 A between the
nearest Li and Ta cations and 3.76 A between
the nearest Ta cations [21]. Using x(Ta%*) = 1.8
[39] and the provided crystallographic data,
the R values are estimated to be 0.59 for pra-
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seodymium on lithium sites and 0.48 for pra-
seodymium on tantalum sites. Therefore, the
rising contribution of emission from the 3PO
level in the PL spectra (Fig. 5a) suggests that
as the treatment temperature increases, pra-
seodymium ions preferentially occupy more
tantalum sites rather than lithium sites. More-
over, the oxygen coordination around lithium
positions is more distorted than that around
tantalum positions. As a result, the group of
lines caused by the hypersensitive 3P0 - 3F2
transitions shows the highest intensity for the
S600 sample (curve 2 in Fig. 5a). Therefore, the
annealing temperature significantly influences
the overall luminescence intensity and spectral
profiles by causing a redistribution of Pr3* ions
between two cationic sites.

PL behavior similar to that noted above
has been observed in emission spectra mea-
sured under excitation via 4f — 5d transitions
(Fig. 5b). The results indicate that Pr3* ions
occupy low-symmetry positions in the crystal
lattice. There may be sites within the pre-sur-
face volume of the crystalline grains, where
many crystal-lattice defects should form. The
PL spectral profiles for the samples S800 and
S1000 differ from those described above. These
profiles are similar to each other (Fig. 5a) and
correspond to spectra reported in the literature
[8]. On the contrary, the S1200 sample shows
an unusually high intensity of the 3P0 — SH 4
transition (spectral range 490 — 530 nm) com-
pared to LiTaO4:Pr data reported in the litera-
ture. This sample also exhibits the highest total
PL intensity. Such results can be ascribed to a
redistribution of Pr3* ions between two cationic
sites in the LiTaOg4 lattice with increasing an-
nealing temperature, as well as to the contribu-
tion of Pr3* ions located in admixture phases.

It should be noted that crystal lattice defects
near Pr3" ions can affect luminescence mecha-
nisms. To investigate this, the PL spectra of the
studied materials were recorded at a mid-range
excitation wavelength of 405 nm. As shown in
Fig. 4, there are no absorption bands in this
wavelength region associated with Pr3* ions.
Measured luminescence spectra of the initial
LiTaOj4 consist of a wide complex band spread-
ing from 480 to 730 nm (Fig. 5¢). The PL bands
of similar intensity and spectral shape were
also observed for the synthesized S600 — S1000
samples. It is possible that the cationic and an-
ionic vacancies are the structural defects that
reduce the band gap of the LiTaO4 and allow

Functional Materials, 33, 2, 2026
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Table 2. Color characteristics of the synthesized materials emission

Sample Ay =473 nm A, =311nm
X y u’ v’ CCT, K X y u’ v’ CCT, K
S600 0.583 | 0.398 | 0.3528 | 0.5419 1638
S800 0.660 | 0.333 | 0.4651 | 0.5280 2851 0.647 | 0.325 | 0.4616 | 0.5218 2928
S1000 | 0.669 | 0.323 | 0.4832 | 0.5249 3374 0.542 | 0.398 | 0.3240 | 0.5353 1785
S1200 | 0.480 | 0.454 | 0.2564 | 0.5457 2753 0.423 | 0.474 | 0.2158 | 0.5440 3703

luminescence under middle excitation wave-
lengths.

In the S1200 sample, a more intense lumi-
nescence band appeared in the 450-550 nm
range, featuring two peaks around 465 and
515 nm. The formation of additional phases in
samples synthesized at high temperatures was
previously established. Thus, it is likely that
this luminescence results from defects within
these impurity phases.

From the viewpoint of phosphor application
in light-emitting devices, it is important to un-
derstand the phosphor’s emission color charac-
teristics. For this reason, the CIE 1931 (x, y) and
CIE 1976 (v, v) chromaticity coordinates, as
well as the correlated color temperature (CCT),
were calculated using experimental spectra
from Fig. 4a and Fig. 5a. Both annealing and
excitation wavelength have a significant influ-
ence on the color properties of emission of the
prepared material. Table 2 shows that under
PL excitation at 473 nm, the color coordinates
of the samples annealed at 800 and 1000 °C are
close to those of the NT'SC standard for red (x =
0.67, y = 0.33). The calculated CCT values indi-
cate that all the samples emit so-called “warm”
light.

4. Conclusions

LiTaO4 was impregnated with an aqueous
Pr(NOg), solution and then thermally annealed
at 600, 800, 1000, and 1200 °C to produce pra-
seodymium-doped lithium tantalate crystals.

The XRD data confirmed the formation of the
LiTaOj, crystals with a rhombohedral (trigonal)
structure (R3c space group). The thermal treat-
ments at 800, 1000, and 1200 °C resulted in the
formation of small amounts of the admixture
phases identified as PryTa,O4 and LiTa;Og.

Diffuse reflection data enabled the calcula-
tion of optical band gaps for the synthesized
materials. Evaluated E_ values were near 4.67
eV for both the initial commercial and the sam-
ples prepared at 600 and 800 °C. These data
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are close to those published earlier. The band
gap values for the samples annealed at 1000
and 1200 °C were estimated as 4.55 eV. The
band-gap reduction observed with increasing
annealing temperature was attributed to an
increase in the number of cationic and anionic
vacancies, which introduce electronic levels
within the forbidden band of LiTaO,.

The luminescence data showed that praseo-
dymium was incorporated into the Li* and Ta®*
sites of the LiTaOq lattice as Pr3* ions. Incorpo-
ration of some amount of the Pr3* ions into ad-
mixture phases was found. The data confirmed
the feasibility of using Pr3* ions for lumines-
cent probing of the composition and structure
of the synthesized materials.

The estimated color characteristics of the
emission suggested the potential use of the
materials under study for the development of
“warm” lighting devices.
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