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Abstract: In this work, the physical characterization of LiGdxY1−xF4 (x = 0.05, 0.3, 0.7, and 1.0) and
LiGdF4:Eu3+ microparticles was performed. The distribution coefficient of LiGdxY1−xF4 (x = 0.05)
was determined for the first time (0.84). Based on kinetic characterization data, the LiGdF4 sample
was chosen for further Eu3+ doping (0.1 and 1.0 at.%). For the LiGdF4:Eu3+ sample, Eu3+ emission
was clearly observed under the excitation of Gd3+. This fact indicates an effective energy transfer from
Gd3+ to Eu3+. The temperature-dependent spectral characterization of the LiGdF4:Eu3+ (1.0%) sample
revealed that in the 30–250 K temperature range, a broad emission peak is evidenced. Its intensity
sharply increases with the temperature decrease. We made a suggestion that this phenomenon is
related to the irradiation-induced defects. The integrated luminescence intensity ratio of this broad
peak and the Eu3+ emission were taken as temperature-dependent parameters. The sensitivity values
are very competitive, and the first maximum occurs at 174 K (3.18%/K). The kinetic characteristics
of both Gd3+ and Eu3+ did not demonstrate a notable temperature dependence. The LiGdF4:Eu3+

sample showed the possibility of being used as an optical temperature sensor, operating in the
cryogenic temperature range.

Keywords: LiGdF4; Eu3+; LiGdF4:Eu3+; luminescence thermometry; cryogenic temperature sensors;
distribution coefficient

1. Introduction

Rare-earth-doped and un-doped nano- and microsized LiREF4 (RE = rare-earth ions)
crystals are considered highly promising materials for quantum electronics, solar cells,
optical temperature sensing, and bioimaging [1–8]. The doping—rare-earth ions—are
characterized by a partially filled 4f shell that is effectively shielded by 5 s2 and 5 p6 orbitals.
Therefore, the spectrum of rare-earth-doped luminescent materials consists of narrow and
intense luminescence peaks. Compared with other luminescent materials (e.g., organic
dye, quantum dots, etc.), rare-earth-doped luminescent materials have many advantages,
such as a sharp emission and long luminescence lifetime, good photochemical and thermal
stability [9], and a lack of photobleaching, etc. [10]. The luminescent properties of RE-doped
fluoride materials are mainly influenced by the host matrix, as well as the doping ions.
Hence, the optimal host–doping ion combinations are necessary for efficient luminescence
processes. Among the RE ions, the Eu3+/Gd3+ ion pair seems to be promising and is less
studied. Indeed, the Gd3+ ion shows intense luminescence due to the f–f transitions in
numerous hosts, demonstrating a strong emission in the 290–312 nm range [11]. The lumi-
nescence and laser generation in this spectral range is highly demanded in the treatment of
skin diseases, such as vitiligo and psoriasis [12]. In turn, Eu3+ itself has a strong temperature
sensitivity in relation to its spectral–kinetic characteristics [13]. In the case of the Gd3+/Eu3+

ion pair, recent studies have demonstrated a significant enhancement of Eu3+ lumines-
cence under UV Gd3+ excitation due to the Gd3+→Eu3+ energy transfer process. Moreover,
materials doped with Gd3+ and Eu3+ have been proposed as promising materials for red
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lasers [2,4,14]. However, the Gd3+/Eu3+ ion pair is significantly less studied in terms of its
temperature-dependent spectral–kinetic characterization, compared to such widespread
ion pairs as Nd3+/Yb3+ [15], Er3+/Yb3+ [16], Eu3+/Tb3+ [17,18], and Ce3+/Yb3+ [19]. The
LiYF4 matrix was chosen as the host, which decreases the non-radiative relaxation due
to the low phonon energy of the host matrix. The Gd3+/Eu3+ combination was used as
a donor/acceptor pair due to the presence of phonon-assisted energy transfer between
them, which leads to potential temperature-dependent spectral–kinetic characteristics of
the system. In turn, Eu3+ demonstrates luminescence in the visible part of the spectrum.
The ability to convert UV into visible light is highly required due to the increasing need for
silicon solar cell efficiency [14]. For these reasons, a thorough and detailed investigation of
the spectral–kinetic characteristics of LiGdXY1−XF4: Eu3+ is very useful for the abovemen-
tioned applications. The main novelty of this work is that we characterize a set of samples
(LiGdXY1−XF4 (X = 0.05, 0.3, 0.7, and 1.0)) in order to choose a suitable one for Eu3+ doping.
Additionally, the distribution coefficient of LiGdxY1−xF4 (x = 0.05) is determined for the
first time. The crystals with different Gd3+ concentrations were successfully prepared
using the Bridgman–Stockbarger method and, then, they were mechanically milled into
microparticles. The structural and photoluminescence properties were investigated. The
LiGdxY1−xF4:Eu3+ particles showed efficient energy transfer and high temperature sensitiv-
ity over a wide temperature range. This observation allows them to be used as coatings for
solar panels, as well as luminescent temperature sensors. The objective of this study was
to estimate the possibility of using LiYXGd1−XF4 and Eu3+:LiGdF4 phosphors in optical
temperature sensing. The tasks were the synthesis and the spectral–kinetic characterization
of Gd3+ in LiYXGd1−XF4 in order to choose an appropriate ratio of Gd3+ and Y3+ ions,
and the spectral–kinetic characterization of Eu3+ in Eu3+:LiYXGd1−XF4 in the 10–320 K
temperature range.

2. Materials and Methods

In this work, we investigated LiGdxY1−xF4 (X = 0.05, 0.3, 0.5, 0.7, and 1.0) and Eu3+

(0.1 and 1.0 at.%):LiGdF4 crystals. Optically perfect, single LiGdxY1−xF4 crystals were
grown using the Bridgman–Stockbarger technique, using a growth furnace with a specially
designed heating unit. The comprehensive crystal growth procedure is described in our
previous work [7]. To record the absorption spectra, a DFS-452 spectrograph (1200 rul-
ing/mm lattice, 0.5–0.2 nm/mm inverse linear dispersion, 120,000 theoretical resolution
of the spectrograph, spectral resolution 0.3 nm) and a broadband light source (deuterium
lamp) were used. Elements analysis was carried out by means of energy-dispersive X-ray
spectroscopy (EDX), using a scanning electron microscope, Dimension FastScan (Santa
Barbara, CA, USA). The concentration of both Eu3+ and Gd3+ ions was calculated as a
mass proportion of the EuF3 and GdF3 starting materials in the melt. The phase compo-
sition of the particles was confirmed by means of the X-ray diffraction method (XRD),
using a Bruker D8 ADVANCE X-ray diffractometer (Cu Kα radiation, λ = 0.154 nm). The
XRD simulation was carried out using VESTA software, version 3 (Ibaraki, Japan). The
luminescence spectra were recorded by a CCD spectrometer StellarNet, (Tampa, FL, USA)
(~1.0–2.0 nm spectral resolution). The optical excitation of the samples was performed
using a LOTIS TII tunable laser, LT-2211A (λex (Gd3+) = 274 nm, τ = 10 ns, ν = 10 Hz).
The experiments were performed in the 10–320 K temperature range via the so-called
“cold finger” method. The temperature control was carried out using a thermostatic cooler
“CRYO industries”, which had a LakeShore Model 325 (Westerville, OH, USA) temperature
controller. The luminescence decay time curves were recorded using a Bordo 211A digital
oscillograph (10 bit and 200 MHz bandwidth), an MDR-3 monochromator, and a PEM-62
photomultiplier (working spectral range ~ 600–1200 nm). All the calculations were carried
out using the Origin Pro 9.0 software.
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3. Results
3.1. XRD Characterization of the LiGdXY1−XF4 Samples

The phase composition of the LiGdxY1−xF4 (X = 0.05, 0.3, 0.7, and 1.0) samples was
confirmed via XRD method. The XRD patterns of the LiGdxY1−xF4 samples, the simulation
of LiGdF4, and JCPDS are presented in Figure 1.
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Figure 1. The XRD patterns, simulation, and JCPDS of the LiGdxY1−xF4 (X = 0.05, 0.3, 0.7, and
1.0) samples.

The XRD patterns correspond to the trigonal structure of both LiYF4 and LiGdF4
matrices. The well-defined peaks, the absence of impurity peaks, and the absence of
amorphous phases are seen. The experimental XRD patterns agree with the reference
patterns from the VESTA software, version 3. They also agree with JCPDS No. 027–
1236 [20]. According to the literature data, the lattice parameters of LiGdF4 are a = 0.5235
(1) nm, c = 1.1019 (2) nm [21]. In its turn, the lattice parameters of LiYF4 are a = 0.5164
(1) nm, c = 1.074 (2) nm [22]. The XRD peaks also slightly shift toward higher angles with
the decrease in Gd3+ content, expressing the Bragg law. The calculated lattice parameters
are in agreement with the above-mentioned values and gradually increase with the increase
in Gd3+ content (Table S1, Supplementary Materials).

3.2. Spectral–Kinetic Characterization of the LiGdXY1−XF4 Samples

For this work, optically perfect crystals (65 mm in length) were grown. Since the
undoped LiGdXY1−XF4 (X = 0.05, 0.3, 0.5, 0.7, and 1.0) crystals are insufficiently studied,
there is no information in the literature about the distribution coefficient of Gd3+; there-
fore, we measured the distribution coefficient of the Gd3+ ions in the LiYF4 matrix. The
information concerning the distribution coefficient of Gd3+ is very important for quantum
electronics and laser technologies [23]. For this purpose, the LiYF4:Gd3+ (5 at.%) was
prepared according to Figure 2a. The setup is shown in Figure 2b. The photo of the sample
is represented in Figure S1 (Supplementary Materials).
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Figure 2. (a) Preparation of the crystal for the experiment; (b) schematic representation of the
experimental set-up.

For the crystal growth procedure by the Bridgman method for low crystal pulling
rates (a few millimeters per hour), it can be assumed that the solution is completely mixed
in the liquid. Therefore, to characterize the impurity distribution in the grown crystal, the
Scheil equation can be used [24]:

C(x) = C0k
(

1 − x)k−1 (1)

where C0 is the concentration of the starting material, x—volume fraction of solid, and
k—distribution coefficient. The integral absorbance A is proportional to the concentra-
tion [25] of Gd3+ ions in the crystal. Therefore, the Scheil equation can be rewritten
as follows:

As = kA0

(
1 − x)k−1 (2)

Thus, to determine the partition coefficient, we recorded the absorption spectra of
Gd3+ ions in the 270–280 nm spectral range (Figure S2, Supplementary Materials). The
absorption spectra were recorded along the crystal at points with an increment of 3 mm.
Next, the integral absorbance was calculated in the 270–280 nm wavelength range and
the dependence of the integral absorbance in arbitrary units on the solidified fraction was
plotted. Fitting the graph according to the Scheil equation gives the distribution coefficient
and integral absorbance A0 for the initial concentration C0. The initial concentration is the
concentration of Gd3+ that we put into the mixture at the beginning of growth. It is equal to
5%. Taking into account the initial concentration and the corresponding integral absorption,
we can recalculate the integral absorption data into concentration at the corresponding
points. The data obtained in this way is presented in Figure 3. The energy-dispersive
X-ray spectroscopy (EDX) confirms the obtained Gd3+ distribution. To obtain the standard
deviations, we performed EDX measurements from five different parts of the crystal cap,
middle part, and spout.
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Figure 3. The distribution of Gd3+ ions in LiGdxY1−xF4 (x = 0.05) crystal volume. Energy-dispersive
X-ray spectroscopy (EDX) confirms the obtained Gd3+ distribution.

The energy level diagram and excitation scheme of the Gd3+/Eu3+ system are rep-
resented in Figure 4. The Gd3+—Eu3+ energy transfer process will be discussed below.
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Figure 4. Energy level diagram and excitation scheme of Gd3+/Eu3+ ion pair. λex = 274 nm corre-
sponds to 8S7/2—6IJ absorption band of Gd3+. The dotted arrows explain the energy transfer (WET)
from Gd3+ to Eu3+

The 274 nm excitation wavelength corresponds to the 8S7/2—6IJ absorption band of
Gd3+. The luminescence decay times of 6P7/2—8S7/2 (at 312 nm) as functions of temper-
ature are represented in Figure 5. The luminescence decay curves detected at different
temperatures are represented in Figure S3 (Supplementary Materials).
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Figure 5. The luminescence decay time (tdecay) of the LiGdxY1−xF4 samples (x = 0.05; 0.3; 0.7 and 1.0)
at a wavelength of 312 nm (6P7/2—8S7/2) in the 100–300 K temperature range.

There are very few papers devoted to the concentration quenching of Gd3+ ions,
especially in fluoride hosts (single Gd3+-doped systems). The difference in decay times
for LiGd0.05Y0.95F4 and both LiGd0.3Y0.7F4 and LiGd0.7Y0.3F4 can be explained by the fact
that there can be reabsorption of the luminescence that leads to the increase in the lifetime
of the excited state. In more detail, we found in [26] that at 300 K the decay rate of 6P7/2
(Gd3+) in LiYF4-1%Gd3+ is equal to 115 (s−1); hence, the decay time can be calculated
as the inverse value = 8.7 ms. In our Gd3+ (5%): LiYF4 sample, the decay time is also
around 8.5 ms. It can be suggested that at lower concentrations, the decay time of 6P7/2
(Gd3+) is around 8.5 ms. With higher concentrations, the contribution of reabsorption is
higher than the contribution of concentration quenching. This leads to an increase in the
decay time. Thus it can be suggested that, for the LiGdF4 sample, the contribution of
concentration quenching is predominant, and a decrease in the decay time is observed.
It can be seen that for the LiGdxY1−xF4 samples (x = 0.05; 0.3 and 0.7), the luminescence
decay time slightly shortens with the temperature increase. This expected tendency can
be explained by the multiphonon relaxation on defects. Indeed, its efficiency decreases
with the temperature increase. In its turn, for the LiGdF4 sample, the opposite trend is
observed: an increase in the luminescence decay time with the increase in the temperature,
starting from 180 K. For this sample, the reabsorption of the luminescence plays a more
significant role. The reabsorption efficiency can rise with the temperature increase due to the
broadening of the absorption bands. This is the same phenomenon we earlier observed for
Yb3+ ions [27]. However, the observed phenomena require additional investigation. After
the kinetic characterization of the LiGdxY1−xF4 samples, the LiGdF4 one was selected for
further doping with Eu3+ because there are at least two temperature-dependent processes:
multiphonon relaxation on defects and reabsorption of the luminescence. It is known that
to obtain a higher temperature sensitivity of phosphors, as many temperature-dependent
processes as possible are needed, which can eventually strengthen each other, resulting
in higher temperature sensitivity. To avoid concentration quenching, the 0.1 and 1.0
at.% concentrations of Eu3+ were chosen. Room-temperature luminescence spectra of the
LiGdF4:Eu3+ (0.1 (a) and 1.0 at.% (b)) sample under Gd3+ excitation (8S7/2—6PJ absorption
band, λex = 274 nm) are represented in Figure 6a,b, respectively.
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Figure 6. Room-temperature luminescence spectrum of the LiGdF4:Eu3+ (0.1 (a) and 1.0% (b)) sample
under the Gd3+ excitation (λex = 274 nm, 8S7/2—6PJ absorption band).

It can be seen that for the LiGdF4:Eu3+ (0.1%) sample, the luminescence peaks of both
Gd3+ and Eu3+ doping ions are observed. To exclude the possibility of the direct excitation
of Eu3+ under 274 nm, we carried out the same experiment for LiYF4:Eu3+, where the
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LiYF4 host does not absorb this wavelength (274 nm). The pictures of both LiGdF4:Eu3+

(0.1%) and LiYF4:Eu3+ (0.1%) powders under 274 nm excitation are represented in Figure
S4. For LiGdF4:Eu3+ (0.1%), the characteristic red luminescence of Eu3+ is clearly observed.
LiYF4: Eu3+ (0.1%) does not show emission. According to the literature data, the energy
transfer from Gd3+ to Eu3+ occurs via quantum cutting [28] and energy transfer between
suitable energy levels of Gd3+ and Eu3+ [29,30]. Quantum cutting can be described at the
Gd3+ excitation (λex = 202 nm (8S7/2—6GJ absorption band of Gd3+)) as “cuts” into the
excitation of the 5D0 level of Eu3+ and 6PJ level of Gd3+. This process is possible only
for the above-mentioned excitation scheme (λex = 202 nm). In the present work, such
quantum cutting is impossible. The energy transfer from Gd3+ to Eu3+ occurs via 6IJ
(Gd3+)—5FJ, 5IJ (Eu3+) and 6PJ—(Gd3+)—5FJ, 5IJ (Eu3+). Gd3+ ions can be optically excited
at 274 nm (8S7/2–6IJ). Then, the 6IJ states can decay non-radiatively, populating 6PJ excited
states. The excitation energy can be transferred to the 5HJ states of Eu3+, following the
non-radiative transition to the lower 5DJ. The lowest 6PJ (J = 7/2) of Gd3+ has an energy
of around 32,000 cm−1 in LiGdF4 [31]. In its turn, the highest 5DJ (J = 4) state of Eu3+ has
an energy of around 29,000 cm−1 [32]. The highest phonon energy for LiGdF4 is around
570 cm−1 [33,34]. It required around five phonons to “bridge” the 6P7/2–5D4 energy gap. In
the case of 6IJ (Gd3+)—5FJ, 5IJ (Eu3+) energy transfer, there is also an energy gap of the same
order. It can be suggested that this energy transfer is phonon-assisted at our excitation
conditions. This energy transfer leads to the intense Eu3+ emission under Gd3+ excitation.
In its turn, the LiGdF4:Eu3+ (1.0%) sample demonstrates negligible Gd3+ luminescence. It
can be suggested that higher Eu3+ concentrations quench Gd3+ more efficiently. Due to the
efficient energy transfer from Gd3+ (donor) to Eu3+ (acceptor), this material can be used as
coatings for silicon-based solar cells [35]. Indeed, for these solar panels, it is very important
to convert UV radiation into visible light and IR, since there are intense absorption bands
of silicon in the visible and IR ranges.

3.3. Spectral Characterization of the LiGdF4:Eu3+ (1 at.%)

The LiGdF4:Eu3+ (1 at.%) luminescence spectra were recorded in the 30–320 K temper-
ature range (Figure 7). We immediately noticed broadband emission peaks in the visible
spectral region (~350–650 nm) and a simultaneous decrease in the intensity of Eu3+ emission
at low temperatures: the same phenomenon we earlier observed in our previous work for
Nd3+, Yb3+: YF3 crystalline particles [36].

Particularly, the presence of this broad emission can be explained by several mecha-
nisms. In the work of [37], the broad excitonic emission is observed for LiYF4 (the same
crystal structure as LiGdF4) under X-ray excitation at 4.2 K. These excitons are of the type
F2−

2 . However, this emission in the 200–400 K spectral range centered at 300 nm, unlike
the obtained results (Figure 7). Moreover, the excitonic emission is thermally quenched
at T > 100 K. Here, we observe a broad emission at higher temperatures [38]. The second
mechanism is related to the presence of oxygen impurities which are considered the most
common impurity for fluorides. There are also fluorine vacancies (VF): in this case, fluoride
matrices where the fluorine ion is substituted by oxygen. The absorption band of these
impurities is in the 250–300 nm range. Our excitation wavelength (274 nm) is almost at the
center of the absorption band [39]. We found at least two consequences of the presence of
the oxygen impurities (OF). The first is the OF–RE3+ complex [39] and the second is the
OF—VF—RE3+ one [40]. Under UV excitation, both doping ions and the above-mentioned
complexes are excited following the emission or non-radiative transitions. It can be sug-
gested that the OF—RE3+ and OF—VF—RE3+ complexes have an intricate energy level
structure that provides broad-band emission. At low temperatures, the energy transfer
from the complex to RE is hindered and we observe the broad emission of the complexes.
The energy transfer probability increases with the rise in the temperature, which leads
to the decrease in the complex emission intensity and the increase in RE emission. This
hypothesis requires additional investigation.
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Figure 7. Luminescence spectrum of LiGdF4:Eu3+ (1.0%) in the 10–290 K temperature range. 
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Having used the baseline function in OriginPro 9.0 software, we separated the lumi-
nescence spectrum of Eu3+ and the defects. The luminescence intensity ratio (LIR) between
the luminescence of the defects and Eu3+ was taken as a temperature-dependent parameter.
The LIR curves as functions of temperature are represented in Figure 8.

LIR =
Ide f ects

IEu3+
(3)
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It can be seen that all luminescence intensity ratio (LIR) curves exhibit interesting
behavior. Also, an important characteristic of temperature sensors is the absolute Sa and
relative Sr temperature sensitivities (Figure 9a,b, respectively). We see that for the sample,
we have obtained a competitive temperature sensitivity Sa in the 50–180 K temperature
range. Note that the presence of the crank points is related to the use of absolute values of
the Sa and Sr functions [41].

Sa =

∣∣∣∣d(LIR)
dT

∣∣∣∣ (4)

Sr =
1

LIR

∣∣∣∣d(LIR)
dT

∣∣∣∣ ∗ 100% (5)
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It can be seen from Figure 9b that the Sr reaches very competitive values. In particular,
Sr has the first maximum at 174 K (3.18%/K). In its turn, at 100 K, Sr is equal to 1.71%/K.
This value is quite competitive compared to such analogs as the Er3+, Yb3+: LaF3 (~0.9%/K
at 100 K) and Pr3+, Yb3+: LaF3 (gradually decreases from ~1.0 at 30 K to ~0.2 at 100 K) cryo-
genic temperature sensors [16]. The same principle was used in [42], where, in YVO4:Eu3+,
the LIR was based on the ratio of the YVO4 host and Eu3+ emission. In this system, the
maximum Sr is ~4.0%/K at 123 K; however, in the 170–320 K range, the Sr values are in the
2.0–1.0%/K range, unlike the studied system.

3.4. Kinetic Characterization of the LiGdXY1−XF4 Samples at Room Temperature

The luminescence decay and rise curves of Eu3+ are very important kinetic character-
istics of the phosphors. Indeed, there is a huge class of luminescence temperature sensors
based on the analysis of the temperature-dependent kinetic characteristics of the lumines-
cence signal [27,41,43–46]. For the studied LiGdF4:Eu3+ (0.1 and 1.0 at.%) samples, there is
a series of intense peaks in the red spectral part corresponding to the radiative transitions
from 5D1 and 5D0 levels of Eu3+ to their lower ones. The decay and rise times of the suitable
transitions at different temperatures are represented in Figure 10a and b, respectively. The
decay and rise curves are represented in Figure S5 (Supplementary Materials). Such a
significant difference in the kinetics of the rise and decay curves occurs due to the cross-
relaxation between Eu3+ ions. Such a notable difference in the kinetics of the rise and decay
of luminescence occurs due to the processes of cross-relaxation between Eu3+ ions.
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emission) and 620.8 nm (5D1 emission) in the 80–320 K temperature range.

It can be seen from Figure 10b that the decay times for the 5D1 and 5D0 states are
around 7 and 3 ms at 300 K, respectively. The obtained results are in good agreement with
the literature data on LiGdF4 [47,48]. The decay times demonstrate a weak tendency to
decrease with an increase in temperature. This tendency can be attributed to the increase
in the probability of non-radiative relaxation with the rise in temperature. The presence
of the rise-time curve is explained by non-radiative relaxation from the higher-energy 5DJ
levels to 5D1,0 ones (the excitation of 5D1,0 state is non-resonant). When the temperature is
lowered, relaxation rates slow down, which is indicated by an increase in the rise-time [47].
Based on Figures 8 and 9 in the LiGdF4:Eu3+ samples, it was found that the cross-relaxation
process weakly depends on the temperature and concentration of Eu3+ ions and is not
suitable for sensing purposes. The same tendency is observed in such important fluoride
phosphors as Ka5Li2La1−xEuXF10 in the 80–300 K range. Specifically, the 5D1 lifetime
decreases gradually from ~4 (80 K) to ~2 ms (300 K) [49]. The rise times for the 5D1 and
5D0 states are around 1 and 3 ms at 300 K, respectively. The same values were obtained for
Eu3+: LiGdF4 in Ref. [47]. The rise times also demonstrate a decreasing tendency with the
temperature increase.

4. Conclusions

In this work, the physical characterization of LiGdxY1−xF4 (x = 0.05; 0.3; 0.7 and 1.0)
and LiGdF4:Eu3+ microparticles was carried out. The XRD method confirmed that all the
samples have a tetragonal structure that corresponds to LiYF4 and LiGdF4 matrices. For the
LiGdxY1−xF4 (x = 0.05) bulk crystal, the distribution coefficient was determined for the first
time. It was equal to 0.84. Based on kinetic characterization data, the LiGdF4 sample was
chosen for further Eu3+ doping (0.1 and 1.0 at.% concentrations). It was shown that for the
LiGdF4:Eu3+ (0.1%) sample, both Gd3+ and Eu3+ emissions were clearly observed under
the excitation of Gd3+. This fact indicates an efficient energy transfer from Gd3+ to Eu3+.
However, for the LiGdF4:Eu3+ (1.0%) sample, the Gd3+ emission was negligible. In its turn,
the intense Eu3+ emission was observed in the red part of the spectrum. These findings
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make the LiGdF4:Eu3+ material relevant for creating coatings of solar silicon cells in order
to convert UV light into visible light. The temperature-dependent spectral characterization
of the LiGdF4:Eu3+ (1.0%) sample revealed that in the 30–250 K temperature range, a broad
emission peak is evident. Its intensity sharply increases with the temperature decrease in
the range of 30–150 K. We associated this phenomenon with the emission of defects, which
is often found in fluorides and is associated with the formation of complexes of oxygen,
fluorine vacancy, and RE. The integrated luminescence intensity ratio of this broad peak
and Eu3+ emission was taken as a temperature-dependent parameter. The Sr reached very
competitive values. In particular, Sr has the first maximum at 174 K (3.18%/K). In its turn,
at 100 K, Sr is equal to 1.71%/K. The kinetic characteristics of both Gd3+ and Eu3+ did
not demonstrate notable temperature dependence. Finally, it can be concluded that the
LiGdF4:Eu3+ showed a possibility of being used as an optical temperature sensor operating
in the cryogenic temperature range. The next step forward concerning the present work
is to develop the precise procedure of the separation of the luminescence signals of the
broad emission and the doping ions. To control and estimate the amount of the defects,
the development of the LiGdF4 synthesis procedure is also an important task. Finally, the
interesting dependence of Gd3+ decay times on temperature will also be investigated.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ceramics7010018/s1, Figure S1. The photo of the Gd3+ (5 at.%):LiYF4
sample for the determination of the distribution coefficient; Table S1. Lattice parameters of LiGdxY1−xF4;
Figure S2. Absorption spectra of the LiGdxY1−xF4 sample (x = 0.05) at different distances from the
crystal cap; Figure S3. Kinetics of luminescence of: (a) LiGdxY1−xF4 (х = 0.05), (b) LiGdxY1−xF4
(х = 0.3), (c) LiGdxY1−xF4 (х = 0.7) and (d) LiGdxY1−xF4 (х = 1.0) at the 312 nm; wavelength (6P7/2-
8S7/2) at a temperature 100 К (black), 200 К (red), 300 К (blue); Figure S4. The pictures of both
LiGdF4: Eu3+ (0.1%) (a) and LiYF4: Eu3+ (0.1%) (b)under 274 nm excitation; Figure S5. Kinetics of
luminescence of LiGdF4: Eu3+ (1 at.%) in the different wavelength: (a) kinetics of luminescence decay
in the 610.7 nm, (b) kinetics of luminescence rise in the 610.7 nm, (c) kinetics of luminescence decay
in the 620.8 nm and (d) kinetics of luminescence rise in the 620.8 nm at a temperature 160 К (black),
240 К (red), 320 К (green).
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