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H I G H L I G H T S  

• The synthesis of trigonal EuAl3(BO3)4 powder using a multi-stage solid-state reaction method. 
• Midgap states are attributed to the Eu3+ f-states, but no emphasized peaks are observed on the simulated absorbance spectra. 
• The contribution of molecular groups and individual ions to the Raman spectrum is demonstrated. 
• Ultranarrow 5D0 .→ 7F0 luminescent line serves as a monitor for limited number of structural defects in trigonal EuAl3(BO3)4.  
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A B S T R A C T   

Huntite-like borates are versatile and promising materials with wide range of applications in frequency con-
version, UV light generation, lighting, displays, quantum information storage, and more, demonstrated by their 
various properties and uses in scientific research. In this work, EuAl3(BO3)4 powder was prepared through multi- 
stage solid-state reaction method using high-purity starting reagents: Eu2O3, Al2O3 and H3BO3, considering a 20 
wt% excess of H3BO3 to compensate for B2O3 volatilization. Obtained samples undergo several treatments at 
varying temperatures and their phase purity is subsequently verified through powder X-ray diffraction analysis. 
The scanning electron microscopy reveals that resulting EuAl3(BO3)4 powder consists of granules exhibiting 
irregular morphologies with dimensions of 0.5–8 μm. The electronic band structure of EuAl3(BO3)4, calculated 
using the GGA PBE method, reveals f-states of Eu near 4 eV. These states do not produce emphasized peaks on 
simulated absorbance spectra. Using of DFT + U for the f-states of Eu pushed up f-bands above 6 eV and the 
charge transfer from p-O to d-Eu was obtained (Eg

direct 
= 5.63 eV, Eg

indirect 
= 5.37 eV using Ueff = 4 eV). The 

variation of Ueff has a weak influence on the position of the bottom of the conduction band. The experimental 
bandgaps of EuAl3(BO3)4 crystalline powder, both direct and indirect, are found to be 3.96 and 3.67 eV, 
correspondingly. These values are lower than theoretical values what is associated with limitations of DFT 
calculations involving f electrons. The Raman spectrum of EuAl3(BO3)4 powder is discussed, detailing the con-
tributions of different ions to specific spectral bands. Investigation of high-resolution luminescence spectra shows 
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the possibility to estimate the content of defects by the testing the violation of the prohibition of ultranarrow 5D0 
→ 7F0 line that is forbidden in the ideal crystalline structure of trigonal EuAl3(BO3)4.   

1. Introduction 

Huntite-like borates are regarded as promising materials for a broad 
spectrum of applications. In case of aluminum-containing compounds 
with the general formula LnAl3(BO3)4 (Ln = lanthanides, Y), attention is 
paid to almost all compounds in this series. For example, the process of 
frequency conversion is important in various scientific and technolog-
ical applications. The fourth harmonic generation of a frequency 
doubled Nd:YAG laser, from 532 to 266 nm, was carried out with 
YAl3(BO3)4 crystal doubler in work of Yu et al. [1]. Thus, YAl3(BO3)4 can 
be considered as a potential material for generation of UV light. At the 
same time, the Gd3+ doped YAl3(BO3)4 is investigated as a new UV 
phosphor under excitation by VUV radiation. A strong emission line at 
313 nm, resulting from the transitions between the 6P7/2 and 8S7/2 states 
of Gd3+ ions, was detected [2]. The LnAl3(BO3)4 borates display growth 
in trigonal [3] and monoclinic structures. One of such examples can be 
seen for SmAl3(BO3)4 [4]. EuAl3(BO3)4 crystals containing coherent 
stacking sequences of three known polymorphs are suggested as the 
media for quantum information storage [5]. GdAl3(BO3)4: Dy3+, Eu3+

phosphor considered as an excellent choice for solid-state lighting and 
displays [6,7]. The GdAl3(BO3)4:Cr3+ was characterized as highly effi-
cient and thermally stable phosphor with a broad NIR emission band 
(FWHM of ~140 nm) in the spectral range of 650–1000 nm. This 
characteristic sets it apart and establishes its potential as an outstanding 
commercial phosphor for NIR pc-LEDs (phosphor-converted 
light-emitting diodes), particularly in applications such as plant lighting 
and food analysis [8]. In work of Ruggieri et al [9], it was shown that the 
addition of Eu3+ ions to the TbAl3(BO3)4 matrix changes the emission 
color of media progressively from green to yellow, orange, and finally 
red. The (Er,Yb):LuAl3(BO3)4 crystals have demonstrated their efficacy 
in diode-pumped lasing, particularly in the spectral region of 1.5–1.6 
μm, which is considered safe for the human eye [10]. 

As it was previously shown in work of Oreshonkov et al. [11], the 
band gap value of YAl3(BO3)4 should be not less then 5.1 eV and the 
charge transfer in this case associated with transitions from p electrons 
of O to d electrons of yttrium. It was presented in work of Ju et al. [12], 
that in Nd-doped YAl3(BO3)4, trigonal and monoclinic NdAl3(BO3)4, the 
occupied states appeared above Fermi level and these states related to f 
states. The suggested band gaps were found in range from 1.1 to 1.5 eV, 
while the transitions from the p-O to d-Nd states were observed to start 
from 5.5 eV, however, no calculated absorption spectra were shown. It is 
clearly evident that there is a significant data gap for other members of 
this crystal family. This issue can be attributed to the difficulties in ac-
counting for f-electron shells, the high demand for computational re-
sources and absence of experimental data. All these factors make it 
difficult to understand the electronic structure of the discussed 
compounds. 

The triangular coordination of boron (BO3) in huntite-like com-
pounds can be easily confirmed using vibrational spectroscopy. How-
ever, the spectrum below 500 cm− 1 corresponds to complex forms of 
vibrations of other structural units (or to their mixed vibrations) and 
may cause difficulties for interpretation [13]. In such cases, for example, 
factor group analysis can be used [14]. Nevertheless, sometimes authors 
used the word ‘probably’ [15]. In such cases, it is possible to perform 
calculations of phonon density of states [11,16–20], however, we have 
not found an example of such a calculation for huntite-like borates. 

The spectral energy distribution of the luminescence spectrum is 
greatly influenced by the site symmetry of the Eu3+. For example, in 
Eu3+-activated YAl3(BO3)3, dominant lines at 614 nm and 619 nm 
correspond to the 5D0 → 7F2 transition, while two fainter lines at 592 
nm and 596 nm are attributed to the 5D₀ → 7F₁ transition [21]. As 

discussed in work of Blasse et al. [21], if the local environment of Eu3+ is 
a trigonal prism with D3h symmetry, the number of lines in the transi-
tions 5D0 → 7F2 should be equal to one. However, since two lines are 
observed, the site symmetry must be D3. That is in agreement with 
defined site symmetry of rare-earth ions in YAl3(BO3)4 matrix [11]. A 
detailed analysis of absorption spectrum of Eu3+-doped GdAl3(BO3)4 is 
given in work of Gorller-Walrand et al. [22]. The absorption, fluores-
cence and magnetic circular dichroism spectra of YAl3(BO3)4/Eu3+

crystal are discussed by Gorller-Walrand et al. too [23]. 
Experimental 5D0 → 7F1, 5D0 → 7F2 and 5D0 → 7F4 luminescent 

bands for EuAl3(BO3)4 were shown in work of Malashkevich et al. [24], 
however, some remarks about 5D0 → 7F0 need to be voiced. In work of 
Tanabe et al. [25], fluorescence spectra of crystalline and amorphous 
samples were presented. Only the presence of 5D0 → 7F1 and 5D0 → 7F2 
transitions was observed in the range from 560 to 650 nm for single 
crystal sample. A wide spectral band from 575 to 580 nm appeared in 
spectrum of amorphous sample and it was classified as 5D0 → 7F0. The 
dip in the spectra around 580 nm is observed in both the works of 
Malashkevich et al. [24] and Tanabe et al. [25]. However, as it was 
demonstrated in the article by Atuchin et al. [26], the 5D0 → 7F0 tran-
sition in Eu3+ ions of Eu2(MoO4)3 is manifested like the ultranarrow 
band around 580 nm. Thus, it can be assumed that in discussed above 
works, the ultranarrow 5D0 → 7F0 transition was not detected. In 
addition, it can also be said that 5D0 → 7F0 line of Eu3+ ion is tradi-
tionally used as the probe of site symmetry (see, for example [27]). 

In the present paper we report on solid state synthesis of EuAl3(BO3)4 
powder. Investigation addresses its absorption spectrum and the results 
of electronic structure calculations. The features of luminescence spec-
trum of powder sample are discussed. We focus onto the investigation of 
the formation of the optical bandgap, comparison of absorption spec-
trum with DFT simulation and on the investigation of the luminescence 
in the vicinity of 5D0 → 7F0 that is forbidden in ideal trigonal crystalline 
lattice, in order to examine the possibility of monitoring the content of 
defect sites occupied by Eu ion. Phonon density of states and analysis of 
atomic displacements were used to shown impact of certain ions and 
structural units on Raman spectrum. 

2. Experimental and calculation methods 

2.1. Synthesis 

The samples were prepared by solid state reactions using high purity 
starting reagents (Red Chemist, Ltd., Russia): Eu2O3 (99.99 %), Al2O3 
(99.99 %) and H3BO3 (99.99 %). The samples were synthesized by the 
traditional solid-state reaction method. Stoichiometric amounts of the 
raw materials were weighed according to the formula of EuAl3(BO3)4, 
except a 20 wt% excess of H3BO3 was added to compensate for the 
volatilization of B2O3 during calcining. The chemicals were mixed 
thoroughly by grinding in an agate mortar and then put into a platinum 
crucible and heated up to 300 ◦C for 10 h in a muffle furnace. After being 
reground, the powder mixtures were sintered at 600 ◦C during 24 h. 
Further on, three 48 h treatments with intermediate grinding were 
performed at 900, 1000 and 1160 ◦C, respectively. Powder X-ray 
diffraction data were recorded by a D8 ADVANCE Bruker AXS diffrac-
tometer [28] (Vantec-1 detector) at room temperature using CuKα ra-
diation and scanning from 2θ = 8◦–100◦ in increments of 0.02◦ and a 
counting time of 0.1 s/step. Phase purity was verified by powder X-ray 
diffraction (XRD). 
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2.2. Powder X-ray diffraction 

The powder diffraction data of EuAl3(BO3)4 for Rietveld analysis was 
collected at room temperature with a Bruker D8 ADVANCE powder 
diffractometer (Cu-Kα radiation) and linear VANTEC detector. The step 
size of 2θ was 0.023◦, and the counting time was 2 s per step. 

2.3. Scanning electron microscopy 

To study in a scanning electron microscope, the powder was moun-
ted to a double-sided electrically conductive carbon tape for electron 
microscopy (TedPella, USA). Taking into account the dialectical nature 
of the sample, it was deposited with platinum in the EM ACE200 metal 
coater system (Leica, Vienna, Austria) at 25 mA for 60 s. The scanning 
electron microscopy (SEM) was carried out with a high-resolution 
scanning electron microscope FE-SEM S-5500 (Hitachi, Japan) at an 
accelerating voltage of 3 kV. 

2.4. Density functional theory calculations 

The electronic structure calculations were performed within the 
framework of density functional theory (DFT) [29,30] implemented in 
VASP program package [31–33]. The Perdew, Burke and Ernzerhof 
(PBE) exchange-correlation functional was used [34]. The 
projector-augmented wave (PAW) method based pseudopotentials [35] 
were applied in plane wave basis with the energy cutoff of 520 eV. For 
Eu, Al, B and O the pseudopotentials with 17, 3, 3 and 6 outer electrons 
were treated as valence electrons. The first Brillouin zone was sampled 
to 4 × 4 × 4 k-points according to Γ-centered mesh [36]. We use the DFT 
+ U formalism in the Dudarev approach [37] for the 4f orbital of Eu with 
Ueff = 5.4 eV [38] and Ueff = 4 eV [39]. For atomic structure visuali-
zation we used VESTA 3 [40] software. 

The CASTEP [41] code was used for lattice dynamics simulation. 
Wavenumber values closest to experimental ones were obtained using 
local density approximation [42] based on the Perdew and Zunger 
parametrization [43] of the numerical results of Ceperley and Alder 
[44]. Structural parameters were relaxed until the maximum forces and 
stress were less than 0.01 eV/Å and 0.02 GPa, respectively. 
Norm-conserving pseudopotentials generated on the fly (OTFG norm 
conserving) and a plane-wave cutoff of 1080 eV were used. The recip-
rocal space of the EuAl3(BO3)4 primitive cell was sampled using a 4 × 4 
× 4 Monkhorst–Pack k-mesh. 

2.5. UV spectroscopy 

The precision spectrophotometer Lambda1050 (PerkinElmer) was 
used to obtain the diffuse reflectance spectrum. The spectrum was ob-
tained in the 190–850 nm region with the aid of R6872 PMT detector 
and integration sphere accessory which size was 150 mm. The scanning 
speed was 1 nm/s and the scanning step was 2 nm. The 0 % and 100 % 
calibrations were performed before measurement. The Spectralon White 
standard sample was used as the reference sample. On the basis of ob-
tained spectrum, the Kubelka-Munk function was calculated. The band 
gap energy was determined from the Tauc plots in cases of direct and 
indirect allowed transitions [45]. 

2.6. Raman and luminescence 

Raman light scattering spectra were obtained at room temperature in 
a backscattering geometry in the frequency range of 80–1400 cm− 1 

using a Fourier spectrometer Vertex 80 with FT-Raman R100/R RAM II. 
The excitation wavelength was 1064 nm and a power of 100 mV. The 
spectral resolution was about 2 cm− 1. Luminescence spectra were 
measured at room temperature on a TriVista 777 spectrometer 
(Princeton Instruments, USA) in a backscattering geometry. The spectra 
were recorded in the wavelength range from 535 nm to 720 nm. The 

spectral resolution was ~2 cm− 1. The 532.1 nm line of a Millennia laser 
(Spectra-Physics, USA) was used for excitation. 

3. Results and discussion 

The scanning electron microscopy (SEM) image of EuAl3(BO3)4 
powder shown in Fig. 1(a). Obtained granules have an irregular shape 
and their size varies from 0.5 to 8 μm. The composition of the obtained 
sample is examined using Energy-dispersive X-Ray spectroscopy (EDX). 
The extracted Eu/(Eu +Al) and B/(B + O) ratios agree with the chemical 
formula. The presence of peak related to Si (SiO2) is associated with the 
sample grinding procedure in an agate mortar (SiO2) [11]. The presence 
of a peak associated with carbon in spectrum is attributed to the use of a 
carbon conductive double-coated tape for sample mounting. 

Experimental and calculated X-ray patterns, along with their com-
parison, are illustrated in Fig. 1(b). The calculated pattern was derived 
from the actual crystal structure of EuAl3(BO4)3, which is isostructural 
to ErAl3(BO4)3 [46], and is represented by the black line. The experi-
mental pattern is shown as red points, while the difference between 
them is indicated by the gray line. Therefore, this structure was taken as 
starting model for Rietveld refinement which was performed using 
TOPAS 4.2 [47]. Site of Er ion was replaced by Eu ion and crystal 
structure of EuAl3(BO3)4 is shown in Fig. 2. Refinement was stable and 
gave low R-factors (Table S1). Obtained lattice parameters are a =
9.3075 Å and c = 7.2764 Å. Coordinates of atoms and main bond lengths 
are in Table 1 and Table S2, respectively. The crystallographic data are 
deposited in Cambridge Crystallographic Data Centre (CCDC # 
2302968). The data can be downloaded from the site (www.ccdc.cam. 
ac.uk/data_request/cif). 

Calculated electronic band structure of EuAl3(BO3)4 by GGA PBE 
method presented in Fig. 3. When using this method, the f-states of Eu is 
appeared on the top of valence bands and bottom of conductance bands 
near 4 eV. Despite to the presence of f-states of Eu at 4 eV we have no see 
emphasized peaks attributed to these states on simulated absorbance 
spectra (see Fig. 4). The absence of significant differences in the spectra 
obtained for different crystallographic directions indicates isotropic 
absorption in all directions. The DFT + U method can be applied to 
improve the description of systems with strongly correlated f electrons. 

The analysis of calculated spectra in Fig. 4 indicates that the 4–6 eV 
range must be composed by the contribution from transitions between f 
electron levels of Eu ion at the top of valence band and excited f levels 
seen in the region of 4 eV in Fig. 3. These transitions are prohibited in 
dipole-dipole approximation for the free ion but can gain transition 
probability due to admixture of d orbitals by crystal field of D3 sym-
metry. Calculated spectra are consistent with bandgap above 6 eV, 
however, part of that calculated spectrum in the range 4–6 eV can be 
pronounced in the experiment like, e. g., indirect bandgap approxi-
mately 4.5 eV. 

The values for the Hubbard Coulomb repulsion parameter U for f 
electrons of Eu atoms were 4 eV and 5.4 eV, respectively. Results of 
using of PBE + U approach are shown in Fig. 5. Under Ueff = 5.4 the f- 
states of Eu pushed up from conductance band and the Ueff = 4 indicates 
the appearance of f-states of Eu at the bottom of conductance bands. For 
Ueff = 4 eV direct band gap equals to 5.63 eV and indirect to 5.37 eV, for 
Ueff = 5.4 eV direct band gap value is 5.68 eV and indirect is 5.41 eV. 

The surface states can affect the electronic structure of materials and 
midgap states can appears or band gap value can change due to 
dimensionality decreased [48]. Based on experimental measurement of 
EuAl3(BO3)4 particles size which in the range from 0.5 to 8 μm one can 
proposed the influence of surface states on electronic structure as well as 
on optical spectra. To examine this assumption, we prepare single 
layered structure from EuAl3(BO3)4 crystal as shown in Fig. 6 (a), and 
performed the electronic structure calculation. As the discussed struc-
ture represent the limiting case of the crystal structure both side of this 
slab covered by BO3 triangles and whole stoichiometry of such structure 
equals to EuAl3(BO3)8. 
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From band structure (see Fig. 6 (b)) one can see the appearance of f- 
states of Eu in the range from 2 to 4 eV upper from Fermi level. The O p- 
states under Fermi level can be due to abundance of oxygen in slab 
structure. 

The experimental direct and indirect electronic bandgaps in 
EuAl3(BO3)4 crystalline powder can be found from Fig. 7 [49]. Indirect 
bandgap is found to be 3.67 eV while direct bandgap equals to 3.96 eV. 
These values are lower than those theoretically simulated with the help 
of PBE; the deficiency of DFT calculations with f electrons involved is 
rather well-known, though in case of Gd ion with half-filled f shell the 
error is expected to be absent, as recently was demonstrated, e.g., in 

Fig. 1. (a) – scanning electron microscopy image, EDX spectrum and sample composition. (b) – difference Rietveld plot of EuAl3(BO3)4 powder.  

Fig. 2. Crystal structure of EuAl3(BO3)4.  

Table 1 
Fractional atomic coordinates and isotropic displacement parameters (Å2) of 
EuAl3(BO3)4.  

Atom x y z Biso 

Eu 0 0 0 0.40 (19) 
Al 0.5532 (3) 0 0 0.30 (19) 
B1 0 0 0.5 1.0 (3) 
B2 0.434 (3) 0 0.5 1.0 (3) 
O1 0.8561 (6) 0 0.5 0.8 (2) 
O3 0.4426 (5) 0.148 0.515 0.8 (2) 
O2 0.5830 (15) 0 0.5 0.8 (2)  
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work of Abulkhaev et al. [50] where meta-GGA RSCAN functional was 
used. 

The Raman spectrum of the EuAl₃(BO₃)₄ powder obtained with a 
1064-nm excitation shown in Fig. 8. Vertical ticks correspond to the 
calculated wavenumbers for the Raman-active vibrations. Total and 

partial phonon density of states (DOS) for EuAl3(BO3)4 are shown in 
Fig. 9. 

Unsurprisingly, the movements of the heavier Eu ions, as shown in 
Fig. 9 (a), contribute to the low wavenumber spectral band in the Raman 
spectrum. Contribution of aluminum to phonon DOS is significant from 
200 to 605 cm− 1. The displacements of boron ions contribute signifi-
cantly between 1250 and 1360 cm− 1. However, peaks corresponding to 
boron are also observed between 200 and 770 cm− 1. The calculation of 
partial phonon DOS has revealed that the O ions actively contribute to 
vibrations across the whole spectrum. Partial phonon density of states 
for crystallography independent boron and oxygen ions presented in 
Fig. 9 (b). From this figure we can conclude that spectral peak at 1340 
cm− 1 in Fig. 8 is a B2–O3 vibration in B2O3 triangle, while broad band 
from 1250 to 1320 cm− 1 is a B–O vibrations in B1O3 and B2O3. Strong 
band at 1020 cm− 1 in Raman spectrum is a vibration of O2 and O3 ions 
in B2O3 as a ν1 symmetric stretching vibration [51]. Medium Raman 
peak at 762 cm− 1 and weak peak at 700 cm− 1 are a ν2-like vibrations of 
B2O3 as shown in Fig. 10 (a). Weak band at 669 cm− 1 related to ν4 BO3 
vibrational mode, see Fig. 10 (b). The weak band at 605 cm− 1 is a ν4 
vibration of BO3 with small translations of Al ions. Weak band at 521 
cm− 1 is an asymmetric O–Al–O stretching as shown in Fig. 10 (c). Strong 
band at 402 cm− 1 (Fig. 10 (d)) and medium peak at 335 cm− 1 are 
deformational vibrations of AlO6 octahedra. According to Fig. 9 (a) and 

Fig. 3. Band structure and DOS of EuAl3(BO3)4 simulated by GGA PBE.  

Fig. 4. Absorption spectra of EuAl3(BO3)4 crystal simulated by GGA PBE for a) a, b) b, and c) c directions of the crystal structure.  

Fig. 5. Band structure and DOS of EuAl3(BO3)4 simulated by PBE + U with Ueff = 4 eV (a) and Ueff = 5.4 eV.  
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(b), strong band at 298 cm− 1 in Fig. 8 is a translation of Al ions combined 
with movements of O3 ions as shown in Fig. 10 (e). Medium band at 258 
cm− 1 can be interpreted as a combination of B1O3 translation in plane of 
boron triangle and translation of B2O3 as shown in Fig. 10 (f). According 
to Fig. 9 (b), a band at 218 cm− 1 in Raman spectrum associated with 
movements of oxygen with small contribution of boron and aluminum 
atoms. 

Studies of the luminescence in many cases can be the source of in-
formation on the structure of the materials, allowing the possibilities to 
monitor certain structural features. 

Luminescence spectrum of EuAl3(BO3)4 powder excited at 532 nm is 
presented in Fig. 11. The excitation at the wavelength quoted above is 
performed via non-resonant population of 5D1 level. Approximately 1 % 
of ions excited to 5D1 state experience radiative decay to 7FJ states, as 
shown in Fig. 11. The peak belonging to 5D1 → 7F1 transition maximizes 
at 536 nm, and that belonging to 5D1 → 7F2 transition maximizes at 554 

nm. The rest of 5D1 population nonradiatively decays to of 5D0 state that, 
in its turn, experiences radiative decay to 7FJ states. Observed lumi-
nescence pattern is in general consistent with local symmetry of Eu3+

ion within the crystal structure of trigonal huntite that is well- 
established to be D3. In the particular, 5D0 → 7F1 and 5D0 → 7F2 bands 
contain two distinct crystal-field-split components [21] while 5D0 → 7F4 
band contains four crystal-field-split components. The 5D0 → 7F3 is very 
weak that produced minor incorrectness in its assignment in Ref. [52]. 
In our spectrum, 5D0 → 7F3 band peaks at 654.5 nm and contains four 
components, too, as is expected for D3 local symmetry. The 5D0 → 7F4 
band peaks at 699 nm and contains six components, in accordance with 
D3 local symmetry, too. 

Let us examine the luminescence spectrum of EuAl3(BO3)4 in the 
region of ultranarrow transition 5D0 → 7F0 in more detail. It is well 
known that in D3 local symmetry this transition remains to be strictly 
forbidden [21]. The Review by Binnemans [53] that includes analysis of 

Fig. 6. Calculation of the band structure of the EuAl3(BO3)8 slab. (a) Surface structure, (b) band structure.  

Fig. 7. Kubelka-Munk function and band gap determination for direct (a) and indirect (b) transitions in EuAl3(BO3)4.  
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spectra with this transition, does not report a single example when this 
transition is observed in a simple case of homovalent substitution by 
Eu3+ of sites with local symmetry other than Cn, Cs or Cnv. On the other 
hand, numerous examples can be provided of hetrovalent substitution of 
Dn sites by Eu3+ ion when 5D0 → 7F0 is observable, and these cases are 
explained by the presence of charge compensating defect in the vicinity 
of Eu3+ ion. Then, local symmetry in these cases is formally Dn with 
account of first coordination sphere but is really lower than Dn with the 
account of neighboring defect. This is not the case of EuAl3(BO3)4 where 
Eu3+ is the main host-forming ion occupying D3 site, and no 
charge-compensating defects are expected. The luminescence spectrum 
of EuAl3(BO3)4 in the vicinity of ultranarrow transition is presented in 
Fig. 12. 

The broad structure in the range 575–579 nm in Fig. 12 indicated by 
asterisk must be ascribed to minor impurity indistinguishable by XRD, 
that is verified by the comparison with spectrum of monoclinic 
Eu2(MoO4)3 [26] shown in magenta line. The lines of minor amplitude 
in the vicinity of 585 nm noticeably differ from neighboring spectral 
structures that must be assigned to the 5D1 → 7F3 transition. This weak 
solitary line around 580 nm must be associated with the possible posi-
tion of 5D0 → 7F0 transition that is forbidden for Eu3+ ions in D3 site of 
EuAl3(BO3)4 huntite-like structure [21]. The lift of the prohibition for J 
= 0 to J = 0 transitions is commonly associated with J mixing by crystal 
field or even by admixing of charge transfer state that is known to be 

noticeably strong in case of Eu3+. Then, presence of weak 5D0 → 7F0 line 
can be ascribed to presence of small amount of structural defects in the 
second or higher coordination spheres of Eu3+ ion. Partially, this 
mechanism is supported by the observation of broad band in the vicinity 
of 5D0 → 7F4 lines that can be ascribed to the luminescence from anion 
vacancies in oxide crystals (see, e.g. Ref. [54]). One more factor that 
may produce the violation of prohibition for ultranarrow line in huntites 
is the possible domain structure known for this crystal. Recently large 
domains in a iron-containing huntite single crystal were visualized by 
XNCD [55]. Domains are known to exist in iron-free huntite crystals, too. 
Aside large domain structures, one can imagine existence of such defects 
of submicron scale in huntites. In this case, violation of D3 local sym-
metry will happen at the domain walls, and spectroscopy of 5D0 → 7F0 
transition can be reliable means to monitor the presence of small-scale 
domains that cannot be monitored by any other means. 

4. Conclusions 

In this study, we synthesized huntite-like EuAl3(BO3)4 borate powder 
using a traditional solid-state reaction method from high-purity starting 
materials (Eu2O3, Al2O3 and H3BO3), with a 20 wt% excess of H₃BO₃ for 
B₂O₃ volatilization compensation. SEM analysis revealed that the size of 
granules with irregular morphologies spanning 0.5 to 8 μm. The elec-
tronic structure calculations using PBE model showed that f-states of 
Eu3+ ion near 4 eV do not produce pronounced peaks in the absorbance 
spectra. Discrepancies between theoretical and experimental bandgaps 
highlighted the limitations of DFT calculations for f electrons in case of 
studied EuAl3(BO3)4. The contribution of individual ions to Raman 
spectrum was evaluated using calculations of the phonon density of 
states and analysis of atomic displacements. High-resolution lumines-
cence spectra indicated the potential for defect estimation using the 
ultranarrow 5D0 → 7F0 line analysis. 
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