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We have obtained X-ray emission spectra of Ga and Ge in Ca3Ga2Ge4O14, X-ray emission
OKα-spectra in Ca3Ga2Ge4O14, Ca3Ga2Ge4O14 + Ce3%, and Ca3Ga2Ge3O12 + Eu4% and X-
ray photoelectron spectra in Ca3Ga2Ge4O14 . Our X-ray spectral studies of the Ca3Ga2Ge4O14

gallogermanate have shown that the top of the valence band near the Fermi level is formed mainly
by p states of gallium and germanium as well as p states of oxygen, whose intensity is su�ciently
low. The middle of the valence band is formed by gallium 3d states with oxygen 2s states lying
below them. These states are hybridized with 4p states of gallium and germanium because of which
there are Kβ′′-satellites in the Kβ2-subbands of gallium and germanium. The bottom of the valence
band is formed by 3d states of germanium, whose contribution to chemical bonding is insigni�-
cant. The X-ray emission bands of Ga and Ge in Ca3Ga2Ge4O14 and the photoelectron spectrum
of the valence electrons of Ca3Ga2Ge4O14 are in good agreement. The OKα-band changes its �ne
structure only slightly upon doping Ca3Ga2Ge4O14 with Ce or Eu. The investigations of intrinsic
luminescence under X-rays excitation of Ca3Ga2Ge4O14 gallogermanate are presented.
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I. INTRODUCTION

In recent years, a family of crystals isomorphic
to calcium galogermanate Ca3Ga2Ge4O14 with space
group D2

3�P321 has attracted great interest [1, 2].
A signi�cant feature of this family of crystals is
the disordering of their structure, which, in parti-
cular, is characteristic of the Ca3Ga2Ge4O14 compound.
The disorder of Ca3Ga2Ge4O14 crystals is associated
with the statistical occupation of 3f tetrahedra and 1a
octahedra by the Ga3+ and Ge4+ cations. The structure
of Ca3Ga2Ge4O14 was reported in the 1980s [2] and
speci�ed in 2013 [3]. Gallogermanate Ca3Ga2Ge4O14

reveals a unique combination of physical properties
such as luminescent, laser, resilient, piezoelectric, and
acoustoelectronic ones [2�6]. These crystals are opti-
cally positive (ne >no), optically active and posses a si-
gni�cant optical birefringence and liner dichroism. The
disorderd Ca3Ga2Ge4O14 compound is known as an
e�ective material of quantum electronics, which combi-
nes the functions of generation and transformation of
laser irradiation frequency [4�7, 11�13].

Statistical disordering of the cation sublattice results
in a partial disordering of the crystals' microstructure,
causing, in its turn, some �uctuation of the crystal �eld
on activator ions. Therefore, the luminescence spectrum
of rare earth ions in the Ca3Ga2Ge4O14 compound is
characterized by broadened lines, which are superposi-
tions of radiative transitions in impurity centers of di-
�erent structures having closely related characteristics of
Stark energy levels splitting. Many papers are devoted to

the studies of their physical properties and the e�ect of
various impurities on them. For example, the authors of
Ref. [8] measured and analyzed the absorption spectra,
the spectra of circular dichroism and magnetic circular
dichroism of pure and Cr-doped Ca3Ga2Ge4O14. The
crystal-�eld parameters and the transition frequencies of
Cr3+ ions are calculated. The location of Cr3+ and Cr4+

ions in oxygen octahedra and tetrahedra is con�rmed.
The upconversion spectroscopy of Ca3Ga2Ge4O14

5% Er3+ crystals at 10 K was studied in Ref. [9].
Fluorescence was observed from the 4S3/2 and 4S3/2

multiplets for both resonant and non-resonant exci-
tation of the 4F9/2 multiplet with a single DCM dye
laser. Degradations in the expected power dependence
of these upconversion �uorescences can be explained in
terms of the cycling of Er3+ ion excitation via cross
relaxation energy transfer. In Ref. [10], circular di-
chroism, absorption and luminescence spectra of single
crystalline manganese doped calcium gallogermanate
Ca3Ga2Ge4O14 : Mn were investigated in 300�850 nm
wavelength region in a wide temperature range 8�300K.
It has been established that manganese ions doping the
crystal matrix of Ca3Ga2Ge4O14 incorporate into lattice
in 1a octahedral site-positions substituting Ga3+ ions.
Nevertheless, the electronic structure of the base

Ca3Ga2Ge4O14 compound has remained unexplored so
far. One of the most fundamental techniques uniquely
describing the density of electronic states over the whole
valence band is certainly the high-energy spectroscopy.
The aim of this paper is to study experi-

mentally the electronic structure of the Ca3Ga2Ge4O14

gallogermanate by high-energy spectroscopy and to

This work may be used under the terms of the Creative Commons Attribution 4.0 International License. Further distri-

bution of this work must maintain attribution to the author(s) and the title of the paper, journal citation, and DOI.
4701-1



I. D. SHCHERBA, L. V. KOSTYK, L. V. BEKENOV et al.

establish the in�uence of cerium and europium impuri-
ties on the structure of the OKα band and also the
investigations of X-ray luminescence spectra of undoped
Ca3Ga2Ge4O14 crystals.

II. CRYSTAL STRUCTURE OF
Ca-GALLOGERMANATE

Ca3Ga2Ge4O14 is a member of the family of
compounds with a Ca-gallogermanate-type structure.
More than 200 langasite-type compounds belonging to
this family have been synthesized [1, 2]. The space group
of these systems is P321 (the point symmetry 32) with
one molecule per unit cell. The Ca3Ga2Ge4O14 structure
was described in detail in [2, 3, 12]. These crystals belong
to disordered materials and have a layered structure
that is formed by tetrahedral layers perpendicular to
the c axis, between which there are layers of octahedra

(1a sites, symmetry D3) and distorted Thomson cubes
populated by large Ca2+ ions (3e sites, symmetry C2).
There are two types of tetrahedra around the cations at
the 2d and 3f sites (symmetries C3 and C2, respectively).
The Ga3+ and Ge4+ cations statistically occupy 1a and
3f sites. The statistics of the �lling of 1a and 3f sites wi-
th Ga3+ and Ge4+ cations depends on the technological
conditions of the crystal growth and varies from sample
to sample.
In the Ca3Ga2Ge4O14 crystal structure, two types of

oxygen 6g-sites are distinguished: O(2) and O(3) with
coordination numbers 4 and 3, respectively. Each oxygen
O(2) is surrounded by one Ge4+ ion at the 2d site, two
Ca2+ at 3e sites, and one Ga3+ or Ge4+ at 3f site. Each
oxygen O(3) is surrounded by one Ca2+(3e), one Ga3+

or Ge4+ at 3f site, and one Ga3+ or Ge4+ at 1a site. The
3e sites in the Ca3Ga2Ge4O14 lattice can be occupied by
impurity rare earth ions, such as Ce3+, Lu3+, Tb3+, or
La3+.

Fig. 1. Ca-gallogermanate-type structure (a) � perpendicular to the z axis and (b) � perpendicular to the x axis [13]

III. EXPERIMENT

The investigated crystals were grown using the
Czochralski technique in the atmosphere of argon wi-
th adding oxygen using platinum crucible. Appropri-
ate amounts of dried CaCO3, Ga2O3, GeO2, and oxides
Ce2O3 or Eu2O3 (for doping) with purity not less than
99.99% on a cation basis were used as starting materi-
als. The Ce doping level was up 0.3 at. % and the Eu
doping level was up 0.4 at. %. The samples were plates
0.1�0.5 mm thick, cut in a (0001) plane.

The X-ray �uorescence OKα spectra of the
Ca3Ga2Ge4O14 crystals were obtained using a SARF-
1 vacuum (10−6 Torr) spectrometer with a single
RbAP crystal (2d = 26.136�A, R = 500mm) as a
dispersing element, and Au as the anode material. The
sample holder was water cooled, so the sample surface
temperature did not exceed 60◦ C. High accuracy of
the measurements of the OKα centroid positions was
achieved by repetition and accumulation of the fast
spectra survey. Such conditions provided the statistical
dispersion of measured values of the order of 0.01 eV.
The energy resolution was about 0.5 eV. The X-ray

emission spectra (XES) of Ga (Ge) in Ca3Ga2Ge4O14

were obtained using a tube-spectrometer with an RKD-
01-1 X-ray coordinate detector of original design[14].
The XES were brought to the binding energy scale
relative to the Fermi level using core level peak positions
measured with a Kratos Series 800XPS analytical
spectrometer, which utilizes an Al Kα X-ray source
with a photon energy of 1486.6 eV. All the reported
X-ray photoelectron spectra (XPS) are referenced to the
C 1s (285.0 eV). The samples could charge up during
XPS acquisition followed by the binding energy scale
corrections. The C 1s peaks were single, de�ned, and
similar in shape for both samples, indicating the absence
of non-uniform sample charging. The energy scale of the
spectrometer was calibrated using well de�ned binding
energies (Eb) of electrons in Au 4f7/2 (Eb = 84.0 eV);
the full width at half-maximum (FWHM) was 1.2 eV.

The steady-state X-ray luminescence (XRL)
spectra of crystals were measured using the MDR-
12 monochromator. Scanning and recording of the
X-ray luminescence spectra were carried out with a
computerized system. Emission was measured in the
single photon mode using FEU-51 photomultiplier.
X-ray excitation was provided by a URS-55A X-ray
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generator and Mo-target BSV-2 X-ray tube (U=45 kV,
I=10 mA). The XRL spectra were investigated in the
non-polarized light, in the temperature range 80-300 K.

IV. DISCUSSION

The comparison of the XES of Ga and Ge with
the photoelectron spectrum of the valence band of the
Ca3Ga2Ge4O14 crystal was performed in the uni�ed
energy scale using the energies of the 2p3/2 core levels of
Ga and Ge, respectively, and the energies of their X-ray
Kα1 photons (Fig. 2). The X-ray emission Kβ2.5-band
of Ga has a �ne structure, which is normally absent from
intermetallic compounds.

Fig. 2. The X-ray emission spectra of O, Ga and Ge, as well
as the X-ray photoelectron spectrum of valence electrons in

Ca3Ga2Ge4O14

We found in [15] that the Kβ2-subband of Ga
is a superposition of emissions from two Ga atoms,
which in R3Ga5O12 compounds occupy two non-
equivalent crystallographic sites, namely, octahedral,
and tetrahedral. In the above compound, Ga occupi-
es preferably the octahedral, crystallographic site.
Therefore, there is no additional maximum in its Kβ2-
band in the main maximum region.
The Kβ2,5-band of germanium in Ca3Ga2Ge4O14 has

no �ne structure as in a pure semiconductor, which
is associated with a considerable width of the K -level
scanning (∼2 eV). Unlike the Kβ2,5-bands of 3d transi-
tion metals, in germanium it comprises two distinctKβ2-
and Kβ5-subbands. The energy distance between them

is 22.6 eV. The Kβ5-subband of germanium (peaks E
(XES) andD (XPS)) re�ects the distribution of d states,
and one can make conclusions about the participation
of 3d electrons in chemical bonding from the changes
in its parameters. In the Ca3Ga2Ge4O14 compound, the
Kβ2-subband shifts toward low-energies, resulting in the
increase in the overlapping of Ge p and Ge d wave functi-
ons. The comparison of the Kβ2,5-bands of germani-
um with the photoelectron spectrum of the valence
electrons shows that the peak L of the distribution of
Ge p states coincides in energy with the peak A' of the
X-ray photoelectron spectrum, while the main peakK of
the Ga Kβ2-band coincides with the XPS peak A. The
XPS peak A also re�ects the contribution of oxygen 2p
states. As can be seen from Fig. 3, the XPS peak B coi-
ncides with the peak F of the Ga Kβ5-subband. In our
opinion, the most probable reason for the appearance of
the XPS peak C is that the oxygen 2s states are in the
valence band.

Fig. 3. X-ray emission OKα1,2-spectra of Ca3Ga2Ge3O12+ 4
at. % Eu3+ and Ca3Ga2Ge3O12 garnets

Fig. 4. X-ray emission OKα1,2-spectra of Ca3Ga2Ge4O14 +3
at. % Ce3+ and Ca3Ga2Ge4O14 gallogermanate

To establish the e�ect of doping with a rare earth
(RE) element on the structure of the valence band
of compounds, we investigated OKα1,2-bands of un-
doped Ca3Ga2Ge4O14 , Ca3Ga2Ge4O14 + 3 at.% Ce3+,
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Ca3Ga2Ge2O12 + 4 at. % Eu4+, and Figs. 3 and 4 show
the OKα1,2 X-ray emission spectra of the investigated
samples. According to the dipole selection rules for XES
and due to the localized character of the initial core state,
they re�ect the valence band distribution of occupied O
2p electronic states. Oxygen does not have an X-ray band
that could be used as an internal standard to determine
the density of valence O 2p orbitals. However, shifts of
OKα1,2-bands can be used as a characteristic sensitive
to the changes of this density. As can be seen, the energy
position of the main OKα1,2-band peak does not change
in all the spectra.

The low-energy part of the OKα-band mainly re�ects
the states of the Ge (Ga)�O bonds, whereas the high-
energy part represents the Ca (RE)�O bonds. The range
of medium energies is formed by the states that mainly
correspond to the oxygen sub-lattice. As can be seen from
Figs. 3 and 4, the OKα-band changes its �ne structure
only slightly with the changes in the chemical composi-
tion of the studied gallogermanate and garnet crystals.

The spectrum of the steady-state X-ray luminescence
(XRL) of undoped Ca3Ga2Ge4O14 single-crystals at
80 K is a wide asymmetric band in the spectral regi-
on of 2�4.2 eV with a maximum near 3.2 eV (Fig. 5).
On the higher energy slope of this band, a shoulder at
3.7�3.4 eV is observed. Asymmetry of the luminescence
band of the XRL spectrum of un-doped Ca3Ga2Ge4O14

demonstrates that it is a superposition of several
elementary bands. The analysis of the spectrum composi-
tion shows that experimental XRL curves can be �tted
with three elementary bands with maxima at 3.51 eV,
3.1 eV, and 2.55 eV, which strongly overlap with each
other and the correlation of intensities between which
depends on the temperature of investigations. The �tti-
ng of XRL band on elementary components was carried
out using the Alenceva�Foka method.

The shape of the complex luminescence band and
the position of its maximum strongly depend on the
temperature. The maximum of the XRL spectrum shi-
fts to 2.9 eV at 300 K. Furthermore, the same XRL
bands are observed in Ca3Ga2Ge4O14 crystals doped
with Ce3+. However, the activator luminescence bands
are not observed in Ca3Ga2Ge4O14 : Ce

3+ crystals. The
temperature dependence of the UV and blue lumi-
nescence intensity is presented in Fig. 6. As can be seen
from Fig. 6, the UV and blue luminescence is almost
quenching in the temperature range of 120�240 K. The
decrease in this intrinsic luminescence intensity near
200�250 K may be related to non-radiative relaxation
of electronic excitations and their re-capturing by defect
centers.

The temperature dependence of the 2.55 eV lumi-
nescence band di�ers from the temperature dependence
of the UV and blue bands. This band has a low lumi-
nescence yield at 80 K and its relative intensity increases
when heated to 300 K. At higher temperatures, a
decrease in the intensity and complete quenching of
the 2.55 eV luminescence band is observed. The lumi-
nescence band with maxima near 2.55 eV is weakly exci-
ted by photons with energies that match the band-to-

band transitions. This band, in contrast to the bands in
the UV region, is characterized by an excitation maxi-
mum in the transparency region of the crystal, peaki-
ng at 4.92 eV. It should be noted that similar intrinsic
luminescence bands and their temperature behavior were
observed in the chemical composition of Ca3Ga2Ge3O12

of garnet crystals [18, 20]. Perhaps this is due to the simi-
larity of the structure valence bands of these compounds.

Fig. 5. XRL luminescence spectra of un-doped
Ca3Ga2Ge4O14 crystals. The dashed lines show the
elementary components of the luminescence band (red line
� UV band with maximum at 3.51 eV; green line � blue
band with maxima at 3.1 eV; blue line � luminescence band

with maxima near 2.55 eV)

Fig. 6. Temperature dependence of the XRL luminescence of
un-doped Ca3Ga2Ge4O14 crystals

It is known that the existence of intrinsic luminescence
bands is typical of other complex oxide crystals, in which
oxygen ions occupy low symmetry sites. There are several
points of view in literature regarding their nature, e. g.
[16�20]. Often, low-temperature luminescence bands are
interpreted as radiation decay of self-trapped excitons,
which are formed by the relaxation of large radius exci-
tons and trapped exciton emission or in recombination
of electrons with holes, localized on their own or impuri-
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ty defects of the crystal lattice. Some bands of intri-
nsic luminescence in oxides correspond to the emission of
anti-site defects or recombination luminescence of active
structure defects such as vacancies and others.
In our opinion, the most reasonable interpretation of

the low temperature UV band with a maximum at 3.51
eV in Ca3Ga2Ge4O14 crystals is the radiation emission of
self-trapped excitons. It can be suggested that the self-
trapped exciton is formed as a result of the primary self-
trapping of a hole with subsequent capture of an electron
by it. This is indirectly con�rmed by the fact that in
the Ca3Ga2Ge4O14 crystals irradiated by ultraviolet or
X-rays, O-hole centers were revealed by EPR [21]. More
longwave and intensive low temperature intrinsic emi-
ssion bands with maxima at 3.1 eV can be associated
with radiation exciton annihilation, located on impurity
or intrinsic defects. The luminescence occurs as a result
of the radiation annihilation of these excitons.The XRL
luminescence with maxima at 2.55 eV, which is e�ecti-
vely excited inthe transparency range, may be associated
with the recombination luminescence of donor-acceptor
pairs, which include F centers. Given the fact that the
oxide compounds can have a noticeable concentration of
anion vacancies, the investigated crystal can be consi-
dered to have F-type luminescence centers.

V. SUMMARY

Our X-ray spectroscopic studies of Ca3Ga2Ge4O14

show that the top of its valence band near the Fermi
level is formed mainly by Ga and Ge p states as well as
O p states, whose intensity is su�ciently low. The mi-
ddle of the valence band is formed by Ga 3d states, with
O 2s states lying below them. These states are hybridi-
zed with 4p states of Ga and Ge, because of which there
are Kβ′′-satellites in the Ga and Ge Kβ2-subbands. The
bottom of the Ca3Ga2Ge4O14 valence band is formed by
Ge 3d states, whose contribution to chemical bonding is
insigni�cant.

The X-ray emission bands of Ga and Ge in
Ca3Ga2Ge4O14 and the photoelectron spectrum of
the valence electrons of Ca3Ga2Ge4O14 are in good
agreement.

The OKα-band changes its �ne structure only slightly
upon doping Ca3Ga2Ge4O14 with Ce or Eu.

The low temperature UV-blue bands with maxima
at 3.51 eV and 3.1 eV revealed in the Ca3Ga2Ge4O14

compound are similar in nature to those found in close
in chemical composition of Ca3Ga2Ge3O12 garnet crystal
and other oxide crystals. The possible nature of the lumi-
nescence bands in Ca3Ga2Ge4O14 have been discussed.
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Ca3Ga2Ge4O14
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4Iíñòèòóò òåõíîëîãi¨, Ïåäàãîãi÷íèé óíiâåðñèòåò, Êðàêiâ, Ïîëüùà
5Ëüâiâñüêèé íàöiîíàëüíèé óíiâåðñèòåò âåòåðèíàðíî¨ ìåäèöèíè òà áiîòåõíîëîãié, Óêðà¨íà

Êðèñòàëè çi ñòðóêòóðîþ Ca- àëî åðìàíàòó ¹ ïåðñïåêòèâíèìè ìàòåðiàëàìè äëÿ êâàíòîâî¨ åëå-
êòðîíiêè, äàò÷èêiâ âèñîêî¨ òåìïåðàòóðè òîùî. Ïðîñòîðîâîþ ãðóïîþ öèõ ñèñòåì ¹ P321 ç îäíi¹þ
ìîëåêóëîþ íà åëåìåíòàðíó êîìiðêó. Öi êðèñòàëè íàëåæàòü äî íåâïîðÿäêîâàíèõ ìàòåðiàëiâ i ìà-
þòü øàðóâàòó ñòðóêòóðó, ùî óòâîðåíà òåòðàåäðè÷íèìè øàðàìè, ïåðïåíäèêóëÿðíèìè äî îñi c, ìiæ
ÿêèìè ¹ øàðè îêòàåäðiâ òà ñïîòâîðåíèõ êóáiâ Òîìñîíà, çàñåëåíèõ âåëèêèìè éîíàìè Ca2+. � äâà
òèïè òåòðàåäðiâ íàâêîëî êàòiîíiâ ó ìiñöÿõ 2d i 3f. Êàòiîíè Ga3+ i Ge4+ ñòàòèñòè÷íî çàéìàþòü 1a- i
3f -ñòàíè, ñòàòèñòèêà ¨õ çàïîâíåííÿ çàëåæèòü âiä òåõíîëîãi÷íèõ óìîâ âèðîùóâàííÿ êðèñòàëiâ.

Ñïåêòðè ðåíò åíiâñüêîãî âèïðîìiíþâàííÿ Ga i Ge â Ca3Ga2Ge4O14 îòðèìàíî íà òóáóñ-
ñïåêòðîìåòði ç ðåíò åíiâñüêèì êîîðäèíàòíèì äåòåêòîðîì ÐÊÄ-01-1 îðèãiíàëüíî¨ êîíñòðóêöi¨.
OKα-ñïåêòðè ðåíò åíiâñüêîãî âèïðîìiíþâàííÿ â Ca3Ga2Ge4O14 , Ca3Ga2Ge4O14 + 3 at. % Ce3+,
Ca3Ga2Ge3O12 + 4 at. % Eu3+ îòðèìàíî íà ÑÀÐÔ-ñïåêòðîìåòði. Íà ðåíò åíiâñüêîìó ôîòîåëå-
êòðîííîìó ñïåêòðîìåòði ôiðìè �Êðàòîñ� âèìiðÿíî ñïåêòðè îñòîâèõ ðiâíiâ òà âàëåíòíî¨ çîíè â
Ca3Ga2Ge4O14. Íàøi ðåíò åíiâñüêi ñïåêòðàëüíi äîñëiäæåííÿ  ðàíàòó Ca3Ga2Ge4O14 ïîêàçàëè, ùî
âåðøèíà âàëåíòíî¨ çîíè ïîáëèçó ðiâíÿ Ôåðìi óòâîðåíà ïåðåâàæíî p-ñòàíàìè  àëiþ òà  åðìàíiþ, à
òàêîæ p-ñòàíàìè êèñíþ, iíòåíñèâíiñòü ÿêèõ ¹ äîñòàòíüî íèçüêîþ. Ñåðåäèíà âàëåíòíî¨ çîíè óòâî-
ðåíà 3d -ñòàíàìè ãàëiþ, íèæ÷å êîòðèõ ðîçòàøîâàíi 2s-ñòàíè êèñíþ. Öi ñòàíè ãiáðèäèçóþòüñÿ ç 4ð
ñòàíàìè ãàëiþ òà ãåðìàíiþ, ÷åðåç ùî â Kβ2-ïiäñìóãàõ  àëiþ òà ãåðìàíiþ âèíèêàþòü Kβ′′-ñàòåëiòè.
Äíî âàëåíòíî¨ çîíè óòâîðåíî 3d -ñòàíàìè ãåðìàíiþ, âíåñîê ÿêèõ ó õiìi÷íèé çâ'ÿçîê íåçíà÷íèé. Ñìó-
ãè ðåíò åíiâñüêîãî âèïðîìiíþâàííÿ Ga i Ge â Ca3Ga2Ge4O14 i ôîòîåëåêòðîííèé ñïåêòð âàëåíòíèõ
åëåêòðîíiâ Ca3Ga2Ge4O14 äåìîíñòðóþòü õîðîøó âiäïîâiäíiñòü. OKα-ñìóãà ëèøå íåçíà÷íî çìiíþ¹
ñâîþ òîíêó ñòðóêòóðó ïiä ÷àñ ëå óâàííÿ Ca3Ga2Ge4O14 Ce àáî Eu.

Ïîäàíî äîñëiäæåííÿ âëàñíî¨ ëþìiíåñöåíöi¨ ïiä ÷àñ çáóäæåííÿ ðåíò åíiâñüêèìè ïðîìåíÿìè êðè-
ñòàëiâ Ca3Ga2Ge4O14 ãàëëîãåðìàíàòó. ÓÔ-ôiîëåòîâi ñìóãè ç ìàêñèìóìàìè çà 3.51 eV i 3.1 eV, âèÿâ-
ëåíi â ñïîëóöi Ca3Ga2Ge4O14, i çà ñâî¹þ ïðèðîäîþ ïîäiáíi äî òèõ, ùî âèÿâëÿþòüñÿ â áëèçüêîìó çà
ñêëàäîì  ðàíàòi Ca3Ga2Ge3O12 òà iíøèõ îêñèäíèõ êðèñòàëàõ. Îáãîâîðåíî ìîæëèâó ïðèðîäó ñìóã
ëþìiíåñöåíöi¨ â Ca3Ga2Ge4O14.

Êëþ÷îâi ñëîâà: ñïåêòðè ðåíò åíiâñüêîãî âèïðîìiíþâàííÿ, Ca- àëî åðìàíàò, åëåêòðîííà ñòðó-
êòóðà, ëþìiíåñöåíöiÿ
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