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18 Abstract
19
;S Powders of single-phase solid solutions based on cerium-doped gadolinium-scandium-
29 aluminum garnet were synthesized by coprecipitation from aqueous solutions followed by
23 annealing at 1600 °C. The solubility limit of cerium in gadolinium-scandium-aluminum garnet
24 was determined by X-ray powder diffraction and scanning electron microscopy. It has been
22 demonstrated that the solubility limit of cerium depends not only on the concentration of
59 scandium in the solid solution but also on the fraction of Sc** cations in the dodecahedral and
28 octahedral positions of the garnet crystal lattice. Based on the X-ray luminescence spectra of
29 Ce’™ (~575 nm, S5d—4f transition) in single-phase samples, the composition
;S (Gd2.73Ce0.025¢0.5A14.75012) with the highest X-ray luminescence was determined. A
32 diamond composite “Diamond-GSAG:Ce” with Gd2.73Ce0.02S¢0.5A14.75012 particles has
33 been fabricated, which exhibits intense yellow X-ray luminescence, that is visible to the eye.
34 The investigated class of composites is promising for applications in stable detectors and
;2 visualizers of high-intensity X-ray radiation in synchrotrons and free-electron lasers.
37
38 Keywords
39
ig GSAG:Ce, garnets, solid solution, ceramic powder, diamond composite, CVD.
2 § Introduction
44
45 In the past few years, a new class of optically active diamond-based composite materials
is has been proposed and developed. It is based on the introduction of luminescent rare-earth micro-
a8 and nanoparticles into a transparent diamond matrix. Such diamond composites with Eu(IIl) tri-
49 (2,6-pyridine dicarboxylic acid [1], EuFs [2], HoF3 [3], CeF; [4], B-NaGdF4:Eu [5], YSAG:Ce
50 and YAG:Ce [6,7] already have shown intense electro-, photo- and X-ray luminescence (XRL).
ol The developed composites are promising for use as electroluminescent films [3.,4],
§§ visualizers and scintillators of high-intensity X-ray radiation in free-electron lasers (XFELs) and
54 synchrotrons [7,8]. For efficient use in high-power XFEL-type devices, nanosecond decay time
55 and luminescence in the visible range are highly desirable, which was achieved in our previous
56 works on the basis of diamond-based composites with cerium-doped yttrium-aluminum
o7 (YAG:Ce) and yttrium-scandium-aluminum garnets (YSAG:Ce) [6,7]. In a previous study[6] by
22 the authors, for both YAG:Ce and YSAG:Ce, the concentration-temperature limits of the
60 existence of single-phase solid solutions were determined. The composition
61 [Y298Ceo.02] {Al2} Al3012, showed the highest XRL intensity among all tested samples. Devys et al
62 [9] showed that it is possible to increase the luminescence light yield by changing the matrix of
ZZ yttrium-aluminum garnet (YAG) to gadolinium-scandium-aluminum garnet (GSAG), but no

detailed investigation of the distribution of cations over crystallographic positions and the
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possible elemental ratios for single-phase solid solutions were performed. Kling et al [10] tested
Gd2.97Ce0.03Sc2Al3O12 single crystal as a scintillator for detecting alpha-, beta-, gamma- and
neutron radiation, but the chemical composition of the single crystal was not determined. Liu et al
in their review [11] summarized that gadolinium-based garnets have higher scintillation light
yield than commercially available and widely used BisGe;O12 (BGO) single crystals.

It is known that gadolinium-aluminum garnets are unstable in their pure form and are not
fully formed at low temperatures (< 1300 °C). Additionally, at higher temperatures they tend to
decompose (> 1300°C, Gd3Al;s0,,=>GdAlOs+ Al,O3) [13]. Two methods of stabilization may be

used to avoid these problems. The first method is based on expanding the octahedral and
tetrahedral garnet sites replacing aluminum with cations with a larger ionic radius. The most
common approach is the complete or partial substitution of aluminum by gallium (GdsAls.
xGaxO12[14,15]) with larger ionic radius (r''(AI*") = 0.535 A; rV(AI*) = 0.39 A; rV(Ga*") =0.62
A; r'V(Ga®") = 0.47A [16]). Moreover, in this case, the substitution begins from the tetrahedral
garnet site: Gd3ALAIO12 =>Gd3Al2Ga3012 =>Gd3Ga,GasO12. The alternative method involves a
decrease in the ionic radius of the dodecahedral site by partial replacement of gadolinium
(V(Gd*) = 1.053A [16]) by ions with a smaller ionic radii, e.g., lutetium (r'™(Lu**") = 0.977A
[16]), while keeping the octahedral and tetrahedral sites unchanged [14,17—19]. At the same time,
scandium can replace both dodecahedral and octahedral sites of the garnet lattice in significant
amounts [20], which makes it possible to implement both approaches simultaneously and
decrease the size of the dodecahedral site. It should be noted that the effective ionic radii in the
dodecahedral and octahedral garnet sites differs more strongly from the ionic radii of the target
substituted cations than in the considered examples (r'™(Sc*") = 0.87A;rV(Sc*") = 0.735A [16]).

However, present experimental data on scandium-containing solid solutions with a garnet
structure [20—25] are not sufficient to assess the conditions for the stable compositions based on
GSAG with different concentrations of scandium in the dodecahedral and octahedral positions.
In addition, questions remain about the effect of Sc** in each of the positions of the garnet crystal
lattice on the solubility limits of various alloying components, including cerium in gadolinium-
scandium-aluminum garnet (GSAG:Ce).

Thus, the purpose of this work was to study the possible compositions of stable solid
solutions based on cerium-doped gadolinium-scandium-aluminum garnets, as well as to
determine the compositions with the highest XRL intensity. Furthermore, the optimal
composition was used for the formation of the “Diamond-GSAG:Ce” material in order to study
its structure, photo- and X-ray luminescence.

Experimental

The following precursors were used for the synthesis of the powders: aqueous ammonia
(25%, high purity, SigmaTek), cerium nitrate hexahydrate (analytical grade, JSC Vekton),
gadolinium chloride hexahydrate (99.99% LLC Lanhit), aluminum nitrate nonahydrate (98%,
Acros Organics), scandium chloride hexahydrate (99.9%, Rare Metals Plant LLC), ammonium
sulfate (99%, Stavreakhim LLC) and ethyl alcohol (95%, Ferein). Deionized water (18 MOhm)
was used for all operations.

A set of GSAG:Ce compositions (labeled here as GDx, see details in Table 1) with
different content of scandium and cerium were selected for synthesis in order to obtain desirable
single-phase samples. GD1 — GDs samples had 0.5 f.u. of scandium in the crystal structure (0.25
f.u. in dodecahedral position) and cerium content from 0.01 to 0.16 f.u. GD¢ — GD9 samples had
1.0 fiu. of scandium in the crystal structure (0.25 f.u. in dodecahedral position) and cerium
content from 0.01 to 0.16 f.u. GD1o — GDi1s samples had 2.0 fu. of scandium (0.25 f.u. in
dodecahedral position) and cerium content from 0.01 to 0.16 f.u. GD16 — GD20 samples had total
scandium content of 0.5 f.u. (0.1 fu. in dodecahedral positions) and cerium concentration from
0.01 to 0.16 f.u. GD21 — GD24 samples had scandium concentration of 1.0 f.u. (0.2-0.8 fu. in
dodecahedral positions) and a cerium concentration of 0.02 fu. GD2s sample was prepared
without any scandium in composition and with 0.02 f.u. of cerium content.

Precursor powders for GD1 — GD2¢ compositions were synthesized at room temperature
by dropwise addition of a dilute aqueous salt solution into dilute precipitate (ammonia water,
1.59x excess, C(NH3) = 0.6 mol/l) [21]. The precipitator also includes ammonium sulfate (0.08
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M) as a dispersing agent. The volume ratio of the precipitant to salts was 2:1. The precipitation
process was assisted by the constant stirring of the reaction mixture. The precipitate was

separated (centrifuge TsLU-6-3, PJSC "TNPP") and was washed with a 0.045M aqueous solution
of ammonium sulfate. The synthesized precursor powder was dried at 60 °C in an oven.

The spray method was used [22] to synthesize GD21 — GD2s powders. The set of the main
precursors were similar to the previous dropwise synthesis method. However, in the case of
spraying, a combination of the concentrated hot salt solution and the concentrated cooled
precipitant solution was used. Ammonium sulfate was added to the precipitant (0.45 M) and
washing was carried out with an aqueous solution of ammonium sulfate (0.045 M) by vacuum
filtration on a funnel.

After drying, all precursor powders were ball-milled in a Pulverisette 5 planetary mill
(Fritsch, Germany) with zirconia balls for 30 minutes. An ammonium sulfate aqueous solution
was used as a milling medium in GD; - GD»o samples, and ethyl alcohol was used in GD21 — GD2s

samples. After drying the suspension, the powders were annealed in a high-temperature furnace
Nabertherm 40/17 (Germany) at 1600 °C in air. After annealing, the ceramic powders were
ground in a mortar.

Empyrean X-ray diffractometer (PANalytical, Netherlands) with CuKa radiation at a
wavelength of 1.5406 A was used to investigate the samples' phase composition and unit cell
parameters. The following packages were used for X-ray diffraction analysis: WinXRD v 2.1-1
and HighScorePlus v 3.05 with the ICDDPDF-2 release 2013 database.

The morphology and elemental composition of the samples were studied using a
TESCAN MIRA3 scanning electron microscope equipped with the system for determining the
elemental composition. (AZtec Energy Standard/X-max 20 (standard) (Tescan, Czech
Republic)).

The chemical vapor deposition (CVD) of all polycrystalline diamond films were done in
two steps. First, a 6 pum-thick polycrystalline diamond film was grown on silicon (100). This
layers was used as a substrate for applying the GSAG:Ce suspension. The second step was the
growth of 2 um diamond layer to encapsulate the GSAG nanoparticles. The diamond growth was
performed in hydrogen-methane gas mixtures in a microwave plasma reactor ARDIS-100 (2.45
GHz, Optosystems LLC, Russia) [26]. Growth conditions were as follows: total gas flow was 500
sccm; methane content of 3% CHa/H»; pressure of 80 Torr, microwave power of 5 kW, and
standard deposition rate of 1 pum per hour. The substrate temperature was maintained at
800 = 20 °C, as measured by a two-color Micron M770 pyrometer, to protect the of GSAG
nanoparticles from atomic hydrogen during second growth step. A required number of drops (1+4,
0.02 ml each) of the suspensions of GSAG:Ce in DMSO with nanodiamond particles (average size
5 nm [27,28]) were applied one-by-one on the first diamond layer. Each droplet was dried
separately using SPS SPIN 150 spin coater (3000 rpm, 5 min). The combination of GSAG:Ce and
nanodiamond particles facilitates the formation of a thin diamond film on GSAG:Ce in the early
stages of the second CVD process, which gives them additional protection from etching by atomic
hydrogen. The 2 um of diamond layer in the second CVD step encapsulates the applied
nanoparticles to form a "Diamond-GSAG:Ce" composite.

Photoluminescence (PL) spectra of composite films were taken at room temperature with a
LabRam HR840 (Horiba Jobin-Yvon) spectrometer in a confocal configuration. The laser beam at
473 nm wavelength was focused in =1 pm spot on the sample surface. A brief scan of the surface
was performed before taking high-resolution spectra from the areas with intense Ce** signal and
areas of the regular PCD film far from integrated GSAG particles.

X-ray luminescence spectra (XRL) of pristine GSAG:Ce powders, diamond composite
films and membranes were measured by two different laboratory-built installations. The first
“closed-chamber”-type setup uses tungsten anode the X-ray source. The sample was placed onto
the holder horizontally under the beam of the X-ray source, operating at a voltage of 40 kV and a
current of 35 mA. The XRL in the 200-1050 nm region was collected by a waveguide and
transferred to an FSD-10 spectrometer (Optofiber LLC, Moscow, Russia). The time of signal
registration for powders and diamond-powder composites were 0.5s and 50 s, respectively. The
second XRL setup uses copper anode to get lower energies of X-ray radiation and thus allowing
an “open-chamber” design. The sample was placed on the holder horizontally under the beam of
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the X-ray source, operating at a voltage of 30 kV and a current of 50 mA. The XRL signal in the
200-800 nm spectral region was collected using optical fiber with quartz collimator lens and
transferred to an Oceanlnsight spectrometer model HDX-UV-VIS with 10 um slit (spectral
resolution up to 0.35 nm). The time of signal registration for composite membranes was 10 s.

Results and discussion

The compositions of the samples and the results of their X-ray phase analysis are presented in
Table 1. Initially, three groups of GSAG:Ce samples were selected for the study with total
scandium content of 0.5 formula units (f.u.), labeled GD; — GDs (see details in Table 1), 1.0
fou. (GDs — GDy) and 2.0 f.u. (GD1o — GDis), respectively, and the cerium concentration was
consistently changed from 0.01 to 0.16 f.u. The proportion of scandium in the dodecahedral
position of the garnet remained constant at 0.25 f.u. Diffraction patterns of the samples are
shown in Figure 1.

At low scandium concentrations, the samples with a cerium content of 0.08 and 0.16 f.u.
showed the presence of impurity phases with a perovskite structure. On increasing the total
scandium concentration to 1.0 fiu. the composition was unstable for maximum cerium
concentration (0.16 f.u.). An increase in the scandium content to 2.0 f.u. lead to formation of
stable compositions for all investigated cerium concentrations. Thus, the scandium content
increase in the octahedral garnet site promotes an increase in the maximum dopant concentration,
as was previously shown by Devys et al. [9]. However, the collected data leads to the suggestion
that the presence of scandium in the octahedral position is not the main and only condition for
increasing the solubility of cerium in the crystal lattice of the GSAG solid solution. This point is
confirmed by the observation that in the series of samples GDis - GD2o, mechanical mixtures
were formed at all concentrations of cerium (Table 1, Figures 1 and 2). In this case, the
proportion of the impurity phase (perovskite) increased with an increase in the concentration of
cerium, which is expected, since Ce** is not a garnet-forming cation. At the same time, in the
GD1 - GDs samples with a scandium concentration (0.5 f.u.), but with a greater fraction of it in
the dodecahedral position, the mechanical mixtures were registered only at cerium
concentrations of >0.08 f.u. This effect indicates that it is possible to stabilize GSAG:Ce solid
solutions only at certain ratios of Sc** concentrations in the dodecahedral and octahedral
positions of the crystal lattice of the facet.
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Fig. 1. XRD diffraction patterns of GD; — GDs powders annealed at 1600 °C
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Table 1. Composition and characteristics of the synthesized oxide compositions
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GDn 70 : G 71Ces 16500:AlsOn | 0.6 | 1.0 | 1.0517 | 05770 | 039 | 03708 | 09290 RL1 | 1Z13351(6) 180 352971(3) | 5.2805(3) | 7.4716(3) =
GDo 70 74736 G CernSeroAli0n | 002 | 1.0 | 1.0414 | 06190 | 039 | 03745 | 09992 00 | 12.22734(7) - - - - -
Gb» 7 17123 G sCermSeroAliO | 002 | 1.0 | 1.0292 | 05980 | 039 | 03789 | 09784 100 | 12.17052%) - - - - -
GD» 3 10966 G wCernSeroAliOr | 002 | 1.0 | 1.0170 | 05770 | 039 | 03835 | 09574 00 | 12.11081(7) - - - - -
GDu 77 %360 Gh1sCermSeioAlisOn | 002 | 1.0 | 1.0048 | 05560 | 039 | 03881 | 09362 931 | 12.09974(6) - - - - X
GDx % - G 9CernAli0n 002 | — | 10536 | 05350 | 039 | 03702 | 08622 770 12.11240) 535 - - - 935
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This effect may be explained by the underlying requirement to maintain a certain ratio
between the cations' radii located in different garnet sites. Compositions with a total scandium
concentration of 1.0 f.u. and a cerium concentration of 0.02 f.u. (GD21 — GD24) remained stable until
the introduction of 0.6 fu. Sc to the dodecahedral garnet site. When an attempt was made to
synthesize a sample of the Gdz.18Ce0.02Sc1.0Als8012 composition after annealing at 1600 °C, the
aluminum oxide impurity phase was found in the diffraction patterns (Fig. 2). For comparison, see
diffractogram of the GD2s sample (Gd2.98Ce0.02Al50012), synthesized without scandium in Fig. 2.
After annealing at 1600 °C, the mechanical mixture included only 27 wt.%. of garnet phase, 63.5
wt.% of GdAlO3 and 9.5 wt.% of AlOs3 (Table 1). These results show that there is a certain range
of GSAG:Ce solid solution compositions, in which scandium exhibits the property of impurities
that stabilize the garnet phase.

We note that attempts to experimentally determine the compositions that are stable under the
powders’ synthesis conditions, the ceramics’ fabrication, or the growth of single crystals have been
repeatedly undertaken for certain types of garnets [20-24]. Empirical equations have been
successfully developed to estimate the calculated values of the unit cell parameters for both existing
and not yet synthesized garnets [29,30]. In addition, there were few attempts to develop
mathematical methods to describe structural relationships describing oxide compositions that form
stable phases of garnet [31,32].

Song et al. [30] proposed the use of tolerance factor to measure the garnets' stability, which
also binds the effective ionic radii of cations in different sites and anions. In the case of oxide
garnets, the tolerance factor range within which the compositions remain stable was determined as
0.748 - 1.333 [30]. All compositions considered in this study met this requirement (Table 1), and
should have remained stable which is not the case. This indicates that currently there are no reliable
theories and models that could be applied to predict the compositions of stable scandium-containing
solid solutions.

SEM and EDX studies were used to obtain additional information about the morphology and
phase composition of the synthesized samples. Fig. 3 shows SEM micrographs of powders GD; —
GD:s after annealing at 1600 °C. All studied samples had a similar morphology and consisted of
densely sintered aggregates. At the same time, for GD1 => GDs, GDs => GD10, and GD11 => GD;s
series, an increase in particle size was observed with increase in scandium concentration. It should
also be noted that the presence of an impurity phase was found in the GDs sample when studying
the surface in thebackscattered electrons mode (BSE), which correlates well with the X-ray phase
analysis data. The absence of impurity phases according to SEM data in GD4 and GD, samples can
be attributed to their presence in miniscule quantities (3 wt%, Table 1).
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Figure 3. SEM micrographs of ceramic powders of composition GDI - GD15

The morphology of powders GD21 — GD2s are presented in Fig. 4. The shape and size of
the particles were comparable to those in the samples GD1 — GDis despite the differences in the
synthesis method. At the same time, an increase in the scandium content in the dodecahedral
garnet site (GD21=>GD24) led to an increase in the crystallite size and a decrease in the density
of aggregates. Of all the samples, GD2s composition should be considered separately, since this
material contained three phases (garnet, perovskite, aluminum oxide). Its structure was
inhomogeneous, characterized by a tendency to strong agglomeration on the one hand and
relative fragility on the other, which is evidenced by the presence of aggregate fragments with a
smooth surface at the cleavage site.
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For all the obtained single-phase solid solutions, their XRL spectra were recorded and are
shown in Fig. 5. The main feature for all the samples was an intense peak at ~575 nm, which is
attributed to 5d—4f transition in Ce*" ions [6,7]. The XRL intensities for different compositions
are summarized in Table 1. In the set of GD;-GDs samples, the XRL intensity is maximized in
GD» composition (Fig.5a). In GDe-GD9 sample series, a similar trend with a maximized XRL in
GDs sample was observed with a concentration of cerium and scandium being two times higher
than for the GD, sample (Fig.5b). In GD11-GD;s series, the GD12 composition with the same Ce
content as for GD2 showed the locally highest XRL intensity (Fig. 5c). Finally, the GD21 sample
was the one with the highest XRL intensity in GD21-GD24 sample series (Fig. 5d). The common
trend for GD2, GDs, GD12, and GD»; samples were the fact that the increase in scandium content
results in decreasing XRL intensity. This phenomenon was in accordance with the results seen
previously [6] for the garnets, yttrium-aluminum and yttrium-scandium-aluminum, doped with
cerium. The highest intensity of XRL among all the studied compositions was registered for
Gd2.73Ce0.02Sc0.5Al4.75012  composition (GD;). In the work by Kling et al.[10], similar
luminescence spectra of cerium at various types of exciting radiation were registered for the
single crystal Gd,¢7Ceo.03Sc2Al:012. The difference in the composition determined in our work and
presented in the literature lies in the fact that our work reliably determined the distribution of
scandium over the dodecahedral and octahedral positions of garnet and the cerium content. The
composition of powders synthesized by precipitation from aqueous solutions does not change
over the entire volume of the sample, while compositions of single crystals that were grown by
the Czochralski method were not properly determined and may vary in the melt due to deviations
in the distribution coefficient of cerium between the melt and the crystal.
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Fig. 5. X-ray luminescence spectra of single-phase solid solutions powders of cerium-doped
gadolinium-scandium-aluminum garnets: (a) GD1-GDs3, (b) GDs-
GDoy, (¢) GD11-GD1s, (d) GD21-GD2a.

The obtained “Diamond-GSAG:Ce” composite consisted of the polycrystalline diamond
matrix with integrated particles of the selected GD, composition. SEM images showed no defects
and residual particles on the surface of diamond films (Fig 6a). However, in cross-sectional
micrographs of the obtained composite films, particles with sizes of ~1 pm were observed both in
“secondary electrons” (SE) (Fig. 6b) and “backscattered electrons” (BSE) (Fig. 6¢) modes of the
microscope. The BSE mode has an exceptionally high contrast between lighter carbon and heavier
Al/Ce/Gd/Sc atoms (see e.g. [33]). PL spectrum of the obtained composite showed extremely
bright but only a local signal from GSAG:Ce particles, the intensity of which was higher than the
intensity for the brightest PL peak of the regular diamond film (silicon-vacancy peak, Si-V,
738 nm [34,35]) by 3 orders of magnitude (Fig. 6d) The XRL spectrum of the “Diamond-
GSAG:Ce” composite also showed an intense Ce**-related maximum near 575 nm (Fig. 6¢). The
intensity of the registered XRL in composite was expectedly lower than for pure GD> powder,
although the peak position and full width at half maximum were comparable with ones shown in
Fig. 5a.
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Fig. 6. SEM images of the “Diamond-GSAG:Ce” (GD2) composite film: (a) surface, (b) cross-
section, SE mode, (c¢) cross-section, BSE mode. (d) PL and (e) XRL spectra of the “Diamond-
GSAG:Ce” composite.

To test the obtained “Diamond-GSAG:Ce” material as a source of visible XRL, a set of 4
membranes (5 mm in diameter each, Fig. 7a) with different amount of integrated GD; particles
(1+4 drops) was prepared using the method described elsewhere [36]. The XRL properties of the
obtained membranes were investigated using “open-chamber” setup that allowed taking photos of
samples under X-ray radiation (Fig. 7b). All the membranes showed intense yellow luminescence
that is clearly visible both on photographs and to the eye. The addition of the 2™ drop of GD:
particles after the 1% one led to an increase of the overall XRL intensity of the composite however
decreased the homogeneity of its distribution (note in Fig. 7b). The addition of 3™ and 4™ drops
resulted in increasing inhomogeneity and even led to the formation of macroscopic defects in
diamond films.

The XRL spectra (Fig. 7c) showed the similarity of the obtained signal from membranes with
spectrum of the “Diamond-GSAG:Ce” film (Fig. 6e). The only difference between spectra taken in
2 different setups was the presence of notable Si-V signal (738 nm) (Fig. 7(c)), which is usually
negligibly weak under X-ray excitation in Si-doped diamond films [5,37]. However, we observed
similar effect in our previous work on “Diamond-YAG:Ce” composites under high-intensity X-ray
radiation and attributed this effect to the excitation of Si-V luminescence by photoelectrons ejected
from YAG:Ce nanoparticles [7]. Also note in Fig. 7c that the intensity of Si-V peak correlates with
the intensity of Ce** peak, which is in good agreement with our explanation.
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Fig. 7. Photographs of “Diamond-GSAG:Ce” membranes prepared with 2 drops of GD, powder in
and under X-ray radiation (b), as well as . Note in (b) white speckles as artifacts caused by
exposure to X-ray radiation. The inhomogeneity of luminescence in (b) is due to inhomogeneity of
distribution of GSAG:Ce particles in composite.

Conclusion

The stable compositions for single-phase solid solutions based on cerium-doped
gadolinium-scandium-aluminum garnets are determined. A detailed examination of the studied
compositions revealed that, for scandium-containing compositions, there is a tendency towards a
regular expansion of the number of available compositions in terms of the r'V/r¥!!! ratio as the
radius of the octahedral garnet site increases. When 1'¥ = const in the compositions under
consideration, there is a possibility for obtaining stable garnets with a large ionic radius of the
dodecahedral site. At thesame time, the possibility of stabilizing gadolinium-aluminum garnet by
replacing the dodecahedral garnet site with scandium was experimentally confirmed. Based on
the set of X-ray luminescence spectra of single-phase samples, the composition
(Gd2.73Ce0.02Sco.5Al4.75012), which demonstrates the highest X-ray luminescence, was
determined. Finally, the optimized composition was used to synthesize a diamond-based X-ray
luminescent films and membranes that showed visible yellow luminescence under X-ray
excitation. The investigated class of composites is promising for applications in stable detectors
and visualizers of high-intensity X-ray radiation in synchrotrons and free-electron lasers.
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