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Abstract

This paper presents comparative results of luminescence studies on complex wide-band-gap calcium aluminates
12Ca0-7A1,0; (C12A7,E,~7.0 eV) and 3CaO-Al,O; (C3A, E,-6.5 eV) doped with Pr3+ ions. Doped C12A7 ceramics
and C3A powders were prepared via self-propagating combustion synthesis followed by different thermal treatments.
Time-resolved VUV spectroscopy of C3A:Pr3+ revealed fast interconfigurational 5d-4f emission of Pr3+ in the region
of 3 eV -4.5 eVwith lifetimes of ~ 17 ns upon direct excitation of Pr3+ 5d levels, and ~ 30 ns upon interband transitions.
Acceleration of decay times (~12-13 ns) were observed upon XUV excitation at 130 eV. In C3A, multiple non-
equivalent lattice sites for Pr3+ions were identified. The energy transfer from host to Pr3+ 5d states is inefficient,
particularly in C12A7, where the separation of 5d-4f transitions from other competing luminescence channels is
not straightforward owing to the complexity of the host crystal band structure. The slow intraconfigurational 4{-

4f emission originating from the second stage of 4f cascade was observed for both compounds.
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I. Introduction

Pr3+-doped inorganic materials are widely studied for
their potential applications as scintillation materials ow-
ing to the fast Pr3+ 5d-4f emission (~7-30 ns), as quan-
tum-cutting phosphors exhibiting photon cascade emis-
sion 1,2, and as long afterglow phosphors. Several garnets
and alkaline earth aluminates 3—> have shown promising
properties for the above-mentioned applications. Ceram-
ic materials are widely used in optical applications because
in comparison with single crystals their production costs
are lower, their manufacturing process simpler and there
are almost no limits on shaping the material to the form re-
quired for application. In addition, the optical properties
of dense ceramics are homogeneous, which is an advantage
over polycrystalline powders or single crystals with pref-
erential direction.

In this paper, we present luminescence studies on Pr3+-
doped calcium aluminates 12CaO-7A1,05 (C12A7) and
Ca3;Al,04 (C3A) with a cubic crystal structure. C12A7
has attracted a great deal of attention because of its unique
crystal and band structures as these enable the formation
of stable inorganic electride ¢. The unit cell of C12A7 (cu-
bic, I-43d, Z = 2, a = 11.99 A) consists of twelve positive-
ly charged (1/3+ per cage) interconnected cages with inner
free space of 4 A in diameter. The charge neutrality of stoi-
chiometric C12A7 is achieved by O2- anions inside 1/6 of
the cages, which can also act as charge compensators when
an extra charge is introduced into the lattice. With differ-
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ent chemical treatments, extra-framework O2- anions can
be replaced by various anions with higher concentrations
than ordinary defects in solids 7. A large number of posi-
tively charged cages present in the crystal structure mod-
ifies the band structure and results in an additional nar-
row conduction band referred to as the cage conduction
band (CCB), which is located ~2 €V below the bottom
of the framework conduction band. Recent experimental
photoemission studies have located its position from 5 to
6.2 eV from the top of the valence band 8. However, so far
no spectroscopic evidence exists, which could be attribut-
ed to recombination of the encaged electrons with holes re-
sulting in light emission. Moreover, according to theoreti-
cal calculations the occupied cage level is located below the
CCB by 0.6-1.1 €V 9, which shifts potential emission to
lower energies. The band structure is even more complex
as the energy levels of specific extra-framework anions can
appear in the band gap 7. Also, there are two non-equi-
valent Ca2+ sites in every cage. Different extra-framework
anions cause additional deformation of the cages in which
they are placed, leading to symmetry reduction, but the va-
riety of possibilities for modification of the host properties
makes C12A7 suitable for studying luminescence proper-
ties dependent on extra-framework species.

The C3A consists of the same chemical elements as
C12A7, which contribute to the formation of the elec-
tronic structure. However, the structure of C3A (cubic,
Pa3, Z = 24, a = 15.26 A) contains a larger number of
non-equivalent CaZ* sites compared to C12A7, i.e. six per
unit cell. Three CaZ* sites have coordination number 6
(two with a compressed octahedral symmetry, one with
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a distorted trigonal prism geometry), and the other three
sites have coordination numbers 9, 8 and 7 with more
distorted local geometries. The unit cell consists of eight
fragments in which six AlO4 tetrahedra surround a hole
with a diameter of 2.94 A in which Ca2+ ions are holding
the rings together 10. 1/9 of holes in the unit cell are not
occupied and these Ca2* vacancies are expected to act as
charge stabilizers when an extra charge is introduced into
the structure 11.

In both of these compounds praseodymium ions are ex-
pected to replace Ca2* owing to their similar radii, and the
charge compensation in C12A7 and C3A could be real-
ized as described earlier. The 5d levels of Pr3+ions are very
sensitive to crystal field strength on the site of substitution
showing either a photon cascade of 4f2 transitions if 1S is
the emitting level below 5d states or, in opposite case, the
5d4{1 transitions to several low-lying 4{2 states. Depend-
ing on the host and number of cation sites available, the
picture can be more complicated, with both types of emis-
sions being detected depending on the selected excitation
energy 12,

Previously, Pr3*-doped Sr3Al, O3, which is isostructural
with C3A, has been reported as a prospective phosphor
material for a UV dosimeter 4. C12A7 compound doped
with various rare earths 13-17has also been investigated.
However, in most of these papers the spectroscopic prop-
erties in the UV-visible range are evaluated, which deter-
mines the underlying physics. In this paper we present our
results obtained from a comparative study on Pr 5d-4f lu-
minescence in C12A7 and C3A hosts upon vacuum ultra-
violet (VUV) and extreme ultraviolet (XUV) excitation.

II. Experimental Details

The powders of undoped and Pr3+ (0.25 mol%)-doped
C3A and C12A7 were prepared by means of self-prop-
agating combustion synthesis, starting from the high-
purity materials Ca(NO3)2-4H,O (99.999 %, Alfa-
Aesar), AI(NO3)3-9H,O (99.99 %, Alfa-Aesar) and
Pr(NO3)3-6H,0 (99.99 %, Alfa-Aesar). A stoichiometric
mixture of 3-alanine and urea was used as fuel, following
the fuel mixture approach that considers oxidizing-reduc-
ing agent ratios depending on molar ratios of nitrates 8.
The amount of Pr3+ (0.25 mol%) ions was chosen in the
range where concentration quenching influencing optical
properties is not expected. Metal nitrates were dissolved
in ~30 mL deionized water followed by the addition of
the fuel mixture. The solution was placed into a vertical
tube furnace heated to 500 °C. After rapid vaporization
of water the combustion process was self-initiated and
calcium aluminate powders obtained. The obtained C3A
powders were annealed in air at 850 °C for 5 h followed by
the phase purity confirmation by means of powder X-ray
diffraction (XRD). XRD data was collected using a Rigaku
Smartlab diffractometer (Cu Ko radiation, 26=10-90°,
step 0.01°, integration time 1 s). The C12A7 powders ob-
tained from the combustion reaction were subjected to
a melt-solidification process 19 in a carbon crucible fol-
lowed by slow cooling at a rate of ~400 °C/h in order to
favour crystallization. The solidified C12A7 samples had
a dark green coloration owing to partial replacement of
cage-oxygens by electrons, confirmed by a 2.8 €V band in
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the absorption spectrum that is typical for C12A7 elec-
tride 20. The obtained C12A7:Pr3+ samples were heated in
air at 900 °C for 1 -3 h. The resulting ceramic objects were
transparent and pale green, unlike undoped C12A7 sam-
ples, which were colourless after similar treatment. The
coloration was found to be present due to Pr3+ 4f absorp-
tion lines in visible spectral region. The C12A7 samples
were characterized using Raman spectroscopy (Renishaw
inVia micro-Raman spectrometer, Ar-ion laser, 514 nm)
at room temperature. In the Raman spectra of air-treated
samples the main Raman frequencies coincided with re-
ported vibrational bands for single-phase C12A7 ceram-
ics 21, confirming that the phase purity of C12A7 samples
was suitable for luminescence studies. The morphology of
praseodymmm doped samples was examined with scan-
ning electron microscopy (SEM: Philips XL-30 ESEM)
as shown in Fig. 1. For the C3A: Pr3+ sample (Fig. 1a) ag-
glomerated particles from 0.5 pm to 3 pm were observed,
whereas the SEM image of the ceramic C12A7: Pr3+ sam-
ple (Fig.1b) indicated that during crystallization dense
material with a homogeneous structure was formed.

Fig. 1: SEM micrographs of (a) C3A: Pr3+(0.25 mol%) powder and
(b) C12A7: Pr3+ (0.25 mol%) ceramics.

Time-resolved VUV spectroscopy experiments were
performed at the SUPERLUMI station 22 and in XUV at
the BW3 beamline 23 of HASYLAB (DESY, Hamburg,
Germany) at DORIS storage ring. 10 bunch filling mode
was used, which allowed recording of spectra in 100 ns
intervals. Spectra were recorded simultaneously in time-
integrated mode and in a short- (FTW) and long-time win-
dow (STW) with the length of At and delayed by the time
interval 8t relative to the beginning of the synchrotron ex-
citation pulse. The time-correlated single photon count-
ing technique applied is similar in both setups. Such a
technique is extremely helpful in distinguishing fast and
slow emissions owing to inter- and intraconfigurational
transitions (transitions between 4f-5d and 4f-4f states,
respectively) of rare earth ions. It is important to point
out that the spectral sensitivities of the setups used differ
from each other. In the SUPERLUMI setup under VUV
excitation (excitation energy range 4 —40 eV) we used the
UV-visible spectrometer ARC SpectraPro 2300i (operat-
ing range 200 - 1000 nm) equipped with the PMT R6358P
(Hamamatsu) having a sensitivity maximum approaching
400 nm. The VUV-optimized monochromator (operating
range 60— 500 nm) in the Seya-Namioka mounting is used
in the luminescence setup at the BW3 beamline (excitation
energy range 50— 1500 eV) equipped with the MCP 1645
U-09, Hamamatsu microchannel type PMT tube. There-
fore, because of differences in the optimization of spectral
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devices, UV emissions appear at the shorter wavelengths
than in the SUPERLUMI, where the analysing spectrom-

eter is operating in air.

III. Results and Discussion

The spectroscopic investigation of Pr3+-doped calcium
aluminates was performed in XUV (Figs. 2 and 3) at 10 K
and 300 K; and also in VUV (Figs. 4 to 6) at 10 K in or-
der to distinguish host-related luminescence and parity al-
lowed interconfigurational 4f15d1—4f2 emission of Pr3+
by means of time-resolved spectroscopy.

Figs.2a and b show the time-resolved emission spectra
of C12A7:Pr3+ upon excitation by 130 eV XUV photons
measured at 300 K and 10 K, respectively. This energy re-
gion starting from 100 eV corresponds to the onset of 4d
absorption of rare earth ions known as “giant resonance”
(seeRef. 24and references therein). The emission spectrum
(Fig.2b) recorded at 10 K in time-integrated (TT) mode
shows a broad emission band with maximum at 5.2 eV, al-
so dominating in the long-time window (i.e. has a long de-
cay time; STW), which starts 15 ns after excitation with the
length of time window 50.1 ns. There are additional broad
bands covering the range of 2.7 €V —3.7 eV with multicom-
ponent decay. At 300 K (Fig. 2a), the emission at 5.2 eV
occurs as a shoulder on the high-energy side of a broad
emission band with maxima at4.3 eV and 4.9 eV, both giv-
ing a major contribution in the long-time window. For un-
doped C12A7 the emission bands in the range of 4.0-4.5
eV were not observed (not shown). In Ref. 25 the nanosec-
ond emission at ~5 €V in C12A7 electride sample was
tentatively assigned to the radiative decay of self-trapped
excitons with hole-components localized on framework
oxygens. The replacement of the extra-framework oxy-
gen ions with electrons in the electride sample cleans the
states due to these ions within the energy gap of C12A7,
facilitating observation of self-trapped exciton states. The
electron-hole pair formation is needed for this process be-
cause the excitation onset coincides with the energy gap.
The self-trapping process does not facilitate energy trans-
fer to Pr3+ because there is a limited spectral overlap with
their absorption starting from 5.2 eV (see Fig. 5a) and a fi-
nite migration rate of self-trapped excitons. Another pro-
cess which may occur is due to the fact that excited elec-
trons can relax to the lower-lying cage polaron states (see
Ref.7:9) and the 5.2 €V emission may arise as the result
of their recombination with valence band holes. How-
ever, there is no experimental evidence from our earlier
studies of pure C12A7 to firmly support the latter mech-
anism. Moreover, these electrons can relax into the occu-
pied cage level, whose energetic positionis 0.6 — 1.1 eV be-
low the cage conduction band according to the theoreti-
cal calculations 2. Therefore, the expected emission peak is
at lower energies by same value, unless electrons directly
from the cage conduction band participate in recombina-
tion. It has been extensively discussed for RE-doped ox-
ides 26 that electron hole recombination at rare earth ions
is responsible for luminescence. This is the most probable
cause for the 5.2 eV emission in C12A7:Pr3+. The compar-
ison of Figs.2 and 4 shows that UV emission is well pro-
nounced under XUV excitation (130 eV) rather than at the
band gap excitation (7 V). The penetration depth of XUV
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photons is approximately one order of magnitude higher
because of the host absorption coefficients being in order
of 105 and 106 cm~! under the inner shell and near the fun-
damental absorption edge, respectively. This circumstance
explains the role of reabsorption and surface effects, which
suppresses weaker intrinsic emissions under VUV excita-
tion in comparison with that of induced dopants like Pr.

Intensity (a.u.)

Energy (eV)
Fig. 2: Emission spectra of C12A7:Pr3* (a, b) and C3A:Pr3+ (c, d)
at 300 K (a, c) and at 10 K (b, d) upon XUV excitation at 130 eV
(FTW: 8t = 0 ns, At =5.2 ns; STW: 8t = 15.0 ns, At = 50.1 ns).

It was also discussed in Ref. 25 that the excitation spec-
trum of 3.3 eV emission starting in the energy gap at5 eV
and strong dependence on the thermochemical treatment
of samples providing encaged ions of different types al-
lows the identification of the origin of emission bands.
Therefore, the complex luminescence band at lower en-
ergies near 3.3 eV is due to the recombination of elec-
trons with holes trapped on extra-framework ions inside
the cages (O2- in the stoichiometric case). However, as can
be seen in Figs. 2a and b, there are always fast decay com-
ponents present for 2—4 eV emission with lifetimes in the
range of 2—15 ns, when fitted by two exponential decay
and could be assigned as Pr3+ 5d-4f emissions. The only
fastintrinsic emission with lifetimes 3.7 and 29 ns so far has
been observed for 5 eV band in the electron-loaded C12A7
atlow temperatures under excitation in host absorption 23.

The emission spectra of C3A:Pr3+ upon XUV excitation
by 130 eV photons are presented in Figs. 2c and d, at 300 K
and 10 K, respectively. At 300 K broad band fast emission
with the main maximum at 4.0 eV is observed. This emis-
sion is also present at 10 K, but not clearly distinguished
owing to the strong 4.6 eV emission dominating in the
long-time window spectrum (Fig. 2d). The latter one is
assigned to the intrinsic emission as observed in pure C3A
sample at the excitation energies above 6.25 eV, which cor-
responds to the intrinsic absorption of the host. Fig.2¢
demonstrates that this UV emission undergoes strong
thermal quenching and has long a ys-lifetime, being typi-
cal for self-trapped excitons in oxides 27. The decay curves
measured for ~4 eV emission in C3A:Pr3* upon XUV
excitation by 130 eV at 10 K and at 300 K are presented
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in Fig. 3. The decay curves were fitted with a sum of two
exponentials described by time-constants of ~2 ns and
~12nsat 10 K (curve 1), and ~2 ns and ~ 7 ns (curve 2) at
300 K. The acceleration of decay components (in compar-
ison to VUV excitation) is a known phenomenon owing
to the presence of various competing relaxation channels
of electronic excitations (non-radiative decay, photoemis-
sion, etc.) as discussed in 24. In pure and doped calcium
aluminates the formation of quenching centres upon high-
energy XUV excitation is testified by rather fast decrease
of luminescence intensities, especially for C12A7 samples.
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Fig. 3: Luminescence decay curves monitored at 3.87 eV (1) at 10K
and 4.13 eV at 300 K (2) in C3A:Pr3+ upon XUV excitation by
130 eV photons.

Under XUV excitation at 300 K in time-integrated and

long time-window spectra of C3A:Pr3+, a narrow band at
~3.0 eV was observed, whose spectral position coincides
with 4f 1Sy - 1T emission, belonging to the first stage in
photon cascade emission (PCE). However, it was absentin
the emission spectra of C3A:Pr3+ upon 5d and interband
host (see Fig. 4b) excitation in UV-VUYV region, where the
second stage of PCE is clearly revealed as a set of 4f-4f
transitions. The assignment of ~ 3 €V emission and possi-
ble reasons for the appearance of radiative transitions from
1S, need further experimental clarification.
Fig. 4 shows the time-resolved emission spectra of C12A7
and C3A doped with 0.25 mol% Pr3+ at various excita-
tion energies in VUV at 10 K. The emission spectra of
C3A:Pr3+ recorded upon excitation in the transparency
range of the host at energies 5.14 ¢V and 6.02 eV at 10 K
(Fig. 4b) are dominated by complex broad emission bands
between 2.9 €V and 5 eV exhibiting fast decay in the ns
range. These emission bands correspond to interconfigu-
rational transitions from the lowest excited state of 4{15d1!
configuration to the 4f2 ground states of Pr3+. The bands
are also observed upon XUV excitation (Fig. 2c and d). In
Fig. 5b, the time-integrated excitation spectra of C3A:Pr3+
emissions recorded at 3.94 and 3.1 eV show the rich struc-
ture of the bands, with weaker luminescence intensity
showing maxima at 5.26 €V, 5.62 eV (curve 11) and with
stronger intensity at 5.42 eV, 5.96 €V (curve 8). Similar fea-
tures are observed in the spectrarecorded in the short-time
window and the emissions have decay in the ns range.
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Fig. 4: Emission spectra of (a) C12A7:Pr3+ excitation at 7.0 eV (1)
and at 6.7 eV (2, 3, 4); and emission spectra of (b) C3A:Pr3+ recorded
upon excitation at 5.14 eV (5, 6, 10) and at 6.02 €V (7, 8, 9) . Spectra
are recorded at 10 K in time-integrated mode (1, 2, 5, 7, 9) and in
short- (3, 6, FT'W: 8t =0.5 ns, At = 7.2 ns; 8, FI'W: 8t = 1.4 ns, At =
7.0 ns) and long- (4, 9, 10, STW: &t = 50.3 ns, At = 19.2 ns) time
windows..

Intensity (a.u.)

Energy (eV)

Fig. 5: Excitation spectra of (a) C12A7:Pr3+ (1, 2, 3) and C12A7
(4, 5, 6) monitoring emission at 3.0 eV, and creation spectrum
of photostimulated luminescence for C12A7 (7) 25; (b) C3A:Pr3+
monitoring emissions at 3.10 eV (11, 12,13, 7) and at 3.94 eV (8, 9,
10). Spectra were recorded at 10 K in time-integrated mode (1, 4, 8,
11), in short- (2, 5, 9, 12; FT'W: 8t =1.4 ns, At = 7.0 ns) and in long-
(3, 6, 10, 13, STW: 5t =50.3 ns, At = 19.2 ns) time window.

These bands correspond to the direct VUV excitation
to Pr3+ 5d levels. Two groups of emission and excitation
bands competing with each other as coinciding maxima
and minima indicate that there are multiple sites for Pr3+
ions in the C3A:Pr3* sample, which agrees with the crys-
tallographic considerations 10. The 4.6 ¢V emission ob-
served upon XUV excitation (Fig. 2d) is not present un-
derselective VUV excitation below E ,, which means thatit
can be excited only via band-to-band excitation and refers
to its intrinsic origin as discussed earlier. The excitation ef-
ficiency of 5d-4f emission decreases at energies larger than
E, ~6.5¢V,whichshows that the energy transfer from host
to Pr3+ 4f15d! states is inefficient. The main radiative re-
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laxation channel is host-related emissions in UV that do
not overlap with 4f-5d absorption bands. In the visible re-
gion, strong 4f-4f emissions were observed upon direct in-
tracenter excitation (Fig. 4b, curve 9). The strongest band
of 4f-4f emissions at 2.53 eV corresponds to 3Py—3H,
emission. Also, weaker 1D,—3H, transition overlapping
with 3Py—3Hj is observed at ~2.03 eV. It suggests that an
efficient energy transfer from 4f15d! levels to 4f 3P state
occurs, possibly via defect-related states. However, also
the radiative 5d transitions populating 3P levels are en-
ergetically possible as the fast emission bands extend to
~3 eV at the low energy side.

The decay curves of 5d-4f emissions in C3A:Pr3+
(0.25mol%) are presented in Fig.6. All recorded curves
have a complicated nature, which can be described in the
best way with a multi-exponential decay curve. The decay
of 5d-4f emission under intracenter excitation of Pr3+ions
is characterized by the lifetimes of ~4.6 ns and ~ 17 ns at
10 K and ~2.3 ns and ~ 8 ns at 300 K, respectively. The
shorter decay component can be related to the presence of
competing non-radiative relaxation channels. The increase
of excitation energy over E, results in the appearance of
the longer decay component of ~21-27 ns at 10 K, which
is typical for the increased role of energy transfer processes
to the luminescence center.

Intensity (a.u.)

Time (ns)
Fig. 6: Luminescence decay kinetics of Pr3* 5d-4f emission (4.51
eV) in C3A:Pr3+ upon selective excitation of 5.44 eV (1), 6.02 eV
(2),7.75 eV (3) at 10 K; and luminescence decay kinetics of 3.92 eV
emission upon excitation of 6.05 eV (4) at 300 K.

The emission spectra of C12A7:Pr3* upon VUV exci-
tation at 10 K are presented in Fig.4a. The band gap of
C12A7 was previously estimated with the photostimulat-
ed luminescence method 25 (Fig. 5a, curve 7). Under inter-
band excitation (Fig. 4a, curve 1), low-intensity narrow 4f-
4f bands of the second stage of PCE were observed. Upon
6.7 eV excitation, the broad band emission in the region
of 2.0 eV to 4.5 eV was observed with complicated multi-
component decays detected in short- and long-time win-
dows. The origin of slow decay components of this emis-
sion can be interpreted by comparing the excitation spec-
traof 3.0 eV emission for Pr3*-doped and undoped C12A7
(Fig. 5a, curves 1, 4 respectively). The excitation onset for
undoped C12A7 as well as for Pr3+-doped C12A7 starts at
~5.0 eV. The excitation bands between 5.0 eV and 7 ¢V in
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undoped C12A7 correspond to the excitation maximum
for the emissions related to the recombination of electrons
and holes in the case of various extra-framework species
(02, OH-, F-, electrons)’. These O2- and OH-1ons have
absorption onsets at 4.7 and 5.5 eV, respectively. As seen
in Fig.5a there are no pronounced changes in the exci-
tation spectra at these energies. According to our previ-
ous results for Ce3+-doped C12A7 15 and to the estima-
tion of the position of 4f5d configuration for Pr3* in re-
spect to Ce3+ in the same compound developed by Doren-
bos 28, the 5d levels of Pr3+ are expected to be populated at
excitation energies of ~5.6 eV. This region overlaps with
electronic excitations related to extra-framework OH-and
O2 ions 7, which are the dominating hole trapping cen-
tres in C12A7. However, the decay curves recorded indi-
cate the presence of fast components of 4 — 40 ns typical for
5d-4f emission of Pr3+. Upon excitation by 7 eV photons
the contribution of low-energy emission increases (Fig. 4a
curve 1). The main peak at 3 eV is a typical emission ow-
ing to oxygen encaged in pure C12A7 (see Ref. 25) along
with 4{-4{ transitions forming the second stage of PCE.
The 3P levels are mainly populated by relaxation processes
due to C12A7 excitations. The excitation spectra for 3 eV
emission recorded in time-integrated mode, in short- and
long-time window (Fig 5a, curves 1, 2 and 3, respectively)
demonstrate that a drop of excitation efficiency occurs at
the onset of intrinsic absorption at 6.7 eV, shown by the
creation spectrum of phtostimulated luminescence (curve
7). Such behaviour is typical for 5d-4f emissions, the ex-
cited 5d electrons reaching conduction band states facili-
tates their escape as it has been shown for rare-earth-doped
fluorides 2. Similar excitation spectra (Fig. 5a, curves 4,
5, 6) for undoped C12A7 samples do not show such be-
haviour, which indicates thatin the transparency range be-
low 6.7 eV both—Pr 4f-5d absorption occurs together with
excitations due to extra-framework oxygens 23. Butin case
of undoped C12A7 samples the decay kinetics is in mi-
crosecond range as expected from our earlier studies.

IV. Conclusions

Time-resolved 5d-4f luminescence studies of Pr3+
(0.25mol%)-doped calcium aluminates 12CaO-7A1,0;
(C12A7) and Ca3Al,0( (C3A) under VUV and XUV
excitation were performed. For both compounds, the lu-
minescence from 1Sglevel was not observed, indicating
that the crystal field is strong enough, bringing 5d states to
lower energies and facilitating interconfigurational 5d-4{
transitions. In C3A:Pr3+ the broad band 5d-4f lumines-
cence (3.5-4.5 ¢V) was observed at intracenter excitation
(lifetime ~17 ns at 10 K) and at band-to-band excita-
tions upon VUV and XUV radiation. In C12A7:Pr3+,
the situation is more complicated because of the over-
lap of host-related extra-framework O2- ions excitations
with Pr3+ 4f-5d states. Also, due to spectral overlap the
5d-4f luminescence is hard to distinguish from that due
to extra-framework ions and host emissions of C12A7
compound. The inefficiency of energy transfer to Pr3+ 5d
states via host excitation for both compounds, particularly
in C12A7, is related to the complicated crystal structure
of both hosts owing to nanoporous structure, presence
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of various trapping centres, which can be recharged un-
der ionizing radiation. Trapping centres also act as ad-
ditional non-radiative and delayed radiative relaxation
channels, resulting in weak emission bands of Pr3+ acti-
vator ions with complex decay kinetics accompanied by
very low intensity of 4f-4f emissions for C12A7:Pr3+.
At low temperatures, C3A:Pr3+ has dominating 4.6 eV
emission of intrinsic origin. Despite fast ns decay of 5d-
4f Pr3+ transitions, the above-mentioned problems and
modest emission intensity at room temperature does not
facilitate the use of these compounds in scintillation ap-
plications. Rare-earth-doped C3A is a considerably better
light emitter than C12A7-based compounds. Wide-gap
(Eg~6.5eV) C3A compound has potential for optical ap-
plications, but methods to prepare it as ceramics must still

be developed.
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