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Cr3+-activated LiScO2 has emerged as a promising near-infrared (NIR) 
phosphor with potential applications in medical and optical technolo-
gies. In this study, the luminescence properties of LiScO2:Cr3+ were op-
timised through systematic cation substitutions. The effect of Cr3+-con-
centration (0.5 to 5 mol.%) was investigated, along with substitutions of 
Sc3+ by Al3+ and Li+ by Na+. The synthesised phosphors were character-
ised upon using X-ray diffraction (XRD), reflectance spectroscopy, fluo-
rescence spectroscopy, and decay curve analysis. The results demonstrate 
that optimal Cr3+ doping concentrations enhance NIR emission, whereas 
excessive doping leads to concentration quenching. Substitutions of Sc3+ 
with Al3+ and Li+ with Na+ impact crystal field strength and lumines-
cence properties. These findings contribute to the development of effi-
cient broadband NIR phosphors for future applications.
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INTRODUCTION

The development of innovative materials for medi-
cal applications has gained considerable impor-
tance in recent decades, particularly in the  field 
of near-infrared radiation (NIR) for therapeutic 
purposes. A promising area of application for NIR 
phosphors is the treatment of Sjögren’s syndrome, 
a  chronic autoimmune disease characterised pri-
marily by inflammation and dysfunction of the lac-
rimal and salivary glands. This disorder leads to 
pronounced symptoms such as dry eyes or dry 
mouth and significantly impairs the quality of life 
of those affected [1, 2]. 

Current research shows that exposure to specific 
wavelengths of NIR radiation can relieve inflamma-
tion and promote blood flow in damaged glandular 
tissues, improving the  symptoms of the  disorder. 
Regarding this background, the synthesis and opti-

misation of NIR phosphors, especially comprising 
broadband emitters such as Cr3+, offer a promising 
approach to tackle this issue [2, 3]. 

The aim of this work was to investigate cati-
on exchange based host lattice modifications of 
the  phosphor LiScO2:Cr3+ and to further analyse 
how the exchange of ions affects the optical prop-
erties of the phosphor. In order to determine how 
the Cr3+ content influences the luminescence prop-
erties, a Cr3+ concentration series in the range from 
0.5 to 5 mol.% was also used.

EXPERIMENTAL

Sample preparation
For the synthesis of LiScO₂:Cr³⁺ with the respec-
tive substitution of Li+ and Sc3+ ions by Na+ and 
Al3+ ions, i.e. (Li1–xNa x)ScO₂:Cr3+ and Li(Sc1–xAlx)
O₂:Cr3+ (x = 0.01, 0.02, 0.05, 0.07, 0.10), a solid-
state reaction was used. The  samples were syn-
thesised using Li2CO3 (Alfa Aesar, 99%), Sc2O3 
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(Treibacher, 99.99%), Cr2O3 (Alfa Aesar, 99.95%), 
Na2CO3 (Merck KGaA, 99.9%) and Al2O3 (Alfa 
Aesar, 99.95%) as educts. Additionally, a Cr3+ con-
centration series (x  =  0.005, 0.010, 0.015, 0.020, 
0.025, 0.030, 0.035, 0.040, 0.045, 0.050) was pre-
pared. For this purpose, all starting materials 
were weighed stoichiometrically and mixed with 
ethanol, supplemented by a 5 mol.% excess of lith-
ium carbonate to account for evaporation during 
the  annealing process. The  mixture was homog-
enised for 1 h using a ball mill. Once the ethanol 
had completely evaporated, the  precursor was 
transferred into a corundum sarcophagus crucible 
and annealed at 1200°C for 8 h in a tube furnace 
with a  heating rate of 5 K/min. To prevent oxi-
dation of chromium, the reaction was carried out 
under a forming gas atmosphere (95% N2/5% H2).

Analytical measurements
Powder X-ray diffraction was employed to judge 
the crystal structure and phase purity of the sam-
ples [4, 5]. The diffractometer used was the Mini-
Flex II from Rigaku. X-rays were generated using 
a copper X-ray tube, which was operated at a volt-
age of 30 kV and a current of 15 mA, and operated 
in Bragg–Brentano geometry. Measurements were 
conducted at a scan speed of 2.5°/min with a step 
width of 0.02° over a 2θ range from 10 to 80°. To 
identify the  resulting phases, the  measured dif-
fractograms were compared with reference dif-
fractograms from the  Pearson’s Crystal Data da-
tabase.

Reflection measurements were performed 
on an Edinburgh Instruments FS920 spectrom-
eter, combined with a  Teflon-coated integrating 
sphere. For the measurement, a 450 W Xe900 arc 
lamp from Edinburgh Instruments and a Peltier-
cooled R928 detector from Hamamatsu, operated 
at –20°C, were used. The samples were measured 
in a range from 250 to 800 nm with a step width of 
1.0 nm. BaSO4 (99.99%, Sigma-Aldrich) was used 
as the white reflectance standard. 

Excitation and emission spectra were recorded 
using an Edinburgh Instruments FLS920. A 450 W 
xenon discharge lamp served as the  excitation 
source, while a  Peltier-cooled SP-PMT R2658P 
detector from Hamamatsu, operated at –20°C, 
was used for radiation detection. The  emission 
spectra were corrected using a correction file from 
the  National Physical Laboratory (NPL). Excita-

tion spectra were corrected via a reference detec-
tor that operated in parallel during all excitation 
measurements. Temperature-dependent emission 
spectra in a range from 77 to 500 K were recorded 
using a liquid nitrogen cooled Microstat N2 cry-
ostat produced by Oxford Instruments. For mea-
surements below 100 K, a helium-cooled cryostat 
(Oxford Instruments Optistat AC-V 12) was used. 
Time-resolved spectroscopy was used to analyse 
the  decay behaviour. The  measurements were 
conducted using the  same FLS920 spectrometer, 
equipped with a pulsed 445 nm laser diode (Edin-
burgh Instruments) as the excitation source.

The magnetic susceptibility was measured 
using a Faraday balance from Alfa Aesar. The mea-
surement result, which refers to the 1 cm3 sample 
volume, is given in ‘electromagnetic units’ (emu).

RESULTS AND DISCUSSION

LiScO2 crystallises in the  tetragonal space group 
I41/amd  –  D4h

19 (Schoenflies notation). In this 
space group, the  atomic positions are occupied 
as follows: 4 Sc at 4(a), 4 Li at 4(b) and 8 O at 
8(e) [6]. This means that in the host lattice LiScO2, 
the Sc3+ and Li+ ions are sixfold coordinated, each 
surrounded by six oxygen atoms, forming distort-
ed octahedra. As a result, the Cr3+ ions experience 
a  distorted octahedral crystal field  [1, 3]. When 
doped, the Cr3+ ions occupy the position of Sc3+, 
and this can be explained by Goldschmidt’s rules 
regarding valency and ionic radii.

X-ray diffraction (XRD) measurements
The X-ray diffraction patterns of the Cr3+ concen-
tration series are presented in Fig. 1. Comparison 
with the LiScO2 reference indicates that all sam-
ples have formed the  desired tetragonal phase. 
However, the  diffraction patterns of the  samples 
with Cr3+ concentrations of 4.5 and 5.0  mol.% 
exhibit weak reflexes at 2θ = 18.5°, which can be 
assigned to the  LiCrO2 impurity phase based on 
comparison with an additional reference X-ray 
diffraction pattern. As the intensity of the reflec-
tions at 2θ = 18.5° increases with increasing Cr3+ 
concentration, it suggests that the amount of im-
purity phase also increases with rising Cr3+ con-
centration.

The X-ray diffraction patterns of the  substitu-
tion series (Li1–xNax)Sc0.99O2:Cr0.01 are presented in 
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Fig. 2a. The comparison with the LiScO2 reference 
indicates that the desired phase has been formed. 
However, the  samples with Na+ concentrations of 
7 and 10 mol.% display reflexes at 2θ = 32.0°, and 
the sample with a Na+ concentration of 10 mol.% 
exhibit an additional reflex at 2θ = 21.5°. The com-
parison with another reference suggests that a Sc2O3 
impurity phase has formed, and its intensity in-
creases with increasing Na+ concentration. The X-
ray diffraction patterns of the  substitution series 
Li(Sc1–xAlx)O2:Cr0.01 are presented in Fig. 2b. Com-
parison with the  LiScO2 reference indicates that 
the desired phase has been formed. As observed in 
the  Na+ substitution series, additional reflections 
appear at Al3+ concentrations above 7 mol.%, spe-
cifically at 2θ = 22.6°, 33.7° and 35.0°.

Diffuse reflectance spectroscopy
Figure 3 shows the reflectance spectra of the Cr3+ 
concentration series. No absorption bands are 
observed in the  visible wavelength range of 
the pristine host lattice LiScO2. At a Cr3+ concen-
tration of 0.05  mol.%, two absorption bands of 
Cr3+ become visible, corresponding to the  tran-
sitions 4A2g(4F)  →  4T1g(4F) (375–555  nm) and 
4A2g(⁴F)  →  4T2g(4F) (555–800  nm). Furthermore, 
a  characteristic chromium line is observed at 
713 nm, which corresponds to the spin-forbidden 
4A2 → 2Eg transition.

The absorption intensity increases with increas-
ing Cr3+ concentration, which can be attributed 
to the growing number of luminescence centres. 
This effect is also reflected in a change of the body 

Fig. 1. Powder X-ray diffraction (XRD) measurements of LiSc1–xO2:Crx with x values of 0.005–0.050
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colour of the  polycrystalline samples, i.e. the  rose 
colour of the  powders intensifies with increasing 
Cr3+ concentration. Since the position of the absorp-
tion maxima does not change with increasing Cr3+ 
concentration, the influence on the crystal field en-
vironment is negligible [3]. 

As seen in the  reflectance spectra of the  Cr3+ 
concentration series (Fig. 3), the reflectance spectra 
of the Na+ concentration series (Fig. 4) also exhibit 
the two absorption bands of Cr3+ and the chromium 
line at 713 nm. The most intense absorption bands 
are observed for the sample without Na⁺. The samples 
with a Na+ concentration of 5 mol.% or higher show 
an additional absorption band in the  wavelength 
range of 350 to 430 nm, albeit with a low intensity.

The reflectance spectra of the  Al3+ substitution 
series (Fig.  5) also display the  two characteristic 
absorption bands of Cr3+ and the chromium line at 
713 nm. Notably, the reflectance spectra of the Al3+ 
substitution series differ from those of the Na+ sub-
stitution series in that the unsubstituted sample ex-
hibits the  lowest intensities of the  two absorption 
bands. A closer examination of the individual spec-
tra reveals that the  absorption intensity increases 
with increasing Al3+ concentration.

Fluorescence spectroscopy
In Fig.  6b, the  emission spectra of the  Cr3+ con-
centration series are shown. With increasing Cr3+ 
concentration, a  redshift of the  emission peak is 

Fig. 2. Powder X-ray diffraction (XRD) measurements of (a) (Li1–xNax)Sc0.99O2:Cr0.01 and (b) Li(Sc1–xAlx)O2:Cr0.01 with x values of 0.01–0.10

Fig. 3. Reflection spectra of LiSc1–xO2:Crx with x values of 0.00–0.050
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Fig. 5. Reflection spectra of Li(Sc1–xAlx)O2:Cr0.01 with x = 0.01–0.1

Fig. 4. Reflection spectra of (Li1–xNax)Sc0.99O2:Cr0.01 with x values of 0.00–0.10
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observed, spanning a  wavelength range of 810 
to 833  nm. Since the  Cr3+ ion occupies the  lat-
tice site of the Sc3+ ion, an increase in crystal field 
strength occurs due to the contraction of the lat-
tice caused by the smaller ionic radius of the Cr3+ 
ion compared to the  Sc³⁺ ion  [7, 8]. A redshift 
resulting from a  weakening of the  crystal field 
can thus be excluded. The  most likely explana-
tion for the redshift is the increasing formation of 
Cr3+–Cr3+ ion pairs with increasing Cr3+ concent-
ration [3]. The emission intensity of the emission 
integral and the peak intensity are plotted against 
the Cr3+ concentration. Initially, the emission in-
tensity increases with increasing Cr3+ concent-
ration until it reaches its maximum at a concent-
ration of 1.5  mol.%. Subsequently, a  decrease in 
intensity occurs due to concentration quenching 
(Fig. 7a) [3, 9–11]. 

The excitation spectra of the Cr3+ concentration 
series are presented in Fig. 6b. The  two excitation 
bands with peak intensities at 480 and 615  nm 
correspond to the  parity-forbidden transitions 

4A2g(
4F)  →  4T1g(

4F) and 4A2g(
4F)  →  4T2g(

4F), respec-
tively. The excitation band for the 4A2g(⁴F) → 4T1g(

4P) 
transition is visible in the 290 to 320 nm wavelength 
range. A peak at 710 nm is attributed to the spin-
forbidden 4A2 →  2Eg transition. Initially, the  inten-
sity increases with rising Cr3+ concentration but de-
creases beyond 1.5 mol.%, which is consistent with 
concentration quenching [3, 9–11]. Moreover, it is 
worth noting that the  two samples with Cr3+ con-
centrations of 4.5 and 5.0 mol.% are not phase-pure.

The emission spectra of the  substitution series 
of Li+ with Na+ are shown in Fig. 6d. A significant 
decrease in emission intensity is observed as soon 
as Li+ ions are replaced with Na+ ions. The  com-
pound with a Na+ concentration of 5 mol.% exhib-
its the  lowest emission intensity. With increasing 
Na+ concentrations, the  emission intensity in-
creases (Fig. 7b); however, it should be noted that 
the samples are no longer phase-pure beyond a Na+ 
concentration of 7  mol.%. The  incorporation of 
Na+ ions, which have a larger ionic radius than Li+ 
ions into the LiScO2 lattice leads to an increase in 

Wavelength, nm
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Fig. 7. Emission integral and peak intensity of (a) LiSc1–xO2:Crx with x values of 0.005–0.05, (b) (Li1–xNax)Sc0.99:Cr0.01 and (c) Li(Sc1–xAlx)O2:Cr0.01 
with x values of 0.00–0.10

Fig. 6. Emission spectra of (a) LiSc1–xO2:Crx with x values of 0.005–0.05, (c) (Li1–xNax)Sc0.99:Cr0.01 and (e) Li(Sc1–xAlx)O2:Cr0.01 with x values of 0.00–
0.10, and excitation spectra of (b) LiSc1–xO2:Crx with x values of 0.005–0.05, (d) (Li1–xNax)Sc0.99:Cr0.01 and (f) Li(Sc1–xAlx)O2:Cr0.01 with x values of 
0.00–0.10
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the Cr–O atomic distance within the crystal lattice, 
thereby reducing the crystal field strength around 
the Cr3+ ion [7, 8, 12]. The reduction in crystal field 
strength results in a  blue shift of the  maximum 
emission wavelength  [13]. The  excitation spec-
tra of the Na+ substitution series are presented in 
Fig. 6c. Similar to those in Fig. 6a, the two excita-
tion bands corresponding to the parity-forbidden 
4A2g(

4F)  →  4T1g(⁴F) and 4A2g(
4F)  →  4T2g(

4F) transi-
tions of Cr3+ are observed, with peak intensities at 
480 and 615 nm, respectively. The peak at 713 nm, 
likely associated with the spin-forbidden 4A2 → 2Eg 
transition, is also visible in each excitation spec-
trum  [3]. The  sample without Na⁺ substitution 
exhibits the highest excitation intensity. In agree-
ment with the  emission spectra, the  compound 
with a  Na+ concentration of 5  mol.% displays 
the  lowest intensity, and the  intensity increases 
with rising Na+ concentrations.

In contrast to the  emission spectra of the  Li+ 
substitution series with Na+, an approximately 
linear increase in emission intensity is observed 
through substitution of Sc3+ with Al3+ in Fig.  6f. 
The emission band with the lowest emission inten-
sity still lies at an Al3+ concentration of 1 mol.%, 
which may be an outlier. Since the  two highest 
Al3+ concentrations are not phase-pure, they are 
not considered further despite their higher emis-
sion intensity. The  incorporation of Al3+ ions, 
which have a  smaller ionic radius than Sc3+  [7, 
8] into the LiScO2 lattice leads to a  reduction in 
the  Cr–O atomic distance within the  crystal lat-
tice, thereby increasing the  crystal field strength 

around the Cr3+ ion  [12]. The  increase in crystal 
field strength due to this exchange results in a red-
shift of the  emission peak  [13]. The  increase in 
emission intensity upon substitution of Sc3+ with 
Al3+ in LiScO2 may be explained by approaching 
an eutectic composition. An eutectic is a specific 
composition in a  binary system where the  two 
components are in an optimal ratio and exhibit 
a  lower melting point compared to the individu-
al components. A  decrease in the  melting point 
could lead to an increase in crystallinity, which 
may be the cause of the increased emission inten-
sity. The excitation spectra of the Al3+ substitution 
series, presented in Fig. 6e, resemble those previ-
ously shown (Fig. 6a, c), displaying the two excita-
tion bands that can be assigned to the parity-for-
bidden 4A2g(

4F) →  4T1g(
4F) and 4A2g(

4F) →  4T2g(
4F) 

transitions of Cr3+. The  maxima of these bands 
occur at 480 and 617 nm, respectively. Addition-
ally, the peak at 710 nm, likely corresponding to 
the spin-forbidden 4A2 → 2Eg transition, is visible 
in each excitation spectrum [3]. With the excep-
tion of the  sample with an Al3+ concentration of 
1  mol.%, the  excitation intensity increases with 
rising Al3+ concentration.

Temperature-dependent emission spectroscopy
The emission spectra measured at various tem-
peratures between 77 and 500  K, as presented in 
Fig. 8, demonstrate the  impact of temperature on 
the  emission properties. Clearly, the  emission in-
tensity decreases as the temperature increases due 
to thermal quenching  [14, 15]. Furthermore, it is 

Fig. 8. Temperature-dependent emission spectra of LiSc0.99O2:Cr0.01 at temperatures ranging from 77 to 500 K
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evident that at low temperatures, the emission spec-
trum splits into three distinct bands. As the  tem-
perature rises, the emission bands undergo a slight 
broadening, which leads to overlap and ultimately 
results in a single band, giving rise to a coalescence 
phenomenon.

Decay curves
Figure 9a shows the recorded decay curves of two 
samples with the highest and lowest Cr3+ concen-
trations from the  Cr3+ concentration series. On 
Fig.  9b, the  diagram plots the  decay times of all 
samples in the  Cr3+ concentration series against 
the  Cr3+ concentration. The  two samples with 
the  lowest Cr3+ concentrations exhibit a  mono-
exponential decay. Above a  Cr3+ concentration 
of 2  mol.%, a  bi-exponential decay of the  decay 
times occurs, which could indicate the formation 
of Cr3+–Cr3+ pairs  [3]. As the Cr3+ concentration 

increases, the corresponding decay time shortens, 
primarily due to concentration quenching.

Table 1 lists the decay times along with the per-
centage contributions of the  Cr3+ concentration. 
Notably, as the  Cr3+ concentration increases, 
the fraction of τ1 decreases while the fraction of τ2 
increases. Additionally, it is again evident that both 
decay times, τ1 and τ2, decrease with increasing 
Cr3+ concentration.

Figure 10a displays the  decay curves of 
(Li0.98Na0.02)Sc0.99O2:Cr0.01 and LiSc0.99O2: Cr0.01 o. 
The plot on Fig. 10b shows the decay time as a func-
tion of Na+ concentration. No significant influence 
of Na+ concentration on the decay time is observed. 
Furthermore, the relative contributions of τ1 and τ2, 
as well as the decay times listed in Table 2, do not 
exhibit any unusual features.

Figure 10c presents the  decay curves of 
Li(Sc0.97Al0.02)O2:Cr0.01 and LiSc0.99O2:Cr0.01, which, 

Ta b l e  1 .  Results of the decay curve measurements of LiSc1–xO2:Crx with x values of 0.005, 0.010, 0.015, 0.020, 0.025, 0.030, 0.035, 0.040, 
0.045 and 0.050

Cr3+-conc., % Relative amplitude of τ1, % Relative amplitude of τ2, % τ1 decay time, μs τ2 decay time, μs

0.5 100.00 0.00 19.42 0.00

1.0 100.00 0.00 18.97 0.00

1.5 25.38 74.62 10.93 20.75

2.0 30.76 69.24 10.73 20.79

2.5 27.61 72.39 9.98 20.47

3.0 26.41 73.59 8.95 20.17

3.5 25.69 74.31 8.75 20.46

4.0 26.75 73.25 8.79 20.31

4.5 21.57 78.43 7.14 19.35

5.0 19.49 80.51 6.67 19.19

Fig.  9. (a) Decay curves for LiSc0.995O2:Cr0.005 and LiSc0.95O2:Cr0.05; (b) decay times for 
LiSc1–xO2:Crx with x values of 0.005–0.050
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like Fig. 10a, show no influence of Al3+ concentra-
tion on the decay time, as seen on Fig. 10d. Further-
more, the relative contributions of τ1 and τ2, tabulat-
ed in Table 3, do not display any discernible trend.

Magnetic susceptibility
Figure 11 shows the  magnetic susceptibility as 
a function of Cr3+ concentration, where this prop-
erty is plotted against the  Cr3+ concentration. 

Ta b l e  2 .  Results of the decay curve measurements of (Li1–xNax)Sc0.99O2:Cr0.01 with x values of 0.00, 0.01, 0.02, 0.05, 0.07 and 0.10

Na+-conc., % Relative amplitude of 
τ1, %

Relative amplitude of 
τ2, % τ1 decay time, μs τ2 decay time, μs

0.0 52.41 47.59 14.79 22.56

1.0 41.39 58.61 12.86 21.05

2.0 46.08 53.92 13.37 21.51

5.0 45.31 54.69 12.56 20.29

7.0 53.16 46.84 12.99 21.52

10.0 49.27 50.73 12.96 20.98

Fig.  10. Decay curves for (a) LiSc0.99:Cr0.01 and (Li0.98Na0.02)Sc0.99:Cr0.01 and 
(c) LiSc0.99:Cr0.01 and Li(Sc0.97Al0.02)O2:Cr0.01 and decay times for (b) (Li1–xNax)Sc0.99:Cr0.01 and 
(d) Li(Sc1–xAlx)O2:Cr0.01 with x values of 0.00–0.10.

Ta b l e  3 .  Results of the decay curve measurements of Li(Sc1–xAlx)O2:Cr0.01 with x values of 0.01–0.10
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1.0 42.60 57.40 14.41 22.50
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It is evident that the  magnetic susceptibility in-
creases linearly with rising Cr3+ concentration, 
indicating that the samples exhibit the classic Cu-
rie paramagnetism. This implies that chromium 
pairing begins to occur at a Cr3+ concentration of 
1 mol.%.

Racah parameter
The calculation of the  Racah parameter B for 
LiSc0.99O2:Cr0.01 requires the  extraction of ν1 and 
ν2 values from the  respective excitation spectra, 
which are then used in the  relevant formula  [16, 
18]. To improve the  accuracy of the  maxima de-

termination, the excitation spectra were fitted with 
two Gaussian curves (refer to Fig. 12).

The optical properties of the  LiSc0.99O2:Cr0.01 
material are characterised by excitation wave-
lengths of λ1 = 663 nm and λ2 = 477 nm, and an 
emission wavelength of λ = 830 nm. The nephe-
lauxetic effect (Greek for ‘cloud broadening’) de-
scribes the  partial shift of electron density from 
a  central atom to the  surrounding ligands  [19]. 
The nephelauxetic parameter β can be calculated 
from the  Racah parameter  [20]. The  calculated 
Racah parameter B is 583 cm–1, the nephelauxetic 
parameter β is 0.59, and the crystal field strength 
Dq/B is 25.87, indicating the local crystal field en-
vironment around the Cr3+ ion.

CONCLUSIONS

Within the  framework of this work, it was pos-
sible to synthesise and characterise Cr3+-activated 
LiScO2. The  same was achieved for the  substitu-
tion of this compound with both Al3+ and Na+. 
LiScO₂:Cr3+ is a  broadband near-infrared (NIR) 
emitter, exhibiting an emission spectrum ranging 
from approximately 700 to 1050 nm.

To dope LiScO2 with Cr3+, a concentration se-
ries was initially prepared to determine the opti-
mal Cr3+ concentration. The compound with a Cr3+ 
concentration of 1.5  mol.% showed the  highest 

Fig.  11. Magnetic susceptibility of LiSc1–xO2:Crx with 
x values of 0.000–0.05.

Fig. 12. Fitted excitation spectrum of LiSc0.99O2:Cr0.01 using Gaussian curves
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emission intensity. For substitution with Al3+ and 
Na+, a Cr3+ concentration of 1 mol.% was chosen. 
Therefore, a substitution series was produced and 
characterised for each. The  compounds contain-
ing Na+ exhibited a reduction in emission inten-
sity compared to the starting compound without 
Na⁺ substitution. In contrast, substitution with 
Al3+ resulted in an increase in emission. The Al3+ 
concentration of the  compound with the  high-
est emission intensity, which is also phase-pure, 
is 5.0  mol.%. Although the  two subsequent Al3+ 
concentrations in the  series could exhibit even 
higher emission intensities, they were no longer 
phase-pure. For both the efficiency and economic 
viability of this phosphor, it makes sense to per-
form substitution with Al3+. 

In further work, the synthesis conditions could 
be further optimised for higher Al3+ concentra-
tions, for example, through the  use of a  fluxing 
agent, so that no secondary phases are present. 
Additionally, the  combination of the  two ions 
used for substitution could be investigated. An-
other possibility would be to consider the substi-
tution of other ions.
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