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Mn2+-Activated Alkali Lithooxidosilicate Phosphors as Sustainable
Alternative White-Light Emitters

Lukas Maximilian Träger, Judith Ifeoma Ekeya, Annika Liesenfeld, Marc Wieczorek,
Hubert Huppertz,* and Markus Suta*

Abstract: Eu2+-activated alkali lithooxidosilicates have emerged as promising candidates for narrow-band cyan and green-
emitting phosphors for human-centered lighting. Despite the vivid research on Eu2+-activated alkali lithooxidosilicates,
little to nothing is known about the possible luminescence with other activator ions than Eu2+. The more abundant
transition metal ion Mn2+ is a potential alternative emitter with tunable emission over the visible spectral range. Mn2+-
activated alkali lithooxidosilicates show two emission bands in the green and red spectral range, respectively, making them
intriguing candidates for one-component phosphor-converted white light-emitting diodes. A total of seven Mn2+ activated
compounds were prepared to elucidate possible trends. The results show that the ratio between green and red emission
correlates to the size of the available activator sites and is easily controlled by the composition of the alkali lithooxidosilicate
host compounds. Temperature-dependent luminescence studies reveal that thermal quenching occurs slightly above room
temperature for those compounds, which may be connected to the comparably low band gaps for silicates (Eg < 6 eV) and
a consequent thermal ionization of excited electrons into the conduction band. Overall, this study comprises the first class
of compounds with efficient tailored white-light emission based on Mn2+ within one host compound.

Introduction

The quest for new, sustainable light sources is considered
one major task to reduce human-centered CO2 emissions.
In recent years, phosphor-converted light-emitting diodes
(pc-LEDs) have emerged as promising candidates in this
field as they combine low energy consumption and wide
color tunability. Pc-LEDs are usually constructed from an
efficient blue-emitting In1-xGaxN chip, coated with one or
more layers of phosphor materials, that convert the blue
excitation radiation to light of longer wavelength.[1–5] Today,
an overwhelming number of phosphors for application in
pc-LEDs were introduced, including famous commercialized
materials like Y3Al5O12:Ce3+ (YAG:Ce3+/λem= 532 nm),[6,7]

M2Si5N8:Eu2+ (M=Ca, Sr, Ba/λem= 580–610 nm),[8–10]
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CaAlSiN3:Eu2+ (λem= 660 nm),[11] K2SiF6:Mn4+ (λem=
620 nm),[12] and β-SiAlON:Eu2+ (λem= 535 nm).[13] A
particularly prominent emerging class of efficient phosphors
are Eu2+-activated UCr4C4-type oxido- or nitridosilicates/
-aluminates, which have recently attracted much attention
due to their (ultra-)narrow emission bands with full widths
at half maximum (FWHMs) below 2500 cm−1 at room
temperature and amazing color-tunability over the whole
visible spectral range. Prominent representatives of this
material class are Sr[LiAl3N4]:Eu2+ (SLA:Eu2+/λem=
654 nm/FWHM= 1180 cm−1),[14] M[Mg2Al2N4]:Eu2+ (M=
Ca, Sr, Ba/λem= 607–666 nm/FWHM= 1820–2330 cm−1),[15]

Sr[Mg3SiN4]:Eu2+ (λem= 615 nm/FWHM= 1170 cm−1),[16,17]

Sr[Li2Al2O2N2]:Eu2+ (SALON:Eu2+/λem= 614 nm/FWHM=
1290 cm−1)[18] and blue to green emitting alkali litho-
oxidosilicates like Na[Li3SiO4]:Eu2+ (λem= 469 nm/
FWHM= 1460 cm−1),[19] RbLi[Li3SiO4]4:Eu2+ (λem= 530
nm/FWHM= 1500 cm−1),[20,21] RbKLi2[Li3SiO4]:Eu2+ (λem=
474 nm, 532 nm/FWHM= 1100 cm−1, 1560 cm−1),[22] and
K1.6Na2.1Li0.3[Li3SiO4]4:Eu2+ (λem = 486 nm/FWHM= 890
cm−1).[23,24] Most recently, the solid solution
Sr[Li3(Al1-xGax)O4] was discovered, being the first oxolithoa-
luminates and -gallates with UCr4C4-related structure
(λem= 554 nm/FWHM= 1589 cm−1 (x= 0), λem = 572 nm/
FWHM= 1446 cm−1 (x= 1)).[25,26] Their formidable lumines-
cence characteristics are closely related to the structural
rigidity of the condensed anionic backbone that is made up
from vertex- and edge-sharing [MX4]-tetrahedra (M=Li,
Mg, Al, Si; X=O, N) forming vierer-ring cation channels. The
larger alkali or alkaline earth cations are located within these
channels, occupying cuboidally coordinated sites.
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Despite the success of Eu2+-activated UCr4C4-typed
phosphors, reports on the introduction of other activator
ions into UCr4C4-typed materials are scarce and solely
focused on trivalent lanthanides (typically Ce3+).[16,27–31]

In view of more sustainable and abundant emitters, the
3d5 high spin (HS) configurated transition metal ion Mn2+

is a competitive alternative. The less extended nature of
the 3d orbitals of Mn2+ compared to the 5d orbitals of
Eu2+ could formally result in even narrower emission
bands. Upon tetrahedral coordination by O2− ligands, it can
show thermally inert, narrow green emission, often with
quenching temperatures above 600 K.[32] Examples include
MgAl2O4:Mn2+ (λem = 525 nm/FWHM = 1270 cm−1),[33]

ZnAl2O4:Mn2+ (λem = 510 nm/FWHM = 820 cm−1),[32,34]

Zn2SiO4:Mn2+ (λem = 525 nm/FWHM = 1530 cm−1),[35,36]

BaZnAl10O17:Mn2+ (λem = 516 nm/FWHM = 1170 cm−1),[37]

Zn4B6O13:Mn2+ (λem = 540 nm/FWHM = 1100 cm−1).[38] In
corresponding cubic or octahedral ligand fields, the Mn2+-
related emission shifts toward the red spectral range as
the lowest excited 4T1(g)(4G) state becomes stabilized due
to occupation of the t2g-type 3d orbitals by an additional
electron. The stronger ligand field and necessary vibronic
coupling to break the parity selection rule also results in
higher FWHMs for octahedrally or cubically coordinated
Mn2+ than for the case of tetrahedral coordination.
Representative examples for luminescent compounds
with octahedrally coordinated Mn2+ are MgSiO3:Mn2+

(λem = 661 nm/FWHM ≈ 2100 cm−1),[39] Mg4Ta2O9:Mn2+

(λem = 670 nm/FWHM≈ 2000 cm−1),[36,40] Ba3MgSi2O8:Mn2+

(λem= 620 nm/FWHM= 1650 cm−1)[41] or α-Na2CaMg
(PO4)2:Mn2+ (λem= 620 nm/FWHM= 2100 cm−1).[42] Mn2+

usually occupies Mg or Zn sites as they match in terms of
ionic radius and charge. However, Mn2+ is also known to
substitute sites occupied by aliovalent ions like Al3+,[43–48]

Sc3+,[49] or Li+[44,50–52] and may therefore be considered an
activator ion in alkali lithooxidosilicates as well. Especially
Li sites should be well suited for Mn2+ substitution as its
ionic radius of 59 pm is de facto identical with those of Mg2+

(57 pm) and Zn2+ (60 pm) in tetrahedral coordination.[53]

This idea is also promoted by the known capability of
most alkali lithooxidosilicates to compensate a significant
amount of charge-defects, e.g. caused by aliovalent Eu2+

activation or Si4+ deficit.[19,54] Given the comparably
small size of Mn2+, a higher coordination number than
six for this ion is rather uncommon, as also suggested by
Pauling’s radius ratio rule. Such an example is CaF2:Mn2+

(λem = 495 nm/FWHM ≈ 1640 cm−1) with a comparably high
quenching temperature of 580 K related to the large band
gap of the compound.[55,56] In this work, we follow up on
these ideas and investigate the successful class of UCr4C4-
type alkali lithooxidosilicates as possible host compounds
for Mn2+. The structures of these compounds comprise both
tetrahedrally coordinated sites for the Li+ ions and cuboidally
coordinated sites for the larger alkali cations that both could
be potentially occupied by Mn2+. This is not only interesting
from a fundamental perspective. In fact, the presence of two
potential activator sites that give rise to both green and red
emission could lead to warm white light-emitting phosphors
without the need of mixing two different compounds, which

is an additional benefit to a more sustainable approach to
phosphors.

A series of seven Mn2+-activated alkali lithooxidosilicates
was prepared to gain a better understanding of their lumines-
cence properties and to reveal possible trends. We therefore
considered exclusively those known compounds featuring
cation ordering and excluded those with complex disor-
ders (e.g., K1.6Na2.1Li0.3[Li3SiO4]4 or CsKNaLi[Li3SiO4]4)
as a defined coordination environment is crucial for our
analysis.[24,57]

Results and Discussion

Structural Features

The alkali lithooxidosilicates are structurally derived from the
UCr4C4 structure type (I4/m, no. 87).[58,59] Their structure is
composed of corner and edge sharing [LiO4]- and [SiO4]-
tetrahedra, which are arranged in vierer-ring channels. The
larger alkali metal ions (Na+-Cs+) are situated within these
channels, occupying sites with distorted cuboidal symmetry. In
some cases, Li+ is not only part of the tetrahedral backbone
but also incorporated within these channels. However, due
to the small size of these cations, cubic coordination is
avoided and the Li+ ions are displaced in an off-centered
fashion to allow square-planar, fourfold coordination by O2−

ligands.[22,57,60,61] There are only two known compounds in
which all channels are filled with exclusively one sort of
alkaline metal ion: Na[Li3SiO4] (I41/a, no. 88) and K[Li3SiO4]
(P1̄, no. 2).[59,62] Noticeably, the exchange of Na+ for the
bigger K+ leads to a significant symmetry lowering, which can
be related to lattice distortions. Any other alkali lithooxidosil-
icates contain two different channel types, with one primarily
accommodating smaller cations (Li+, Na+) and the other
hosting larger cations (K+, Rb+, Cs+). Complex disordering
for the Li+ ions is observed if these ions share a channel
with larger cations as Li+ prefers the sites with approximately
square-planar coordination, whereas the heavier alkaline
metal ions occupy the distorted cubic sites.[57,61] However, a
full occupation of both sites is not feasible due to a to short
hypothetical Li+ ↔ A+ distance (where A = Na, K, Rb,
Cs). A representative depiction of the UCr4C4-typed alkali
lithooxidosilicate Na[Li3SiO4] is given in Figure 1.

Regarding the incorporation of possible activator ions, it
is well-known that Eu2+ occupies exclusively the cuboidally
coordinated positions due to its relatively large ionic radius.
Mn2+ on the other hand is much smaller and may therefore
also occupy the tetrahedral Li+ positions. Table 1 summa-
rizes the composition and space groups of the phosphors
investigated in this study.

Luminescence Spectroscopy

All investigated Mn2+-activated alkali lithooxidosilicates
(Mn2+ content 0.1–0.25 mol%) presented in this work
show two distinguishable emission bands located at 515–
530 and 610–635 nm, respectively. This indicates that Mn2+
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Figure 1. Structural depiction of Na[Li3SiO4] (view along crystallographic
c direction) as a representative example of a UCr4C4-type compound.

Table 1: Composition and space groups of the investigated Mn2+-
activated alkali lithooxidosilicates.

Compound Space group Reference

RbNa3[Li3SiO4]4: 0.25% Mn2+ I4/m (no. 87) [57]
Na[Li3SiO4]: 0.1% Mn2+ I41/a (no. 88) [62]
NaK7[Li3SiO4]8: 0.1% Mn2+ I41/a (no. 88) [19, 63]
CsKNa2[Li3SiO4]4: 0.2% Mn2+ I4/m (no. 87) [57]
RbKLi2[Li3SiO4]4: 0.1% Mn2+ I4/m (no. 87) [22]
K[Li3SiO4]: 0.1% Mn2+ P1̄ (no. 2) [59]
RbNa[Li3SiO4]2: 0.17% Mn2+ C2/m (no. 12) [57]

occupies two crystallographically independent sites with dif-
ferent coordination number (CN) based on the dependence
of the energy of the 4T1(g)(4G) → 6A1(g)(6S) transition of
Mn2+ on the ligand field strength. In general, green emission is
observed from Mn2+ in tetrahedral O2−-based coordination,
whereas coordination numbers of six or eight lead to a red
emission. We therefore assign the green emission to Mn2+

occupying the tetrahedrally coordinated Li sites and the
red emission to Mn2+ occupying the cuboidally coordinated
alkali sites. This is also in agreement with the width of the
emission bands as the comparably large cuboidal sites lead
to some flexibility in the Mn─O bonds. The tetrahedrally
coordinated Li sites, on the other hand, are particularly
small. Any change in the Mn─O distance is thus sterically
already limited generally resulting in a comparably narrow
emission band. In addition, tetrahedral coordination of Mn2+

generally leads to barely any dependence of the energy of
the 4T1(4G) state on the ligand field strength according to the
Tanabe–Sugano diagram for a 3d5 HS ion (Figure S8). This
is also indicated by the comparably narrow lowest energetic
excitation bands, generally observed for tetrahedrally coordi-
nated Mn2+.[64,65] However, the intensity ratio of these two
bands at both 77 K and room temperature differs drastically,
showcasing different site occupation preferences of Mn2+

within the investigated compounds. If random occupation
of both Li and Na sites is assumed based on the lacking
ligand field stabilization energy for a d5 HS ion, a more
dominant green emission is to be expected as there are
more Li sites than Na sites in any of the regarded UCr4C4-

type alkali lithooxidosilicates. Nevertheless, most considered
Mn2+-activated alkali lithooxidosilicates in this work show
intense red emission. This may indicate a general preference
of Mn2+ to occupy the slightly larger Na sites. Another
possible explanation for this observation is non-radiative
Mn2+

(tetrah.)→ Mn2+
(cubic) energy transfer. This, however, seems

less likely since the critical distance of the energy transfer
for acceptors with strongly forbidden transitions is generally
low.[66] Moreover, the restriction by both the spin and Laporte
selection rule for the 4T1(g)(4G) ← 6A1(g)(6S) transition of
the cuboidally coordinated Mn2+ ions implies a Dexter-type
energy transfer with an exponential distance dependence.[67]

A possible Mn2+
(tetrah.)→ Mn2+

(cubic) energy transfer could be
identified by concentration-dependent measurements within
future experiments and was not in the scope of this work.
Figure 2 compares the emissions of the investigated samples
upon 450 nm excitation at 83 and 283 K. The spectra clearly
reveal noticeable differences in the intensity ratio between the
green and red emission dependent on the composition of the
alkali lithooxidosilicate hosts.

Generally, most samples show a predominantly red emis-
sion, which is rather surprising if the size mismatch between
Na+ (rNa+ = 1.18 Å) and Mn2+ (rMn2+ = 0.96 Å) according
to the Shannon radii is considered.[53] This might be due
to electrostatic repulsion by nearby cations, thereby leading
to a preferential occupation of bigger voids with larger
mutual cation–cation distances by the higher charged Mn2+

ions. However, this apparent mismatch motivated us to have
a closer look on the mean effective ionic radii (MEFIR)
of the available substitution sites within the investigated
compounds. These were calculated in an iterative process
starting with M─O distances derived from single-crystal X-
ray diffraction data.[68] The results are summarized and
compared in Table 2, showcasing some clear correlations
of the emission profiles and the MEFIR of the possible
activator sites. First, if effectively smaller Na sites are
available, the red component of the emission is dominant,
e.g., in Na[Li3SiO4]:Mn2+ (MEFIR(Na+) = 111.6 pm) and
RbNa3[Li3SiO4]4:Mn2+ (MEFIR(Na+) = 115.4 pm). On the
other hand, the absence of smaller Na sites enhances green
emission, e.g., in K[Li3SiO4]:Mn2+ (MEFIR(K+)= 127.6 pm),
RbNa[Li3SiO4]2:Mn2+ (MEFIR(Na+) = 118.5 pm) and
RbKLi2[Li3SiO4]4:Mn2+ (MEFIR(K+) = 142.4 pm). In addi-
tion, the red emission band is shifted to longer wavelengths
for smaller Na sites. This observation is expected given a
stronger ligand field acting at smaller Na sites that should
result in a stabilization of the excited 4T1(g)(4G) state.
Another possible explanation for a red-shifted emission of
Mn2+ could be an increased degree of covalency in the
Mn─O bond.[69] However, this is not the case for the Mn2+-
activated alkali lithooxidosilicates as the location of the ligand
field-independent 4A1(g),4E(g)(4G) ↔ 6A1(g)(6S) transition at
427–430 nm barely changes among the investigated com-
pounds (see Figure S11), which usually reacts sensitively to
subtle changes in the interelectronic repulsion and thus, the
covalency of the metal─ligand bond.[70]

However, those compounds with exceptionally large acti-
vation sites (MEFIR ≥ 122 pm) derive from both trends as
they show surprisingly intense red emission. We therefore

Angew. Chem. Int. Ed. 2025, 64, e202504078 (3 of 8) © 2025 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH
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Figure 2. Photoluminescence emission spectra of Mn2+-activated alkali lithooxidosilicates at 83 K (left) and 283 K (right).

Angew. Chem. Int. Ed. 2025, 64, e202504078 (4 of 8) © 2025 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH
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Table 2: Mean effective ionic radii (MEFIR) of the smallest channel sites of the investigated alkali lithooxidosilicates as well as characteristic
luminescence properties. Decay times are amplitude-weighted average values derived from triexponential fit functions. The quenching temperatures
T1/2 were estimated from temperature dependent decay curves.

Compound MEFIR (pm)

FWHM (cm−1)
(T = 83 K)
green/red

λem (83 K)
(nm)
green/red

τ green (ms)
(T = 83 K)
green/red

Stokes shift (cm−1)
(T = 83 K) green/red

T1/2 (K)
green/red

RbNa3[Li3SiO4]4: 0.25% Mn2+ 132.0 (Na1)
115.4 (Na2)

830/1670 536/629 3.5/15.5 2400/3130 –/470

Na[Li3SiO4]: 0.1% Mn2+ 111.6 (Na1) 940/2070 538/634 3.2/5.5 1930/3830 380/325
NaK7[Li3SiO4]8: 0.1% Mn2+ 122.0 (Na1) 930/2120 511/629 5.1/4.2 1190/3040 330/375
CsKNa2[Li3SiO4]4: 0.2% Mn2+ 117.0 (Na1)

145.8 (K1)
920/1790 533/626 4.4/16.5 2270/3220 585/500

RbKLi2[Li3SiO4]4: 0.1% Mn2+ 142.4 (K1) 1060/1920 518/620 5.3/4.3 1700/3920 280/355
K[Li3SiO4]: 0.1% Mn2+ 127.6 (K4) 1070/1910 518/616 5.7/4.1 1700/3880 320/370
RbNa[Li3SiO4]2: 0.17% Mn2+ 118.5 (Na1) 890/– 529/610–620 5.0/9.7 2050/– 490/–

Figure 3. View perpendicular to the vierer-ring channels and depiction of
the cations in the cuboidal voids of LiK7[Li3SiO4]8 (a+b) and
NaK7[Li3SiO4]8 (c+d). The Li3, Li4 and K4 sites in a) and b) are only
partially occupied.

assume that Mn2+ occupies a site that deviates from the
cuboidally coordinated Na or K sites. This phenomenon is also
well known from Mn2+-activated fluorite-type compounds, in
which the local environment of Mn2+ is formally strictly cubic
only for CaF2 (rCa2+ = 112 pm) and CdF2 (rCd2+ = 110 pm).[56]

Diverging coordination geometries with lower symmetry in
SrF2 (rSr2+ = 126 pm), PbF2 (rPb2+ = 129 pm) and BaF2

(rBa2+ = 142 pm) were derived from electron paramagnetic
resonance (EPR) data and luminescence spectra, indicating
an off-centered positioning of the Mn2+ ion.[71–74] In the alkali
lithooxidosilicates, a similar behavior is known from the Li+

ions, which is comparable in size to Mn2+ (rLi+ = 92 pm,
rMn2+ = 96 pm).[53] Single-crystal X-ray diffraction data
showed that Li+ (if incorporated into the channel) seem-
ingly avoids the cubic sites and occupies sites with square
planar symmetry or off-centered positions without inversion
symmetry, respectively.[22,57,60,61] A particularly noteworthy
example are the otherwise isotypic alkali lithooxidosilicates
MK7[Li3SiO4]8 (M = Li, Na), where M = Na occupies the
center of the distorted cubic position and M = Li moves to
an off-centered position (see Figure 3).[19,61] Arguably, Mn2+

is expected to preferentially occupy the Li sites given the
stronger similarity in the ionic radii compared to the differ-
ence in ionic radii of eightfold coordinated Mn2+ and Na+.

Figure 4 depicts the time-resolved luminescence data
of the regarded Mn2+-activated alkali lithooxidosilicates.
The green emission in the range of 520–530 nm for each
sample is characterized by decay times in the order of 3–6 ms,
which is typical for the spin-forbidden 3d5 (HS)↔ 3d5 (HS)

transitions of tetrahedrally coordinated Mn2+ due to a relieve
in the parity selection rule.[75,76] However, the decay times of
most red components (Table 1 and Figure 4) are significantly
larger (τ ∼ 10–20 ms) and thus, rather comparable to values
known from Mn2+ in a centrosymmetric environment, like
octahedrally or cubically coordinated Mn2+ (τ ∼ 50–200 ms at
77 K).[56,77] However, the cuboidally coordinated sites in any
of the herein investigated compounds are distorted and thus,
the parity restrictions of the 3d5 HS ↔ 3d5 HS transitions
are weakened. In ultimate consequence, the observed decay
time is in between values known from tetrahedrally and
undistortedly cubically coordinated Mn2+. In addition to
selection rules affecting the radiative decay, the total decay
times might be shortened due to additional nonradiative
decay processes such as thermally induced crossover or
thermal ionization via the conduction band with subsequent
charge carrier trapping. The latter mechanism is also known
to correlate with the bandgap of the host compound, due
to photoionization as a major quenching mechanism.[32]

The relatively small bandgap of alkali lithooxidosilicates
of ∼ 5.5–6.0 eV may thus also promote a low thermal
quenching temperature.[21,78] In Na[Li3SiO4]:Mn2+, the
cuboidal symmetry at the Na sites is particularly strongly
distorted resulting in an unusually short decay time
(τ = 5.2 ms) at 83 K. The same general trend is observed in
alkali lithooxidosilicates with uncommonly large available
cuboidally coordinated cation sites in the vierer-ring channels
(NaK7(Li3SiO4)8, MEFIR = 122.0 pm), RbKLi2[Li3SiO4]4,
MEFIR = 142.4 pm and K[Li3SiO4], MEFIR = 127.6 pm).
The red luminescence of Mn2+ in those compounds is
characterized by decay times in the order of ∼ 4–5 ms.

According to temperature-dependent luminescence mea-
surements (Figure S9), most of the regarded Mn2+-activated
alkali lithooxidosilicates show the highest emission intensity
in the range of 200 K to 300 K, which is rather unex-
pected. It may, however, be explained by the participation
of trap states that are emptied at a certain temperature
and, thus, contribute to the excitation of Mn2+, which is
also known from defect-rich halides like Rb4CdCl6:Mn2+.[79]

Such an interpretation complies with the necessary presence
of charge-compensating vacancies or defects based on the
presented aliovalent activation strategy in the alkali lithooxi-
dosilicates. Future experiments will be necessary to elucidate
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Figure 4. Temperature-dependent photoluminescence decay times of Mn2+-activated alkali lithooxidosilicates. Decay times are amplitude-weighted
average values derived from triexponential fit functions.

the impact of adjacent vacancies/defects. Another aspect that
may contribute to the observed temperature dependencies
of both the decay times and the emission intensities is a
weakening of the Laporte restriction caused by pronounced
vibronic coupling with increasing temperatures. This is
particularly prominent in compounds with centrosymmetric
lattice sites, like highly symmetric fluoridoperovskites (e.g.,
KMgF3:Mn2+) or fluorite (CaF2:Mn2+).[56,77,80] In all regarded
Mn2+-activated alkali lithooxidosilicates within this work,
thermal quenching already becomes significant in the range
of room temperature or slightly above (T1/2 ∼ 300–500 K),

which is unusual compared to many other Mn2+-activated
phosphors or Eu2+-activated alkali lithooxidosilicates with
quenching temperatures much above 500 K.[21,32,33,38,47] This
could be an immediate consequence of the comparably
low band gaps and the related thermal ionization-based
quenching processes. Two particularly promising candidates
within this series are, however, RbNa[Li3SiO4]2:Mn2+ and
CsKNa2[Li3SiO4]4:Mn2+, which show thermal quenching tem-
peratures above 450 K for the green and red emission,
respectively and, thus, could be promising candidates for
future developments of white-light emitting phosphors.

Angew. Chem. Int. Ed. 2025, 64, e202504078 (6 of 8) © 2025 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH
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Conclusion

The luminescence of seven Mn2+-activated alkali lithoox-
idosilicates was investigated characterized by a dual-band
emission at both around 530 nm and 620 nm due to the ligand-
field dependent 4T1(g)(4G) → 6A1(g)(6S) transitions of Mn2+

occupying both tetrahedrally and cuboidally coordinated
alkali sites. The intensity ratio of the two emission bands
is shown to be controlled by the composition of the alkali
lithooxidosilicate host. There is a general trend that Mn2+

has a tendency to occupy the cuboidally coordinated Na
sites if they are sufficiently small. The absence of small Na
sites, on the other hand, results in the preferred occupation
of tetrahedrally coordinated Li sites and a consequent
observation of narrow green emission. The unique feature
of dual-band green and red emission makes Mn2+ activated
alkali lithooxidosilicates intriguing candidates for sustain-
able one-component phosphor-converted white light-emitting
diodes. Notably, many of the herein investigated compounds
suffer from a distinct luminescence temperature quenching
below 150 °C, which is technologically relevant for that
type of application. In that regard, the dual-band emitting
CsKNa2[Li3SiO4]4:Mn2+ and the narrow-band green-emitting
RbNa[Li3SiO4]2:Mn2+ only show minor thermal quenching
relevant for pc-wLEDs and displays, respectively.
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Minerals 2020, 10, 554.
[45] B. D. McNicol, G. T. Pott, J. Lumin. 1973, 6, 320–334.
[46] Y. Xue, Y. Liang, W. Zhang, Y. Dou, Q. Wang, X. Wu, Y. Han, J.

Mater. Chem. C 2023, 11, 10535–10546.
[47] H. Zhu, X. Huang, Y.-n. Li, Y.-l. She, J. Wang, W.-Y. Wong, M.

Liu, W. Li, Z. Zhou, M. Xia, J. Mater. Chem. C 2022, 10, 3461–
3471.

[48] X.-J. Wang, R.-J. Xie, B. Dierre, T. Takeda, T. Suehiro, N.
Hirosaki, T. Sekiguchi, H. Li, Z. Sun, Dalton Trans. 2014, 43,
6120–6127.

[49] J. Fan, H. Song, W. Huang, J. Zhang, L. Wu, C. Zhou, Z.-C. Wu,
X. Zhang, Dalton Trans. 2024, 5051–5063.

[50] G. Walker, A. El Jaer, R. Sherlock, T. J. Glynn, M. Czaja, Z.
Mazurak, J. Lumin. 1997, 72, 278–280.

[51] J. Simonetti, D. S. McClure, J. Chem. Phys. 1979, 71, 793–801.
[52] B. Wang, P. Liu, A. J. Fernandez-Carrion, H. Fu, X. Zhu, X.

Ming, W. You, Z. Xiao, M. Tang, X. Lei, C. Yin, X. Kuang, Chem.
Asian. J. 2024, 19, e202400447.

[53] R. D. Shannon, Acta Crystallogr. A 1976, 32, 751–767.
[54] M. Zhao, Z. Yang, L. Ning, Z. Xia, Adv. Mater. 2021, 33,

e2101428.
[55] V. E. Bozhevolnov, L. N. Ivanov, V. K. Kozlov, Y. V. Voronov,

Y. P. Timofeev, V. V. Karelin, Phys. Status Solidi B 1976, 78, 483–
487.

[56] P. J. Alonso, R. Alcalá, J. Lumin. 1981, 22, 321–333.
[57] J. Hoffmann, R. Brandes, R. Hoppe, Z. Anorg. Allg. Chem. 1994,

620, 1495–1508.
[58] R. K. Behrens, W. Jeitschko, Monatsh. Chem. 1987, 118, 43–50.
[59] R. Werthmann, R. Hoppe, Z. Anorg. Allg. Chem. 1984, 509, 7–

22.
[60] K. Bernet, R. Hoppe, Z. Anorg. Allg. Chem. 1991, 592, 93–105.

[61] D. S. Wimmer, M. Seibald, D. Baumann, S. Peschke, K. Wurst,
G. Heymann, D. Dutzler, A. Garcia-Fuente, W. Urland, H.
Huppertz, Eur. J. Inorg. Chem. 2021, 2021, 4470–4481.

[62] B. Nowitzki, R. Hoppe, Rev. Chim. Minér. 1986, 23, 217–230.
[63] D. Dutzler, M. Seibald, D. Baumann, H. Huppertz, Angew.

Chem. 2018, 130, 13865–13869.
[64] B. Su, G. Zhou, J. Huang, E. Song, A. Nag, Z. Xia, Laser

Photonics Rev. 2020, 15, 2000334.
[65] G. Zhou, Z. Liu, J. Huang, M. S. Molokeev, Z. Xiao, C. Ma, Z.

Xia, J. Phys. Chem. Lett. 2020, 11, 5956–5962.
[66] L. Mao, P. Guo, S. Wang, A. K. Cheetham, R. Seshadri, J. Am.

Chem. Soc. 2020, 142, 13582–13589.
[67] D. L. Dexter, J. Chem. Phys. 1953, 21, 836–850.
[68] R. Hoppe, Z. Kristallogr. Cryst. Mater. 1979, 23–52.
[69] Y. Wang, Q. Zhu, J. Jin, W. Liao, Z. Xia, Adv. Opt. Mater. 2024,

12, 2401887.
[70] D. Curie, C. Barthou, B. Canny, J. Chem. Phys. 1974, 61, 3048–

3062.
[71] V. M. Orera, R. Alcalá, P. J. Alonso, Solid State Commun. 1984,

50, 665–667.
[72] R. Alcala, P. J. Alonso, R. Cases, J. Phys. C: Solid State Phys.

1983, 16, 4693–4700.
[73] M. T. Barriuso, P. G. Baranov, M. Moreno, Radiat. Eff. Defects

Solids 1991, 119–121, 177–182.
[74] V. D. Shcherbakov, A. S. Nizamutdinov, J. Lumin. 2019, 205, 37–

45.
[75] V. Morad, I. Cherniukh, L. Pottschacher, Y. Shynkarenko, S.

Yakunin, M. V. Kovalenko, Chem. Mater. 2019, 31, 10161–10169.
[76] A. P. Vink, M. A. de Bruin, S. Roke, P. S. Peijzel, A. Meijerink,

J. Electrochem. Soc. 2001, 148.
[77] M. C. M. De Lucas, F. Rodríguez, C. Prieto, M. Verdaguer, M.

Moreno, H. U. Güdel, Radiat. Eff. Defects Solids 2006, 135, 95–
100.

[78] W. Ran, J. Geng, Z. Zhou, C. Zhou, F. Wang, M. Zhao, T. Yan,
J. Mater. Chem. C 2024, 12, 19148–19155.

[79] D. Huang, Q. Ouyang, Y. Kong, B. Wang, Z. Cheng, A. A. Al
Kheraif, H. Lian, J. Lin, Dalton Trans. 2023, 52, 5715–5723.

[80] F. Rodríguez, H. Riesen, H. U. Güdel, J. Lumin. 1991, 50, 101–
110.

Manuscript received: February 18, 2025
Revised manuscript received: March 17, 2025
Accepted manuscript online: April 01, 2025
Version of record online: May 02, 2025

Angew. Chem. Int. Ed. 2025, 64, e202504078 (8 of 8) © 2025 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2025, 25, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202504078 by U

niversitäts- U
nd L

andesbibliothek D
üsseldorf, W

iley O
nline L

ibrary on [24/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Titelblatt_Suta_final
	Suta_Mn
	Mn2+-Activated Alkali Lithooxidosilicate Phosphors as Sustainable Alternative White-Light Emitters
	 Introduction
	 Results and Discussion
	 Structural Features
	 Luminescence Spectroscopy

	 Conclusion
	 Acknowledgements
	 Conflict of Interests
	 Data Availability Statement




