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Figure S1: X-ray powder diffraction pattern of Eu-B-SizN4 (red) and Th-f-SisN4 (green), -
SisN4 simulated from ICSD 170006 (light blug), (1 = 0.709026 A).
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Figure S2: X-ray powder diffraction pattern of pure B-GesNa (blue), Eu-B-GesNa (red), B-GesN4
simulated from ICSD 658934 (light blue), * marks a-GesN4 (1 = 0.709026 A).
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Figure S3: X-ray powder diffraction pattern of Th-B-GesNa (green), Eu, Th--GesN4 (orange),
B-GesNs simulated from ICSD 658934 (light blue), * marks a-GesN4 (2 = 0.709026 A).

a)

Figure S4: a) REM-EDX of pure 3-SisN4, b) SEM of pure 3-SisN4, ¢) REM-EDX of Eu-f-
SisNg distribution of Si (blue), N (pink) and Eu (green).
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Figure S5: a) Luminescence spectrum of Eu-B-SisNs and Th-B-SisNs powders mixed in a
mortar, b) CIE diagram of Eu-SisN4 and Th-SizsN4 powders mixed in a mortar, ¢) Luminescence
spectrum of Eu-GesNs and Tbh-GesNs powders mixed in a mortar, d) CIE diagram of Eu-p-
GesNsand Th-B-GesN4 powders mixed in amortar.



Comparison with literature
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Figure S6: Luminescence spectra of a) Eu-p-SisNsand b) EuClz x 6 H2O.
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Figure S7: Luminescence spectra of a) Eu-B-GesNsand b) EuClsx 6 H20.



The works of Li et al.! deal with the photoluminescence properties of rare-earth doped
nanocrystalline a-SisNa. Here we use the expression doping explicitly as this is the title of the
work of Li et al.! The doping has been done with Eu- and Tb-oxide and the authors confirm
the oxygen content playing an important role. Furthermore, the content of the lanthanoids must
not exceed 0.5 mol%, because otherwise a-SizsN4 was no longer stable. They describe the Eu?*-
doped a-SisNs to show a blue band emission peak at around 460 and 470 nm which is
completely different to the red luminescence of Eu®* known from literature>* When using EuN
as a dopant the luminescence intensity decreases significantly. (see Figure S7) Regarding the
doping of a-SisN4 with Th4O7 the result was declared as Tho.o05Si2.985N3 96400.00875.> (See Figure
S12)

Li et al.® describe a Eu-doped yellow phosphor consisting of a mixed phase of nanocrystalline
a-SisN4 and B-SisN4. It was realized by reacting solid polycarbosilane with europium
acetylacetonate hydrate and followed by nitridation and calcination of the precursor. The broad
band luminescence peak is around 550 nm, resulting in a yellow greenish colour. The authors
confirmed an oxygen as well as a carbon content resulting in the formation of nonstoichiometric
Si3Nas. (see Figure S8)

Yin et al.® synthesized very thin and wide single-crystal a-SisN4 nanobelts by a vapor-solid
thermal reaction featuring a very broad band emission spectrum 420-750 nm with a maximum
at 575 nm. But here no doping with rare-earth ions is reported.

Su et al.” prepared ultra-long, single crystal, Eu-doped a-Si3N4 nanowires by nitriding Eu-
doped cryomilled nanocrystalline Si powder resulting in a very broad band green emission
around 570 nm. (see Figure S9)

Xu et al.? introduced Eu?*-doped a-SisN4 nanowires coated with a thin BN film. (see Figure
S10) The relationship between photoluminescence and intrinsic point defects in a-SisN4 via
band structure modelling based on density functional theory calculations is interpretated by
Huang et al..® Huang et al.'® present formation energies, electronic and optical properties of Y-
doped SisNs on the basis of DFT calculations. Huang and coworkers!! report the
photoluminescence behavior of ultra-pure a-GesNs nanowires resulting in a blue-green
luminescence (440 nm) from the electronic transition from the conduction band to valence band.
Huang et al.* report the doping of single-crystalline o-SisN4 nanowires (Y, Ce, Tb) via directly
nitriding-doped nanocrystalline silicon powders. A comparison of the luminescence spectra of
these one-dimensional nanomaterials with doped bulk material Tb-p-SisN4 (see Figure S13)
indicates clear differences. Also the doping of a-SisN4:Eu displays a completely divers broad
band luminescence peak around 578 nm. (see Figure S11)


https://www.sciencedirect.com/topics/materials-science/photoluminescence
https://www.sciencedirect.com/topics/materials-science/luminescence
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Figure S8: Luminescence spectra of a) Eu-B-SisN4and b) a-SisN4:Eu.! (Wavelengths are

estimated from the scale in ref.})
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Figure S9: Luminescence spectra of a) Eu-B-SisN4and b) a-SisN4:Eu.® (Wavelengths are

estimated from the scale in ref.%)
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Figure S10: Luminescence spectra of a) Eu-p-SisN4and b) a-SisN4:Eu.” (Wavelengths are

estimated from the scale in ref.”)
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Figure S11: Luminescence spectra of a) Eu-B-SisNs and b) a-SisN4:Eu nanowires coated with

a thin BN film.® (Wavelengths are estimated from the scale in ref.?)
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Figure S12: Luminescence spectra of a) Eu-p-SisN4 and b) o-SizN4:Eu nanowires.*?

(Wavelengths are estimated from the scale in ref.1?)
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Figure S13: Luminescence spectra of a) Tb-B-SisN4 and b) a-SisN4:Th! (Wavelengths are

estimated from the scale in ref.)
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Figure S14: Luminescence spectra of a) SisN4:Th and b) SisN4:Tb Nanowires? (Wavelengths
are estimated from the scale in ref.!?)
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Figure S15: Luminescence spectra of a) SisN4:Th and b) TbOCL.*® (Wavelengths are estimated
from the scale in ref.’?)
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Figure S16: Mott-Schottky (MS) analysis of EIS measurements at an applied frequency of 10,
100 and 1000 Hz of a) pure GesNa (blue), b) Th-GesN4 (green), ¢) Eu-GesN4 (red) and d) Eu, Th-
GesN4:Eu®, Th® (orange). Measurements were performed in a 0.1 M potassium phosphate

electrolyte in pH 7.
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Figure S17: Mott-Schottky analysis of EIS measurements at an applied frequency of 10, and
100 Hz of a) undoped SizN4 (black), b) Th-SisN4 (green) and c) Eu-SisN4 (red). Measurements

were performed in a 0.1 M potassium phosphate electrolyte in pH 7.



DFT calculations

Calculations were carried out on pure and adsorbed B-SisNs and B-GesNs within the Density
Functional Theory (DFT) as implemented in the Vienna ab initio Simulation Package
(VASP).14-18 For electron exchange and correlation we used the Generalized Gradient
approximation as parameterized by Perdew, Becke, and Ernzehof (PBE) functional.l” Atom
cores are described through the projector augmented wave (PAW) method.!® The kinetic
energy cutoff for plane wave expansions was set to 500 eV, and the Brillouin zone was
sampled by Monkhorst—Pack meshes.® Atomic positions were optimized until forces were
converged to lower than 3.102 eV/A. DOS were shifted so that the Fermi level lies at 0 eV.
For the geometry optimization the 4f states of the rare earths were placed in the
pseudopotential, allowing to fix the oxidation degree to 3+ and to estimate the relative
stabilities of both Eu** and Th®" in sites A and B. The calculations of the densities of states
and magnetic properties was done by considering explicitly the 4f orbitals of the rare-earths in
the valence states. Such an explicit treatment required to use GGA+U method? with a
Hubbard term Uett = U — J = 6 eV for the 4f (RE) states and to include the spin-orbit coupling
(SOCQC).
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