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I) Classification:
Prediction of the photoluminescence color for Li,BaSiO ,:Eu,Ce

Il) Regression:

Prediction of the CIE coordinates of the photoluminescence
for Ca;;Zn.Ga ,05::Mn,Tm
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Prediction of the photoluminescence color

Oxide Matrix + Control of luminescent center valence state

Li,BaSiO,:Eu*,Eu?*,Ce?*

LBSO

CIE 1931

UV excitation

0.2

Yuan, H. ; Génois, R. ; Glais, E. ; Chen, F. ; Shen, Q. ; Zhang, L. ; Faulques, E.; Qi, L.; Massuyeau, F.; Gautier, R., Matter (2021) 4(12), 3967-3976
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Li,BaSiO,:Eu,Ce
(LBSO:Eu,Ce)

LBSO LBSO:Eu?" LBSO:Eu*" LBSO:Ce’" LBSO:Ce*

Under daylight

Solid-state synthesis j ' " .
. g . | Under 365 nm
810°C
6h ¢
550°C
RT RT i Under 254 nm

Pictures of the LBSO, LBSO:Eu?*, LBSO:Eu3*, LBSO:Ce3",
Crystal structure of the LBSO LBSO:Ce** samples under daylight and UV lamp (A =
Space group: P6;cm 365 nm / 254 nm).

Yuan, H. ; Génois, R. ; Glais, E. ; Chen, F. ; Shen, Q. ; Zhang, L. ; Faulques, E.; Qi, L.; Massuyeau, F.; Gautier, R., Matter (2021) 4(12), 3967-3976
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Li,BaSiO,:Eu,Ce
(LBSO:Eu,Ce)

LBSO:Eu”"
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PL and PLE spectra of LBSO:Eu?*, LBSO:Eu3* - .
and LBSO:Ce3* samples. 00 01 02 03 04,05 06 07 08

CIE coordinates of LBSO:Eu?*, LBSO:Eu3*
and LBSO:Ce3

Yuan, H. ; Génois, R. ; Glais, E. ; Chen, F. ; Shen, Q. ; Zhang, L. ; Faulques, E.; Qi, L.; Massuyeau, F.; Gautier, R., Matter (2021) 4(12), 3967-3976
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[ Synthesis ]

Solid-state synthesis

under reducing
atmosphere High temperature Low Temperature

(95%Ar, 5%H,) '

Oxidation thermal treatment

Gradient Oven

RT RT

Sample holder
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[ Characterization ]
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Machine learning to visualize the experimental conditions to target the white luminescence
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CIE coordinates of the 88 samples K

Color names of light sources from
KS A 0012 (2013) standard

Complex to visualize
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Machine learning to visualize the experimental conditions to target the white luminescence

LBSO:Eu, Ce
{(x=Fuw/(Eu+Ce))
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Yuan, H. ; Génois, R. ; Glais, E. ; Chen, F. ; Shen, Q. ; Zhang, L. ; Faulques, E.; Qi, L.; Massuyeau, F.; Gautier, R., Matter (2021) 4(12), 3967-3976
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Machine learning to identify the experimental conditions
and rationalize the photoluminescence colors
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Evolution of the emission intensities associated with
Ce** (A, = 400 nm, blue line), Eu*" (A, = 510 nm,

green line), and Eu** (A, = 704 nm, red line) vs. the

temperature of oxidation for LBSO:0.5%Eu, 0.5%Ce

Results of decision tree model based
on the 88 samples
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Il) Regression:

Prediction of the CIE coordinates of the photoluminescence
for Ca;;Zn.Ga ,05::Mn,Tm
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Prediction of the CIE coordinates
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Cubic Structure

ICSD-245650 F 432 (209) space group

a =15.0556(1) A
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Prediction of the CIE coordinates

CIE coordinates changes according to the excitation wavelength

CIE 1931
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L
C

Parameters / sample n° 1 2 3 4 5 6 7 8 9 10 11 12
[Mn] 1 1,1 1,1 1,5 1,5 1 1 1,5 1,5 1,5 1 1
[Tm] 2 2,8 2,8 3 3 1,5 1,5 1,5 6 6 3

Duration of TTR at 900°C (h) 1 1 12 12 6 2 12 12 12 24 2 6
Aexc (hm) 280-396 280-396 280-396 280-296 280-296 280-296 280-296 280-296 280-296 280-296 280-296 280-296

CIE 1931

4 parameters for the
modulation of the resulting
emission color

12 samples
1392 experimental points

4

Large screen of CIE diagram

08 XGBoost model
x (eXtreme Gradient Boosting)
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v" Validation on 20% of the resulting data ( = 165 experimental points)

Representation of the resulting emission color

Experimental
Profil

Simulated
Profil

V" Experimental validation

Input parameters

[Mn] :1-1.5% - step 0.1 %
[Tm]:1-6% - step 0.1 %
Temperature of RTT : 900 °C
Time of RTT:1-24h-steplh
Aexe - 280 - 396 nm - step 2 nm

> 7000 combinations
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Li,BaSiO,:Eu,Ce

LBSO:Eu, Ce

Take-home

messages

[x<017] [xz0.17] x<0.17

» ML to identify the key parameters
influencing the property.

x<0.83 x == 0.83 x<0.83 x = 0.83

[T<m3°c] [rz783°C]

= =

BP White
7% 7%
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Ca;,ZnGa;(05::Mn,Tm

Take-home e 1931
] CZGO: Mnl%, Tm4%
m essa g es 4l Reductive thermal treatment 900°C 2h
0.8 2
ML prediction
560 Experimental validation
. . 0.6 -
> ML to identify the key parameters -y
influencing the property. .
0.4
620
» ML to predict accurately the
property as function of multiple 021
variables.
0.0 T T r T X T T T 2 T T T g 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
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An endless search with short term challenges
—_——

The periodic table of elements
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[ Different stoichiometries, structures of organic molecules, .... ]

Number of combinations > Number of atoms in universe

Walsh, A. Nature Chemistry (2015) 7, 274-275
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Classification of the photoluminescence color

88 samples prepared from the eight synthesized samples by
oxidation of the dopants under a gradient of temperature

0.5% Ce
0.5% Eu

0.25% Eu, 0.25% Ce
Colors simulated using
the CIE coordinates
calculated from the
emission spectra of each
sample.

0.25% Eu, 0.5% Cc
0.5% Eu, 0.25% Ce

0.5% Eu, 0.5% Cc

0.5% Eu, 0.75% Ce

0.75% Eu, 0.5% Ce

385 °C 795 °C

Temperature of oxidation
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Yuan, H. ; Génois, R. ; Glais, E. ; Chen, F. ; Shen, Q. ; Zhang, L. ; Faulques, E.; Qi, L.; Massuyeau, F.; Gautier, R., Matter (2021) 4(12), 3967-3976
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