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Figure S1: SEM images of doped (0.5% Eu3+ and 0.5% U6+) and co-doped (2.0% Eu3+ and 

0.5 to 2.0% U6+) samples of LTB.
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Figure S2: Photoluminescence emission spectra of doped (0.5% Eu3+ and 0.5% U6+) and co-

doped (2.0% Eu3+ and 0.5 to 2.0% U6+) LTB samples.

Figure S3: Photoluminescence emission spectra of 2% Eu3+ and 0.5% U6+ co-doped LTB 

samples annealed in air and a reducing atmosphere (92% Ar + 8% H2).



Figure S4: Photoluminescence emission spectra of LTB:0.5% Eu3+ annealed in air and a 

reducing atmosphere (92% Ar + 8% H2).

Figure S5:ESR spectra of LTB pure sample at 100 K recorded at low gain and high gain.

The resonance signal in the pure LTB sample gets saturated at a higher gain of 4×104. 

Therefore, the ESR spectra for pure LTB was obtained at a lower gain value of 2×103



Table S1: Recent Borate based luminescent materials having divelent europium ion 

(2020-22)

System Flux Temperature Remarks Ref.
Eu2+ single-
dopedK2SrCa(PO4)2x
(BO3)x white 
phosphors

97%N2/3%H2 1400 °C for 4 h Very high temperature 
is needed

[1]

LiSrB9O15:Eu3+/Eu2+ Self-reduction 800°C Self reduction is 
triggered by BO4
 network

[2]

SrAl2O4:Eu2+,Dy3+

borate glass
under carbon 
reduction 
atmosphere

1500 °C for 1 h Very high temperature 
is needed

[3]

Eu2+: NaBa4(BO3)3 
co-doped with 
different cations 
Dy3+, Ho3+and Nd3+

95%N2 +5%H2 900 °C for 8 h - [4]

Eu2+-
dopedBa3Lu(BO3)3p
hosphor

10% H2 + 90% 
N2

1250 oC for 6 h Very high temperature 
as well as higher 
hydrogen flux

[5]

Eu2+, Dy3+: 
NaSr4(BO3)3

under a 
reductive 
atmosphere

880 °C for 8 h - [6]

KSr4B3O9: Eu2+ N2/H2 900 °C for 10 h High temperature is 
needed

[7]

LiSr4(BO3)3:Eu2+, 
Dy3+ 

5% H2 and 
95% N2

950 °C for 8 h High temperature is 
needed

[8]

NaBaB9O15:Eu2+ under the 
reducing 
atmosphere

725 °C for 30 h High thermal duration 
of more than a day is 
required

[9]

Sr3−x-

yB2O6:xEu2+,yRE3+ 
(RE = Nd, Gd, Dy)

5%H2-95%N2 1280–1310 °C 
for 5–20 h

High temperature and 
time  is needed

[10]

Sr6(BO3)3BN2:Eu2+ Covered 
corundum 
crucible

1300 °C, for 12 
h

High temperature is 
needed

[11]

Eu2+/Eu3+ doped 
strontium borates: 
SrB4O7, SrB2O4 and 
Sr3(BO3)2

Covering the 
crucibles with 
a lid

Pre-calcined at 
700 °C for 5 h 
and further heat-
treated at 850 °C 
for 5 h

- [12]

Ba3ScB3O9:Eu2+ 
phosphor

H2 (20%) and 
N2 (80%)

1150 °C for 6 h Very high hydrogen 
flux

[13]

Ca[B8O11(OH)4]: Eu 350 °C for 12 h Hydroxyl ion may 
affect the PL

[14]

Sr[B8O11(OH)4]:Eu2+ No reducing 
atm. used

350 °C for 12 h Self reduction [15]

Eu2+ in SrB4O7 Covered 850 °C for - [16]



crucibles another 5 h
Ce3+-Eu2+ in 
LiSr4(BO3)3 phospho
rs

5% H2/95% N2 1000 °C for 3 h High temperature is 
needed

[17]

LTB:Eu2+ 8% H2+92% 
Ar

750 oC Low flux
Lower temperature
U6+ assisted Co-
doping ass

This 
work

Table S2:The calculated g values for pure LTB, doped (0.5% Eu3+ and 0.5% U6+) and co-

doped (2.0% Eu3+ and 0.5 to 2.0% U6+) LTB samples at both room temperature (rt) and 100 

K.

Frequency (GHz) H1 (mT) g1 H2 (mT) g2

LTB pure - RT 9.437 304.42 2.2158 - -

LTB-0.5%Eu- RT 9.437 326.67 2.0649 - -

LTB-0.5%U- RT 9.437 304.43 2.2157 - -

LTB-0.5%U-2%Eu- RT 9.437 344.83 1.9561 156.36 4.3140

LTB-1%U-2%Eu- RT 9.437 334.15 2.0187 156.4 4.3129

LTB-2%U-2%Eu- RT 9.437 342.57 1.9690 160.62 4.1996

LTB pure - 100 K 9.435 306.94 2.1972 - -

LTB-0.5%Eu- 100 K 9.435 311.64 2.1640 - -

LTB-0.5%U- 100 K 9.435 308.89 2.1833 - -

LTB-0.5%U-2%Eu-100 K 9.435 303.82 2.2197 148.48 4.5420

LTB-1%U-2%Eu-100 K 9.435 306.18 2.2026 148.58 4.5389

LTB-2%U-2%Eu-100 K 9.435 308.46 2.1863 156.47 4.3101

The ‘g’ value of free-electron is ~2.0023, but the shift in the ‘g’ value occurs depending on 

the environment and the spin-orbit coupling. The ‘g’ value or the resonance position is 

specific for a given radical present in a particular environment. The energy required for the 

spin transition is related to the applied magnetic field (B), g-factor, and the constant e, called 

the Bohr Magneton:

hv=geB…..(1)



Where ‘v’ is the frequency of microwave radiation and ‘h’ is the Planck’s constant. The ‘g’ 

values are calculated using the above equation 1.

The ESR spectra were recorded in X-band of the microwave region with a frequency of ~9.43 

GHz for both at room temperature and 100 K. The attenuation was kept as 15 dB.

Figure S6:ESR spectra of (a) LTB (b) 0.5% Eu3+ doped LTB (c) 0.5% U6+ doped LTB (d) 

2% Eu3+ and 0.5% U6+ doped LTB (e) 2% Eu3+ and 1% U6+ doped LTB and (f) 2% Eu3+ and 

2% U6+ doped LTB, at room temperature and 100 K.
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