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Figure SI 1. XRD pattern of Ba2Gd23TeOs indexed with monoclinic lattice planes.
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Figure SI 2. XRD pattern of BazLu23TeOg indexed with monoclinic lattice planes.



Table SI 3. Tolerance factor of Ba;R»3TeOs (R =La, Pr, Nd, Sm, Eu, Y, Gd, Tb, Dy, Ho, Er,

Tm, Yb, Lu)

Compound Tolerance factor
BazLaz/3T606 0.9692
BazPrz/gTeO6 0.9786
Basz2/3TeO6 0.9801
Ba;Smy;3TeOs 0.9858
BazEuz/3TeO6 0.9883
BaxGd23TeOs 0.9904
Basz2/3TeO6 0.9938
Ba,Dy»3TeOs 0.9964
Ba2H02/3TeOf, 0.9990
Ba2Y2/3T606 0.9992
BazEr2/3TeO6 100 1 5

Basz2/3TeO6 1.0039
Ba,Yby3TeOg 1.0068
BazLu2/3TeO6 1.0084
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Figure Sl 4. a) EDS of and b) Elemental mapping Ba2Dy.3TeOe.
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Figure SI 5. a) EDS of and b) Elemental mapping Ba2Y 2/3TeOes.
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Figure SI 6. a) EDS of and b) Elemental mapping BazEr23TeOe.
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Figure SI 7. a) EDS of and b) Elemental mapping BazLuz/3TeOe.



Table SI 8: Atomic Percentage of Ba2R23TeOs (R = Gd, Dy, Y, Er, Lu) and
Ba2Y2;3TeOs: 10% Eu®".

Double Perovskites Elements | Atomic %

(%)

BaxGd23TeOs Ba 28.52
Gd 9.52

Te 12.33

O 49.63

Ba2Dy23TeOs Ba 27.75
Dy 9.97

Te 11.90

O 50.37

Ba2Y23TeOs Ba 26.87
Y 5.99

Te 8.33

O 58.81

BazEr23TeOs Ba 27.82
Er 4.55

Te 8.79

O 58.84

BazL.u23TeOs Ba 25.52
Lu 11.54

Te 10.63

O 52.31

Ba2Y23TeOs: 10% Eust Ba 29.42
Y 3.98

Eu 2.01
Te 12.10
O 52.49
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Figure S1 9. Deconvoluted Raman spectrum of Ba>Th23TeOe.
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Figure SI 10. Deconvoluted Raman spectrum of Ba;Dy>3TeOes.
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Figure SI 11. Deconvoluted Raman spectrum of BaHo23TeOe.
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Figure SI 12. Deconvoluted Raman spectrum of Ba;Y23TeOe.
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Figure SI 13. Deconvoluted Raman spectrum of BaxEr23TeOe.
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Figure SI 14. Deconvoluted Raman spectrum of Ba;Tmo3TeOs.
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Figure SI 15. Deconvoluted Raman spectrum of Ba;Yb23TeOe.
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Figure SI 16. Shift in Raman modes above 650 cm™.
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Figure SI 17. Rietveld refinement of XRD pattern of Ba;Th23TeOe.
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Figure Sl 18. Rietveld refinement of XRD pattern of Ba2Dy23TeOe.
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Figure SI 19. Rietveld refinement of XRD pattern of Ba,H02/3TeOe.
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Figure SI 20. Rietveld refinement of XRD pattern of Ba,Y2/3TeOe.
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Figure SI 21. Rietveld refinement of XRD pattern of BazEr23TeOe.
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Figure SI 22. Rietveld refinement of XRD pattern of BaxTmy3TeOe.
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Figure SI 23. Rietveld refinement of XRD pattern of BazYb23TeOe.



Table SI 24. Refinement parameters of Ba2R23TeOs (R = Th, Dy, Ho,Y, Er, Tm, Yb)

BaxTba3TeOg

a=5.9695(5) A b=5.9595(5) A c=84655(1) A L =290.0145°

Rexp = 1.96% Ruwp =35.25% Ry=3.17% GOF = 2.68

Tons ~ Wyckoff x y z Occupancy Beg(A?)
sites

Ba 4e 0.490(6) 0.519(5) 0.257(7) 1 0.90(9)

Tb 2d 0.5 0 0 0.667 0.40(5)

Te 2¢ 0 0.5 0 1 0.40(5)

01 4e 0.215(5) 0.251(4) 0.013(1) 1 0.98(8)

02 4e 0.200(5) 0.771(6) 0.004(5) 1 0.98(2)

03 4e 0.499(9) 0.016(6) 0.264(3) 1 0.97(3)

BaxDy23TeOs¢

a=159557(4) 4 b=159474(7) 4 c=83920() A B=90.0141°

Rexp = 1.88% Rup =5.36% Ry,= GOF =2.85

3.61%

Ions Wyckoff X y z Occupancy Beg(A?)
sites

Ba 4e 0.496(1) 0.501(9) 0.257(6) 1 0.92(6)

Dy 2d 0.5 0. 0 0.667 0.46(3)

Te 2c 0 0.5 0 1 0.46(3)

01 4e 0.215(5) 0.251(4) 0.008(1) 1 0.96(8)

02 4e 0.200(5) 0.771(6) 0.004(1) 1 0.98(1)

03 4e 0.505(6) 0.016(6) 0.264(3) 1 0.95(3)

Ba;Ho23TeOg

a=59246(1) 4 b =5.9330(6) A c=83837(1)4 B =90.0136°

Rexp = 3.57% Rup = 7.94% Ry=5.45% GOF =2.22

Ions  Wyckoff sites X y z Occupancy Beq(A?)
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Ba  4e 0498(8)  0.501(9)  0.257(6) 1 0.91(6)

Ho 2d 0.5 0. 0 0.667 0.45(3)
Te 2 0 0.5 0 1 0.45(3)
ol 4 0215(5)  02514)  0.006(1) 1 0.95(8)
02 4e 0.200(5) 0.771(6) 0.003(1) 1 0.98(1)
03 4e 0.501(4)  0.016(6)  0.264(3) 1 0.94(3)
BayY23TeOs
a=509223(1) A b =5.9309(6) A c=83880(9 A B =090.0115°
Rexp = 3.34% Rop = 5.21% Ry=3.90% GOF = 1.56
Tons Wyckoff sites X y z Occupancy  Beq(A?)
Ba 4e 0.497(1) 05205  0257(1) 1 0.93(5)
Y 2d 0.5 0. 0 0.667 0.47(3)
Te 2 0 0.5 0 | 0.47(3)
01 de 0.215(5) 02514)  0.009(1) 1 0.93(8)
02 de 0.200(5) 0.771(6)  0.001(1) 1 0.96(1)
03 de 0.476(8) 0.016(6)  02643) 1 0.92(3)
BaEr,3TeOs
a=5.9220(6) 4 b=5.9165(5) 4 c=83748(5) A4 B =190.0115°
Regp = 2.11% Rop = 3.74% Ro=2.89% GOF = 1.77
Tons Wyckoff X y z Occupancy  Beg(A?)
sites
Ba 4e 0437(8)  0501(4)  0257(1) 1 0.95(5)
Er 2d 0.5 0. 0 0.667 0.50(3)
Te 2 0 0.5 0 | 0.50(3)
ol 4e 0215(5)  0251(4)  0.008(9) 1 0.93(5)
02 4e 0200(5)  0.771(6)  0.001(9) 1 0.98(1)
03 4e 0.497(9)  0.016(6) 0264(3) 1 0.92(1)
BaxTmo3TeOg
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a=59224(4) 4

b=59169(4) A

c=83728(4) A B =90.0105°

Rewp = 2.04% Rup = 4.40% R,=3.49% GOF = 2.16
Tons Wyckoff X y z Occupancy  Beg(A?)
sites

Ba 4o 05093)  0.521(5)  0257(1) 1 0.97(5)
Tm 2d 0.5 0. 0 0.667 0.55(3)
Te 2 0 0.5 0 I 0.55(3)
o1 de 0215(5)  0251(4)  0.008(4) 1 0.89(5)
02 de 0200(5)  0.771(6)  0.001(9) 1 0.94(1)
03 de 0.507(8)  0.016(6)  02643) 1 0.87(1)
BaxYb23TeOs

a=5.9090(1) A

b=1591699) 4

c=83474(6) 4 p=190.0111°

Rexp = 2.92% Rup = 7.02% Ro=5.41% GOF = 2.40
Tons Wyckoff X y z Occupancy  Beg(A?)
sites
Ba 4o 0.501(6)  0505(1)  0256(9) 1 0.98(5)
Yb 2d 0.5 0. 0 0.667 0.60(3)
Te 2 0 0.5 0 I 0.60(1)
01 4e 0215(5)  0251(4)  0.008(4) 1 0.87(5)
02 de 0200(5)  0.771(6)  0.001(8) 1 0.92(5)
03 4e 0.502(8)  0.016(6) 0264(3) 1 0.85(5)

Table SI 25. Selected bond distances of BaxR23TeOs (R = Tb, Dy, Ho, Y, Er, Tm, Yb).

Bonds Bond Bonds Bond Bonds Bond Bonds Bond Bonds Bond Bonds Bond Bonds Bond
lengths lengths lengths lengths lengths lengths lengths
A) A) A) A A) A) A)
Th-01 2.268 Dy-01 2.261 Ho-01 2.252 Y-01 2.252 Er-01 2.249 Tm-01 2.249 Yb-01 2.246
Th-02 2.252 Dy - 02 2.247 Ho - 02 2.237 Y -02 2.236 Er—-02 2.234 Tm-02 2.234 Yb-02 2.231
Th-03 2.237 Dy - 03 2.218 Ho - 03 2.215 Y -03 2221 Er—-03 2.213 Tm -03 2.213 Yb-03 2.206
Te-01 1.965 Te-01 1.959 Te-01 1.951 Te-01 1.951 Te-01 1.948 Te-01 1.948 Te-01 1.947
Te-02 2.009 Te-02 2.004 Te-02 1.997 Te-02 1.997 Te-02 1.993 Te-02 1.994 Te-02 1.992
Te-03 2.000 Te-03 1.983 Te-03 1.981 Te-03 1.987 Te-03 1.979 Te-03 1.979 Te-03 1.972
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Figure S1 26. Combined XRD of Ba2Y23TeOg: X% Eu** (x =0, 2.5, 5, 7.5, 10, 12.5 15, 17.5

and 20).
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Figure SI 27. Shift of psuedocubic 220 reflection with Eu* concentration.
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Table Sl 28. Lattice parameters and cell volume of Ba,Y 23 TeOs: Eu®*.

Phosphor a (A) b (A) c (A) B Cell
Volume

(A%)
BazY23TeOs 5.9223(1) | 5.9309(6) | 8.3880(9) | 90.0115 | 294.6249
BazY23TeOs:5%Eu® | 5.9284(1) | 5.9291(1) | 8.3871(2) | 90.0115 | 294.8072
BazY23TeOs:7.5%Eu® | 5.9286(9) | 5.9299(4) | 8.3882(4) | 90.0115 | 294.8955
BazY23TeOs: 15%EU® | 5.9282(5) | 5.9367(8) | 8.3949(1) | 90.0115 | 295.4496
Baz2Y23TeOs:20%EU® | 5.9297(2) | 5.9386(6) | 8.3984(3) | 90.0115 | 295.7422

Table SI 29. Refinement parameters of BayY23TeOs: 10% Eu*.

a=59223(1) 4

b=159320(4) 4

c=839998) A p=290.0115°

Rexp = 2.54% Rwp= 3.72% Ry=2.78% GOF = 1.46
Ions Wyckoff X y z Occupancy  Beg(A?)
sites

Ba 4e 0.492(5) 0.525(4) 0.257(1) 1 0.93(1)

Y 2d 0.5 0 0 0.567 0.47(3)
Eu 2d 0.5 0 0 0.1 0.47(3)
Te 2c 0 0.5 0 1 0.47(3)
Ol 4e 0.215(5) 0.251(4) 0.008(5) 1 0.93(8)
02 4e 0.200(5) 0.771(6) 0.001(6) 1 0.96(1)
03 4e 0.481(5) 0.016(6) 0.264(3) 0.92 (3)
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Figure SI 30. a) EDS of and b) Elemental mapping BazY2:3TeOs: 10% Eu®".
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Figure SI 32. Emission spectrum with high spectral resolution in the region 570-585 nm.
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Figure SI 38. Temperature dependent Raman spectra of Ba,Y23TeOg: 10% Eu®* in the range

93 -873 K.
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Figure SI 42. Plot of Temperature vs Lifetime of BazY23TeOs: 10 %EU®".
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Judd-Ofelt theory

The Judd-Ofelt and radiative parameters were obtained from the emission spectrum of
BazY2sTeOs: 10 % Eu®*. Judd and Ofelt separately devised a general theoretical
framework for calculating the emission intensities of optical transitions of rare earth
ions in specific host materials. W.F Krupke [64] proposed a method for calculating the
Judd- Ofelt intensity parameters 2,, 2, and 2, of trivalent rare earth ions from the
emission spectra since the electric dipole transitions °Do — 'F2, °Do — “F4 and °Do — "Fes
have a direct dependence on the JO parameters. Here, JO parameters are estimated by
considering the magnetic dipole transition °Do — 'F1 of Eu®* ions as reference.

The rate of magnetic dipole transition is given by [65-69]

64?93 n3Spg

Ao1 = 3h (2J+1) (11)
where 9,is the wavenumber of the corresponding transition, n is the effective
refractive index of the phosphor, Smq = 7.83 x 10 units, which is a constant and
independent of the medium, h is Planck’s constant and 2J +1 = 1 for °Do transitions.

The electric dipole transitions (J=2,4,6) rate can be expressed as
641493 242
o =3 (Z]Jr]l) e? n(n; ) Ya=2462,(*Dyg ”U(A)“ "F))? (12)

Where Ao; is the coefficient of spontaneous emission, e is the charge of electron, Q) (A=
2,4,6) is the Judd- Ofelt parameters and (*D,||U™||”F;)? is the squared reduced matrix
element which is independent of the host crystal field environment of Eu®* ions and are
0.00324, 0.00229 and 0.00023 for J = 2,4 and 6 respectively. However, °Do — "Fe
transition usually falls in the NIR region and are too weak to be detected. Hence, 2,
parameter is omitted here [65-69].

Since the rate of transition from each energy level is directly proportional to integrated
emission intensity, ratio of electric dipole to magnetic dipole transition is given as
[pdd _ Ay _ & 9 m2+2)°

Firds = or = 5ragl oz 0 Do v 7F)y? (13)

The observed fluorescence lifetime is proportional to total transition rate At as

1

= A7 = AR + AR (14)

Tobs

where Ar is the radiative transition rate and Anr is the non- radiative transition rate.

Now, the total radiative transition rate, Ar = Y7_ Ag; = %
rad

(15)
Quantum efficiency is related with radiative and non-radiative processes by the relation,

—Tobs _ _AR (16)

Trad AR+ANR

Branching ratio gives the percentage of a particular °Do — ’F; emission transition to total
radiative transition and is given by
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