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Table S1. ICP-MS results for synthesized cubic Ba, Y F,. nanoparticles with varying
values of x.

Nominal x

Value Y3 (mol) Ba?* (mol) Experimental x Value
0.80 4.62 x10°+9.45x108 1.87 x 100 +£2.42 x10® 0.71 £0.12
0.67 6.03 x 10+ 6.55 x1077 3.71 x 10 £ 5.23 x107 0.62 £0.15
0.50 573 x 106+ 6.03 x10°8 5.34x 10°+ 6.40 x108 0.52+£0.10
0.33 2.66x 10°+2.48 x108 6.10x 10°+3.84 x10°® 0.30+0.08
0.20 1.48 x 10°0+2.72 x108 7.97 x 10° £ 4.55 x108 0.16 £0.07

Equation S1 and S2. Bragg’s Law and Interplanar distance equations for cubic crystal

structures.!
A =2d(sin8) (1)

d=a/\(h* + k*+ %) )

S1


mailto:John.Capobianco@concordia.ca

Table S2. Bragg’s Law table from Figure 3, using Equations S1 and S2.

Pl Bay20Y0.80F2.80 Bay33Y067F2.67
ane
6 () d (nm) a(A) 6 () d (nm) a(A)
(111) 13.37 0.3331 5.7698 13.26 0.3358 5.8168
(200) 15.50 0.2882 5.7649 15.34 0.2912 5.8236
(220) 22.21 0.2038 5.7638 21.96 0.2060 5.8261
(311) 26.29 0.1739 5.7681 26.01 0.1757 5.8258
(222) 27.58 0.1664 5.7634 27.30 0.1679 5.8179
(400) 32.31 0.1441 5.7646 31.92 0.1457 5.8275
(331) 35.60 0.1323 5.7680 35.20 0.1336 5.8249
(420) 36.67 0.1290 5.7683 36.27 0.1302 5.8231
(422) 40.90 0.1176 5.7636 40.35 0.1190 5.8285
(511) 43.98 0.1109 5.7640 43.31 0.1123 5.8352
Average 5.766(2) Average 5.825(5)
Bags0Yo0.50F2.50 Bag67Y033F233

0 (°) d (nm) a (A) 0 (°) d (nm) a (A)
(111) 13.13 0.3391 5.8734 13.00 0.3424 59311
(200) 15.19 0.2940 5.8797 14.99 0.2978 5.9563
(220) 21.70 0.2083 5.8925 21.46 0.2105 5.9552
(311) 25.69 0.1777 5.8934 25.39 0.1797 5.9583
(222) 26.89 0.1703 5.8999 26.59 0.1721 5.9615
(400) 31.50 0.1474 5.8970 31.18 0.1488 59514
(331) 34.70 0.1353 5.8981 34.31 0.1367 5.9568
(420) 35.72 0.1319 5.9005 35.29 0.1333 5.9629
(422) 39.79 0.1204 5.8966 39.28 0.1217 5.9605
(511) 42.75 0.1135 5.8966 42.13 0.1148 5.9668

Average 5.893(9) Average 5.96(1)
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Figure S1. PXRD pattern for synthesized Ba,gY,F,, nanoparticles.
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Figure S2. Cubic barium yttrium fluoride nanoparticles doped with Eu?*: (a) excitation (A, =
612 nm) and emission (Ae, = 355 nm) spectra; (b) luminescence lifetime of the Eu** emissions
at 553 nm (°D; — 'F,), 591 nm (°Dy — F;), and 578 nm.

The Eu* ion is widely used to probe the site symmetry of lanthanide ions in a crystal host lattice.
Luminescence and excitation spectra of cubic phase nanoparticles doped with 15% Eu®* were
studied to verify the rare earth site symmetry, presented in Figure S2. Eu** emissions from the
Dy and °D; levels were observed after 'F, — 3D, excitation at 355 nm (Figure S2a).? The
emission centered at 591 nm corresponds to the Dy — ’F; transition, which is electric and
magnetic dipole allowed making it largely independent of the local symmetry of Eu3*.
Contrarily, the electric dipole Dy — ’F, transition observed at 612 nm is hypersensitive and
influenced to a greater extent by the local symmetry, coordination number, and crystal field. In
Figure S2a it is evident that the intensity of the Dy — ’F; transition is higher than the Dy —
’F, transition. The weaker hypersensitive electric dipole transition indicates a high symmetry
of the Eu?* site compared to other fluoride hosts.? This supports the conclusion from the X-ray
diffraction data (Figure 1) that the cubic Ba;,Y,F,.x phase was obtained by our synthesis
method. Moreover, in Figure S2a the band at 578 nm can be attributed to either the °D; — F;
or°Dy — 7F, transition. The latter transition occurs only if the Eu?* ions occupy a low symmetry
site (C,, C,, and C;) without inversion center.”? Luminescence lifetime measurements (Figure
S2b) of the D, and D states showed that the emission at 578 nm follows the °D; excited state
dynamics, and must be the °D; — 7F; transition. This further confirms the higher symmetry of
the rare earth site.

To assess the symmetry of the occupied site further, it is instructive to compare the structures
of CaF, and Ba;,YF,., where the Ca?" ions are substituted by either Ba** or Y3*. The
centrosymmetric nature of the cation site in fluorite-like structures (O, symmetry) should
impede j-mixing. This would result in extremely weak electric dipole transitions, due to the
forbidden nature of these transitions when the occupied site has an inversion center. However,
it is well known that distortions can occur by aliovalent substitution. This substitution gives rise
to cation vacancies and/or interstitial anions, which compensate the charge imbalance, change
the eight-fold coordination, and reduce the site symmetry with respect to the parent Oy
symmetry in CaF,.
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Figure S3. Upconversion emission spectra, upon 976 nm excitation, for BaYFs: 25% Yb3",

x% Tm3" nanoparticles.
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Figure S4. Upconversion emission spectra of BaYFs, B-NaGdF, and LiYF,4 nanoparticles

doped with Tm3* and Yb3*.3# Spectra were excited at 976 nm. The NIR spectral range is

scaled by x0.25.
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Table S3. Crystal structure data, unit cell volume, volume per Y3* ion, and shortest Y3*-Y3*
distance for important ternary fluoride host lattices.

Crystal 7 Unit Cell Volume/  Average Y3*-to-Y3" Ref
Phase Volume (A3) Y3* Site (A%)  Distance (A)*
NaYF, Cubic 2 163.7 81.8 5.39 3
NaYF, Hexagonal 1.5 108.5 72.4 5.17 6
LiYF,; Tetragonal 4 258.3 64.6 4.98 7
BaYFs; Cubic 2 202.3 101.1 5.78 8

*Using the unit cell volume and Z, the volume occupied by each Y3* ion can be calculated.
From this value and making the approximation that this volume takes the shape of a sphere, the
resulting diameter (from the center of one sphere to the center of an adjacent sphere, 2*r) would

be the average distance between Y37 sites.

Shortest Y3*-Y3" Ref.

Distance (A)
a-NaYF, 3.87
B-NaYF, 3.52 6
LiYF, 3.72 9
BaYF; 4.16 10

aNaYF4:ﬁ/2 x a = 0.707 * 547 = 3.87
BNaYF,: ¢ = 3.51871

LiYF4: (0.25a + 0.25¢), calculated in ICSD
BaYF5:ﬁ/2 x a = 0.707 * 5.89 = 4.16
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Figure S5. 'G, +3H; — 'D; + 3F4 and 'G4 + 'G4 — 'D, + 3F; cross-relaxation mechanisms.!!

Equation S3 and S4. FRET efficiency and Forster distance equations.!?
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