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Figure S1: Transmission electron microscopy (TEM) images showing yttrium fluoride
nanoparticles synthesized by the reverse microemulsion technique starting
from 40 mM ion precursor solutions. The europium doping levels are 5% (A),
10% (B), 50% (C) and 100% (D).

5.0

4.0

30

2.0

QMID (x10° A)

1.0 -

0.0 ‘ ll-!-------u----_-

0 50 100 150 200 250 300 350 400 450 500 550 600

Temperature (°C)

Figure S2: TGA-MS profiles at mass-to-charge ratios (m/z) of 18 (solid lines) and 44
(dashed lines), corresponding to H,O and CO,, respectively. Profiles are
provided for europium-doped (H30)Y3F4, - XH,0 nanocrystals with doping levels
of 5% (green), 10% (yellow), 15% (blue) and 20% (red).
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Emisison spectra of digested 5% (green), 10% (yellow), 15% (blue) and 20% (red)
europium-doped (H30)YsF,o - xH,0 single crystal nanoparticles. As a reference,
the emission spectrum of an aqueous suspension of non-digested
(H30)Y3F10:Eu20% - xH,0 nanoparticles is provided (purple). (Aexc = 393 nm)

R*=0.9831
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Europium doping levels of (H;0)Y3;F,, - xH,O nanoparticle samples, as
determined by inductively coupled plasma mass spectrometry, as a function the
theoretical doping level. The red line represents the ideal case where the
experimental doping level is equal to the theoretical one (i.e. that calculated
from initial reactant ratios).
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Emission intensity decay curve and residuals plot recorded at 592 nm (°Dg — 7F;)
for a 8 mM solution of europium nitrate in methanol fitted with one-decay time
tail-fit model.
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Emission intensity decay curve and residuals plot recorded for 20% europium-
doped (H30)Y3F10:Eu20% - xH,0 nanoparticles at 592 nm (°Dy, — ’F,) fitted with
one-decay time (top panel) and two-decay time (bottom panel) tail-fit models.
The shape of the residuals plot in the top panel indicates an ill-fitted decay curve
using a single-exponential tail-fit.



Sample composition (at%)

(H30)Y3F5:Eus% (H30)Y3Fyp:Eul0% (H30)Y3Fo:Eul5% (H30)Y3F 10:Eu20%
Element aggregate 1 aggregate 2 aggregate 1 aggregate 2 aggregate 1 aggregate 2 aggregate 1 aggregate 2
¥ 18.23 17.33 22.28 15.75 18.22 22.87 21.24 16.48
Eu 0.6 0.64 1.62 117 2.06 2.62 3.07 2.91
F 42.85 42,91 65.1 58.57 62.98 58.52 65.01 54.86
c - 284 0 68 000 - - e 16.71
Si 7.14 4.67 5.14 3.39 9.19 8.61 4.73 5.04
o] R e e
Na 2.7 -
K 3.88 3.17 4.49 3.15 4,65 5211 4.7 2.98
Ca 1.75 1.13 1.37 1.09 2.28 2.26 1.24 1.03
5 e e e e 062 00 - - e

Table S1: Elemental composition of (H30)YsFy - xH,0 single crystal nanoparticles doped at 5%,
10%, 15% and 20% with europium ions as determined by energy-dispersive X-ray

Mean doping level (at%)

Sample EDX ICP-MS
[H50)Y,F,,:Eus% 3.4 £ 0.3 3+1
(H50)¥5F,o:Eul0% 6.8 +0.1 FED:
(H50)Y5F o Eul5% 10.2 £ 0.1 113
(H50)Y¥5F o Eu20% 14+2 174

Table S2: Experimental doping level values for europium-doped (H30)Y5Fy4 - XxH,0 nanoparticle
samples determined by energy-dispersive X-ray spectroscopy and inductively
coupled plasma mass spectrometry.



(H50)Y;F10:EU5%

A (nm) Transition A, T A, T, Tave X
592 5Dy — 7F, 0.58+0.02 4.38+0.08 0.42%0.02 1.39£0.09 3.1¢0.2 1.05
611 5D, — 7F, 0.78+0.06 4.320.1 0.220.06 1.90.3 3.8£0.5 1.05
619 5Dy — 7F, 0.720.06 4.4%0.2 0.28+0.06 1.7¢0.3 3.6£0.6 1.07
690 5Dy — 7F4 - - - - - -
699 5Dy — 7F4 - - - - - -

(H30)Y3F10:EU10%

A (nm) Transition Ay T A, T, Tave X2
592 5Dp — 7F; 0.52+0.02 3.9710.08 0.480.02 1.3620.07 2.740.2 1.01
611 5Dy — 7F, 0.710.04 3.9£0.1 0.290.04 1.4%0.2 3.2¢0.3 1.00
619 5Dy — 7F, 0.64+0.05 3.9:0.1 0.360.05 1.5+0.2 3.0£0.4 1.01
690 5D —> 7F4 0.45:0.07 3.8£0.3 0.550.07 1.210.2 2.3:0.6 1.04
699 5Dy — 7F4 0.620.2 4.0+0.3 0.4%0.1 1.8+0.4 3#1 1.06

(H30)Y3F10:Eul5%

A (nm) Transition Ay T A, T, Tave %2
592 5Dy — 7F4 0.550.01 3.90£0.04 0.450.01 1.26+0.04 2.7¢0.1 1.03
611 5Dy — 7F, 0.730.03 3.950.06 0.27+0.03 1.620.2 3.3:0.3 1.08
619 5D, — 7F, 0.64+0.02 3.930.06 0.360.02 1.35£0.08 3.0£0.2 1.08
690 5Dy — 7F4 0.430.04 3.8£0.2 0.570.04 1.240.1 2.3:0.4 1.05
699 5Dy — 7F4 0.740.1 4.0£0.2 0.3£0.1 1.6:0.4 3.3:0.9 1.07

(H30)Y3F10:EU20%

A (nm) Transition Ay T A, T, Tave X2
592 5Dy — 7F, 0.560.02 3.62%0.05 0.44%0.02 1.25+0.06 2.6£0.2 0.95
611 5D, — 7F, 0.730.03 3.5810.07 0.270.03 1.440.1 3.0£0.2 1.13
619 5Dy — 7F, 0.71%0.03 3.52+0.07 0.290.03 1.00.1 2.8+0.2 0.99
690 5Dp — 7F4 0.44+0.05 3.6£0.2 0.560.04 1.1¢0.1 2.240.4 1.02
699 5D —> 7F4 0.790.05 3.7¢0.1 0.210.05 1.4%0.3 3.2¢0.4 1.03

Table $3: Phosphorescence lifetime values measured for methanol suspensions of europium-doped

(H30)Y3F1p - xH,O nanoparticles (Aexe = 393 nm). Lifetime values calculated using two-
exponential local tail-fit. Fitting ranges for all data sets were set to identical boundaries.
Uncertainties indicated for A;, 11, A,, T, calculated using support plane error analysis
(P=0.68). Decay curves for 690-nm and 699-nm emission lines of 5% Eu-doped nanoparticles
not measured due to long signal accumulation times required to achieve two-decay fits with
acceptable S/N ratios.



5Dy — ’F; (592 nm)

A (nm) Ay T A, T, Tave %2
5% 0.66+0.01 4.07+0.04 0.34+0.02 1.48+0.04 3.20+0.09 1.26
10% 0.49+0.01 4.07+0.04 0.51+0.01 1.48+0.04 2.75+0.08 1.02
15% 0.49+0.01 4.0740.04 0.51+0.01 1.48+0.04 2.76+0.08 1.07
20% 0.44+0.01 4.07+0.04 0.56+0.01 1.48+0.04 2.62+0.07 1.12

5Dy — ’F, (611 nm)

A (nm) Al T1 AZ T2 Tave XZ
5% 0.82+0.03 4.21%0.06 0.18+0.03 2.06+0.07 3.840.2 1.13
10% 0.55+0.03 4.21+0.06 0.45+0.03 2.06+0.07 3.240.2 1.03
15% 0.60+0.03 4.21+0.06 0.40+0.03 2.06+0.07 3.440.2 1.10
20% 0.46+0.03 4.21+0.06 0.54%0.03 2.06+0.07 3.00.2 1.24

5Dy — ’F, (619 nm)

>" (nm) Al Ty AZ T2 Tave XZ
5% 0.80+0.03 4.16+0.07 0.20+0.03 1.68+0.08 3.7+0.2 1.12
10% 0.56+0.03 4.16+0.07 0.44+0.03 1.68+0.08 3.10.2 1.02
15% 0.60+0.03 4.16+0.07 0.40+0.03 1.68+0.08 3.240.2 1.05
20% 0.43+0.03 4.16+0.07 0.51+0.02 1.68+0.08 2.9+0.2 1.08

Table S4: Phosphorescence lifetime values measured for methanol suspensions of europium-doped

(H30)Y3F10 - xH,0 nanoparticles (Aeye = 393 nm) for 3 strongest emission lines (592, 610 and
619 nm). Lifetime values calculated using double-exponential global tail-fit. Fitting ranges for
all data sets were set to identical boundaries. Uncertainties indicated for A;, 11, Ay, T,
calculated using support plane error analysis (P=0.68).



A (nm) Transition T 1>

592 Do —>"Fy 0.355+0.003 0.93
617 Do —>’F, 0.354+0.002 1.02
685 5Dy — F,4 0.349+0.008 0.95
694 5Dy — F,4 0.351+0.009 1.06

Table S5: Phosphorescence lifetime values for 8-mM methanol solution of europium nitrate

(Aexc = 393 nm). Lifetime values calculated using single-exponential local tail-fit.
Uncertainties are asymptotic standard errors.



