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S1. Materials, Syntheses and Instrumentation

S1A. Chemicals for NPs. LaCl;-7H2O (99.999%, Sigma), EuClz-6H>O (99.99%, Sigma),
methanol (97%, Dieckman), tributyl phosphate (99%, Dieckman), diphenyl ether (99%, Sigma),
tridodecylamine (95%, Macklin), phosphoric acid (85 wt % in H>O, 99.99%, Sigma), dihexyl ether
(98%, Macklin).

Chemicals for glass matrices.

B203 (99.9%, Aladdin), TeO> (99.99%, Macklin), BaCO3 (99.95%, Aladdin), Na;CO3 (99.99%,
Aladdin), CaO (99.5%, Macklin), TiO2 (99.99%, Aladdin), P>Os (99.995%, Macklin), ZnO
(99.99%, Macklin), PbO (99.999%, Macklin), A1>O3 (99.997%, Alfa Aesar).

Table S1. Alcohols: RI and supplier

Solvent Refractive index Supplier
Propanol 1.3788 Sigma
Butanol 1.4015 Sigma
Pentanol 1.4090 Sigma
Hexanol 1.4178 Sigma
Heptanol 1.4249 Sigma

S1B. Synthesis of NPs:!? A clear solution of 1 mmol lanthanide chloride (LaCls-7H0),
EuCl3-6H>0 in 1 mL methanol was mixed with 4 mmol tributyl phosphate. Subsequently, the
methanol was removed under vacuum at 40 °C in a Schlenk line. Next, 3 mL of diphenyl ether
was added, and the water released by the hydrated salts was removed under vacuum at 105 °C.
The system was purged with nitrogen in a Schlenk line. After cooling to 50 °C, 3 mmol
tridodecylamine was added, followed by 0.7 mL of a 2 M solution of phosphoric acid in dihexyl
ether. The reaction mixture was kept for 6 h under nitrogen at 200 °C. After natural cooling, the
nanocrystals were precipitated from the reaction mixture by the addition of methanol and washed
with methanol three times and then dried by a freeze dryer for 12 h.

S1C. The removal process of surface capping of LaPOs: Eu®" (5 at. %) NPs.? The ligands of
the LaPO4 nanoparticles were removed using a base-piranha treatment. The piranha solution was
prepared by mixing NH4OH solution (30% in water, heated to 80 °C) and H20: (30% in water) in
an approximate weight ratio of 3:1. The nanoparticles were added to 50 mL of the above solution,
and the mixture was left to react at 90 °C for 4 h. After cooling to room temperature, the
nanoparticles were collected by centrifugation and washed multiple times with acidic ethanol
(ethanol containing 0.1 M HCI, adjusted to pH 4). Finally, the nanoparticles were dried in an oven
at 80 °C.

S1D. Solid state sintering synthesis method of LaPO4: Eu®* (0.1 at. %) bulk sample.* First,

LaxO3 and EuxO3 were mixed in proportion with NH4H2POy as starting materials. Then, grinding
starting materials in agate mortar with iso-propanol for an hour. Subsequently, the ground product
was transferred to a muftle furnace and subjected to heat treatment at 1350°C for 8 h.



S1E. Preparation of glass matrices.’'° All the glass matrices were prepared using the
traditional melt-quenching method. The composition ratio, melting temperature and time are in
the tables (SI, S1H section).

S1F. Preparation of PiG.%!! The PiG composites were prepared using a two-step melt-quenching
method. In the first step, the tellurite glass matrix with a molar composition (mol%) of (62-x)TeO>—
xB203-18Zn0O-16Na,0—-4A1,0;3 (x = 0-35) was melted at 800 °C for 40 min and then poured onto
a copper plate to get the bulk glass matrix. Afterwards, the glass matrix was ground into a fine
glass powder by a planetary ball mill (500 rpm min™!, 4 h) for the second melting process. In the
second step, the glass powder was put into the corundum crucible and melted at 580 °C for 15 min.
Then the crucible was taken out from the furnace and the bare LaPO4:Eu’" (5 at. %) NPs were
quickly placed into the high-temperature glass melt with quick stirring by a glass rod for 5 s, and
then the melt mixture was immediately poured onto (i) a preheated (280 °C) copper plate, or (ii)
an ice bath, to form the PiG.

With the same two-step melt-quenching method, the second type of PiG was prepared. The tellurite
glass matrix TeO2-ZnO-BaCO3; was melted at 900 °C for 30 min and then poured onto a copper
plate to get the bulk glass matrix. Afterwards, the glass matrix was ground into a fine glass powder
by a planetary ball mill (500 rpm min!, 4 h) for the second melting process. In the second step,
the glass powder was put into the corundum crucible and melted at 600 °C for 15 min. Then the
crucible was taken out from the furnace and the bare LaPO4:Eu** (5 at. %) NPs were quickly
poured into the high-temperature glass melt with quick stirring by a glass rod for 5 s, and then the
melt mixture was immediately poured into an ice bath, to form the PiG.

For the third type of PiG, the tellurite glass matrix TeO;-B203-BaCO3 was melted at 900 °C for 30
min and then poured onto a copper plate to get the bulk glass matrix. Afterwards, the glass matrix
was ground into a fine glass powder by a planetary ball mill (500 rpm min™, 4 h) for the second
melting process. In the second step, the glass powder was put into the corundum crucible and
melted at 700 °C for 15 min. Then the crucible was taken out from the furnace and the bare
LaPO4:Eu®" (5 at. %) NPs were quickly placed into the high-temperature glass melt with quick
stirring by a glass rod for 5 s, and then the melt mixture was immediately poured into an ice bath,
to form the PiG.

S1G. Instrument description. The X-ray diffraction (XRD) patterns of nanoparticles were
collected by a Rigaku Smart Lab 9 kW—Advance instrument using CuKa radiation (1=1.5418 A).
The emission and excitation spectral measurements at room temperature were recorded by an
Edinburgh FLS1000 spectrometer, using a 450 W xenon lamp as the light source and a PMT-900
detector. The spectral transformations and integrations as well as lifetime decay measurements
were performed using the software OriginPro 2021. Integrated emission intensities were measured
by transforming to an energy scale taking into account the Jacobian correction.

Lifetime measurements were also performed using the Edinburgh FLS1000 spectrometer, utilizing
a uF2 Xenon Flashlamp as the light source. Quantum yields (QY) were measured using the
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integrating sphere accessory of the Edinburgh instrument. They were calculated by the instrument
software and checked by calculation. Transmission Electron Microscope (TEM) photographs of
NPs were measured by the JEM-2100F instrument, a multipurpose 200 Kev FE (field emission)
analytical electron microscope. Scanning Electron Microscope (SEM) photographs and Element
Mapping were collected by the TESCAN VEGA3 instrument with a tungsten thermionic emission
SEM system.

S1H. Composition of glasses

Table S2. Borate glass matrix, B>03-BaO.’

%B20; | %Ba0 | Refractive index | Density (g cm™) Melting temp/time
80 20 1.5592 2.8
75 25 1.5829 3.07
70 30 1.6099 3.35 1200 °C/30 min
65 35 1.6270 3.57
60 40 1.6409 3.76

Table S3. Borate glass matrix, B203-TeO>-Na,O-CaO-Ti0,.°

%B10s | %TeOs | %Na:O | %CaO | %Tio, | Refractive | Density Melting
index (gem™) temp/time
60 20 10 10 0 242 2912
60 20 10 9.5 0.5 2.47 2.920 o
60 20 10 9 1 2.51 2.998 IOO?nir(li/Z»O
60 20 10 8 2 2.56 2.870
60 20 10 7 3 2.59 2.873
Table S4. Phosphate glass matrix, P,Os-ZnO-PbO.’
%%P20s 0%47n0 %PbO Re‘fractive Densi_t3y Meltipg
index (gcm™) temp/time
60 10 30 1.58 3.74
40 50 10 1.62 3.55
50 0 50 1.64 4.64
50 10 40 1.66 431 1050 °C/30
40 10 50 1.72 5.10 min
45 5 50 1.77 4.86
40 0 60 1.81 5.37
30 20 50 1.87 5.60




Table S5. Tellurite glass matrix for PiG, TeO2-B203-Zn0O-Na>0-AL03.%

%TeOs | %B20s | %Zn0 | %NaxO | %AlL0; | REMactive | Density | Melting
index (g cm™) temp/time
27 35 18 16 4 1.61 3.61
34 28 18 16 4 1.64 3.75
41 21 18 16 4 1.69 4.03 800 °C/30
48 14 18 16 4 1.76 4.25 min
55 7 18 16 4 1.83 4.49
62 0 18 16 4 1.87 4.79
Table S6. Tellurite glass matrix for PiG, TeO>-Zn0O-BaO.’
0% TeO, %710 9%4Ba0 Re‘fractive Densi_tsy Meltipg
index (gem™) | temp/time
52.5 22.5 25 1.906 5.30
55 25 20 1.928 5.34
60 15 25 1.947 5.35
60 25 15 1.972 5.39 900 °C/30
60 35 5 1.991 5.40 min
70 5 25 2.001 5.44
70 25 5 2.045 5.45
80 15 5 2.092 5.50
Table S7. Tellurite glass matrix for PiG, TeO»-B203-Ba0.°
% TeO, %4B10; 9%4Ba0 Re‘fractive Densi_t3y Meltipg
index (gecm™) | temp/time
20 40 40 1.83 4.17
30 35 35 1.84 4.21
40 30 30 1.92 4.33 900 °C/30
50 25 25 1.93 4.37 min
60 20 20 1.98 4.54
70 15 15 2.02 4.86

Table S8. Some previous RT measurements of lifetime of LaPO4 doped with Eu®”.

System Dy Lifetime (ms) Ref.
1.5 um LaPO4:Eu®* (5 at.%) microspheres | 2.41 12
bulk LaPOs:Eu’ (2 at.%) 3.18 13
4 nm LaPO4:Eu** (5 at.%) NPs 3.9 14
15.7 nm LaPO4:Eu’" (5 at.%) NPs 0.97 15
particles >100 nm LaPO4:Eu** (10 at.%) | 3.31 16
5 nm LaPO4:Eu®" (10 at.%) NPs 2.44 16
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10-20 nm LaPO4:Eu’" (4.2 at.%) NPs 2.25 17
5-10 nm LaPO4:Eu** (10%) nanorods 4.65,1.75 18

S2. Theoretical background

The models of local field effects are usually based upon cavities although Aspnes'® and others?%-*!

have deduced the same equations without reference to those. The Lorentz (Full Cavity or Virtual

Cavity) model is employed for bulk materials.?**

The spontaneous emission rate (4 s') for the ED allowed transition between upper state A and
lower state B in an isotropic medium of refractive index # is given by:*?

A = A(O)nT (S1)

where A(0) s the rate in a (vacuum) medium of refractive index equal to one, and I" (the local field
correction, dimensionless) represents the ratio of the local to the macroscopic electric field
experienced by the chromophore (Eioc/Emacr)>. The radiative lifetime 1 is the reciprocal of the
spontaneous emission rate 4. The intensity of this transition (in photon counts s™') is given by:

IAB = NAA (S2)

For MD allowed transitions, where the magnetic susceptibility equals the vacuum value, since the
microscopic magnetic field operator has no refractive index dependence, the variation of
spontaneous emission rate just varies approximately as the cube of the photon density of states,
that is, to the cube of the refractive index of the medium. Considering this effect, for our bulk
samples:

Aymppulk = Amp(0)ng; (S3)
3+ 2526

where 14.65 s has been given for the value of Ayp(0) for the Dy — ’F) transition of Eu’",
and the refractive index of LaPO4 is ne = 1.79. This includes the assumption that the ED
contribution to the >Dy — F| transition is negligible.

The use of an effective refractive index is taken to be valid when the size of the particles is much
smaller than the wavelength of radiation. In the present case the effective refractive index is
defined for a Maxwell-Garnett nanocomposite: i.e., the medium (with refractive index #7med) in
which the nanoparticles (with refractive index 7np) are embedded:?’

Zf(nlz'lp_nrzned)"'nlzlp"'znrzne'i} (84)

nleg = N2 {
eff med znrzned+n121p_f(nlzlp_n12ned)

where f'is the filling factor (i.e., volume ratio of the space occupied by the particles). Otherwise,
the effective refractive index has been defined:?

Negg = f " Nop + (1 = f) * Nied (S5)



As shown in Fig. S1, the values of nesr and nmeqa become closer together when 7meq approaches the
same value as 7np (1.79 in this case). The Eq. S4 and S5 give similar values of nefr except at higher
values of f.
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Figure S1. Variation of 7esr with nmeq according to Egs. (S4) and (S5), with two different values of
filling factor, f: 0.002 and 0.2.

Pukhov et al.*-! considered the spontaneous emission rates for nanoparticles of various
geometries embedded in media. The model is valid only for small-sized optical centers in a
crystalline nanoparticles that have a spherical shape, with linear sizes much less than the
wavelength of spontaneous emission and suspended in a non-absorbing dielectric medium. Other
assumptions are given in the manuscript of Pukhov et al.’° The f=1 system, the bare NPs, have
been included in the model. For simplicity, we assume spherical NPs. Analogous to Eq. (S3), for
the case of MD spontaneous emission of NPs:*!

Ampnp = Amp (0)ndg (S6a)
Ampnp = Amp puikNeg/Map (S6b)
and 1/(Tmeas,MD,np) = AMD,np + krllr (S6C)

where 1/(TmeasMD,np) 18 the MD contribution to the experimentally measured rate constant and k..
is the corresponding nonradiative rate contribution.

As a function of effective refractive index, the ED spontaneous emission rate is given by:
2

)_1] (S7af)

_ Neff 3
Agpnp = AEpbulk X —— 752 —
Nnp np np
7z +2—f[ Y
med med

where Agp puik refers to the bulk material. The reciprocal of the measured lifetime, (1/Tmeas.np), can
be written as:




1/(Tmeas,np) = AED,np + AMD,np + knr (S7a)

and kp,is the average nonradiative rate contribution. Here, Agp np is given by Eq. (S7a) and

Awmp,np can be given as either Eq. (S6a) or (S6b) and here it is in the former:
3n2 2
1/(Tmeas,np) = AED(O) X neff{ nmedz 2 ]} + AMD(O)ngff + knr (S7b)

2 2
Nap+2Nmeq—f [nnp “Mmed

The variation of ED:MD intensity ratio with refractive index for NPs is obtained by dividing Eq.
(S7a) by Eq. (S6b):

_ AEDbulk IMmedthip 1
AED AMD S&a
np* np Amp bulk (215 cq+nap—f (Mhp—nZieq)) (2F(nEp—nZ eq)+Map+2nEeq ( )

2
Do gy e 1§ o e v (35)

Amp (0) (2nfeq+nip=f (Mip—Niea)) (2f (MRp—Mhea) +Nip+2niea

Assuming the appropriate refractive index of LaPOy (1, = 1.79) and the filling factor of 0.02, Fig.
1f depicts the variation of Eq. (S8b) in this case. The figure shows that from the refractive index
range 1.5 to 1.7, the value of the ratio ED:MD is predicted to decrease by 5.4% for NPs.

The model employed in the literature for the correction of spontaneous emission probability for

micron size materials in a medium of refractive index » is the Virtual Cavity model. The relevant
equation is for electric dipole radiation:

Virtual Cavity model: A(n) = A(0)n [n +2]

(89)

Using this model, the reciprocal lifetimes, k£ = 1/t, may be fitted as a function of refractive index
by the equation:

n?+2

Virtual Cavity model: k(n) = 14.65n° + A(0)n [ ] + Ky (S10)

n%+2

Virtual Cavity model: ED: MD ratio = A(0)n | ] /(14.65n3) (S11)

For NPs, the index # in Eq. S9-S11 can be replaced by the effective refractive index, nefr.

The fully microscopic model of Crenshaw and Bowden predicts a weaker dependence of

radiative lifetime upon the medium refractive index:*>3*

A(n) = A(0) [” *2] (S12)
So that the reciprocal lifetime is given by:

k(n) = 14.65n3 + A(0) [" 2]+ ey (S13)

And the ED:MD ratio by:



n242
3

ED: MD ratio = A(0) |22 /(14.65n%) (S14)

As above, for NPs, the index n in Eq. S12-S14 can be replaced by the effective refractive index,
Neff.

This model does not provide good fits to our experimental data and is not further considered.

In the above formulae, which value of n(A) should we plug into the formula: (i) » at the absorption
wavelength? (ii) n at the emission wavelength? (iii) an average over the entire emission spectrum,
or individual values at different wavelengths? Ideally, the answer is (ii). Due to the lack of data
and the procedure adopted in previous studies of the local field effect, we have made the
assumption that the refractive index change can be neglected over the range of emission
wavelengths. Hence, for Eu®* the choice adopted is the refractive index at the fundamental
transition energy of the ion in the particular host. Using a single n value is a good approximation
because the dispersion of n is often small across the visible range and the error involved is
comparable with that of other assumptions in the calculation.

Some data fits were carried out assuming various assumptions of the refractive index dependence
of the parameter k. It was found that slightly improved results could be achieved by using a
dependence upon the dielectric constant (i.e. upon n?) or using a real cavity type dependence. We
have not included these results because they only serve as complications.

S3. Nanocavity model for LaPO4:Eu’" NPs

The nanocrystal-cavity (nanocavity) model has been employed in several publications describing
the optical behavior of LaPO4:Eu** NPs.3*3® The model is the same as the Real Cavity model
except that the quantity 1 in the denominator is replaced by nﬁp. The same model has been

employed by Yablonovich et al. 37 and Chew.®

The equation for the decay rate for an electric dipole transition in a refractive index 7meq according
to the Nanocrystal Cavity model (Nanocavity model) is given in Ref. 35, Eq. 5; Ref. 36, Eq. 2 as:

3nfned 2
Agpnp = Agp(0)Nmeq (—) (S15)

2 2
2N5ed +Nap

In the manuscript, we have:

Neff 3

Agp,Nnp = Agpbulk X =752 Y (S7a)
nrzned nrzned

When f= 0, nefr = nimed, S0 this becomes:



2

5 2
_ NMmed 3 _ Mmed 3NMmed
Agp,Np = AED bulk X — 2 = Agp bulk X { PR (S16)
np UL W) Mnp (Mnp+2Npeq
nrzned

assuming Agp (bulk) = n,,Agp(0) when fi = 1: Ref. 31, Eq. 9; Ref. 30, Eq. 1, we have:

3nea |
Agpnp = Agp(0) X Nyeq {n—g} (S15)

2
nnp+2nmed

Which is the same as the Nanocavity model. Hence, all of the equations employing the model of
Pukhov ef al. in the present work will similarly reduce to the Nanocavity model when f= 0 and

Neff = Nmed.

S4. Fitting of lifetimes of LaPO4:Eu** NPs in alcohols
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Figure S2. Experimental results for emission decay of LaPO4:Eu’" (5 at. %) NPs dispersed in
different solvents and monitored at (a) 592 nm, (b) 612 nm, (c) 697 nm, (d) 810 nm. i propanol, ii
butanol, iii Pentanol, iv hexanol, v heptanol, vi heptanol-1(repeat one).
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The emission decays were by monoexponential equations and the resulting lifetimes for
LaPO4:Eu®" NPs dispersed in alcohols have been fitted in Fig. 2h by the model of Pukhov et al.
$29-831 A repeated experiment has also been included in Fig. 2g.

It was found that fitting Figs. 2g and 2h using the simple Virtual Cavity model realized data fits
with similar Raqi? values as from the model of Pukhov et al. The fitted parameters kn: were generally
similar but the values of 4gp(0) were about 2.75 times smaller for the Virtual Cavity model. With
extrapolation to n = 1, this means that the QY are predicted to be much smaller for this model
(Table S6).

Table S9. Comparison of fits to lifetimes of NPs dispersed in alcohols.

dem (nm) | Eq. SI0 Rag® | Eq. S7b Rag® | Eq. S10 Eq. S7b
Aep(0), knr (s Aep(0), ke (s™)

2™ batch

697 0.96017 0.96068 55,48 152,36

809 0.96934 0.96993 52,50 145,41

592 0.96224 0.96301 56,43 156,31

612 0.95202 0.95277 61,38 170,25

1% batch

697 0.95106 0.94799 51,82 140,74

592 0.93538 0.9323 49,95 132,87

612 0.91935 0.91594 53,124 145,115

Average | Eq.S10 Eq. S7b Eq. S7b QY%, n=1

Values Aen(0), knr (51 | 4ED,butk, kor (s™) | AEn(0), Kar (s) Eq. S10, Eq. S7b

29batch | 56(4), 45(5) | 279(19),33(7) | 156(11), 33(7) | 48, 76

" batch | 51(2), 100(22) | 249(11), 92(21) | 139(6), 92(21) | 31, 57

Eq. S10 is the Virtual Cavity model; Eq, S7b is the model of Pukhov ef al. Ragi” is the adjusted
coefficient of determination in the fits; there are two free parameters in each case. The
percentage quantum yield, QY %, refers to the situation of n = 1: where 1/t = 14.65+A4p(0)+nr.

From our studies of different batches of NPs, the fitted values of the parameters Aep,puik and kar
for NPs from Eq. S7b were found to be in the range of 266+22 s and 59+34 s™!, respectively.

The calculated nonradiative rates are fairly similar when using Eq. S10 or S7b. The sum of
AED pulkcthnr for LaPO4:Eu’* (5 at.%) micron size particles is in the range of 219-360 s™! from
literature values (Table S8); the values calculated using the Real Cavity model of Pukhov (Eq.
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7b) and the Virtual Cavity model (Eq. S10) are in the ranges of 313-341 s and 145-191 5!,
respectively (Table S9), so that the former model shows better agreement, considering the
expected increase in &y from micron to NPs

S5. Spectra of bare LaPO4: Eu’* (5 at.%) NPs

(a) (b)
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Figure S3. Excitation (a) and emission (b) spectra of bare LaPO4: Eu** (5 at. %) NPs powder
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Figure S4. (a-d) Lifetimes of bare LaPO4:Eu®" (5 at. %) NPs, monitoring 592, 612, 697, 809 nm
respectively.
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S6. Spectra of LaPO4: Eu®* (0.1 at. %) micron size powder
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Figure S5. LaPO4:Eu’* (0.1 at. %) micron size powder: (a) Excitation spectra. (b) Emission
spectra. (c¢) X-ray diffractograms. (d), (¢) Scanning electron micrographs. (f) Particle size.

S7. Selected spectra of glass matrices
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Figure S6. Absorption spectra of (a) prepared x%B203-y%BaO borate glasses; (b) aTeO2-bZnO-

cBaO glasses.
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Figure S7. Emission spectra of BO3-BaO borate glass matrices.

S8. Glass powders mixed with NPs
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Figure S8. Lifetime of phosphate glasses a%P205-6%Zn0O-c%PbO mixed with NPs powder.
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Figure S9. Lifetime of compressed discs made from phosphate glasses a%P20s-b%Zn0O-
¢%PbO mixed with NPs powder.
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Figure S10. Repeated lifetime of phosphate glasses a%P205-6%Zn0O-c%PbO mixed with NPs
powder.
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Figure S11. TEM photographs and the size distribution of the NPs dispersed in P20Os-ZnO-PbO
glasses.
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Figure S12. TEM photographs and the size distribution of the NPs dispersed in B20O3-TeO»-
NaxO-CaO-TiO> glasses.
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Figure S13. TEM photographs and the size distribution of the NPs dispersed in B20O3-TeO»-

NaxO-CaO-TiO; glasses.
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S9. Fitting of lifetime data from Ref. 39.
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Figure S14. Lifetime data from Ref. 39 for B>O3-PbO-Eu,0; glasses fitted by two models.

S10. Comparison with NPs in melted phosphor in glass (PiG)

The spectra and lifetime of LaPO4:Eu (5 at.%) NPs TeO2-B203-Zn0O-Na,0-Al>0O3 PiG melted at
800 °C and 1000 °C for 15 min (Aexe = 394 nm) are displayed in Fig. S15 (a), (b) and (c), (d),
respectively. The integrity of the LaPO4:Eu** NP moiety has been lost and Eu®* is now incorporated
into the glass framework, as in Fig. 4a. The lifetime becomes shorter.

Figure S15 (e) compares the spectra of bare NPs with the further melted PiG and the 62-0-18-16-
4 PiG. The further melted PiG is observed to contribute some intensity to the PiG, as marked by
green arrows.
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Figure S15. The emission spectra and lifetime of LaPO4:Eu (5 at. %) NPs in 41% TeO2-21% B20:s-
18% ZnO-16% Na>0-4% Al>O3 PiG melted at 800 °C (a), (b) and 1000 °C (c), (d) for 15 min. (e)
Comparison of the spectra normalized on Dy — "F for bare NPs (blue) with 62% TeO2-0% B20;-
18% ZnO-16% Na,0-4% Al>O3 PiG (black). The TeO2-B203-ZnO-Na>O-Al,O3 PiG melted at 800
°C is shown in red.

S11. TEM photographs of NPs in phosphor in glass (PiG)

Dam e e —pramoy | e—— le—————

Figure S16. (a)TEM photographs and (b) elemental mapping images of selected a%TeO:-
b%B203-c%Zn0-d%Na,0-e2%A1,03 (a=41,b=21,c=18,d =16, e = 4) PiG.
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Figure S17. (a)TEM photographs and (b) elemental mapping images of selected a%TeO2-b%ZnO-
¢%Ba0 (a=60, b=25, c=15) PiG.

-

Figure S18. TEM photographs of selected a%TeO2-b%Ba0O-c%B>03 (a = 50, b =25, ¢ = 25)
PiG.
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S12. ED:MD ratio of NPs in phosphor in glass (PiG)

40 %
n
235
il
(m]
=
1

330

2.5

| |
T T
16 17 1.8

Refractive index, n 4

Figure S19. Plot of mean ED:MD ratio in Fig. 5d for TeO>-B>03-Na>xO-CaO-TiO> glasses with

the fit: ED:MD ratio = Axn} 4, where 4 is a constant.
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S13. Calculation of quantum yield for NPs in heptanol.
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Figure S20. Decay curve (black line) of 592 nm Eu®" emission for LaPO4:Eu’** 5 at.% NPs in
heptanol excited at 251 nm, and the radiative decay curve with QY =1 (red line), 1. = 5.86 ms.
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S14. Global comparison of results

Table S10. Summary of ranges of parameters for LaPO4:Eu®* 5 at.% NPs in different

media
T(SDO) . xexc
System Type RI range ms R2 ED:MD (nm)
Bare NP 1.79 3.74(5) 0.98 3.53 251
4.09(8)-
Alcohols 138142 | Jgio 0.90-0.89 | 3.26(2)-3.23(2) | 394
3.5(2)-3.4Q2)
onlft‘éno‘ 1.58-1.87 | 3.4(1)-3.4(1) | 1.203)-1.2(2) 2.62.7 394
3.4(1)-3.4(1)
B203-TeOs- 3.57(4)-
NP-glass | Nax03-CaO- | 2.42-2.58 | 3.52(4)1 1.35-1.34 3.78-3.78 394
mixture TiO, 3.5(1)-3.5(1)
3.91(4)-
3.86(4)1
B:03-BaO | 156-1.64 | T'gq 0.95-0.94 3.12-3.15 251
3.83(7)
B:0--PbO. 2.1-1.17
2E3 o 1.68-2.06 |  2.07(5)- 3.86-4.25 6.22-7.06 394
123 1.07(2)
3.01(0)-
Mf;tsesd Bzgfl-](s)ao- 158-1.64 | 244(3)% | 3.57-474 580-738 | 394
& 23 2.9(2)-2.4(2)
B203-TeO,- 2.09(3)-
Na;0-CaO- | 2.42-2.58 | 2.03(2)" 5.68-5.41 8.56-8.30 394
TiO» 2.0(1)-2.0(1)
TCO2—B203— q
leilgd ZnO-Na:O— | 1.69 11;;‘28) 5.65 8.68 394
AlO3 )
TeO»-B203— 3.15(2)- 0.96(5)-
ZnO-Na,O- | 1.61-1.87 | 3.24(8)" Lo 2.43(3)-3.6(2) | 394
ALO; 3.0(1)-2.3(2) :
2.71(6)-
PiG Teogf)“o' 1.91-2.05 | 2.48(3)1 1.32-1.24 3.32-2.99 394
2.4(5)-2.3(4)
3.09(2)-
Teoéf(;@' 1.83-2.02 | 2.87(4)" 1.28-1.16 3.45-3.10 394
2.8(4)-2.6(3)

Neglecting the monitoring at 612 nm.
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