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Figure S1. The simple mixing of CaF; and silica nanoparticle dispersions in a particle weight ratio of 1 : 9 and
subsequent calcination at 600 °C for 4 h yields bulk material (photograph a), while an upstream supraparticle
formation results in a free-flowing powder after calcination (photograph b).
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Figure S2. a) The influence of nanoparticle diameter and number ratio on the inner structure of binary spray-
dried supraparticles and the inter-particle contact of one particle type (based on '*). b) The electrostatic
stabilization of binary nanoparticle dispersions in the case of equally charged (case 1.) and oppositely charged

(case II.) particle samples.
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Figure S3. Zeta potentials over the pH of silica, CaF, and TiO; nanoparticle dispersions in water.
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Figure S4. Transmission electron microscopy images with the nanoparticle size distribution obtained by
measuring at least 100 particles per sample as insets (top row) and intensity weighted agglomerate sizes
determined via dynamic light scattering (bottom row) of binary (CaF, and Si0O.) nanoparticle dispersions after
ultrasound-assisted self-limited self-assembly. The nanoparticle weight ratios CaF> to SiO; vary from a) 1:9 to b)

1:4 and c) 1:2.



Figure S5. Transmission electron microscopy image with the nanoparticle size distribution obtained by
measuring 100 particles (as inset) of binary (CaF. and Si0O;) nanoparticle dispersions after ultrasound-assisted
self-limited self-assembly. The nanoparticle weight ratio of CaF> to SiO; is 1:9 and the silica particle diameter is
around 95 nm. This consequently leads to soft-agglomerates with a silica core surrounded by CaF» nanoparticles.
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Figure S6. Scanning electron microscopy (SEM) images of spray-dried supraparticles as obtained and calcined
for 4 h at 600, 800 or 1000 °C consisting of CaF> and Si0; nanoparticles with weight ratios of a) 1:0, b) 1:2 and
c) 1:9. With increasing amount of SiO> nanoparticles within the supraparticles, the sintering of the supraparticles
is more and more inhibited.
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Figure S7. Photograph (a) and SEM image (b) of TiO2 nanoparticles calcined for 4 h at 800 °C without any silica
protection yielding bulk material.

Materials and Methods

Materials

Acetylacetone and p-toluene sulfonic acid monohydrate (98%) were purchased from Sigma—Aldrich. Calcium
chloride and ammonium fluoride were provided by Merck. Titanium (IV) ethoxide was obtained from Lehmann
& Voss & Co and europium (III) chloride hexahydrate from Easchem. Silica nanoparticles were used as an
aqueous nanoparticle dispersion (Kostrosol 0830 AS and 2040 AS, Chemiewerke Bad Kostriz, Germany),
containing 30 and 40 wt% silica with a diameter of about 8 and 20 nm, respectively. All chemicals were used

without further purification. Water was deionized before use.

Synthesis of CaF» nanoparticles

CaF, nanoparticles were synthesized via a precipitation method;’ Calcium chloride (13.84 g) and europium (I1I)
chloride hexahydrate (0.46 g) were dissolved in water (120 ml). This solution was quickly added to ammonium
fluoride (9.38 g) in water (120 ml) under stirring. The reaction mixture was stirred for 20 min. The precipitated

CaF> nanoparticles were purified via repeated centrifugation and redispersion in water.

Synthesis of TiO> nanoparticles

TiO> NPs were synthesized via hydrothermal treatment®; Titanium (IV) ethoxide was mixed with acetylacetone
as complexing agents and hydrolysed by dropwise addition of p-toluene sulfonic acid containing water over 1 h

and stirring overnight at room temperature. The molar ratio of the educts was 1.00/ 0.67/3.33/ 0.03 (titanium (IV)



ethoxide/ acetylacetone/ water/ p-toluene sulfonic acid). After hydrolysis, all volatile constituents were removed
via rotary evaporation. The obtained powder was dissolved in water to obtain a 12 wt-% amorphous titanium sol,
which was subsequently hydrothermally treated in an autoclave (with 250 ml Teflon insert filled to 75 % vol-
ume) for 4 h at 160 °C. The resultant gels were dissolved in water (3 wt-%) and pressure filtrated (0.8 pm

membrane).

Silica-protected calcination of CaF» nanoparticles

The double assembly of supraparticles was carried out as described in Figure 2a). For this, 150 ml water
containing 3 g well-dispersed CaF» nanoparticles and 150 ml water containing 27 g well-dispersed Kdostrosol
2040 AS SiO; nanoparticles were added in reservoir A and B, respectively. The pump rate of the peristaltic pump
was selected to be 5 ml-min’!. The ultrasonic treatment was carried out at 180 W and the pH-value was set to be
8 during self-limited self-assembly. The final spray-drying was carried out on a ‘‘B-290 mini spray-dryer from
Biichi (Switzerland). The inlet air temperature was chosen to be 130 °C and the outlet temperature 70-80 °C
during the spray-drying process. After spray-drying, the produced supraparticulate powder was calcined in an
oven at 600 °C for 4 h in air. For the silica dissolution, the calcined sample (3 g) was added to a 5 molar NaOH
solution (27 g) stirred at 80 °C for 6 h and at room temperature for further 12 h. The regained CaF; nanoparticles

were purified via repeated centrifugation and redispersion in water.

Silica-protected calcination of TiO; nanoparticles

The procedure was carried out as described for CaF2 nanoparticles but reservoir A was filled with 25 ml water
containing 0.5 g well-dispersed TiO> nanoparticles and B with 25 ml water containing 4.5 g well-dispersed
Kostrosol 0830 AS. The pH-value was set to be 5 during ultrasound-assisted self-limited self-assembly The

calcination of the produced supraparticulate powder was calcined at 800 °C for 4 h in air.

Characterization

Transmission electron microscopy (TEM) with a HITACHI H7650 at an acceleration voltage of 100 kV was

used to examine the nanoparticle morphology (with samples prepared on carbon-coated copper grids). For the



size determination of nanoparticles a JEOL JEM-2100(HR) at an acceleration voltage of 200 kV was used and at
least 50 nanoparticles (on at least 3 different images, which were representative for the respective sample,) were

measured. Scanning electron microscopy (SEM) was carried out on a Zeiss Supra 25 SEM at 3 keV.

Dynamic light scattering and zeta potential analysis were conducted on the Zetasizer Nano ZS (Malvern
Instruments) in combination with the Multi-Purpose Titrator MPT-2. The isoelectric points were determined
during titration with the help of HCI and NaOH. For dynamic light scattering measurements, the particle
concentration was always set to 10 mg particle per 1 ml of water. For measuring binary CaF, and silica
dispersions, the refractive index was set to 1.475 of silica, which nevertheless is very close to the refractive index

of CaF, (1.433).

The as synthesized and calcined CaF2 and TiO; nanoparticle samples were analyzed via XRD on a PANalytical
Empyrean Series 2 employing Cu Ka radiation. The crystallite size of the CaF> NPs was determined based on
Scherrer’s formula for the peaks (111) at 28.2° and (220) at 46.6° 20 from the XRD (taking the average of the
sum of these two peaks). For the calculation of the crystallite sizes of the TiO> NPs the peaks (011) at 25.2° and

(200) at 47.8° 20 were used.

Photoluminescence analysis on CaF, powder samples was carried out on a Jasco FP-8600 NIR
Spectrofluorometer excited at 254 nm. The photocatalytic activity of TiO; nanoparticles was assessed via
measuring produced chloride ions during the dichloroacetic acid degradation under UV light application as
already described before.” The only modification was the reduction of the reactor volume and thus, of the

measured solution to 0.5 L (water, 100 mg/L NP and 1 g/L dichloroacetic acid).
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