Supporting Information

Morphology-controlled precipitation of cerium oxalate crystals:
the effect of water in nanostructured solvent

Irma Liascukiene!, Marie Jehannin®, Joseph Lautru?, Renaud Podor?, Sophie Charton*",
Fabienne Testard”

! Université Paris-Saclay, CEA, CNRS, NIMBE, 91191 Gif-sur-Yvette Cedex, France
2 1CSM, CNRS, Univ Montpellier, CEA, ENSCM, Bagnols-sur-Céze, France

3ANU, RSPE, Department of Applied Mathematics, Canberra, Australia

“CEA, DES, ISEC, DMRC, Univ. Montpellier, Marcoule, France

*Corresponding Authors: fabienne.testard@cea.fr and sophie.charton@cea.fr

1. Nanostructure of the Ternary systems
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Figure S1. SAXS patterns of Ternl and Tern2 solutions containing water, cerium nitrate/water and an
oxalic acid/water solution for stoichiometric conditions. Line corresponds to the fit of the Ternl and

Tern2 for the water case, by gaussian distribution of spheres for Tern 2 (R= 4.0 A, o= 4.0), or by
cylindrical shapes with ellipsoid section (of aspect ratio AR) for Tern 1 (R=5.73 A, AR=2.0, L= 103

A).
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2. Comparison of cerium oxalate precipitation in pure water and in
water/propanediol/octanol ternary solvent (Ternl):

For water conditions, the solutions of Ce(NOs3)s at 0.07M and oxalic acid at 0.535 M have been
mixed together in the same conditions as for Ternl conditions. The precipitation is immediate

after mixing and the complete sedimentation is observed in seconds.

Figure S2. Environmental electron scanning microscopy (ESEM) images after CeNOs precipitation

under excess of oxalic acid in (A) water (scale bar is 10um) and in Tern1 (scale bar is 30um).

After the precipitation, the powders have been extracted and washed for an IR analysis (Figure
S3). The powder has the same IR absorbance bands indicating precipitates of the same nature.
FTIR spectra were recorded using Vertex 70, Bruker spectrometer. The spectra were collected
over the 400 — 4000 cm™* spectral range with the 4 cm™ resolution. KBr pellets were prepared
by compressing approximately 1 mg of sample dispersed in 100 mg of KBr. Obtained spectra

were subtracted from KBr, water, CO> by using OPUS software.
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Figure S3. Infrared spectra of powders obtained by synthesis in water or in Ternl for stoichiometric

and excess oxalic conditions.

3. Optical microscopy of Ternl reactive solution

The particles growing could be observed by optical microscopy (Figure S4) but their individual
features were not clearly identified. After 3 hours, individual particles could be observed and
characteristic shapes evidenced: “crosses” and “snowflakes” for stoichiometric ratio of
reactants, and for excess of oxalic acid (Figure S4 A, D, respectively), which further continue

to evolve (Figure S4B, C, E, F).
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Figure S4. Bright field images of cerium oxalate particles in stoichiometric conditions (A, B, C) and
excess of oxalic acid (D, E, F), synthetized in ternary solvent Ternl after 3 hours (A, D) and at the final
state (B,C,E,F), i.e. after total sedimentation of the powder in the solution in the volume of 500 pl/500ul
of each reagent at room temperature: 2-3 days for stoichiometric condition, and more than a week in the

excess of oxalic acid (B, C, E, F). Scale bars are 50 um.
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4. ESEM of reactive solutions in Ternl system

Figure S5. ESEM of cerium oxalate particles under stoichiometric conditions synthetized in ternary
solvent Ternl just after mixing, Scale bar is 20pum.

Figure S6. (A) Typical particles in the Ternl solution just after mixing for fresh stoichiometric

conditions (scale bar is 10um) before total evaporation of the solvent. The particles of fresh conditions
after drying for (B) stoichiometric and (C) excess of oxalic acid (Scale bars are 1um and 3um,

respectively).
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5. Kinetics of growth

Subtraction of microemulsion signal

The SAXS patterns of the reactive solutions are compared to the microemulsion patterns before
mixing. In the low q range, the reactive solution has a stronger intensity than microemulsion
ones. In the large q range, the signal is dominated by the broad peak of the solvent related to
the solvent composition. These two features allow us to consider the subtraction of the

microemulsion signature to extract the signal from growing particles.
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Figure S7. SAXS patterns of ternary system with oxalic acid and first reactive solution after mixing (t1,
t’1 and t’1) for Ternl (A, B) and Tern2 (C, D), (A,C) stoichiometric conditions (CeOx) and (B,D)
excess oxalic acid conditions (CeOxEx). tl= 2h for both conditions for Ternl and t’1=1h for

stoichiometric conditions and t>>1=1h30 for excess conditions for Tern2.
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Zoom on Bragq peak evolution in Tern 1 systems
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Figure S8. SAXS kinetic of oxalate cerium precipitation for stoechiometric conditions (CeOx) in

Ternl solvent. Close-up of the Bragg peaks region from Figure 6 (1st line). The symbol (*) indicates

the first visible peaks which then decrease as the characteristic peaks of oxalate cerium grow over time
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Figure S9. SAXS kinetic of oxalate cerium precipitation for excess conditions (CeOXEX) in Ternl
solvent. Close-up of the Bragg peaks region. The symbol (*) indicates the first visible peaks which then

decrease as the characteristic peaks of oxalate cerium grow over time.
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Zoom on Bragq peak evolution in Tern 2 systems
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Figure S10. SAXS kinetic of oxalate cerium precipitation for stoichiometric conditions (CeOx) in
Tern2 solvent. Close up of the Bragg peaks region. The symbol (*) indicates the first visible peaks

which then decrease as the characteristic peaks of oxalate cerium grow over time.
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Figure S11. SAXS kinetic of oxalate cerium precipitation for excess conditions (CeOXEX) in Tern2
solvent. Close-up of the Bragg peaks region. The symbol (*) indicates the first visible peaks which then

decrease as the characteristic peaks of oxalate cerium grow over time.
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Bragg peak evolution versus time for Ternl and Tern2 for stoichiometric and excess

conditions
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Figure S12. Bragg peak evolution versus time for Ternl and Tern2 for stoichiometric and excess
conditions.
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N, R plot from Beaucage modeling

We used the empirical multiple level unified exponential/power law fit method developed by
Beaucage et al [1] to fit the data with 2 levels for g < 0.7 A™.

2 2p2 2p2
—q?R?, —q?R%,\ 1
I = bf + z Gi exp( a gl) + Bi exp <M> (—*)pi
T 3 3 q;

With ¢ = q [erf ( )]_3

The radius of the primary particles is extracted from the Guinier radius (Rgi) considering

aRg;
Ve

spherical particles: R = \ERgi

An approximation of the density number of particles”N;” is extracted from Gi= Ni(Ap)?V?
with Ap= 8,6 10%° cm for cerium oxalate/water scattering length density contrast.

The fits are obtained from SASVIEW software [2].

The values of the primary particles (Rgl, G1 and B1) are not much modified when only one

level is considered for the fitting below 0.3 A,
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Figure S13. N, R plot from Beaucage modeling in Ternl and Tern2 for stoichiometric (CeOx, open
symbols) and excess conditions (CeOXEX, closed symbols).
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