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Supplemental Text

Fluxes specifically used for oxides generally melt at low-temperature and are used to grow
crystals, such as the conventional PbO/PbF,, NayCO3, KoCO3, BisO3, KoMoOy [1, 2]. How-
ever, ’soft alkali halide’ fluxes (Br, I) have scarcely been used for the synthesis of oxides [3].
The discovery of high-temperature superconductivity in LayCuQOy [4] led to an explosion of
synthesis in the oxide phase-space and the subsequent discovery of numerous perovskite-
derived structure types [5]. This has since prompted the search for high-temperature su-
perconductivity in structurally and chemically analogous phase spaces to the well-studied
cuprate materials. There was a resurgence of interest in the perovskite-derived structure
types with the discovery of superconductivity in thin films of the reduced nickelates LnNiOq
(Ln= La, Pr, Nd) [6-10]. Further studies on the Ruddlesden-Popper members of the bulk
nickelates led to the discovery of high-temperature superconductivity under pressure [11, 12].
Material scientists have explored molten salt fluxes to synthesize ruddlesden-popper nicke-
lates under ambient oxygen pressure, underscoring the role of oxygen chemical potential in
flux reactions. For example, LaNiO3 was first synthesized and discovered using a sodium
carbonate flux at 800 °C for 72 hours [13]. Further, KOH flux leads to the formation of
LaNiOj, whereas NaOH leads to the formation of LasNiO, under ambient pressures [14].
Synthesizing phase-pure LaNiO3 remains especially challenging: it has been obtained via
polycrystalline synthesis at 950°C under 2000bar O, [15], and in floating zone growths above
50bar O, [16-18].
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Figure 14: PXRD and Rietveld refinements of targeted LagNizO; where
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Figure 15: PXRD and Rietveld refinements of targeted LaNiO3 where
flux at (a) 800°C, (b) 900°C, (c¢) 1000°C, and (d) 1100°C.
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Figure 16: PXRD and Rietveld refinements of targeted LasNiO4 where
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Figure 17: PXRD and Rietveld refinements of targeted LasNiO4 where
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Figure 18: PXRD and Rietveld refinements of targeted LagNi,O; where
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Figure 19: PXRD and Rietveld refinements of targeted LasNi,O; where NilfLa = 0.40 in Nal
flux at (a) 900°C, (b) 950°C, (c) 1000°C, and (d) 1100°C.
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Figure 20: PXRD and Rietveld refinements of targeted LasNizO1q where
Nal flux at (a) 700°C, (b) 750°C, (c) 800°C, and (d) 850°C.
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Figure 21: PXRD and Rietveld refinements of targeted LasNizO1q where
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Nal flux at (a) 900°C, (b) 950°C, (c) 1000°C, and (d) 1100°C.
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Figure 22: PXRD and Rietveld refinements of targeted LagNizO.6 where
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Figure 23: PXRD and Rietveld refinements of targeted LagNizO.6 where
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Nal flux at (a) 900°C, (b) 950°C, (c) 1000°C, and (d) 1100°C.
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Figure 24: PXRD and Rietveld refinements of targeted La;3Ni;sO37; where
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Nal flux at (a) 700°C, (b) 750°C, (c) 800°C, and (d) 850°C.
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Figure 25: PXRD and Rietveld refinements of targeted La;3Nij3O37; where
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Figure 26: PXRD and Rietveld refinements of targeted LaNiOz where
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Figure 27: PXRD and Rietveld refinements of targeted LaNiOz where
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Figure 28: PXRD and Rietveld refinements of targeted LaNi; 503 where X
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Figure 29: PXRD and Rietveld refinements of targeted LaNi; sO3 where
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Figure 30: PXRD and Rietveld refinements of targeted LasNiO4 where
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Figure 31: PXRD and Rietveld refinements of targeted LagNioO; where
flux at (a) 800°C, (b) 900°C, (c) 1000°C, and (d) 1100°C.
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Figure 32: PXRD and Rietveld refinements of targeted LasNizO1q where
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Figure 33: PXRD and Rietveld refinements of targeted LagNizO;6 where
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Figure 34: PXRD and Rietveld refinements of targeted LaNiOj3 where
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Figure 35: PXRD and Rietveld refinements of targeted LayNiO4 with
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Figure 36: PXRD and Rietveld refinements of targeted LagNi,O; where
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Figure 37: PXRD and Rietveld refinements of targeted LasNizO1q where
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Figure 38: PXRD and Rietveld refinements of targeted LagNizO6 where NileiLa = 0.454 in

KBr flux at (a) 800°C, (b) 900°C, (c) 1000°C, and (d) 1100°C.
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Figure 39: PXRD and Rietveld refinements of targeted LaNiO3 where
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Figure 40: PXRD and Rietveld refinements of targeted LasNiO4 where
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Figure 41: PXRD and Rietveld refinements of targeted LazNi,O7; where

Intensity (a.u.)

Intensity (a.u.)

Yobs

Yealc

obs — Yealc
LaoNiOy4 33.1%
LagNi2Og.92 34.0%
La4gNizO10 32.9%

iyl n

CNPRSRETVIN'| DO SH i

KI Flux 900°C

Target: LazNizOr

Avg RP Ni Valence = 2.42
Rup = 5.60%

LRUNE mnmnen

10 20 30 40 50 60
20 (deg.)
(b) 900°C
* Yobs KI Flux 1100°C
— Yealc Target: LagNiaOr
—— Yobs — Yealc Avg RP Ni Valence = 2.11

LasNiOy4 78.3%
LagNisOg.92 17.8%
NiO 4.0%

Rup = 5.47%

I Lo oo
I [
|.l Ao A Y
e Y Y=

1I0 2I0 3IO 4IO 5I0 60
20 (deg.)
(d) 1100°C

N' _ .
Ni+1La = 0.40 in KI

flux at (a) 800°C, (b) 900°C, (c) 1000°C, and (d) 1100°C.

43



Intensity (a.u.)

Yobs

Yeale

obs — Yealc
LaoNiOy4 26.9%
LagNizO19 48.0%
LaNiOgs 18.3%
NiO 5.7%
La(OH)3 1.1%

KI Flux 800°C

Target: LasNizO1o
Avg RP Ni Valence = 2.60
Rup = 6.06

10 20 30 40 50 60
20 (deg.)
(a) 800°C
* Yobs KI Flux 1000°C
— Yeale Target: LasNizO1o
—— Yobs — Yealc Avg RP Ni Valence = 2.54

Intensity (a.u.)

LasNiOy4 3.8%
LagNizOg.92 60.8%

LagNizO19 29.4% o
NiO 6.1%

Rup = 6.26

Figure 42: PXRD and Rietveld refinements of targeted LayNizOqg where
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Figure 43: PXRD and Rietveld refinements of targeted LagNizO6 where
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Figure 44: PXRD and Rietveld refinements of targeted LaNiO3 where
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[ SrCOs in Nal Flux 800°C © Yobs
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Figure 45: PXRD and Rietveld refinement of SrCOj3 in a Nal flux at 800°C forming SroNalOg
to illustrate the oxidation of iodine to +7 in air.

0.1 Refinement Parameters, Results, and Thermody-
namic Tables
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