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S1. Powder neutron diffraction structurerefinement
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S2 NMR experimental details

Spectra were recorded on a 400 MHz Bruker Avance spectrometer. For the »Na the reported
spectrum is the result of averaging 24 transients with recycle intervals of 4 sfrom a sample packed
into 4-mm standard ZrO, rotors and rotated at a rate of 10 kHz. For the ®*Nb spectra, a spin-echo
pulse sequence was used with pulses selective for the central transition. The spectrum is the result
of averaging 1600 transients with recycle intervals of 1 s. The sample was packed into a 2.5-mm
standard ZrO> rotor and rotated at a rate of 33 kHz. On Figure 2b the red line in the “Nb spectrum
isthat fitted to extract spectral parameters.

S3 Variable Temperature powder XRD

A sample of ilmenite NaNbO3 was heated to 1000 °C in steps of 25°C on an MRI cell attached to a
Siemens D5000 X -ray diffractometer. The sample was held at each temperature for 2 hours before
each scan started. Data were measured using a CuK, source (\=1.5405 A, 2,=1.5443 A,

Aaverage=1.5418 A) with a step size of 0.02 °26.
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Figure S3.1: Contour map of powder XRD. Bragg peaks of the ilmenite and perovskite phase are labelled | and P,
respectively, and the Al,Os; peaks are due to the sample holder. The perovskite peaks are indexed on the high
temperature tetraganol (P4/mbm) phase) reported by Darlington and Knight.*
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Figure S3.2: Percentage conversion of ilmenite to perovskite by peak area analysis of XRD data.



S4: EDXRD data

EDXRD experiments were performed on Station 16.4 of the Daresbury SRS with incident X -rays over the
energy range 20 to 80 keV. Data are recorded using a fixed, three-element solid-state detector that permits
three, overlapping regions of diffraction data to be measured simultaneously to maximise the amount of
structural information measured.? Data were recorded from reactions in a 25 ml Teflon-lined stainless steel
autoclave with windows thinned to 0.25 mm.? In the spectra below the black traces are from a detector at 20
= 1.81° and the red traces from a detector at 20 = 4.7 °. In the energy dispersive diffraction geometry the d
spacing of a Bragg peak (in A) isrelated to its observed energy, E, (in keV) by d = 6.19926/Esiné.

The shift of the Teflon peak in the data presented in Figure 3 is due to therma expansion and provides a
measure of when reaction temperature is reached.

Bragg peaks of the crystalline phases observed were identified using published crystal structures. Peaks
labelled * are due to the reaction cell.
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$A.1: Perovskite crystallisation
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Figure $S4.1: Contour map from detector at 4.7 °20 for perovskite crystallisation (labels as for Figure 3)
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Time: 17 minutes
Phase(s) Present: Nay(H30)NbsO19.14H20
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$A.2: limenite crystallisation
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Figure $S4.2: Contour map from detector at 4.7 °20 for perovskite crystallisation (labels asfor Figure 3)
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Time: 18 minutes
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Time: 180 minutes
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Figure $4.3: Evolution of normalised Bragg peak areas in the EDXRD experiments for (a) reaction performed at

with .5 M NaOH and (b) with 1 M NaOH. Linesare for guidance only.



S5: TGA datafrom ilmenite NaNbO;

Data were recorded using under a flow of air using a Perkin Elmer Pyris Diamond TG/DTA
apparatus to 700 °C with a heating rate of 5°C min™,
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Figure Sb.1: TGA trace of ilmenite NaNbO4

S6: IR data from ilmenite NaNbO;

1
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Data were recorded from a freshly dried sample of the material (50 °C is air). The sample was
studied undiluted using a Perkin EImer Paragon 1000 FT-IR spectrometer in atenuated total

reflection mode. This precludes the use of a diluent and so avoids contamination with water-

containing material. The spectrum shows no features due to water or hydroxide.

PEAKIN ELMER

109.62
%7

WWWM»»W

st

—
o

o
b

et '\_

T t
3500 3000 2500 2000

08/10/10 11: 33 ts001
X: 64 scans, 2.0cm-1

Figure S6.1: IR spectrum
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S7: 'H NMR data from ilmenite NaNbO;

The dominant signal in the '"H NMR spectrum is a broad feature from the rotor and /or probe
(usualy not observed and part of the background of a typical spectrum of a hydrogen-containing
sample). Weak additional features are due to additional contaminent water in the rotor, probe or
sample, since they are seen even in anhydrous materials that have been prepared at extreme
temperatures. As an example, the spectrum from M@,SiO,4, measured under identical conditions
using the same rotor, is shown and this shows the same level of proton background, despite having

been synthesised with an annealing step at 1500 °C .2
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Figure S7.1: 'H NMR spectrum of ilmenite NaNbO,.
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Figure S7.2: 'H NMR spectrum of Mg,SiO,
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