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Fig. S1 A defect-fluorite or disordered pyrochlore structure with a corresponding formula of 

ABO3. These structures show: (a) Na (e.g., A cation) and Nb (e.g., B cation) in a cubic 𝐹𝑚3̅𝑚 unit 

cell; and (b) polyhedra representing the local coordination environment around the Na and Nb cations. 
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Table S1. Rietveld refinement parameters for the crystal structure of pyrochlore sodium niobate 

(NaNbO3) nanoparticles. 

empirical formula NaNbO3 

formula weight (g⋅mol–1) 163.89 

crystal system cubic 

space group Fm3̅m 

a (Å) 5.137(4) 

b (Å) 5.137(4) 

c (Å) 5.137(4) 

𝛼 (deg.) 90 

𝛽 (deg.) 90 

𝛾 (deg.) 90 

V (Å3) 135.0(3) 

Z 1 

T (K) 293(2) 

ρcal (g.cm–3) 4.013 

2θmin , 2θmax (deg.) 10, 80 

Rexp 0.0344 

Rp, wRp 0.0373, 0.0467 

goodness of fit 1.00 
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Fig. S2 Histogram showing the average dimensions of the nanoparticles of sodium niobate 

(NaNbO3) disordered pyrochlore. Mean size of the nanoparticles was 74 nm as measured from 150 

independent nanoparticles. The variance of 11 nm is reported as one standard deviation from the 

calculated mean value. 
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Fig. S3 Transmission electron microscopy (TEM) of the product obtained after a reaction time of 

3 d. 
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Fig. S4 Powder X-ray diffraction (XRD) patterns the products obtained after a reaction time of: 

(a) 3 d and (b) 4 d. 
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Fig. S5 Powder X-ray diffraction (XRD) patterns the products obtained after a reaction time of 4 

d using: (a) SDS and (b) triethylamine. 
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Fig. S6 Transmission electron microscopy (TEM) of the product obtained after a reaction time of 

4 d using SDS. 
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Fig. S7 Thermogravimetric analysis (TGA) of the nanoparticles of a NaNbO3 disordered 

pyrochlore when heated at a rate of 1 °C/min from 25 to 850 °C under an ambient atmosphere, 

which indicated the relative thermal stability of the product. 
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Fig. S8 Analysis by differential scanning calorimetry (DSC) of the NaNbO3 disordered pyrochlore 

nanoparticles when heated and cooled between 25 to 550 °C. The DSC trace indicated the stability 

of the product over this temperature range by the absence of any phase transformations. The upper 

temperature was set to 550 °C due to the limitations of the DSC instrument. 
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Table S2. Average dimensions of the crystallites as estimated by Scherrer analyses of the XRD 

data collected at the specified temperatures for defect-fluorite pyrochlore nanoparticles of 

NaNbO3.  

 

 

 

 

 

 

 

 

 

temperature  

(oC) 

peak position 

[2-theta (degree)] 

average crystallite  

size (nm) 

30 29.9 27.6 

200 29.9 27.2 

300 29.9 26.6 

350 29.9 25.9 

400 29.9 26.2 

450 29.9 26.3 

500 29.9 25.5 

600 29.2 23.6 

700 29.2 18.8 

800 29.2 19.0 
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Fig. S9 Temperature dependent XRD patterns of NaNbO3 nanoparticles at 2-theta values from: (i) 

20° to 40°; and (ii) 45° to 70°. These diffraction patterns were obtained after heating the sample 

to various set-point temperatures: (a) 30 oC; (b) 200 oC; (c) 300 oC; (d) 350 oC; (e) 400 oC; (f) 450 
oC; (g) 500 oC; (h) 600 oC; (i) 700 oC; and (j) 800 oC.  
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 Fig. S10 X-ray diffraction patterns of defect-fluorite pyrochlore nanoparticles of NaNbO3 after 

calcination of the product at (a) 800 oC and (b) 500 oC. Also included are the reported XRD patterns 

of: (c) a rhombohedral NaNbO3 product corresponding to JCPDS No. 006-0173 [  ]; (d) an 

orthorhombic NaNbO3 product corresponding to JCPDS No. 077-0261 [  ]; and (e) a pseudo-

hexagonal Nb2O5 product corresponding to JCPDS No. 028-0317 [⋆].  
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Fig. S11 Histograms showing a comparison of the average dimensions of the NaNbO3 

nanoparticles: (a) before neutron exposure; and (b) after neutron irradiation for 1 h. Mean size of 

the nanoparticles after neutron irradiation was 86 nm as measured from 122 independent 

nanoparticles. The variance of 25 nm is reported as one standard deviation from the calculated 

mean value.  
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Fig. S12 Transmission electron microscopy (TEM) analysis of disordered pyrochlore NaNbO3 

nanoparticles after their exposure to neutron radiation for 1 h. The presence of smaller 

nanoparticles in the TEM images indicated the fragmentation of some M–O bonds following their 

exposure to energetic neutrons.  
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Fig. S13 Further TEM and energy dispersed X-ray spectroscopy (EDS) analysis of defect-fluorite 

pyrochlore nanoparticles of NaNbO3 after radiation exposure. (a) A high-angle annular dark-field 

(HAADF) scanning TEM (STEM) image, and corresponding elemental maps obtained by EDS 

for: (b) Na; (c) Nb; and (d) O. (e) An EDS spectrum corresponding to the nanoparticles further 

indicating the presence of Na, Nb and O in the product. The copper (Cu) signals in the spectrum 

originated from the Cu TEM grid supporting the sample. 

 


