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Table S1 Fractional atomic coordinates and isotropic atomic displacement parameters of 
dehydrated HCNO with space group P42212. These parameters were obtained by Rietveld 
refinement. 
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Fig. S1 The comparison is based on the parent-cell whole-pattern Le Bail analysis in the 
space group P4/mmm. Cell sizes have been changed to a × a × c, 2a × 2a × 2c, √2a × 
√2a × √2c, a × a × 2c, and 2a × 2a × c for comparison. Red arrows (P1–P17) mark 
additional weak reflections not indexed by the parent cell; the insets show enlarged views 
of selected regions. The 2a × 2a × 2c supercell provides the best overall match to these 
weak reflections. 
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A reduction in symmetry generally increases the number of refined parameters and often 
decreases the R factors. It is important to determine if the apparent improvement in the 
Rietveld refinement is statistically significant. To do this, Hamilton’s R-factor ratio test 
was applied to the refinement results.1 This test provides a quantitative criterion for 
assessing whether an improved fit truly indicates a better structural model or simply 
results from having more refined parameters. Following Hamilton’s formulation,1 the test 
statistic Fstatistic is given by 
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where RQ = Rwp1 and R0 = Rwp2 are the weighted profile R factors for the restricted (simpler) 
and unrestricted (more complex) models, respectively. Following Hamilton’s original 
notation, the variables n, m, and b correspond to the total number of data points, the 
number of refined parameters in the unrestricted model, and the increase in the number 
of refined parameters, respectively. In the present Rietveld refinement context, these 
quantities are expressed as n = N, m = P2, and b = P2 – P1. In the present analysis, all SR-
XRD data used for the Hamilton test contain 9460 profile points, giving dfn = P2 - P1 and 
dfd = N - P2. The calculated Fstatistic values were compared with the critical values of the 
corresponding F(dfn, dfd) distribution at one-sided significance levels of α = 0.05 and 
0.01.2,3 The numerical results are summarized in Table S2, and the corresponding F(dfn, dfd) 
distributions are shown in Fig. S2. In all six comparisons, the calculated Fstatistic values 
exceed the corresponding critical values even at the α = 0.01 level. The associated p-
values were obtained from the upper tail of the same F distribution and are reported as -
log10(p) because of their extremely small values. These results confirm that the 
improvements obtained with the lower-symmetry models are statistically significant and 
cannot be attributed simply to the increase in the number of refined parameters. 
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Table S2 Statistical significance of the improvements in the Rietveld refinement results 
evaluated by Hamilton’s R-factor ratio test. 
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Fig. S2 F(dfn, dfd) distributions for the six Hamilton-test comparisons summarized in Table 
S2. The upper panels show the framework-only model (O omit): (a) P4/mmm → P42/nbc, 
(b) P4/mmm → P42212, and (c) P42/nbc → P42212. The lower panels correspond to the 
framework model including interlayer water-oxygen sites: (d) P4/mmm →P42/nbc, (e) 
P4/mmm → P42212, and (f) P42/nbc → P42212. In each panel, the dashed vertical lines 
mark the critical values (Fcrit) at α = 0.05 and 0.01, and the solid vertical line indicates 
the calculated Fstatistic. Broken x-axes are used where necessary because some Fstatistic 
values fall far outside the main range of the corresponding F distributions. 
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Fig. S3 Rwp versus the constrained Ow occupancy from a series of Rietveld refinements 
for the SR-XRD data of HCNO hydrate. The same occupancy parameter g was applied to 
both interlayer water-oxygen sites, Ow1 and Ow2. Therefore, Occ = 0.75 corresponds to 
HCa2Nb3O10·1.5H2O.  
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