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To cite this version: band. The CSD values were observed to decrease from 7.2 ± 0.5 nm to 2.8 ± 0.5 nm when the suspension pH was increased from 6 to 11. This trend was confirmed by measuring the full width at half-maximum (FWHM) of the 02,31 band with a synchrotron X-ray source. However, the variation of the crystallite size with pH was extremely different when obtained by calculation from the fit of the 20,11 band and by experiment from the measurement of the 02,31 width. This difference leads to the two questions:

1-Why are the results obtained from the analysis of the 20,11 and 02,31 reflections inconsistent? It is proposed that the change with pH of the lognormal distribution of the crystallite size 2 was overlooked in the fit of the 20,11 profile.

2-How were the full XRD patterns fit without modeling the non-uniform strain of the -MnO2 crystallites resulting from the bending of the nanosheets 2 ? A full-pattern fit could be obtained by separately fitting and then joining the 20,11 and 02,31 reflection lines without considering the non-uniform strain. However, non-uniform strain would have significant bearing on the macroscopic physicochemical properties and surface reactivity of these -MnO2 crystallites, and therefore must be considered.

Correlation between the arithmetic mean and standard deviation of the crystallite size distribution

As shown in Fig. 1A, varying the CSD dimension modifies the width of both the 20,11 and 02,31 reflections. 3 Thus, as a first approximation it should be possible to evaluate the same CSD from either reflection. However, the authors obtained different power-laws for the same set of samples between the crystallite size (CSD) and the particle size (RH) with each reflection: RH ∝ CSDpH 1.66 from the fit of the 20,11 reflection and RH ∝ CSDpH 3.7 from the measurement of the 02,31 FWHM. As shown below, a main reason for this difference is the non-uniqueness of the mathematical solution of the 20,11 fit.

The most common distribution of the crystallite size in a powder sample is by far the lognormal distribution. [4][5][6] Fig. 1B shows that the lognormal width () modifies the diffraction line profile almost identically to the CSD value, defined here as the mean <D> of the ln(CSD) distribution. The <D> and  parameters are so tightly correlated that it is impossible to obtain reliable structural parameters without enforcing some constraints from other knowledge, here the experimental power-law RH ∝ CSDpH 3.7 . Thus, <D> and  can be estimated iteratively from the 20,11 fit with the constraint that <D> matches RH ∝ [(<D>)pH] 3.7 within errors. An example of invariant XRD profile obtained with five sets of (<D>,) values is shown in Fig. 1C. In practice, the 3.7 exponent can be approached by reducing the [2.8,7.2] nm CSD interval while refining  such that pH11 > pH8 > pH6.

Optimizing (<D>,) is supported because the distribution of crystallite size () in a powder sample depends on crystal size (<D>), which itself depends on conditions of formation. 5 The 2.8 nm size was interpreted mechanistically in terms of the rapid nucleation and aggregation of -MnO2 crystallites at pH 11, and the 7.2 nm size as the growth of larger nanosheets at pH 3 through the oriented attachment of smaller -MnO2 crystallites. It seems physically realistic that for smaller crystallites, the distribution of size relative to the mean would be larger (i.e., pH11 > pH6).

The  parameter is a dimensionless quantity which however gives an indication of the dispersion in size of the crystallites. A mean CSD diameter <D> with a ln(CSD) width , corresponds to a full-width at half maximum (FWHM) variation (1, 2) of :

  12 , = exp[ln < > ± 2ln(2 ] ( ) ) D

  

Taking <D>pH6 = 7.2 nm and  = 0.5 gives 1 = 4.0 nm and 2 = 13.0 nm. The same width applied to a <D>pH11 diameter of 2.8 nm corresponds to a FWHM variation from 1.5 nm to 5.1 nm. Fig. 2 shows that the sensitivity of the lognormal distribution to a heavy tail population of crystallites is increasingly pronounced as the mean (<D>) and the dispersion (), and hence the asymmetry, of the distribution increase.

Evidence for non-uniform microstrain deformation of the -MnO 2 crystallites

Chemical and biogenic -MnO2 nanosheets are not flat but curled and occasionally kinked. 2, 7- 13 The bending of the nanosheet causes the crystals to diffract at higher Bragg angle  as if they were smaller because the wavefunctions of the X-rays scattered by atoms at the edges of a crystal go out-of-phase with those at the center. Thus, in principle, the true CSD value can only be determined from the modeling of the 02,31 line with a physically meaningful function of the form:

CSD[02,31] = CSD[20,11] x f() A general analytical function is 2 CSD[hkl] -2 = CSD[real] -2 [1 + (q/q0) 2 ]
where CSD[real] is the actual size of the crystallite,  is a dimensionless parameter describing strain, q is the scattering vector q = (4/)sinand q0 corresponds to the first in-plane reflection.

Carrying out the calculation with  = 0. Details on calculations can be found elsewhere. 2 q is the scattering vection. q(Å -1 ) = 2/d(Å). 

Alain Manceau .
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 2 Fig. 2. Variation of the breadth of dispersion of the crystallite size, expressed as (FWHM) = , with the lognormal mean (<D>) and the standard deviation ().

Fig. 3 .

 3 Fig. 3. Experimental and calculated whole-powder-patterns for -MnO2 samples showing the contribution from non-uniform strain on the relative intensities of the 20,11 and 02,31 reflections . A) Sample pattern distributed with the current version of the CALCIPOW 19 programme (dated April 2017) maintained by Bruno Lanson. 20 Structural parameters are listed in TableS1. B) MndBi3 XRD pattern and structural parameters (except  and ) are from Grangeon et al..18 
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a = 4 .

 4 919 Å; b = 2.84 Å; c = 7.20 Å,  =  =  = 90°. Debye-Waller factors B (Å2) were fixed to 0.5 for Mn1, 1.0 for O1 and Mn2, and 2.0 for all other atoms

Fig. S1 .

 S1 Fig. S1. Reconstruction of the -MnO2 pattern shown in Fig. 3A by adding the 20,11 and 02,31 line profiles calculated separately and without considering microstrain resulting from particle bending. In this way, the strain effect in the pattern apparently can be reproduced by (1) adjusting the calculated I(20,11) / I(02,31) ratio to I(20,11) / [0.65 x I(02,31)], and (2) increasing the width of the 02,31 line, i.e., changing the CSD dimension (not shown in the Figure).

  

  

Table S1 .

 S1 Atomic coordinates and site occupancies used to calculate the XRD profiles and to fit the -MnO2 sample pattern from Fig.3A. Same conventions as in Table3from Ref.18 .

			Coordinates		
	Atom	x	y	z	Occupancy
	E Mn (Mn1)	0	0	0	0.90
	OMn1	0.333	0	0.14	2.0
	TC Mn (Mn2)	0	0	0.29	0.05
	OMn2	-0.333	0	0.45	0.15
	Interlayer Na	-0.540	0	0.5	0.083
		-0.230	0.310	0.5	0.083
		-0.230	-0.310	0.5	0.083
	Interlayer Water	0.120	0	0.5	0.083
		-0.06	0.18	0.5	0.083
		-0.06	-0.18	0.5	0.083

demonstrates that strain caused the FWHM to broaden by ~65 %, and that the peak intensity decreased by the same fraction because strain does not change the integral breadth of the peak. Microstrain broadening was observed in all -MnO2 patterns which we have observed (Fig. 3 and Ref. 2 ), and should be general because -MnO2 nanosheets have limited interlayer cohesion and can even be filamentous. 9 Therefore, provision should be made for this factor in the determination of (<D>,) if it is observed that the intensity ratio of the 20,11 and 02,31 reflections changes between pH 6 and 11.

Together, these considerations call into question how the fits of the full XRD patterns (30° < 2 < 75°) presented in Figure 2 of Marafatto et al. 1 were obtained without considering microstrain effects. An alternative way to match the relative intensities and widths of the 20,11 and 02,31 reflections would be to calculate them separately, assuming no microstrain, using different CSD values and normalize arbitrarily their intensities to experiment, as shown in Fig. S1. This procedure has no physical foundation. It may be necessary to reinvestigate other chemical and biogenic -MnO2 samples 10,[14][15][16][17][18] in light of the effects of non-uniform size distribution and strain shown by Manceau et al. 2 and the remarks presented here.
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