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Comment on ""An experimental study of symmetry lowering of analcime"

Massimo Nespolo, Université de Lorraine, CRNS, CRM2, Nancy, France

massimo.nespolo@univ-lorraine.fr

Abstract. In a recent article (Sugano and Kyono, 2018), analcime hydrothermally synthesized from
a gel and then reheated was reported to have undergone a loss of symmetry to /bca. We show that
the reheated samples, reported as different, are identical to each other and actually tetragonal. The
fact that the tetragonal axis was oriented along the a or b vector in the two reheated samples instead
of the ¢ vector as in the conventional setting seems to have been the cause of the misinterpretation
of the diffraction pattern.

Introduction

The symmetry of a crystal structure is expressed through its space group, which can be described in
a variety of settings. The most convenient setting is called standard: in this setting, the symmetry
operations are represented by unimodular matrices and particularly simple to read off. A number of
alternative settings are also in use, which are called unconventional or non-standard, depending on
whether or not the metric of the alternative unit cell still corresponds to the same crystal family.
These alternative settings are useful in diverse cases, like the study of the phase transitions and
derivative structures, the analysis of twinned crystals, or in presence of a high degree of pseudo-
symmetry (Nespolo and Aroyo, 2016). In some cases, standard and alternative settings differ just by
a permutation of the axes, and one orientation is taken as standard by convention. This is typically
the case of crystals with a unique axis (monoclinic, tetragonal, trigonal and hexagonal), for which
the orientation of the unique axis can actually be along any of the basis vectors, but one of them has
been taken as standard by convention. When experimental data of a crystal with a unique axis are
expressed in a setting in which this axis is not along the standard direction, the transformation to the
standard setting is just a matter of permutation of the basis vectors, and of the corresponding
coordinates. Unfortunately, sometimes the unusual orientation of the unique axis may escape to the
investigators, who may then be trapped in the search for a subgroup, whereas their structure is
actually more symmetric. This is what happened in the experimental investigation of analcime in a
recent article by Sugano and Kyono (2018).

Analcime hydrothermally synthesized from a gel at 200°C for 24 hours was reported in the usual
space group Ja3d. Two samples were then reheated for 24 and 48 hours respectively, and reported to
have undergone a loss of symmetry to /bca, following the Si/Al ordering but without changes in the
extra framework site occupancy, where Na is hosted. Unfortunately, the authors have overestimated
the loss of symmetry; not only the two reheated samples are practically identical to each other, but
they are actually tetragonal, with space group /4,/acd. Both samples have cell parameters indicative
of a tetragonal lattice, although with a non-standard orientation. For the sample 24h, reported cell
parameters are a = 13.727(2) A, b= ¢ =13.707(2) A, with a fourfold axis for the lattice along the a
basis vector. For the sample 48h, reported cell parameters are a = 13.705(2) A, b =13.7172) A, c =
13.705(6) A, with a fourfold axis for the lattice along the b basis vector (the difference between the
a and c cell parameters, within one standard uncertainty, is not statistically significant); moreover,
the cell parameters of the 48h sample actually fell within the cubic limits for three standard
uncertainties: 13.699 - 13.711 A for a, 13.711 - 13.723 A for b, 13.700 - 13.712 A for c. A metric
specialisation (symmetry of the lattice higher than the symmetry of the structure) is far from being a
rare phenomenon (Janner, 2004a,b), but should nevertheless prompt the investigators to check their
model for any possible overlooked symmetry. The fact that refinement converges in /bca does not
exclude that the real symmetry of the structure be /4,/acd; indeed, the reported structural models are
actually compatible with the /4\/acd symmetry within two standard uncertainties and the structure

.
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factors calculated from the published model also agree with the higher symmetry. The results shown
below have been obtained with the Bilbao Crystallographic Server (Aroyo et al. 2006).

Test for higher symmetry in direct space

The structural models 24h and 48h published in Table 3 of Suygano and Kyono (2018) have been
checked for pseudosymmetry in the minimal translationengleiche supergroup [l4i/acd. The
transformations from the published settings of 24h and from 48h to /4,/acd are abc — bca and abc
— cab respectively. Tables S1 and S2 give, for the two structures, the original fractional atomic
coordinates, the idealized fractional coordinates in /4,/acd expressed in the subgroup setting, the
corresponding shifts u., u,, u., and the ratio u/c of these shifts with respect to the published standard
uncertainties. All ratios are smaller than 3 (in most cases even smaller than 2), showing that the
published structures are actually compatible with /4,/acd within three standard uncertainties. Table
S3 gives the structural model expressed in /4i/acd. The very close result suggests that the two
structural models reported in the original publication are actually practically the same, just
expressed in a different axial setting. The larger difference in the cell parameters is between a of the
24h sample and the b of the 48h sample, i.e. the tetragonal axis that has been missed by the authors.
The difference is 0.0010 A, again within three standard uncertainties, which are 0.0002 A for both
models (13.721-13.733 A vs. 13.711-13.723 A). The fractional atomic coordinates are practically
identical, once expressed in the same reference. The space group of both models has affine
normalizer Pm3n (1/2a, 1/2b, 1/2¢)'; if we apply to the fractional atomic coordinates of the 48h
model a three-fold rotation of the normalizer we obtain an alternative description of the model,
which is identical to the 24 model within two standard uncertainties (Table S4).

Even the tetragonal structural model is actually very strongly pseudosymmetric with respect to
la3d. If we neglect the small difference in cell parameters of the tetragonal structure (for the 48
sample, the cell is actually cubic within three standard uncertainties, as shown in the previous
section), we can apply the same pseudosymmetry test, this time towards /a3d. The result for the 48h
sample is shown in Table S5, where we see that fractional atomic coordinates do fit the cubic
supergroup within two standard uncertainties. The reported structures are therefore tetragonal,
strongly pseudo-cubic.

Test for higher symmetry in reciprocal space

In discussing the diffraction pattern of both reheated samples, the authors state that “weak
reflections of type 00/ with / = 2n became observed, which correspond to the reflection conditions
of orthorhombic /bca”. As we have seen, the reheated samples have the 4, axis along the a vector
(24h sample) or the b vector (48h sample), so that nobody could expect any influence on the 00/
reflections. The statement above is therefore incorrect.

We have simulated the single-crystal X-ray diffraction pattern from the published cell parameters,
fractional atomic coordinates and atomic distribution on both samples with the software package
Jana2006 (Petricek et al. 2014). The computed diffraction patterns do not show any violation of
reflection conditions of /4,/acd. We have also performed a space group test on the reflection files
computed in lbca and the result confirms the higher symmetry /4,/acd (see the deposited
supplementary material). No indication of /a3d was however obtained.

1  The operations of a normalizer map different but equivalent descriptions of a crystal structure. In this case, because
of the different orientation of the tetragonal axis in the 24h and 48h samples, we need to consider the affine
normalizer, not just the Euclidean one. Details about the normalizers of space groups can be found in Koch and
Fischer (2006) and a recent discussion in Nespolo (2015).
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Discussion

The structure models of the analcime reheated samples as published by Sugano and Kyono (2018)
are actually more symmetric than what the authors stated. Both the fractional atomic coordinates
and the calculated diffraction pattern from the published structures perfectly fit /4,/acd, a
translationengleiche supergroup of the Ibca group reported in the article. The overlook was
probably originated by the orientation of the unique axis along the a or b basis vector, instead than
the conventional orientation along the ¢ basis vector. As a consequence, the conclusions about the
Si/Al ordered distribution have to be reconsidered. In fact, the model proposed by Sugano and
Kyono (2018) shows a significant difference between the sites T11 and T12, whereas T12 and T2
would have almost the same Si/Al ratio. In the /4\/acd model, T11 and T2 merge into a single site
(32g) whereas T12 remains independent (16f) and this invalidates the Si/Al ordering scheme
presented.

The presence of twin domains is extremely probable because of the pronounced cubic pseudo-
symmetry of tetragonal analcime. As pointed out by Mazzi and Galli (1978), if the size of these
domains is small enough to simulate diffraction from a single crystal, then, depending on the
relative proportions of the twin domain states, both the apparent symmetry and the apparent
ordering of the sample may be affected. In the case of the samples studied Sugano and Kyono
(2018) the symmetry was clearly tetragonal. No conclusions can however be drawn about the
possible Si/Al distribution without a careful reinvestigation of the experimental data.

After reading the demonstration above, the authors have performed another structure refinement on
an analcime sample reheated for 24 hours and again persisted with orthorhombic symmetry, /bca. |
have analysed these new data and I show the results in Table S6. Once again, the results confirm
that the sample is tetragonal, /4,/acd, within three standard uncertainties. The authors use reflections
002, 0010 and 442 as “proof” of an alleged violation of systematic absences for /4,/acd. As detailed
in the are evidently unaware that they have collected data in an unconventional setting of the space
group, with the tetragonal axis along a instead than along c¢. When the diffraction pattern is re-
indexed in the standard (c-unique) setting, these reflections become 020, 0100 and 424, showing no
violation of systematic absences for /4,/acd. Their sample is therefore definitely tetragonal and the
discussion about Si/Al ordering is based on a misinterpretation of the diffraction pattern.
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