Inorganic Crystal Structures IX

Introduction

1 Subject matter

1.1 General remarks on the contents

Inorganic compounds are here defined as compounds containing no C-H bonds.

The first series of subvolumes will contain complete crystallographic data sets representative of structure
types found among inorganic compounds. The second series of subvolumes will contain lists of
compounds crystallizing with these types.

The compilations TYPIX [1], Pearson's Handbook [2a] and Pauling File Binaries Edition [2b] constitute a
valuable basis for this work, but all data have been reprocessed from the original publications. Our aim is
to cover the literature published up to two years before the release of the subvolume.

1.2 Structure type concept

According to the definition used here, isotypic compounds crystallize in the same space group, have
similar cell parameter ratios, and occupy the same Wyckoff positions in the standardized description with
the same or similar values of the atom coordinates [3]. If all these criteria are fulfilled, the coordination
polyhedra should be similar and the main structural features respected. It follows from the definition that
isotypic structures are isopointal (same Wyckoft positions), however, two isopointal structures are not
necessarily isotypic. The last step in distinguishing different structure types is subjective and we have
sometimes been guided by what is usually considered in the literature.

No distinction is made between structures with fully and partly occupied atom sites. Except for binary
compounds, protons are not taken into consideration, so that e.g. ammonium and alkaline metal
compounds are considered to be isotypic. Disordered structures are included in the classification and
different models for site splitting can sometimes subdivide a conventional structure type into several
types. Ordering variants are distinguished, mixed occupations by two or several chemical elements being
considered as the same dummy element, independently of the proportions.

1.3 Data selection and checking

Each structure type is represented by a, if available, recent refinement of the structure of the compound
for which this particular atom arrangement was first reported. In those cases where two isotypic structures
were reported the same year, the date of submission of the manuscript was taken as criterion. In
exceptional cases, preference has been given to a structure with less vacancies, or a lower degree of
disorder. Thesis works have not been considered, and conference abstracts only in a few cases.

No systematic effort has been made to select the most recent refinement, and a more accurate refinement
has sometimes been preferred to a routine phase analysis, without any claim on having selected here the
"best" refinement. Preference has been given to structure determinations corresponding to ambient
conditions.

The data have been submitted to extensive computer-aided checking and, as far as possible, misprints in
the crystallographic data have been corrected. When relevant, the data have been transformed to a space
group taking into consideration all symmetry elements effectively present in the structure. A few
obviously wrong structures have been excluded from the compilation. References are sometimes added to
more recent literature where the correctness of the structure determination is questioned, but no
exhaustive literature search has been carried out in this sense.

1.4 Standardization of crystallographic data
The crystallographic data have been standardized following a method proposed by Parthé and Gelato [4],
using the program STRUCTURE TIDY [5]. The standardization procedure applies criteria to select the
space group setting, the cell parameters, the origin of the coordinate system, the representative atom
coordinates, and the order of the atom sites.
(1) The coordinate system must be right-handed and refer to a space group setting defined in the
International Tables for Crystallography [6], with the following additional constraints

e triclinic space groups: Niggli-reduced cell

e monoclinic space groups: b-axis unique, "best" cell
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e orthorhombic space groups: a < b < ¢, when not fixed by the space group setting

e trigonal space groups with R-lattice: triple hexagonal cell

e space groups with two origin choices: origin choice 2 (origin at inversion center)

e enantiomorphic space groups: smallest index of the relevant screw axis
(2) The representative triplet of each atom site must obey a series of eliminative conditions listed below.

o first triplet in International Tables for Crystallography [6]

e 0<x,y,z<1

e minimum value of (x* + ) + 2%

e minimum value of x

e minimum value of y

e minimum value of z
(3) For the 148 non-polar space groups there are between 1 and 24 possibilities to rotate, invert or shift
the coordinate system, respecting the conditions listed above. For polar space groups the standardization
program will prepare data sets where one atom site after the other, belonging to the "lowest Wyckoff set"
(set of Wyckoff sites containing the earliest letters in the alphabet), fixes the origin on the polar axis. In
each case, the standardized data set is selected based on the following eliminative conditions:

e minimum value of ' = X (x/* + y* + z7)"”* summed over all atom sites

e minimum value of X x; summed over all atom sites

e minimum value of X y; summed over all atom sites

e minimum value of X z; summed over all atom sites

e minimum value of x,> + y,,2 +z,% for the n™ atom site
(4) Finally, the atom sites are reordered according to the eliminative criteria:

e inverse alphabetic order of the Wyckoff letters

e increasing x

e increasing y

e increasing z
(5) On extending the standardization procedure, originally designed for intermetallic compounds, to other
inorganic compounds, it appeared sensible to consider protons apart, since their positions are often not
determined. For compounds with more than two elements, the proton positions, when determined, are
consequently not taken into consideration for the selection of the standardized description, but are listed
at the end of the table of atom coordinates, respecting the same criteria for their internal ordering and
selection of representative triplets as indicated above. It follows that proton positions are not considered
in the Wyckoff sequence, and also not in the sum of multiplicities included in the Pearson symbol.

1.5 Atomic environments

The definition of the atomic environments (AE) [7] is based on the method of Brunner and
Schwarzenbach [8], where the interatomic distances between an atom site and its nearest neighbors are
plotted in a histogram. In the general case, the Atomic Environment Type (AET) is the polyhedron
formed by the atoms to the left of the maximum gap appearing in the histogram. In those cases where the
maximum gap rule leads to AEs with some of the selected atoms inside the polyhedron formed by the
others, or to AEs with atoms located in the faces of the polyhedron, the maximum-convex-volume rule is
applied. This rule is defined as the maximum volume around only one central atom enclosed by convex
faces, with all the atoms situated at the intersections of at least three faces. The same rule was also used in
those cases where no clear maximum gap was present. Whenever two or more equal or similar gaps were
observed, the number of different AETs in a structure type was kept as small as possible.

For fully ordered intermetallic structures, the AETs can be assimilated to the conventional coordination
polyhedra. Differences occur based on the fact that the atomic environment is a purely geometric concept
and differences in chemical bonding, oxidation state (cations and anions are not distinguished) or atomic
radii are not taken into consideration. All atom sites are further treated as being fully occupied, so that, for
instance, the atomic environment of the phosphorus atom in an orientationally disordered phosphate
group may be a cube, whereas the conventional coordination polyhedron is a tetrahedron.
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The AETs are here designated by the name of the coordination polyhedron (when simple) and its
composition. Positions belonging to atom sites with mixed occupation are represented by the majority
element, or by the first element in alphabetic order, if identical proportions are reported. Protons are only
taken into consideration in exceptional cases.

2 Selection and arrangement of the data

2.1 Framed data

e Chemical formula. Selected chemical units are distinguished and a particular order is adopted for the
elements, which constitutes a compromise for chemical compounds ranging from intermetallic to ionic,
including some coordination and covalent compounds. The coefficients are such defined that the number
of formula units in the unit cell is an integer which takes into consideration at least the factor
corresponding to the Bravais lattice.

e Pearson symbol [9]. A lower-case letter defines the crystal system (a for anorthic = triclinic, m for
monoclinic, o for orthorhombic, ¢ for tetragonal, /4 for hexagonal or trigonal, and ¢ for cubic) and an
upper-case letter the Bravais lattice (P for primitive, S for side-face centered, F for all-face centered, / for
body centered, and R for rhombohedrally centered). The integer number following these two characters
corresponds to the sum of the site multiplicities of all partly or fully occupied Wyckoff positions. Note
that following the recommendations of a subcommission of the International Union of Crystallography
[10], we use the letter S, which groups 4, B and C-face centered lattices, and that the triple hexagonal cell
is considered for R-type Bravais lattices.

e Space group and Wyckoff sequence. The number assigned to the space group in the International
Tables for Crystallography [6], indicated within parentheses, is followed by the Hermann-Mauguin
symbol corresponding to the standardized data. The Wyckoff sequence lists the Wyckoff letters of all,
fully or partly occupied atom sites in the structure. The letters are written in inverse alphabetic order, a
superscript number being added when a particular Wyckoff position is present more than once.

2.2 General information about the structure type

e Alternative type names. These include chemical formulas of isotypic compounds that are sometimes
used in the literature to designate the structure type, but also mineral names, colloquial names used within
particular structure families, and Strukturbericht notations [11]. The alternative type names are listed in
alphabetic order in the subject index.

e References. Each chemical formula is followed by a reference to the first structure determination.

e Structural features. A short description of the structure type, referring to the type-defining compound,
emphasizes particular structural features such as the arrangement of close-packed layers or coordination
polyhedra. Close relationships to other structure types, such as ordered substitution or filling-up of
interstices, are sometimes mentioned.

2.3 General information about the selected data set

e First author(s) of the reference from which the crystallographic data are taken.

e Refined composition. An alphabetically sorted chemical formula as computed from the
crystallographic data set.

e Cell parameters a, b, ¢, a, 5, y, computed cell volume ¥, interaxial ratio(s), and the number of formula
units per unit cell Z. The latter applies to the refined composition and to the chemical formula given in the
frame, but not necessarily to the alternative type names.

2.4 Table of atom coordinates

e Atom site. The sites are named after the chemical element they are occupied by, or M if occupied by a
mixture of two or several elements. The numbering is continuous through the table, starting from 1, and
independent of the site occupation.

o Site multiplicity and Wyckoff letter, according to the International Tables for Crystallography [6].
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e Site symmetry. Point symmetry (symmetry implying no translational component, m for mirror plane, 2
for 2-fold axis, etc.).

e Fractional positional coordinates with respect to the three crystallographic axes: x/a, y/b, z/c.

e Site occupancy. Normalized to 1 (omitted) for a fully occupied site.

e Atomic environment type (AET) as defined under 1.5.

2.5 Footnote to the table of atom coordinates

e When relevant, occupation of mixed sites normalized to a total occupancy 1.

e When relevant, transformation from the published data applied by the standardization procedure.

e When specified in the original publication, condensed information about the experimental procedure:
single crystal/powder/thin film, diffractometer/photographs, X-rays/neutrons/electrons, the lowest of the
published conventional reliability factors for the structure refinement R/WR/R,/WR/Rg, temperature 7,
pressure p.

2.6 Remarks

The remarks given here include information about the stability range of the type-defining compound, the
origin of mineral specimens, particularities concerning the structure refinement, short interatomic
distances, corrections applied to the published data, related literature, etc.

2.7 References
Literature references are given for all publications mentioned in the data set. The journal names are
abbreviated following the recommendations of the Chemical Abstracts Service.

2.8 Figures

Figures emphasizing particular structural features are presented for commonly occurring structure types.
Some less common structure types are also shown, in order to illustrate the great variety of inorganic
structures.

2.9 Order of the structure types
The data sets representing the distinct structure types are arranged according to features characterizing the
standardized crystallographic description:

e decreasing order of the number assigned to the space group in the International Tables for

Crystallography [6]

e increasing sum of site multiplicities (included in the Pearson symbol)

e alphabetic order of the Wyckoff sequence

e increasing value of the interaxial ratio c/a
An extensive index listing various type names found in the literature will help the user to find a particular
structure type.
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