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Structure of RbFeO2, refined from a reticular
pseudomerohedrally twinned crystal with six
domains
RbFeO2, rubidium oxoferrate, crystallizes as an orthorhombic
structure. The crystals under investigation were composed of
six individuals representing reticular pseudomerohedral twins
with a pseudocubic twin lattice of index 4 because of the
approximate equations a(8)1/2 = b(2)1/2 = c. The compound is
isostructural with KFeO2 (KGaO2 type of structure) and is
composed of [FeO4/2]– corner-sharing tetrahedra, forming a
three-dimensional cristobalite-like network, with Rb+ ions
occupying its interstices.
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1. Introduction
Alkali metal oxoferrates(III) are known to form the family of
composition AFeO2, with A = Li (Tabuchi et al., 1998), Na
(Bertaut & Blum, 1954), K (Tomkowicz & Szytuła, 1977), Rb
(Hoppe, 1965a,b) or Cs (Frisch & Röhr, 2004). With the
exception of LiFeO2 and -NaFeO2, all of them crystallize in
stuffed-structure variants of -cristobalite. They thus belong
to the structure family of feldspars that displays an intriguing
richness of twinning and disorder phenomena (Cahn, 1954;
Smith & Brown, 1988). CsFeO2 crystallizes as cubic in the
CsAlO2 type of structure [space group Fd3 m, a = 8.392 (2) Å];
RbFeO2 (a = 8.10 Å) was reported to be isotypic with CsFeO2;
and KFeO2, ﬁrst assigned to the CsAlO2 structure type with
a = 7.99 Å (Barth, 1935), was later found to be orthorhombic
[space group Pbca, a = 5.619 (3), b = 11.253 (6), c =
15.87 (1) Å], adopting the KGaO2 type of structure (Pistorius
& Vries, 1973).
Vielhaber & Hoppe (1969) found that KGaO2 and RbGaO2
are pseudocubic, with the actual structure being orthorhombic, with a:b:c ’ 1:2:3. Corresponding to the similarity
between the ionic radii of Fe3+ and Ga3+, KFeO2 also has this
structure and one would expect RbFeO2 to also be isostructural. In order to verify this assumption we synthesized
RbFeO2 with the help of the azide nitrate route (Trinschek &
Jansen, 1999a,b), whereupon the crystal structure analysis was
performed.

2. Experimental
2.1. Synthesis
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RbFeO2 was prepared via the azide/nitrate route (Trinschek
& Jansen, 1999a,b) from RbNO3 (Johnson Matthey, 99%),
rubidium azide and iron oxide (Fe2O3). Rubidium azide was
synthesized from aqueous HN3 and rubidium carbonate.
Iron(III) oxide, Fe2O3, was prepared by heating FeC2O4 2H2O
in a ﬂow of oxygen at 623 K for 20 h. The phase purity of the
precursors was monitored by X-ray analysis.
doi:10.1107/S0108768107037147
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Table 1
Experimental details.
Crystal data
Chemical formula
Mr
Cell setting, space group
Temperature (K)
a, b, c (Å)
V (Å3)
Z
Dx (Mg m3)
Radiation type
 (mm1)
Crystal form, colour
Crystal size (mm)

FeO2Rb
173.32
Orthorhombic, Pbca
298 (2)
5.7568 (7), 11.5136 (13), 16.2827 (18)
1079.2 (2)
16
4.267
Mo K
23.21
Block, black
0.25  0.20  0.20

Data collection
Diffractometer
Data collection method
Absorption correction
Tmin
Tmax
No. of measured, independent and
observed reﬂections
Criterion for observed reﬂections
max ( )
Reﬁnement
Reﬁnement on
R[F2 > 2(F2)], wR(F2), S
No. of reﬂections
No. of parameters
Weighting scheme
(/)max
max, min (e Å3)

SMART APEX II, Bruker AXS
! scans
Multi-scan (based on symmetryrelated measurements)
0.005
0.011
89 193, 14 009, 8087
I > 2(I)
37.3
F2
0.053, 0.126, 1.17
14 009
78
w = 1/[ 2(Fo2 ) + (0.0154P)2 + 5.2299P],
where P = (Fo2 + 2Fc2 )/3
0.002
1.70, 1.86

Computer programs used: APEX Suite and SAINT32 (Bruker AXS, 2005), SHELXS97
(Sheldrick, 1997a), SHELXL97 (Sheldrick, 1997b), ATOMS (Dowty, 2005).

The starting materials were mixed in the ratio required
according to (1), ground thoroughly in an agate mortar,
pressed into pellets (Ø = 6 mm) under 105 N, dried in vacuum
(10–3 mbar) at 400 K for 12 h and placed under argon into a
tightly closed steel vessel, provided with a silver inlay (Soﬁn,
Friese et al., 2002; Soﬁn, Peters & Jansen, 2002).

Figure 1
Reciprocal layers hk0 and hk1 (referring to twin domain I) constructed
pixel by pixel from the original CCD frames.

2.2. X-ray diffraction

5RbN3 þ RbNO3 þ 3Fe2 O3 ! 6RbFeO2 þ 8N2 ð1Þ
In a ﬂow of dry argon the following temperature proﬁle was
applied: 298 ! 533 K (100 K h1); 533 ! 653 K (5 K h1);
653 ! 793 K (20 K h1) with subsequent annealing for 50 h at
793 K. The reaction product was later cooled down slowly to
693 K (5 K h1) and then to room temperature at a rate of
100 K h1.
The black powder obtained is very sensitive to humid air
and must be handled in an inert atmosphere. Single crystals
have been grown by post annealing the reaction product at
783 K for 800 h. For this purpose, the microcrystalline primary
product was pressed into pellets and placed in silver crucibles,
closed with a silver stopper. The crucibles were sealed in glass
ampoules under dried argon.
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Two single crystals were selected in a drybox (M. Braun,
Garching, Germany) under an argon atmosphere (< 0.1 p.p.m.
O2, H2O) and mounted in sealed glass capillaries. Diffraction
intensities were collected with a SMART APEX II three-cycle
diffractometer equipped with an APEX II CCD detector
(Bruker AXS). Experimental details for one of the crystals are
given in Table 1; atomic coordinates have been deposited.1

3. Structure determination
The diffraction intensities of the ﬁrst investigated crystal of
RbFeO2 could be indexed and integrated on the basis of the
1

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BP5004). Services for accessing these data are described
at the back of the journal.
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Figure 2
Reciprocal layer hk0 (referring to twin domain I). The reﬂections of the corresponding domains are emphasized by circles: h k 0 for domains I and II,
h 2h l for domain III–VI. The directions of the reciprocal axes of each domain are drawn in.

cubic crystal system with acubic = 16.283 (2) Å (Rint = 0.097).
This is an eightfold unit cell with doubled a axis compared
with e.g. CsFeO2 (Frisch & Röhr, 2004). No peak-splitting is
observed with Mo K radiation; Fig. 1 shows the zeroth and
ﬁrst layer of the reciprocal space of the ﬁrst crystal under
investigation, constructed pixel by pixel from the original
CCD frames using the Precession module of the Bruker Suite
software package (Bruker AXS, 2005). This procedure allows
a detailed exploration of the reciprocal space, without
restrictions to integer hkl values. The observed extinction
rules h00: h = 2n; 0k0: k = 2n; 00l: l = 2n lead to the space
groups P213 (No. 198) and P4232 (No. 208). Only in P213 could
the heavy atoms be located, forming a three-dimensional
network of two interpenetrating diamond-like structures,
consisting of rubidium and iron, exclusively. Displacement
parameters which were much too high were obtained during
the structure reﬁnement and no O atoms could be localized in
the difference-Fourier map. The second crystal under investigation with Rint ’ 0.35 for the cubic symmetry revealed that
both crystals showed a special kind of twinning with different
volume fractions of the twin individuals.
The structure of KGaO2 (Vielhaber & Hoppe, 1969) is
known to be an ordered variant of the CsAlO2 type. The latter
one represents a stuffed undistorted -cristobalite type (a =
Acta Cryst. (2007). B63, 719–725

Table 2
Statistics of the measured reﬂections.

Domain I only
Domain II only
Domain III only
Domain IV only
Domain V only
Domain VI only
Two domains
Three domains
Six domains
Sum

Measured

Unique

6940
6960
6972
6948
6955
6954
30 597
13 491
3376
89 193

785
785
788
785
786
785
3654
5286
1328
14 982

8.098 Å). The structure of KGaO2 is orthorhombic with the
space group Pbca. The unit cell contains 16 formula units with
lattice constants related to the CsAlO2 type of structure
according to (2)

electronic reprint
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b ’ aðCsAlO2 Þð2Þ1=2 ;
c ’ 2aðCsAlO2 Þ:
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Starting from the cubic lattice of CsAlO2, there are six
possible orientations which can be chosen for the orthorhombic system. The six transformation matrices are given as:
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These matrices were used to create a multi-component hkl
ﬁle from the raw data set of the RbFeO2 crystal during the
integration procedure with the Bruker Suite software package
(Bruker AXS, 2005), which can be used with the HKLF 5
option in SHELXL (Sheldrick, 1997b). The twinning matrices
to transform the orthorhombic unit cells into each other are
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The reﬂection intensities were corrected for absorption and
analyzed with the program TWINABS (Sheldrick, 2007). The
analysis (Table 2) indicates that from all reﬂections (Iall) of e.g.
domain I, Iall/4 belong to this domain exclusively, 3Iall/8 belong
to two domains, Iall/4 belong to three domains and Iall/8 belong
to all six domains. This conﬁrms that the special relations of
the lattice constants lead to a reticular pseudo-merohedral
twin: only a partial number (reticular) of the reﬂections are
overlapping completely in three dimensions (merohedral).
There are either completely overlapping or non-overlapping
reﬂections, but no partially overlapping ones, as observed for
e.g. dovetail twins. The twin lattice is pseudo-cubic because of

Figure 3
Reciprocal layer hk1 (referring to twin domain I). The reﬂections of the corresponding domains are emphasized by circles: h k 1 for domain I and II,
h 2h + 1 l for domain III, h 2h–1 l for domain IV, h 2h + 1 l for domain V and h  2h  1 l for domain VI. The directions of the reciprocal axes of each
domain are drawn in.
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Table 3

Selected bond distances and angles (Å,  ).
Fe1—O1
Fe1—O2
Fe1—O4
Fe2—O1
Fe2—O2
Fe2—O3
Rb1—O2
Rb1—O3

O1—Fe1—O2
O1—Fe1—O4
O2—Fe1—O4
O4—Fe1—O4
O1—Fe2—O2
O1—Fe2—O3

1.853 (3)
1.854 (3)
1.851 (3)
1.869 (3)
1.843 (3)
1.865 (3)
1.861 (3)
1.862 (3)
2.865 (3)
2.855 (3)
3.279 (3)
3.409 (3)

Rb1—O1
Rb1—O2
Rb1—O4
Rb2—O1

3.373 (4)
2.973 (3)
2.845 (3)
2.961 (3)
3.159 (4)
3.207 (4)
3.000 (3)
3.030 (3)
2.995 (3)
3.321 (3)
3.345 (3)

108.5 (1)
108.5 (2)
112.3 (2)
110.1 (1)
108.9 (1)
108.6 (1)
108.0 (1)
110.1 (2)

O1—Fe2—O3
O2—Fe2—O3

Rb2—O2
Rb2—O3
Rb2—O4

O3—Fe2—O3
Fe1—O1—Fe2
Fe1—O2—Fe2
Fe2—O3—Fe2
Fe1—O4—Fe1

radii of the alkali metal cations and thus it increases
continuously from -NaFeO2 (126 ), KFeO2 (135 ), RbFeO2
(144 ) to CsFeO2 (180 ).

113.0 (2)
107.4 (1)
108.0 (1)
110.2 (1)
149.8 (2)
140.2 (2)
144.7 (2)
140.9 (2)

the approximate equations a(8)1/2 = b(2)1/2 = c, and the twin
lattice index is [j] = Vcubic/Vortho = 4 [Vcubic = 4137.2 (2) Å3, cf.
Table 1; Hahn & Klapper, 2003]. Figs. 2 and 3 show the zeroth
and ﬁrst reciprocal layer with the reﬂections of each domain
highlighted. It is shown that all the visible intensities are
indexed by at least one of the six twinning domains, and the
‘empty’ reciprocal space is left unindexed.
The intensities, belonging to one domain only are not
affected by the twinning and they have been used for structure
solution. This solution yielded the positions of the heavy
atoms Rb and Fe. With the complete data set, including all six
domains, it was possible to locate the O atoms via a differenceFourier synthesis. All atoms were reﬁned anisotropically and
the resulting twin volume fractions showed reasonable values
in the order of magnitude of 1/6 for all six domains [respective
volume fractions are t1 = 0.1728 (6); t2 = 0.1970 (6); t3 =
0.1565 (6); t4 = 0.1472 (6); t5 = 0.1966 (6); t6 = 0.1299 (6)].

Figure 4
Crystal structure of RbFeO2, with unit cell. The sticks between Rb atoms
emphasize the diamond-like structure of Rb.

4. Crystal structure and discussion
As already mentioned, RbFeO2 crystallizes in the KGaO2 type
of structure. The essential feature of this structure is a threedimensional network of corner-sharing [FeO4/2]– tetrahedra
with the monovalent ions located in large spaces in-between.
As a consequence, both heavy atoms form a three-dimensional
network of two interpenetrating diamond-like structures
(NaTl structure type) built up by Rb and Fe, exclusively (Figs.
4 and 5). The 31 [FeO4/2]– framework corresponds to 31 [SiO4/2]
in -cristobalite. The Fe—O bond distances lie in a narrow
range and are in good agreement with the sum of the ionic
radii. The O—Fe—O angles [108.0 (1)  ﬀO—Fe—O
 113.0 (2) ] indicate slightly distorted tetrahedra (Table 3).
The bending angles on the O atoms are 140.2 (2) 
ﬀFe—O—Fe  149.8 (2) , and they differ distinctly from the ideal
value (180 ) reported for -cristobalite, or e.g. for CsFeO2.
The size of the Fe—O—Fe angle depends on the effective
Acta Cryst. (2007). B63, 719–725

Figure 5
Fragment of the RbFeO2 structure with atomic labeling scheme. The
white sticks between Rb atoms emphasize the diamond-like structure of
Rb, the black sticks are Fe—O bonds. Displacement ellipsoids are drawn
at the 50% probability level.
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of the type translationengleich (t3 and t2, Fig. 6), which can be
associated with multiple twinning in terms of ‘twins by twins’,2
and resulting in six (3  2) twinning fractions, as observed.
Fig. 6 shows the group–subgroup relation (Bärnighausen–
Stammbaum), including all the site transformations. A
comparison between the atomic coordinates of RbFeO2 and
the idealized values indicates that the major structural
changes, in comparison to the CsAlO2 structure, are caused by
a shift of the O atoms, and to a lesser extent of Rb2 and Fe2.
We assume a phase transition of CsFeO2 from the CsAlO2
type of structure to the KGaO2 structure also takes place,
below room temperature. The bending angle should lock in at
approximately 165 and crystals of CsFeO2 at lower
temperatures are expected to also be systematically twinned.
A hint that gives support to this fact is provided by the relatively large displacement parameters determined for the O
atoms at room temperature (Frisch & Röhr, 2004).
The twinning phenomena reported here are also related to
the so-called albite twinning (Goldschmidt & Jenkins, 1985) in
the sodium feldspar (NaAlSi3O8) caused by a displacive phase
transition (collapse of the framework when the cation in the
cavity site is too small) from high albite (monoclinic) into low
albite (triclinic). This is in contrast to the pericline twinning in
K-bearing alkali feldspar caused by an order–disorder phase
transition at the Al/Si site (Xu et al., 1995).
NZ Ali gratefully acknowledges the ﬁnancial support from
the Higher Education Commission (HEC) Pakistan and the
German Academic Exchange Service (DAAD) in the form of
a fellowship.
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