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A quaternary oxycarbide, ½Al16:77ð5ÞSi1:23ð5Þ�S18
½O3:04ð9ÞC10:96ð9Þ�S14

; has been for the first time discovered in

the Al–Si–O–C system. The crystal structure was characterized by X-ray powder diffraction,

transmission electron microscopy and energy dispersive X-ray spectroscopy (EDX). The atom ratios

[Al:Si] were determined by EDX, and the initial structural model was derived by the direct methods.

The structural parameters as well as the atom ratios [O:C] were determined by the Rietveld method. The

crystal is monoclinic (space group C2/m, Z ¼ 1) with lattice dimensions a ¼ 0.57404(1) nm,

b ¼ 0.331435(5) nm, c ¼ 1.92410(2) nm, b ¼ 90.036(1)1 and V ¼ 0.366076(9) nm3. The final structural

model showed the positional disordering of Al/Si sites. The validity of the split-atom model was verified

by the three-dimensional electron density distribution, the structural bias of which was reduced as

much as possible using the maximum-entropy methods-based pattern fitting (MPF). The reliability

indices calculated from the MPF were Rwp ¼ 4.20% (S ¼ 1.14), Rp ¼ 3.09%, RB ¼ 0.92% and RF ¼ 1.05%. The

crystal was an inversion twin with nearly the same twin fraction.

& 2009 Elsevier Inc. All rights reserved.
1. Introduction

The binary and ternary carbides in the Al–Si–C system have the
characteristics of layered structures [1–7]. The crystal structure
of Al4C3 (space group R3m; Z ¼ 3) is composed of an [Al2C2] double
layer of AlC4 tetrahedra surrounded by two [AlC2] single layers of
AlC4 tetrahedra [2,3]. These three layers form an [Al4C4] unit layer
(A). The complete structure is the superposition of three A layers
along the c axis, in which the layer stacking sequence is described
by /AAAS. There are five types of ternary carbides reported so far:
Al4SiC4, Al4Si2C5, Al4Si3C6, Al4Si4C7 and Al8SiC7 [1,4–7]. The crystal
structures of the former two carbides have been determined by
single crystal X-ray diffraction method [5]. The structure of Al4SiC4

(P63mc, Z ¼ 2) requires an additional [(Al,Si)C2] single layer (B) of
(Al,Si)C4 tetrahedra in the hexagonal lattice to be alternately
inserted between the A-type [(Al,Si)4C4] unit layers with stacking
sequence of /BABAS. With the rhombohedral lattice of Al4Si2C5

(R3m; Z ¼ 3), the stacking sequence is /BABBABBABS. Although
crystal structures of Al4Si3C6, Al4Si4C7 and Al8SiC7 are still not
elucidated, they could be made up of the combinations of A and B

layers. Oscroft et al. have proposed the most probable stacking
sequences in Al4Si3C6 and Al4Si4C7 [1]. Kidwell et al. have
ll rights reserved.

ukuda).
determined the hexagonal unit cell of a ¼ 0.33127(7) nm and
c ¼ 1.9242(4) nm for Al8SiC7 [7].

In the Al–O–C system, two types of ternary oxycarbide
compounds are known: Al2OC [2,8–10] and Al4O4C [11,12]. The
crystal structure of the former consists of mixed blocks described
as [AlO]n[Al2C2]n[AlO]n with the C atoms in a similar environment
to those in Al4C3 [2]. The structure of the latter can be described in
terms of a three-dimensional network of Al(O3C) tetrahedra, which
are associated by sharing edges and corners [12]. These crystal
structures are distinct from those of the layered carbides in the
Al–Si–C system. In the Al–Si–O–C system, quaternary compounds
have never been recognized previously.

Recent advances in the field of crystal-structure analysis from
X-ray powder diffraction (XRPD) data have enabled us to
investigate unknown structures as well as disordered structures.
To begin with initial structural models are required, which may be
determined by, for example, direct methods [13]. The structural
parameters are subsequently refined using the Rietveld method
[14]. In order to disclose the structural details that had not been
introduced into the structural models, the combined use of a
maximum-entropy method (MEM) [15] and a MEM-based pattern
fitting (MPF) method [16] is employed. MEM is capable of
estimating structure factors of unobserved reflections and im-
proving those of overlapped reflections, which give MEM advan-
tages over the classical Fourier method. However, the Rietveld
and MEM analyses are insufficient to readily determine charge
densities because the observed structure factors, FO (Rietveld), are
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biased toward the structural model assuming intensity partition-
ing. The subsequent MPF method can minimize the structural
bias. Thus, the MEM and MPF analyses are alternately repeated
(REMEDY cycle) until the reliability indices reach minima. Crystal
structures are represented not by structural parameters but by
electron densities in MPF.

In the present study, we have for the first time discovered a
new quaternary compound in the Al–Si–O–C system. We deter-
mined the initial structural model from XRPD data using direct
methods and further modified it into a split-atom model, in which
two of the five types of Al/Si sites were positionally disordered.
The crystal is most probably an inversion twin with nearly the
same twin fraction.
2. Experimental

2.1. Synthesis

The reagent-grade chemicals of Al (99.9%, KCL Co., Ltd., Saitama,
Japan), Si (KCL, 99.99%) and C (graphite, KCL, 99.7%) were mixed in
molar ratios of Al:Si:C ¼ 11.2:1:7. The well-mixed chemicals were
pressed into pellets (+15 mm�10 mm), heated at 2273 K for 2 h
in inert gas atmosphere of Ar, followed by cooling to ambient
temperature by cutting furnace power. The reaction product was
an aggregate of transparent platelet crystals with size up to
100mm�100mm�5mm. The vaporization of Al and Si would
significantly occur when melting at 2273 K, hence the crystals
were most probably formed by a vapor-phase growth process.
Fig. 1. Selected-area electron diffraction pattern and corresponding lattice image.

Incident beam parallel to (001) plane.

Fig. 2. Identification of the presence of Al, Si, O and C in the compound. EDX

spectrum.
2.2. Characterization

The crystals were finely ground to obtain powder specimen and
subsequently introduced into a 0.5 mm diameter glass capillary
tube of internal diameter approximately 0.3 mm. The XRPD
intensities were collected on a diffractometer (X’Pert PRO MPD,
PANalytical B.V., Almelo, The Netherlands) equipped with a high
speed detector in Debye–Scherrer geometry using CuKa radiation
(45 kV, 40 mA) in a 2y range from 1.99621 to 131.99311
(an accuracy in 2y of 70.00011). Other experimental conditions
were: continuous scan, total of 15 559 datapoints and total
experimental time of 13.8 h. No preferred orientation could be
seen in the diffraction pattern which was collected with the
specimen rotating. We corrected the X-ray absorption using the mr

value (m: linear absorption coefficient; r: sample radius) of
the sample and capillary tube, which was determined by the
transmittance of direct incident beam. The structure data were
standardized using the computer program STRUCTURE TIDY [17].
The crystal-structure models were visualized with the computer
program VESTA [18].

The crushed fracture fragments were dispersed with air
and deposited on a holey carbon film attached to a copper grid.
They were examined using a transmission electron microscope
(TEM) (JEM 3000F, JEOL Ltd., Tokyo, Japan) operated at 300 kV
and equipped with an energy dispersive X-ray analyzer (EDX;
VOYAGER III, NORAN Instruments, Middleton, WI, USA). Selected
area electron diffraction (SAED) patterns and corresponding
lattice images were obtained. A chemical analysis was made
for nine crystal fragments to confirm the existence of O atoms
within the crystal lattice as well as to quantitatively determine
the atom ratios Al:Si. The correction was made by the ZAF
routines.
3. Results and discussion

3.1. Crystal system, unit cell and chemical composition

Peak positions of the powder diffraction pattern were first
determined using the computer program PowderX [19]. The 2y
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values of 20 observed peak positions within 2.01r2yr65.11 were
then used as input data to the automatic indexing computer
program TREOR90 [20]. A hexagonal unit cell was found with
Fig. 3. Sections of electron-density-distribution difference with the plane 0rxr0.7,

(lower part): (a) the initial model and (b) the split-atom model.
satisfactory figures of merit M20/F20 ¼ 54/37(0.016042, 34) [21,22].
The derived unit-cell dimensions of a ¼ 0.33180(3) nm and
c ¼ 1.9270(3) nm were subsequently used as initial parameters
y ¼ 0, �0.02rzr0.55 (upper part), and the corresponding atomic configurations
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for the Le Bail method [23] using the computer program RIETAN-
FP [24] in a wider 2y range from 2.01 to 131.91. However, the
refinement was unsuccessful with relatively large reliability
indices [25] of Rwp ¼ 5.97% (S ¼ Rwp/Re ¼ 1.60) and Rp ¼ 4.20%.

In subsequent Le Bail analysis, we assumed the crystal system
to be monoclinic. The orthorhombic system is hardly expected for
the crystal structure because it requires two-fold axes in three
mutually perpendicular directions. The initial unit-cell dimensions
used were a ¼ 0.57469 nm, b ( ¼ a/O3) ¼ 0.33180 nm, c ¼ 1.9270
nm and b ¼ 90.01, which are comparable to those of the C-lattice
orthohexagonal cell of the former hexagonal cell. The Le Bail
analysis yielded much lower reliability indices of Rwp ¼ 4.17%
(S ¼ 1.13) and Rp ¼ 3.06%. The refined unit-cell dimensions
of a ¼ 0.57404(1) nm, b ¼ 0.331459(5) nm, c ¼ 1.92415(1) nm and
b ¼ 90.033(1)1 could successfully index all the observed reflec-
tions in the experimental diffraction pattern. The observed
diffraction peaks were examined to determine the presence or
absence of reflections. Systematic absences h+ka2n for h k l, ha2n

for h 0 l and ka2n for 0 k 0 reflections were found, which implies
that possible space groups are C2, Cm and C2/m.

The SAED pattern and corresponding lattice image (Fig. 1)
indicate that the crystal is characterized by a layered structure
with the periodicity of about 2 nm along the c axis. The EDX
spectrum showed the existence of a small amount of O atoms
within the crystal lattice (Fig. 2). The O atoms might be originated
from the impurities of Ar gas and introduced into the sample
during the crystal growth process. The atom ratios Al:Si were
determined to be 0.932(3):0.068(3), where the numbers
in parentheses indicate standard deviations. Accordingly, the
present specimen must be a new compound which has been
discovered for the first time in the Al–Si–O–C system. The unit cell
was pseudohexagonal and compatible with that of Al8SiC7

(V ¼ 0.18287 nm3 and Z ¼ 1) [7]. Because the unit-cell content
of this compound is [8Al 1Si 7C] (Al+Si ¼ 9), that of the new
one (V ¼ 0.36611 nm3) must be [16.77Al 1.23Si 14(O+C)]
(Al:Si ¼ 0.932:0.068, Al+Si ¼ 18), assuming that the O atoms
exclusively occupy the C sites.
Fig. 4. Crystal structure of [Al16.8Si1.2][O3.0C11.0]. Space group C2/m.
3.2. Initial structural model

Because the atomic scattering factors for Al and Si are almost
the same and the oxygen concentration is relatively low, we used a
unit-cell content with [18Al 14C] as input data for the search of a
crystal-structure model. All of the possible space groups were
tested using the EXPO2004 package [13] for crystal structure
determination. A promising structural model with a minimum
reliability index RF of 7.88% was found with the space group C2/m
(centrosymmetric) in a default run of the program. There were
nine independent sites in the unit cell; five Al/Si sites (Al/Si1,
Al/Si2, Al/Si3, Al/Si4 and Al/Si5) and three O/C sites (O/C1, O/C2
and O/C3) were located at the Wyckoff position 4i, and one O/C site
(O/C4) was located at 2b. The unit-cell content of this structural
model was found to be [20Al 14C], suggesting that one of the site
occupancies (g) of Al/Si sites should be reduced to one-half its
initial value. The Al/Si1 sites were unusually close to each other
with the distance of 0.189 nm, hence the g(Al/Si1)-value was
reduced to 1/2. This implies that the crystal is twinned, the twin
domains of which are related by a pseudo-symmetry inversion.
The twinning structure of this compound will be discussed in
more detail for the final structural model.

The structural parameters and unit-cell dimensions were
refined by the Rietveld method using the computer program
RIETAN-FP [24]. The chemical species (oxidation states) of Al, Si,
O and C were adopted in the Rietveld analysis. A Legendre
polynomial was fitted to background intensities with 12 adjustable
parameters. The pseudo-Voigt function [26] was used to fit
the peak profile. The occupancies of O and C atoms in each
O/C site were refined without any constraints. The isotropic
displacement (B) parameters for O and C atoms were constrained
to be equal. Because the g and corresponding B parameters
were strongly correlated, they were refined alternately in succes-
sive least-squares cycles. The O atoms preferentially occupied the
O/C1 and O/C2 sites, the g(O)-values of which were 0.52(2)
and 0.30(1), respectively. Because of the absence of O atoms
at both O/C3 and O/C4 sites, they were relabeled C2 and C1,
respectively. The refinement, however, resulted in unsatisfactory
large R indices of Rwp ¼ 4.86% (S ¼ 1.32), Rp ¼ 3.53%, RB ¼ 4.21%
and RF ¼ 3.13%.

We expected MPF to enable us to extract structural details that
had not been introduced into the initial structural model. After
three REMEDY cycles, Rwp, S, Rp, RB and RF significantly decreased
to 4.44%, 1.20, 3.23%, 0.94% and 1.07%, respectively. The decreases
in R indices demonstrate that the crystal structure can be seen
more clearly from EDD instead of from the conventional structural
parameters. In order to disclose the subtle EDD changes induced
by MPF, we obtained the difference in EDD before and after
the REMEDY cycles. The two-dimensional difference map at y ¼ 0
showed two positive peaks with the heights of 0.006 and
0.0045 nm�3 (Fig. 3(a)). These peaks were located at 0.003 nm
apart from the Al/Si2 site for the former and 0.002 nm apart from
the Al/Si5 site for the latter. On the other hand, the residual
electron densities were negligibly low at the O/C1 and O/C2 sites,
indicating that the O and C atoms definitely occupy the same
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sites in the crystal structure. These findings promoted us to build
split-atom models for Al/Si2 and Al/Si5.
3.3. Split-atom model

In the split-atom model, each of the Al/Si2 and Al/Si5 sites at 4i

was split into two independent crystallographic sites MA and MB
Fig. 5. Comparison of the observed diffraction pattern of [Al16.8Si1.2][O3.0C11.0] (symbol:

is shown in the lower part of the diagram. Vertical bars indicate the positions of Brag

Table 2
Structural parameters for [Al16.8Si1.2][O3.0C11.0]a

Site Wyckoff position g x y z 100�B (nm2)

Al/Si1 4i 0.5 0.153(1) 0 0.5193(1) 0.13(7)

Al/Si2A 4i 0.5 0.157(2) 0 0.2768(2) 0.25(6)

Al/Si2B 4i 0.5 0.172(2) 0 0.2591(1) 0.25

Al/Si3 4i 1 0.168(1) 0 0.0512(1) 0.86(4)

Al/Si4 4i 1 0.5018(8) 0 0.17189(6) 0.80(3)

Al/Si5A 4i 0.5 0.502(2) 0 0.3784(2) 0.46(4)

Al/Si5B 4i 0.5 0.504(3) 0 0.3897(2) 0.46

C1 2b 1 0 1/2 0 0.72(7)

C2 4i 1 0.188(2) 0 0.1506(2) 0.72

O/C1 4i 1 0.127(1) 0 0.4215(1) 0.72

O/C2 4i 1 0.525(1) 0 0.2842(1) 0.72

a Site occupancies: O/C1: 48.6(14)% C and 51.4(14)% O; O/C2: 75.3(9)% C and

24.7(9)% O.

Table 1
Crystal data for [Al16.8Si1.2][O3.0C11.0].

Chemical composition Al16.77(5)Si1.23(5)O3.04(9)C10.96(9)

Space group C2/m

a (nm) 0.57404(1)

b (nm) 0.331435(5)

c (nm) 1.92410(2)

b (deg) 90.036(1)

V (nm3) 0.366076(9)

Z 1

Dx (mg m�3) 3.027
(M ¼ Al/Si2 and Al/Si5). We first refined the occupancies under the
linear constrains of g(MA)+g(MB) ¼ 1 to find that all of the g

parameters eventually converged to values very close to 0.5. Thus,
we have fixed these parameters equal to 0.5 in successive least-
+) with the corresponding calculated pattern (upper solid line). The difference curve

g reflections.

Fig. 6. Three-dimensional electron density distribution determined by MPF with

the split-atom model viewed along the b axis. Isosurfaces expressed in wireframe

style for an equidensity level of 0.002 nm�3.
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squares cycles. The parameters B(MA) and B(MB) were constrained
to be equal to each other. The final Rietveld refinement resulted
in satisfactory R indices of Rwp ¼ 4.45% (S ¼ 1.21), Rp ¼ 3.30%,
RB ¼ 3.47% and RF ¼ 2.53%, indicating that the disordered
arrangements of Al/Si2 and Al/Si5 sites can be represented
adequately with the split-atom model in Fig. 4. The individual
separation distances are 0.035(1) nm for (Al/Si2A)–(Al/Si2B)
and 0.022(1) nm for (Al/Si5A)–(Al/Si5B). Crystal data are given
in Table 1, and the final atomic positional and B parameters
are given in Table 2. The chemical composition was found to
be Al16.77(5)Si1.23(5)O3.04(9)C10.96(9), with the chemical formula of
½Al16:8Si1:2�S18

½O3:0C11:0�S14
(space group C2/m, Z ¼ 1).

We used the MPF method again and subsequently obtained the
difference in EDD before and after the REMEDY cycles to confirm
the validity of the split-atom model. After two REMEDY cycles,
Rwp, S, Rp, RB and RF further decreased to 4.20%, 1.14, 3.09%, 0.92%
and 1.05%, respectively. The decreases in R indices indicate that
the present disordered structure is better expressed with electron
densities than with the structural parameters in Table 2. Observed,
calculated and difference XRPD patterns for the final MPF are
plotted in Fig. 5. The two-dimensional difference map at y ¼ 0
Fig. 7. Crystal structures of the two orientation states of [Al16.8Si1.2][O3.0C11.0] viewed

related by the pseudo-symmetry inversion.
(Fig. 3(b)) gave much lower residual electron densities, indicating
that the EDD determined by the final MPF is explained sufficiently
by the present split-atom model. For example, the three-
dimensional electron-density images at the Al/Si2 and Al/Si5
sites (Fig. 6) show broadening, the equidensity isosurfaces
of which are in reasonably good agreement with the atom
arrangements. We therefore concluded that, as long as the
crystal structure was expressed by a structural model, the
present split-atom model would be satisfactory.
3.4. Structure description

The disordered structure can be regarded as a statistical
average of the two twin-related structural configurations with
the low-symmetry subgroup Cm (Fig. 7). When the two-fold
axes parallel to [010] are removed from the space group C2/m,
the resulting space group is Cm, with a center of symmetry being
lost concomitantly. The two structural configurations as shown
in Fig. 7 are therefore related not only by a pseudo-symmetry
two-fold rotation but also by a pseudo-symmetry inversion. Thus,
along the b axis. Space group Cm. The two structural configurations (a) and (b) are
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Fig. 8. Lattice image showing plane defects (indicated by arrows) perpendicular to

[001]. The defects most probably correspond to the inversion twin boundaries.
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the crystal must be an inversion twin. Actually, we observed
using TEM the lattice defects parallel to (001), which must
correspond to the inversion twin boundaries (Fig. 8). The
distance between the adjacent boundaries (i.e., twin width)
ranged from 36 to 49 nm with the average distance of 42.7 nm
[(43+36+49)/3 ¼ L]. Accordingly, the individual twin domains
contained on the average about 22 ( ¼ L/d(001)) unit cell along
the direction perpendicular to (001). The dimensions of twin
domains would be within the coherence range of X-rays, and
hence the crystal structure has been satisfactorily represented
by the split-atom model. One of the two orientational twin
domain contained the Al/Si2A and Al/Si5B sites, and the other
involved the Al/Si2B and Al/Si5A sites (Fig. 7). Because the
occupancies of these sites as well as that of Al/Si1 site were
all equal to 0.5, the actual domain ratio should be almost 0.5:0.5.
This twin structure is most probably originated during crystal
growth.

The atomic configurations are shown for [Al16.8Si1.2][O3.0C11.0],
Al4C3, Al4SiC4 and Al4Si2C5 (Fig. 9). The crystal structure of
[Al16.8Si1.2][O3.0C11.0] can be regarded as a layered structure,
which consists of A-type [(Al,Si)4(O,C)4] unit layer and B-type
[(Al,Si)(O,C)2] single layer with stacking sequence of /ABAS along
the c axis. In Table 3, only (Al,Si)–(O,C) bonds belonging to
one of the two twin-related orientations are reported, excluding
possible bonds between atoms of different orientation states.
The Al and Si atoms are tetrahedrally coordinated by O and/or C
atoms with the mean (Al,Si)–(O,C) distance of 0.205 nm, which
is comparable to the mean (Al,Si)–C distances of the [(Al,Si)C4]
polyhedra in Al4C3 (0.206 nm), Al4SiC4 (0.202 nm) and Al4Si2C5

(0.201 nm). Because the mean interatomic distance of [Al16.8Si1.2]
[O3.0C11.0] compares well with those of Al4C3, Al4SiC4 and Al4Si2C5,
and also these structures are closely related to one another as
shown in Fig. 9, [Al16.8Si1.2][O3.0C11.0] can be regarded as, from
a structural point of view, a carbide solid solution in which a
relatively small amount of O atoms was dissolved into the C sites
rather than an oxycarbide compound. The general formula of the
solid solution is expressed by [Al18�xSix][OyC14�y], where x- and
y-values are, respectively, 1.2 and 3.0 for the sample. One of the
possible end member is Al8SiC7 (x ¼ 2 and y ¼ 0), which could be
composed of a hexagonal layered structure with stacking sequence
of /ABAS.

A series of carbides in the Al4C3–SiC system can be represented
by a general formula Al4C3(SiC)X, where X ¼ 0 (Al4C3), 1/2
(Al8SiC7), 1 (Al4SiC4), 2 (Al4Si2C5), 3 (Al4Si3C6) and 4 (Al4Si4C7).
With 0rXr2, the fraction of A layer (fA) with respect to the B layer
in the crystal structure steadily decreased with increasing X-value;
the fA- and X-values are well correlated by the equation fA ¼

1/(1+X). The fA-values as predicted by this relationship are 0.25 for
Al4Si3C6 (X ¼ 3) and 0.2 for Al4Si4C7 (X ¼ 4). Assuming that these
crystal structures were also made up of the two types of layers A

and B, the minimum stacking sequence would be BABB for Al4Si3C6

and BBABB for Al4Si4C7. These structures are comparable to those
proposed by Oscroft et al. [1].
4. Conclusion

We have for the first time discovered a quaternary compound
in the Al–Si–O–C system. The crystal structure was successfully
determined from XRPD data and described in relation to those
of the layered carbides Al4C3, Al4SiC4 and Al4Si2C5. The compound
was, from a structural point of view, regarded as a carbide solid
solution rather than an oxycarbide compound. The crystal was
most probably an inversion twin with an almost 0.5:0.5 domain
ratio.
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Fig. 9. Atomic configurations in (a) [Al16.8Si1.2][O3.0C11.0], (b) Al4C3, (c) Al4SiC4 and (d) Al4Si2C5, showing the crystal structures being made up of two types of layers A and B.

The unit cells are represented by solid lines.

T. Iwata et al. / Journal of Solid State Chemistry 182 (2009) 2252–2260 2259
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Table 3
Interatomic distances (nm) in [Al16.8Si1.2][O3.0C11.0].

Al/Si1–O/C1 0.1889(4)

Al/Si1–O/C1 0.1973(8)

Al/Si1–O/C1 0.2373(5)�2

/Al/Si1–O/CS 0.215

Al/Si2A–O/C2 0.1828(9)�2

Al/Si2A–O/C2 0.212(2)

Al/Si2A–C2 0.2435(6)

/Al/Si2A–O/CS 0.205

Al/Si2B–O/C2 0.1921(7)�2

Al/Si2B–O/C2 0.208(1)

Al/Si2B–C2 0.2091(7)

/Al/Si2B–O/CS 0.200

Al/Si3–C2 0.1914(5)

Al/Si3–C1 0.2147(5)

Al/Si3–C1 0.2155(3)�2

/Al/Si3–CS 0.209

Al/Si4–C2 0.185(1)

Al/Si4–C2 0.2015(8)�2

Al/Si4–O/C2 0.2165(4)

/Al/Si4–O/CS 0.201

Al/Si5A–O/C2 0.1817(6)

Al/Si5A–O/C1 0.1988(7)�2

Al/Si5A–O/C1 0.230(2)

/Al/Si5A–O/CS 0.202

Al/Si5B–O/C1 0.1902(8)�2

Al/Si5B–O/C2 0.2033(7)

Al/Si5B–O/C1 0.225(2)

/Al/Si5B–O/CS 0.202

T. Iwata et al. / Journal of Solid State Chemistry 182 (2009) 2252–22602260
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