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ABSTRACT

Far-infrared spectroscopy and X-ray diffraction Rietveld structure refinement for
the hydrothermal synthetic muscovite series, (a) KAlz(Siz_yGey)O1o(OH,0D),, (b)
KGajs(Siz_yGey)O10(OH,0D),, and (¢) K(Al;_«Gax)Ge3019(OH,0D),, where x = 0.0-3.0,
y=0.0-3.0, and the muscovite—tobelite series, (d) [K;_a(NH4,ND4)4]AI3Si301
(OH,OD); where 4 = 0.0-1.0, indicate that there is complete solid-solution in each
series. In the 20050 cm™' far-infrared region, four kinds of bands are observed: two
bands due to octahedral deformation coupled with OH deformational vibrations between
240 and 130 cm™, an in-plane tetrahedral torsional band between 175 and 130 cm’ an
interlayer [-Ojnner stretching band, and an [-Oyer stretching band. The weak broad 140
cm’! band is K—Oinner stretching and the strong broad 110 cm’! band is K—Oouter
stretching in muscovite. The broad 175 cm’™ band is (NH4/ND4)—Ojner stretching and
the 140 cm™! broad strong band is (NH4/ND4)—Ogyeer stretching in tobelite. With
increasing Ga— Al substitution, the [-Ojgper and [-Ogyer stretching bands shift to lower
frequency, while with increasing Ge—Si substitution, the I-Ojyyer stretching band shifts
to higher frequency; the [-Ogyer stretching bands do not change as a function of

composition.
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INTRODUCTION

Muscovite is the most common dioctahedral mica and tobelite is its ammonium
analogue, where (NH4)" (r ~ 1.7 A) substitutes for K (r = 1.52 A) at the
[12]-coordinated interlayer site (e.g. Higashi 1982; Harlov et al. 2001; Péter et al. 2004).
At reasonably oxidizing conditions, dehydration of NH4-bearing micas during prograde
metamorphism releases NH4 which oxidizes to give N, and H,O (Hovis et al., 2004)
which are often incorporated as fluid inclusions in higher-grade minerals. Thus micas
are of interest as a major player in the nitrogen cycle (Eugster and Munoz, 1966), and as
an isotopic indicator of the origin of nitrogen (i.e., abiogenic versis biogenic) in the
protolith .

The development of Fourier-Transform InfraRed (FTIR) spectroscopy has
made possible the routine measurement of absorption spectra in the frequency range of
the far-infrared (FIR): 300-30 cm™. FIR spectra of muscovite and various clay minerals
have been reported by Ishii et al. (1967), Loh (1973), Farmer (1974), Tateyama et al.
(1977), Velde (1978), Roth (1978), Fripiat (1982), Velde and Couty (1985), Prost and
Laperche (1990), Schroeder (1990), Laperche and Prost (1991), Diaz et al. (2000),
Boukilli et al. (2001), Mookherjee and Redfern (2002), Friedrich et al. (2006), and
Zhang et al. (2010). The mid-IR spectra of ammonium in both synthetic and natural

(NH4/NDy)-containing muscovite was described by Vedder (1965), Bokij and
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Arkhipenko (1977), Shigorova et al. (1981), Higashi (1982), Shigorova (1982), Voncken
et al. (1987), Bastoul et al. (1993), Harlov et al. (2001) and Zhang et al. (2010), and FIR
spectra of micas have been reported by Mookherjee et al. (2004). Beran (2002) and
Fleet (2003) reviewed FTIR work on micas, including the MIR and FIR regions. Ishida
and Hawthorne (2011) reported FIR spectra of synthetic kinoshitalite (a trioctahedral
brittle mica) in the range 20050 cm™. They assigned three types of bands: (1) I-Oinner
stretching bands; (2) [-Ogyeer stretching bands; (3) a torsional band of the tetrahedral
sheet. Although many spectral studies have assigned the FIR bands in muscovite, no
consistent relations have yet been found. The purpose of this paper is to characterize and
assign the interlayer I-Ojpner and [-Ogyer Stretching bands in several synthetic
dioctahedral-mica solid-solutions, muscovites and muscovite—tobelite series micas, and

to assign the two additional bands which appear in the 240—130 cm™ region.

MATERIALSEXAMINED AND FIR METHOD
Synthesis experiments
Muscovites were synthesized hydrothermally at 435-615°C and 92280 MPa for
134—1140 h in cold-seal externally heated Tuttle-type vessels (Table 1). The starting
mixtures were made from reagent-grade oxides (Al,0O3, Ga,03, Si0,, GeO;) and

carbonates (K,CO3). The starting materials were mixed and decarbonated by heating for
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several hours at approximately 900°C in air, and then sealed in Au capsules (4.3 mm

outer-diameter (OD) X 4.0 mm inner-diameter (ID) X 35 mm long) with about 20

wt% distilled H,O or D0 (99.9 % in purity). Tobelite components were added as

ammonium or ammonium deuteride, 26 % NH;3 or NDj; solutions in H>O or D0,

respectively. Kaolinite from the Lamar Pit, Barth, South Carolina, U.S.A., was used also

for synthesis of end-member-composition tobelite.

SEM analysis

Synthesized materials were coated with gold in an evaporative coater and

examined using a scanning electron microscope (SEM) model JEOL JSM—5600.

X-ray Rietveld analysis

Rietveld analysis was done as outlined in Ishida and Hawthorne (2011) using

Rietan—2000 (Izumi and Ikeda 2000). For synthetic muscovites, the single-crystal data

for muscovite GA1 of Brigatti et al. (1998), monoclinic, space group C2/c, 2M

polytype with isotropic-displacement parameters, were used as the initial parameters for

least-squares refinement. For synthetic muscovite—tobelite solid-solutions, the

single-crystal data for polytypes 1M and 2M, from Guggenheim (1981) were added to

the 2M, data. Three sets of results were averaged from separate Rietveld refinements of
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the same sample.

FIR spectroscopy  Spectra were recorded in the range 250-30 cm” with a JASCO
FTIR-620 spectrometer equipped with a Hg-lamp power supply, a DLATGS (PE
window) detector and a Mylar 12 pum beam-splitter. Each sample was scanned 512

. . . . -1
times in an evacuated sample-chamber at a nominal resolution of 4 cm™.

RESULTSAND DISCUSSION
Products of synthesis
Table 1 shows the materials characterized in this study. Nominal aggregate

Mr>, were calculated from the radii

ionic radii of the tetrahedrally coordinated cations, <
of Shannon (1976) (YAl = 0.390, Ga = 0.47, ¥1Si = 0.26, Ge = 0.390 A). In the Al-
and Ga-bearing Si muscovite series, appreciable amounts of K- and ammonium-bearing
feldspar (orthoclase and buddingtonite) and Ga,Os were detected in the products. All
micas produced from muscovite starting compositions consisted of 80-95 % 2M; and
20-5 % 1M polytypes. The micas produced from muscovite—tobelite solid-solution
compositions consisted of up to ~15% 1M, ~20% 2M, and ~95% 2M; polytypes. Nearly

pure tobelite, mainly 2M; with traces of quartz, was synthesized from kaolinite and

ammonium solutions. As estimated from MIR OH/OD and NH4/NDy stretching-band
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intensities, micas synthesized from chemical reagents are more than 80% deuterated,

micas synthesized from kaolinite are ~60 % deuterated.

SEM

The synthetic muscovite and tobelite crystals obtained in this study are foliate
to blocky, up to 10 um wide and 5 pm thick (Fig. 1). The products that show sharp
XRD-patterns are blocky in appearance. The crystallinity of the mica produced tends to

be higher with higher nominal Ge content.

X-ray Rietveld refinement

All samples refined contain dominant 2M; polytype and minor 1M and/or 2M,
polytypes (Fig. 2). Relatively large amounts of Ga,O3; and were observed in
K(Al;.xGay)Si3-Ms micas, and (NH4/NDy)-bearing feldspar is present in the
muscovite—tobelite series samples, but the resulting cell-parameters of the dominant
micas are sufficient for discussion. Standard deviations for the mean bond lengths
involving the T (= <T-0>), M (= <M1-0> and <M2-0>) and I (= <I-Ojppe> and
<I—Oputer>) sites are estimated as +0.03, +0.05 and +0.06 A, respectively; standard
deviations of the bond angles are estimated as £2°. For the samples which obtained the

acceptable structural parameters are given in the CIF file (labeled as CIF in the Tables;
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deposit item ###H#H#H#H##). For the samples with poor structural parameters, <I—Ojpper>,
<I-Oputer>, and tetrahedral rotation angles (&) were also given in the Table 1, which are
usufull for comparison.

Cell dimensions. The measured cell-dimensions of the synthetic muscovite and
muscovite—tobelite series solid-solutions are shown in Figures 3, 4 and 5, respectively.
With increasing Ge—Si substitution, the a, b and ¢ parameters increase (Fig. 3). The
angle is fairly constant at ~95.50-95.75° for most of the compositional range (Fig. 3),
but is significantly less than these values for low Ge content. In the K(Al;_«Gay)Ges- Ms
series, the a and b parameters increase, and ¢ and £ are fairly constant (Fig. 4). In these
series, up to 2.0 apfu Ga—Al substitution occurs at the octahedrally coordinated M2 site,
but has little effect on the ¢ and S parameters. In the muscovite—tobelite series, the b and
C parameters increase with increasing interlayer NH4/ND,—K substitution (Fig. 5).

Interlayer sites. The relations between the compositions and interlayer-site
parameters are shown in Figure 6. With increasing <[4]r>, <I-Ojpne> 10 both the
KAI3(SizyGey)- and KGaj3(Siz_,Gey)-Ms series decreases slightly and <I-Ogy> tends to
increase. With increasing <[4]r>, the difference between <I—Ogyier™> and <I—Ojpner>
becomes larger (Fig. 6a). On the other hand, in the K(Al;_xGay)Ges-Ms series,
<I—Ojmer> increases slightly and <I—O,ye> decreases slightly (Fig. 6d). The

basal-oxygen angles, £ 0—0-O,cye and £ O—0—Opruse, sShow similar variations (Figs.

8
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6b and 6e).

Rotation angles (o). With increasing <'*r>, the rotation angles, ¢, in both the
KAI3(Si3yGey)- and KGas3(Si3_,Gey)-Ms series increase, whereas in the
K(Al;xGay)Ges-Ms series, it decreases with increasing Ga—Al substitution (Figs. 6¢

and 6f).

FIR spectra

FIR spectra for all muscovites and muscovite—tobelite solid-solutions in the
region 25050 cm™ are shown in Figure 7. Major changes in band intensity, position
and band shape are apparent as a function of bulk composition. The higher-frequency
bands occur at approximately 250 cm™ in all spectra, and are ascribed to M-O-H/D
bending vibrations. The lower-frequency band shows much more varied behaviour. In
(] Al-dominant micas, it occurs at ~240 cm™ in "!Ge-free micas (e.g., Fig. 7a,d) and
moves to slightly lower frequency (~230 cm™) with increasing “Ge-content. In
[JGa-dominant micas, the band occurs at ~230 cm™ in !Ge-free micas (e. g., Fig. 7b)

and moves to lower frequencies (~200 cm™) with increasing *!Ge-content; moreover,

the intensity of this band increases significantly with increasing [!Ge-content (Fig. 7b).

In '’A1-")Ga solid-solution-series micas (Fig. 7¢), the lower-frequency band changes

from ~240 ¢cm™! in "' Ga-free mica to ~200 cm™ in [’ Ga-dominant “'Ge mica, and the
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intensity of the band increases strongly with increasing '®’Ga-content; these bands are
assigned as M—O deformations coupled with (OH/OD)-libration bands. The three
dominant bands below 170 cm™ are in-plane torsional bands of the tetrahedron layer
(labelled by the arrows in Fig. 7), and [-Ojpner (K—Oinner) and I-Oguter (K—Oguter)
stretching bands. These bands assignments are the same as those for synthetic
kinoshitalite solid-solutions (Ishida and Hawthorne 2011).

With increasing Ga—Al and Ge—Si substitution, the intensities of these
[-Oinner stretching bands do not change (or increase very slightly) (Figs. 7a, 7b and 7c¢).

Full-width at half-height (FWHH) values for the [-Ojyy stretching bands are up to ~25

cm’ and do not change with Ga-Al, Ge-Si and interlayer NHy/ND,-K substitutions (Fig.

7). On the other hand, with increasing Ge—Si substitution in KGa3(Si3.,Gey)-Ms and

Ga—Al in K(Al;_xGay)Ges-Ms series micas, the [-Oqyer Stretching intensities decrease

considerably. The I-Oyr stretching band FWHHs in KAl3(Siz_yGey)-Ms,

KGas(Si3yGey)-Ms and K(Alz_Gay)Ges-Ms series micas also decrease with increasing

Ge—Si and Ga—Al substitution. With increasing interlayer NH4/NDs— [ substitution,

both K—Ojyner and K—Oyyer stretching frequencies decrease (Fig. 7d). Ammonium-

deuteride exchange also causes a slight downward shift in frequency for the

NH4/ND4—Oguer stretching bands in particular.
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M-O-H(1,11)/M-O-D(l,11) bending bands.

With increasing Ga—Al and Ge—Si substitution, the band in the 240—-190 cm™
range shifts down in frequency but increases in intensity (Figs. 7b and 7c¢). Deuteration
causes a downward frequency shift of ~10 cm’ for this band. For the micas in these
series, Al at the octahedrally coordinated sites is substituted by Ga, causing the
downward shift in frequency. The O6—H for O6-D substitution also causes a downward
shift in frequency. The 240—190 cm™ bands are assigned as M—O deformations coupled
with O6-(H/D) vibrations.

With increasing Ga—Al and Ge—Si substitution, the bands in the 200-150 cm™
range shift down in frequency for the (a) and (b) series, and the bands in the 190-130
cm’' range for the (c) and (d) series shift down in frequency but are unchanged or even
increase in intensity (Fig. 7), respectively. Deuteration causes a downward shift in
frequency of ~10 cm™ for these bands. This type of band is also assigned as an M-O
deformation coupled with O6—H/D) vibration. Zhang et al. (2010) showed that the 190
cm”’ band in muscovite shifts to higher wavenumber (194 cm™) at 900 K, which
supports this assignment. McKeown et al. (1999) assigned this band as an OH-M2-OH

bend coupled to an Ody,-translation.

In-planetorsional bands of the T layer.
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The relations between the frequencies and the tetrahedron compositions (<!*r>)
for the in-plane torsional bands of the tetrahedron layer are exactly in line with those for
kinoshitalite (Ishida and Hawthorne 2011): at 166-167 cm™ for the KAl3Si3-Ms series
(<¥r>=0.293 A), and at 126-129 cm™' for KAl;Ges- end-members (</*r>=0.390 A),
etc. (Figs. 7a and 8a). In the KGaj3(Si3_yGey)-Ms series, strong in-plane torsional bands
are observed at 127 cm™ in KGa;Si3-Ms (<[4]r> =0.313 A), and the frequency decreases
to 119 cm™ in the KGa;Ges-Ms (<[4]r> =0.410 A) end-member (Figs. 7b and 8a). In the
K(Al;_xGay)Ges-Ms series, very large increases in intensity are observed for the in-plane
torsional bands, from the weak band at 128-129 cm’lin KAI3Ge;-Ms to the strong band
at 119 cm™ in the KGasGes-Ms (</¥r>=0.410 A) end-members (Figs. 7¢ and 8b). With
increasing Ga (apfu) in the K(Als_«Gax)Ges-Ms series, the tetrahedral torsional bands

shift down in frequency.

|—Oinner @and 1-Ogyer Stretching bands.

The frequencies of the [-Ojyper and 1=y, Stretching bands, v and v, and the
mean tetrahedral ionic radii, <\*Ir>, are shown in Figure 9. The frequency decreases of
both the [-Ojyner and 1-Ogyeer stretching bands in the muscovite-tobelite series are due to
mass effects for the K— [ substitution (Fig. 9a and 9b). With increasing Ge—Si

substitution, Vg increases in both KAl3(Si3_yGey)- and KGas3(Si3_,Gey)- Ms series. This
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is due to the weaker T-O bond strength caused by the increasing <*r> | and this
strengthens the I-O bond. The ~20 cm™ frequency differences between the
KAI3(Si3_,Gey)- and KGaj3(Si3_yGey)- Ms series are caused by tetrahedral and octahedral
cations, Ga or Al: IA1-O bonds are stronger than ®)Ga—O bonds, and tetrahedral
and octahedral oxygens in "®/A1-O are thus more weakly bonded to other cations than
those of [“1®)Ga—O because of the valence-sum rule. In the K(Al; xGayx)Ges-Ms series,
v varies by ~15 cm™ from the corresponding values in the Al;Ges- to GasGes-Ms
end-members. The I-Ogyer stretching-band frequencies, vc, in the KAl3(Siz_yGey)-Ms
series increase slightlywith increasing Ge—Si substitution, but those in the
KGa;(Si3yGey)- Ms series vary little (Fig. 9b). The vz—vc values for KAI3(Siz_yGey)-Ms
and KGaj3(Si3_yGey)-Ms (31-46 and 2749 cm™') are more widely dispersed than those
for the K(AlsxGay)Ges-Ms micas: 45-51 cm’™ (Fig.9c¢).

The relations of the frequencies of the I-Ojpper and I-Ogye, stretching bands, v
and V¢, and the square root of aggregate tetrahedral-cation mass, V(1'M), are shown in
Figure 10. The change from muscovite to tobelite involves a decrease in interlayer K
M =39, <!"¥lr>=1.52 A) and an increase in interlayer NH;"/ND," (M = 18/24, <12
=~1.7 A). Although the ionic radius of the interlayer ammonium ion is larger than that
of the K" ion, both the I-Ojpner and I-O,ueer stretching frequencies shift upward by ~ 40

cm’ due to the smaller mass of ammonium relative to K (Figs. 10a and 10b). Both the
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Ge—Si and Ga— Al substitutions cause an increasing ionic radius and atomic mass, and
similar variations in the v, V¢, and vg—1¢ values as those for Figure 9 are observed (Fig.
10).

The relations between <I-Ojne> and the frequencies of the associated bands
are shown in Figure 11a. With increasing <I-Oinne>, the V5 decreases, except those for
the micas of the muscovite—tobelite series. With increasing Ge—Si and Ga—Al
substitution, the [-Ogy, stretching frequencies decrease, except in the
KAI3(Si3_yGey)-Ms series (Figs. 11b). Although <I-Oguer> becomes slightly shorter, v
decreases in the micas of the series K(Al;_xGay)Ges-Ms. With increasing difference
between <I-Ogyer™> and <I—Ojnner>, the V-1 values increase linearly (Fig.11¢). The

vs—Vc values and o show also a linear relation (Fig. 11d).
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Figures captions

FIGURE 1. SEM images of synthetic muscovites and tobelite. (a) [1210]Al;Si;DMs.
(b) [1027] Ga3GesHMs. (c) [1102] AlysGa, sGesHMs. (d) [1437] DMsgoTobjgo(Kln).

FIGURE 2. Rietveld patterns of synthetic muscovite and tobelite. (a) [1027]
Ga3;Ge;HMs and (b) [1432] DMsgoTob;oo(Kln). The crosses are the observed data,
the solid line is the calculated pattern, and vertical bars mark all possible Bragg
reflections (CuKo,; and CuKa,) for the 2M; polytype in (@), and polytypes 1M, 2M;,
and 2M; in (b), respectively. The difference between the observed and calculated
patterns is shown at the bottom.

FIGURE 3. Cell parameters of synthetic muscovites. Open circles =
KAI;3(Si3—yGey)-Ms series. Open squares = KGas(Siz_yGey)-Ms series. Error bars are
in the order of magnitude of the symbols.

FIGURE 4. Cell parameters of synthetic K(Al; yGax)Ges-Ms series (solid triangles).
Error bars are in the order of magnitude of the symbols.

FIGURE 5. Cell parameters of synthetic muscovite-tobelite series. Solid diamonds =
synthesized from chemical reagents. Open diamonds = synthesized from kaolinite.
Error bars are in the order of magnitude of the symbols.

FIGURE 6. Variation in interlayer-site parameters as a function of the mean tetrahedral

ionic radius or Ga content (apfu). Symbols are as in Fig. 3. (@): <I-Ojpner> = mean
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inner interlayer bond length; <I-Ogye> = mean outer interlayer bond length,
respectively. (b): £ 0-0-O,cue = mean acute interlayer oxygen angle; £
0-0-Ogpuse = mean obtuse interlayer oxygen angle. (C): &= tetrahedron rotation
angles. (d): <I-Ojper> = mean inner interlayer bond length; <I-Ogye™> = mean
outer interlayer bond length, respectively. (€): £ 0-0-O,cue = mean acute
interlayer oxygen angle; £ 0-0-O,pwse = mean obtuse interlayer oxygen angle.
(f): oo = tetrahedron rotation angles.

FIGURE 7. Far infrared spectra of synthetic muscovites and muscovite-tobelite micas.
(a): KAI3(SizyGey)-Ms series. (b): KGas(Sis.,Gey)-Ms series. (C):
K(Al;xGay)Ges-Ms series. (d): {K; a(NH4/NDy)a} Al3Si3-Ms series. One diamond =
M-O-H/D deformational bands (I). Two diamonds = M-O-H/D deformational bands
(ID). Stars = M-O deformasional bands around 250 cm™. Bands at 250-225 cm™ in
Figure 7b include those for Ga,0; in spectra y = 0.5, 1.0, and 2.0. Open symbols =
OH-bearing. Solid symboles = OD-bearing. Arrows indicate vibrations in-plane
tetrahedral torsional modes (see text). Solid line: OH-forms. Broken line: OD-forms.

FIGURE 8. Relations between frequency and compositions for the in-plane tetrahedron

tortional bands. (&): Open circles = KAl3(Siz.yGey)-Ms series. Open squares =
KGas(Siz.yGey)-Ms series. Solid diamonds = {K.A(NH4/ND4)a } Al3Si3-Ms series.

(b): Solid triangles = K(Al;.«Gay)Ges-Ms series.
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FIGURE 9. Relations between (@) the frequency (= ) and mean tetrahedral ionic
radius (= <Ir>) for [-Ojper stretching bands, (b) the frequency (= v¢) and mean
tetrahedral ionic radius for I-Ogye stretching bands, and (C) the frequency
differences of the I-Oiyper and [-Ogyer stretching bands (= vp- 1) and mean
tetrahedral ionic radius. Open circles = KAl3(Si3.,Gey)-Ms series. Open squares =
KGas(Si3.yGey)-Ms series. Solid triangles = K(Al;.<Gay)Ges-Ms series. Solid
diamonds = {K;.o(NH4/NDy)a } Al3Si3-Ms series.

FIGURE 10. Relations between (a) the frequency (= 1) and square root of
tetrahedral- cation mass (= V(M) for I-Oinner stretching bands, (b) the frequency
(= ) and square root of tetrahedral cation mass for [-Ogyer stretching bands, and
(c) the frequency differences (= vp-1c) of the I-Oinner and I-Ogyeer stretching bands
and square root of tetrahedral cation mass. Legend as in Figure 9.

FIGURE 11. Relations between (@) the frequency (= vg) and <I-Ojyper> for I-Ojnner
stretching bands, (b) the frequency (= ) and <I-Ogyer> for [-Ogyeer stretching
bands, (C) the frequency differences of I-Oipner and I-Ogyeer Stretching bands and
<I-Oguter>-<I-Ojimer> values, and (d) the tetrahedral rotation angles () and the
frequency differences (= vg- V) of the [-Ojpper and 1-Ogyeer stretching bands.

Legend as in Figure 9.
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TABLE 1. Synthetic conditions, Rietveld data and FIR bands assignment for [K,(NH,/ND,)](Al;..Ga,)(Si3.,Ge,)04o(OH/OD),-muscovite and muscovite-tobelite series

Run no. Symbol(comp.) T P Duration <Bl >+ <1-Ojpner>T < 1-Ogyter >T at Band At Band Bt Band Ct ng-nct MOH(I) MOH(II) MOD(I) MOD(II)
(c) (MPa) t (h) (A) (A) (A) ) (cm™) (cm™) (cm™) (cm™) MO+OH libr.(cm™) MO+OH libr.(cm™) MO+OD libr.(cm™) MO+OD libr.(cm™)
(a) KAl3(Sis,Ge,)O4o(OH,0D),-Ms
[1344]* Al;Si;DMs 585 250 859 0.293 2.838 3.501 15.4 166 143 110 33 - - - 183
[1511]* Al,Si;HMs 565 92 859 0.293 2.825 3.588 18.1 166 142 111 31 - 188 - -
[999] Al;Si, sGeg sHMs 610 225 590 0.309 2.843 3.506 15.1 158 148 110 38 - 185 - -
[1230]* Al;Si, sGeg sHMs 560 241 547 0.309 2.785 3.540 16.8 5 147 110 37 - 183 - -
[997]* Al,Si,GeHMs 610 225 590 0.325 2.865 3.508 14.4 - 150 110 40 233 180 - -
[1085]* Al,Si,Ge,DMs 595 202 47 0.325 - - - - 149 110 39 - 180 228 -
[1231]CIF**  Al;Si,GeHMs 560 241 547 0.325 2.842 3.490 14.5 - 150 111 39 229 179 - -
[994]* Al,Si; sGe; sHMs 595 192 494 0.341 2.827 3.616 16.1 - 152(155,149) 111 41 229 179 - -
[1232]*CIF  Al;Si; sGe; sDMs 560 272 544 0.341 2.815 3.535 15.9 - 153(154,151) 112 41 - - 226 -
[998]*CIF  Al;Si;Ge,HMs 610 225 590 0.358 2.766 3.620 19.1 - 154(157,151) 113 41 226 177 - -
[1086]* Al,Si;Ge,DMs 595 202 47 0.358 - - - - 156 112 44 - - 228 -
[1233]CIF  Al;Si;Ge,HMs 560 272 544 0.358 2.794 3.561 16.8 - 156 115 41 228 176 - -
[1234]*CIF  Al3SiysGe, sHMs 560 272 544 0.374 2.774 3.605 18.2 - 158 116 42 228 174 - -
[995]*CIF  Al;Ge;HMs 595 192 494 0.390 2.753 3.650 19.3 128 161 115 46 233 173 - -
[1087]* Al,Ge;DMs 595 202 47 0.390 - - - 129 160 115 45 - - 221 -
(b) KGas(Sis.,Ge,)04o(OH,0D),-Ms
[1209]* Ga,SisHMs 435 191 501 0.313 2.780 3.543 14.1 127 127 98(+91) 29 224 175 - -
[1181]* GaSi, sGey sHMs 470 265 456 0.329 - - - 127 126 98 28 217 170 - -
[1182] Ga;Si,GeHMs 470 265 456 0.345 - - - - 124 97 27 225 164 - -
[1447]*CIF  GazSi,Ge;HMs 595 260 833 0.345 2.829 3.461 13.7 126 133 99 34 217 160 - -
[1142] GasSis sGe sHMs 615 245 520 0.361 2.842 3.542 13.4 125 139 99 40 221 154 - -
[1467]*CIF  Ga;Sis sGe; sHMs 595 280 496 0.361 2.826 3.513 14.8 125 141 98 43 218 158 - -
[1143]* Ga;Si;Ge,HMs 615 245 520 0.378 - - - 123 142 98 44 219 154 - -
[1207] Ga;Si;Ge,HMs 435 191 501 0.378 2.883 3.768 16.7 122 145 97 48 211 154 - -
[1491]*CIF  Ga;Si;Ge,DMs 555 178 615 0.378 2.808 3.575 16.4 121 146 97 49 - - 202 -
[1469]*CIF  Ga;SiysGe, sHMs 600 279 424 0.394 2.788 3.598 17.1 121 143 97 46 205 - - -
[1216]*CIF  GazGez;HMs 535 110 230 0.410 2.673 3.734 215 119 150 97 53 202 - - -
[1567]* Ga,Ge;DMs 540 170 641 0.410 - - - 118 150 97 53 - - 195 138
(c) K(Al;.xGay)Ge;044(OH,0D),-Ms
[1271]°CIF Al 75Gag ,5GesHMs 595 214 427 0.390 2.743 3.649 19.6 125 159 114 45 229 171 - -
[1217]°CIF Al sGag sGe;HMs 500 216 499 0.390 2.753 3.628 18.9 123 159 112 47 229 - - -
[1270]*CIF  Al,»5Gag 75GesHMs 595 214 427 0.390 2.768 3.629 18.6 121 156 110 46 226 - - -
[1025]*CIF  Al,Ga;GezHMs 600 223 430 0.390 2.762 3.621 18.4 121 156 109 47 227 - - -
[1088]* Al,Ga,;Ge;DMs 595 202 47 0.390 - - - 121 155 109 46 - - 235 -
[1269]*CIF  Al; 75Gay ,5GesHMs 595 214 427 0.390 2.768 3.624 18.3 121 154 107 47 226 - - -
[1101]*CIF  Al; sGa; sGezHMs 550 210 189 0.390 2.751 3.617 18.4 121 154 105 49 213 - - -
[1568]* Al, sGa, sGe;DMs 540 170 641 0.390 - - - 121 154 105 49 - - 206(211,200) -
[1267]*CIF  Al; 55Gay 75GesHMs 585 231 447 0.390 2.781 3.616 17.8 121 152 104 48 205 - - -
[1026]*CIF  Al;Ga,Ge;HMs 600 223 430 0.390 2.765 3.618 18.1 120 151 102 49 205(211,203) - - -
[1089]* Al,Ga,Ge;DMs 595 202 47 0.390 - - - 121 151 102 49 - - 200 -
[1266]*CIF  Alg75Ga, ,5GesHMs 585 231 447 0.395 2.748 3.623 18.4 120 149 101 48 205 - - -
[1102]*CIF  AlysGa, sGezHMs 550 210 189 0.400 2.768 3.620 18.0 120 149 100 49 202 - - -
[1265]*CIF  Alg25Ga, 75GesHMs 580 231 447 0.405 2.778 3.626 17.9 119 149 98 51 202 - - -
[1027]*CIF  Ga;Ge;HMs 600 223 430 0.410 2.842 3.490 14.5 119 148 97 51 202 - - -
[1090]* Gas;Ge;DMs 595 202 47 0.410 - - - 119 147 97 50 - - 195 134
(d) {K4.a(NH,;,ND,)A}Al;Si;04,(OH,0D),-Ms-Tob
[Natural]*CIF Ms0o(UT)§ - - - 0.293 2.876 3.348 10.6 167 142 110 32 - 188 - -
[1579]* DMs 100(UT) 575 216 198 0.293 - - - 166 141 109 32 - - - 181
[1383]* DMs;5Tob,s 580 235 352 0.293 2.724 3.846 20.2 168 168/136 136/101 32/35 - - - -
[1382]* DMssoTobsg 580 235 352 0.293 2.997 3.554 13.0 - 174 147/97 27 - - - -
[1381]* DMs,sTobs 580 235 352 0.293 3.029 3.593 13.4 - 174 148/92 26 - - - -
[1438]*CIF  HMsqoTob1qo 570 244 134 0.293 2.929 3.520 13.7 - 175 146(149,143) 29 - - - -
[1426]* DMsqoTob1go 505 105 136 0.293 2.980 3.603 14.5 - 174 142 32 - - - -
[1606]* HMsgoTob4go(KIn) 545 228 260 0.293 2.925 3.780 13.1 - 178 (180,175) 149 29 - - - -
[1437]* DMsoTob4g(KIN) 570 244 134 0.293 2.790 4.139 13.5 - 175 146 (149,142) 29 - - - -

* FIR spectra were given in Figures. ** CIF = CIFs were deposited.

+ < ¥ > = nominal mean tetrahedral ionic radius calculated by the mole ratios of the solid starting material's composition. In the (c) series, < My > calculated as Al first and then Ge. < [-Oinner > = mean bond length

between interlayer cations and inner basal oxygen atoms. < [-Ogyer> = mean bond length between interlayer cations and outer basal oxygen atoms.

a = tetrahedral rotaion angle calculated by the X-ray Rietveld refinement data. Frequencies of the in-plane tetrahedral tortional band (band A),

[-Oinner Stretching band (band B), and I-Oy, stretching band (band C). ng-n¢ = frequency difference between I-O;pner and 1-Oyyier Stretching bands.
T Not determined.
§ UT = natural sample. D = deuterated. Kin = kaolinite as the starting material.




TABLE 2a. Rietveld refinement for synthetic KAl;(Si;.,Ge,)0,,(OH,0D),-muscovites

Run no. [1344] [1511] [999] [1230] [997] [1231]CIF* [994] [1232]CIF [998]CIF [1233]CIF [1234]CIF [995]CIF
Symbol Al;SisDMs Al;SisHMs  Al3Si, 5Geg sHMs AlsSi, 5Geg sHMs - AlsSi,GeyHMs  AlsSi,GeHMs  Al;Siy sGeq sHMs Al;Siy sGeq sDMs  AlsSiiGe,HMs  AlsSi Ge,HMs  AlsSip 5Ges sHMs  AlsGesHMs
<¥r > (A) 0.293 0.293 0.309 0.309 0.325 0.325 0.341 0.341 0.358 0.358 0.374 0.390
Collecting conditions
200 scan range (°) 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110
Step interval (°) 0.04 0.02 0.04 0.02 0.02 0.10 0.02 0.10 0.02 0.02 0.02 0.08
Integration times (s 4 5 4 6 6 5 5 5 7 5 10 10
Agreement indicies from Rietveld refinement
R wp(%) 22.6 23.9 20.8 201 19.6 15.0 14.4 15.9 14.5 15.2 15.6 8.89
R (%) 17.7 18.6 16.5 15.4 14.7 11.4 10.7 11.5 10.9 10.2 10.7 5.97
R o(%) 8.03 7.35 7.19 4.73 5.55 4.77 5.99 4.55 5.12 5.89 4.03 3.03
S 2.81 3.26 2.89 4.26 3.53 3.14 2.40 3.51 2.84 2.58 3.86 2.94
Durbin-Watson d 0.212 0.128 0.224 0.107 0.098 0.889 0.224 0.698 0.159 0.200 0.129 1.13
Re(%) 3.87 4.04 3.09 2.56 2.14 1.63 1.80 1.71 1.24 1.88 1.36 0.95
Unit-cell parameters
a( ) 5.194(3) 5.202(2) 5.207(3) 5.2120(19) 5.2147(14) 5.213(2) 5.2291(11) 5.226(2) 5.2356(13) 5.238(7) 5.2507(6) 5.2653(5)
b() 9.003(5) 9.000(4) 9.011(5) 9.017(3) 9.040(3) 9.041(4) 9.075(2) 9.070(4) 9.080(2) 9.0979(12) 9.1206(11) 9.1522(9)
c() 20.121(11) 20.122(9) 20.293(11) 20.312(8) 20.414(6) 20.414(9) 20.565(4) 20.552(8) 20.677(5) 20.678(3) 20.786(2) 20.919(2)
7(°) 94.71(2) 94.365(16) 95.57(2) 95.772(14) 95.557(10) 95.639(15) 95.652(7) 95.655(13) 95.751(8) 95.687(4) 95.687(4) 95.665(3)
V(3 937.7(9) 939.3(7) 947.7(8) 949.8(6) 957.8(5) 957.5(7) 971.1(4) 969.4(6) 978.0(4) 980.6(2) 990.5(2) 1003.14(17)
asin/J/( ) 5.176(1) 5.187(1) 5.183(1) 5.186(1) 5.190(1) 5.187(1) 5.204(1) 5.201(1) 5.209(1) 5.213(1) 5.225(1) 5.240(1)
d ca(g/cm®) 2.701(11) 2.772(11) 2.817(33) 2.892(30) 2.850(6) 2.897(31) 2.997(12) 3.024(12) 3.160(6) 3.138(9) 3.194(18) 3.345(6)
Site-populations
T1 Ge - - 0.16(2) 0.10(2) 0.23(1) 0.24(2) 0.31(1) 0.33(2) 0.47(1) 0.43(1) 0.52(1) 0.65(1)
Al+Si 1.00 1.00 0.84(2) 0.90(2) 0.77(1) 0.76(2) 0.69(1) 0.67(2) 0.53(1) 0.57(1) 0.48(1) 0.35(1)
T2 Ge - - 0.00(2) 0.14(2) 0.00(1) 0.07(2) 0.22(1) 0.21(3) 0.30(1) 0.35(1) 0.42(1) 0.63(1)
Al+Si 1.00 1.00 1.00(2) 0.86(2) 1.00(1) 0.93(2) 0.78(1) 0.79(3) 0.70(1) 0.65(1) 0.58(1) 0.37(1)
Average (T sites)
Ge - - 0.08(8) 0.12(2) 0.12(12) 0.16(9) 0.25(4) 0.27(6) 0.36(4) 0.39(4) 0.47(5) 0.64(1)
Al+Si 1.00 1.00 0.92(8) 0.88(2) 0.88(12) 0.84(9) 0.75(4) 0.73(6) 0.64(4) 0.61(4) 0.53(5) 0.37(1)
M1 Al 0.25(2) 0.04(2) 0.16(3) 0.02(2) 0.09(2) 0.07(3) 0.07(1) 0.04(3) 0.12(1) 0.00(1) 0.00(1) 0.01(1)
M2 Al 0.82(2) 1.00(2) 0.89(3) 0.98(2) 0.87(2) 0.88(2) 0.90(1) 0.92(3) 0.95(1) 0.96(1) 0.95(1) 0.93(1)
A K 0.86(2) 0.93(1) 0.83(2) 0.80(1) 0.92(1) 0.90(1) 0.88(1) 0.92(2) 0.89(1) 0.94(1) 0.91(1) 0.92(1)

* CIF = CIFs were deposited.




TABLE 2b. Rietveld refinement for synthetic KGa,(Si;_Ge,)O10(OH,0D),-muscovites

Run no. [1209] [1181] [1447]CIF* [1142] [1467]CIF [1207] [1491]CIF [1469]CIF [1216]CIF
Symbol GasSi;HMs  GasSip sGeg sHMs  GazSi,GesHMs  GasSiy sGeq sHMs GasSiy sGeq sHMs  GasSiiGe,HMs  GasSiiGe,DMs  GasSig sGe, sHMs  GazGezHMs
<M > (A) 0.313 0.329 0.345 0.361 0.361 0.378 0.378 0.394 0.410
Collecting conditions
21 scan range (°) 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110
Step interval (°) 0.10 0.10 0.04 0.04 0.04 0.10 0.04 0.04 0.04
Integration times (s 5 5 4 12 4 4 4 4 4
Agreement indicies from Rietveld refinement
R wo(%) 23.3 30.4 14.5 28.2 12.9 22.9 17.0 10.5 17.4
R (%) 18.1 23.2 10.3 21.4 9.44 18.4 12.2 7.32 11.6
R (%) 5.45 4.95 5.94 6.28 5.87 5.51 5.65 5.95 5.72
S 4.28 6.13 2.44 4.48 219 4.15 3.01 1.76 3.03
Durbin-Watson d 0.837 0.526 0.423 0.174 0.423 0.564 0.397 0.753 0.322
Re(%) 4.68 15.2 214 8.93 1.8 8.92 2.23 1.96 3.73
Unit-cell parameters
a( ) 5.291(5) 5.318(12) 5.3140(8) 5.334(2) 5.3286(6) 5.349(5) 5.3463(14) 5.3574(3) 5.3715(7)
b() 9.133(9) 9.180(19) 9.2182(14) 9.255(4) 9.2452(11) 9.270(9) 9.276(2) 9.3005(6) 9.3254(13)
c() 20.148(18) 20.39(4) 20.461(3) 20.570(8) 20.585(2) 20.63(2) 20.713(5) 20.8204(11) 20.933(3)
7(%) 94.13(3) 94.73(4) 95.690(4) 95.693(12) 95.691(4) 95.57(3) 95.680(7) 95.708(2) 95.691(5)
V(3 971.1(16) 992.0(37) 997.3(2) 1010.5(7) 1009.1(2) 1018.1(18) 1022.1(5) 1032.26(10) 1043.4(2)
asin/J/( ) 5.278(2) 5.300(2) 5.288(1) 5.307(1) 5.302(1) 5.323(1) 5.320(1) 5.331(2) 5.345(1)
d ca(g/cm®) 3.294(90) 3.338(83) 3.824(40) 4.306(46) 3.918(6) 3.763(27) 4.008(59) 4.081(16) 4.059(46)
Site-populations
T1 Ga+Ge 0.00(4) 0.18(7) 0.56(2) 0.97(8) 0.67(1) 0.89(9) 0.84(3) 0.91(1) 1.00
Al+Si 1.00(4) 0.82(7) 0.44(2) 0.03(8) 0.33(1) 0.11(9) 0.16(3) 0.09(1) 0.00
T2 Ga+Ge 0.30(6) 0.42(9) 0.52(2) 0.69(7) 0.65(1) 0.50(8) 0.76(3) 0.90(1) 1.00
Al+Si 0.70(6) 0.58(7) 0.48(2) 0.31(7) 0.35(1) 0.50(8) 0.24(3) 0.10(1) 0.00
Average (T sites)
Ga+Ge 0.15(15) 0.30(12) 0.54(2) 0.83(14) 0.66(1) 0.63(18) 0.80(4) 0.91(1) 1.00
Al+Si 0.85(15) 0.70(12) 0.46(2) 0.17(14) 0.34(1) 0.37(18) 0.20(4) 0.09(1) 0.00
M1 Ga 0.08(3) 0.00 0.00(1) 0.00(3) 0.00(1) 0.00(4) 0.08(1) 0.00(1) 0.00(1)
M2 Ga 0.91(6) 0.86(7) 1.00(1) 1.00(6) 1.00(1) 0.98(5) 0.96(2) 1.00 0.91(1)
A K 0.52(5) 0.72(6) 0.93(1) 1.00(6) 0.83(2) 0.78(5) 0.80(1) 0.92(1) 0.89(1)

* CIF = CIFs were deposited.




I ABLE 2c. Rietveld refinement for synthetic K(Al;,Ga,)Ge;0,,(OH,0D),-muscovites

Run no. [995]CIF* [1271]CIF [1217]CIF [1270]CIF [1025]CIF [1269]CIF [1101]CIF [1267]CIF [1026]CIF [1266]CIF [1102]CIF [1265]CIF [1027]CIF

Symbol Al;Ge;HMs Al, ;5Gag ,5GesHMs Al sGa, sGesHMs Al ,5Gag ,sGe;HMs  AlL,Ga,Ge;HMs Al ,5Ga, ,sGe;HMs Al sGa,; sGesHMs Al »,5Ga, ,sGesHMs Al Ga,Ge;HMs Al ,5Ga, ,sGe;HMs Al sGa, sGesHMs Al .5Ga, 7sGesHMs Ga;Ge;HMs

Collecting conditions

21 scanrange (° ) 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110

Step interval (°) 0.08 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Integration times (s 10 5 5 5 5 5 5 5 5 5 5 5 5

Agreement indicies from Rietveld refinement

R wo(%) 8.89 12.6 11.7 10.3 9.49 10.8 10.4 12.1 10.2 19.2 9.49 11.5 13.0

Ro(%) 5.97 8.96 8.06 6.78 6.40 7.33 7.05 7.55 712 9.63 6.53 7.93 8.95

R (%) 3.03 4.54 7.23 4.49 4.23 4.64 4.57 4.44 4.31 4.27 4.47 4.43 4.31

S 2.94 2.78 1.62 2.30 2.24 2.32 2.27 2.72 2.36 4.49 212 2.64 3.01

Durbin-Watson d 1.13 1.03 1.22 1.15 1.40 1.05 1.12 1.39 1.12 1.17 1.73 1.67 1.09

Re(%) 0.95 1.98 1.80 1.19 1.44 1.98 1.67 1.42 2.24 2.33 1.38 243 2.88

Unit-cell parameters

a( ) 5.2653(5) 5.2748(11) 5.2846(10) 5.2968(7) 5.3060(5) 5.3149(7) 5.3238(6) 5.3343(6) 5.3411(7) 5.3494(9) 5.3575(4) 5.3652(5) 5.3708(6)

b() 9.1522(9) 9.1666(20) 9.1829(17) 9.2042(13) 9.2196(9) 9.2339(13) 9.2484(11) 9.2664(11) 9.2765(12) 9.2912(16) 9.3051(8) 9.3180(10) 9.3272(11)

c() 20.919(2) 20.907(4) 20.901(4) 20.891(3) 20.8876(19) 20.886(3) 20.886(2) 20.890(2) 20.8943(25) 20.8967(33) 20.9113(16) 20.9363(19) 20.930(2)

(°) 95.665(3) 95.678(7) 95.687(6) 95.695(5) 95.701(4) 95.704(5) 95.709(4) 95.715(4) 95.706(5) 95.716(6) 95.717(3) 95.713(4) 95.708(4)

V(3 1003.1(2) 1005.9(4) 1009.3(3) 1013.5(2) 1016.75(16) 1019.9(2) 1023.2(2) 1027.5(2) 1030.1(2) 1034.0(3) 1037.30(15) 1041.46(18) 1043.3(2)

asin/J/( ) 5.240 5.249(1) 5.259 5.271 5.280 5.289 5.297 5.308 5.315 5.323 5.331 5.339 5.344

d...(alcm®) 3.342(5) 3.409(30) 3.497(1) 3.565(5) 3.624 3.716(17) 3.839 3.846(22) 3.942 4.002 3.983 3.094 4.120

Site-populations

T1 Ga+Ge 0.65(1) 0.66(2) 0.71(2) 0.72(2) 0.73(2) 0.78(2) 0.84(2) 0.82(2) 0.88(2) 0.90(4) 0.88(2) 0.94(2) 1.00
Al 0.35(1) 0.34(2) 0.29(2) 0.28(2) 0.27(2) 0.22(2) 0.16(2) 0.18(2) 0.12(2) 0.10(4) 0.12(2) 0.06(2) 0.00

T2 Ga+Ge 0.63(1) 0.63(3) 0.67(2) 0.70(2) 0.73(2) 0.75(2) 0.80(2) 0.82(2) 0.85(2) 0.89(4) 0.87(2) 0.93(2) 1.00
Al 0.37(1) 0.37(3) 0.33(2) 0.30(2) 0.27(2) 0.25(2) 0.20(2) 0.18(2) 0.15(2) 0.11(4) 0.13(2) 0.07(2) 0.00

Average (T sites)
Ga+Ge 0.64 0.65(2) 0.69(3) 0.71(1) 0.73(0) 0.77(2) 0.82(2) 0.82(0) 0.87(2) 0.90(1) 0.88(1) 0.94(1) 1.00
Al 0.37 0.35(2) 0.31(3) 0.29(1) 0.27(0) 0.23(2) 0.18(2) 0.18(0) 0.13(2) 0.10(1) 0.12(1) 0.06(1) 0.00

M1 Ga - 0.00(1) 0.00(0) 0.00(9) 0.00(8) 0.00(1) 0.00(2) 0.00 (1) 0.00(1) 0.00(2) 0.00(2) 0.00(1) 0.00(1)
Al 0.01(1) - - - - - - - - - - - -

M2 Ga - 0.06(2) 0.15(2) 0.27(1) 0.35(1) 0.46(2) 0.55(2) 0.64(2) 0.70(2) 0.75(4) 0.81(2) 0.91(2) 0.97(1)
Al 0.93(1) 0.94(2) 0.85(2) 0.73(1) 0.65(1) 0.54(2) 0.45(2) 0.36(2) 0.30(2) 0.25(4) 0.19(2) 0.09(2) -

A K 0.92(8) 0.94(1) 0.95(1) 0.94(1) 0.96(1) 0.96(1) 1.00(3) 0.98(1) 1.00(1) 1.00(2) 0.98(1) 1.00(2) 1.00(2)

* CIF = CIFs were deposited.




TABLE 2d. Rietveld refinement for synthetic muscovite-tobelite series, [K;.A(NH4,ND4),]Al,(AlSi;)O,,(OH,0D),

Run no. [Natural]CIF* [1383] [1382] [1381] [1438]CIF [1426] [1606] [1437]
Symbol Ms100(UT) DMs,5Tobys DMs;s,Tobsg, DMs,5Tob;5 HMsyTob4o DMsggTob gy HMsggTob,gg(KIn) DMsgyTobge(KIN)
Collecting conditions
2[] scan range (°) 5-110 5-110 5-110 5-110 5-110 5-110 5-110 5-110
Step interval (°) 0.04 0.10 0.10 0.10 0.04 0.04 0.04 0.04
Integration times (s 10 5 5 5 12 4 4 4
Agreement indicies from Rietveld refinement
R (%) 14.0 249 23.0 24.5 23.7 25.4 26.3 26.2
R (%) 10.5 19.5 18.5 19.4 17.5 19.6 20.3 20.5
Ra(%) 9.59 7.15 6.92 6.59 7.64 5.49 6.97 5.56
S 1.46 3.49 3.33 3.71 3.11 4.62 3.77 4.71
Durbin-Watson d 0.642 0.724 0.716 0.754 0.307 0.212 0.116 0.105
R (%) 1.95 7.60 4.20 5.49 3.84 3.63 8.03 7.32
Unit-cell parameters
a( ) 5.1932(14) 5.224(5) 5.209(5) 5.205(5) 5.198(4) 5.200(6) 5.214(4) 5.214(4)
b() 9.012(2) 9.007(9) 9.023(9) 9.025(10) 9.021(7) 9.043(10) 9.032(6) 9.024(6)
c() 20.080(5) 20.32(2) 20.41(2) 20.50(2) 20.743(14) 20.696(23) 20.623(15) 20.688(14)
7(°) 95.752(6) 93.20(3) 93.86(4) 93.94(4) 95.36(3) 93.89(4) 93.68(3) 93.59(2)
V(% 935.0(4) 954.6(17) 957.1(16) 960.7(17) 968.4(12) 971.0(19) 969.2(12) 971.5(11)
asin//( ) 5.166(1) 5.215(1) 5.197(2) 5.192(1) 5.175(1) 5.188(4) 5.203(1) 5.204(1)
d .(a/em®) 2.707(30) 2.663(24) 2.656(28) 2.594(24) 2.586(4) 2.503(41) 2.599(19) 2.555(5)
Site-populations
M1 Al 0.00(1) 0.33(5) 0.18(6) 0.09(7) 0.27(3) 0.00(5) 0.72(4) 0.78(3)
M2 Al 0.93(1) 0.85(3) 0.93(4) 0.90(5) 0.85(3) 0.89(4) 0.82(3) 0.69(3)
A K 0.92(1) 0.80(5) 0.27(4) 0.06(4) - - - -
NH4/ND, - 0.20(5) 0.73(4) 0.94(4) 0.90(4) 0.77(6) 0.13(7) 0.20(6)

* CIF = CIFs were deposited.
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