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Unusually large and good-quality single crystals of the

synthetic trioctahedral mica KFe2�
3 (Al0.26Fe3�

0:76Si3)O10(OH)2

[potassium triiron(II) aluminasilaferrate(III) decaoxide dihy-

droxide] have been grown hydrothermally. X-ray diffraction

data measured at 270 and 100 K have been used to re®ne the

crystal structure, including the positions of the H atoms. This

synthetic mica is similar to annite, KFe3AlSi3O10(OH)2, and

crystallizes with the same monoclinic C2/m symmetry. No

phase transition has been observed down to 100 K. At low

temperature, the ditrigonal distortion of the mica structure

increases markedly, while the octahedral and tetrahedral bond

lengths tend to decrease and increase, respectively. A detailed

comparison of structural parameters in various Fe-rich micas

is presented.

Comment

Trioctahedral micas, XY3Z4O10(OH)2 (where X is an inter-

layer cation, Y is an octahedral cation and Z is a tetrahedral

cation), are widely occurring rock-forming minerals. Their

crystal chemistry is complex as they can accommodate a large

variety of cations into their structure. Systematic structural

and spectroscopic studies of synthetic micas are thus impor-

tant in order to obtain a more complete understanding of the

crystal chemical variations with changing chemical composi-

tion.

Natural trioctahedral micas have been investigated inten-

sively by single-crystal X-ray diffraction methods, and a recent

review on mica crystal chemistry is found in Brigatti &

Guggenheim (2002). However, studies on Fe-rich micas are

rare. The Fe-bearing mica closest to the ideal composition

of the mineral annite, KFe3AlSi3O10(OH)2, is that studied

by Redhammer & Roth (2002), with a composition of

(K0.94Na0.07)(Fe2�
2:25Fe3�

0:28Mn0.18Mg0.07Ti0.08)(Al0.98Fe3�
0:19Si2.83)-

O10(OH1.85F0.15). In addition to natural trioctahedral micas,

Redhammer & Roth (2002) also studied a variety of synthetic

samples with various octahedral contents but containing no

tetrahedral ferric iron. Other structural studies of tetra-

ferrimicas have been carried out for CsFe3(Fe3+Si3)O10(OH)2

(Mellini et al., 1996; Comodi et al., 1999) and RbFe3(Fe3+-

Si3)O10(OH)2 (Comodi et al., 2003). Donnay et al. (1964) were

the ®rst workers to re®ne the structure of a synthetic tetra-

ferriannite (TFA), KFe3(Fe3+Si3)O10(OH)2, from ®lm data.

However, a complete re®nement was not possible and no

anisotropic displacement parameters were re®ned, nor were

the H atoms located. To date, no data are available for K-

containing trioctahedral micas containing Fe exclusively in the

octahedral sheet. In the course of our investigations on micas

of the formula KFe3(Al1ÿxFe3�
x Si3)O10(OH)2, unusually large

(about 500 mm long) and good-quality single crystals of the

title compound, (I), were obtained: its crystal structures at 100

and 270 K are described here and compared with the struc-

tures of the near-end-member annite (Redhammer & Roth,

2002) and Rb and Cs tetraferriannites (Comodi et al., 1999,

2003).

Fig. 1 depicts part of the structure the title compound.

Other polyhedral representations of the mica structure may be

found in the literature (e.g. Brigatti & Guggenheim, 2002).

The discussion below refers to the structure at 270 K.

The octahedral sheet of the structure of (I) contains two

different M1 and M2 sites which each carry an OH group. The

H atom is located 0.87 (4) AÊ from atom O4 and the OÐH

bond is not exactly perpendicular to the (001) plane, but

slightly inclined along the a axis towards the centre of the ring

de®ned by six TO4 tetrahedra (with T = Si4+, Al3+, Fe3+). The

average M1ÐO bond in (I) [2.119 (1) AÊ ; Table 2] is similar to

that in the end-member tetraferriannite [2.11 (1) AÊ ; Donnay et

al., 1964]. The average M1ÐO bond length increases with the

size of the interlayer cation (Table 2), as a result of the

expansion of the unit cell, not only along [001] (which is most

sensitive to changes in the interlayer chemistry), but also

within the (001) plane. The bond-length distortion (BLD in

Table 2) of the M1 octahedron is small and similar to that

found for annite and the Rb and Cs tetraferriannites.

However, the edge-length ratio (eu/es; Toraya, 1981) and the

octahedral-angle variance (OAV; Robinson et al., 1971) both

indicate a signi®cant angular distortion of the M1 site, as does

the octahedral ¯attening angle ( ), which is distinctly larger

than its ideal value of 54.73�. Replacing K in the interlayer by

Rb or Cs increases the octahedral ¯attening and reduces the

thickness of the octahedral sheet (Table 2). The polyhedral

distortion of the M2 site is similar to that of M1. This is a

general feature of all trioctahedral micas, except those

containing octahedrally coordinated Al3+ (Redhammer &

Roth, 2002). As observed for M1, the average M2ÐO bond

length is somewhat larger than in synthetic tetraferriannite

(Donnay et al., 1964).

The average TÐO bond length in the title compound

[1.676 (1) AÊ ] is somewhat shorter than in the Rb or Cs tetra-

ferriannites, or tetraferriphlogopite [1.680 (2) AÊ ; Brigatti et al.,

1996]. This is related to the presence of tetrahedral Al3+ in

addition to Si4+ and Fe3+. It has been noted by Brigatti et al.

(1996) that the substitution of tetrahedral Al3+ by larger

cations, such as Fe3+, produces more regular tetrahedra. This

effect is also observed here, as shown by the smaller BLD and
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tetrahedral angle variance (TAV) (Table 2). As a result of the

Fe3+/Al3+ tetrahedral substitution, the dimensional mis®t

between the octahedral and tetrahedral sheets increases but is

compensated for by an increase of the tetrahedral ring-

distortion angle (� in Table 2). This distortion of the tetra-

hedral sheet directly in¯uences the coordination geometry of

the interlayer cation. Whereas the inner and outer KÐO bond

lengths are similar when the ditrigonal distortion is small (e.g.

near-end-member annites, Rb-TFA and Cs-TFA), the differ-

ence between the KÐO distances increases with increasing

tetrahedral rotation, � (Table 2). Due to the expansion of the

octahedral sheet in the (001) plane of Rb- and Cs-TFA, the

tetrahedral ring has a nearly ideal hexagonal geometry in

these structures.

At room temperature, the lattice parameters of (I) are

larger than those of pure annite (e.g. Redhammer et al., 1993;

Redahmmer & Roth, 2002) but slightly smaller than those of

pure tetraferriannite [a = 5.4354 (6) AÊ , b = 9.4186 (7) AÊ , c =

10.3449 (5) AÊ and � = 100.121 (14)�; Redhammer et al., 2004].

These differences are attributed to the different composition

of the tetrahedral sheet. Upon cooling from 270 to 100 K, the

lattice parameters decrease signi®cantly and yield linear

thermal expansion coef®cients of 11.1� 10ÿ6, 10.8� 10ÿ6 and

21.6 � 10ÿ6 Kÿ1 for the a, b and c axes, respectively. These

coef®cients are similar to those in near-end-member phlogo-

pite, viz. 8.6, 7.5 and 18.1 (all � 10ÿ6 Kÿ1; Russell &

Guggenheim, 1999). The thermal expansion along c is twice as

large as that within the (001) plane. The [001] direction

corresponds to the stacking of the negatively charged 2:1

layers and is the direction most affected by the thermal motion

of the interlayer K+ cation.

In addition to the shortening of the unit-cell parameters, the

most pronounced changes upon cooling from 270 to 100 K are

observed for the interlayer region of the structure. The

average KÐOinner bond shortens, while the average KÐOouter

bond lengthens, corresponding to an increase of the ditrigonal

distortion (Table 2). This increase, as measured by a larger

rotation angle �, is related to the different thermal expansion

of the octahedral and tetrahedral sheets, whereby the average

MÐO bond lengths tend to decrease at low temperature while

the average TÐO bond lengths tend to increase (Table 2).

Although the changes in bond length (0.003 AÊ ) are only

slightly larger than the standard uncertainty (0.001 AÊ ), an

equivalent trend was observed for a near-end-member phlo-

gopite, KMg3AlSi3O10(OH)2, in which the average TÐO bond

length decreased by 0.004 AÊ upon heating from 293 to 873 K

(Russell & Guggenheim, 1999). The decrease in the tetra-

hedral angle � upon cooling (Table 2) indicates that the

tetrahedra are slightly elongated along the c axis at high

temperature and compressed at low temperature.

The anisotropic atomic displacement parameters (ADPs)

are also affected by cooling. Atoms O1 and O2, which are

shared between tetrahedra, show larger ADPs than atoms O3

and O4, which bridge tetrahedra and octahedra (Fig. 1). This

suggests that the latter are more rigidly bonded than the

former. The interlayer K+ cation shows a more anisotropic

displacement than the octahedral cations, while the displace-

ment of the tetrahedral cation is nearly isotropic. This beha-

viour is generally observed in all trioctahedral micas. Upon

cooling to 100 K, the displacement decreases by�47% for the

K site, �38% for the M sites, 26% for the T site and 30% for

the O sites. Only minor changes are observed in the ADP max/

min ratios, indicating that there is no signi®cant change in the

anisotropic behaviour of the atoms.

Figure 1
Part of the KFe3(Al0.24Fe3�

0:76)Si3O10(OH)2 structure at 270 K, with
displacement ellipsoids drawn at the 90% probability level. [Symmetry
codes: (i) x ÿ 1

2,
1
2 ÿ y, z; (ii) x, ÿy, z; (iii) 1

2 + x, 1
2 ÿ y, z; (iv) 1 + x, y, z; (v)

2 ÿ x, y, 1 ÿ z; (vi) 1 ÿx, y, 1 ÿ z; (vii) 3
2 ÿ x, 1

2 ÿ y, 1 ÿ z; (viii) 1 ÿ x,ÿy,
1 ÿ z.]

Figure 2
Polyhedral representation of the structure of KFe3(Al0.24Fe3�

0:76)Si3O10-
(OH)2 at 270 K in a projection along the b axis, showing the 2:1 layer and
its interconnection by the interlayer cations.



Experimental

Single crystals of the title compound were synthesized under

hydrothermal conditions using temperature-gradient experiments in

5 cm long Au tubes at 973 K under a hydrostatic pressure of 0.4 GPa.

Stoichiometric amounts of K2CO3, Fe2O3, Al2O3 and SiO2 were

carefully ground to a homogeneous ®ne-grained powder in an agate

mortar under alcohol. This powder was the starting material for the

synthesis. The oxygen fugacity during the experiment was determined

by the high-pressure vessel and was close to the nickel/nickel-oxide

solid-state buffer. A small number of unusually large mica single

crystals with a nearly prismatic habit formed at the `cold' end of the

Au capsule. This crystal shape is unusual, as micas normally form thin

¯akes.

Ferriannite (I) at 270 K

Crystal data

KFe3(Al0.26Fe0.76Si3)O10(OH)2

Mr = 533.82
Monoclinic, C2=m
a = 5.4208 (14) AÊ

b = 9.3881 (17) AÊ

c = 10.330 (3) AÊ

� = 100.06 (2)�

V = 517.6 (2) AÊ 3

Z = 2

Dx = 3.425 Mg mÿ3

Mo K� radiation
Cell parameters from 3729

re¯ections
� = 2.1±32.3�

� = 6.00 mmÿ1

T = 270 (1) K
Cuboid, dark brown
0.17 � 0.14 � 0.10 mm

Data collection

Stoe IPDS-2 diffractometer
Rotation scans
Absorption correction: numerical

via equivalents (X-SHAPE and
X-RED; Stoe & Cie, 1996)
Tmin = 0.36, Tmax = 0.52

3927 measured re¯ections

938 independent re¯ections
814 re¯ections with I > 2�(I)
Rint = 0.027
�max = 32.1�

h = ÿ7! 8
k = ÿ11! 14
l = ÿ15! 15

Re®nement

Re®nement on F 2

R(F ) = 0.020
wR(F 2) = 0.049
S = 1.10
938 re¯ections
59 parameters
All H-atom parameters re®ned
w = 1/[�2(Fo

2) + (0.0278P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.40 e AÊ ÿ3

��min = ÿ0.50 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0147 (8)

Ferriannite (I) at 100 K

Crystal data

KFe3(Al0.26Fe0.76Si3)O10(OH)2

Mr = 533.82
Monoclinic, C2=m
a = 5.4106 (13) AÊ

b = 9.3709 (16) AÊ

c = 10.293 (3) AÊ

� = 100.03 (2)�

V = 513.9 (2) AÊ 3

Z = 2
Dx = 3.453 Mg mÿ3

Mo K� radiation
Cell parameters from 4863

re¯ections
� = 2.1±32.3�

� = 6.07 mmÿ1

T = 100 (1) K
Cuboid, dark brown
0.17 � 0.14 � 0.10 mm

Data collection

Stoe IPDS-2 diffractometer
Rotation scans
Absorption correction: numerical

via equivalents (X-SHAPE and
X-RED; Stoe & Cie, 1996)
Tmin = 0.36, Tmax = 0.52

4927 measured re¯ections

934 independent re¯ections
825 re¯ections with I > 2�(I)
Rint = 0.028
�max = 32.1�

h = ÿ8! 8
k = ÿ11! 14
l = ÿ15! 15

Re®nement

Re®nement on F 2

R(F ) = 0.019
wR(F 2) = 0.052
S = 1.09
934 re¯ections
59 parameters
All H-atom parameters re®ned
w = 1/[�2(Fo

2) + (0.0298P)2

+ 0.3868P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.42 e AÊ ÿ3

��min = ÿ0.42 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.0090 (8)

Several crystals were examined before the full data collection was

carried out. Analysis of the systematic absences con®rmed the

C-centred space group, identifying the polytype as 1M. The compo-

sition of the tetrahedral site was determined by assuming an ideal Si

content (0.75) and re®ning variable amounts of Al3+ (x) and Fe3+

(1
4 ÿ x). The re®ned composition is close to that determined by

microprobe analysis of ®ne-grained mica products of the same

experiment (Redhammer et al., 2004). Mellini et al. (1996) noted

residual electron-density maxima located at b/3 from the original

atom positions and interpreted them as due to faults in the stacking

sequence along the [001] direction. No signi®cant residual electron
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Table 1
Selected geometric parameters (AÊ , �) for (I) at 270 K.

Fe1ÐO4 2.1004 (14)
Fe1ÐO3i 2.1277 (9)
Fe2ÐO4i 2.1037 (9)
Fe2ÐO3ii 2.1195 (10)
Fe2ÐO3 2.1301 (11)
SiÐO2 1.6758 (7)
SiÐO3 1.6758 (11)

SiÐO1 1.6759 (13)
SiÐO1iii 1.6765 (13)
KÐO2 3.050 (2)
KÐO1iv 3.0513 (14)
KÐO2iv 3.364 (2)
KÐO1iii 3.3637 (15)

O4iÐFe1ÐO3v 95.65 (4)
O4ÐFe1ÐO3v 84.35 (4)
O3vÐFe1ÐO3i 94.56 (5)
O3vÐFe1ÐO3 85.44 (5)
O4iÐFe2ÐO4vi 82.73 (5)
O4iÐFe2ÐO3vii 95.72 (4)
O3viiÐFe2ÐO3ii 85.85 (5)
O3iiÐFe2ÐO3viii 85.70 (4)
O4viÐFe2ÐO3viii 84.21 (4)

O4viÐFe2ÐO3 95.16 (4)
O3viiÐFe2ÐO3viii 94.92 (4)
O2ÐSiÐO3 109.94 (6)
O2ÐSiÐO1 109.05 (8)
O3ÐSiÐO1 109.94 (6)
O2ÐSiÐO1iii 108.98 (8)
O3ÐSiÐO1iii 109.91 (5)
O1ÐSiÐO1iii 109.00 (4)

Symmetry codes: (i) 1ÿ x;ÿy; 1 ÿ z; (ii) 1
2� x; 1

2ÿ y; z; (iii) xÿ 1
2;

1
2ÿ y; z; (iv)

xÿ 1; y; z; (v) 1ÿ x; y; 1ÿ z; (vi) 1� x; y; z; (vii) 3
2ÿ x; 1

2ÿ y; 1ÿ z; (viii)
2ÿ x; y; 1ÿ z.

Table 2
Selected geometric parameters (AÊ , �) for (I) at 100 K.

Fe1ÐO4 2.0990 (15)
Fe1ÐO3 2.1245 (10)
Fe2ÐO4i 2.1003 (9)
Fe2ÐO3ii 2.1174 (10)
Fe2ÐO3 2.1266 (12)
SiÐO3 1.6751 (12)
SiÐO1 1.6790 (14)

SiÐO2 1.6792 (8)
SiÐO1iii 1.6811 (14)
KÐO1iv 2.9894 (15)
KÐO2 2.993 (2)
KÐO2iv 3.401 (2)
KÐO1iii 3.4045 (16)

O4ÐFe1ÐO3v 95.60 (4)
O4viÐFe1ÐO3v 84.40 (4)
O3vÐFe1ÐO3 94.50 (6)
O3viiÐFe1ÐO3 85.50 (6)
O4iÐFe2ÐO4vi 82.84 (6)
O4viÐFe2ÐO3viii 95.66 (4)
O3iiÐFe2ÐO3viii 85.85 (6)
O4viÐFe2ÐO3 84.32 (5)
O4iÐFe2ÐO3 95.07 (5)

O3viiiÐFe2ÐO3 85.73 (4)
O3iiÐFe2ÐO3 94.86 (4)
O3ÐSiÐO1 109.72 (6)
O3ÐSiÐO2 109.76 (7)
O1ÐSiÐO2 109.17 (8)
O3ÐSiÐO1iii 109.82 (6)
O1ÐSiÐO1iii 109.16 (5)
O2ÐSiÐO1iii 109.19 (8)

Symmetry codes: (i) 1� x; y; z; (ii) 1
2� x; 1

2ÿ y; z; (iii) xÿ 1
2;

1
2ÿ y; z; (iv) 1ÿ x;ÿy;ÿz;

(v) x;ÿy; z; (vi) 1ÿ x;ÿy; 1ÿ z; (vii) 1ÿ x; y; 1ÿ z; (viii) 3
2ÿ x; 1

2ÿ y; 1ÿ z.
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density was observed in the case of the present crystals, including

those with a large dimension along c. Structure re®nements carried

out on two additional crystals from the same synthesis batch yielded

identical results to those presented here, within one standard

uncertainty.

For compound (I) at both temperatures, data collection: X-AREA

(Stoe & Cie, 2002); cell re®nement: X-AREA; data reduction:

X-AREA; program(s) used to solve structure: SHELXS97 (Sheldrick,

1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: DIAMOND (Brandenburg & Berndt,

1999); software used to prepare material for publication: WinGX

(Farrugia, 1999).
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Table 3
Structural parameters for selected Fe-bearing trioctahedral 1M micas.

Bond-length distortion (BLD) = (100/n)
Pn

i�1{[(XÐO)i ÿ (<XÐO>)]/(<XÐ
O>)}, with n = number of bonds, (XÐO)i = central cation-to-oxygen length
and <XÐO> = average cation±oxygen bond length (Renner & Lehmann,
1986); edge-length distortion (ELD) = (100/n)

Pn
i�1{[(OÐO)i ÿ (<OÐO>)]/

(<OÐO>)}, with n = number of edges, (OÐO)i = polyhedron edge length and
<OÐO> = average polyhedron edge length (Renner & Lehmann, 1986);
octahedral angle variance (OAV) =

Pn
i�1(�i ÿ 90)2/11 (Robinson et al., 1971);

octahedral ¯attening angle  : cos = toct/2doct, with doct = average MÐO
distance and toct = octahedral sheet thickness, toct = 2{1

2 ÿ [2(zO3 ÿ zO4)/
3]}c sin�; unshared edge eu/shared edge es (Toraya, 1981); tetrahedral angle
variance (TAV) =

Pn
i�1(�i ÿ 109.47)2/5 (Robinson et al., 1971); � = mean of the

three ObasalÐTÐOapex angles; � = ditrigonal distortion of the tetrahedral
sheet with tan� = 4 � 3

1
2(1

4 ÿ yO1).

Sample Annite² TFA-1³ TFA-2§ Rb-TFA} Cs-TFA²²

M1 site:
Volume (AÊ 3) 12.63 (3) 12.50 (2) 12.46 (2) 12.56 (6) 12.67 (5)
BLD (�) 0.21 0.57 0.53 0.52 0.46
ELD (�) 4.17 4.58 4.52 5.14 5.33
OAV (�) 26.37 30.81 30.16 41.71 42.27
 (�) 58.28 58.57 58.53 59.23 59.29
eu/es 1.089 1.097 1.096 1.109 1.114
<M1ÐO> (AÊ ) 2.129 (1) 2.119 (1) 2.116 (1) 2.126 (4) 2.134 (5)

M2 site:
Volume (AÊ 3) 12.56 (3) 12.49 (2) 12.44 (2) 12.56 (3) 12.61 (9)
BLD (�) 0.38 0.44 0.46 0.41 0.55
ELD (�) 4.03 4.44 4.38 5.24 5.17
OAV (�) 25.52 31.01 30.21 42.12 41.54
 (�) 58.20 58.55 58.51 59.23 59.19
eu/es 1.087 1.096 1.095 1.114 1.113
toct (AÊ ) 2.238 2.210 2.210 2.175 2.180
<M2ÐO> (AÊ ) 2.124 (1) 2.118 (1) 2.115 2.126 (4) 2.128 (5)

T site:
Volume (AÊ 3) 2.36 (1) 2.42 (1) 2.43 (1) 2.46 (1) 2.47 (2)
BLD (�) 0.14 0.02 0.10 0.23 0.28
TAV (�) 0.83 0.26 0.11 0.34 1.44
<TÐO> (AÊ ) 1.668 (1) 1.676 (1) 1.679 (1) 1.687 (4) 1.688 (4)
� (�) 110.29 109.62 109.17 110.00 110.52
� (�) 2.48 6.74 8.90 2.26 0.16

Interlayer site:
KÐOinner (AÊ ) 3.138 (1) 3.051 (2) 2.991 (2) 3.227 (6) 3.359 (6)
KÐOouter (AÊ ) 3.255 (1) 3.364 (2) 3.403 (2) 3.330 (5) 3.372 (6)
�(outerÿinner) 0.133 0.313 0.412 0.103 0.013

² Natural annite (Redhammer & Roth, 2002). ³ Tetraferriannite at 270 K (this
work). § Tetraferriannite at 100 K (this work). } Rb tetraferriannite (Comodi et al.,
2003). ²² Cs tetraferriannite (Comodi et al., 1999).


