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Estimation of K-O distance and tetrahedral rotation angle of K-micas from far-infrared
absorption spectral data
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Abstract

Far-infrared absorption spectra of K-micas were measured in the range from 200 to 40
cm~!. The writers propose two equations to calculate the K-O bond length and the tetrahe-
dral rotation angle of K-micas respectively, using the data for lattice parameters and frequen-
cies of vibrations in far-infrared absorption spectra. The equations are as follows:

p = 3.676 — 0.0076x

a = arctan (j3 — 697 — 0.25(dom: — 6.642)/b)

where «, p, dyo1, b, and x are the tetrahedral rotation angle, potassium-oxygen bond length,
interplanar spacing, b-lattice parameter, and observed frequency of the K-O stretching

vibration in wave numbers respectively.

Introduction

Far-infrared absorption spectra of micas have been
observed by a few investigators. Ishii et al. (1967,
1969) reported the far-infrared absorption spectra of
natural and synthetic micas, and assigned the strong
bands occuring in the 120-60 cm™' region to the
potassium-oxygen (K-O) stretching vibration be-
cause of lack of these bands in pyrophyllite and talc.
The relation between the structural data for K-O
distance and the frequency of far-infrared absorption
band assigned to K-O stretching vibration has not
been discussed. We propose an equation to estimate
the K-O distance on the basis of the frequency of
K-O stretching vibration.

To predict the ditrigonal distortion in micas, many
authors [Radoslovich and Norrish (1962), Donnay et
al. (1964), Franzini (1969), McCauley and Newnham
(1971), Hazen and Burnham (1973)] developed equa-
tions using lattice parameters, chemical composi-
tions, or both of them. We also propose a new equa-
tion to calculate the tetrahedral rotation angle, using
lattice parameters and the estimated K-O distance.

Experimental

The samples used in the present experiment are
grouped as follows: (A) celadonite and synthetic tet-
rasilicic Mg and Ni micas, (B) muscovite and fuch-
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site, (C) clay micas, (D) Li-micas, and (E) phlogo-
pite, biotite, and lepidomelane. Each sample was
pulverized to fine powder, which was then held be-
tween two polyethylene sheets, and the spectra were
determined using a 070 Hitachi Interferometric Spec-
trometer with the following operating conditions:
beam splitter, 12 microns; range, 4; time constant,
0.4. An observational error is estimated to be within
+1cm™.

Result and discussion

Far-infrared absorption spectra have been deter-
mined in the range of frequencies 200-40 cm~!, as
shown in Figure 1. The frequencies of the bands
assigned to the K-O stretching vibration of the pres-
ent samples are as shown in Table 1, in which the
structural formulas and lattice parameters are also
cited. The detailed structural data have not been ob-
tained from the present samples, except Mg'V mica
(Tateyama et al., 1974). From the literature, detailed
structural data of K-micas were selected and com-
piled in Table 2. Each of the measured values of the
frequencies of the far-infrared absorption bands may
be assumed to be common to micas having similar
chemical compositions. To illustrate in Table 2, 108
cm~! frequency may be ascribed to samples 1 and 2,
96cm~'to3,95cm*to4and 5,90cm*t06,7,8,9,
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Fig. 1. Far-infrared absorption spectra of some K-~micas; (A) tetrasilicic micas, (B): dioctahedral micas, (C): mica clays, (D) Li-micas,
(E) trioctahedral micas. The notations correspond to those in Table 4.

T
200 160 120 80 40 0 200 160

Table 1. Far-infrared absorption spectra (frequencies) of some K-micas; structural formulas and lattice parameters
are also given

lattice parameters F.I.R.

specimens structural formulas b, (Zok) 4, (1:) (cm_l)
2M(1) muscovite (K0.75Na0.l4) (All.BZMgO.IBFeO.04) (Si3.04A10.96)010((H)2 8.997 9.948 108
2M(2) fuchsite (K0.84Na0-05) (All.ZSMQO.Slcro.l4) (Si3.54A10.46)010(OH)2 9.049 9.930 96
2M(3) lepidolite (K0.92NaO.06) (All.33Li1.01M90.l4) (Si3.39A10-7l)010 (Fl.OlOHl.OZ) 9.030 9.894 95
1M(4) phlogopite (K0'75Na0_10) (1‘192.771-\10.20Feo'09) (Si2.75A11.25)010 (OH)2 9.277 10.066 20
IM(5) lepidolite (K0_92Na0.04) (Li1.72A11.13"'h0.20) (Si3.60AlO.40)OlO (Fl.77OH0'43) 9.015 9.889 920
IM(6) Mg(IV) mica (K0-96Na0.04) (1‘492_84) (Si3.63M90.30A10.30Fe0.04)010 (OH)2 9.238 10.129 86
1M(7) lepidomelane (KU.G'fNaO.O6) (Fez_llMg0.33Feo.44) (Si2'42A11.58)010 (OH)2 9.308 10.129 71

The localities of the micas used for this study are as follows: 2M(1) muscovite, Ishikawayama, Fukushima
Prefecture; 2M(2) fuchsite, Nagatoro, Saitama Prefecture; 2M(3) lepidolite, Nagatare, Fukuoka Prefecture; IM(4)
phlogopite, Korea; IM(5) lepidolite, Sakihama, Iwate Prefecture; IM(6) Mg(IV) mica, synthesis; 1M(7) lepidomelane.
Iizaka, Fukushima Prefecture. The source of data for structural formulas of the micas: 8M(3), Harada et al (1976);
M(4), Ishii et al (1967); 1M(5), Harada et al (1976). 1M,8M : polytypes. F.I.R. : far infraved absorption
(frequency)

Table 2. Detailed structural data for K-micas previously analysed

specimens K_oinner . latticge pararnetefs octahedral sheet 0(O) tetrahedral sheeto (T)
distances (A) b, (A) dgo (A) measured values (3) measured values (A)
1. muscovite 2.855 9.008 9.973 2,148 2,217
2. muscovite 2.857 9.015 9.972 2,132 2.224
3, phengite 2.970 9.038 9.918 2,144 2,218
4, lepdiolite 2.980 9.032 9.938 2,124 2,226
5. lepidolite 2.976 9.04 9.970 2,122 2.219
6. Li-phlogopite 2.995 9.21 9.976 2,174 2.236
7. phlogopite 2.970 9.204 10.009 2.182 2.236
8. phlogopite 2.969 9.190 9.998 2.194 2,335
9. phlogopite 2,965 9,206 10.080 2.188 2.237
10, F-phlogopite 3.006 9.183 9,985 2.200 2,212
11. F-phlogopite 2.987 9.195 9.978 2,172 2.238
12, polilithionite 3.000 8.968 9.863 2,144 214222
13. Mg(IV) mica 3.061 9.238 10.129 2.250 2,209
14. annite 3.144 9.324 10.093 2,232 2,240
15. Fe-biotite 3.135 9.311 10.010 2,112 2,280
mean value 2.168 2,237

Source of data: 1, Gllven (1971); 2, Rothbauer (1971); 3, Glven (1971); 4, Takeda et al (1971);
5, Sartori et al (1973); 6, Takeda and Dommay (1966j; 7, Joswig (1972); 8, Hazen and Burmham (1973);
9, Rayner (1974); 10, McCauley et al (1973); 11, Takeda and Morison (1975); 12, Takeda and Buenham
(1969); 13, Tateyama et al (1974); 14, Hazen and Burwham (1973); 15 Tepkin et al (1969).
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Fig. 2. Relationship between the frequency of the far-infrared absorption band and the K-O,, e, distance.

10, 11, and 12, 86 cm~'to 13, 71 cm ! to 14 and 15
(Table 2).

In an ideal structural model, the interlayer cation
of micas is surrounded by twelve basal oxygens
(Opasa1), among which six are in the layer above and

Table 3. Tetrahedral rotation angles calculated by the writers’
method compared with the values calculated by the methods of the
other authors

a(l) a(2) Da? a(3) Do? «(4) Dat
1. i S 10037 447 12212 551 16°2" 281"
24 11°22" 10°40"  42° 12°0" 38" 15°18' 236"
3. 6°3' 692! ¥ 3247' 138" 13°46' 463"
4. 503¢ 5054 51" 13°34'  451'
5. 6°27' 6°23" 4! 13°30' 423"
6. 6°12" 6°28' 16" 4°28' 104’ 8°55' 163"
7. 7°40" 6°49'  51' 9°54"' 134’ 11°35'  295'
8. 7°30" 6°41' 49" 6°13" 770 11°45'  255'
9. 8°30" 7°44" 46" 7°28" 62" 1202° 212"
10. 5980 6°19' 76" 6°37" 94! 11°45' 402"
11. 6°30" 6°21" 9! 6°37' 7% 11°45'  315'
125 3°0* 2036' 24! 2051 9' 11°45'  525'
i) 7°6' 7°19' 13 4°21'  165' 7°49° 43"
14. 1°30" 2°39' 69" 4°30'  180' 8°1* 391°
15. 1°0" 1°32' 32" 5°55' 295! 9°19' 499"
Average Do 35§ 104" 314"

Sample numbers correspond to those in Table 2. a(l): values
obtained by the crystal structure analyses. a(2): caleulated by
the present method. a(3): calculated by the method of MeCauley
et al (1971). o(4): calculated by the method of Donnay et al
(1964). Da?, Da®, Da": difference between o(1)-a(2), a(1)~a(3),
all)~a(4) respectively.

the other six are in the layer below. For most micas
now known in some detail, the network of silica
tetrahedra—ideally hexagonal—is distorted to a di-
trigonal symmetry. Among the twelve oxygens, six
oxygens (three above and three below) are located
closer to an interlayer cation than the other six oxy-
gens. The K-O bond lengths are divided into two:
K=Ojnner and K-Ogyier bond lengths.

The far-infrared absorption spectra can be as-
signed to the K-O stretching vibration. It is expected
that the frequencies may vary in a correlative relation
with the K-O distance. However, when K-O dis-
tances are compared with the frequencies in Table 2,
which were measured directly on some samples or
ascribed to the other samples, it is noticed that in
general the frequencies vary in a clear linear correla-
tive relation with K-Oj,ner distances, rather than with
the K-Ogyuer distances or the mean value K-Oyper
and K-O,yter distances. For example, the frequencies
do not vary in a simple correlative relation with the
mean value of K-Ojyper and K—Ogucer distances as
illustrated: muscovite (108 cm~?, 3.11 A), lepidolite
(95 cm~*, 3.10 A), and polylithionite (90 cm~?, 3.07
A).
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Table 4. Far-infrared absorption spectra (frequencies) of additional samples of K-micas, and tetrahedral rotation
angles calculated by the writers’ method compared with those calculated by the methods of the other authors

o (-]

F.I.R. b, (A) d, (&) a(l) o (2) a(3)

(am 1)
(I) Tetrasilicic micas
IM(a) Mg(T) mica 95 (s) 9.099 10.040 7253 i 6°50"
M) Mg(T) mica 80 (b) 9.185 10.270 6°36"' &
IM(c) Ni(T) mica 90 (s) 9.086 10.009 6°38"' &3 7°29'
M(d) Ni(T) mica 90 (s) 9.069 9.945 4°39° * 8°le'
IM(e) celadonite 90 (b) 9.066 9.998 ST * g8°23"
IM(f) celadonite 90 (b) 9.060 10.060 6°1°' X3 8°38"'
(II) Dioctahedral micas
2M(g) muscovite 108 (s) 8.997 9.948 10°10°' 10°59" 16°11"
2M(h) rmuscovite 96 (s) 9.161 10.087 9°28" 11°45'
2M(i) muscovite 106 (s) 9.019 9.959 9°50"
mM(j) fuchsite 96 (s) 9.030 10.020 7°36" 6°20" 14°8'
M(k) fuchsite 94 (s) 9.077 9.970 62258 6°39' 12°25'
2M(1) fuchsite 96 (s) 9.049 9.930 6°19' 2°19! 12°17'
(III) Mica clays
2M(m) illite 106 (s) 9.00 10.009 10°20' 12°30° 16°7'
2M(n) 1illite 108 (s) 9.00 9.972 10°31'  12°30' 16°0'
2M(0) 1illite 108 (s) 8.993 9.988 10°40'
2M(p) illite 104 (s) 8.990 10.009 9°32°'
M(g) illite 102 (b) 9.026 10.0 9°3! 12°0' 15°48"
M(r) illite 100 (s) 9.007 10.005 8°38"
(IV) Li-micas
1M(s) lepidolite 90 (s) 9.015 9.889 3°23! 6°1' 13°31°
IM(t) lepidolite 98 (s) 9.020 9.878 6°3"' 6°7' 13°30°'
2M{u) lepidolite 95 (s) 9.030 9.894 5°20' 11°48" 14°12"
v) Trioctahedral micas
M(v) phlogopite 90 (s) 9.277 10.066 8°18"' 9eg! 11°52°
IM(w) phlogopite 92 (s) 9.209 10.030 7°49"
M(x) biotite 83 (s) 9.243 10.089 5°50" 9°54! 11°36'
1M(y) biotite 92 (s) 9.202 10,020 7°37'  12°34° 13°0°!
IM(z) biotite 81 (s) 9.260 10.109 5°35°'
IM(A) Dbiotite 92 (s) 9.209 10.030 7°48"'
IM(B) lepidamelane 71 (s) 9.308 10.129 3°56' g°2g!' 11°29°
1M(C) lepidamelane 90 (b) 9.184 10,002 6°32' 19°20" 15°32'

The localities and references of micas used for this study are as follows: 1M(a)
Mg(T) mica, KMg, S%,0, (OH), synthesized by Tateyama; 1M(c) Ni(T) mica, KNi, 7 Ojo(OH)
synthesized by %&%eyémgz,q lM(g) celadonite, Oya, Tochigi Pref. (Kohyama et al,’ 97?); JM(f?
celadonite, Taiheizan, Akita Pref. (Kimbara and Shimoda, 1973); 2M(i) muscovite,
Madagascar; IM(j) fuchsite, Setogawa, Shizuoka Pref.; IM(k) fuchsite, Ouro Ptero,

Brazil; 8M(m) illite, Furikusa, Aichi Pref.; 2M(n) illite, Ugusu, Shizuoka Pref.; 2M(o)
illite,Goto, Nagasaki Pref. (Tomita and Sudo, 1968); 2M(p) illite, Seshido, Fukushima Pref.;
M(q) illite, Murakami Niigata Pref.; IM(r) illite, Kamikita, Aomori Pref.; 1M(t)
leptdolite, Suisawa, Mie Pref. (Harada et al, 1976); 1M(w) phlogopite, Madagascar;

IM(x) biotite, Basal B1, Switzerland; 1M(z) biotite, Hase, Ibaragi Pref.. The localities
of the micas of 2M(g), 2M(1), IM(s), 2M(u), IM(v) and IM(B) correspond to those of

aM(1), 2M(2), IM(3), 1M(4), IM(5) and 1M(7) in Table 1 respectively. The calculated
tetrahedral rotation angles (0(2), 0(3) and o(4)) correspond to those obtained by the
methods listed in Table 2. F.I.R., far infrared absorption (frequency). b, broads;

8, sharp. b and d, heated at 700°C for 1 hour; h, heated at 800°C for 1 hour; A and C,
heated at 800°C for 14 hours. *: negative o~value.

By the least-square method, the. most probable p = 3.676 — 0.0076x. (1)

linear relation (Fig. 2) between the frequency (x) and In the mica structure the sum of the thicknesses of
the K—Ojnner distance (p) is given by two tetrahedral layers, 27, an octahedral layer, O,
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and an interlayer, y, is equal to the basal interplanar
spacing, dyo,. Thus

y =dp — O — 2T. (2)

From the structural data for the previously analysed
micas, the average thickness of a tetrahedral sheet is
2.237 A (Table 2) and the mean value of the thickness
of the octahedral sheet is 2.168 A, thus:

Y = don — 6.642. 3)

From the ideal ditrigonal model, the K-Ojpe;
bond length (p) is given by,

p = {[2Hsin(60° — a)/\/3]? + 02532, (4)

where H and «a are the tetrahedral Opagai—Opasa: bONd
length and the tetrahedral rotation angle respectively.
The value of H is obtained from the geometry of an
undistorted tetrahedron as:

H = 2\2d,/\/3, (5)

where d, is the tetrahedral 7-O bond length. Equa-
tion (4) is then rewritten as:

p = {[4\/2d, sin (60° — «)/3]* + 0.25y2)1/2
d, was given by Donnay et al. (1964) as:
d, = b/(4+/2 cos a), (7

where b is the b lattice parameter.
Then the tetrahedral rotation angle can be given by:

(6)

a = arctan( 3—-6p%— yz/b)- (8)

Then equation (7) may be written as:

a = arctan (\/3' — 6 Jp* — 0.25(dyo; — 6.642)2/b) C))

Using equations (8) and (9), the tetrahedral rota-
tion angle can be estimated from p and y; p can be
estimated by the frequency of the far-infrared absorp-
tion spectrum, and y can be found from d,; and b,
both of which are obtained from the X-ray powder
diffraction data.

The tetrahedral rotation angles calculated by the
present method are compared with the values calcu-
lated by the earlier methods of McCauley er al.
(1973), and Donnay et al. (1964), and also with the
values obtained by the structural analysis as shown in
Table 3. The present values are in better agreement
with the values obtained by the structural analyses
than those obtained by the earlier methods. The tet-
rahedral rotation angles of some additional samples
of K-micas calculated by the present method using

the frequencies of the far-infrared absorption spectra,
b and dy,, values are compared with the values calcu-
lated by the earlier methods as shown in Table 4.
The writers consider that the use of the far-infrared
data coupled with cell-dimension data obtained from
X-ray powder diffraction patterns will allow estima-
tion of the tetrahedral rotation angle of K-micas.
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