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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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Geological and Mineralogical Institute, Faculty of Science
Tokyo Uniuersity of Education, Tokyo, Japan

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-m icas respectively, using the data for lattice parameters and frequen-
cies of vibrations in far-infrared absorption spectra. The equations are as follows:

'"::'^Li; rir!' fu\=5.,,6 -, - uq, u)
where a, p, door, b, and x are the tetrahedral rotation angle, potassium-oxygen bond length,
interplanar spacing, b-latttce parameter, and observed frequency of the K-O stretching
vibrat ion in wave numbers respectively.

Introduction

Far-infrared absorption spectra of micas have been
observed by a few investigators. Ishii el 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 pyrophyll ite 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 st retching v ibrat ion.

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) l  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-
rasil icic Mg and Ni micas, (B) muscovite and fuch-

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, l2 microns; range, 4; t ime constant,
0.4. An observational error is estimated to be within
t  I  cm-1 .

Result and discussion

Far-infrared absorption spectra have been deter-
mined in the range of frequencies 200-40 cm-', as
shown in Figure l 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 MgIV 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 i l lustrate in Table 2, 108
cm-l frequency may be ascribed to samples I and2,
96  cm- '  t o  3 ,  95  cm 1  to  4  and  5 ,90  cm-1  to  6 ,  7 ,  8 ,9 ,
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Fig.  l .  Far- inf raredabsorpt ionspectraof  someK-micas;  (A)tetrasi l ic icmicas,(B):d ioctahedralmicas,(C):  micaclays,(D)Li-micas,
(E) trioctahedral micas. The notations correspond to those in Table 4.

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

are atso grven
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The Localities of the micas ueed fox thie study are as folLouss: 2M(1) nuscotsite, Ishika'tagana, Fukushina
\efecture; 2M(2) fuchsite, Nagatoro, Sai.tana Prefectu.te; 2M(3) Lepidolite, Nd.gatare, Fukuoka Pz'efeetute; 1M(4)
phlogopite' laz'.ea; 1M(5) Lepidolite, SakiLnna, Iuate Pnefecture; lU(O) Mg(IV) mLea, synthelis; 1.M(7) LeyLdDneLane,
rizaka, Fukushina Pz'efecture. The source of data for st"ucturaL fomuLb,s of the mLclas: 2M(3), Eaz,adaZt aL {lsza);
1M(4), Ishii et aL (1967); 1M(5), Hatada et aL (1926). 1M,2M : polytypes. 
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Table 2. Detailed structural data for K-micas oreviouslv analvsed
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specfuerrs K{ .
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lattice paraneters
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b. (A) do o r (A)

octahedral sheet

neasured values (A)(A)

(o)
(A)

tetrahedral- sheet (T)

rreasr:red values

1. mrscovite
2. mrsaovite
3. phergite
4. lepdiolite
5. lepidolite
6. Li-phlogopite
7. phlogopite
8. phlogopite
9. phlogopite

I0. F-phlogopite
11. F-tr*rlogropite
12. polilithionite
13. Mg(w) rlica
14. amite
15. Febiotite

nean rralue

9.008 9 .973
9.01s  9 .972
9 . 0 3 8  9 . 9 1 8
9.032 9 .938

2 . 8 5 5
2 . 6 3  I

2.970
2.980
2.976
2.995
2.970
2.969
2.965
3 . 0 0 6
2 . 9 6  I

3.000
3.  061
3. I44
J .  l_  J5

9 . 0 4
9 . 2 t

2 . r48
2.I32
2. r44
2. r24
2. I22
2. l -74
2.r82
2.194
2.  188
2.200
2. r72
2. r44
2.250
z .  z3z
2.LI2

2.168

9.970
9 . 9 7 6

9.204 10 .009
9 . 1 9 0  9 . 9 9 8
9.206 10 .080
9 . 1 8 3  9 . 9 8 5
9.195 9 .978
8 . 9 6 8  9 . 8 6 3
9.238 10 .129
9.324 10 .093
9.31r  10 .010

2 . 2 I 7
2 .224
2.2L8
2 . 2 2 6
z -  z L t

z . 2 5 6

2 . 2 3 5
2.335
2 . 2 3 7
2.2 I2
2 .238
4 .  a z z

2.209
2.240
2.280

2.237

Sowee of data: L, Glloen (1971); 2, Rothbauer'(1977); 3, Glluen (7971); 4, Iakeda et aL (1971);
5' Sartor"L et aL (1973); 6, Takedn and Donnay (1966); 7, Josuig (1972); I, Hazen md Butnhan (1973);
9' Rayner (L974); 10, McCauley et aL (1973); 11, Iakeda atLdMoz.ison (7975); 12, Takeda dnd Buenhan
(1969); 13' IateAana et aL (7974); L4, Hazen and Azunhatn (1973); 15 Tepkin et aL (7969).
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Fig. 2. Relationship between the frequency of the far-infrared absorption band and the K-O,n.". distance.

1 0 ,  l l ,  a n d  1 2 , 8 6  c m - l  t o  1 3 , 7 1  c m  1 t o  1 4  a n d  1 5
(Table 2).

In an ideal structural model, the interlayer cation
of micas is surrounded by twelve basal oxygens
(Ou"".r), 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

q (f)  al2) Do' o (3) Dqt q (4) Dou

3 .  6 " 3 '

the other six are in the layer below. For most micas
now known in some detail, the network of sil ica
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-Or.,". and K-Oors", 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 l inear correla-
tive relation with K-Ot.,". distances, rather than with
the K-Oo,s", distances or the mean value K-O,,.",
and K-Oo,1". distances. For example, the frequencies
do not vary in a simple correlative relation with the
mean value of K-O1.r", and K-Oo.s"" distances as
i l lust rated:  muscovi te (108 cm-1,  3. l l  A) ,  lep idol i te
(95 cm 1,  3.10 A) ,  and poly l i th ioni te (90 cm-1,  3.07
A ) .

4,  5"3 '  5054 ' |  51 '
5 .  6 "27 '  6023 ' ,
5 .  6 "12 '  6 "2A '  16 '  4 "28 t  104 '  8055 ' !  163 '
7 .  7040 '  6 "49 '  5 r '  9 "54 t  134 '  11035 '  295 '
8 .  7 "30 '  6 "4r ' ,  49 '  6 '13 '  

'1 '1 t  11 '45 ' !  255 '
9 .  8 "30 '  

-1044 '  46 '  .7 "281 62 '  I2o2t  2 I2 l
1 0 . 5 . 3 ' 6 . 1 9 ' 7 6 ' 6 " 3 . t ' 9 4 ' 1 1 " 4 5 , 4 0 2 '
11 .  6"30 '  6 .2 \ '  6 "3 .7 '  7 |  11 .45 |  3151
t2 ,  3 "0 '  2035 '  24 '  2 .51 '  9 '  11 .45 '  525 '
13 .  706t  7" I9 '  13 '  4 "2 l ' ,  165 '  '7049t  43 '
14 .  1"30 '  2 "39 '  69 ,  4o30t  180,  8 .1 '  391 '
15 .  1"0 '  1 '32 '  32 ' ,  5 'ss '  295 '  9 "19 '  499 '

Av{aqe ln 35' 104' 314'

SwLe nurbers correspond to those in TobLe 2. a(1):  DaLws
o b t a i n e d b y  t h e  c r y s t a L  s t i u c t u r e  m a l y s e s .  a ( 2 ) :  e a l c u l a t e d b y
the present method. a(3):  calculated by the nethod of MeCauLey
e t  a L  ( 1 9 7 1 ) .  d ( 4 ) :  c q l c u l a t e d b A  t h e  n e t h o d  a f  D o n n a !  e t  a L
( 1 9 6 4 ) ,  h t ,  t u ' ,  D u \ :  d i , f f e r a c e  b e t a e e n  s ( 7 ) - s ( 2 ) ,  d ( 1 ) - d ( 3 ) ,
s( 1) -d( 4 )  respeet iuel .y.

13"34 |  451 |

1 3 " 3 0 ' 4 2 3 |



TATEYAMA ET AL.: K-MICAS

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
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F .  I .R .

(crn )

b" (A) do (A) o (1 ) a ( 2 ) o  ( 3 )

(I) Tetrasilicic micas

lM(a) !9(T) nica
rM(b) l&(r) nLica
Ll,l(c) Ni(T) mica
IM(d) Ni(T) nica
tu(e) celadonite
lM(f ) celadqrite

(II) Dioctahedralrn-icas

24(S) rruscc /ite
2M (h) musovite
2M(i) m.rscovite
lM(j) fuctrsite
lM(k) frchsite
zu(I) fuchsite

(Iil) lti-ca clays

2M(m) illite
2M(n) illite
214(o) illite
2M(p) illite
lM(q) illite
1M(r) ill ite

(rV) Li-rnicas

lt'l(s) lepidolite
lM(t) Iepidolite
2M(u) lepidolite

(v) Tlcioctahedral rnicas

lM(v) phlogopite
tu(w) phlogopite
tM(x) biotite
lM(y) biotite
fu(z) bioCit€
lM(A) biotite
fM(B) lepidcrelane
IM(c) lepidonelane

95
80
90
90
90
90

( s )
(b)
(s )
(s )
(b)
(b)

(s )
(s )
( s )
(s )
( s )
( s )

(s )
(s )
(s )
(s )
0c)
(s )

9 .099
9.  185
9.  086
9 . 0 6 9
9 . 0 6 6
9 . 0 6 0

8.997
9.  161
o  n t  o

9.  030
9.077
9.049

9 . 0 0
9 . 0 0
8.993
8 . 9  9 0
9.026
9 . 0 0 7

9 . 0 1 5
9.020
o  n 2 n

9 . 2 7 7
9.209
9.243
> . z u z
9.260
9.209
9 . 3 0 8
9.  184

r0 .040
ro.270
10.009
9.945
9.998

r0 .050

9.948
10.087
9.959

10. 020
9.970
9.  930

r0 .009
9.972
9 . 9 8 8

r0 .009
10.0
10.005

9.  889
9 . 8 7 8
9.894

10.055
10.030
10.089
10.020
10.109
10.030
r0.r29
r0.002

7 0 5 3 '  *

6 0 3 6  t  *

6039  t  *

4"39' ,  *

5 " 1 7 r  *

6 0 1 '  *

5  0 5 0 '

7"29',
9 " 1 6 t
g o 2 3 '

8 0 3 8 '

10 "10 '  r 0059 '  16011  |

9028t 11045'
9 " 5 0 '
7 "36 t  6o26 t  14o8 t
6 "25 t  6039 t  12 "251
6o19 '  2o I9 ,  L2 "L - J I

10 "20 r  12 "30 r  L6071
r0 "31 - '  12030 r  1500 '
10040 '

9032',
9 " 3 '  1 2 " 0 1  1 5 0 4 8 r
g " 3 g '

3 "23 '  601 '  13 "3 f '
6 " 3 1  6 " 7 '  1 3 0 3 0 r
5"201 1l -o48r r40r2l

go rg '  9  08 '  1 r "52  '

70 491
5050 '  9  054  r  11 "36  |

7"37' ,  l .20341 1300'
5 " 3 5 '
70 48'
3056'  8"281 Lro29l
6"321 19"201 l-5"321

r08
96

IUO
v o

94
9 6

106
108
r08
104
ro2
100

90 (s)
98  (s )
9s (s)

90  (s )
92 (s)
83  (s )
92  (s )
81  (s )
92 (s)
71  (s )
90 (b)

The LoeaLities and z,efenenees of nieas used for this studg are as foLLoas: 7M(a)
Mg(T) mlea, KMgo ,SirOrn()H) o synthesized by Tateyatna; lM(c) NiE) mLea, KIV'|, isi4qln(14)^
sinthesized. ta"6al"a6^a: rul(E) ce\.adonite, oya, rochigi Pref. (xohyril'Lti4'lsz1lluruf rt
eeladonite, Taiheizan, Akita Pz,ef. (Kinbata and Shimoda, 1973); zM(i) museouite,
Madagascar; lM(j) fuchsite, Setoga)a, Shizuoka Pz,ef.; LM(k) fuchslte, Ouro Pteno,
BraziL; 2Mh) ilLite, Futikusa, Aiehi ez,ef.; 2M(n) iLLite, Ilgusu, ShizuokaPnef.; 2M(o)
iLLite,Goto, Nagasaki Pref. (Ionita artd Sudo, 1968); 2M(p) illite, Seshido, Fukushina Pz'ef.;
LM(q) iLlite, MurakatrL Niigata Pref.; 1M(n) iLLite, IbmLkita, Aomoz'i Ptef.; LM(t)
lepidoLite, Suisana, Mie Pref. (Hatadn et a7,, 1976); 1M(u) phlogopite, Madagascar;
LM(n) biotite, BasaL 81, Suitzez,T.and; 1M(z) biotite, Hase, fbaz,agi Pref.. The Loealities
of the nrLeas of 2M(g), 2M(L), IM(s), ZM(u), 1M(u) and 7M(B) eoz,respond to those of
2M(L),  2M(2),  LM(3),  1M(4),  1M(5) and LM(7) inTable 1 respeet iueLy.  The eaLcuLated
tetrahedtaL z'otation angles (d,(2), d(3) and a,(4)) corcespond to those obtainedby the
nethods Listed in Table 2. F.I.R., far infraz,ed absorption (frequency). b, bnoad;
s, sharp. b otd d, heated at ?00oC fot, t hour; h, healed at 800oC for L hour,; A and C,
heated at 800oC fot, 14 hozus. *: negatiue a-oalue.

By the least-square method, the most probable
linear relation (Fig. 2) between the frequency (.x) and
the K-Orn."" distance (p) is given by

p :  3.676 - 0.0076.r.  ( l )

In the mica structure the sum of the thicknesses of
two tetrahedral layers, 27, an octahedral layer, O,
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and an interlayer, y, is equal to the basal interplanar
spacing, door. Thus

! : d o o r - O - 2 7 .  ( 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:

| : doo, - 6.642. (3)

From the ideal ditrigonal model, the K-O',,",
bond length (p) is given by,

p : ll2Hsin(60" - 
")/\/31, 

t 0.25y2lt/2, (4)

where f/ and d are the tetrahedral Op""r1-O5.""1 bond
length and the tetrahedral rotation angle respectively.
The value of l l  is obtained from the geometry of an
undistorted tetrahedron as:

H :2 j2dt / \ / j ,  (5)

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

p: [a{2d1sin (60. - ot)/31, I}.25yzyrtz (6)

d, was given by Donnay et al. (1964) as:

dt : b/(4t/2 cos a), (7)

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

|  _  _ \
a :  a rc tan \  {3  -  6 ln "  -  f /b ) .

Then equation (7) may be written as:

/  _ ,
d : arctan 

\J3 
- 6 lp' 

- 0.25(do", - 6.642)r/b) (9)

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 doo, 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 et 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

(8 )

the frequencies of the far-infrared absorption spectra,
b and doo, 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 wil l allow estima-
tion of the tetrahedral rotation angle of K-micas.
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