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Layer deformation and crystal energy of micas and related minerals.
II. Deformation of the coordination units

C. ANroN J.  Appr lo

Instituut uoor Aardwetenschappen, V rije U niue rsiteit
De Boelelaan j,085. Amsterdam

Abstract

Electrostatic energy calculations are made to investigate distortions in the mica structure.
The use of the electrostatic model is valid to explain 99 percent of the variation of K-O
bondlengths in structure refinements. The interlayer cation has little influence on tetrahedral
rotation, because its site has a more favorable potential as the tetrahedral rotation decreases
and the tetrahedra are elongated. It is suggested that the tetrahedral elongation is larger when
the positive tetrahedral charge is lower. This is confirmed by phlogopite refinements. It is
suggested that a larger octahedral cation diminishes the counter-rotation ofupper and lower
oxygen triads in the dioctahedral layer. This "octahedral rotation" deforms the tetrahedral
layer, and determines the relative stability of the lM and 2M, polytypes. The 1M polytype
would be more stable by less than 0.2 kcal if the octahedral rotation remains less than 4o. The
larger octahedral cations in glauconite and celadonite explain the exclusive occurrence of
these minerals as 1M polytypes.

Introduction

Electrostatic energy calculations have been applied
quite successfully to the alkali halogenides (Born and
Huang, 1954; Tosi, 1964), and to other simple ionic
structures (Waddington, 1959;. Busing, 1970). The
application of these calculations to silicates has been
relatively rare, perhaps because it takes too much
time to do the more complex structures by hand. The
high-speed computer permits the more powerful mo-
lecular orbital calculations, even if this approach
would require excessive amounts of computing time
when compared with electrostatic calculations.

Apart from this, published results of electrostatic
calculations show them to be useful in explaining the
crystal chemistry of silicates. Outstanding examples
are found in the literature on the electrostatic control
of structural distortions in garnets (Born and Ze-
mann, 1964) and zircon (Sahl and Zemann, 1965),
and in the work by Hartman (1972) and co-workers
(Felius, 1976; 't Hart, 1978) in explaining crystal
morphology. Ohashi and Burnham (1972) applied
the method to investigate cation-site distribution in
pyroxene, and Giese (1971) has successfully located
proton positions in muscovite. Of related interest is
the work on exfoliation of the mica structure (Giese,
1974, 19751' Appelo, 1977),and a potential map of the

interlayer region of vermiculite (Hougardy et al.,
1976).

There are various methods of approach for the
more complex structures: one may proceed from indi-
vidual site-energies, where differences indicate order-
ing (Ohashi and Burnham, 1972); one may correct for
a partial covalent character of certain bonds, as is
customary for the Si-O bond (Sahl and Zemann,
1965); and it is possible to use models for the calcu-
lation of the repulsive energy which include empirical
and adjustable variables (Tosi, 1964; Busing, 1970).
This ambiguous character of the electrostatic model
may be resolved to some extent when sufficient ther-
mochemical data become available, but at present
only a comparative method can be used.

It nevertheless offers one way of investigating the
complex compositional variations of rock-forming
silicates from a structural point of view, if only rela-
tive energy effects of distortions are considered. In
the present study the method is applied to the struc-
tural models of micas given earlier (Appelo, 1978).
To be discussed are the effects of(1) flattening ofthe
octahedral layer (accompanied by a larger b, or de-
creasing octahedral rotation), (2) lengthening of the
tetrahedra (compensated for by decreasing the tet-
rahedral rotation), and (3) coordination around the
interlayer cation in lM and 2M, polytypes. Elec-
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APPELO: CRYSTAL

trostatic calculations will be given also for micas with
refined structures.

Calculation of the crystal energy

The direct summation of the Coulomb energy of a
crvstal lattice.

u=+T I  Q"Q-/ t " - '

is proceeding only slowly, and several mathematical
manipulations have been devised to accelerate the
convergency rate (cf. Tosi, 1964).

The methods of Ewald (1921) and Bertaut (1952)
are generally applicable for the more complicated
structures. The Ewald method converges somewhat
more rapidly if an accuracy higher than I part per
thousand is required (Born and Zemann,1964). Kit-
tel (1956, p. 571-574) gives a particularly lucid deri-
vation of the Ewald method, which is used here. The
essential line of thought is that if Gaussian charge
distributions of reversed sign of charge are superim-
posed on the point charges, this easily adds up as a
complementary error-function to the lattice site, the
potential of which is to be calculated. The Gaussian
charge distributions are neutralized again by sum-
ming up an identical Gaussian distribution, which is
now of the same sign of charge as the point charges,
and can be written as a Fourier series in the recipro-
cal lattice. By summing up a Gaussian charge distri-
bution of reduced peak height, the convergency is
appreciably more rapid than for a Fourier series of
the point charges. The use of different half-widths of
the Gaussian distribution should not affect the re-
sults, which enables testing the computer program-
ming and calculation. An accuracy higher than 10-{
e/A is obtained for the lM (resp. 2M,) structure,
with a half-width of 0.84 (0.92)A, an error-function
calculated for anion-anion and cation-anion con-
tacts (2.6 (2.9)A, and with a Fourier series up to 1.42
(1.3)/A". The electrostatic energy or Madelung sum
of the structure, based here on l2 anions, is obtained
by multiplication of the potentials with the charge of
the ion at the specific site.

The repulsive energy is estimated with a model
given by Pauling (1960, p. 523):

W."o. : t T I p"-B(r" + r-)./r3_-

where: 0,- : I + Q"/P" * Q-/P^, Q",- being the
formal charge, P.,- being the number of outer elec-
trons of n,m. B : repulsive coefficient, given the
value 0.03 e'. r,-- : interionic distance between n
and m. The standard-radii r.,- of alkali and haloge-
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nide ions calculated by this formula show a good
agreement with Pauling's set of crystal radii derived
from quantum-chemical arguments (Pauling, 1960, p.
514,526). Thg use of these crystal radii thus makes it
a model which is easily applicable for those ions and
compounds for which more precise data (especially
thermochemical data) are lacking. The crystal radii
are multiplied by Qo'26, as suggested by Pauling (p.
526). Yan der Waals energy and terms of still higher
order are neglected, as in Pauling's approach, al-
though they will be incorporated in part in the repul-
srve terms.

The Born-Haber value of the enthalpy of forma-
tion of the phlogopite described by McCauley et al.
(1973), with all elements fully ionized and this repul-
sive energy, was found to be fairly close to the ther-
mochemical value (Appelo,1977). This may indicate
a far more highly ionic Si-O bond than is found when
using Pauling's (1960, p. 98) model, or molecular
orbital calculations (Tossell, 1977). Although a simi-
larly highly ionic Si-O bond has been suggested be-
fore (Verhoogen, 1958; Gait and Ferguson, 1970), the
presently-known molecular orbital results possibly
have a greater significance. Therefore the calculations
have been made with different charges imposed on
silicon and the coordinating oxygens. The effective
charge of the tetrahedral cation then becomes Qr(4)
: Q{' + -forQ - Q,3'), with Al holding its formal
charge, and QJr being the.chosen charge on Si. The
charge of the basal oxygens changes accordingly to
Qou = -2 + (l - f"r)(4 - Q{')/2, and of the apical
oxygens to Qo" : -2 + (l - 

"f^)( 
- Q3')/4.

Deformation energies

In order to be able to separate deformation
energies over the coordination units, it is assumed
that the geometry of the individual tetrahedron will
not be affected when the octahedral coordination is
distorted, and uice uersa. The structural deformations
always are interdependent (in line with the proposed
geometrical models), which solely permits a dis-
cussion of the combined effects on the crystal energy.
Consistent results were obtained nevertheless, when
the geometry of the independent coordination unit
was varied. The explanation is seen in the dominant
influence of the directly coordinating ions on the
crystal energy. The interlayer region forms an ex-
ception to the fixed geometrical units, in the sense
that the K-O bondlengths vary with tetrahedral rota-
tion according to a fixed relation (Appelo, 1978).

Octahedral layer

Two commonly occurring deformations of the oc-
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APPELO: CRYSTAL ENERGY OF MICAS

tahedral layer in micas have been formalized geomet-
rically, uiz. flattening of the octahedra into trigonal
antiprisms, and a counter-rotation of upper and
lower oxygen triads in the dioctahedral layer called
octahedral rotation. These deformations affect both
the tetrahedral layer and the interlayer region. Flat-
tening of the octahedral layer increases the lateral
dimensions of the lM model unit cell. if octahedral
cation-oxygen bondlengths remain the same. Both
flattening and octahedral rotation may occur in the
2M, model without affecting the lateral dimensions,
but changing the amount of tetrahedral tilting.

The results of electrostatic calculations for the lM
model are difficult to apply. The crystal energy of a
trioctahedral mica decreases with decreasing b (9.25-
9.10A) and increasing expansion of the octahedral
layer, when corrected for the changing octahedral O-
O and interlayer K-O repulsion energies. If the hy-
droxyl group is replaced by fluorine, the opposite
result is obtained. Although electrostatic calculations
cannot explain a fixed b associated with different
octahedral cations (except in terms of a certain OH/F
ratio), the calculations suggest that phlogopite will
have smaller lateral dimensions than fluor-phlogopite
of otherwise equal composition; this is not, or at least
not clearly, observed (Noda and Yamanishi, 1964).

The exchange ofhydroxyl for fluorine is associated
with a marked decrease in c' (Yoder and Eugster,
1954; Noda.and Yamanishi,  1964: Munoz and Lu-
dington, 1974), which is rather peculiar, since struc-
ture refinements do not indicate particularly shorter
K-O distances for fluor-phlogopite (Table l, Appelo,
1978), and since the other bondlengths which affect
unit-cell dimensions are likely to remain equal as
well. Hydrogenation of oxy-biotite increases c' by
only 0.094 (Takeda and Ross, 1975), and part of this
increase is due to the increase of r(fl-s when Fe8+ is
reduced, and b remains the same. This evidence also
suggests that the significant decrease of c' which re-
sults from the hydroxyl/fluorine exchange is caused
by an increase of the lateral dimensions.

For the dioctahedral 2M, micas it was found that
the Madelung sum increased with increasing octahe-
dral rotation for constant b and r(f)_s (Fig. l). The
repulsive energy however shows a well-defined mini-
mum, which tends to dominate the crystal energy.
The results are shown in Figure I for rfl-o :1.92A.
They indicate that it is electrostatically favorable,
when the lateral dimensions of the unit cell increase
simultaneously with the octahedral rotation. A fixed
b : 9.00,4, for muscovite is therefore not explained,
although the energy differences tend to become small,
and indeed even lower than the effects of octahedral
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Fig. l. Coulomb energy and repulsion-corrected crystal energy
of muscovite as a function of the rotation of octahedral oxygen
triads. The crystal energy is not cofrected for Al-O and O-H
repulsive energies, which remain constant with constant
bondlengths.

rotation. Since the calculated optimum rotation does
fit the structure refinements quite well, it is attractive
to explain this by the present model. Neither the
octahedral charge nor the interlayer charge influence
the optimum. The size of the octahedral cation, how-
ever, notably influences the octahedral rotation. If
r(fl-s increases, a lower octahedral rotation is fa-
vored: with b : 9.05A and lP-o : 1.98A about 6o,
and with b = 9.lA and r$J-o : 2.04A about 4"
octahedral rotation. This corresponds to the lower
value in phengite when compared with muscovite,
found in Giiven's (1968) refinements.

If hydroxyl is replaced by fluorine, the minimum in
O-O and F repulsion energy is less pronounced; the
lower crystal energy is therefore obtained with oc-
tahedral rotations larger than l0o. A lesser ionic
character of the Si-O bond slightly shifts this opti-
mum to smaller octahedral rotation angles, because
the tetrahedral contribution to the change in Cou-
lomb energy is reduced. Due to a larger octahedral
rotation, fluor-muscovite should have a larger basal
spacing than a mica of otherwise equal composition;
so far no literature has been found dealing with this
subject.

More importantly, my calculations suggest that a
larger octahedral cation reduces the optimum octahe-
dral rotation. The size of the octahedral cation
thereby will be found to influence the relative stability
of the lM and 2M, polytypes.
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Fig. 2a and b. Coulomb energy of the I M and 2Mr structures as a function of tetrahedral elongation/rotation. The optimum potential
at the tetrahedral cation site shifts to larger elongations as the effective charge on this site decreases,
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Tetrahedral rotation DS. elongotion

It has been noted before that the tetrahedra in the
mica structure tend to be elongated along c'. The
elongation diminishes the basal edge-length, and
thereby the tetrahedral rotation which is necessary
for a structural fit of the octahedral and tetrahedral
layer. With the coordination correction for the inter-
layer K-O bondlength (Appelo, 1978), the effect of
elongation uJ. rotation can be calculated for constant
b and octahedral composition. Figure 2 shows that
elongation decreases the Madelung sum, and the
small increase in O-O and K-O repulsion energies
make tetrahedral elongation even less favorable in
terms of crystal energy.

The potential at the tetrahedral cation sites, how-
ever, shows well-defined minima with certain tetrahe-
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dral elongations. These minima are at an elongation
of -0.05 and 0.024 in the 1M and the 2M, structural
model, and shift to higher values with a higher im-
posed covalent character on the Si-O bond or with an
increasing amount of Al(4). This suggested increase
in tetrahedral elongation with increasing Al sub-
stituting for Si is reflected as a weak trend in structure
refinements of similar micas, as shown for phlogo-
pites in Figure 3.

It is interesting that the increasing tetrahedral rota-
tion and a smaller K-O bondlength do not lower the
potential at the interlayer ion site. The interlayer
cation, therefore, has little importance in determining
the tetrahedral rotation (cl Radoslovich, 1962). The
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Fig 4. The counter-rotation ofupper and lower oxygen triads of
the dioctahedral layer, and concomitant deformations in the
tetrahedral layer determine the relative stability of lM and 2M,
mica polytypes.
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9.234, ref ined by Takeda and Ross (1975).
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the more stable one for rotational values higher than
4o. The same results were obtained when the effective
charge on Si was lowered to 12, and for micas when
orientation and bondlength of O-H remained the
same in both models.

The energy differences stem from the basal oxygens
and tetrahedral cations (not from the interlayer cat-
ion), and they are small: less than 0.2 kcallmole up to
6o octahedral rotation. All assumptions regarding
bondlengths, ion positions, repulsive energy and or-
dering are the same for both structures. It therefore
seems appropriate to transfer the energy differences
directly into enthalpy and free-energy considerations
of existing micas. Muscovite and phengite show oc-
tahedral rotations larger than 6o (Giiven, 1968), and
thus the 2M, structure is favored. Synthesis of mus-
covite shows that crystal growth starts with the lMd
structure, which orders into lM at lower temper-
atures and into 2Mt at higher temperatures (Yoder
and Eugster, 1955; Velde, 1965). The saihe observa-
tions have been noted on ill ite in the natural environ-
ment (Dunoyer'de Segonzac, 1969). lM ill ite, how-
ever, is seldom found and may be limited to the
diagenetic environment where Mg or Fe enters the
octahedral layer in sufficient amounts to diminish the
octahedral rotation. I consider here tfrat it is mainly a
larger lfl-6 that decreases the octahedral rotation
and thereby favors the lM polytype. The lM struc-
ture of glauconite and celadonite, (Burst, 1958;
Hower, l96l; Wise and Eugster, 1964) is then seen to
be related to the average r(i?-o : 2.034; in contrast to
ill ite, which has r(fl-6 : 1.96,{ [calculated from the
average of the chemical formulas given by Weaver
and Pol lard (1973, Table 5,16,24),  using M-O bond
lengths quoted in part Il.

Higher temperatures for a transition to the more
stable polytype may be necessary to drive off inter-
layer water from expanded parts which are com-
monly associated with the lMd structure (Maxwell
and Hower, 1967). Such expanded parts, of course,
reduce the energy differences between the stacking
modes.

Electrostatic calculations of refined crystal data

The Madelung sums of seven lM micas and two
2M, micas refined by Giiven (1968) have been calcu-
lated. The results can be used to investigate in more
detail the proposed dependency of the interlayer K-O
bondlength on .the tetrahedral rotation (Appelo,
1978). Pauling's coordination correction can be re-
written to include the potential difference as:

APPELO. CRYSTAL
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Fig 5. A comparison of the potentials in the interlayer region

(do - d") with relative values estimated with Pauling's
coordination correction. The following refinements have been
used: ( f )  Tepik in et  a l .  (1969);  (2)  Hazen and Burnham (1973),
annite; (3) McCauley et al. (1973); (4) Takeda and Donnay (1966);
(5)  Gi iven (1968),  phengi te;  (6)  Hazen and Burnham (1973),
phlogopi te;  (7)  Joswig (1972);  (8)  Rayner (1974);  (9)  Gi iven (1968),
muscovite. Numbers increase with increasine tetrahedral rotation
in the mica.

reason seems to be that the distance between the
tetrahedral and interlayer cations shortens when the
tetrahedral rotation increases at the expense of tet-
rahedral elongation.

Interlayer coordination: I M and 2M, polytypism

The mirror plane in the 2M' model unit layer al-
lows for a direct transformation into the 1M struc-
ture, and for the calculation of electrostatic energy
differences which are the result of the stacking mode
of the (dioctahedral) unit layers. Corrugation of the
basal oxygens may act as a stabilizing factor in deter-
mining mica polytypism. In the dioctahedral mica,
the corrugation can be ascribed geometrically to tet-
rahedral t i l t ing which is a result of octahedral rota-
tion, as this leads to unequal distances between the
apical oxygens. The relative stabil ity of the lM and
2M, polytypes is thereby related to the octahedral
rotation, or counter-rotation of the upper and lower
oxygen triads of the octahedra, which are shared with
the tetrahedral layer. The electrostatic energy dif-
fences of the two polytypes are shown in Figure 4 for
fluor-mica.

The dioctahedral I M structure is more stable up to
an octahedral rotation of about 4" when compared
with the dioctahedral 2M, mica. The 2M, structure is
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Table l. Comparison of structure and Coulomb energy of three representative lM mica rennements and estimated structures

Charge

Q  ( e )
PotenLlal

0 (e/8)
A ( O b s . - E s t . ) . 1 0 A  ( o b s . - E s t .  )  . 1 0 4

x y z ox y z o

H 6

6 . x
d l

A O

K 0 0
H  0 . 0 9 8  0
M l  ( 5 )  0  0 . 5
t42 161 0 0. 1588
M  ( 4 )  0 . 0 ? s 5  0 . 3 3 3 5

01 0 .3255 0 .26945
0 2  0 . 0  1 7  I  0 . 5
0  3  0 .  1  3 0 7  0 .  3 3 3 3 9
0 4  0 . 1 3 2 3  0

K 0 0
M l  ( 5 )  0  0 . 5
M2 (6 t  0  0 .  1694
M  ( 4 )  0 . 0 7 5 1  0 . 3 3 3 7

01 0 .  3208 0 .2653
0 2  0 . 0 2 7 4  0 . 5
0  3  0 . 1 2 9 1  0 . 3 3 3 9
F  0 . 1 3 2 7  0

K 0 0
H  ( 0 . 0 8 9 1  0
M 1  { 6 )  0  0 . 5
M 2  ( 6 )  o  0 . 1 5 5 8
M  ( 4 )  0 . 0 7 0 3  0 . 3 3 3 5

0 l  0 , 3 0 3 1  0 . 2 5 4 3
02 0 .0421 0 .  s
0 3  0 . r 2 9 t  0 . 3 3 2 6
0 4  0 . 1 2 3 9  0

o  o . 9 2
0 .3007  0 .485
0 .5  2 .025

-o  .7774
-o.s621
-1 .6574
-1 ,6624
- 3 . 0 9 4 9

1 .9863
1 .986 1
1  .9243
1 .  3 4 9 5

-so.447s e2/8

- 0 . 8 3 7 4
- 1 . 5 5 4 1
- 1 . 5 6 0 8

1 . 9 8 4 1
1 .9945

0 . 9 0 4 8
-4g.4084 e2 /?

-o.'7489
- 1 . 1 9 4 1

- 3 . 0 7 7 3

I  .9785
r .9966
1  . 8 9 5 4

-s2.2724 e2/?

-  1 8
- 2 3 - 3 - 8

-  1 3
- 2 1 - - 4 1
2  0 . 2  - r  9

1 . 8  0 . 1  ( 0 . 4 )  t 1
1  -  ( - 0 . 4 )  l 1
4  0 . 5  ( 0 )  2 7

- 1 3  -  ( 0 )  - 1 3 5
- 0  . 8

-50

2 r  -  - s 5 8
o . 2  2 7  3 0  1

2 1  1 3  2
- 1 4 - 8
0.6  35  -26
- 1 3 4 8

_.7  t9

294
_ _  _558

4 3 6 5

-19 I  183

6 A -229

- 1 3 3 0

0 , 5

20

1 0

2 1
-31

29

-  1 0 8

-  - 1

- 3 9  4 3
-  1 4 3

-56 -' l
- 1 0 8

- 145
102 1?8

- -542

58 265

49 104
63 2A5

102 2 l

! q d

o o
I  > r
o  o o
E  t -
I U

E

a

E  ! ^
t s  5 0
H E F
z 6
Z 4 -

o
N

0 , 2 2 5 ' t  3 . 7 2 7 5

0 . 1 6 7 6 8  - 2 . 0
o . 1 6 1 6  - 2 , O
0 . 3 9 0 9 7  - 2 . 0
0 .4009 -1 ,4375

Coulonb-energy

0  1 . 0
0 . 5  2 , O
0 . 5  2 . 0
0 . 2 2 4 5  3 . 7 s

0 . 1 5 8 2  - 2 , O
o .  1 6 1 a  - 2 . 0
0 .  3896 -2  .O
o . 4 0 1 7  - 1 . 0

Coul omb- ene rg.y

0  1 . 0 1
0.2940\*  0 .69
0 . 5  2 . 1 6 6 7
0 . 5  2 , 1 6 6 7
o , 2 2 4 6  3 . 7 0 2 5

0 . 1 6 1 0  - 2 . 0
0 . 1 6 4 4  - 2 . 0
0 . 3 8 9 4  - 2 . 0
0 .  3 9 3 1  - 1  . 8 5

CouloDb-energy

o

o 5 9
ql -o

e  . r
i

132
-162
- t 2 9

1 8 4

1 5 8

-240

o

d

;
p

4

!
o
3

H

o 4 - 7

- 1  4  ( 2 )
1 1  -  ( - 2 1
- 8  6  ( 0 )

-12  -  (0 )

- 3 8
(0  -  0 )  -20

-  2  -  - 1 5 3
-47 2  -4  21

-61 4  ( - '1 \  -2A
-s4  -  (1 ' )  154
-7  - '7  (0 )  -67

-71 - (0) -60
_56

d Estimted

2Q"/2Q,=o: 6/3 - tana)/

( \ /3 + tana){3.15lr( , i )_6}? ( l )

which includes the formal Born exponent 7. An ex-
pression for the "Madelung sum" or )@ of the inter-
layer region is the average potential of the three
coordinating oxygens and of potassium: 6o - e*.
This is compared with the result of equation I in
Figure 5. It shows an increase in do - 4* with in-
creasing tetrahedral rotation, which partly explains
the low value of the Born exponent when @s - d* is
assumed constant. Although it is rather impractical
to include Qo - 6x in the coordination-correction
equation, it increases R, to 0.988, as compared with
R'z = 0.958 without its inclusion in the same set of 9
micas. These data suggest a marked influence of
simple Coulomb forces on bondlengths which is not
yet fully explored.

Table I shows full results of the electrostatic calcu-
lations on three representative lM micas. They are
compared with model structures in which b, c,, a and
zs zre given (for lateral displacements) and with the
model calculated from b, c' andfN(4) as suggested in
part I. In all structures the M2(6) ion is shifted along
b; in combination with the shift of 04 (i.e. OH) atong

a, it gives this ion site a lower potential than the
Ml(6) site. Both sites are equal in the model struc-
ture, and a potential difference between the two sites
may indicate ordering, even where such is not in-
dicated by different bondlengths in the refinement.
The M(4)-O3 bonds are relatively elongated in the
actual structures, and thus are closer to the interlayer
cation. This increases the potential at the interlayer
site, when compared with the model structure. How-
ever, the displacements in the tetrahedral layer are
generally within two e.s.d. of the refinement. An ex-
ception is the tetrahedron in annite (Hazen and Burn-
ham, 1973 ), which is "sheared" along a. The reason is
not clear; it nevertheless increases the Madelung sum,
just as the other small displacements do in other
"very close" refinements. The discrepancy in the
Madelung sum becomes even larger when the struc-
ture is calculated from b, c', and the chemical analy-
sis.

The same applies to Giiven's 2M1 muscovite and
phengite (Table 2). The discrepancies in these struc-
tures are, as noted before, the result of an over-
estimate of tetrahedral tilting and an underestimate
of the octahedral rotation. The energy differences
seem too high to warrant the use of these models in
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Table 2. Comparison of structure and Coulomb energy of the two 2M, micas refined by Giiven (1968), with estimated structures

charge

Q  ( e )
Potent ia l

0 (e/81
A ( o b s . - s s t . ) ' 1 0 4

x y z $

o 1
o2

o4
o 5
o5

E{

(J(,
E

H

z

K  0  0 . 0 9 8 5
H  ( 0 . 3 7 2 5  0 . 6 5 0 4
M  ( 6 )  0 . 2 4 9 6  0 . 0 8 3 4
M l  ( 4 )  0 .464A  0 .9295
M 2 ( 4 )  0 . 4 5 1 0  0 . 2 5 4 4

0 . 4 1 7 4  0 . 0 9 3 0
0 . 2 5 1 3  0 . 8 1  1 0
o . 2 5 2 2  0 . 3 7 0 5
0 . 4 5 1  3  0 . 9 4 3 5
0 . 3 8 5 0  0 . 2 5 L 9
o . 4 5 6 4  0 . 5 6 3 0

K  0  0 .0964
H  (  0 . 3 5 9 5  0 . 6 5 2 8
M  ( 5 )  O . 2 4 7 0  0 . 0 8 2 5
M l  ( 4 )  0 .4632  0 .9297
M 2 ( 4 )  O . 4 5 2 s  0 . 2 5 8 1

0 1  0 . 4 4 2 6  0 . 0 9 3 1
0 2  0 . 2 3 7 2  0 . 8 2 5 7
0 3  0 . 2 3 2 6  0 . 3 5 7 4
0 4  0 . 4 5 5 8  0 . 9 3 9 6
0 5  0 . 3 9 3 3  0 . 2 4 9 6
0 6  0 . 4 5 3 1  0 . 5 6 5 5

0 . 2 5  0 . 9 8
o .o6o }a  0 .995

- 0 . 0 0 0 0 5  3 . 0
U .  T J f , )  J .  / f , f ,

u .  r J > f ,  J .  / ) t r

0 . 1 6 8 5  - 2 . 0

0 , 1 5 7 5  - 2 . O

0 , 1 6 8 9  - 2 . 0

0 . 0 5 4 0  - 2 . o

0 . 0 s 3 7  - 2 . o

0 . 0 5 0 5  - 7 . 9 9 5

coulomb-energy

o . 2 5  1 . 0
o.o623' , )4 0.95
o  2 . 8 5
0 . 1 3 5 5  3 . 8 8
0 .  1  3 s 4  3 . 8 1

0 . 1 6 7 8  - 2 . O

0 . 1 6 0 1  - 2 . O

0 . 1 6 A 2  - 2 . O

o . o 5 4 4  - 2 . O

u .  u ) J  /  - z . v

0 . 0 5 2 6  - 2 . 0

coulorDb-energy

- 0 .  8 9 8 5
- r .  f , o o t

- J .  I  I O I
- ?  |  t a o

r . 9 6 9 5
2 .0236
1 . 9 7 0 0
2 .  Q 7  4 L
z . v t  z J

)  i A 1 1
a ^

-56.9309 e-/A

-o .8267
-1  .  s984
- 2 . 3 4 0 4
- 3  . 2 2 6 2
- J .  I  f , / J

2 . 0 6 0 3
2 .  07  44
2.  0436
2 .  O 2 0 r
2 .0049
7  . 9 7  t 7

z , o- )  / . 5 1 4 5  e  / A

- 1 8

z )  - J o

- 4  - 1
-40 44
-49 43

-L6  47
5 4

- L  T  J J

76  100
- 1 8 3  L 9

-27  -36

- 4

t2  - 25
-30  -8
-41 46
-32 36

2 3  3 7
- I  I  J Z

- o f ,  l t

5 1  7 A
- ! z Y  - t

t4  -26

-  -4.1

-18  215
o -440

t u  - c z

10  -49

1 8  - 1  5 1
-1  I  154

22  -185

I b  I  Z

1 3  5 4
-19  279

- 1 8 1 1

4

@

o

p

F

6
o

]J
rd

.d
tJ
a

d

0
1 9
I d

) 1

1 8
27
Z J

20
9

-243

368
723

-294

4 3

-146
-az

- 3 5  Z

L52
1 3 5
398

-605

a) Eetinated

the prediction of thermodynamic properties of indi-
vidual minerals, if only a chemical analysis and unit-
cell data are available.

Conclusions

When the absolute value of electrostatic calcu-
lations cannot be compared directly with sufficient
experimental enthalpy values, it is to be weighted
against other experimental data. It is then encourag-
ing to find that the variation in the K-O bondlength
in micas can be reproduced to within 99 percent of
the experimentally-determined values by an elec-
trostatic model. Such a high prediction ability points
to other prediction possibilities, e.g. on element dis-
tributions among the rock-forming silicates. In the
present study electrostatic calculations have been
used in combination with structural models, which
elucidated certain aspects of mica crystal-chemistry.

One of the more useful predictions is that a larger
octahedral cation diminishes the distortion in the
dioctahedral layer, and thereby favors the lM poly-
type. This explains the exclusive occurrence of ce-
ladonite and glauconite as I M polytypes, and amrms
structural control (Smith and Yoder. 1956: Baronnet,

1974) to be a basic factor controlling mica poly-
typism.
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