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POLYTYPISM OF TRIOCTAHEDRAL 1:1 LAYER
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Department of Geology and Geophysics, University of Wisconsin, Madison, Wisc. 53706
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Abstract—Polytypism in trioctahedral 1:1 phyllosilicates results from two variable features in the
structure. (1) The octahedral cations may occupy the same set of three positions throughout or may
alternate regularly between two different sets of positions in successive layers. (2) Hydrogen bonding
between adjacent oxygen and hydroxyl surfaces of successive layers can be obtained by three different
relative positions of layers: (a) direct superposition of layers, (b) shift of the second layer by a/3 along
any of the three hexagonal X-axes of the initial layer, with a positive or negative sense of shift deter-
mined uniquely by the octahedral cation set occupied in the lower layer, and (c) shift of the second
layer by = b/3 along Y, (normal to X,) of the initial layer regardiess of octahedral cation sets occupied.
Assuming ideal hexagonal geometry, no cation ordering, and no intermixing in the same crystal of the
three possible types of layer superpositions, then twelve standard polytypes (plus four enantiomorphs)
with periodicities between one and six layers may be derived. Relative shifts along the three X-axes
lead to the same layer sequences derived for the micas, namely 1M, 2M,, 3T, 2M,, 20r, and 6H.
Polytypes 17 and 2H, result from direct superposition of layers. Layer shifts of 5/3 lead to polytypes
designated 27, 3R, 2H,, and 6R. The twelve standard 1:1 structures can be divided into four groups
(A=1M,2M,,3T; B=2M,,20r,6H; C=1T,2T,3R; D =2H,, 2H,, 6R) for identification purposes.
The strong X-ray reflections serve to identify each group and the weaker reflections differentiate the
three structures within each group. Examples of all four groups and of 9 of the 12 individual structures
have been identified in natural specimens. Consideration of the relative amounts of attraction and
repulsion between the ions in the structures leads to the predicted stability sequence group

C > group D > group A > group B, in moderately good agreement with observed abundances of
these structural groups.

INTRODUCTION
THEORETICAL stacking sequences for trioctahedral
1:1 layer silicates have been derived previously by
Steadman (1964), Zvyagin, Mischenko, and Shitov
(1966), and Zvyagin (1967) and for dioctahedral
species by Newnham (1961) and Zvyagin (1962).
The writer has been using a polytype system slight-
ly different than any of the above in his classes

ideal hexagonal geometry, without distortion,

(5) the stacking of layers is regular rather than
random,

(6) the different ways in which individual layers
can be stacked, e.g. relative displacements
along X, along Y, or no displacement, are not
intermixed in the same crystal, and

(7)for the case of relative interlayer displace-

since 1957. The results are now presented formally
because the notation system is believed to be more
convenient for practical usage and because a more
detailed presentation had been promised in earlier
references to specific polytypes (Bailey, 1963,
1966, 1967).

As in the derivation of the polytypes of the micas
(Smith and Yoder, 1956) and of the chlorites (Bailey
and Brown, 1962), certain simplifying assumptions
are made at the outset. It is assumed that:

(1) successive layers are identical in composition

and structure,

(2) the octahedral sheets are trioctahedral so that
all three octahedral sites in the smallest struc-
tural unit (one hexagonal ring) are occupied,

(3) no cation ordering takes place,

(4) the tetrahedral and octahedral sheets have
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ments along X, the same interlayer stacking
angle, e.g. =60° or +=120°, is found between
all the layers.

In practice most natural crystals do not obey all
of the foregoing assumptions. This may lead to
more complex structures than those derived here
and, in some cases to structures that are not truly
polytypic, or even polymorphic, with one another.
Some of the consequences of deviations from these
assumptions will be discussed in later sections of
the paper.

SYSTEMATIC DERIVATION OF 12 STANDARD
POLYTYPES
General

Within each 1:1 layer octahedral cations can
occupy either set 1 or set Il positions above the
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tetrahedral sheet, as defined in Fig. la relative to
fixed hexagonal axes. The uppermost plane of
hydroxyls then must fit above the occupied I or 11
sites to form octahedra that slant in opposite direc-
tions for the two cases (Fig. 1b). It is evident that
set [ transforms to set I1 by rotation of the layer by
+60° or 180°. The important part in what follows is
not which set is occupied, but whether the same set

(a)

— + X

_ + X,

Fig. 1. (a) Definition of 1 and 11 sets of octahedral cation

positions above the tetrahedral net relative to fixed

hexagonal axes. (b) Octahedral sheets slant in opposite

directions relative to a fixed X, axis due to occupancy of
I or I1 octahedral cation sets.
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of three octahedral positions is occupied in each
successive layer or whether there is an alternation
between the I and 11 sets in successive layers. The
latter is equivalent to relative layer rotations.

Polytypismin 1: 1 layer silicates is more complex
than in the micas, because there is no interlayer
cation to anchor the relation of successive layers.
Adjacent layer positions are now governed by the
need for a pairing of each oxygen on the basal
tetrahedral surface of one layer with an OH group
on the upper octahedral surface of the layer below
(Fig. 2). This OH—O pairing results in the forma-
tion of long hydrogen bonds, approximately 3-0 A
between the anion centers, that bond the layers
together (Gruner, 1932; Hendricks, 1939a).

Interlayer hydrogen bonds can be formed from
the following three relative positions of adjacent
1:1 layers.

(1) No shift of the succeeding layer. The hex-
agonal rings in the tetrahedral sheets of adjacent
layers are exactly superimposed (aside from pos-
sible rotations of = 60° or 180°).

(2) Shift of the second layer by a/3 along the fixed
axes X;, X,, or X; of the initial layer, with or
without rotation of the second layer. Because of the
different slant of the I and Il octahedra the inter-
layer shift must be in the negative direction if the 11
octahedral set is occupied in the initial layer, as
shown in Fig. 2, or in the positive direction if the
I octahedral set is occupied.

(3) Shift of the second layer by = b/3 along any of
the three hexagonal Y axes of the initial layer
(normal to the three X axes), with or without rota-

2nd L.
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Fig. 2. Pairing of basal oxygens (stippled) with surface hydroxyls

(double circles) of layer below. This orientation will be assumed for

first layer of polytypes derived in Fig. 3, with the 1I octahedral set

(3 individual sites labeled A, B, C) occupied and the second layer
shifted by a/3 along — X;.
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tion of the second layer. If the layers are assumed
to be undistorted, shifts along the three Y axes give
identical results so that the particular Y axis used is
immaterial. Interlayer shifts along the positive or
negative directions of Y are both possible, regard-
less of the octahedral set occupied in the initial
layer, but positive and negative directions of shifts
lead to different resulting structures.

Variability both in the positioning of adjacent
layers and in the occupancy of octahedral sets with-
in each layer (equivalent to layer rotations) lead to
different permissible stacking sequences of layers.
If the three types of relative layer positioning listed
above are not intermixed in the same crystal, it can
be shown that there are 12 different trioctahedral
1:1 type polytypes, plus 4 enantiomorphs, with
periodicities between one and six layers. This
compares with 6 simple mica polytypes of similar
periodicities and several hundred for the chlorites.

Interlayer shifts along X

In what follows it will be assumed that the II
octahedral set of cations is always occupied in the
initial layer, and that the second layer is always
shifted by a/3 along — X, (as illustrated and defined
in Fig. 2). Succeeding interlayer shifts may take any
of six directions relative to this initial shift (=X,
+X,, =X,). In order to depict the possible layer
sequences graphically, it is convenient to modify
the procedure of Smith and Yoder (1956) and to
show the interlayer shifts as vectors directed from
the center of a hexagonal ring in the tetrahedral
sheet of a lower layer to the center of a hexagonal
ring in the layer above and having a projected
length of a/3 on (001). The interlayer stacking
angle will be defined as the angle between two
adjacent interlayer vectors, as measured in a
counterclockwise direction in projection on (001).
The six possible interlayer stacking angles are 0°,
60°, 120°, 180°, 240°, and 300°. Because of the plane
of symmetry that is parallel to the interlayer shift
vector, angles 60° and 300° are equivalent, as are
angles 120° and 240°.

Readers familiar with mica polytypes will recog-
nize that with interlayer shifts of =a/3 and a
restriction on intermixing of interlayer stacking
angles, only the six vector patterns that are possible
for micas can be derived for 1: 1 type layers as well.
These six possibilities are illustrated graphically
in Fig. 3. It is convenient to assign the same struc-
tural symbols to these 1:1 polytypes as were used
for the micas. It is for this reason that the writer
previously (1963) had argued against applying the
2M, and 2M, symbols to dickite and nacrite, which
do not have the particular stacking sequences that
these symbols represent for the micas. It should be
noted that the resulting space groups and g8 angles
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differ for the 1:1 and 2:1 polytypes of the same
structural symbol because of the differences in
centrosymmetry and thickness of the corre-
sponding layers.

In Fig. 3 the structure with 0° interlayer stacking
angle, corresponding to successive — X shifts, is
the 1M polytype. The 20r polytype results from
180° stacking angles, equivalent to alternate — X,
and + X, shifts. These are the only polytypes that
involve shifts along just one axis. If shifts are con-
sidered along two different X axes, then a con-
tinuous alternation of =+ 120° stacking angles gives
rise to the 2M, polytype and a continuous alter-
nation of =60° angles to the 2M, polytype. Note
that the fixed axes and unit cell {dashed lines) used
to derive these theoretical structures are not the
best axes to use for the resultant structure (solid
lines). Also, in the 2M, structure the X and Y axes
must be reversed because the (010) symmetry
plane is normal to the 5-2 A repeat axis. Although
only the X, and X, shift directions are shown in
Fig. 3, any two X axes could be used. The same
two structures would be derived, differing only in
the orientation of the resultant unit cell relative to
the fixed starting axes. Finally, if all three X axes
are used for shift directions a continuous sequence
of 120° angles along—X,,— X,,and — X, givesrise to
the 3T polytype. Going around the vector triangle
in the opposite direction with 240° angles simply
gives a mirror image structure. In the same way con-
tinuous stacking angles of 60° or of 300° along all
three axes gives two mirror image structures desig-
nated 6H. Hexagonal-shaped P unit cells can be
used for 3T and 6H, instead of the monoclinic-
shaped C cells necessary for the other polytypes.

In summary, two polytypes can be derived using
shifts along just one X axis. A second set of two
polytypes involves shifts along two axes, and a
third set of two polytypes plus two enantiomorphs
involves shifts along all three axes. One member of
each of these three sets involves structures in
which the same octahedral set is occupied in each
layer, whereas for the other member the octahedral
sets 1 and I1 are occupied alternately in successive
layers (equivalent to layer rotations).

No interlayer shift

If the succeeding layers are directly super-
imposed on the initial layer without any shift, the
additional polytypes designated 17 and 2H, (Fig. 4)
are generated. These differ from one another only
in the octahedral cation sites occupied. In the 1T
polytype the same set of octahedral positions is
occupied in each layer, whereas in the 2H,; poly-
type there is alternation between the 1 and I1 sets in
adjacent layers. Both polytypes are based on a
hexagonal-shaped P unit cell.
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P&,
(or P6g)
° 5

Fig. 3. Six 1:1 polytypes that result from =+ 4/3 interlayer shifts

along the three X-axes. The base of the resultant unit cell (solid

lines) may or may not coincide with the fixed cell (dashed lines) used

for the first layer. The origin of the resultant unit cell has been placed

as close to the center of a hexagonal ring in the first layer (double
circles) as the symmetry permits.

Interlayer shifts along Y

Finally, interlayer shifts of = b/3 along the Y axes
lead to the four polytypes illustrated in Fig. 5.
Because shifts along each Y axis lead to equivalent
results, all shifts can be taken to be along Y,.
Alternating negative and positive shift directions
generate the 27 and 2H, polytypes. The same
direction of shift between all layers results in the
3R and 6R polytypes. In the latter two rhombo-
hedral cases, vectors of projected length b/3 end to
end lead to resultant shifts of b and 254, which are
equivalent to zero resultant shifts. As a result, all
four polytypes can be shown as based on hexagonal-
shaped unit cells. Both the 2H, and 3R structures
are enantiomorphic.

Comparison with other studies

Steadman (1964) assumed in his derivation of
trioctahedral 1:1 polytypes that (a) interlayer

displacements along X are never accompanied by
rotation, and (b) although it is not permissible to
intermix = a/3 shifts with =+ b/3 shifts or with direct
superposition stacking (no shift), direct super-
position can be intermixed with = b/3 shifts in the
same crystal. The first assumption eliminates the
2M,, 20r, and 6H polytypes. The present writer
prefers to retain these polytypes in order to
emphasize the similarity of the stacking possibilities
with those of the mica system (where these struc-
tures do occur sparingly). The second assumption
introduces four new polytypes (and four enantio-
morphs) that are not given in the present paper.
Actually, a few natural crystals are now known in
which X shifts are intermixed with no shifts and
others in which Y shifts are intermixed with no
shifts. There does not appear to be any justification
for treating one case differently than the other. The
present writer prefers to treat both as relatively
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rare stacking variants that are exceptions to the
rule of no intermixing of shift types. Steadman does
not use structural symbols to designate his standard
polytypes, only the space group plus a system of
Greek letter and number subscripts to denote the
sequence of layer displacements and rotations.

The results of the 1:1 polytype derivation by
Zvyagin et al. (1966) and by Zvyagin (1967) are
similar to that of the present writer, except that a
13th polytype labeled 2M; of space group P2, is
included. This appears to be a duplicate of the 20r
structure if only undistorted layers are considered.
Zvyagin has used both structural symbols and an
analytical notation system to indicate the intralayer
and interlayer shifts for each polytype. The struc-
tural symbols differ from those of the present
writer in the following ways.

(1) No distinction is made by Zvyagin for struc-
tures with 3-fold axes between those that are based
on hexagonal-shaped P cells and those that can be
indexed on rhombohedral cells. The writer uses the
symbols T and R, respectively, for these cases and
thereby avoids having to use the same 37 symbol
for two different structures.

~ Xp
o
i—..—gl; ------ o0 2H,
n: 0 | Pe,
lo------ o
X

Fig. 5. Four 1:1 polytypes that result from = b/3 interlayer shifts
along Y,. Two equivalent interlayer sequences are illustrated for the
3R polvtype.
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(2) Zvyagin restricts usage of subscripts to
monoclinic structures and uses subscripts 1, 2, and
3 with specific implication as to the orientation of
symmetry elements relative to the monoclinic axes.
The writer uses subscripts 1 and 2 to differentiate
two 2M and two 2 H structures. The subscripts are
assigned in the order of derivation of the structures
in the present paper with no implication as to
orientation of symmetry elements.

IDENTIFICATION OF POLYTYPES

The atomic parameters of the 12 standard poly-
types are listed in Table 1. Only one example of
each of the four enantiomorphic pairs has been
included. Structure amplitudes and powder patterns
calculated from these parameters are listed in
Tables 2 and 3. In the calculations identical com-
positions of Mg,Si,O;(OH), were assumed for all
polytypes, and temperature factors of 0-8, 1-2, and
2-0 were used for Si, Mg, and (O, OH) respectively.
Multiplicity and Lorentz-polarization factors were
included in the powder calculations. Standard unit
cell dimensions appropriate to research in progress
on aluminous serpentines were used for all poly-
types. These values are listed in Table 3. In natural
specimens deviations from the calculated spacings
and intensities are to be expected as a result of
variations in composition and structural detail.
Hexagonal indices hkil were used for all hexagonal
and rhombohedral structures, but the i index has
been omitted from the publication to conserve
space.

For identification purposes the 12 polytypes can
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be divided into four groups (4, B, C, D), for which
the strongest reflections (k= 3n for monoclinic-
and orthorhombic-shaped cells or 1Al for hexagonal-
shaped cells) have identical F, values within each
group but quite different values between groups.
The four groups are distinguished structurally from
each other either by different directions of inter-
layer shift or by a different occupancy pattern of
octahedral cation sets. Thus, the two groups 4 and
B (Table 2) feature interlayer shifts along X and
differ in having octahedral cations in the same set
in every layer (1M, 2M,, 3T) or in alternating
cations between I and 1I sets in adjacent layers
(2M;, 20r, 6H). The other two groups C and D
feature stacking sequences involving either no
shifts or interlayer shifts along Y, which cannot be
differentiated by these particular reflections. The
groups differ again in having octahedral cations in
the same set throughout (17, 27, 3R) or in alter-
nating cations between the I and II sets (2H,,
2H,,6R).

Thus, classification of a good X-ray diffraction
pattern of an unknown [ : 1 layer silicate into one of
four groups can be accomplished easily by means
of the most intense reflections. This immediately
defines the direction of interlayer shift and the
occupancy pattern of octahedral cation sets in the
structure. Further differentiation between the three
structures within each group must be made on the
basis of the weaker reflections, which indicate the
precise layer stacking sequence. These are the k #
3n reflections for monoclinic- and orthorhombic-
shaped cells and h # k reflections (excluding 30/)

Table 2. Structure amplitudes for strong reflections of four groups of standard polytypes

Group A Group B Group C Group D
IM-2M,-3T 20r-2M,—6H 17-2T-3R 2H,-2H,-6R
d(A) F, d(A) F, F, F.
2-649 25 2:670 11 12 8
2:590 17 2:624 17 0 11
2-387 54 2:499 24 18+ 51 34
2:262 13 2:326 32 0 22
2-007 33 2:134 17 19+39 17
1-886 18 1-945 15 0 27
1-665 47 1-771 25 9-+45 18
1-568 31 1-615 33 0 25
1-396 16 1-478 8 44 + 30 29
1-322 44 1-358 28 0 20
1-191 14 1-254 21 32410 19
1-134 6 1-162 3 0 12

Calculations made with B = 1-2, 0-8, and 2-0 for Mg, Si, and O, OH respectively, and

normalized to one formula unit. Indices are

of type 20! for monoclinic and orthorhombic C

cells (except 2M,) and 11! for hexagonal P cells. In group C, F,(11]) # F.(11]). Spacings

are from Table 3.
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Table 3. Calculated X-ray powder patterns for standard 1 : 1 polytypes

Group A Group B Group C
IM (=3T) WM, M, (= 6H) 20r 1T
B dA)  Int hd dA) Int wd  dA)  Int hkl dA) Int| hkl  d(A) Int
001 7100 8 002 7-100 8 | 002 7100 100 002 7100 100 | 001 7-100 82
020 4625 14 020 4625 3 110 4598 23 ?fg} 4625 23100 4625 42
10 4519 27 110 4598 20 ;(1)0} 4519 22 1 4397 40 |101 3875 46
11T 4-242 22 11T 4-519 6 . 002  3-550 57
021 3875 17 021 4397 18 205} 4242 18 ?3} 3875 28 | 102 2816 15
002 3550 60 111 4242 S 112 4064 16 004 3550 68|110 2670 5
11 3492 12 113 4064 14 112 3682 12 13 3308 17, ;ll%} 2499 100
13 3133 8 022 3875 4 004 3550 68 (l’f:} 2816 10 | 003 2367 6
022 2816 6 112 3682 i 3
- 202} 3492 10 200 2670 6200 2312 |
20T 2649 26 004 3550 60 :
B 3 201 2624 27 |200 2199 3
200 2590 12 113 3492 3 203} 3-133 2
112 2542 4 023 3308 7 114 299 6 202 22499 51 115} 2133 45
~ 15 2420 5
207 2387 100 113 3133 2 114 2673 4 103 2107 5
3 006 2367 7
003 2367 6 113 299 5 020 2670 6 122 1938 s
i 203 2326 18|
13 2307 3 114 2674 3 021 2624 27 Hooa 1775 1
042
21 2263 6 200 2649 26 | 3 ol 2199 2 s
. e om
_ 4] 2542 3 113
023 2107 2 202 2590 12 204 2134 18
022 2499 51 o2t 120 1748 4
21 202 2 025 2420 2 } 2107 31
006  2-367 7 116 :
203 2007 25 202 2387 100 | 023 2326 78 23 2018 20121 1697 7
042 14938 2 006 2367 ;(1)%} 2307 2 205 1945 10 |203 1654 4
202 1886 6 204 2262 - o4 122 1568 5
16 2203 2 224} 1938 3
235 1841 2 204 2007 25 300 1542 26
- 024 2134 18 25 1793 3
004 1775 1 206 1885 6 301 1506 11
025 1945 10 08 175 1|,
2 1746 2 008 1775 1 : “Z} 1478 28
08 1775 1 206 1771 24
150 1742 3 150 1746 3 s
i 026 1771 24 310} 1748 3.]00s 1420 2
ST 1725 3 310 1735 2 o7
B - 404} 1746 4 151 1735 s 302 1414 6
317 1697 2 152 1712 2 o
_ 1408 3
204 1-665 32 152 1-680 2 ‘g%} 1-742 2 ;?%} 1-697 4
123 1406 2
151 1661 2 206 1665 32
;;(1)} 1725 2 (2)‘2‘2} 1654 3 [220 1335 3
152 1617 2 312 1640 2
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Table 3. (contd.)
Group C (cont.) Group D
2T 3R 2H 2H, 6R
hkl dA) Int hkl dA) Int hki d(k) Int  hkl  dA) Int ki dA) Int
002 7100 82 003  7-100 82 002 7-100 100 002 7-100 100 006 7-100 100
100 4624 11 101 4519 36 100 4625 45 100 4625 13 102 4519 42
101 4397 53 102 4242 30 102 3875 55 101 4397 64 104 4242 35
102 3875 12 006 3550 57 004 3550 68 102 3875 14 0,0,12 3550 68
004 3550 57 104 3492 17 104 2-816 19 004 3-550 68 108 3492 20
103 3308 22 105 3133 12 110 2-670 3 103 3-308 27 1,0,10 3133 14
104 2816 4 110 2-670 5 111 2624 12 104 2-816 5 110 2670 3
110 2-670 5 107 2-542 5 112 2499 98 110 2-670 3 113 2624 12
112 113 _—
“5} 2499 100 3] 2499 100 006 2-367 7 111 2624 12 1,0,14 2-542 6
105 2-420 6 009 2367 6 113 2326 - 35 112 2499 98 116 2:499 98
006 2367 108 2:307 4 200 2-312 1 105 2-420 8 0,0,18 2:367 7
201 2282 — 202 2-199 4 006 2-367 7 119 2326 35
“6} 2:133 45
202 2199 1 116 114 2134 17 113 2326 35 1,0,16 2307 4
204 2-121 2 106 2:107 5 201 2-282 2 204  2:260 2
“4} 2133 45
114 205 2:032 2 115 1945 35 114 2134 17 1.1.12 2134 17
106 2107 1 207 1-841 2
204 1-938 5 203 2-078 4 208 2-121 2
203 2-078 3 0,012 1775 1 .
204 1938 1 5 008 1-775 1 115 1945 35 2,0,i0 2-032 3
119
o] 111 32
116 1771 12 107 1-858 2 1.1.15 1945 35
208  1-746 2
_ 120 1-748 5 205 1793 4 1,0,20 1935 2
107 1-858 2 121 1742 4 122 1-697 9 008 1-775 1 2,0,14 1841 3
205 1793 3 122 1725 4 108 1-657 2 116 177t 12 0.0.24 1775 1
008 1775 1 122 1-661 3 206 1-654 5 121 1-735 7 11,18 1771 12
}:g} 1771 32 125 1617 3 117 1615 20 122 1697 2 2,016 1746 3
2,0,70  1-567 2 124  1-568 5 123 1-640 5 212 1742 5
121 1-735 6
300 1542 26 300 1-542 33 117 1615 20 214 1725 5
122 1697 2 3 B
127 1-516 2 302 1-506 14 300 1542 33 218 1-661 4
123 1-640 4
303 1-506 11 118 1478 21 207 1-525 3 2,1,10 1-617 3
300 1542 26
2,0,11  1-485 210,0,10 1-420 2 302 1506 14 1,1,21 1615 20
207 1-525 3
L1.T3 304 1-414 8 125 1-489 3 2,0,20 1-567 2
302 1s06 11 ) 12} 1478 28
R 208  1-408 4 118 1478 21 300 1-542 S5
125  1-489 2 0.0,15 1420 2 B
126  1-406 3 0,0,10 1-420 2 2,1,13 1-516 2
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Table 3. (contd.)

Group A Group B Group C
IM(=3T) 2M, M, (= 6H) 207 \T

Wkl dA) Int  hkl dA) | It kK dA) Int k. dA)  Int hkl d(A) Int
- 208 1568 | 14 23 1M 2 153 1640 4 221} 1312 15
31} 1-568 14 221
203 060 1-542 | 29 421 1680 2 207 1615 34 303 1292 4
060 1542 29 - 154

062 1-506 | 13 133 1661 2 314} 1568 3 130 1283 1
061 1-506 13

0,0,10 1420 | 2 133 1617 2 060 1542 33 131 1262 2

005 1420 2

064 1414 | 7 027 1615 34 ug} 1oss g
062 1414 7 27 1525 2 115
B 208 139 | 3 602 1542 33 062 1506 14
205 139 3 ;} 11250 4
- 403 1332 | 7 600 1506 14 155 1489 2 222
40T 1332 7 - 028 1478 2 124 1245 1
~ 2,070 1322 | 16 208 1478 2
402 1325 3 0,0,10 1420 2 205 1210 2

400 1304 | 3 0,0,10 1420 2
204 132 16 - 602 1414 7 006 1-183 1

404 1295 | 9 064 1414 7
00 1295 9 029 1358 16 3

066 1292 | 4 048 1408 2 -} 1163 7
063 1292 4 040 1335 2 3

402 1274 | 4 200 1358 16

Calculations of I = LpmF? made using Mg,Si,O5(OH), compositions and cell parameters of a = 5-340, b = 9-249,
csin 8 =7-100 A with g values of 104°04’ (1)), 97°09' (2M,), and 102°15’ (2M,). Hexagonal indices hkil used for both
hexagonal and rhombohedral symmetries, but j index omitted here to conserve space.

for hexagonal-shaped cells. If these reflections are
streaked out due to stacking disorder, the three
structures within each group are indistinguishable
but the four groups are still evident from the
stronger non-streaked reflections.

Group A (1M, 2M,, 3T) differs from the three
other groups in the d-values of its strongest reflec-
tions. As in the micas, the 1:1 trioctahedral 1M
and 3T X-ray powder patterns are identical so that
differentiation of these two must be made by single
crystal determination. The 2M, powder pattern can
be recognized both by additional weak reflections.
not present in the 1M and 3T patterns and by a
different ratio of hkl (k # 3n) to 00/ intensities due
to multiplicity differences.

In group B (2M,, 20r, 6H) the powder patterns
of the 2M, and 6 H polytypes are also identical, as
in the micas, and single crystal study is needed for
differentiation. The 20r pattern can be recognized
because it has k # 3n reflections that are fewer in
number and occur at different d-vatues than for the
2M, and 6 H patterns.

In group C (1T, 2T, 3R) about one-half of the
weak & # k reflections are similar for the 17 and
2T patterns but the 27 pattern has additional weak

reflections that verify its 2-layer nature. The 3R
weak reflections have different d-values than for
IT and 2T. A similar situation exists in group D
(2H,, 2H,, 6R), in which there are additional weak
reflections for 2H, that differentiate it from the
otherwise similar pattern of 2H,. The 6R pattern
has d-values for its weak reflections that are dif-
ferent from those of the 2H, and 2 H, patterns.

NATURAL EXAMPLES

The data in Tables 1-3 permit correlation of
natural 1:1 layer silicates with the theoretical
stacking sequences derived in this paper. Examples
of all four major groups are known to exist in nature
and definite correlations can be made with at least
nine of the twelve individual structures. Table 4
lists the correlations that have been made to date,
including the dioctahedral analogues. Several
minerals have been classified only as to Groups
A-D because of the absence of the weak reflections
that specify the exact layer sequences. There is a
strong tendency for certain compositions to prefer
specific stacking sequences so that most natural
specimens are neither polytypic nor polymorphic
with one another. An exception to this generaliza-
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Table 3. (contd.)
Group C (cont.)
2T 3R 2H, 2H, 6R
hkl dA) Inmt hkl d(A) Int| hkl d(A) Int hkl  dA) Int wkl  d(A)  Int
18 306 1414 6
11§} 1478 28 119 1-358 8 304 1-414 8 306 1-506 14
220 1335 3
0,0,10  1-420 2 23 1,0,10 1-357 1 119 1358 8 2,0,72 1485 2
1312 15
)
304 1414 6 3 20 1335 3 20 1335 3 1,1,24 1478 21
220 1335 3 309 1292 4 21 1329 2 21 1329 2 2,1,16 1461 2
222 13
227} 11312 15 11’] ]12} 1.254 8 222 1312 16 22 1312 16 0,0,30 1-420 2
200 1-303 2 — 306 1-292 4 200 1-303 2 3,0,12 1414 8
226} 1250 4
306 1292 4 226 23 1285 3 306 1292 4 1,1,27 1358 8
0,0,18  1-183 1
31 1277 2 130 1-283 1 223 1285 3 2,0,26 1337 2
229
1162 7 132 1-262 3 131 1277 2 220 1335 3
1,1,10} 1254 g 229
1,1 1,1,10 1254 6 1,1,10 1-254 6 223 1-329 2
;;;} 1-250 4 2,0,10 1-210 2 133 1238 2 226 1312 16
0,0,12  1-183 1 225 1-208 4 225 1-208 4 3,0,18 1292 4

tion may be the mineral cronstedtite, in which
Steadman and Nuttall (1963, 1964) have confirmed
a large number of different stacking arrangements
from crystals of apparently similar compositions.

Aluminous serpentines also show several dif-
ferent stacking arrangements, although for different
compositions. In addition to 17 lizardite, which
extends into the Al-rich compositions, and amesite
(2H,+2H,) there are several unnamed species.
The type F aluminous serpentine of Bailey and
Tyler (1960) can be correlated with the 1M-3T

powder pattern of Table 3. Jahanbagloo and Zoltai
(1968), however, have shown that single crystals of
material that gives the same powder pattern as type
F must really be 9-layer or 18-layer structures in
order to explain all of the weak reflections. Their
proposed structure intermixes shifts along X with
direct superposition of layers. Steadman and
Nuttall (1962, 1963) have found one specimen of
amesite and one of cronstedtite that contain crystals
that have a complex 6-layer structure intermixing
shifts along Y with direct superposition of layers.

Tabie 4. Natural examples of 1 : 1 structures

Trioctahedral Dioctahedral
Lizardite 1T kaolinite 17Tc= [1M4]
Antigorite ~ 1T dickite 2M = [1M,q]
Clinochrysotile ~ 1T (+~ 1M rare?)

Orthochrysotile ~ 20r nacrite 2M = [6R 4]
Al-serpentine 1T, IM3T
Amesite 2H, (+ 2H, rare)
Berthierine

(= 1:1 chamosite) 17, IM-3T
Cronstedtite 1T,3T,2H,, 2H,,

2T, 1M, 2M,

Greenalite group C
Garnierite group C
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The Unst 6-layer aluminous serpentine of Brindley
and von Knorring (1954) also must be a complex
stacking variant. Its strongest reflections fit well
those of group D (2H,, 2H,, 6R) of Table 2, but the
weaker reflections do not fit. The structure must
involve shifts along Y and alternation of the I and 11
octahedral cation sets. A further publication is
planned on the complex stacking variants found in
aluminous serpentines.

It is interesting to note that the magnesian ser-
pentines lizardite, antigorite, and clinochrysotile
are all based on the 1T structure, or on modifica-
tions of the 17 structure. The massive, platy variety
lizardite is mainly 17, although stacking faults
make some specimens transitional between 17 and
2H,. Antigorite is basically a 1T structure also, but
with a regular, wave-like inversion of tetrahedra
that distorts the geometry so that the 8 angle
(91°23’) is not exactly 90°. The 1T structure is
distorted still further in clinochrysotile as a resuit
of its cylindrical fibre morphology. In most fibres
the X-axis is parallel to the fibre length, and the
individual layers are out of register with one another
along the cylindrical Y-axis because of the progres-
sive change in cylinder radius from layer to layer.
In the structure determination by Whittaker (1956a)
adjacent layers are shifted along + X, as defined in
Fig. 2, by a regular small amount (about a/13 to
give 3=93°16'). This shifts the basal oxygens
slightly away from the optimum superposition
arrangement in the 17 structure so that only 2/3 of
the basal oxygens can be described as having hydro-
gen bond contacts. The remaining 1/3 lie over
niches in the hydroxyl surface below, presumably
to anchor the layers within the cylindrical helix.
The strong reflections can be correlated with those
of group C, after making allowance for the separa-
tion of 11/ and 11/ reflections resulting from the
fmonoclinic geometry. Some specimens show 2-
layer periodicity due to small distortions of = 0-019a
that alternate in direction in adjacent layers.

In contrast to the small interlayer shift of 0-078a
in clinochrysotile, Whittaker (1956b) reports
alternating interlayer shifts of = 0-441qa along X, for
cylindrical fibres of orthochrysotile, plus regular
alternation of I and 1I octahedral cation sets in
adjacent layers. Thus, the orthochrysotile structure
is a distortion of the 20r structure, for which the
ideal interlayer shifts should be =0-333q along X,.
The observed “overshift’” of 0-108a is analogous to
the distortional shifts of 0-078a found in the ~ 1T
clinochrysotile structure. In orthochrysotile the
“overshift” leads to exactly the same anchoring
relationship of the basal oxygens relative to the
hydroxyl surface within the cylindrical fibres as is
observed in clinochrysotile. 1t should be noted that
this structure (group B) could not be identified from

S. W. BAILEY

the four groups of Table 2, because the strong
reflections fit best those of group D (which implies
no shift along X). This is because the observed
shift of 0-441a is close to a/2, and reflections of
index 20!/ do not differentiate between shifts of 0
or af2 along X.

The clinochrysotile structure described by Whit-
taker (1956a) is not related to the 1M or 2M, struc-
tures, as the interlayer shift is both too small and in
the wrong direction. There does not appear to be
any reason, however, why a distorted 1M clino-
chrysotile should not occur in nature to a limited
extent. A 1M structure with an “overshift” along
— X, by anamount similar to that observed in ortho-
chrysotile would lead to a 8 angle of about 107° and
a similar anchored arrangement of layers within the
cylindrical surface. Shitov and Zvyagin (1966) have
described three clinochrysotile specimens with g8
angles near 107° that may correspond to this ~ 1M
structure. The relative stability and abundance (see
next section) of the ~ IM chrysotile should be
intermediate between those of the ~ 1T and ~ 20r
chrysotiles. The strong reflections of the ~ 17 and
~ 1M clinochrysotiles presumably would be quite
similar in intensity because 20! reflections do not
distinguish between interlayer shifts near 4 1/12a
and near —5/12a. From a consideration of the
relative stabilities one would also predict a second
form of orthochrysotile based on a distorted 2H,
structure, which theoretically should be more
abundant than the observed ~ 20r structure. The
strong reflections of a ~ 2H, structure, which would
no longer be truly hexagonal, would belong to
group D and would, as a result, be difficult to dis-
tinguish from those of the ~ 20r structure.

The Ni-serpentine garnierite and the Fe-serpen-
tine greenalite appear to fit best into group C,
according to the data summarized by Brindley
(1961). The specimens examined to date are poorly
crystallized, and their powder patterns do not
exhibit any of the weaker reflections needed to
classify them in more detail. On the other hand the
Fe-rich berthierines, termed 1:1 chamosites in
some of the earlier literature (e.g. Brindley, 1951),
give more complete powder patterns but with some
line broadening due to small particle size. The
hexagonal form can be identified as the 17T struc-
ture, and the monoclinic form as the 1M or 3T
structure.

DIOCTAHEDRAL ANALOGUES
Table 4 includes the dioctahedral kaolin minerals,
but these require special comment. Previous poly-
type derivations for trioctahedral micas (Smith and
Yoder, 1956) and for trioctahedral chlorites (Bailey
and Brown, 1962) were found to apply without
change to the dioctahedral species as well. There
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were no changes in the space groups or layer peri-
odicities in these mineral groups because of the
location of the vacant octahedral site.

For all three kaolin minerals, however, the
location of the vacant octahedral site changes the
space groups from those of the corresponding tri-
octahedral 1:1 structures and changes the layer
periodicity for two of the three. Bailey (1963) has
pointed out previously that kaolinite and dickite are
both based on the 1 M stacking sequence and would
be identical if they were trioctahedral. In kaolinite
the vacant site is the same in each layer, at position
C in Fig. 2 (or at the mirror image position B). This
imposes triclinic symmetry on the structure due to
loss of the symmetry planes that relate B to C. The
structure is also distorted slightly to triclinic geo-
metry (Brindley and Robinson, 1946). In dickite
the vacant site alternates regularly between C and
B in successive layers to create a 2-layer mono-
clinic structure. In nacrite the sequence of layers is
that of the 6R polytype. The pattern of vacant sites
causes the loss of the three-fold axes, which reduces
the symmetry to monoclinic and allows selection of
an inclined Z axis that has true two-layer peri-
odicity. The conventional X and Y axes must be
reversed in the structure, for the same reason as in
the 2M, structure. The symbols in brackets in
Table 4 are used to indicate that the observed
periodicities and symmetries for these three
minerals are a result of vacant site ordering within
the ideal stacking sequences that are listed in the
brackets.

RELATIVE STRUCTURAL STABILITIES

It should be possible to predict something about
the relative structural stabilities of the 1: 1 standard
polytypes by considering the relative amounts of
attraction and repulsion between the ions in the
structures, as was discussed by Newnham (1961) in
relation to the dioctahedral minerals. Different
stacking sequences lead to different patterns of
superposition of ions in adjacent layers and, there-
fore, to different amounts of attraction and repulsion.

Bailey and Brown (1962) and Shirozu and
Bailey (1965) found the presence or absence of
repulsion between tetrahedral and octahedral
cations to be an important structural factor in the
stability of chlorite minerals. They were con-
cerned in the case of chlorites with octahedral
cations in the interlayer sheet relative to tetrahedral
sheets on both sides. In 1:1 layer silicates the
analogous situation refers to tetrahedral cation
positions in one layer relative to octahedral posi-
tions in the layer below. The layer sequences for
the 1:1 standard polytypes result in minimum
tetrahedral-octahedral repulsion for all structures
in groups C and D (Table 2) and maximum repul-
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sion for all those in groups A4 and B. In the latter
groups the octahedral and tetrahedral cations
exactly superimpose.

The direction of tetrahedral rotation in response
to tetrahedral-octahedral lateral misfit is a second
important structural factor. Bailey (1966) has
analyzed the forces that determine the rotational
direction for trioctahedral 1:1 layer silicates and
has ranked these in terms of the strength of their
influence on the basal tetrahedral oxygens, as
follows.

(1) Attraction of basal oxygens by octahedral
cations in the fayer immediately below.

(2) Attraction of basal oxygens by hydroxyl
groups in layer below. The oxygens move to shorten
the interlayer OH—O bonds.

(3) Attraction of basal oxygens by octahedral
cations in same layer.

For different layer sequences each of these forces
may act either in unison with or in opposition to
any of the other forces, but (1) has such a strong
influence that it alone can determine the rotation
direction even in opposition to both of the other
forces. Assuming the criteria above to be valid,
the direction of probably tetrahedral rotation
in the standard 1:1 polytypes can be predicted.
Based only on the interaction of these forces
in each structure, the predicted order of structural
stability for the four groupsis C > D > 4 > B.
The third factor that is considered in this paper is
additional repulsion between cations that are
separated by greater distances, as follows.

(1) Repulsion between tetrahedral cations of
adjacent layers.

(2) Repulsion between octahedral cations of
adjacent layers.

(3) Repulsion between tetrahedral cations in one
layer and octahedral cations in the layer above, or
vice-versa.

Table 5 summarizes the results of all three struc-
tural factors that have been considered. Each has
been weighted according to the writer’s best judg-
ment as to its relative importance, based primarily
on the charges on the ions involved and the dis-
tances over which the forces must be effective. The
final result is a stability index for each structure
that takes into account both the favorable and
unfavorable structural features. The resultant
order of relative structural stability is (1) group C,
(2) group D, (3) group 4, and (4) group B.

The predicted relative structural stabilities of the
four groups are in moderately good agreement with
the relative abundances of the structures in nature,
as listed in Table 4. Group C, especially structure
1T, is very common, groups D and 4 are intermedi-
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ate in abundance, and group B is represented
only by the distorted orthochrysotile structure
~ 20r. Two of the three standard 1:1 structures
that have not been identified (2M, and 6 H) belong
to the least favorable structural group. It is dis-
turbing to note in most cases, however, that the
criteria used do not distinguish adequately between
the individual structures within each group. The
3R structure would appear to be expecially favor-
able, yet it has not been identified in nature for
certain. Both Hendricks (1939h) and Frondel
(1962) have described 3R cronstedtite, but a more
detailed analysis by Steadman and Nuttall (1963)
suggests instead that this is the 37 structure of
space group P3;.

Evidently additional criteria are necessary to
correlate the individual structures (rather than the
four groups of structures) with their probability of
adoption in nature. Among the non-structural
factors that undoubtedly are important also are
temperature and rate of crystallization, growth
mechanism, pressure, solution chemistry, and
composition. The preference of certain composi-
tions for specific layer sequences is especially
impressive (Table 4).
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Résumé — Le polytypisme des phyllosilicates 1: 1 trioctahédriques résulte de deux caractéristiques
variables de la structure. (1) Les cations octahédriques peuvent occuper le méme arrangement
de trois positions ou peuvent changer réguliérement entre deux arrangements différents des positions
dans des couches successives. (2) La liaison d’hydrogéne entre les surfaces adjacentes d’oxygeéne
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et d’hydroxyl des couches successives, peut étre obtenu en partant de trois positions relatives différ-
entes des couches: (a) superposition directe des couches, (b) déplacement de la deuxiéme couche
par a/3 le long de I'un quelconque des trois axes X hexagonaux de la couche initiale, avec un sens
positif ou négatif du déplacement déterminé uniquement par la position du cation octahédrique dans
la couche inférieure, et (c) le déplacement de la deuxiéme couche par +b/3 le long de Y, (normale
a X;) de la couche initiale, sans égard pour la position du cation octahédrique.

En supposant une géométrie hexagonale idéale, sans ordre des cations, et sans interéchange
dans le méme crystal des trois types possibles de superpositions des couches, on peut alors dériver
douze polytypes standards (plus quatre enantimorphes) avec des périodicités variant entre une et
six couches. Les déplacement relatifs le long des trois axes X conduisent aux mémes séquences des
couches dérivées pour les micas, soit 1M, 2M,, 3T, 2M,, 20r et 6H. Les polytypes 1T et 2H, résultent
de la superposition directe des couches. Les déplacements des couches de b/3 conduisent aux poly-
types connus sous la désignation 2T, 3R, 2H, et 6R.

Les douze structures standards 1:1 peuvent étre divisées en quatre groupes (A = IM, 2M,,
3T; B=2M,, 20r, 6H; C = IT, 2T, 3R; D = 2H,, 2H,, 6R) pour les besoins d’identification. Les
fortes réflections des rayon X servent 2 identifier chaque groupe et les réflections plus faibles différen-
cient les trois structures au sein de chaque groupe. Des exemples des quatre groupes et de 9 des 12
structures individuelles ont été identifiées dans des spécimens naturels. La considération des quan-
tités relatives d’attraction et de répulsion entre les ions dans les structures conduit a prédire la séquence
de stabilité groupe C groupe D groupe A groupe B, qui s’accordent modérément aux abondances
observées dans ces groupes structurels.

Kurzreferat — Die Polytypie in trioktaedrischen 1:1 Phyllosilikaten riihrt von zwei veridnderlichen
Merkmalen im Gefiige her. (1) Die oktaedrischen Kationen konnen durchwegs in der gleichen
Gruppierung von drei Stellungen angeordnet sein oder sie konnen in aufeinanderfolgenden Schich-
ten jeweils zwischen zwei verschiedenen Gruppierungen der Stellungen abwechseln. (2) Die Wasser-
stoffbindung zwischen benachbarten Sauerstoff- und Hydroxyloberflichen aufeinanderfolgender
Schichten kann durch drei verschiedene Stellungen der Schichten in Beziehung zu einander erhalten
werden: (a) unmittelbare Uberlagerung der Schichten, (b) Verschiebung der zweiten Schicht um
a/3 entlang irgendeiner der drei hexagonalen X-Achsen der Ausgangsschicht, wobei eine positive
oder negative Richtung der Verschiebung einzig durch die in der unteren Schicht eingenommene
Gruppierung der oktaedrischen Kationen bestimmt wird, und (c) Verschiebung der zweiten Schicht
um =+ b/3 entlang Y, (normal zu X,) der Ausgangsschicht ungeachtet der eingenommenen oktaed-
rischen Kationgruppierungen.

Unter der Annahme idealer hexagonaler Geometrie, ohne Kationenregelung und ohne Vermischung
innerhalb des gleichen Kristalls der drei moglichen Arten der Schichtiiberlagerungen, lassen sich
zwdlf Normalpolytypen (plus vier Enantiomorphe) mit Periodizititen zwischen einer und sechs
Schichten ableiten. Relative Verschiebungen entlang der drei X-Achsen fithren zu den bereits
fiir die Glimmer abgeleiteten Schichtfolgen, namlich 1M, 2M,, 3T, 2M,, 20r und 6H. Die Polytypen
IT und 2H, werden durch direkte Uberlagerung von Schichten erhalten. Schichtverschiebungen
um b/3 fiihren zu Polytypen mit der Bezeichnung 2T, 3R, 2H, und 6R.

Die zwolf Normal 1:1 Gefiige konnen fiir Identifizierungszwecke in vier Gruppen eingeteilt
werden (A = 1M, 2M,, 3T; B =2M,, 20r, 6H; C = IT, 2T, 3R; D = 2H,, 2H,, 6R). Die starken
Rontgenreflexionen diesen zur Identifizierung der verschiedenen Gruppen, wihrend die schwiicheren
Reflexionen zwischen den drei Strukturen innerhalb jeder Gruppe unterscheiden. Beispiele fiir
alle vier Gruppen, sowie fiir 9 der zwdlf Einzelgefiige konnten in natiirlichen Proben aufgefunden
werden. Eine Erwigung der relativen Betrdge von Anziehung und Abstossung zwischen den Ionen
in den jeweiligen Gefiigen fiihrt zu der vorhergesagten Stabilitdtsfolge Gruppe C > Gruppe D >
Gruppe A > Gruppe B, in ziemlich guter Ubereinstimmung mit den beobachteten, mengenmissigen
Vorkommen dieser Strukturgruppen.

Pe3zrome—TIONHTHNMSA. TPHOKTASIPHYECKHX CJIOMCTHIX CHIHKATOB 1 :1 0OycrioBneHa cCreayromHMu
IByMsSl OCOGEHHOCTAMH CTPYKTyphl. (1) OkTasapudecKkue KaTHOHBI MOTYT 3aHMMaTh NGO onuH
M TOT X€ H3 Tpex HabGop MOJIOKEHMI NO BCell CTPYKType, MO0, yIOpAAOYEHHO Yepeayich, MOTYT
3aHHMaTh ABa Habopa MOJOXEHMH B HOCNENOBATENBHEIX CTPYKTYPHEIX ciiosix. (2) BogoponHsle
CBSI3A MEXAY COCENHMMH KHCJIOPOAHBIMH M TWAPOKCHIBHBIMHA MOBEPXHOCTSMH IOCICAOBATEIBHBIX
CJI0EB MOTYT PEAJIM30BAThCA [IPH TPEX Pa3JIMYHbIX OTHOCHTENLHBIX NONOKCHAAX COEB: (2) MpsAMOe -
HaJOXEHHE CoeB 663 CMEIEHHS; (B) HAIOXKEHAC CIIOEB IPU CMEIIEHHH BEPXHETO CII0s Ha 4/3 BAOIb
J1060i M3 TPeX reKCaroHadbHBIX oceil X HHXKHETO CJIOs, NPHYEM ITOJIOXKATEILHOE MM OTPHLATENb-
HOE HAIpPAB/CHHUE CMEIIEHAS ONHO3HAYHO ONPEHENIACTCS ITOJIONKEHAEM OKTadIPHYCCKAX KaTHOHOB
HIDKHETO closi; (C) HAJIOKEHHWE CJIOEB IPH CMEIEHHM BepXHero cios Ha +5/3 BOONL ocK Vi
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(NEpOEHAMKYJIAPHOMK X1) HIXKHETO CNOS BHE 3aBHCUMOCTH OT MOJIOKEHHS OKTAYAPHYECKUX KATHOHOB,
IIpy npeanonoXeHWH TeKCaroHaIbHOW reOMETPHHM, OTCYTCTBHA YIOPANOYEHHS KATHOHOB M HEBO-
3MOXXHOCTH COYETaHHs B OOHOM M TOM X€ KPHCTa/UIe 3-X YIOMSMAHYTHIX THIIOB HAJIOXKEHHS CIIOEB,
MOTYT OBITh BBIBEJEHBI 12 HE3aBHCHUMBIX IOJIMTHIIOB (M 4 3HAHTHOMOP(HLIX) C MEPHOAUYHOCTHIO
OT OJHOrO OO ILECTH CJOEB HAa 3JIEMEHTApHYIO sdelKy. OTHOCHTENbHBIE CMEIIEHUS BrOHbL Tpex
oceit X npuBOOAT X 0Opa30BAHHIO TEX € MOCIIEIOBATENLHOCTEN CIIOER, KOTOPbIC OBIIIM BLIBEACHBI
ONs crol, a uMeHHO 1M, 2My, 3T, 2M3, 20 u 6H. Tomutumet 1T 1 2H; nony4aroTca npu IpsaMoM
HaJIOXeHuH crnoes Ge3 cMermenns. CMelneHns cinoeB Ha b/3 npuBoasT K 0Opa30BaHMIO MOJMTHIIOB,
obo3Havaemsix xak 2T, 3R, 2H: u 6R. B ueasx uneHtupukaumu 12 MOyYCHHBIX HE3ABHCHMEIX
CTPYKTYP MOIYT OBITH pa3GuThl Ha 4 rpymmsl (A=1M, 2My, 3T; B=2M;, 20, 6H; C=1T, 2T, 3R;
D=2H,, 2H2, 6R). Kaxnasa rpynna uWMeeT OHMH H TOT X€¢ HaOOD CHNBHBIX DPEHITEHOBCKHX
pednekcoB, MO KOTOPBIM MOXET ObITh NpPOBEACHA WACHTHOUMKALMS DAa3IHYHBIX Ipymm; ciabbie
peduiekchl TO3BONSAIOT pa3Nu4¥aTh CTPYKTYphl BHYTPH CaMHX Ipynim. IIpu M3ydyeHuw NPHPONHBIX
06pa3uoB HaliIeHb! IPEACTABUTENM BCEX YETHIPEX TPy M 9-T u3 12-Td NOJIMTUNHEIX CTPYKTYP.
AHanM3 B3aHMHOTO NPHUTSXKEHHA M OTTANKUBAHHMA HMOHOB B CTPYKTYpaX MO3BOJMNI MpEACKa3aTh
OTHOCHTENIbHYIO YCTOMYMBOCTh HAaWJEHHBIX rPYI, KOTOpas BBIpaXaercs CIICNYIOUEH mocienona-
TempHOCThIO: Tpymma C> rpymma D> rpynma A> rpymma B, 4T0 HaxomuTcs B OTHOCHTENBHO
XOpOIIEM COOTBETCTBHM ¢ HAGMIOHAEMON pACIpOCTPAHECHHOCTHIO 3THX CTPYKTYPHBIX TIpynn B
npupoe.
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