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ABSTRACT

The 112 theoretically possible polytypes of molybdenite with less than seven layers
have been derived. They distribute themselves as follows: 2 layers—3; 3 layers—2; 4
layers—10; 5 layers—16; 6 layers—81. The intensities of the reflections in the X-ray
powder patterns for 48 of these polytypes have been calculated.

INTRODUCTION

Molybdenite (MoS,) is hexagonal with a well-established crystal
structure determined as early as 1923 by Dickinson and Pauling. Great
interest was aroused when Bell and Herfert (1957) synthesized a thombo-
hedral modification, which later was reported by Traill (1963) from a
natural occurrence at the Con mine, Yellowknife, District of Mackenzie,
Canada. Takéuchi and Nowacki (1964) determined the atomic arrange-
ment of rhombohedral MoS,, showing that the two modifications differ
only in the way the MoSs-layers are stacked.

These discoveries suggested the possible existence of other MoS,
polytypes in nature, and potential relationships between polytype and
chemical composition, mode of occurrence, and similar problems. The
present paper is a contribution to this general field.

METHOD OF DERIVATION OF THE POLYTYPES

After showing that the two natural modifications of molybdenite
known to date differed only in the way the MoS,-layers were stacked,
Takéuchi and Nowacki (1964) derived the simple polytypes, i.e. those
which could be obtained by using only one of the two stacking opera-
tions: screws and translations. They found, using Ramsdell’s (1947)
nomenclature, three 2-layer structures, 2Hy, 2H,, 27'; and one 3-layer
structure, 3R. (See comments on the nomenclature on p. 1846.)

Independently, Zvyagin and Soboleva (1967) derived those polytypes
which satisfy what in the cover-to-cover translation is called “the con-
ditions of periodicity and uniformity”. They found five structurally
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1844 FRANS E. WICKMAN AND DEANE K. SMITH

distinct polytypes: those mentioned above and one 6-layer structure,
which shall be called 6R.

An extensive investigation of molybdenite seemed in order to estab-
lish those polytypes which existed in nature. The best way to examine
each sample would be by single crystal X-ray techniques, but most
molybdenite is not suitable for single crystal study. It thus was necessary
to resort to powder diffraction techniques. In order to use powder
methods effectively, it was considered useful to calculate the intensity
distributions that would be expected for each of the possible polytypes.
Because of the possibility of mixtures of two and three layer polytypes
giving patterns resembling six layer polytypes, it was necessary to gener-
ate the six layer polytypes and calculate their powder intensities also.
The generation of these polytypes and their powder patterns is the sub-
ject of Part T of this present investigation. In Part II the examination
of natural samples is described.

The molybdenite polytypes are derived by stacking the double layers
of MoS; in different sequences following the rules of close-packed struc-
tures. Within an individual double layer the Mo atoms are surrounded
by six S atoms forming a trigonal prism. The idealized layer can be
visualized as a net constructed from these prisms. Figure 1 shows a part
of such a layer in projection with the S atoms located at the corners of
the triangles in the projection, one above and one below the plane. All
the Mo atoms are in the plane and occupy the center of either all shaded
or all white triangles. The S atoms of a layer thus form two sheets where

oMo,
oMo,

Fic. 1. Projection of one layer of the molybdenite structure. The three
possible origins are the S position and the two Mo positions.
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the S atoms are exactly above each other and the double layer, therefore,
can be treated as a single unit in a discussion of stacking sequences.

To describe the arrangements the designations 4, B and C will be used
for three possible (x,y)-positions of the S sheets. These positions are
shown in the column of the S positions in the table below. In the same
way «,8 and v refer to the three possible positions of the Mo sheets, and
they are given in the column of Mo positions in the table. A complete
layer can therefore be written symbolically as a Greek letter between
two identical Latin letters, e.g. 484. The two possible positions of the
Mo atoms for a given S position are such that the Greek and Latin letter
cannot be equivalent. The six possible kinds of stacking layers are as
shown:

Short symbol Complete symbol Mo S
of layer of layer position positions
A 484 1z 00 00, +3
A4, A~vA 10 00, =
B ByB L0 102 4
B, BaB 000 10242
G CaC 000 2 % s
Gy csC i 300 i sz

where 2 indicates that the S atoms are not in the same plane as the Mo
atoms; the absolute distance between the planes is 1.5775 A according
to Takéuchi and Nowacki (1964).

There are several methods which can be used in the derivation of the
n-layer polytypes. In this paper all possible sequences will be considered
and identical or impossible stackings are eliminated by the following
rules.

(1) Adjacent layers in a stacking must have different leiters; the sequences
AA, BB and CC are forbidden. This rule is a direct consequence of the
atomic arrangment in the two known polytypes.
(2) Awnylayer can be used as the first layer of the N-layer unit.
(3) The N-layer unit can be read both from the left to the right and from the
right to the left.
Rules (2) and (3) follow from the observation that no layer differs
from any other layer; they are all alike.
(4) Two stackings are identical if one can be obtained from the other by
permulation of the letters A, B and C without changing the subscripts of the
short symbols. The origin of the unit cell can be chosen in several ways in
alayer. The rule follows from the observation that translations +(3 2 0)
and +(3 § 0) give two other possible origins.
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(5) Two stackings are identical if they can be transformed inlo each other by
the rules
/‘11_)142 Bl—>C2 C1*>.Bz

A, — A4 By—(Cy Cy — By

This rule is based on the observation that a 120° rotation around the
c-axis gives identity, whereas a rotation of 60° gives an alternative
description.

Using the Greek letters a, 8 and v as defined above, the positions of
the Mo atoms of two adjacent layers can be expressed by a combination
of two letters. It is seen then that there are two different kinds of ar-
rangements, since the letters can be the same, e.g. aa, or different, e.g.
aB. An arrangement such as aa means that the Mo atoms are above each
other and that the interatomic distance is shorter than in the arrange-
ment af. The following sequences have the metal atoms above each
other: 4,Cy, A3B1, and BsCi. Those stackings where the Mo atoms occur
above each other will be indicated by a number in parentheses after the
period. In the following polytype derivations and listings the stacking
sequence will always begin with an 4;-layer.

THE 2-LAYER POLYTYPES

The following stackings are possible: 41B1; 41Bs; A1C1; and 41Cx(1).
According to the rules, 4:B; and 4:C; are identical. The three remaining
polytypes are the same as the simple polytypes derived by Takéuchi and
Nowacki (1964). A1B, is their 2H1', and 41Cs(1) is their 2H,; both having
space group P6s/mmc—D%n-A1B1 is their 2T; space group P6m2
— D'4. This polytype presents a problem of nomenclature, because the
6 axis is considered as hexagonal by most crystallographers and the
space group is listed in the International Tables as hexagonal. It is
suggested that this polytype be renamed 2Hj, because (1) it is consistent
with current usage; (2) no synthetic or natural example is known, so
little confusion will arise; and (3) the nomenclature of the International
Tables is followed for the 6-layer polytypes. Inconsistencies would
result, therefore, if the name remained unchanged. The coordinates
of the polytypes are given in Table 1.

THE 3-LAYER POLYTVYPES
The following 3-layer stackings are possible:

A1B1C1 Alecl AlClBl A ICZBI
A 1B1C2 A 1B2Cg A 1C1B2 A ICZB‘Z

1 The sulfur coordinates in Table 3 of the paper by Takeuchi and Nowacki contain
printing errors; the projection in their Iigure 6 is correct.
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TABLE 1. THE 2-LAVER POLYTYPES OF MOLYBDENITE®

Space group Polytype
P63 /mme— Digy, ABs
(= 2[11)

A,G(1)
(=2H2)

P6m2— Dy, A:B,
{(—2H5)"

Mo

2(c)

2(b)

1(¢)
1(/)

Atomic positions

4(f); 0.8785

4(f); 0.8785

2 (g); 0.1285
2(h); 0.6285

s The atomic positions refer to the International Tables; the number following the

position is the parameter value

b The polytype 2H; is the polytype 2T of Takéuchi and Nowacki (1964).

The application of the rules reduces this number to only two: 41B:Cy
and 41B:C; (1). A1B1C1 is the 3R polytype of Takéuchi and Nowacki;
space group R3m—C5%,. A1B:C, (1) will be called 37T; space group
P3m1—C"',. This polytype is not cited by Takéuchi and Nowacki or
Zvyagin and Soboleva (1967). See Table 2 for coordinates of the two

polytypes.

THE 4-LAYER POLYTYPES

Since no diffraction pattern in the investigated material indicated

Tasie 2. THE 3-LAYER POLYTYPES OF MOLYBDENITE®

3¢a); 0

Atomic positions

1 (a); 0.3333
1 (a); 0.6667

1(); 0

3 (a); 0.7523
3 (a); 0.5811

1 (a); 0.0856
1(a); 0.9144
1 (5); 0.4189
1(b); 0.2477
1 (c); 0.7523
1 (c); 0.5811

¢ The atomic positions refer to the International Tables; the number following the posi-

tion is the parameter value.
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a 4-layer structure, no detailed presentation of the 4-layer structures
will be given here. The ten different stackings are:

1. A1B:C1B; 6. A1B141Co(2)
2. 41B:1C1By(1) 7. A1B14:Cy(2)
3. A1BiC2By 8. A1B14:B1(2)
4. A,B,CyB, 9. A1B,4,C(2)
5. A1B14.1B, 10. A1B:4,By(1)

THE 5-LAYER POLYTYPES

No diffraction pattern in the material studied indicated a S-layer
structure. The 16 different polytypes are listed without further details:

1. 4,1B:1C1B:Cy 9. A1B,C1B:Co(2)
2. A1B1C1B:C1(2) 10. A1B1C2B1C5(1)
3. A1B1C>B1Cy 11. A1B1C2ByCa(1)
4. A1B1CsBsCi(1) 12. A1B14:B1Cs(3)
S. A1B141B:Ci(1) 13. A1By45B1Co(2)
6. A1B14,C5B1(1) 14. A,B1C2A5Cr

7. A1B14,CyB1(1) 15. A,B1C14:B1(1)
8. A1ByA,CyB1(1) 16. A1B1C2A1C5(3)

THE 6-LAYER POLYTYPES

Because preliminary X-ray diffraction patterns indicate possible
6-layer structures might be present in the natural samples the 81 possible
stackings have been derived. In Tables 3 and 4 these polytypes are
listed according to space group and number of Mo atoms in adjacent
layers above each other. The atomic positions are given for the 43
polytypes of higher symmetry in Table 3, whereas only the layer sequence
has been listed for the 38 polytypes in Table 4. The latter belong to
space group P3m1—C"3,, and the atoms must be in one-fold positions
[(a) 003z;(b) %2z (c) 2%z The atomic coordinates are easily derived
from the stacking sequence, and it thus is not necessary to prepare a
detailed list.

CALCULATION OF POWDER PATTERN INTENSITIES
FOR THE THEORETICAL POLYTYPES

Using the derived sets of atomic coordinates, it is possible to calculate
the expected intensities to be observed in an X-ray powder pattern for
each polytype. These patterns may then be used as standards for
comparison with the measured patterns, thus making it a relatively easy
task to identify individual polytypes and even mixtures. The standard



TABLE 3. SIX-LAYER PoLYTYPES OF MOLYBDENITE NOT BELONGING

Space group

P63/mmec— Digp,

P6m2— Dy,

THEORY OF POLYTYPISM IN MOLYBDENITE

T0 SPACE GrROUP P3ml—Clyy

The atomic positions refer to the International Tables; the number following the posi-
tion is the parameter value.

A1B141B2A2Bs
(=6H1)

A1BiC1Bi1C1By
(=6Ho)

A1B1C2BiCa By
(=6H3)

A1BiC2B2C2B:
(=6H4)

A1BiCiBiA1B:
(=6Hs)

A1BiC1B141 B>
(=6Hs)

A1B1C2B14,1B1
(=6Hq7)

A1BiC2B1A 1B
(=6H5)

A1B141B24.1B;
(=6Hs)

A1B141B>41B,
(=6H10)

A1Bi1C1Bi A1y
(=6Hn)

A1B1CeB1A1C1
(=6H1)

A1B2C2B:A1\Cy
(=6H13)

A1B1C1B2C1By (2)
(=6H1)

A1B141B:C\ B (2)
(=6H5)

A1B1A1CB1C: (2)
(=6H15)

A1B241C2B1C3 (2)
(=6Hmn)

2 (b)
4h

1 ()
140

1)
1(f)

1%)
1 (¢c)

1{a)
1(d)

1(a)
1)

1(d)
1 (e)

1)
1 (e)

1)
1 (c)

1. (¢)
1(7)

1(a)
1(d)

1 (%)
1 (e)

18
1 (e)

1(8)
1 (c)

1(a)
1)

1 (a)
1 (b)

1)
1 (e)

11/12

2(g);1/3
2 ();1/6

2 (h);1/3
2 (3);1/6

2(h);1/3
2 (4);1/6

2(k);1/6
2 (4);1/3

2(h);1/6
2 (£);1/3

2(k);1/6
2 (9);1/3

2(h);1/6
2 (1);1/3

2(k);1/3
2 (4);1/6

2 (g);1/6
2(k);1/3

2 (h);1/6
2 (1);1/3

2k);1/6
2 (1);1/3

2(g);1/6
2 (i);1/3

2 (g);1/3
2 (i);1/6

2(9);1/6
2(k);1/3

2(h);1/6
2(k);1/3

2(h);1/6
2(h);1/3

Atomic positions

4 ();0.

2 (g);0

2 (k);0.

21(g);0.

2 (h);0

2(g);0
2 (h);0

2(g);0

2(g) 0.

2 (g);0
2 (g);0

2 (9);0.
2 (9);0.

2 (g);0
2(2);0

2 (9);0.
2 (z);0.

2 (g);0.
.290

2 (8);0

2(g);0

2.);0.

2(g);0
2 (g);0

2 (9);0.
2 (9);0.

2 (8);0
2 (k)0

2 (g);0

2 (g);0.

2);0
2 (g);0

2 (g);0.

20

043
543

043
543

043
543

376
290

290
376

290
376

290
376

043
290

043

290

376

290
376

290
376

043
124

290
376

290
376

290
376

4 (1);0.

2 (h);0.

2 (h);0

2(k);0

2(h);0.

2 (h);0.
2 (h);0.

2 (h);0
2);0

2 (k);0.
2 (2);0.

2 (h);0.

2 (i);,0

2 (h);0.

2 (4);0

2(g);0

2 (k);0.

2 (g);0

2 (h);0.

2 (k);0.
2 (k);0.

2 (h);0
2h);0

2 (h);0.
2 (h);0.

2 (k);0

2 (7);0.

2 (k);0.
2 (k);0.

2 (h);0.

2 (k);0

2 (k);0.
2 (h);0.

210
124

210 2
124 2

210
124

043
543

043
124

043
124

043
124

376
124

376
124

043 2
543 2 (¢

043 2 (¢
543 2

043
543

210
543

210
543

043 2
543 2 (¢

043 2
543 2 (¢

4 (;0.

2 (1);0.

2 (2);0

2.(9);0

2 4);0.
2 (i);0.

2 (i);0.
2 (1);0.

2 (4);0

2 (i;;0.

2 (h);0.

2 (k):0

2 (h);0.
2 (k);0.

2 4);0.
".
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376
290

;0.376
$);0.290

.376
290

124
210

210
543

210
543

210
543

210
543

210
543

124
210

124

);0.210

(124
210

;0.290

376

;0,124
;0.043

124
.210

(124

;0.210
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Polytype
A1B:1C:4.1CoB1 (2)
(=6H1s)

A1Bi1CLB1ACy (2)
(=6H1y)

A1B1C2B14,C2 (2)
(=6Hoan)

A1B1A1C24(B1(2)
(=6H2)

ArBiA1CaA2Cy (2)
(=6Hx»}

41B142B141B: (2)
(=6H1)

A1Bi1A2Bi141B2(2)
(=6Hu)

A41B241C241B2 (2)
(=06H3%)

A1BoA1CeACe (2)
(=6Hq%)

A1B142B2A42B1 (2)
(=6Hx)

A1B1A1CeB2C2 (2}
(=6H2s)

A1B141C2A1C: (4)
(=6Ha)

A1B1A2B1ACa (4)
(=6Ha)

A1BiA2B1A2B) (4)
(=6H3)

A1B241C241C (4)
(=0Hz)

A1B:C1B241C: (4)
(=6H3)

A1B1CeBaA2Ch
(=6H3)

ABIC1B2A4:Cs (2)
(=6Hz3)

Taste 3—(Continued)

1(a)

1(6)

1 (a)
1N

1(a)
1 (b)

1{a)
1(5)

1(a)
1(b)

1 (e)
N6

1 ()
1 (e)

1 (a}
1 ()

1 (a)
10

1 ()
1 (e)

1 (¢}
10N

1(d)
1 (e}
1{d)
1 {e}

1 (a)
1(d)

1{a)
1(d)

2(a);1/3
2(b);0

2(a);1/6
2(b);0

2(g);1/6
2 (1);1/3

2();1/6
2 ();1/3

2(g); 1/6
2 (h);1/3

2(g);1/6
2(h);1/3

2(h);1/6
2(h);1/3

2(k);1/3
2 (i);1/6

2 (h);1/3
2 (i);1/6

2 {g);1/6
2 (4);1/3

2(h);1/6
2(h);1/3

2 (1);1/6
2 (41);1/3

2(k);1/6
2(h);1/3

2(h);1/6
2(h);1/3

2(h);1/3
2 (4);1/6

2 (i);1/6
2 (i);1/3

2(h);1/6
2(h);1/3

2 (g);1/6
2(n:1/3

2(6);2/3

2 (b);5/6

Atomic positions

290
376

2(2);0
2 (8);0

2(g);0
2{(g);0

2 (8);0.
2 (g);0

2 (g);0
2(9);0

2(g);0
2 (g);0

2 (g);0.
2(g);0

2 (g);0
2 (g);0.

290
376

2 (g);0
2 (g);0

124
210

2(g);0
2 (g);0

043
290

2 (g);0.
2(g);0

124
210

2 (g);0
2 (g); 0.

2 ();0.
2 (g);0

2 (g);0.
2 (80

124
210

2(5);0
2(g);0

124
290

2 (g);0.
2 (g);0.

290
376

2 (g);0
2 (g);0.

043
957

2(a);0
2{a);0

043
957

2 (a);0
2 (a}; 0.

2 (h);0
2(k);0

2 (k);0.

2(k);0

2(k);0
2 (h);0

2 (h);0.

2 (i);0

2 (h);0
2 {£);0

2(£);0

2 (k);0.

2 (g);0
2(k);0

2 (g);0
2 (k);0

2 (g);0.

2(h);0

2 (h);0
2(h);0

2 (8);0

2 (h);0.

2 (g);0.

2(h);0

2 (g);0
2 (h);0

2 (g);0
2 (h);0

2 (h);0
2 (h);0

2 (8);0
2 ();0

2(8);0
2(b);0

043
543

043

124

124

376
124

376
124

043
124

376
124

043
543

376
543

376
124

543
043

124
210

124
290

376

2 (3);0
2 (i);0

2 (i);0

2 (i);0

2 (1);0
(i);

B

124
210

124
210

124

0 210

0 210

543

210
543

210
543

.210

543

4);0.210

2(h);0
2 (h);0

2 (4),0.

2 (i);0

2 {(i);0
2 (1);0

2 (h);0
2 (1),0

2();0

2 (h);0.

2 (2);0
2 ();0

2 (1);0
2 (i)

5

2(5);0.

2 (b);0

2 (b);0
2(h);0

0
0 376

543

210
543

290
376

124
210

290
376

043

0 543

790
876

624
790
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TaBLE 3—(Continued)

Atomic positions

1851

Space group Polytype
R3m—Désg Ai1BiCideBiC2 (3) 6 (0);1/12 6 (c); 0 207
(=6R) 6 (c);0.293

P3m1—D3g A1BiC24:C1B2 (2) 2 (¢);5/12 2(d);11/12 2 (¢);0.207 2(d);0 040 2 (d);0.374

(=6T1) 2(d);1/4 2 (c);0 293 2(d);0.126 2(d);0.460

AiBeAsBiAiBa (1) 2 (¢);5/12 2(d); 11712 2(d);0 040 2(d);0 374 2 (d);0.707

(=6T3) 2(d);1/4 2(d);0.126 2(d);0 460 2(d);0.793

A1Bi1C142B>Cs (1) 2 (¢);1/12 2 (¢);0 207 2(d);0 040 2(d);0.541

(=6T73) 2(d);5/12 2 (€);0.293 2(d);0 126 2(d);0 627

MB1CoA1BeC2 (2) 2 (c); 1/12 2 (£);0 207 2(d);0 040 2(d);0.541

(=6T1) 2 (c);5/12 2 (€);0.293 2(d);0.126 2 (d); 0.627

A BiCad:BiCe (2)  2(d);1/4  2(@);11/12 2 (c);0.207 2(d);0 040 2(a);0.541

(=6Ts) 2(d);5/12 2 (c);0 293 2(d);0.126 2(d);0.627

A1B2d2B142B1 (3) 2 (e);1/4 2(d);0.040 2(d);0 374 2(d);0 707

(=6T%) 2 (¢);5/12 2(d);0.126 2(d);0 460 2(d);0.793

A1B:CiB142Ce 3) 2 (¢);5/12 2 (¢);0 207 2(d);0.040 2(d);0.374

(=6T%) 2(d);3/4 2 (¢);0.293 2(d);0.126 2 (d);0 460

TaBik 4. S1x LAYER PorLvTYPES OF MOLYBDENITE BELONGING
10 SpAcE GrOUP P3ml—Cly
Ramsdell Ramsdell
Polytype symbol Polytype symbol

A1B1C:BiC1B1 6T A41B1C1BaA1C1 (1) 6T
A1B:1C:B1C2 B 6T A1B1C141B:Ce (1) 6T
A1B1CeB2Co B2 6T A1B1C2B2C1Bs (2) 6729
A1ByCeA2C1B1 6T A1B1A2C2B1Ce (2) 673
A1B1A1B24:C1 6T A1B142B,C:B1 (2) 6Tn
A\BIC1BiC1B: (1) 6713 A1B1C14:2B,Cs (2) 6T
A1BiCeBiC1Be (1) 671 A1B1C34:1C2Bs (2) 672
A1BiCaB:CiB: (1) 0T, A1B1C1B14:2Cs (2) 6T
A1B1A1B:C1B1 (1) 67115 A1BiC1B1d:B1 (2) 6T
A1B14:CeBiCh (1) 6717 A1B1C1B:A42B1 (2) 6736
A1B142C2BiC1 (1) 6T s A1B141B2A1Ce (2) 6Ts
A1B2A1CeBiCr (1) 6719 A1B141Ce4:2B: (2) 6T
A1B1C1B:CeBe (1) 6720 A1B1A2C241B2 (2) 6Ts9
A1B242B1C: By (1) 6T A1BsC1B14:Cy (2) 670
A1B1C14:2BiC1 (1) 6T 2 A1BiC1B:C1B2 (3) 6Tn
A1BiC1B:A1B: (1) 6723 A1B1C1B2A41Cs (3) 6712
A1B1A1B2A2Ce (1) 67 A1B2A2B1.4:1Cs (3) 6T
A1B1A1B:A2Bs (1) 6T A1B2A2B14:C: (3) 67Ta
A1B1A1C242Cy (1) 672 A1B1A2C24:Ce (4) 6T15
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patterns were calculated using the program of Smith (1967) modified
for the IBM 360.

The use of calculated patterns as identification standards has been
well substantiated, for example in Borg and Smith (1970). Briefly, the
calculation involves determining the set of relative integrated intensities,
Inir, from the atomic coordinates of the ideal crystal structure, and
then distributing the intensity over a Cauchy distribution of appropriate
half width centered at the ideal 26 position. Summing the individual
contributions results in an intensity versus 26 curve which closely
approximates the diffractometer trace including the effects of overlap
of closely spaced maxima. From this trace it is possible to determine
effective peak intensity values. More detail on the calculations may be
feund in Smith (1968).

Powder patterns have several inherent difficulties which were en-
countered in this study. Preferred orientation was a problem because of
the platy character of molybdenite. In addition; the large unit cells,
especially in the 6-layer polytypes, resulted in closely spaced diffraction
maxima, and overlap of adjacent maxima became a problem at moderate
values of 2. It was possible to define a region of the pattern from 26 = 29°
to 20=>59° that was characteristic of each polytype except for the pairs
6H(2)—6H(5) and 6T (4)—6T(5). These pairs, although not identical,
are indistinguishable within experimental error. They afford interesting
examples of a pseudohomomorphic pair. The chosen range contains
(1012) reflections, /=0 to 19. These reflections are most sensitive to
the stacking sequence and, though they would be affected systematically
by the preferred orientation, the sequence of intensities still should be
recognizable. Those reflections with high values of I will be enhanced
over the ones with low /.

Figure 2-4 graphically presents the calculated powder patterns for the
2- and 3-layer polytypes and the 43 6-layer polytypes which showed the
higher symmetry. The calculated powder patterns are listed in detail in
Table 5. It is a simple task to compare the measured pattern with these
charts. The most useful reflections lie in the 26 ranges 32°-43° and
46°-56°.
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F16. 2. Graphical representation of the 2- and 3-layer polytypes of molybdenite and
7 of the 6-layer polytypes of symmetry higher than P3m. All peaks are scaled to (006)
=100,
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F16. 3. Additional 6-layer polytypes of high symmetry.
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1856 FRANS E. WICKMAN AND DEANE K. SMITH

American Society for Testing and Materials to The Pennsylvania State University. Grati-
tude is extended to Professor Clifford Frondel of Harvard University for suggesting the
problem and stimulating the research.

REFERENCES

Brrr, R. E., anp R. E. HERFERT (1959) Preparation and characterization of a new crystal
form of molybdenum disulfide J. Amer. Chem. Soc. 79, 3351-3354.

Borg, I. Y., ano D. K. Smirr (1970) Calculated X-ray powder patterns for the silicate
minerals. Geol. Soc. Amer. Mem. 122,

Dickinson, R. G., anp L. PAULING (1923) The crystal structure of molybdenite. J. Amer.
Chem. Soc. 45, 1466-1471.

International Tables for X-ray Crystallography (1952) Vol. 1, Symmetry Groups. Kynoch
Press.

RamspeLL, L. S (1947) Studies on silicon carbide. Amer. Mineral. 32, 64-82.

Swmith, D. K. (1967). A revised FORTRAN program for calculated X-ray powder diffrac-
tion patterns. U.S. Clearinghouse Fed. Sci. Tech. Info. Doc. UCRL-50264.

(1968) Computer simulation of X-ray powder diffraction traces. Norelco Reporter
15, 57-65, 76.

Taxtucar, Y., AND W. Nowacni (1964). Detailed crystal structure of rhombohedral MoS.
and systematic deduction of possible polytypes of molybdenite. Schuweiz. Mineral
Petrogr. Mitt. 44, 105-120.

TRrArLL, P. J. (1963). A rhombohedral polytype of molybdenite. Can. Mineral. 7, 524-526.

ZvyacIN, B. B., anp S. V. SoBoreva (1967). Polytypism in molybdenite Kristallografia
12 (1967), 5764 [Transl. Sov. Phys. Crystallogr. 12, 46-52].






