I.J. BEAR AND W. G. MUMME

The question of why a dimeric tetrahydrate does not
form should be asked. It may be that such a metastable
polymorph does indeed exist, but has not yet been
isolated or recognized. On the other hand it may be
that in the absence of any non-bonded water molecules,
the hydrogen bonding through the coordinated waters
alone is not strong enough to hold the isolated units to-
gether, although it should be remembered that hydro-
gen bridging through the water molecule in both penta-
hydrates is not essential to their stability.

The authors thank Dr A.D. Wadsley for advice con-
cerning the structure determinations in parts I, IT and
ITT and for his encouragement throughout the work.
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New Families of ZnS Polytypes

By I.K1FLAWI, S. MARDIX AND I.T. STEINBERGER*
Department of Physics, The Hebrew University, Jerusalem, Israel

(Received 30 July 1968 and in revised form 12 September 1968)

Seven ZnS polytypes belonging to hitherto unknown families, namely 44L—132R; 38L—114R and
18L — 54R have been found. The polytypes are 44L (37 7) and 44L (17 4 17 6) of the family 38L — 132R;
114R (29 9)3, 114R (35 3)3, 114R (21 96 2); and 114R (13522 62 6 2)3 of the family 38L—114R and
54R (10 8)3 of the family 18L —54R. Eighteen further new polytypes are reported: 12H (6 6), 12L (9 3)
and 36R (8 4); of the family 12L—36R; 42R (12 2) of the family 14L—42R; 204 (10 10), 20L (238 7),
20L(3476), 60R(9362);, 60R(173);, 60R(9452);, 60R(10352);, 60R(545222);, 60R
(633332);, 60R(842222); of the family 20L—60R; and 28L (23 5), 28L (22 21 3), 84R (25 3);
and 84R (11 8 4 5); of the family 28L—84R. X-ray oscillation photographs of their (10./) or (40./)

row line are shown, and the calculated and observed intensities are compared.

During an investigation of ZnS polytypes, new poly-
types were found, some of them belonging to hitherto
unknown families (Steinberger & Mardix, 1967). The
crystals investigated were ZnS platelets grown by sub-
limation at about 1200 C. Each crystal contains a large
number of polytype regions having a common ¢ axis.
Most of the polytype regions investigated are wider
than 0-1 mm. X-ray oscillation photographs about the
¢ axis were taken with Cu K radiation. Photographs of
the (10.[), or in some cases of (40./) row line are given
in Figs.1 to 7. The structure was determined by a
method given in a previous publication (Mardix,
Alexander, Brafman & Steinberger, 1967). For the
identification of the higher order polytypes an improved

* On leave of absence at the Department of Chemistry,
University of Southern California, Los Angeles, California,
90007, U.S.A.

method was used (to be published). The observed and
calculated intensities are given in Table 1.

In a few cases the width of the polytype region was
smaller than 0-1 mm and a number of different regions
were simultaneously in the X-ray beam. Thus spots
appearing in a certain row line of the X-ray photograph
may belong to two or three neighbouring regions. At
first glance, the photograph may be thought to belong
to a polytype of higher periodicity. An example is seen
in Fig.1(a), which is a photograph of the (40./) row
line of the polytype regions 12H (6 6) together with the
two polytype regions 36R (8 4); and 36R (2 10);. More
examples are seen in Fig.3; in Fig.4 (f) which is a
photograph of the (10./) row line of the polytype regions
60R (9452); and 60R(545222);; and in Fig.5(d)
where the two polytype regions 28L (23 5) and 84R
(11 8 4 5); are photographed simultaneously. However,
the reflexions from different regions can be readily
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Table 1. Comparison of observed and calculated intensities of the new polytypes listed in Table 2.

Polytypes denoted by * have observed intensities symmetrical with respect to the zero line ({=0).

] Iobs Icalc i Iobs 1calc ! Iobs Icalc
Polytypes of the family 12L Polytypes of the family 18L Polytypes of the family 20L
12H (6 6)* 54R (10 8); 60R (17 3)3

0 a 0-00 -8 ow 0-95 1 a 0-02

1w 8-38 11w (=11>=5 5-28 4 ow 0-34

2 a 0-00 ~14 m (~14>-26) 1179 7 ww (1>4) 096

3 s 4498 —17  wvos 100-00 10 w 172

4 wos 100-00 -20 s 63-43 13w (13>10) 2:44

5 s 41-81 -23  ow 0-73 16 m 2:94

6 a 0-00 ~26 m 631 19 m 312

2 m 299
12L0(9 3‘)] 0-00 Polytypes of the family 20L 25 m 2-60

1 ow 1-86 20H (10 10)* 28w 2:08

2w 615 0 w 2:16 -2 ww 0-09

3 m 100 :12 vow 0-76 —g ow (1)%

> ‘11 w 2-67 - w .

¢om gNg e 3 ow 120 —11 w (=11>-8) 1-98

6 w 613 4 w (@4>5 5-86 —14 m 2:63

1 ow 1-86 5 0w (5>2) 447 =17 m 3-04
2w 615 6 us 77-64 —20 wos 100-00
-3 m 10-00 7 vos 100-00 -2 m 2:89
—4 s 100-00 8 s 19-07 -2 m 2:44
_s m 9-29 9 w 227 —29 w 1-88
5w 613 10 w (10>9) 411 60R (93 62);

1 ovow 0-71

36R (8 4 20L (763 4) i

0% 477 o » 24 7w Tar

4 vw (4>16 2:61 - )

7 o @19 144 2 m (259 1125 10w (0>4 8
10 s 62-61 3 ww 0-28 16 Z:- 19.39
13 oos 100-00 4w (4>0 488 19 s 100-00
16 ow (16>7) 1-94 5 s 52:01 22 us 2522

-2 oow 060 6 s 30-69 25 25> 16 2377

-5 ow (—5~4) 3-08 7 vus 88-34 28 vs ) 525

8 m (-8>—17) 1739 8 s 3430 > . )

—11 s 29.16 9 m 8-99 :5 vow 272
—14 5 25-13 10 w 4-57 _3 m .7

—-17 m 1126 -1 W 2:53 PHE 3%

-2 ¥ 271 Zia s 1148

Polytypes of the family 14L -3 w (=3>-1 25'82 —17  ow 1-39

42R (1223 —4 s (x5 2088 —20 s (-20>-26) 1579

1 ow 1-45 —-23 ow 1-32

4 vow 0-54 -6 s 2309 2% s 1060

7 a 000 —1 o (=7>D) 100-90 ~29 m 490
10 w 2:15

’ -9 5 (=9>-—4) 31-48 60R (9 4 5 2);
12 vos 100-00 —10 w (-10>-8) 4-57 1w ) 2:37
vs 38-06 4 242
19 s 680 20L (872 3) 7 w 157
-2 W 2:33 0 w 2:31 10 vw 1396
-5 w (=5>-=2) 3-03 1 ww 077 35 208
-8 w 3.48 2 m 7-43 16 5
a ; s 20-76
11 w 3-65 3 ww 0-61 19 23-30
—14 w 360 4 m @4>-1 526 2 607
-17 w 3-41 5 bs 27-44 % 5 2624
-20 w 3-30 6 wos 97-39 %
7 s 1983 ow 215
Polytypes of the family 18L 8 o5 (8>5) 4622 :g m (:g: - i‘l’f) g§82
54R (10 8)3 9 s 1617 T3 o ) o
1w (1>10) 2:89 10 s 1321 1 o 023
vow 0-17 -1 m 440 14 e 577
7 w (>0 3-52 -2 w 234 17 m
10 w 1-99 -3 5 18-50 —17  ws 100-00
—-20 s 57-00
13 m 7-82 —-4 W 2:62 iy (=23>-20) 6676
116 vs 54-30 -5 m 10-85 -y 1167
19 ovs (19>16) 65-37 —6 uvs (—6>8) 62-48 % 0.4
22 s 19-09 -7 vvs 100-00
25 a 0-10 -8 m (—8>-9) 9-90 60R (103 5 2);
-2 a 0-04 -9 m 7-26 1 ow (1>7 1-21
-5 w (=5~1) 317 —-10 s 1321 4w 1-85
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Icale

Polytypes of the family 20L

60R (10 3 5 2);
7

vw
10 m

113 m (13>10)
16 =

19 s

22 wus

25 s (25>28)
28 s

-2 w (-2>4)
-5 vow

-8 m (—8>13)
11 m (—-11>-8)
—14  vw
-17 s
—20 m
—23 m (—23>-20)
~26 s
—29  vow
60R(545222)

1 m

4 a

7 vw

10 a

13 a

16 vus

19 w

22 vs (22>28)
25 m

28  wus

-2 w (=2>-5)
—5 w

—8 wvow
—-11 =
-14  ovow
~17 wvs (—17>—-26)
-20 w
—-23 m
—26 wus

—29 w
60R (633332);

1 ow

4 w

7 m

10 s (10>13)
13 s

16 =

19 wvos (19> —20)
22 s (22>25)
25 s

28 s (28>22)
-2 ow

-5 w

-8 s

—-11 s (=11>-=98)
—-14 w

—-17 w (—17>-14)
—20 wvos

—23 w  (—23>-26)
—26 w

—-29 s

60R (842222);
1 s

4  vw
7 wvow (7> -—11)
10 a
13 m

AC2B-11

0-78
311
5-71
15-87
100-00
27-72
17-51
11-24
2-51
025
6-54
7-46
1-28
15-20
4:37
5-78
12-24
0-30

15-50
0-07
1-38
0-00
0-004

100-00
5:90

51-66

13-88

33-14
3:25
278
0-54

22-33
0-42

52-14
3-69

10-21

29-89
207

071
2:38
5:27
20-18
13:35
2047
100-00
22:92
1524
2811
0-67
3-05
16:35
27-62
2:94
373
64-82
3-54
2:73
26-52

23-04
4-25
1-50
0-00

13-11

Table 1 (cont.)

lovs

60R (842222);

16
19
22
25
28
-2
-5
-8
—11
—14
-17
—~20
-23
—26
—-29

vos (16>22)
vs

vus

K

m

w (—2>—-20)
vw (—5>—8)
vw

vow

vs

vs (—17> —14)
w

m
m

vs

28L (23 3)

| L L L L S,
AN EBEWN=RAWN—=OWVWO-NIAWVMBEAWN=O

(11<8)
m (12>6)

vow (—14> —1)

28L (21322

[ T A IRV
NAWNR,RAWN—ROVENAUNRWLN—O

ow
1>3)
2>1)

(5~3)
6>9)
(7>6)
®~7)

(11>10)
(12~9)

(—3>—-4)

€§€§§§§§§§§§5§€h€€§

(=5>-3)

10810

Polytypes of the family 20L

100-00
61-13
7290
21-10
1596

6-40
4-23
311
097
47-34
62:96
5:61
17-30
16-01
49-44

Polytypes of the family 28L

047
0-65
0-48
0-13
0-02
057
1-89
3465
5-23
6-02
572
4-49
2-82
1-29
0-30
0-14
0-004
0-28
0-86
1-30
1-11
0-26
098
100-00
41-90
5-83
0-90
0-002
0-30

0-48
1-11
1-51
0-86
0-03
0-84
3-51
5-80
541
2:71
044
075
2:92
4-53
4-04
0-58
1-02
1-02
0-89
1-59

1

Tons

28L (21322)

— w (—6>-—5)
-7 w

-8 w

-9 s
—-10 wus

-11 m
—-12 w (=12~ -—4)
—-13 m (—13>-—11)
—-14 m (—-14>—-13)
84R (25 3)3

1 a

4 ovow (4> —2)

7 ow

10 ow (10>7)

13 w

16 w (16>13)
19 w (19>16)
22w (22>19)
25 w (25~22)
28  vus

31 w

34 w  (34>37)
37 w (37>40)
40 w

-2  vow

-5 vww (—=5>4)
-8 vw
—11 ow (—11>-8)
—-14 w
—-17 w (—17>-14)
—-20 w
-23 w (=23>-17)
—-26 w
-29 w
-32 w
-35 w (—35>-38)
—38 w (—38>-41)
—41 w

84R (1184 5)3

1

4

7

10
13
16
19
22
25
28
31
34
37
40
-2
-5
-8
—-11
—14
-17
—20
-23
—26
—-29
-32
—35
—38
—41

w  (1>13)
w  (4>13)
vw (7>10)

(13>16)

5%8““““’%%6;

vw
oW

vow

vw (—8>7)
vw (—11>7)
w

s

m
w  (=23>4)

vus

Iy§zg°

1583

1031(3

Polytypes of the family 28L

270
2:30
1-02
100:00
3790
2-13
093
3-20
404

0-01
0-08
024
0-46
071
096
118
1-34
1-43
100-00
1-38
1:26
1-09
0-91
002
0-13
0-31
0-54
0-80
1-04
1-24
138
1-44
143
1-34
1-20
1-03
0-85

3-18
3:33
079
0-67
2:11
153
1-85
37-21
29-23
2574
70-39
2-55
7-00
1-45
015
016
1-19
1-97
2:62
999
477
3:62
100-00
23-79
54-40
3-95
4-02
477
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Table 1 (cont.)

{ Iobs {calc { Iobs {cale { Lobs Icalc
Polytypes of the family 38L Polytypes of the family 38L Polytypes of the family 38L
114R (29 9)3 114R (35 3); 114R (13522626 2);
1 ovow 0-02 -29 w 067 52 a 0-06
4 vw 0-22 =32 m 071 55  vvw 0-82
7 vw (7>4) 033 —35 m (—35>-32) 074 -2 w (—2>-20) 1-86
10 wow (10>1) 0-14 -38 wus 100-00 -5 uww 0-79
13 a 0-003 —-41 m 0-71 -8 m (—8>-11) 4-04
16 wvw 0-26 —44 m 0-68 —-11 m 3-47
19 w (19>22) 0-59 —-47 w 0-62 -14  ovow 0-10
22w 0-42 -50 w (—50>-53) 0-56 —-17  ovw 0:56
25 a 0-01 -53 w (—53>-56) 0-50 -20 w 1-31
28 w 0-66 -56 w 0-43 —-23 m 2:80
31 m 3-32 —-26 s 11-07
34 s (34~40) 7-07 4R @21 962); 020 ~29 m 370
37 s (37>40) 9-49 4w @4>5) 0-60 =32 m (-32>-29) 7-17
40 (40> 43) 8-81 7 m 1-40 =35 s 13-44
43 s 5-58 10 owr 0-17 —38 m (—38>-41) 6-69
46 m 2:08 13 oow 0-10 —41 m 4-62
49 ow 0-22 16 16> 1) 0-27 —44 w 2-00
52 vow 0-10 19w : -47 m 425
i w  (19>28) 098
5w 052 22 ow (22516) 0-43 ~0om 376
=2 vow (—2>—11) 0-07 25 w (25~ 16) 0-26 -53 s 11-98
-5 ow 0-29 B (84 82 -5 a 0-03
-8 ow 0-29 wo (28>4) 0 ) -
31 s (31>43) 1423 Polytypes of the family 44L
—11  vow (~11>—14) 0-06 ; 44L (377)
" 34 s (34>31) 18-99
- vow (—14> —26) 005 ' 0 w 0-19
~17 ow (=17>-23) 040 37 s 10000
40 s 30:48 1 ow (1>3) 007
—-20 w O'gO 43 s 9.90 2 a4 0-001
—23 ow 0-26 46 s (46~31) 1488 3 ow 0-05
—26 vvw (—26~1) 0-03 49 m 2.31 4 w 0-20
-29 w 1-33 - .
52 m 2:37 5w (5>—1) 0-33
~i2om o 55w 047 6 w (6~5) 033
-35 s 815 25w 024 7 w (1~4) 0-18
—38 vus 100:00 -5 w (=5>55) 0-51 8  www 002
—41 S 7-92 -8 m (—8>7) 2:06 9 vw 007
—44 m 4:32 11w 064 10 w (10>6) 0-52
—47 w 1:23 —~14 m 114 11 m 1-44
-50 ww 0-03 -17 ow (—=17>-=2) 036 12 m (12>11) 2:66
=353 ow 0-24 —20 w (-20~19) 105 13 m (13>12) 3-82
=36 w . 059 -23 m (-23>-8) 2:33 14 m 4-56
~26 w 095 m 4-62
114R (35 3)3 —29 s (=29>—47) 5-19 16 m (16>17) 4-00
1 vow 0-002 —32 5 4-45 17 m 291
4 ow 002 —35 s (=35>-29) 12:12 18 m 1-71
7 ww (71>4) 0-07 —38 s 23-75 19 w (19>6) 0-73
10 w 0-14 —4]1 s (—4l~—35) 11-78 20 w (20~4) 0-16
13w (13>10) 0-22 —44 s (—44>-32) 422 21 a 0-0003
16 w (16>13) 0-31 —47 s (—47> —44) 4-84 2 ww 012
19 w 041 —50 w 0-88 -1 w (—1>4) 025
2 w (22>19) 0:50 —-53 m 219 -2 w 0-20
25 w  (25~22) 0-58 —56 w (—56>—50) 1-02 =3 ow (-3>3) 0-09
28 0w (28>25) 0:65 -4 a 0-003
31 m 0-70 114R (13522626 2)3 -5 uww 0-05
34 m 0-73 1 ow (1>13) 0-76 -6 w 0-23
37 m 074 4 m 348 -7 w 0-43
40 m 072 7 ww 0-88 -8 w (—8~10>-9) 049
43 w (43>46) 0:69 10 wvow (10> —14) 0-13 -9 w (=9>-6) 0-32
46 w (46>49) 0-64 13 wvow (13>10) 0-46 —10 ow 0-06
49 w (49>52) 058 16 ow (16>19) 1-15 -11  vw (—11>-10) 0-10
52 w (52>55) 0-52 19 ow 1-08 =12 m 1-34
55 w 045 22 ow 1-18 —-13 6-33
-2  ovow 0-01 25  uw 1-50 —14  wvs 41-10
-5 vw (—=5>4) 0-04 28 «a 0-08 —15  oous 100-00
-8 w 0-09 31 s 10-98 —16 m 1-45
11 w (=11>-8) 016 34 ous 100-00 —17  ow 0-05
—-14 w (—14>-11) 0-25 37 wus 16-70 —-18 w 0-58
-17 w (—-17>-14) 0:34 40 wvs (40>37) 22:16 —19 w (—19>-18) 0-86
20 w (—20>-17) 0-44 43 s 11-19 -20 w 0-74
—-23 w 0-53 46 vs 18-28 =21 w 0-41
—-26 w 061 49 vs (49>46) 23-94 —-22 a 0-0003
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Figs. 1 to 7. (10./) or (40./) row lines of oscillation photographs about the ¢ axis of the various polytype regions. Cu K radiation,
60 mm diameter camera. Magnification x 3. The zero line is indicated by the arrow.

.

()

Fig. 1. (@) (40.7) row line of the polytypes 12H (6 6); 36R (8 4); and 36R (2 10)3, photographed simultaneously. (b) (10./) row
line of the polytypes 12L (9 3); 36R (10 2); and 3R (7 5)3, photographed simultaneously.

b ol gl e
Fig.2. (10.1) row line of the polytype 42R (12 2)s.

Fad
[ s oy

Fig.3. (10./) row line of the polytype 54R (10 8)3, and unidentified polytype regions belonging to the family 18L-54R.

[To face p. 1584
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(6)

(d)

(7

Fig.4. (@) (10./) row line of the polytype 60R (9 3 6 2)s. () (10./) row line of the polytype 204 (10 10). (¢) (10./) row line of the
polytype 20L (2 3 8 7). (d) (10.1) row line of the polytype 60R (6 3 3 3 3 2)5. (¢) (10./) row line of the polytype 60R (8 422 2 2);.
(f) (10.1) row line of the polytypes 60R (945 2); and 60R (54522 2)3, photographed simultaneously. (g) (10./) row line of
the polytype 20L (34 7 6). (h) (10./) row line of the polytype 60R (10 3 5 2)3. (¢) (10.7) row line of the polytype 60R (17 3)i.
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(d)
Fig.5. (a) (10./) row line of the polytype 28L (23 5). (b) (10./) row line of the polytypes 84R (11 8 4 5); and 28L (23 5): photo-
graphed simultancously. (¢) (10./) row line of the polytype 84R (25 3);. (d) (10./) row line of the polytype 28L (2 2 21 3); the
additional spot between /=9 and /=10 belongs to a cubic region. '

Fig.6. (a) (10./) row line of the polytype 114R (29 9)3. (b) (10./) row line of the polytype 114R (35 3)3. (¢) (10./) row line of the
polytype 114R (135226 26 2);. (d) (10.7) row line of the polytype 114R (21 9 6 2);.
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(6)
Fig.7. (a) (10.1) row line of the polytype 44L (37 7). (b) (10./) row line of the polytype 44L (17 417 6).
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Table 1 (cont.)

) chs Icnlc ! [obs

Polytypes of the family 44L

44L (174 17 6) 44L (17 4 17 6)

Polytypes of the family 44L

Ica]r I Iobs feaie
Polytypes of the family 44L

44L (17 417 6)
a

0 ow 0-25 15 ow (15>13) 0-49 -8 0-01
1 a 0-03 16 s 11-46 -9 w 1-17
2 ow (2>4) 0:50 17 ow (17~13) 0-23 —10 wvow (—10> —=7) 0-06
3 ww 0-21 18 s 7-38 —-11 m 7-09
4 vw (4>0) 0-31 19 a 0-0002 -12 a 0-01
5 w 0-64 20 m 2:99 —13  wus 2512
6 a 0-003 21 ow 0-23 -14 wvs (—14>—16) 24-67
7 w 0-53 22 wvw (22>21) 0-47 —-15  vus 100-00
8 w (8>5) 1-09 -1 w (—1~9) 0-64 —~16 vs 18-49
9  vw 0-11 -2 a 0-02 —-17 w 1-00
10 m 4-66 -3 w (=3>-1 1-31 —18 w (—18>-17) 2:67
11 a 0-04 -4 a 0-01 -19 w (—19>-21) 1-83
12 s 948 -5 w 0-92 —20  ovow 0:09
13 ow 0:36 -6 a 0-01 -21 w 091
14 s (14>12) 12-44 -7  vow 0-03 -22 w 0-47

distinguished by the shape of the spots. This is partic-
ularly easy if the regions photographed belong to the
same family but to different space groups; i.e. one
hexagonal and the other rhombohedral.

Some of the new polytypes found belong to hitherto
unknown families, namely 44L~132R; 38L~114R and
18L-54R. The other polytypes belong to the family

A rare case of polytypes belonging to two different
families was found in the specimen 220/69. A micro-
photograph of the specimen is given in Fig. 8. The poly-
types found in this crystal are listed in Table 3.

Table 3. Polytypes found in crystal No. 220/69

12L-36R; 14L-42R (Mardix, Brafman & Steinberger, Region | H‘;g‘gype
1967); 20L~60R (Mardix, Alexander, Brafman & Stein- b 60R (54 5222);
berger, 1967): and 28L~84R (Brafman, Alexander & ¢ 60R (94 52);
Steinberger, 1967). A list of the new polytypes is given in d 60R (182);
Table 2. It is to be noted that the polytypes 44.L (37 7) ; ggﬁ §§ 3 3 ; 3 ggs
and 44L (17 6 17 4) have the largest elementary stack- e 3C 3
ing sequence identified in ZnS. h 54R (10 8);
Table 2. List of the polytypes found
Polytype Specimen New Other
families No. polytypes found polytypes found
12L-36R 209/52 12H (6 6) 6H (3 3)
12L (9 3) 36R (10 2)*
36R (8 4)3 36R (7 5)3*
14L—42R 220/70 42R (12 2)3
18L-54R 220/69 54R (10 8)3
20L-60R 220/69 60R (945 2); 10H (5 5)
60R (545222); 60R (18 2)3t
60R (633332);
60R (842222);
175/79 20L (3476)
60R (17 3)3
60R (103 52);
220/62 20H (10 10) 20L (13 7)*
20L (2387) 60R (11 9)3*
60R (9362); 20L (533423)%t
28L—-84R 248/51 28L (235)
84R (1184 5);
217/54 28L (21322)
84R (25 3)3
38L-114R 175/95 114R (29 9)3
114R (35 3)3
114R (2196 2);
114R (135226262)3
44I-132R 217/55 44L (377)

44L (17417 6)
* These polytypes were already found in other crystals also, their characteristic intensities and X-ray photographs are to be

published.
1 Already reported (Mardix e al., 1967).
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Fig.8. ZnS crystal No. 220/69 seen under partially crossed
polarizers, ¢ axis direction and polytype region are indicated.
Magnification x 20.
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The regions ‘a’ to ‘g’ belong to the family 10L-20L-
60R while region ‘4’ belongs to the family 18L-54R.
More regions belonging to this family were observed at
the very end of the specimen, adjacent to region ‘A’
These regions are very narrow and it is difficult to
identify the polytypes, but, from the distance between
the few spots belonging to these regions and appearing
on the X-ray photograph (Fig.3), it was concluded that
they belong to the family 18 L-54 R. Only one other case
of this kind has previously been reported. The polytype
14L (7 7) was found in a specimen containing polytypes
of the family 6L-18 R-24L-36R (Mardix, Alexander,
etal. 1967). 1t is to be noted that in both cases the
regions belonging to the different families were found
in two different parts of the specimen; no polytype of
one family was found between polytype regions of the
other family. This fact may be due to secondary growth
on the main crystal, but it may also indicate some
specific mechanism of transformation governing the

Acta Cryst. (1969). B25, 1586
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formation of polytypes. This point must be further
investigated.

All polytypes reported here are of even periodicity
and do not contain the number 1 in their Zhdanov
sequence. These properties are characteristic of ZnS
polytypes grown by sublimation (Steinberger & Mar-
dix, 1967).
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Double Polytype Regions in ZnS Crystals
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Regions of uniform birefringence in ZnS crystals were found to contain a great number of narrow
domains (width ~ 1) of two different polytypes each. Three such regions were found in two specimens.
From X-ray oscillation photographs the structures of these three regions were identified and found
to consist of 36R (5 7); and 36R (7 5)3, 36R(3423)3 and 36R (522 3); and 60R (9 6 2 3); and 60R
(8 7 2 3);, polytypes respectively. These polytypes were unknown so far. The formation of such

double polytypes is discussed.

Introduction

During investigation of ZnS crystals containing poly-
types, some regions of uniform birefringence were
found whose X-ray oscillation photographs indicated
that these regions consisted of a single polytype with a
periodicity of 3z layers. Reflexions having /=0 (mod 3)
were systematically absent. The polytype was first
assumed to be primitive hexagonal. However, it was
found that no stacking sequence of 3x layers resulted in
a calculated intensity distribution similar to the ex-
perimental one.

On a second trial it was assumed that each of these
regions consisted of a mixture of two rhombohedral
polytypes of equal cell height (3~ layers per unit cell
along the threefold axis), and those could actually be
identified. Such regions will be referred to as ‘double
polytype regions’. These mixed regions contain domains
of a single polytype which are thinner by one or two

orders of magnitude than the single polytype regions
encountered so far in similar crystals.

Their formation is discussed in terms of a periodic
slip process (p.s.p.).

Results

The crystals used were grown by sublimation at ap-
proximately 1200°C from pure ZnS powder. Under
suitable magnification a great number of parallel stri-
ations can be seen on the crystal’s faces. These striations
form the borderlines of regions of uniform birefringence
which indicates a uniform percentage of hexagonality
within each region (Brafman & Steinberger, 1966).
Three cases of double polytype regions were exam-
ined. Their X-ray oscillation photographs are shown
in Fig. 1(a) to (¢). The polytypes could be identified by
assuming that each of these photographs consists of
reflexions from two rhombohedral polytypes having
the same periodicity. The procedure of identification



