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Nineteen hitherto unknown polytypes were found in seven specimens. All the polytypes found in each 
crystal belong to the same family. The Zhdanov symbols of the new polytypes are" 20L (13 7); 20L (7 3 3 7); 
2 0 L ( 5 3 2 2 3 5 ) ; 3 0 R ( 7  3)3;60R(11 9)3;60R(12 8 ) 3 ; 6 0 R ( 7 4 2 3 2 2 ) 3 o f t h e f a m i l y  10L;22L(17 5); 
22L (20 2); 22L (7 4 4 7); 66R (15 7)3; 66R (7 7 5 3)3; 66R (8 7 4 3)3 and 66R (5 5 4 2 3 3)3 of the family 
22L, and 26L (7 3 3 3 3 7); 78R (13 5 5 3)3; 78R (17 3 4 2)3; 78R (7 7 3 3 4 2)3 and 78R (9 3 3 3 5 3)3 of 
the family 26L. X-ray oscillation photographs are shown; the calculated and observed intensities are 
compared. 

Nineteen hitherto unknown ZnS polytypes of the families 
10L, 22L, and 26L were found. A list of the new polytypes 
is given in Table 1. The concept of polytype families was 
introduced in a previous publication (Mardix, Alexander, 
Brafman & Steinberger, 1967). 

Family Specimen 
10L 232/62 

Table 1. List of the polytypes found 

New polytypes 
found 

154/70 

175/15 

20L (13 7) 
60R (12 8) 
60R (11 9)3 
20L (7 3 3 7) 
20L (5 3 2 2 3 5) 
30R (7 3)3 
60R (7 4 2 3 2 2)3 
60R (11 9)3 

22L 206/56 22L (17 5) 
22 L(7 4 4 7) 
66R (15 7)3 
66R(7753)3  
66R (8 7 4 3)3 

251/52 22L (20 2) 
66R (5 5 4 2 3 3)3 

26L 232/69 26L (7 3 3 3 3 7) 
78R (13 5 5 3)3 
78R (17 3 4 2)3 
78R (7 7 3 3 4 2)3 

232/70 78R (9 3 3 3 5 3)3 

Known polytypes 
found 

20L (5 2 2 3 6 2)* 

20L (5 2 2 3 6 2)* 

* This polytype has already been reported (Mardix et al. 
1967). 

The crystals investigated were ZnS platelets grown by 
sublimation at 1200°C. They are fully described in a pre- 
vious publication (Mardix, Kalman & Steinberger, 1968). 
The structure of the polytypes was determined by c-axis 

oscillation photographs, with the use of a Hilger microbeam 
X-ray generator (Cu K radiation) and a standard oscillation 
camera (r = 30 mm 15 ° oscillation), usually a fine collimator 
(diameter 0-1 or 0.2 ram) was used, except in two cases, 
Fig. l(b) and (c), where a collimator of 0.4 mm was used. 
In most cases the width of the regions photographed was 
greater than 0" 1 nun. The polytypes were identified by com- 
paring the observed intensities of the reflexion spots on 
the X-ray photograph with those computed by a 7040 IBM 
computer. This procedure of identification was described 
in the above mentioned work (Mardix et al., 1967). The 
observed and calculated intensities of the polytypes are 
compared in Table 2, and the (10.l) or the (21.1) row lines 
of the X-ray photographs are shown in Figs. 1 to 3. 

Seven polytypes of the family 10L have already been re- 
ported (Brafman, Alexander & Steinberger; Mardix et al., 
1967). The polytype 66R(7 3 2 4 3 3)3 (Daniels, 1966) was 
the only polytype identified of the family 22L; also, from 
the family 26L, only one polytype was already reported 
(Brafman et al., 1967). It is to be noted that all the polytypes 
found in the same specimen belong to the same family. 
Also, all the polytypes reported in this work have the two 
properties characteristic of ZnS polytypes: they are of even 
periodicity and do not  have the number 1 in their Zhdanov 
sequence (Steinberger & Mardix, 1967). 
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Figs. l ,  2 and 3. (10.1) or  (21.1) row lines of  oscil lat ion pho tog raphs  a b o u t  the c axis o f  the var ious  po ly type  regions. Cu K 
radia t ion,  60 m m  diameter  camera .  Magnif icat ion x 3. The  zero line is indicated by the ar row.  
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Fig. I (a)(I0. t) row line of the polytype 20L (13 7); (b)(I0. t) row line of the polytype 20L (7 3 3 7); c (10. I) row line of the 
polytype 20L (5 3 22 3 5); (d) (I0./) row line of the polytype 30R (73)3; (e) (I0./) row line of the polytype (30R (II 9)3; 
(J) (I0.I)row line of tie polytypes 60R (12 8)3 and 20L (137) photographed simultaneously; (g)(10.t) row line of the poly- 

type  60R (7 4 2 3 2 2)3• 

[To face p. 1195 
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T a b l e  2. C o m p a r i s o n  o f  o b s e r v e d  a n d  c a l c u l a t e d  i n t e n s i t i e s  o f  t h e  n e w  p o l y t y p e s  l i s t e d  in  T a b l e  1 

Poly types  denoted  by  * have their observed intensities symmetr ical  with respect  to the zero line ( l=0 ) .  

l Iobs Ical l Iobs Ical l Iobs 

Poly types  of  the family 10L 60R (11 9)3 22L (17 5) 

20L (13 7) 13 v v w  ( 1 3 > 7 )  0.18 3 a 
0 v v w  ( 0 > - - 5 )  1"36 16 m 18.36 4 w 
1 a 0"01 19 vs 62"86 5 m ( 5 > 1 0 )  
2 v w  1"88 22 s 48-79 6 s 
3 v w  1"83 25 w 6'22 7 s ( 7 > 6 )  
4 v v w  0"21 28 w 1'90 8 s ( 8 > 9 )  
5 m 10"53 - 2  w 1"44 9 s 
6 s 29.26 - 5  w 1"25 10 m 
7 s ( 7 > 6 )  32.43 - 8  w 1"10 11 v w  
8 m ( 8 > 5 )  15-88 - 1 1  w 3.84 - 1  v v w  
9 v v w  ( 9 > 1 0 )  1"70 - 1 4  w 0"92 - 2  v v w  

10 v v w  0"87 - 1 7  s 34"32 - 3  w 
- 1  v v w  ( - 1 > - - 5 )  1"34 - 2 0  vvs  100"00 - 4  w ( - 4 > - 5 )  
- 2  a 0"03 - 2 3  s 32.62 - 5  w ( - 5 > 4 )  
- 3  v w  2"64 - 2 6  v w  0"85 - 6  v v w  
- 4  v w  2"72 - 2 9  w 3-69 - 7  vvs  

- 5  v v w  0"76 - 8  vs 
- 6  v s  62"52 60R (12 8)3 - 9  m 
- 7  vvs  100"00 1 v v w  0"71 - 1 0  v v w  
- 8  v w  2.66 4 v v w  0"77 - 1 1  w 
- 9  w 5-73 7 w 2"49 

- 1 0  v v w  0.87 10 a 0"00 22L (20 2) 
13 m 6.29 0 v w  ( 0 > - 1 )  

2 0 L ( 7 3 3 7 ) *  16 m ( 1 6 > 2 8 )  6"66 1 v w  ( 1 > 0 )  
0 v w  ( 0 > 2 )  2"36 19 vvs  100"00 2 w 
1 v v w  0"71 22 vs 64"23 3 w ( 3 > 2 )  
2 v w  1"95 25 a 0-00 4 w 
3 s ( 3 > 4 )  16.20 28 m 4"71 5 w 
4 s 11"22 - 2  v w  1"89 6 w 
5 s ( 5 > 4 )  14"70 --5 a 0"00 7 w 
6 vs 56"77 --8 w 2"74 8 w 
7 vvs  100"00 --11 v w  1"59 9 w 
8 w 5"33 - -14 w 3'15 10 w 
9 s ( 9 > 3 )  19"71 --17 s 30"20 11 w 

10 m 10"52 - -20 vs 50"20 --1 v w  ( - -1  > - - 2 )  
--23 s 28"70 - -2  v w  

2 0 L ( 5 3 2 2 3 5 ) *  - 2 6  w 2.92 - 3  v v w  ( - 3 > - 4 )  
0 v w  2"65 - 2 9  v w  1-52 - 4  v v w  

1 w ( 1 > 5 )  6"37 - 5  v w  ( - 5 " , , 0 )  
2 m 10-78 60R (7 4 2 3 2 2)3 - 6  m 
3 v v w  0"22 1 m ( 1 > 1 0 )  11.42 - 7  vvs  
4 vs  38.61 4 m 6-16 - 8  vs 
5 w 5"49 7 v w  2"29 - 9  s 
6 vvs  100"00 10 m ( 1 0 > 1 3 )  6"78 - 1 0  m 
7 s 17"92 13 m 8"36 - 1 1  w 
8 vs 38.34 16 vvs  100-00 
9 s 19.13 19 m ( 1 9 > 2 2 )  18.52 22L (7 4 4 7)* 

10 vs 31.97 22 m ( 2 2 > 2 5 )  11"77 0 m 
25 m ( 2 5 > 1 3 )  15"74 1 v v w  

30R (7 3)3 28 vs 62"83 2 w 
1 v v w  0"52 - 2  v v w  0"35 3 w ( 3 > 2 )  
4 m 7"14 - 5  m ( - 5 > - 1 1 )  17.38 4 w ( 4 > 3 )  
7 s 15"53 - 8  w 5"18 5 m 

10 vvs  100"00 - 1 1  m ( - 1 1 > 1 )  13.47 6 vs 
13 s 14"38 - 1 4  m 10"36 7 m 

- 2  v w  2"01 - 1 7  vs  ( - 1 7 > 2 8 )  90-64 8 vvs  

- 5  m ( - 5 > 4 )  10"17 - 2 0  vs 50"38 9 m 
- 8  s 17"32 - 2 3  vs ( - 2 3 > - 2 0 )  63"17 10 s 

- 1 1  s ( - 1 1 > - 1 4 )  17"64 - 2 6  w 9"59 11 w 
- 1 4  s 12.27 - 2 9  w 9"09 66R (15 7)3 

60R (11 9)3 Polytypes  of  the family 22L 1 w 

1 v w  0"45 22L (17 5) 4 v w  7 w ( 7 > 1 )  
4 w 2.14 0 w 0.84 10 w 
7 v v w  0"07 1 w ( 1 > 0 )  1.13 13 v v w  

10 w 4.12 2 v w  0.51 16 m 

/eal 

0"004 
1"17 
4"44 
8"36 

10"61 
9"84 
6-65 
2-96 
0-53 
0-12 
0"18 
1"33 
2.33 
1-51 
0"11 

100"00 
46-77 

4"77 
0"12 
0"53 

0"66 
0"87 
1"05 
1.19 
1-29 
1-35 
1"37 
1-36 
1"33 
1-28 
1 "24 
1.26 
0"44 
0-22 
0-05 
0"02 
0"49 
3.80 

100"00 
33"05 

6-08 
2-47 
1 "26 

7"42 
0"45 
2.28 
3"45 
4-81 
7"04 

71.28 
8-58 

100-00 
7"62 

14"86 
1.82 

0-60 
0"12 
1"62 
1"33 
0"07 
6"07 
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(g) 
Fig.2. (a) (10./) row line of  the polytype 22L (17 5); (b) (10.1) row line of  the polytype 22L (20 2)" (c) (10./) row line of  the poly- 

type 22L (7 4 4 7); (d) (10.1) row line of  the polytype 66R (15 7)~" (e) (10.1) row line of  the polytype 66R (7 7 5 3)3; ( f )  (10.1) 
row line of  the polytype 66R (8 7 4 3)s; (g) (10.1) row line of  the polytype 66R (5 5 4 2 3 3)~. 

[To face p .  1196  
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(e) 
Fig.3. (a) (10.1) row line of the polytype 26L (7 3 3 3 3 7); (b) (103) row fine of the polytype 78R (13 5 5 3)3: (c) (]O.l) row line 

of the polytype 78R (17 3 4 2)3; (d) (21.1) row line of the polytype 78R (7 7 3 3 4 2)3; (e) (1O./) row line of the polytype 78R 
(9 3 3 3 5 3)3. 
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l lobs Ieaz 

66R (15 7)3 
19 s 19"26 
22 s (22> 19) 26"05 
25 s (25,,~ 19) 18"37 
28 m 5-63 
31 v v w  0"07 

--2 w ( - - 2 >  --8) 1"38 
- - 5  v w  ( - - 5 > 4 )  0-27 
- 8  w ( - 8 ~  1) 0-56 

- 1 1  w ( - 1 1 > - 1 7 )  2-65 
- 14 w 1"29 
- 1 7  w ( - 1 7 >  - 1 4 )  1"77 
- 2 0  v s  58"91 
- 2 3  v v s  100"00 
- 2 6  w ( - 2 6 , , ~ - 1 4 )  1"17 
- 2 9  m 4"75 
- 3 2  w ( - 3 2 , , ~ - 1 7 )  1.69 

66R (7 7 5 3)3 
1 v w  1-26 
4 v w  1-49 
7 v v w  0-37 

10 m (10> 13) 11"55 
13 m (13>31)  7"14 
16 w 2-11 
19 v s  (19> 25) 61"38 
22 v s  32"00 
25 v s  (25 > 22) 44-16 
28 s 16"21 
31 m 4"73 

- 2  w 2"85 
- 5  v w  1-47 
- 8  m ( -  8-,~ 31) 4"20 

- 1 1  m ( - 1 1 , , ~ - 8 )  4"30 
- 1 4  s 13-16 
- 1 7  s ( -  17,,~28) 18"13 
- 20 v s  50.04 
- 2 3  v v s  100.00 
- 2 6  w 2.13 
- 2 9  s ( - 2 9 >  - 1 7 )  24.31 
- 3 2  w ( - 3 2 > - 2 6 )  3 . 2 8  

66R (8 7 4 3)3 
1 v w  ( 1 > 4 )  1.14 
4 v w  ( 4 ~ - 8 )  0"72 
7 m (7>31)  7-95 

10 v v w  (10>28)  0.31 
13 w 4.02 
16 s 25.98 
19 s (19>22)  37-15 
22 s (22>16)  31.70 
25 v s  76.18 
28 v v w  ( 2 8 > - 5 )  0.18 
31 m 6-36 

- 2 w 3-40 
- 5  v v w  0"15 
- 8 v w  0"76 

- 1 1  m ( - 1 1 > - 1 4 )  12"81 
- 14 m 8"30 
- 1 7  m ( - 1 7 > - 1 1 )  15-18 
- 20 v s  52-46 
- 2 3  v v s  100.00 
- 2 6  w ( - 2 6 ~ - 2 )  3"59 
- 2 9  m ( - 2 9 , , ,  - 17) 16-70 
- 3 2  m ( - 3 2 < - 2 9 )  9"70 

66R (5 5 4 2 3 3)3 
1 w (1 >4)  5"95 
4 w ( 4 > 7 )  4.38 
7 w 3.91 

10 s 14"09 
13 s (13>10)  17.58 
16 m 7.99 
19 v s  (19> - 2 6 )  48.97 

T a b l e  2 ( c o n t . )  

l lobs leal 

66R (5 5 4 2 3 3)3 
22 s (22> 13) 24"03 
25 v s  48"04 
28 s 15"66 
31 v v w  1"41 

- 2  a 0"11 
- 5 v w  2"05 
- 8  m ( - 8 , ~  1) 6"58 

- 11 w 4"79 
- 14 s 28-67 
- 17 m 10"05 
- 2 0  v v s  100"00 
- 2 3  m 12"40 
--26 v s  32"56 
- 29 s 27"34 
- 32 s 25"26 

Polytypes of  the family 26L 

26L (7 3 3 3 3 7)* 

0 w 1.49 
1 v w  0"67 
2 v w  0"68 
3 w 1 "06 
4 s 23.74 
5 s 15.17 
6 w ( 6 > 3 )  2.66 
7 s 18.41 
8 v s  44"78 
9 v v s  100.00 

10 m 6.36 
11 m 5"46 
12 s 15-08 
13 s 19-81 

78R (13 5 5 3)3 
1 v w  0"64 
4 v w  0"47 
7 w 1"49 

10 w 1"33 
13 w (13>10)  1"99 
16 s 9"29 
19 w 1"97 
22 m 5"41 
25 v v s  100"00 
28 v s  40"40 
31 s (31>34)  10"56 
34 s 6"31 
37 w 2"86 

- 2  w 1-56 
- 5 v v w  0"29 
- 8  v w  1"20 

- 11 v w  1"25 
- 14 s 6"00 
- 17 m 4"50 
- 20 m 3-96 
- 2 3  v s  24"01 
- 2 6  s 7-57 
- 2 9  s ( - 2 9 > - 1 4 )  7"48 
- 3 2  v s  ( - 3 2 >  - 2 3 )  17"71 
- 3 5  w ( - 3 5 >  10)  1"79 
- 3 8  w ( - 3 8 >  - 3 5 )  2-52 

78R (17 3 4 2)3 
1 w 0"70 
4 v w  0-30 
7 v v w  0"17 

10 w (10> - 2 3 )  1"34 
13 w 1-54 
16 m 2"70 
19 s (19>22)  6-03 
22 s 4"36 

225 v v s  100"00 
28 v s  33"48 

l lobs leal 

78R (17 3 4 2)3 
31 m 2"55 
34 s 7"89 
37 s 6-41 

- 2  w 0"58 
- 5 m 2-01 
- 8 m 2"50 

- 11 v w  0-31 
- 14 m 1"47 
- 17 s 6"27 
- 2 0  s 5"60 
- 2 3  w ( - 2 3 > 1 )  0"79 
- 2 6  m 2"17 
- 29 s 6"95 
- 3 2  s 5"22 
- 35 v w  0"54 
- 3 8  w 1 . 4 2  

78R (7 7 3 3 4 2)3 
1 v w  4.75 
4 v w  4"02 
7 v w  3-30 

10 w 11"33 
13 v w  4"09 
16 m 18"10 
19 m 16-92 
22 s 26"05 
25 v s  46"36 
28 v v s  8 1 " 0 0  

31 v v w  1"67 
34 m 18"75 
37 v v w  1 "41 

-- 22 v v w  0"02 
- - 5  v v w  ( - - 5 > - 8 )  1"89 

--88 v v w  ( - - 8 > - - 2 )  0"92 
-- 11 w 7"84 
--14 m 15"61 
-- 17 w 5"84 
- 2 0  m 15-79 
--23 v v s  ( - - 2 3 > 2 8 )  100.00 
-- 26 v s  40"25 
-- 29 v s  42.93 
--32 m 18.40 
-- 35 s 23"45 
-- 38 s 30.97 

78R (9 3 3 3 5 3)3 
1 v v w  0"08 
4 v w  0"53 
7 v w  (7> 10) 0"80 

10 v w  0"67 
13 v s  15"51 
16 w 1"35 
19 w (19> 16) 3"65 
22 m 7"77 
25 v s  (25 > 13) 19"22 
28 w 4-50 
31 m 8"00 
34 m 6-95 
37 w 2"96 

- 2 v v w  0"08 
- 5  v w  0"91 
- 8 w 2"20 

- 11 w 1"97 
- 14 s 11"80 
- 1 7  m ( - 1 7 >  - 2 0 )  6-29 
- 2 0  m 3"81 
- 2 3  w 1-82 
- 2 6  v v s  100"00 
- 2 9  w 1"75 
- 3 2  w ( - 3 2 >  - 2 9 )  3"55 
- 35 m 5-84 
- 3 8  s 11"41 


