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Crystal structures of four new polytypes of cadmium iodide, two rhombohedral and two hexagonm, 
have been determined. The structures of the rhombohedral polytypes, viz. 24R and 36R, have been 
found to be (2213)3 and (22112121)3, in Zhdanov notation. The two hexagonal polytypes, viz. 18Hg and 
30Ha, have been found to possess the structures (22) (11)7 and (2211)4 1122 respectively. All four poly- 
types were found to have grown in syntactic coalescence with other polytypes, showing a transformation 
of structure during growth. The polytype 30Ha is the largest hexagonal cadmium iodide polytype for 
which the atomic structure is known. The growth of these polytypes is discussed. 

Introduction 

Hitherto, over 80 cadmium iodide polytypes have been 
reported with cell heights ranging from 6.84 (2H) to 
218.88 A (64H). Of these, the crystal structures of only 
20 polytypes, 17 hexagonal and 3 rhombohedral, have 
been determined(Mitchell, 1956; Srivastava & Verma, 
1962, 1964, 1965; Chadha & Trigunayat, 1967a, b; 
1968; Agrawal & Trigunayat, 1968). During the course 
of a study of one-dimensional disorder in cadmium 
iodide crystals, 46 hexagonal and 7 rhombohedral 
polytypes have been discovered (Jain, 1968), from 
which it has been possible to work out the complete 
crystal structures of two rhombohedral and two hexa- 
gonal polytypes, viz. 24R,36R, 18He and 30Ha. The 
crystals show significant structure-transformations dur- 
ing growth and provide information regarding the 
origin of polytypism in crystals. 

Experimental 

c and a axis oscillation photographs of cadmium 
iodide crystals were used for the identification of the 
polytypes. In the case of the c axis photographs the 

identity of the polytype could be established by direct 
measurement of the c parameter, which could also be 
calculated from the a and b dimensions, which are 
the same for all polytypes, from the a axis photographs 
(Trigunayat, 1959). The c axis oscillation photographs 
were taken over a 15 ° range (from the position where 
the a axis made an angle of 31.5 ° with the incident 
X-ray beam to the position (31.5+15)=46.5°).  This 
range of oscillation was found to be the most suitable 
for all cadmium iodide polytypes as it includes all the 
reflexions from 10.0 to 10.X for an XH polytype. In 
the case of the a-axis photographs, the usual range of 
oscillation, viz. 25 to 40 °, which covers the surface 
reflexion spots (Chadha & Trigunayat, 1967a), was 
chosen. In the structures determinations the inten- 
sities of the reflexions were compared on both the os- 
cillation and Weissenberg photographs, because the 
crystals were too thick to give transmission diffraction 
spots. As has already been shown by Ramsdell (1944) 
and Mitchell (1955), it is sufficient to compare the ob- 
served and calculated intensities of only the 10.l or 
01.l reflexions in order to determine a crystal structure. 
Zero-layer a axis Weissenberg photographs were there- 
fore used for the structure determination. 

A C 26B - 10" 
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The crystals used in the present study were grown 
from solution by a method already described (Jain & 
Trigunayat, 1968a). 

S t r u c t u r e s  o f  p o l y t y p e s  

Polytype 24R 
This new modification was discovered in a well- 

developed crystal which displayed no growth spiral 
on its (0001) basal plane. It was found to have grown 
in syntactic coalescence with a hexagonal polytype 
based on the 2H-phase. The latter could not be iden- 
tified as its diffraction spots were very close together, 
accompanied by considerable disorder. The identifi- 
cation of the polytype 24R was achieved from its c- 
axis oscillation photograph (Fig. 1). The photograph 
shows unsymmetrical spots about the zero-layer line, 
as expected for a rhombohedral lattice. Fig. 2 is an 
a axis normal-beam Weissenberg photograph taken 
for the structure determination. The large c dimension 
of 24R greatly increases the number of possible atomic 
arrangements in the unit cell, thus rendering the task 
of  postulating the correct structure a very tedious one. 
However, the intensity sequence of 10.l spots was 
found to be very similar to that of a type investigated 
earlier, 12R (Agrawal & Trigtmayat, 1968). Using the 
structure of  12R and adding one more (22) unit, which 
is the structure of the common type 4H, the arrange- 
ment (2213)3 is obtained. The 10.l intensities for this 
arrangement have been computed using the formula 

1 = . 4 2 + B  2 (1) 
where 

A =  ~ fi ,ca cos 2rdz+ ~ f i ,cd  cos 2rfflz-½) 
zA/,  zB,# 

+ ~ fI, cd cos 2rc(lz+3) 
zC,? 

and 

B = ~ Ji,ca sin 2nlz+ ~ f i ,ca  sin 2n ( l z -3 )  
zA,~ zB,B 

+ ~ •,ca sin 2 ~ ( l z + 3 ) .  
zC,~, 

z`4,ct, zB,fl, zC,7 denote the respective z coordinates of 
the iodine (Roman letters) and cadmium (Greek let- 
ters) atoms on the vertical .4, B and C axes respec- 

2 l _  tively, passing through (0, O, 0), (3, 3,0), (½, ~, O) respec- 
tively. ~ represents summation over iodine atoms 

z A  ,ct 

at .4 sites and cadmium atoms at = sites, and likewise 
the other two summations. The intensities obtained 
by employing expression (1) were multiplied by the 
Lorentz-polarization factor (1 + cos 2 20)/sin 20 where 
0 is the Bragg angle. The calculated intensity values 
agree very well with the observed ones. The intensi- 
ties were compared in reflexion because of heavy ab- 
sorption about the central Laue streak; the thickness 
of the crystal was about 50 microns. In order to con- 
firm the structure, the intensities of the 10./reflexions 
were also computed and were fourid to correspond 
with the observed values. These values are listed in 
Table 1. The intensities have been compared for the 
spots 10.48 to 10.96 and 10.48 to 10.96. The calcu- 
lated values in the Table have not been corrected for 
absorption bacause no absorption factor was available 
for a crystal of hexagonal shape. However, taking into 
account the shape and the orientation of the crystal, 
it can be generally said that the change in intensities 
due to absorption should be slight and gradual. 

The detailed structure of 24R is as follows" 

space group R 3 m  

Zhdanov symbol (2213)3 

Table 1. Calculated and observed intensities o f  the structure 24R 

Calculated Observed Calculated Observed 
1 intensity intensity* )- intensity intensity* 
1 5 a 2 2 a 
4 21 w 5 9 vw 
7 22 w 8 62 ms 

10 34 ms 11 278 vs 
13 264 vs 14 51 ms 
16 61 ms 17 184 vs 
19 208 vs 20 32 w 
22 59 ms 23 18 w 
25 17 w 26 50 ms 
28 23 w 29 138 s 
31 103 s 32 32 ms 
34 23 w 35 110 s 
37 100 s 38 11 w 
40 18 w 41 6 vw 
43 2 vw 44 5 vw 
46 0 a 47 1 vw 

Further observed 
relations between 

intensities 

13>19 
16> 22> 10 
37-----31 
~ >  1-'7 

3>2--9 

* As mentioned in the text the observed intensities were actually taken from the series 10.48 to 10.96. This series has a similar 
intensity sequence to that of 10.0 to 0.48. 
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Fig. 1. A 15 ° c-axis oscillation photograph of polytype 24R. 
Cu K~t radiation; camera radius 3 cm. 

4 .  

o 

Fig.3. Interferogram of a cadmium iodide crystal showing an 
overgrown layer on its (0001) face. Hg green light (x  67). 

Fig.2. Zero-layer a-axis Weissenberg photograph of polytype 
24R; Cu K~ radiation, camera diameter 5.73 cm. The 
festoons corresponding to 1 0 . / a n d  I 0 . / r o w s  of spots are 
recorded on the right and left side respectively, of the straight 
row of 00.1 spots. The first intense spot from the top corre- 
sponds t o / = 8 5  in the I 0 . l  festoon and t o / = 8 3  in the 10./  
festoon. 

h * '  O , .  * • . .  

/' t '1' 
J 

0 - - -  

Fig.4. A 15 ° a-axis oscillation photograph of the (0001) face 
of the crystal shown in Fig. 3, in reflexion showing spots of 
type 36R (upper arrow marks) and 4 H  (lower arrow marks);  
Cu K~ radiation; camera radius 3 cm. 

Fig.5. A 15 o a-axis oscillation photograph of the other face 
of the crystal (unidentified). Cu Kct radiation;  camera ra- 
dius 3 cm. 

[To face p. 1786 



A C T A  C R Y S T A L L O G R A P H I C A ,  VOL. B26 ,  1970---JAIN, CI-tADnA AND TRIGUNAYAT PLATE 9 

Ip • 

• " ' ~ 1 2 I  " 

oe 

o - 

Fig.6. Zero-layer a-axis Weissenberg pho tograph  of  polytype 
36R. CuK0¢ radia t ion;  camera  diameter  5.73 cm. The  
festoon corresponding to the 10. l row of  spots is recorded 
on the right side of  the straight row of  00.1 spots;  the 1 
values of  two s t rong spots are noted  on the pho tograph .  

°'~ 6 3 .  

Fig.8.  Zero-layer a-axis Weissenberg pho tograph  of polytype 
18Hg. CuKtx radia t ion;  camera  diameter  5.73 cm. The 
lowest fes toon shows the 10. l row of  spots. The I values of  
two s t rong spots are noted  on the pho tograph .  

Fig.7. A 15 ° c-axis oscillation pho tograph  of polytype 18Hg. 
Cu K0c radia t ion;  camera  radius 3 cm. 

Fig.9.  A 15 ° a-axis oscillation pho tograph  of polytype 30Hd~ 
Cu K0c radia t ion;  camera  radius 3 cm. The 1 values of  two 
s t rong spots along the 01. l row are indicated on the photo-  
graph. 

Fig. 10. A 15 o a-axis oscillation pho tograph  of  the type 46/-/. 
Cu Kct radiat ion;  camera  radius 3 cm. 
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A B C  sequence 

(A~,B) ( C ~ B )  (A~,B) ( A f l C )  

(Bo~C) (AflC)  (Bo~C) (BTA)  

( C f l A )  (BTA)  (C f lA )  (Co~B) 

a = b = 4.24, c = 82.02/~ (hexagonal indexing). 

Atomic coordinates 

8 iodine atoms at 00z~ 

zl =0 ,  8z, 12z, 20z, 30z, 34z, 38z, 42z 
2 1  8 iodine atoms at 7TZz 

z2 = 2z, 6z, 10z, 16z, 24z, 28z, 36z, 46z 
1 2  8 iodine atoms at 7~z3 

z3 = 4z, 14z, 18z, 22z, 26z, 32z, 40z, 44z 

4 cadmium atoms at 00z4 

z4 = 5z, 17z, 25z, 45z 
4 cadmium atoms at 2 -3- 3 Z5 

z s =  1 3 z , 2 1 z , 3 3 z , 4 1 z  

4 cadmium atoms at 12z6 

z6 = z, 9z, 29z, 37z 

where z = z~8. 

S t ruc ture  o f  36R 
This new polytype was also discovered in a well- 

developed crystal showing no growth spiral on the 
(0001) basal plane (Fig. 3). It was found to have grown 
with a type 4 H  in parallel orientation on the same face 
of  the crystal. The other face of  the crystal was a 
high polytype (unidentified) based on 4H. The crystal 

forms an interesting case of  epitaxic growth and has 
been discussed in detail elsewhere (Jain & Trigunayat,  
1968b). Figs. 4 and 5 show the respective a axis oscilla- 
tion photographs of  the two sides of  the crystal, ob- 
tained in the oscillation range 25-40 ° , i.e. the incident 
X-ray beam making an angle of 25-40 ° with the c axis. 
Fig. 4 shows two sets of  diffraction spots corresponding 
to two structures, which were identified as 4 H  and 36 R. 
Fig. 5 shows the weak spots of  a higher polytype 
based on 4H. Fig. 6 is an a axis normal-beam zero- 
layer Weissenberg photograph of  the type 36R showing 
10.l spots, which were used in the structure deter- 
mination.  P r i m a  fac ie ,  the task of  structure determina- 
tion appeared exceedingly difficult because of  a still 
larger number  of possible atomic arrangements  in the 
unit  cell in this case. However, taking advantage of  
the fact that almost all the CdI2 structures reported 
so far have Zhdanov  numbers  of only 1 and 2 in the 
zigzag sequence representing the sequence of  iodine 
atoms in the (1120) cross section, the possible number  
reduces to 55. Intensities arising from these possible 
sequences were computed using equation (1). Of  all the 
sequences considered, only one gave values in agree- 
ment with the observed data and this agreement was 
exceptionally good as can be seen from Table 2. The 
intensities have been compared for the spots 10.72 to 
10.144 and 10.72 to 10.144. 

The detailed atomic structure of 36R is as follows: 
Space group R 3 m  

Zhdanov  symbol (22112121)3 

Table 2. Calcu la ted  a n d  observed  intensi t ies  f o r  the s tructure  36R 

Calculated Observed Calculated Observed 
l intensity intensity* 7 intensity intensity* 
1 4 a 2 4 a 
4 16 vvw 5 7 a 
7 6 vvw 8 20 vvw 

10 19 w 11 37 vw 

13 84 ms 14 96 ms 
16 146 s 17 434 vs 
19 852 vvs 20 45 w 
22 157 s 23 149 s 
25 85 ms 26 54 ms 
28 5 a 29 186 s 
31 318 vs 31 28 w 
34 142 s 35 61 ms 
37 58 ms 38 127 s 
40 23 w 41 241 vs 
43 127 s 44 3 a 
46 31 ms 47 47 ms 
49 74 ms 50 74 s 
52 19 w 53 345 vs 
55 160 s 56 51 ms 
58 31 ms 59 25 w 
61 10 vw 62 5 vw 
64 5 vw 65 1 vvw 
67 2 vw 68 3 vvw 
70 1 vw 71 1 a 

* As mentioned in the text the observed intensities were actually taken from the series 
intensity sequence to that of 10.0 to 10.72. 

Further observed 
relations between 

intensities 

25___13>49> 
37>46_~58 

55>22> 16___34>43 
"I-7>~>~T 
2"-'9 > 2--'J > ~-g > 50 
/-4> 3-5>~>5-6>~I7 

10.72 to 10.144. This series has a similar 
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ABC  sequence . . . .  

" (AyB) (CocB) (A?B) (AyB) (CUB) (CflA) 

(CflA) (ByA) (CflA) (CflA) (ByA) (Bo~C) 
(Bo~C) (AflC) (BocC) (Bo~C) (AflC) (AyB) 

a=b=4.24 ,  c= 123.03 ,h, (hexagonal indexing) 

Atomic coordinates 

12 iodine atoms at 00z~ 

Zl = 0,8z, 12z, 22z, 26z, 30z, 34z, 38z, 42z, 52z, 64z, 68z 
12 iodine atoms at Z½z2 

zz = 2z, 6z, 10z, 14z, 18z, 28z, 40z, 44z, 48z, 56z, 60z, 70z 

12 iodine atoms at ½32-z3 

z3 = 4z, 16z, 20z, 24z, 32z, 36z, 46z, 50z, 54z, 58z, 62z, 66z 

6 c a d m i u m  atoms at 00z4 ., . 

z4= 5z,17z, 45z, 49z, 57z,•61z . 
• . 

6 c a d m i u m  atoms at ~½z5 

z5 = 21 z,25z, 33z, 37z, 53z, 65z 

6 cadmium atoms at ½~z6 

26 = z, 9z, 132., 29z, 41z, 69z • 
where z =  ~-~z. 

Structure of  18Ha 

T h i s p o l y t y p e  was found to exist in a well 'developed 
hexagonal  crystal which displayed no growth spiral 
on its (0001) basal plane. Both  sides of  the crystal were 
identified as the type 18H. Fig. 7 is a c axis 15 ° oscilla- 
tion photograph of the crystal. As six•polytypes of 
the same c dimension have been reported earlier, the 
present one has been labelled 18Hg. Fig. 8 is an a axis 
normal-beam zero- layer  Weissenberg •photograph of 
the polytype showing 10.I spots, which were used in . . . . . . . . .  
the structure determination. 

Al though the number  of ways in which the atoms 
could be arranged in the unit  cell to form an 18- 
layered structure is extremely large, the correct struc- 
ture could be anticipated from examinat ion of  the 
positions of the strong spots. The intense diffraction 
spots of  this type were found to coincide with the type 
2H, indicating that its unit-cell contained a large num- 
ber of  (11) units. Thus, the structure was most  likely 
to be one of the following two: 

i • 

(1) 2211111111111111 

(2) 22221111111111 . 

The calculated intensity values for the first structure 
are given in Table 3 ;  they • are in excellent agreement 
with the observed values. The intensities of  the spots 
f rom reflexions 10.36 tO 10.72 were compared. 

The detailed atomic structure of  18Hg is a s f0  llows: 

space group P 3 m I  

Zhdanov symbol (2211111111111111) or 

(22) (11)7 

ABC sequence 

(AyB) (Co~B) (AyB) (AyB) (AyB) (AyB) . 

(AyB) (AyB) (AyB) 

a = b = 4 . 2 4  and c = 6 1 . 5 i 5 / ~ .  

Atomic coordinates 

. . . .  : 8 •iodine atoms at  00zl  

za = 0,8z, 12z, 16z, 20z, 24z,28z, 32z ~ i . 

• 9 iodine atoms at z x ~ 3 Z 2  

z2 -- 2z, 6z, lOz, 14z, 18z, 22z, 26z, 30z, 34z 

1: iodine atom • at xal Zz3 

z3 = 4z 
. . . . . .  

i 

l 
0 " 

L 1 ~ . 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Table 3. Calculated and observed intensities for the structure 18Hg 
. . . .  

Calculated 
intensity 

1 
0 
0 
1 
2 
3 
4 
6 
7 

107 
9 

10 
11 
11 
11 
11 
11 
11 

206 

Observed 
intensity* 

a 

a 

(1 

a 

v v w  

1 ) w  

w 

w 

m s  

i ) v w  

m s  

ms 
ms 
ms 
ms 

". ms 
": ms 
• ~ ~ I~ ' lS  

VVS 

: . l 

19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

-- 31 
32 .. 

= 33 
34 

: 35 
36 

• *- The observed intensities were.actually taken from 
series 10.0 to 10.36. 

Calculated 
intensity 
: 10 

9 
8 
7 
6 
5 
4 

4 
278 

2 
1 
1 
0 
0 

. . . .  0 

' :  0 

_2 0 
0 

Observed 
intensity* 

ms 
ms 
ms 

• , m S  

D I S  

W 

W 

W 

O r s  

. , W  

W 

W 

a 

~ . a  

a 
a 
a 

.2 

Further observed 
relations between 

intensities 
18>9 

the series 10;36 to 10.72, which have a similar sequence to that of the 
. . . . . . .  
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I cadmium atom at 00z  4 

Za=5Z 

8 cadmium atoms at 1 2 -s~z5 
z5 = z , 9 z ,  13z, 17z,21z,25z,29z,  33z 

where z = ~-6. 

Structure o f  30Ha 

This polytype was discovered in a well-developed 
crystal which did display a hexagonal spiral on the 
(0001) basal plane. Fig. 9 is an a axis oscillation photo- 
graph of  one side of  the crystal, which has been iden- 
tified as 30H. The other side was identified as the type 
46H (Fig. 10). 

At first the structure determination of this polytype 
appeared to be a formidable task because of  the large 
number  of possible ways in which the various atoms 
can be arranged to give a unit cell with such a large 
c dimension (102.52 A). However, an inspection of the 
intensity distribution revealed a striking feature, viz. 
the most intense diffraction spots of  this type occurred 
at the positions of  polytype 6H (Mitchell, 1956). As 
the latter type has the structure (2211), it implied the 
presence of  many (2211) units in the unit cell of  the 
unknown polytype. Bearing this intensity distribution 
in mind  and using the numbers  1 and 2 only, the fol- 
lowing structures were formulated as being probable:  

(1) (2211)4 1221 

(2) (2211)4 111111 

(3) (2211)4 1122 

(4) (2211)3 12211221 

(5) (2211)3 12122121 

(6) (2211)3 1111221111 

(7) (2211)3 1112112111 
(8) (2211)3 1121111211 

The number  of  (2211) units cannot  be decreased 
further, since the structure would then not be based 
on a 6H type. Intensities for 10.l reflexions were com- 
puted for each of  the structures proposed above. 
Excellent agreement between the calculated and ob- 
served values, listed in Table 4, was found for the 
case of  structure number  (3). The intensities were 
compared from the a axis oscillation photograph 
(Fig. 9). A Weissenberg photograph could not be taken 
as the crystal was lost after taking the oscillation 
photograph.  However, a large number  of 01.l spots 
were recorded on the a axis oscillation photograph in 
the oscillation range 25-40 °, which could be used for 
the intensity comparison.  The intensities of  the spots 
reflexions 01.75 to 01.115 (first layer) were compared.  
Al though this does not cover the full range of  reflexions 
from l = 6 0  to l =  120, the structure could be confirmed 
from these spots alone because of the symmetrical  
intensity sequence. 

The detailed atomic structure of 30H is as follows: 

space group P 3 m l  

Zhdanov symbol (2211)4 1122 

A B C  sequence 

(ATB) (CUB) (A~,B) (A~B) (CUB) (AyB)  

(AyB) (CocB) (AyB)  (AyB)  (Co~B) (AyB) 

(A~B) (AyB)  (CUB) 

Atomic coordinates 

Table 4. Calculated and observed intensities f o r  the structure 30Ha 

Calculated Observed Calculated Observed 
/ intensity intensity* ! intensity intensity* 
15 417 vvs 35 84 g 
16 i a 36  22 ms 
17 4 vvw 37 22 ms 
18 I 0 w 38 20 ms 
19 18 w 39 17 ms 
20 110 s 40 57 s 
21 31 ms 41 8 w 
22 35 ms 42 4 vvw 
23 35 ms 43 2 a 
24 32 ms 44 0 a 
25 117 s 45 376 vvs 
26 19 ms 46 0 a 
27 12 w 47 1 vvw 
28 5 vvw 48 2 vvw 
29 1 a 49 2 vvw 
30 206 vs 50 13 ms 
31 1 a 51 3 w 
32 5 vvw 52 2 vw 
33 10 w 53 1 vvw 
34 15 w 54 1 vvw 

55 3 vw 

Further observed 
relations between 

intensities 
25>20>35>40 
22~23>24>21 
36~37>38>39 

* The observed intensities were actually taken from the series 10.60 to 10.120, which have a similar sequence to that of the 
series 10.0 to 10.60. 
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10 iodine atoms at 00zl 
z~ = 0, 8z, 12z, 20z, 24z, 32z, 36z, 44z, 48z, 52z 
15 iodine atoms at z 3 3- Z2 
z2 = 2z, 6z, 10z, 14z, 18z, 22z, 26z, 30z, 34z, 
38z, 42z, 46z, 50z, 54z, 58z 

12 5 iodine atoms at xxz3 
z3 = 4z, 16z, 28z, 40z, 56z 
5 cadmium atoms at 00z4 
z4= 5z, 17z,29z,41z, 57z 
10 cadmium atoms at ½2z5 
z5 = z, 9z, 13z, 21z, 25z, 33z, 37z, 45z, 49z, 53z 
where z = ~o.  

The polytype 30Ha is so far the largest polytype of 
cadmium iodide with a known atomic structure. 

Discussion 

Each of the four polytypes whose structures have been 
described above show a transformation of structure 
during growth. Each of the two rhombohedral poly- 
types, 24R and 36R, occur in syntactic coalescence with 
a disordered high polytype (unidentified). In both the 
cases, the rhombohedral type was found to occur on 
the upper face of the crystal. The two hexagonal types, 
18Hg and 30Ha grew together with other hexagonal 
types, one having the same cell dimensions (but dif- 
ferent layer stacking sequence) and the other having 
different cell dimensions. Two nearly similar cases of 
structure transformation, viz. 30 R ~ 30H and 42R 
42H have been described earlier by Chadha & Trigu- 
nayat (1967a). It was shown that the creation of rhom- 
bohedral polytypes in cadmium iodide and their sub- 
sequent transformation into hexagonal types could be 
explained on the layer-transposition mechanism of 
Jagodzinski (1954). iThe layer transpositions result 
from stacking faults generated during crystal growth. 
A stabilization of the faults into some definite struc- 
ture is brought about by vibration entropy considera- 
tions. The structure-transformations observed by us 
for both the rhombohedral and the hexagonal types 
basically fit into the same pattern and can be similarly 
understood. For instance, in the case of type 24R, 
found on the upper face of the crystal, stacking faults 
in the basic structure 4H could have created the dis- 
ordered high polytype (unidentified) during the initial 
stages when the growth rate was rapid, which in turn 
could have developed more faults that became stabi- 
lized to give the type 24R. A complete ordering of the 
faults is seldom possible. Hence the X-ray photographs 
of such crystals are usually expected to show 'streaking' 
in which the various reflexions on a layer line on the 
a axis oscillation photograph, and on a row line on 
the c axis photograph, run into each other. The 
'streaks' may have varying intensities depending upon 
the proportion of residual faults inside the structure. 
Such 'streaking' was observed by Chadha & Trigu- 

nayat (1967a) on their X-ray photographs. This essen- 
tial feature is also present on the X-ray photographs 
(Figs. 1,4,5,7,10) of all four crystals studied by us. 
Because of the more rapid rate of growth in the initial 
stages it is expected that the lower face of the crystal 
will have more residual faults, and hence will show 
more intense 'streaks' than the upper face. This has 
been found to be so in all the four cases discussed 
above. Evidence for the occurrence of stacking faults 
during growth of cadmium iodide crystals was re- 
ported in the recent work of Agrawal & Trigunayat 
(1969), who observed extensive arrangements of tilt 
boundaries of edge dislocations, partial dislocations, 
etc., in these crystals. 

The existence of rhombohedral polytypes of cad- 
mium iodide, ten of which have been reported so far, 
is entirely inconsistent with the dislocation theory of 
polytypism (Chadha & Trigunayat, 1967a). The ob- 
served structure transformations cannot be explained 
on this theory either. Besides, no growth spirals have 
been observed on the surfaces of the present two rhom- 
bohedral types. The only polytype displaying a growth 
spiral on its basal plane, 30Ha could not have grown 
from a single screw dislocation because its structure, 
viz. (2211)4 1122, has been found to be based on the 
type 6H structure (2211). As the c dimension of 30Ha 
is an integral multiple of 6H, the former can never be 
generated from the latter by creating a single screw 
dislocation. The observation of a single growth spiral 
also rules out the possibility of dislocations coopera- 
tion. The structure sequence, viz. 22 (11)7 of the other 
hexagonal type 18Hg shows that it is based on the 
type 2H[structure (11)]. As a screw dislocation of any 
strength created in 2H would always give rise to the 
basic structure 2H itself, it follows that the growth of 
the type 18Hg cannot be explained in terms of the 
dislocation theory either. Nor did this type display 
any growth spirals on its surface. To sum up, it ap- 
pears that the growth of crystals by a spiral mechanism 
and the formation of a polytype during growth are 
two unconnected phenomena. The factor primarily 
responsible for the formation of polytypes is the 
stacking faults generated during the growth of crystals. 
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The Conformation of Non-Aromatic Ring Compounds. LXV.* 
The Crystal and Molecular Structure of 311-p-Bromobenzoyloxy-13a-androst-5-en-17-one 
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Department o f  Chemistry, X-ray and Electron Diffraction Section, University of  Leiden, 
Postbox 75, Leiden, The Netherlands 

(Received 9 March 1970) 

The steroid 3fl-p-bromobenzoyloxy-13a-androst-5-en-17-one crystallizes in the orthorhombic system 
with four molecules per unit cell. The space group is P21212a and the lattice constants are a= 16.216 
+_ 0-006, b= 19.873 + 0.009 and c= 6.853 +_ 0-003/~. The photographic data were collected at - 180°C 
(Cu Ka radiation) and estimated visually. The structure was determined by application of a minimum 
function and by Fourier techniques. Refinement by least-squares procedures resulted in an R value of 
0"117. The results of separate refinements of a- and c-axis data are discussed. The molecule has a cis 
junction between rings C and D which causes flattening of ring C. Ring D has an approximate 'envelope' 
conformation with the atom C(14) as flap. The A and C rings have the usual chair conformation while 
B is a 'half chair'. 

Introduction 

This publication is a continuation of earlier reports on 
the molecular geometry of steroids with various con- 
figurations at the asymmetric carbon atoms (Hesper, 
Geise & Romers, 1969, and papers cited therein). The 
title compound 3fl-p-bromobenzoyloxy-13~-androst-5- 
en-17-one (hereafter APBA) has a trans junction be- 
tween rings B and C and a cis junction between rings 
C and D (see Fig. 1). Accordingly, its configuration is 
8fl, 9~, 10ft, 13~, 14c~. The corresponding compound 
3fl-p-bromobenzoyloxy-androst-5-en-17-one with trans 
C/D coupling and belonging to the normal 8fl, 9~, 10ft, 
13fl, 14~-series will be discussed in a separate paper 
(Portheine, Romers & Rutten, 1970). This study 
was undertaken in order to investigate the conforma- 
tional differences between the molecule under consider- 
ation and its 13f-isomer. 

Experimental 

Irradiation of the normal steroid 3fl-hydroxy-androst- 
5-en-17-one (13fl-configuration) with ultraviolet light 
in methanol solution induces partial conversion of the 

* Part LXIV: de Hoog & Havinga (1970). 

configuration at C(13) (Bots, 1958). From the isolated 
13c~-isomer the heavy-atom derivative APBA was pre- 
pared in benzene/pyridine solution with p-bromoben- 
zoylchloride as reagent (Pot, 1964). Colourless ortho- 
rhombic needle-shaped crystals were obtained from a 
solution in acetone. 

The unit-cell dimensions were determined from zero- 
layer Weissenberg photographs about [100] and the 
needle-axis [001]. The films were calibrated with super- 
posed AI powder lines [a(Al)=4.0492 A at 20°C; 
2(Cu Kcq)= 1.54051 and 2(Cu Kc~2)= 1.54433 A]. The 
observed density (flotation method) at 20°C corre- 
sponds to four molecules per unit cell (see Table 1). 
Absence of the odd reflexions h00, 0k0 and 00l indicates 
the space group P212121. 

Table 1. Crystallographic data o f  APBA 

3fl-p-Bromobenzoyloxy- 13~-androst-5-en- 17-one 
Molecular composition C26H31BrO3, M =471.4 g.mole-I 
Melting point 162-164°C 
Space group P212121 
a 16.216 (0.006)/~* 
b 19.873 (0.009) 
c 6.853 (0.003) 
dobs 1"35 (20°C) 
dealc 1"417 g ( - 180 °C) 
V 2208.5 A 3"cm-3 


