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Crysta ls  of ames i t e  (Mg2A1)(SLA1)Os(OH)4 f rom Sara-  
novskaye ,  U .S .S .R .  (specimen BM. 1940. 77) h a v e  been  
f o u n d  to possess a d i so rde red  fo rm  of a s t r u c t u r e  n o t  
p rev ious ly  r epor t ed .  A smal l  f r a g m e n t  was  found,  which ,  
t h o u g h  tw inned ,  was  suff ic ient ly  o rde red  to p e r m i t  the  
s t r u c t u r e  to be  d e t e r m i n e d .  

Osci l la t ion a n d  Weissenberg  p h o t o g r a p h s  t a k e n  w i th  
Cu K a  r a d i a t i o n  showed  t h a t  the  trait  cell was  ve ry  nea r ly  
rhombohedra l . ,  t he  r e l a t ed  h e x a g o n a l  cell h a v i n g  d imen-  
sions a = 5 . 3 1 ,  c =42 .1  A. D o u b l e d  spots  due  to t w i n n i n g  
ind i ca t ed  t h a t  t he  h e x a g o n a l  c-axis was  n o t  qu i te  per-  
pend icu l a r  to (001), t he  t i l t  be ing  a p p r o x i m a t e l y  30' in  
the  (100) p lane .  The  s t r u c t u r e  has  t r ic l inic  s y m m e t r y ,  
b u t  a p p r o x i m a t e s  closely to  a s t r u c t u r e  h a v i n g  rhombo-  
hed ra l  s y m m e t r y  R3 or R3. The  analys is  has  been  ca r r ied  
ottt us ing  the  ideal ized  r h o m b o h e d r a l  space  group,  w h i c h  
shows  c lear ly  how the  k a o l i n - t y p e  layers  of ames i t e  a re  
s t a c k e d  toge the r .  

T h e  cell con ta ins  six ames i t e  layers ,  one  of w h i c h  is 
s h o w n  in  Fig .  1, a n d  i t  wil l  be  a s s u m e d  t h a t  t h e y  a re  
s t a cked  t o g e t h e r  to  f o r m  a po la r  s t ruc tu re .  I n  a s t r u c t u r e  
of space g roup  R3,  3-fold sc rew axes  are  p e r p e n d i c u l a r  
to  t h e  layers ,  so t h a t  t he  6- layer  s t r u c t u r e  can  be  r e g a r d e d  
as be ing  f o r m e d  b y  t h e  ope ra t i on  of a 3-fold sc rew axis  
on a u n i t  of 2 layers ,  t he  2- layer  u n i t  i tself  h a v i n g  
3-fold s y m m e t r y  a b o u t  t he  cell origin.  T h e  possible  
s t ruc tu re s  m a y  the re fo re  be f o u n d  b y  cons ider ing  first  
t h e  ways  in  w h i c h  two  layers  can  be  c o m b i n e d  to  fo rm 
a u n i t  w i t h  a 3-fold s y m m e t r y ,  a n d  t h e n  cons ider ing  t h e  
s t ruc tu re s  w h i c h  are  f o r m e d  b y  the  ope ra t i on  of a 3-fold 
screw axis on this  un i t .  
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Fig. 1. Projection of one amesite layer on (001). The z co- 
ordinates given are fractions of the height of one amesite 
layer. X represents ½ (Si-t- A1), and Y represents ~ (2 Mg-b A1). 

I n  t he  ames i t e  l aye r  are  t h r ee  d i f fe ren t  po in t s  of 3-fold 
s y m m e t r y ,  label led  A,  B a n d  C, in Fig .  1. L e t  A1B1C 1 
be  these  po in t s  in  one layer ,  a n d  A2B2C2 be the  s ame  
po in t s  in  t h e  l aye r  to  be  p l aced  above  it .  T h r e e  t ypes  of 
doub le  l aye r  can  be  ob ta ined ,  w i t h  t h e  cor rec t  i n t e r l a y e r  
O - O H  bonds ,  b y  p lac ing  the  layers  toge the r ,  s imi la r ly  
o r i en t a t ed ,  w i t h  A 2 on A 1, A s on  B 1, or  A~ on C1, a n d  

a f u r t h e r  t h r ee  b y  r o t a t i n g  t h e  u p p e r  l aye r  of each  of 
these  t h r o u g h  60 ° a b o u t  A 2. These  six c o m b i n a t i o n s  wil l  
be re fe r red  to  as a, b, c, d, e a n d  f .  

N o w  cons ider  Fig .  1 to  r ep re sen t  t h e  lower  of t h e  two  
layers  in a n y o n e  of t h e m .  A 3-fold axis  t h r o u g h  t h e  
a t o m  D,  o p e r a t i n g  on the  combina t i on ,  will  p r o d u c e  a 
s t r u c t u r e  w i t h  r h o m b o h e d r a l  s y m m e t r y .  

T h e  s t r uc tu r e s  f o r m e d  f rom a a n d  b give s y s t e m a t i c  
absences ,  in a d d i t i o n  to those  r equ i r ed  b y  the  space  
g roup  R3, w h i c h  are  n o t  obse rved  w i th  t he  p resen t  
crys ta l .  T h e  s t r u c t u r e  fo rmed  f rom c is a 3- layer  s t ruc tu re ,  
whi le  t h a t  f r om f has  space g roup  R3c. N o n e  of these  
need  be  cons idered  fu r the r .  

Tab le  1. Fractional atomic coordinates referred to the 
equivalent positions in Int. Tab. for the hexagonal unit cell 

x y z 
OH 1 0-667 0 0-269 
OH 2 0.333 0 0.102 
OH a 0 0 0.221 
OH 4 0 0 0.054 
Y1 0.333 0 0.245 
Y~ 0.667 0 0.078 
O 1 0 0 0-554 
02 0 0 0.887 
O a 0 0 0-387 
O 4 0 0 0.721 
O 5 0.500 0 0.167 

0-550 0 0.167 
06 0.500 0 0 

0.45O 0 0 

X 1 0 0 0-514 
X z 0 0 0.847 . 
X 3 0 0 0.347 
X 4 0 0 0.681 

X and Y represent ½(Si-bA1) and ½(2Mg-~A1) respectively. 

S t ruc tu re s  f o r m e d  f rom d a n d  e a re  e n a n t i o m o r p h o u s ,  
w i t h  space g roup  R3.  A t o m i c  co-ord ina tes  for  s t r u c t u r e  d 
in t e r m s  of t he  h e x a g o n a l  cell ou t l i ned  in Fig .  1, con- 
t a i n i n g  six ames i t e  layers ,  a re  g iven  in Tab le  1, t h e  
va lues  of z be ing  de r ived  f rom those  g iven  b y  S te in f ink  
& B r u n t o n  (1956). T h e  two  sets  of co -ord ina tes  for  
basa l  oxygens  0 5 a n d  08 a re  for  an  ideal  k a o l i n - t y p e  
l aye r  a n d  for  one  in  w h i c h  t h e  t e t r a h e d r a  a re  r o t a t e d  
t h r o u g h  a p p r o x i m a t e l y  10 °. T e t r a h e d r a  in  success ive  
layers ,  such  as those  c o n t a i n i n g  X 1 and X~, r o t a t e  in  
oppos i te  d i rec t ions .  T h e  d i s a g r e e m e n t  f ac to r  R for  va r ious  
g roups  of ref lexions  for  t he  idea l  a n d  mod i f i ed  s t r u c t u r e s  
a re  g iven  in Tab le  3. T h e  necess i ty  for  r o t a t i n g  t h e  
t e t r a h e d r a  was  f o u n d  b y  e x a m i n a t i o n  of t h e  series 
12l, 21l, 13l a n d  31l, a n d  i t  is in  these  series t h a t  t h e  
i m p r o v e m e n t  caused  b y  r o t a t i o n  is m o s t  m a r k e d ,  t h e  
p r inc ipa l  zones  be ing  r e l a t ive ly  una f f ec t ed .  Tab le  2 gives  
t he  F va lues  for t h e  modi f i ed  s t ruc tu re ,  w i t h  some for  
t he  ideal  s t r u c t u r e  in pa ren thes i s .  

T h e  va lue  of 10 ° was  o b t a i n e d  b y  ad ju s t i ng  t h e  co- 
o rd ina tes  of O s a n d  O6 to  ob ta in  t he  smal les t  R v a l u e  
for  ref lexions w i t h  h - k ~ :  3n, these  be ing  m o s t  sens i t ive  
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hkil Fo .Fc 
0,0,0,6 > 160 179 

12 > 160 302 
18 154 153 
24 103 79 
30 110 150 
36 139 152 
42 146 131 
48 135 149 

0,1,$,2 49 54 
5 76 89 
8 47 49 

11 66 73 
14 37 36 
17 45 53 
20 27 27 
23 30 38 
26 < 15 22 
29 21 26 

] 79 93 
41 53 
57 85 

10 37 46 
13 49 66 
16 26 31 

_ _  

19 31 46 
_ _  

22 < 24 22 
25 24 31 

0,2,2,1 44 23 
4 29 16 
7 43 39 

10 39 27 
13 57 55 
16 31 34 
19 52 64 
22 28 34 
25 36 63 
28 < 30 35 
31 30 59 

0,2,2,2 29 14 
5 40 32 

< 30 23 
11 60 50 
14 38 33 

T a b l e  2. Observed and calculated structure factors 

hkil JEo l~c 
0,2,2,17 45 64 

20 30 34 
_ _  

23 50 67 
26 23 37 
_ _  

29 46 63 
0,3,3,0 > 170 329 

6 141 144 
12 152 125 
18 101 97 
24 57 43 
30 110 144 
36 71 113 
42 98 109 

1,1,2,0 57 50 
3 118 47 
6 170 210 
9 116 174 

12 116 106 
15 187 153 
18 114 109 
21 144 183 
24 157 194 
27 154 118 
30 110 115 
33 85 95 
36 82 77 
39 76 44 

2,2,4,0 76 81 
3 92 59 
6 168 170 
9 106 96 

12 67 31 
15 123 115 
18 105 104 
21 106 115 
29 125 122 
27 97 94 
30 53 55 

2,1,3,1 86 68 
4 < 20 12 
7 64 63 

10 4O 18 
13 58 51 

(61) 
(35) 
(57) 
(31) 
(47) 

hkil Fo Fc 
2,1,3,16 29 21 (24) 

19 42 38 (36) 
2,1,3,2 < 20 11 (35) 

69 66 (59) 
< 20 16 (33) 

_ _  

11 59 56 (51) 
_ _  

14 36 20 (27) 
17 44 43 (41) 

3,1,4,2 < 2 0  3 (27) 
5 71 63 (45) 
8 < 20 13 (26) 

11 52 54 (40) 
14 < 20 19 (21) 
17 49 42 (33) 

3,1,4,1 76 64 (46) 
< 20 6 (26) 

69 61 (44) 
10 < 20 15 (24) 
13 61 51. (38) 

1,2,3,2 79 54 (35) 
5 42 43 (59) 
8 43 49 (33) 

11 40 40 (51) 
14 42 39 (27) 

1,2,3, i  43 43 (61) 
56 53 (35) 
47 42 (57) 

10 47 46 (31) 
13 41 39 (47) 
1-6 41 34 (24) 

_ _  

19 26 35 (36) 
22 28 24 (18) 

1,3,5,1 44 33 (46) 
4 64 55 (26) 
7 27 33 (44) 

10 43 49 (24) 
76 55 (27) 
44 34 (45) 
54 51 (26) 

1-]" 27 33 (40) 
i 4  46 42 (21) 

T a b l e  3. Disagreement factors 

Ideal  Modified 
st ruc ture  s t ruc ture  

hOb,1 zone 0.22 0.21 
hh2hl zone 0.15 0-17 
12/13/ 0.40 0.15 
21/31/ 0.20 0.14 
Overall  0-21 0.18 

t o  t h i s  m o v e m e n t .  R o t a t i o n  of  t h e  t e t r a h e d r a  in t h e  
o p p o s i t e  d i r e c t i o n  c a u s e d  R t o  i nc rease .  I t  is p e r m i s s i b l e  
t o  r o t a t e  t h e  t e t r a h e d r a  c o n t a i n i n g  X 1 a n d  X a in t h e  
s a m e  sense ,  b u t  t h i s  d id  n o t  r e d u c e  t h e  v a l u e  of  R .  

T h e  r o t a t i o n s  of  t h e  t e t r a h e d r a  in  t h i s  s t r u c t u r e  c a u s e  
all  t h e  i n t e r l a y e r  O - O H  b o n d s  t o  b e  l o n g e r  t h a n  t h e y  
w o u l d  b e  b e t w e e n  idea l  l aye r s .  T h e  s a m e  e f f e c t  w a s  f o u n d  
b y  S t e i n f i n k  & B r u n t o n  in t h e i r  a m e s i t e  s t r u c t u r e .  

U n t i l  a d e t a i l e d  d e t e r m i n a t i o n  is c a r r i e d  o u t ,  r e g a r d i n g  
t h e  s t r u c t u r e  as  a 2 - l a y e r  t r i c l in ic  one ,  n o  c o n c l u s i o n s  
s h o u l d  b e  d r a w n  c o n c e r n i n g  t h e  r e l a t i o n  b e t w e e n  t h e s e  
r o t a t i o n s  a n d  t h e  c r y s t a l  s t r u c t u r e .  

T h e  s t a c k i n g  s e q u e n c e  o c c u r r i n g  in  th i s  s t r u c t u r e  m a y  
b e  d e s c r i b e d  c o n c i s e l y  in  t e r m s  of  t h e  v e c t o r s  u s e d  b y  
O u g h t o n  (1957) .  U s i n g  th i s  t e r m i n o l o g y ,  t h e  r o t a t i o n  
v e c t o r s  $1 o r  S 2 o p e r a t e  o n  al l  l aye r s ,  a n d  t h e  t r a n s l a -  
t i o n a l  v e c t o r s  89 a n d  S 4 o p e r a t e  on  a l t e r n a t e  l aye r s .  

W e  w i s h  t o  t h a n k  M r  P .  G.  E m b r e y  of  t h e  B r i t i s h  
M u s e u m  fo r  s u p p l y i n g  s p e c i m e n s ,  a n d  D r  B .  M. R i m m e r  
for  h e l p f u l  c r i t i c i sm.  
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