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a Tetrahedral Magnesiosilieate Framework Crystal Structure 
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The compound K2MgsSi12030 was synthesized hydrothermally at 790°C and 2000 bars PH2o, its com- 
position verified by electron microscope analysis and its crystal structure determined. KzMgsSil2030 is 
isostructural with milarite: space group P6/m 2/c 2/c, a-- 10.222 (2), c= 14.152 (2)/~, Z=2.  Single- 
crystal diffractometer data were refined to R= 0.028 for 528 Fo~. This phase has the structural formula 
Mgzt61Kt91Kt121Mgst41Six2t41030, where the coordination number is indicated in brackets. The SiO4 
tetrahedra form hexagonal double rings with the composition Si12030. These double rings are linked by 
magnesium atoms in tetrahedral four-coordination to form a tetrahedral magnesiosilicate framework 
structure, the first to be described. One half of the K atoms are located in 9-coordinated sites (~,~-, 0 etc.) 
which have not been found to be populated in other milarite-group structures. On the basis of this 
structure determination, we propose A2t61B2tg~ct121DtlSJT23talTlx2t4aO3o as a general crystal-chemical 
formula for milarite-type structures. 

Introduction 

The compound K2MgsSi12030 was first synthesized by 
Roedder (1951) while he was studying the phase rela- 
tions of the system K20-MgO-SiO2. Olsen (1967) an- 
alyzed Roedder's material using a microprobe and thus 
confirmed the composition. Seifert & Schreyer (1969) 
synthesized the compound under both hydrothermal 
and dry conditions and determined the lattice con- 
stants. These studies established that the compound is 
isostructural with milarite, KCa2Be2AI(Sia2Oa0).2XH20 
(Ito, Morimoto & Sadanaga, 1952) and osumilite, 
(K, Na) (Fe, Mg)2(A1, Fe)z(A1, 5i)12030 (Miyashiro, 
1956). Because of the analogy in the chemical formulas 
it appears that three Mg atoms per formula unit in 
K2Mg2(Mg3Si12030) should be in tetrahedral 4-coor- 
dination. Such coordination is very rare; the only re- 
ported case of a silicate with Mg in 4-coordination is 

melilite (Ca, Na)z(Mg, A1)SizO7 (Smith, 1953), where 
Mg and AI atoms are statistically distributed over one 
site. Furthermore KzMgsSilzOa0 contains twice as much 
potassium as can be accommodated in the K-sites 
known from the milarite structure. In order to verify 
the occurrence of magnesium in 4-coordination and to 
find out which sites are occupied by the excess potas- 
sium atoms the crystal structure of KzMgsSiazO30 was 
determined. 

Experimental 

The compound KzMgsSi12030 was produced by the de- 
composition of a synthetic mica, KMg3SiaOll(OH), at 
790 °C and 2000 bars PH2o (Forbes, 1972). The compo- 
sition was verified by electron microprobe analysis: 
K20 = 9.38, MgO = 19.69, SiO2 = 70.82 weight per cent, 
as compared with the values of 9.26, 19.82 and 70.91 
weight per cent calculated for the ideal composition. 
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The analysis total of 99.89 per cent precludes the pre- 
sence of any additional components, such as H20. 
Additional hydrothermal experiments, using a stoichio- 
metric KzO.5MgO.  12SiOz mixture showed that the 
synthesis products are strongly influenced by the nature 
of the starting materials. Using an oxide starting mate- 
rial, the 1"5:12 phase could be synthesized only in a 
restricted P - T  range (e.g. 750-840°C at 1000 bars PHzO). 
At temperatures below 750°C, a KMg.,. sSi40~0(OH)_,- 
quartz-vapor assemblage was produced• Above 840 °C, 
a clinoenstatite-glass-vapor was found• However, use 
of  a forsterite-glass starting material showed the syn- 
thesis field of  KzO. 5MgO. 12SiOz to be comparable to 
the stability field reported by Seifert & Schreyer (1969). 

The crystal used for data collection was of approx- 
imately isometric shape with an average diameter of .t 

2 

0.028 cm. Crystal data are" F.W. 1016.8; hexagonal, :,~. 1,o 

space group P6/m 2/c 2/c, from absences (hhl and hhl ,~ ...... • 4~S ~2 

ly) ...... both present with l =  2 n  on and the successful refine- ) .... 2,. 
6 199 2~1 

ment of the crystal structure; a=I0 .222  (2), c =  , . . . . . . .  

14-152 (2) /~ ,  V =  1280"6 Aa, D~=2.636 g.cm -a, Z = 2 ,  ~; ~" t; 
/~(Ag K~) = 6-l c m -  ~, /tO = 0.09. Intensity data were t, ')~ 17/, 

s 77 76 

collected on a computer-controlled diffractometer ,: ;, ;3 
[~(Ag Ka) .~] "= = 0.56083 For details of the experimental ~ ,7~' " 

a ~-~c 1Z6 
procedures see Baur & Khan (1970), except that graph .... 2 3,0 
itc-crystal monochromatcd radiation has been used. ,~ .'~ ~ 

lO1 1~2 

All possible reflections in a sphere of radius sin 0/).= ],~ l ~ 8  I~58 

0.75 k-z were collected. The total of 9871 measured in- ~ °~. :: 
^ 2~2 258 

tensities was reduced to a set of 975 unique reflections .~ ~ ~T; 
of which 447 wcrc zero or smaller than two times thcir .... ,2~ 12q 177 

standard deviation in which case they wcrc considered ~i ,~, ..... 1~0' 
I ~ 98 57 

to be zero. In view of the regular shape of the crystal ": ,~" t~ 
and of the small /~R-value the absorption correction ~','~ 22; 

was negligible. .~ . . . . . .  2, ,o 
7 s o  78 

The positional parameters of  osumilite (Miyashiro, ,~ ~; i~ 
19561 were used as starting parameters for the refine- I} ,;o ~; 

It' 55 56  ment. A difference synthesis revealed that the excess ..... 2 
II~ I t S  potassium is located in equipoint 4(d) at ½,~,0 etc.  :~ . . . .  

t9 ~b t,~ 

Since these sites have fourfold multiplicity and only ...... 

two potassium atoms per unit cell have to be placed, ' ,.- .... ,. 
the occupancy factor for these sites is 0.5. A refinement ,~ ';~, '7~ 
of the site-occupancy factors of both K(1) and K(2) ,2 ,;, 2o 
resulted in values of 0.992 and 0.475 respectively, in 2~ ..... .. 1,~,3 
reasonable agrecmcnt with the ideal values. The rcfinc- "~ ,2~",;; 

2 19 16 

ment with anisotropic temperature factors resulted i n  "'~} ,~'~ 

R=0.028 and Rw=0.035 for 5")8 observed F ~ .  The ,~ .. . . . .  ,9 
final difference synthesis showed no peaks higher than ,~ . . . . . .  ,, ,2 

0.5 c.,/k -~ (in the vicinity of  the Si site). The IFol, [F~] "; ,'~',~: 
1 l C4 l ,#* 

and o"s are shown in Table I, the final positional and ~ ,°7 . . . .  ~i 
t' l a )  1 7 9  

thermal parameters in Table 2 . . . .  ,2:,, 
F "~6 39 
7 3t: 33 

2O |5  
2et' 29? 

D i s c u s s i o n  o f  t h e  c r y s t a l  s t r u c t u r e  ,,~ 5, 5o 
~3 ~.1 

l? 15~ 157 

The crystal-chemical formula of this compound can be )! ,:¢. ].~ 
8 e  ~8 

"~Ac~ [6 ] [ [ [ 9 ]W [12 ]RA~r [4 ]C ; [ 4 ] { ' ~  , =  3.  K= written as , - , ~ z  . . . . . . .  ~3 ~ x I 2  " J 3 0 ,  where the co- 1 3 7  I ~ 6  

ordination numbers are indicated as superscripts in } 7]. .... t,, 
square brackets. The main features of the crystal struc- ~ ~; ~ 
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ture of K2MgsSiz2Oao (see Fig. l) are t h e  s a m e  as d e -  '~ . . . .  
ll7 121 

scribed by the previous investigators for milarite and 

osumilite. The coordination tetrahedra around the sili- 
con atoms in position T/ (for an explanation of the 
site-nomenclature see Table 3) form hexagonal double 
rings of composition Si~zO~0, centered around equiva- 
lent positions 2(b), (0,0,0 and 0, 0, ½). The 0(2) oxygen 
atoms link the tetrahedra within the rings, while the 
O(1) atoms connect the rings with each other, thus 
forming the double hexagonal rings. The oxygen atoms 
0(3) are terminal at the silicon coordination tctrahcdra, 
but since they are also coordinated to Mg(2) in T 2 ,  

Table I. KzMgsSi~zO~o, o b s e r v e d  a n d  c a l c u l a t e d  
s t r u c t u r e  f a c t o r s  ( × 2) and ~'s ( × 10)  used in the 

~east-squares procedure 
rC FC SiC L FC F,.. $1G t 

C ,  K= (. l0 ~4 bb 15 7 

t '37 4.9 ~." 1~ ~7 35 22 9 
16 15 52 52 21 13 
. . . .  • 9 3~ 2o ,, 
15 17 4~ 47 24 ].2 
15 18 ~e 19 ?2 13 

22 .3 215 215 ;1 15 
21 2 )q  38 1~ 17 
2 ;  4 2c2 298 28 18 
3 6 ~7 ~9 16 19 
6 8 6 0  5q 14 H= 

I t '  13 o~ 91 16 
1~ 12 ~4 94 Ib I 
I I  14 b~ bb 18 3 
IS  18 8~ ~b  21 4 
~t" H :  ~.. K= c 5 

l n 31 29 12 6 
I t -  2 19~ 192  19 7 

31 6 7~ 6 8  12 9 

~5 35 22 16 
17 14 P~ 2 ~, 32 17 
32 18 1Z" 119 2O 18 
?~ H= ~ ,  K= I H= 

lh,'. 1 5 7  le, o 
2~ I I l l  169 17 I 
23 ? 72 72 11 3 
7 9  ~ b ~ 5q 11 t" 
l~ t' lit" 113 13 5 
14 5 62 51 12 7 
i~ 6 '~e 57 I~ 9 
It, 7 lit' 115 I~ 12 
l ~  s ~b ~8 2C 13 
I q ~ 95 15 15 
P I~ o7 67 15 17 

25 I I  22 ,~ 32 H= 
0 12 98  97 Io 

12 16 )I ~2 33 3 
12 H= ~ ,  K= 2 
It" C I ' ~  1 1 8  13 5 
1~ 1 b5 6t" 11 o 
15 :) S5 59 I~ 7 
I( ~ 43 44 13 8 
19  4 86  aS  13 9 
l ~  5 t 3  R2 13 I I  
19 6 1)2 I.,4 I#* 17 
2 ~, ~ a9 92 1~ 15 
?~ 9 6~ 77 15 17 

? 12 ,*I ~o 21 hz 
~5 I~ 57 5~ 19 _ 
12 14 ,~c, 0 5  ].8 2 
...... i~2, t" 
2e 17 27 t'C 12 

28 1 ~t' 95 ].3 2 
l a  2 2C 22 27 t' 

21 ~. k3 22 25 l') 
~ I~2 125 15 12 

17 6 21 22 2~ 1~ 
It: 7 52 s5 lb  16 
I ~ H b7 59 Ib H= 

o 12 q 1~,5 1 5 7  ].8 
17 II ~5 ~7 2#* 1 
29 13 t'5 ~,6 23 3 
22 1~ JE 37 2¢] 5 
31 ~= 4, K= =. 6 
l o 125 21 22 8 

15 2 .'t" 105 14 , 
l |  4 2S5 264 25 10 
I r  e 117 I].9 16 12 
Ib 8 72 70 16 I? 
18 ].C IIS 120 I7 H= 
2 J  12 ~8 9 6  ].7 0 
1#* 16 5 o  4 6  25  l 
I~ 18 I~4 98  21 2 

3 25 H= 5. K= o 
27 C 1 8 5  190 19 5 
17 2 2C 22 20 6 
19 #* 59 58 12 7 
19 6 II 34 18  8 
27 8 5C 4 9  15 , 
19 1o  25 24 28 1o 
21 14 51 48 20 12 
2 16 27 22 ) 7  13 

14 18 #*~ 44 3O 17 
19 H= 5, K= I H= 
1o I 2 '~4 235 20 o 
1~ 2 ?~ 77 12 ]. 

3 2 3  3 ~7 9 9  13 
19 4 62 6 3  13 
21 5 1#.6 1~9 16 5 

7 15 6 81 82 I~ 

FC FC SIG L 
6 9  71 I#* 8 

172 177 19 12 

3t' 3~ 23 lb 
66 ¢#7 18 17 

112 113 17 H= 
0 43 ¢.5 24 

4C 17 2¢. I 
97 qR 23 ) 
52 50 20 5 
67 ~ "~3 6 
s, ~ 2 7 

?*I 3 e t ?  e 
9 

85  86 13  I) 
1C3 1n5 14 l ?  
' .5 45 l a  I t '  

FO FC SIG L FO PC 5IG L FC FC S I G  
102 193 17 9 70 68 21 c 60 60 20 
7~ 751~io 32 3o35 , ,o 7o1, 
28 26 32 H. ?, ~,: 7 3 20 29 34 
42 ~1 26 o l O 3  97 20 5 62 62 21 
~2 41 30 4 38 37 32 b 32 33 31 
46 ~.#* 30 6 57 59 25 7 27 26 37 

6,  K= ~. 3 91 8£ 21 8 70 69 21 
93 91 16 H-- 8, K= 0 ' 76 7~ 21 

IC~ i 1 1  16 9 2~9 25e 25 H= 9 ,  K= 4 
75 78 16 ~ 5t 5E 16 C ~5 43 24 

125 128 18 6 02 82 16 4 30 32 35 
I I  t" I15 17 8 1 4 4  I~7 18  5 4? ~ I  28 
25 2 0  31 1 3  7 9  82 18 6 2 5  21 3 ,  
. . . . . .  1, l p  ~ 3 o .  ~ 53 . , 2 ,  

l l b  117 I S  16  01 2~ 28 2 8  41  
29 ? 9  32 H= 8.  ~= 1 H= 9 ,  K= 5 
¢~7 5'~ 2C 3 33 34 22 o 36 34 33 
8 ,  8~ 21 1 22 24 32 I ~2 42  2q 

68 67 
90 O2 

zl~ zts 

b3 ~5 
89 qn 

lOt" lC3 
76 75 
3) 14 
89 ab 

5.  K= 
32 ~1 

16'. l bO  
17t '  lqO 

120 122 

7b 77 

75 75 
31 3C 
5o S5 

64 6E 
86 ~6 

2 8  
27 ~5 
2S ~. 
26 26 
o~ e 7  
58 s? 

36 )6 
31 2q 
61 SO 
5. K= 

75 75 
£7 ¢:¢: 

I t '  15 3? !t' +) ? 
15 I t ,  3~ 3~ 36 * 
zs -= o, ~= "~ 
16 c 9c qc 17 6 
Ib 1 22 15 30 7 
19 5 25 24 ~2 
2O 8 31 32 31 1 0  
~5 9 7 8  2 g  3'* 11  
31 1~ ~5 t'c 35 17 

I R  0 16 , ,  I b  t* Z "~ 2 
lg 2 97 q7 18 4 
14 4 os a5 l q  6 
l~ 6 bt' 6~  2') o 
16 8 50 ~.8 23 13 
16 13 113 I I I  2~ 12 
2~ 12 125 I I~  20 H= 
19  H :  7 ,  K= ~ 1 
35 C ZIg 227 2? 3 
25  ~ 1 4 0  1 4 4  17  

1~ lC 4C 42 32 g 
15 12 27 2"~ 3P l') 
2~ 14 bb bb 2 q 13  
2~ Ib 27 28 #*1 1~ 
26 1o  58 5~ 26 H= 
?T H= 7 ,  K: 1 o 
2s 1 30 ~2 22 1 
; 7 2 20 28 2~ 2 

22 4 I)2 1 3 4  1 ~ ,, 
?~ ? 34 )~ 23 5 
"~6 19 59 59 I S  6 
24 11 ?~ 2 6  36 , 

t2 7~ 70 18 I0 
? , ,  I~ #*o t ' .  2S 12 

'~ " ;  . . . . . .  o 16 98 97 I S  
15 I 0 7  7C l e  1 

t, K: '~ > 
1 8 1 " 1 8 5  l ~  
216 22) 22 t' 
205 213 21 6 
20 l ~ 2~ 7 

116 l i t '  1~ 
1 9 3  l~7 22 9 
I I I  I IC 10 I." 

t'7 t'c~ 25 I~ 
e. K= 1 16 

117 lip l 5 ~= 

27 ~2. ?~ 1 
2~ 79 22 s 
~1  4 1  ! 8  5 

27  I~ -_~ l ~, 
,3 ,c 2? 15 
26 26 35 ~= 

o o x :  2 
92 95 14 I 
76 78 14 5 

124 126 16 6 
bO 6 2  15  8 
70 7 9  15 9 
27 26 25 13 
22 25 31 13 
33 3 )  23 14 
7C 69 Ib H= 

121 122 I~ 
26 24 ~ 3 
6C 58 2~ 8 
43 4C 28 1c 

6 ,  K= 3 H= 
87 8 8  I5 3 
82 8 3  15 1 
2q 31 2~ 
65 6 6  15 5 
54 53 17 6 
27 2q 2~ 8 

I ) ~  4Q 1~ 
1 0 8  16 

35 35 22 5 
61  61 18 H= 
5'* 57 18  o 

~I )I 78 2 
97 ' 7  17 3 
6~ 62 21 5 
3 ~ ?3 77 e 

7, K= ) H 
5#* "* I S 0 

62 61 17 H= 
51 ~.I I¢~ c 

5 5  53 22 4 
4C 43 ? !  6 
2 9  23 39 d 

7, K= t" 1o  
1 3 2  1 3 3  18 12 

6 ,  6~  1~ 14 
73 74 18 H -  
46 47 21 0 
75 77 20 2 
9 3  92 19 3 
44 43 26 4 
4 8  ~,6 27 6 
02 79 22 d 

7 ,  K:  5 1 3  
64 63 19 11 
34 35", 28 H= 
31 29 32 J 
30 31 )7  l 

7 K= 6 6 
68 bb 19 8 
5 7  5 6  21 9 
81 8 0  2q I O  
54 5~ 23 11 
30 32 "~5 12  
bt" o'~ 22 H= 

1~ 5 29 5 57 56 24 
77 78 16 H= 9, K :  0 
be oo I"¢ ,, ~7 b z  z~ 
2e 28 28 }4= 10 ,  K= 0 
;=_ ; o  -'2 c 67 e6  l e  
5~ 61 19 2 55 5 ]  19 
34 33 28 ~ 9 7  9 7  18 
31 37  2 7  6 4 8  4 b  22 
3~, 37 28  I C  6 8  6 6  ?o 
41. 4 1  28  12 3C 3C 3 9  

~ ,  ~= ? H= 1 0 .  K= 1 
7 e  7 6  16  0 ~2 4 6  7 5  

Ig2 19~ 21 1 65 65 1 9  
et' 65 le 3 48 45 21 
4 9  ~,8 21 4 79 78 18 

1Ol IOI IO 6 45 43  2 4  
80 79 20 7 52 50 23 
E, K= 3 I C  35 37 31 

5 9  71 18 12 72 72 23 

. . . .  21 "c io, ~. 
1.1 31 2 0  I l l  I 0 9  1 

10t* lo t*  18 I 39 38 25 
c? 96 Iq 2 30 27 30 
29 27 35  4 52 52. 22 
7 5  71 21 5 52 51 23 
3C )I 42 6 60 60 22 
g .... ~ .... 2o 

2 2C 33 51 5 3  26 
52 51  21 H= 1 o .  K= 3 
52 51 21 0 32 29 32 
29 3C 32 1 ~8  9 8  20 
56 56 21 3 107 103 19 
6 7  6 7  20 4 55 52 23 
5o  54 21 5 63 61 22 
66 b 5  2 l  7 5k  51 2 5  
3C 34 39 9 36 38 35 
28 2 5  ~.1 H= 1 o .  K- 4 

8 ,  K .  5 o 6 6  64 22 
25 22 35 1 39 39 31 
30 27 33 3 28 26 39 
30 26 ~ 4 71 68 21 

t 0 0  ~9 19 5 51 49 26 
?9 26 34 H 6 54 52 26 
81 x :  6 = 1 o .  K -  5 

33 34  33 o 81  81  22 
¢,? 51 74 I 52 47 26 
.... 2~ % .. ~. ° o 
42 38  26 68 65 2 
56 54 24 4 26 27 38 
2~ 2 ,  ~o H= I I ,  K= I 

8 ,  K= 7 1 93 ,I 19 
57 5#* 2#* 3 #*7 45 24 
41  39 3 0  4 5 7  5c* 22 

, ,  K -  o 5 100 99 20 
1¢;7 197 22 6 38 3 9  30 

22 2 4  33 7 33 33 34 
81 82 17 8 30 29 3" 

135 134 18 9 Ill 106 2; 
175 177 21 10 32 3Z 37 

#*9 #*9 25 70 67 2 
11, 118 21 8 4 7  45 28 

, ,  K% I H= 1 1 ,  K= 3 
55 57 19 0 79 73 20 
2 E . 25 ?c ~ 31 33 37 

. 2~31 . ;  ,2. ~. 2o 
25 21 lO~ 104 
27 23 31 2 72 66  I S  
62 64 20 4 54 5 3  23 
3~ 33 31 8 30 27 38 
33 33 33 H-- 12 ,  K= 1 

9 .  K= 2 o 41 38 30 
27 24 31 1 33 33 35 
3C 32 2g - ~ 33 33 35 
40 39 25 5 66 02 22 
29 31 35 H= 12,  K= 2 

36 35 30 H 13 ,  K= 
3C 20 36 o 71 70 24  
26 1 9  38 4 #*0 * I  33 
% K= 3 
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the other tetrahedrally four-coordinated cation, one 
can view the tetrahedra around T1 and T2 as forming 
a tetrahedral framework structure (Zoltai, 1960). Alu- 
minosilicate frameworks have been encountered in 
many silicate minerals, however this is the first docu- 
mented case of a magnesiosilicate tetrahedral frame- 
work. The remaining two Mg atoms per formula unit 
are located in the octahedrally coordinated A sites, 
4(c), the sites which are occupied by Ca atoms in mila- 
rite. The potassium atoms are distributed over two lo- 
cations" the twelve-coordinated C sites [2(a), as in mila- 
rite] and the B sites, 4(d), which previously have not 
been reported as being populated in milarite-type 
structures. The coordination number of the B sites is 
nine with three short K(2)-O(1) distances and six 
longer bonds to 0(3). The coordination polyhedron 
resembles a truncated trigonal dipyramid. 

Seifert & Schreyer (1969) have observed that the 
values of the cell constants of K2MgsSi12030 (a = 10-22 
c=14.15 A) differ substantially from those of 
Na2MgsSi~2030, or merrihueite, 
(K, Na, Ca)2Fe2(Fe, Mg)3Si~2030, and of roedderite, 
(Na, K)2Mg2(Mg, Fe)3Si12030, which all have an a =  
10.15+0.01 and c=14.29+0.03 /k. Osumilite with 
a =  10.16 and c=  14.28/~ may be added to this second 
list. The difference in the cell constants between 
K2MgsSi~2030 and osumilite can be explained by the 
occupation of the B sites by potassium atoms. In order 
to accommodate the large K atoms the O(1)oxygen 
atoms are pushed aside, thus increasing the value of 
the a cell constant. At the same time the 0(3) atoms are 
closer to the K(2) atoms of the B sites in KzMgsSi12030 , 
than they are in osumilite, where the B sites are vacant, 
thus reducing the length of the c cell constant. This is 
borne out by the distances and angles involving B, 

O(1) and 0(3). In osumilite (Brown & Gibbs, 1969) the 
distance B-O(1) equals 2.45 •, B-O(3) equals 3.18 A 
[compare with Table 4(a)]. The angle O(3)-O(1)-O(3) 
is 145 °, the distance 0(3)-0(3) is 5.11 A in osumilite; 
the corresponding values in K2MgsSi1203o are 133 ° and 
4.82 A. Thus the presence of the large K ion in the B 
sites increases the a cell constant by about 0.07 A, and 
decreases the c cell constant by approximately 0.14 A. 
In Na2MgsSi12030, in merrihueite (the only analyzed 
sample of merrihueite contains an approximately equal 
number of K and Na atoms; Dodd, van Schmus & 
Marvin, 1965) and in roedderite the B sites have to be 
occupied, but they can be populated by Na atoms, 
which would easily fit into the dimensions of the void 
as it exists in osumilite. Therefore comparatively large 
a and small c cell constants in this type of structure 
can be taken as an indication of the presence of large 
atoms in the B sites. Of course such a comparison can 
only be made for chemically similar members of the 
milarite mineral group, as has been done here. Milarite 
itself, which has ions of very different sizes in both the 
A and T2 sites, cannot be compared with K2MgsSi12030 
in this way. 

There are two additional sites (D and E) which pos- 
sibly may be occupied in milarite-type structures. 
There is no evidence that the 18-coordinated D sites 
inside of the hexagonal double ring are occupied in 
K2MgsSix2030. Ito et al. (1952) assumed that a water 
molecule is located in one half of the D sites in milarite, 
thus giving them an occupancy factor of 0.5. But their 
work is not of sufficiently high precision to establish 
this beyond doubt. Moreover Pasheva & Tarkhova 
(1953) in their refinement of the milarite structure did 
not confirm the presence of this water molecule. 
Brown & Gibbs (1969) had originally assumed that 

Table 2. K2MgsSi12030, positional and thermal parameters ( × 104) with their standard deviations 

The x, y, z are in fractions of the cell edge (x 104). The definition of the temperature factor is 

exp [ - (fla 1 h2 q- fl22 k2 + fl33 t2 q- 2fll2hk -b 2fll 

Equipoint x y z fill 
K(1) 2(a) 0 0 2500 32 (2) 
K(2) 4(d) 3333 6667 0 28 (2) 
Mg(1) 4(c) 3333 6667 2500 16 (2) 
Mg(2) 6(f) 50OO 0 25OO 3O (3) 
Si 24(m) 1126 (1) 3484 (1) 1124 (1) 21 (1) 
O(1) 12 (t) 1239 (4) 3788 (4) 0 62 (4) 
0(2) 24(m) 2183 (3) 2763 (3) 1396 (2) 5O (3) 
0(3) 24(m) 1551 (3) 4968 (3) 1708 (2) 32 (2) 

3hl + 2f123kl)]. 

fl22 fl33 ill2 ill3 fl23 
32 23 (2) 16 0 0 
28 18 (2) 14 0 0 
16 14 (2) 8 0 0 
20 (3) 12 (1) 10 0 0 
29 (1) 8 (1) 13 (1) -1  (1) - 2  (1) 
62 (4) 9 (1) 32 (4) 0 0 
55 (3) 17 (1) 39 (3) 1 (2) 3 (2) 
29 (2) 14 (1) 15 (2) -1  (2) 0 (2) 

Table 3. Possible cation and/or water sites in milarite-type structures 

Coordination Site Coordinates 
Symbol Equipoint n u m b e r  symmetry x,y, z 

T1 24(m) 4 1 0" 11 0.35 
T2 6(f) 4 222 ½ 0 
A 4(c) 6 32 ½ ~- 
B 4(d) 9 ( = 3 + 6) ~ ½ 
C 2(a) 12 62 0 0 
D 2(b) 18 ( = 12 + 6) 6/m 0 0 
E 6(g) 12 (=2+ 10) 2/m ½ 0 

0"11 
¼ 
¼ 
0 
¼ 
0 
0 
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Table  4. K2MgsSi12Oso, interatomic distances 
and bond angles 

a) Coordinations around K 
K(1)--O(2) (12 x ) 3.015 (2)/~ 
K(2)--O(1) (3 x)  2.635 (3) 
K(2)--O(3) (6 x ) 3"003 (2) 

(b) Octahedron around Mg(l) 
Mg(1)-O(3) (6 × ) 2.104 (2) 
0 (3 ) - -0 (3 )  (3 x ) 2-784 (3) 
0 (3 ) - -0 (3 )  (3 x ) 2.943 (3) 
0 (3 ) - -0 (3 )  (3 x ) 4.206 (4) 
0 (3 ) - -0 (3 )  (6 x ) 3.085 (3) 
O(3)--Mg(l)-O(3) (3 × ) 82.8 (1) ° 
O(3)--Mg(1)-O(3) (3 × ) 88.7 (1) 
O(3)--Mg(1)-O(3) (3 x ) 176.0 (1) 
O(3)--Mg(1)-O(3) (6 x ) 94"3 (1) 

(c) Tetrahedron around Mg(2) 
Mg(2)-O(3) (4 x ) 1.955 (2)/~ 
0 (3 ) - -0 (3 )  (2 x ) 2.784 (3) 
0 (3 ) - -0 (3 )  (2 x ) 3.204 (3) 
0 (3 ) - -0 (3 )  (2 x ) 3.544 (3) 
O(3)--Mg(2)-O(3) (2 x ) 90.8 (1) ° 
O(3)--Mg(2)-O(3) (2 x ) I10.1 (1) 
O(3)--Mg(2)-O(3) (2 x ) 130-0 (1) 

(d) Tetrahedron around Si 
Si O(1) 1.613 (1)/~, 
Si 0(2) 1.625 (2) 
Si 0(2) 1"630 (2) 
Si 0(3) 1.585 (2) 
0 (1 ) - -0 (2 )  2.646 (3) 
0 (1 ) - -0 (2 )  2.635 (3) 
0 (1 ) - -0 (3 )  2.649 (3) 
0 (2 ) - -0 (2 )  2"579 (3) 
0 (2 ) - -0 (3 )  2"616 (3) 
0 (2 ) - -0 (3 )  2"673 (3) 
O(1)--Si 0(2) 109.6 (1) ° 
O ( 1 ) ~ S i ~ - - O ( 2 )  108.7 (l) 
O(1)--Si 0(3) 111.8 (l) 
O(2)--Si 0(2) 104.8 (1) 
O(2)--Si 0(3) 109.2 (l) 
O(2)--Si 0(3) 112.5 (1) 

(e) Other distances 
K(1)--Si (12 x ) 3.702 (l) A 
K(2)--Si (6 x ) 3.296 (1) 
K(2)--Mg(l)  (2 x ) 3.538 
Mg(1)-Mg(2) (3 x ) 2.951 
Mg(1)-Si (6 x ) 3.482 (l) 
Mg(2)-Si (4 x ) 3.050 (1) 
Si Si (2 x ) 3.148 (1) 
Si Si 3.181 (1) 
D O(1) (6 x ) 3-420 (3) 
D 0(2) (12 x ) 3.249 (2) 
E O(1) (2x)  2.170 (2) 
E 0(3) (4 x ) 2.900 (2) 
E 0(2) (4 x ) 3.293 (2) 
E O(1) (2 x ) 3.399 (3) 

pecul iar  i r regular  shape of  the coord ina t ion  a r o u n d  E 
(Table  4) this does not  appea r  to be a very likely co- 
ord ina t ion  site. 

The general  crystal  chemical  fo rmu la  of  milarite- 
type phases  can therefore  be wri t ten as 
At6]ut9]c't12]r~txs]'v'~ta]Tlt4]n The D sites have been 2 ate2 ~ "  ~ a t ~ 3  12 ~ J 3 0 "  

included in the general  f o rmu la  even though  no p r o o f  
exists presently tha t  they are occupied in any milari te  
g roup  s t ruc ture ;  however  it seems to be a reasonable  
place for  a large a tom.  The E sites have  been excluded 
f rom the formula .  It  is to be under s tood  tha t  the co- 
o rd ina t ion  po lyhedra  a round  the B sites and  the D sites 
may  vary  f rom one milar i te- type c o m p o u n d  to the 
other.  These coord ina t ions  consist  of  two crystal lo-  
graphical ly  distinct oxygen a toms.  The shapes  and  di- 
mensions  [see Table  4(e)] of  these coo rd ina t ion  poly-  
hedra  are influenced mainly  by the size of  the a t o m  
occupying the B sites. A cat ion such as K would  dis- 
place the O(1) a t o m  towards  D as discussed previously 
and  influence the shape of  the coord ina t ion  po lyhedron  
a r o u n d  the D sites. A similar  cons idera t ion  is t rue for  
the E sites. 

The K - O  distances are of  the usual  length (Table 4). 
The oc tahedra l  Mg(1) -O(3)  dis tance of  2 . 1 0 / k  is dis- 

- 0 . 3 9  ..... - _ ) . . ' . , , : C l r ; .  
"?.i"/,', . ~.,0'25 [ 

\ •  V:.,': 
\ .  /-?.! 

; . 

, , 

" " 0 ( 1 )  

O (2) "~ " 

i 

0"25 0"61,0'39 

H 2 0  molecules are located near  the D sites in osumilite.  
But  this conclus ion was based  on their  faul ty chemical  
analysis  and  is no longer  tenable  (personal  communica -  
t ion of  Brown  & Gibbs  to Olsen & Bunch,  1970). One  
could also consider  the vicinity o f  the E sites as a pos- 
sible locat ion for  either cat ions or  water  molecules even 
though  these sites are not  occupied either in 
K2MgsSilzOs0 or  in osumilite.  Howeve r  because of  the 

2A 

" si 
11,  - o . 1 1  

Fig. 1. KzMgsSil:O30, view parallel to [001]. The K atoms are 
shown as circles, their bonds to the oxygen atoms as broken 
lines. The remainder of the structure is shown in polyhedral 
representation. The heights of some cations are indicated in 
fractional coordinates. Each type of oxygen atom is iden- 
tified once by an arrow pointing to it. 
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tinctly longer than the average of 123 Mg-O distances 
of 2.085 A reported by Baur (1970). The tetrahedral 
Mg(2)-O(3) distance of 1.955 A agrees well with the 
value of 1.88 A found by Smith (1953) in melilite if one 
considers that this is an (Mg, A1)-O bond. It is also in 
good agreement with the distances given for tetrahedral 
magnesium in spinel-phases: 1.944 A in MgAlzO4 
(Zorina & Kvitka, 1969) and 1.964 A in MgV204 
(Plumier & Tardieu, 1963). The angles around Mg(2) 
deviate very considerably from the ideal tetrahedral 
values [Table 4(c)]. The individual Si-O distances in 
the T I tetrahedron [Table 4(d)] are significantly differ- 
ent from the mean value of the Si-O bond length in 
equipoint T1. These deviations from the mean corre- 
late reasonably well with the Pauling bond strengths 
received by the individual oxygen atoms (Table 5). In 
Table 6 we present the calculation of the individual 
Si-O bond lengths based on the mean Si-O distance 
and the deviations of the individual bond strengths 
from the mean bond strength in the tetrahedron (rule 
3, Baur, 1970). This approach allows us to understand 
in a semiquantitative way the differences between the 
bond lengths in the T1 tetrahedra in KzMgsSilzO30 and 
in osumilite. In K2MgsSi~2030, where T2 is occupied by 
Mg 2÷, the 0(3) atom is undersaturated (1.89 v.u.). In 
osumilite, A13+ and Fe 3+ occupy T2 and consequently 
0(3) is slightly oversaturated (2.04 v.u.). The difference 
in 0(3) bond saturation is nicely reflected in the ob- 
served bond lengths. The Ad's indicate that in 

K2MgsSi12030 about one half of the variation in bond 
lengths can be attributed to the Apo of the individual 
oxygen atoms. In osumilite the agreement is even 
better, particularly if one considers the higher values 
of the e.s.d.'s of the Si-O bond lengths. The mean Ad's 
observed in these two cases are similar to those found 
for a larger sample in similar calculations for other 
silicates (Baur, 1971). 

All atoms except the 0(3) oxygen atom display a 
more or less anisotropic behavior (Table 7). The largest 
axes of the thermal ellipsoids of the atoms K(1), K(2) 
and Mg(1) are parallel to the c axis. This is reasonable 
because it is the direction in which the cations are al- 
lowed the largest vibration by the arrangement of the 
surrounding oxygen atoms. Similarly it is plausible 
that the largest motion of Mg(2) takes place in a plane 
normal to the long axis of the distorted coordination 
tetrahedron. The longest axis of the thermal ellipsoid 
of the Si atom is approximately in the plane (001) 
pointing radially out of the center of the hexagonal 
ring of tetrahedra. The long axes of the strongly aniso- 
tropic motions of atoms O(1) and 0(2) are in both 
cases in the planes normal to the vector connecting the 
two Si atoms to which these oxygen atoms are bonded. 
This motion reflects the strong bonding to the silicon 
atoms. The weak bonds to K(1) and K(2) obviously do 
not influence the thermal motion of O(1) and 0(2). 
The case is different for oxygen atom O(3), which is 
coordinated approximately trigonally by Si, Mg(1) and 

Table 5. Electrostatic bond strengths (Po) received by the oxygen atoms 

(a) In Mg216]K[9]K[12]Mg314]SiI2030 

K(1)[121 K(2)[ 91 Mg(1)[ 6] Mg(2)[4l Si ~=Po  
O(1) ~ 2 x 1-00 2"06 v.u. 
0(2) ~ 2 x 1"00 2"08 1 2  
0(3) ~ ~ ~ 1.00 1.89 

(b) In Osumilite, (Mg, Fe2+)216](K, Na)[12](AI, Fe3+)314](Si0.ssA10.15)12030 (Brown & Gibbs, 1969) 
K, Na Mg, Fe2+ AI, Fe3+ Si, A1 ~ =P0 

O(1) 2 x 0.96 1.92 v.u. 
0(2) _..t 2 x 0.96 2.00 

1 2  
0(3) ~ ¼ 0.96 2.04 

Table 6. Observed and calculated Si-O bond lengths 

The calculation is based on deale = (dobs,mean + 0"091APo).~ (Baur, 1970). (dobs = observed interatomic distance, Ad= dobs -- deale, 
v.u. = valence units). 

(a) K2MgsSil2030 

(b) Osumilite 

PO Apo dcalc dobs Ad 
Si-O(1) 2"06 v.u. 0"03 v.u. 1"616A 1"613 (1) A -0"003A 
Si-O(2) 2"08 0"05 1"618 1"625 (2) 0"007 
Si-O(2) 2"08 0"05 1"618 1"630 (2) 0"012 
Si-O(3) 1.89 - 0-14 1-600 1.585 (2) -0.015 

mean: 2.03 1-613 0.009 

Po Apo deale dob~ Ad 
TI-O(1) l'92v.u - 0"07v.u. 1"621/~ 1"621 (3) 0"000 
T1-O(2) 2"00 0"01 1"628 1"616 (5) -0"012 
T1-O(2) 2"00 0"01 1"628 1"640 (5) 0'012 
T1-O(3) 2"04 0"05 1 "632 1 "632 (5) 0"000 

mean" 1.99 1.627 0.006 
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Mg(2) and in addition by K(2). A tom 0(3)  appears  
therefore to be locked in, which is reflected in the fact 
that  the amplitude of its thermal motion is the smallest 
of  the three oxygen atoms and that its motion seems 
to be isotropic within the limits of  error. The details of 
the orientation of  the thermal ellipsoids thus are in 
qualitative agreement  with the geometrical arrange- 
ments in this crystal structure. 
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paratus)  and the Research Board of  the Gradua te  Col- 
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support  of  this work. We are grateful to Mrs Margare t  
Myers for providing the microprobe analysis, and to 
Drs F. Seifert & W. Schreyer for critical reading and 
constructuve criticism of the manuscript.  

Table 7. K2MgsSi12030, root-mean-square thermal 
displacements along principal axes and their 

orientations relative to a, b and c 

Displace- Angle with axis 
Axis ment [100] [010] [001] 

K(1) 1 0.111 (4)A - - 90 ° 
2 0.111 - - 90 
3 O. 154 (5) 90 ° 90 ° 0 

K(2) 1 0" 106 (5) - - 90 
2 0"106 - - 90 
3 0" 136 (6) 90 90 0 

Mg(1) 1 0.077 (5) - - 90 
2 0.077 - - 90 
3 0-119 (5) 90 90 0 

Mg(2) 1 0"087 (6) 90 30 90 
2 0.112 (4) 90 90 0 
3 0.116 (5) 0 120 90 

Si 1 0.088 (2) 68 (34) 87 (16) 28 (29) 
2 0.090 (2) 157 (32) 64 (5) 67 (33) 
3 0.109 (2) 98 (5) 26 (5) 104 (5) 

0(1) 1 0.095 (6) 90 90 0 
2 0.155 (6) 32 (85) 152 (85) 90 
3 0.158 (5) 58 (85) 62 (85) 90 

0(2) 1 0.105 (5) 27 (5) 145 (4) 81 (7) 
2 0.132 (4) 78 (8) 91 (8) 166 (8) 
3 0.157 (4) 67 (4) 55 (4) 79 (8) 

0(3) 1 0.108 (5) 99 (32) 21 (29) 96 (21) 
2 0-113 (5) 158 (27) 73 (34) 109 (24) 
3 0-121 (4) 110 (24) 78 (17) 20 (23) 
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The crystal structure of sulphathiazole II is known. The crystal structures of the other two known 
crystalline forms of sulphathiazole (N'-2-thiazolylsulphanilamide) have now been determined and are 
reported. The intensities were measured using Mo K~ radiation and an automatic diffractometer. The 
structures were solved by the application of the Karle-Hauptman ~2 relationship and refinement was 
done by full-matrix least-squares methods. The main differences between the polymorphs of sulphathia- 
zole lie in the hydrogen bonding and its effects on the arrangement of the molecules in the crystals. 

Introduction 

In the paper  reporting the structure determination of  
sulphathiazole II (Kruger  & Garner,  1972) crystallo- 
graphic da ta  for the other two known polymorphs,  

modifications I and III ,  were listed. This information 
is repeated here in Table 1. In order to investigate the 
structural differences involved in the polymorphism of  
sulphathiazole, the crystal structures of  sulphathiazole 
I and l lI have now been determined. 


