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In the s e r i e s  of o rganos i lasesqu ioxanes  [ R S i O 1 j s ,  the c rys t a l  s t ruc tu re  of the compound with 
R =allyl  has been de te rmined ,  it has been shown that i nc rease  in the length of the hydrocarbon  
group has no influence on the s t r u c t u r e  of the s i l i c o n - o x y g e n  core :  The ave rage  value of t h e  

o 

length of the S i - O  bond, 1.63 A, is the s a m e  as that  with the subst i tuent  R =CH3, C6H~, and vinyl .  

X - r a y  s t ruc tu ra l  s tudies of oc tamethy ls i l asesqu ioxane  [ CH3SiO1.518, oe tas i lasesquioxane  [HSIO1.518, oe ta -  
phenyls t lasesquioxane  [C~HhSiO1.5]8, and oc tavinyls i lasesquioxane  ]C2H3SiO1.5] 8 [ 1-4] did not revea l  any d i f f e r -  
ences in the s t r u c t u r e s  of the s i l i c o n - o x y g e n  cores  {frameworks) of the molecu les ,  g r e a t e r  than the uncer ta in ty  
of the de te rmina t ion .  It has been shown, however ,  that with inc rease  in the length of the hydrocarbon  group 
the re  is a change in var ious  phys icochemica l  p r o p e r t i e s  of the compounds (an inc rease  in solubil i ty,  a d e c r e a s e  
in the mel t ing  point, a d e c r e a s e  in densi ty,  etc.) ,  which in turn  mus t  be due to s t ruc tu ra l  cha r ac t e r i s t i c s ;  in 
fact ,  d i s o r d e r  of alkyl groups  [1, 4], an i nc rea se  in the t h e r m a l  v ibra t ions  of the a toms  towards  the end of the 
hydrocarbon  chain of the subst i tuent ,  and a d e c r e a s e  in the ~nteractions between the molecu le s  ~n the c ry s t a l  
have been observed .  

The c rys t a l  s t ruc tu re  of oc ta(a l ly ls i lasesquioxane)  [C3HhSiOi.5] 8 was de te rmined  in o rde r  to invest igate  
the influence of a new type of subst i tuent  on the s t ruc tu re  of the s i l icon-oxygen core  in the molecu les  of o rgano-  
s i lasesquioxanes  [RSiO 1.8] 8 and a lso  on the packing of the molecu les  in the c r y s t a l s .  

EXPERIMENTAL 

The transparent colorless crystals are triclinic: a =8.95(3), b =10.36(4), e=I0.50(3) A, ~ =93.6(2), fi= 
o 3 

91.3(2), 7=94.7(2) ~ V=962 (6) A ,dealc =1.28 g/cm 3, #MoK~ =3.3 em -I, Z =I C24H40SiaO12, space group P~. 

Single crystals were obtained by recrystallizing from a mixture of acetone and chloroform the crystalline 
product obtained by the hydrolysis of allyltrichlorosilane, previously purified by sublimation. 

The large errors obtained in the refinement of the cell parameters on a nSyntex P21n automatic diffrac- 
tometer are apparently due to the dimensions of the crystal (0.]5 • 0.35 x 1.25 ram), which lie beyond the opti- 
mum range; it was not possible to decrease the length of the crystal, because of its high sensitivity to the 
slightest strain and because of the restriction in the selection of a specimen for the structural study. The 
change in the quality of the crystal during the recording also influenced the final result -the high values of 
the standard deviations of the interatomic distances and valence angles, and the fairly high final R-factor 
(0.14). 

The intensi t ies  of 2615 ref lec t ions  were  m e a s u r e d  by the s tandard method (MoKa radiat ion,  graphi te  
m o n o c h r o m a t o r ,  0/2 0 scanning at a va r iab le  r a t e  with Vmtn = 5 deg /min ,  2 • x--45~ The re jec t ion  of the 
weak ref lec t ions  (< 2~) and averaging  of the equivalent  ref lec t ions  left  1934 re f lec t ions ,  which were  used to 
const ruct  the t h r e e - d i m e n s i o n a l  P a t t e r s o n  function; ana lys i s  of the posi t ions  of the peaks  of th is  function 
using c r y s t a l - c h e m i c a l  data on the s t ruc tu re  of the f r a m e w o r k  located the s i l icon and oxygen a toms  of the 
molecu le .  The subst i tuent  carbon a toms  joined to the s i l icon a toms were  a l so  found (R =0.274). 
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T A B L E  1. 

t he  A t o m s  Other  than  H y d r o g e n  

Atom 

--232 
t0t 
208 

--t33 
t8t 
264 
218 
t41 
042 
08t 

--401 

si(t) 
si(2) 
si(3) 
si(4) 
o(t) 
0(2) 
O(3) 
0(4) 
0(5) 
0(6) 
c(t) 

C o o r d i n a t e s  (x 10 3) and I s o t r o p i c  T h e r m a l  P a r a m e t e r s  o f  

z B~ sO' 
A 2 

--008 4,84 
--055 4,43 

t80 5,46 
228 5,16 
066 5,48 
107 7,71 

--139 5,36 
--160 5,98 

235 6,17 
045 4,6l 

--020 4,90 

t52 
242 
t07 
0t6 
2t0 

--034 
096 
136 
069 
234 
238 

Atom I 

C(2) 
C(3) 
C(4) 
C(5) 
c(6) 
c(7) 
c(8) 
c(9) 
coo) 
c0t) 
c(t2) 

t9t 
342 

--206 
--393 

13t 
257 

--228 
--48t 

0t6 
376 

--t5t 

4t2 
t58 
017 
293 
447 
285 
157 
288 
52t 
344 
199 

p z 

--i01 
294 
388 

--122 
--234 

358 
450 

--195 
--286 

4t6 
550 

I Biso, 

5,95 
6,67 
6,52 

t2,27 
10,98 
t3,83 
t0,98 
t5,0 
t7,9 
t9,4 
t5,6 

o 

T A B L E  2. I n t e r a t o m i c  D i s t a n c e s  d, A* 

Bond d Bond d Bond d 

Si0)--Si(4) 
Si(t)--Si(2) 
Si(t)--Si(3') 
Si(2)--Si(3) 
Si(2)--Si(4') 
Si(3)--Si(4) 
Average 
Si(l)--Si(t') 
Si(t)--Si(3) 
Si(t)--8i(4') 
Si(2)--Si(4) 
Si(2)--Si(l') 
Si(2)--8i(3') 
Si(3)--Si(4') 
Average 

3,07 
3,1t 
3,t8 
3,09 
3,17 
3,t8 

3,t3 
4,43 
4,44 
4,45 
4,36 
4,43 
4,48 
4,4t 

4,43 

Si(i)--O(2') 
Si(l)--O(6') 
Si(i)--O(3') 
Si(2)--O0) 
Si(2)--0(6') 
8i(2)--0(4) 
si(3)-o(5) 
si(3)-o(t) 
Si(3)--0(2) 
Si(4)--0(3) 
si(4)-o(5) 
si(4)-o(4') 
Average 

1,56 
t ,60 
t ,69 
t,51 
t, 64 
i ,67 
t ,63 
1,68 
1,73 
1,52 
t,61 
1,68 

t,63 

Si(3)--C(3) 
Si(I)--C(t) 
Si(4)--C(4) 
Si(2)--E(2) 
Average 
c(1)-c(5) 

c(2)-c(6)  
c(4)-c(8) 
c(3)-c(7) 
Av era ge 
C(5)--C(9) 
C(8)--C(t2) 
c(7)-c(11) 
c(6)-c0o) 
Average C=C 

t,7t 
1,8t 
i,82 
t,97 

1,83 
t,24 
1,57 
t ,58 
t ,67 

t,51 
t ,08 
t,27 
t,30 
1,44 

t ,27 

*The  s t a n d a r d  d e v i a t i o n s  in t he  i n t e r a t o m i c  d i s t a n c e s  do  
not exceed  0.02 f o r  S i - S i  and 0.03 fo r  S i - O  and S i - C ,  and 

o 

v a r y  f r o m  0.03 to  0.06 A fo r  the  C - C  b o n d s .  T h e r e  a r e  
two a n o m a l o u s l y  s h o r t  d i s t a n c e s  C ( 1 ) - C  (5) and C ( 5 ) - C  (9) 
and an  e longa ted  d i s t a n c e  C ( 6 ) - C  (10), c o r r e s p o n d i n g  to  a 
C = C  double  bond.  T h e s e  d i s t o r t i o n s  a r e  a p p a r e n t l y  due to  
t he  not  v e r y  high qua l i t y  of the  e x p e r i m e n t a l  m a t e r i a l .  With 
a l l o w a n c e  f o r  the  s t a n d a r d  d e v i a t i o n s ,  c r y s t a l - c h e m i c a l  
p o s i t i o n i n g  of t h e s e  a t o m s  is p o s s i b l e ,  but we c o n s i d e r e d  
it n e c e s s a r y  to  g ive  the  r e s u l t s  ob ta ined  a f t e r  the  r e f i n e -  
m e n t  by  the  me thod  of l e a s t  s q u a r e s  (the d i s t a n c e  C ( 5 ) -  
C (9) b e t w e e n  the  e l e c t r o n  d e n s i t y  p e a k s  is 1.15 A): 

The s econd  and t h i r d  c a r b o n  a t o m s  in the  a l l y l  g r o u p s  w e r e  found f r o m  F o u r i e r  and d i f f e r e n c e  F o u r i e r  
s y n t h e s e s ,  c o n s t r u c t e d  f r o m  the  p a r t  of the  m o l e c u l e  found.  The f o r m  of t he  p e a k s  and the  he igh t s  of the  m a x -  
ima  on the  m a p s  of the  d i f f e r e n c e  F o u r i e r  s y n t h e s i s  c o n f i r m  tha t  the  t h e r m a l  v i b r a t i o n s  of the  c a r b o n  a t o m s  

i n c r e a s e  t o w a r d s  the  end of the  h y d r o c a r b o n  cha in .  

The r e f i n e m e n t  of the  s t r u c t u r e  was  c a r r i e d  out by the  m e t h o d  of l e a s t  s q u a r e s  u s ing  the  p r o g r a m  f r o m  
the  s e t  " S y n t e x - X T L .  n The c o o r d i n a t e s  of the  a t o m s  do not e x c e e d  0.001 f o r  Si and 0.003 fo r  O, and v a r y f r o m  
0.004 to  0.009 f o r  the  C a t o m s ,  depend ing  on the  d i s t a n c e  b e t w e e n  the  c a r b o n  a t o m  of t he  a l l y l  cha in  and the  

s i l i c o n - o x y g e n  c o r e  of t he  m o l e c u l e .  
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Fig. 1. Packing of the molecules  in the c rys ta l .  

TABLE 3 .  Valence Angles co, deg* 

Aagle ~ Ar~gle 

0(2')Si(t)0(3") 
0(2' )Si(l)0(6') 
O(3')Si(t)0(6') 
0(1)Si(2)0(4) 
0(I)Si(2)0(6') 
0(4)Si(2)0(6') 
0(I)Si(3)0(2) 
0(t)Si(3)0(5) 
0(2)Si(3)0(5) 
0(5)Si(4)0(3') 
0(5)Si(4)0(4') 
o(3)si(4)o(4') 
Average 
Si(2)O(1)Si(3) 
Si(3)0(2)Si(t') 
Si(t')O(3)Si(4 ~) 
Si(2)0(4)Si(4") 
Si(3) 0(5)Si(4) 
Si(l')O(6)Si(2') 

Average 

t08,4 
t08,8 
1tt,9 
t05,4 
t13,4 
108,6 
t07,4 
105,6 
105,9 
t09,6 
t06,8 
107,t 

i08,2 
t50,2 
t49,5 
t46,8 
t53,4 
t56,3 
147,7 

150,7 

O(2')Si(l)C(t) 
O(3')Si(t)C(t) 
O(6)Si(t)CO) 
0(I)Si(2)C(2) 
0(4)Si(2)C(2) 
0(6')Si(2)C(2) 
0(t)Si(3)C(3) 
o(2)si(3)c(3) 
o(5)s~(3)c(3) 
0(5)8i(4)C(4) 
o(3')si(4)c(4) 
0(4')Si(4)C(4) 
Ave:age 
Si(1)C(t)C(5) 
8i(2)C(2)C(6) 
si(3)c(3)C(7) 
Si(4)C(4)C(8) 

Average 
C(t)C(5)C(9) 
E(2)C(6)C(10) 
C(3')C(7)C(tt) 
C(4')C(8)C(12) 
Average 

t033 
109,6 
t14,4 
106,7 
108,3 
t14.0 
tt6,2 
t06,4 
1t4,6 
109,2 
1t3,2 
110,7 

t10,5 
106,5 
tlt,4 
97,4 

113,9 

t07,3 
1t7 
t13 
t07 
111 

113 

* The p r imes  denote the atoms re la ted  by s y m -  
m e t r y  to the basis  a toms.  

S T R U C T U R E  O F  T H E  M O L E C U L E  A N D  C R Y S T A L  

O F  O C T A ( A L L Y L S I L A S E S Q U I O X A N E )  ( A L L Y L - T s )  

The m o l e c u l e  of a l l y l - T  8 [C3H5S[OI.5] 8 is c e n t r o s y m m e t r i c .  Its s t r u c t u r e  is shown in Fig .  1, w h i c h g i v e s  
the packing  of the  m o l e c u l e s  in the c r y s t a l .  The bond lengths  and va lence  angles  a r e  g iven  in Tab les  2 and 3 
r e s p e c t i v e l y .  
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The three tetrasi loxane rings form three  symmet r i ca l ly  independent faces of a "cube n (the deviation 
f rom 90 ~ for the angles between the a toms making up the "cube n does not exceed 1.5~ In each ring, the s i l i -  
con and oxygen atoms a re  situated in close, almost parallel ,  planes, the fo rmer  displaced c loser  to the center  
of the ~cube ~ and the la t ter  displaced fa r the r  f rom it. The deviations of the sil icon and oxygen atoms f rom 
the average  plane of the ring in these three  r ings a re  ~0.16, ~0.14, and • ~, and the oxygen atoms are  
displaced f rom the planes drawn through the silicon atoms of "their own" rings by 0.31, - 0 .28 ,  and -0 .27  _~, 
respect ively .  

The average value of the valence angle SiOSi is 150.7 ~ This is g r ea t e r  than in si loxanes with D 4 rings 
[3], and is due to the increase  in the strength of the p ~ - d ~  interaction in the molecules  of organos i lasesqui -  

o 
oxanes, compared with si loxanes.  The average value of the length of the S i - O  bond, 1.63 A, confirms that 
the length of this bond is independent of the nature of the organic substituent. 

The S i - C  distance var ies  in the range 1.71-1.97 ~, whereas its usual sca t t e r  is 1.81-1.85 A. 

The sca t te r  in the S i - S i  dis tances and the agreement  between the average  value and published data in- 
dicate that the pa r ame te r s  of the s i lasesquioxane f ramework  are  independent of the nature of the substituent 
and of the conditions of packing. 

The molecules  are  joined in the crys ta l  by van der  Waals fo rces .  

1 .  

2. 
3o 

4. 
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A complete c ry s t a l - s t ruc tu ra l  study of the complex [Sm (C2H302)3 (I-t20) ] �9 SC (NH2) 2 has been 
ca r r i ed  out. The Sm atoms are  situated in nine-apex f igures  formed by the oxygen atoms 
of the acetate  groups and the water  molecule (average S m - O  2.46 A) and joined to one an-  
other by shared O - O  edges to form infinite r ibbons.  The s t ruc ture  as a whole is of the 
r ibbon-isolated unit type and consists  of ribbons of Sm polyhedra and thiourea molecules  
with van der  Waals interactions between them. The thiourea molecules  and the acetate 
groups are  prac t ica l ly  planar;  the average distances are  O - C  1.27, C - C  1.49, C - N 1 . 3 2  
and C - S  1.71 A. A compar ison has been ca r r i ed  out with the previously  studied s t ruc ture  
of a complex compound f rom the f i rs t  ( L a - P r )  i sos t ructura l  group. 

The crysta l  s t ruc ture  of monoaquot r iace ta tosamar ium (lll)--monothiourea [Sm (C2H302) 3 (H 2 O)] �9 SC (NH 2)2, 
which is a representa t ive  of the second isos t ructura l  group (Sm--Lu) of the se r ies  of compounds with the gen-  
eral  formula  Ln(C2H302) 3 �9 SC(NH2) 2 "xH20 [1], has been determined in the course  of sys temat ic  studies of the 
complex compounds formed by the r a r e  earth element (REE) carboxylates  with urea  and thiourea.  We p r e -  
viously determined the s t ruc ture  of diaquotriacetatolanthanum (I I I ) -monothiourea  [2], a compound f rom the 
f i rs t  i sos t ructural  group ( L a - P r ) .  The aim of the present  work was to determine the mode of coordination 
of the ligands to the metal  and the role of the thiourea and water  molecules  in the s t ruc ture  of the c rys ta l ,  
and also to compare  the crysta l  s t ruc tures  of compounds of this se r ies  f rom different i sos t ruc tura l  groups .  
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