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ATRANES 

XIII. Crys ta l log raph ic  P a r a m e t e r s  of Some Si la t ranes*  

Ya. Ya. Ble idel is  

Khimiya  Gete ro t s ik l i chesk ikh  Soedinenii ,  Vol. 3, No. 3, pp. 431-434,  

UDC 546.287 + 548.73 

The X-ray method is used to determine the cyrstallographic para- 
meters and translation groups of the elementary cells of crystals of 
1-substituted methyl-, ethyl-, isopmpyl-, vinyl-, phenyl-, and 
phenoxysilatranes. From the linear and angular parameters calcu- 
lations are made of elementary cell volumes, the numbers of 
molecules which they contain, X-ray crystal densities, and the 
packing coefficients of the moleeules in the crystals. 

S i l a t r anes  (I) [2-101 a re  of cons ide rab le  i n t e r e s t  
on aecount  of the i r  s t r u c t u r e s  [7-9] ,  chemica l  p rop -  
e r t i e s ,  and biological  ac t iv i ty  [10]. 
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The relatively high stability of the silatranes, 
their high dipole moments [7], and resistance to 
irradiation during X-ray investigation are in all 
probability due to their molecules containing an 
intramolecular coordination bond between nitrogen 
and silicon atoms S--~- ~.  

However, a conclusive solution of the structure 
of silatrane molecules, the relationship between their 
structures and physicochemical properties, the pack- 
ing of the molecules in the crystals, and the nature 
of the bond between nitrogen and silicon atoms, can 
be secured only by determining crystal structure and 
e s t a b l i s h i n g  the i n t e r a t o m i e  d i s t ance  for  SireN by X- 

ray  a n a l y s i s .  
Fo r  the purpose  of choos ing  the mos t  su i tab le  

sub jec t s  for  X - r a y  study, of the s t r u c t u r e s  of the 
s i l a t r a n e s ,  we d e t e r m i n e d  l i n e a r  and angu la r  p a r a -  
m e t e r s  and the c e n t e r i n g  of the e l e m e n t a r y  cel ls ,  as 
wel l  as the ca lcu la ted  n u m b e r  of molecu les  in the 
e l e m e n t a r y  ce l l  of c r y s t a l s  of some  1 - a r y l - ,  1 -a lky l - ,  
and l-aroxysilatranes. The monocrystals of silatranes 
investigated are more or less extended colorless 
needles, with only one face zone, whose axis coin- 
cides with the axis of the needle itself. Such imperfect 
external faceting of the monocrystals makes it im- 
possible to use optical goniometry to secure prelim- 
inary data regarding the symmetry form of a crystal 
and the relevant parameters, as well as considerably 
complicaling crystal centering and aligning. 

*For Part XII see [i]. 
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The mount ing  of the c r y s t a l s  in the camera ,  and 
the subsequen t  match ing  of ce r t a in  c rys t a l log raph ic  
d i r ec t ion  of the e l e m e n t a r y  cel l  with the axis  of os -  
c i l la t ion  (or of ro ta t ion  when taking X - r a y  p i c tu re s  for 
photographing i n v e r s e  l a t t i ces ,  taking kforograms*)  
was done with X - r a y  p i c tu re s  taken with po lychromat ic  

r ad ia t ion .  
X - r a y  p i c t u r e s  we re  taken not  only with poly-  

ch roma t i c  r ad i a t i on ,  bu t  a lso  by us ing  osc i l l a t ion  and 
ro ta t ion  with scann ing  of the l aye r  l ines  in the c a m e r a  
for  photographing the i n v e r s e  l a t t i ces  (CPIL). The 
exposure  t ime  when obta in ing  osc i l l a t ion  X - r a y  photos 
in the angu la r  range  up to 20 ~ amounts  to 10 hours .  
Depending on the l aye r  l ine,  the t ime r equ i r ed  to take 
k f o r o g r a m s  var ied  f r o m  60 to 100 hours .  The in -  
ves t iga t ion  was c a r r i e d  out us ing  copper radia t ion ,  

XCu .= 1.54 A. 
The following parameters were found for the mono- 

clinic elementary cell of 1-methylsilatrane crystals, 
the calculations being based on oscillation X-ray 

pictures: 

a = 7,54 A 

b = 9,73 A 

c= 14.16 A 

In no case  did the devia t ion  of average  values  of 
p a r a m e t e r s  f rom those found for  the individual  l aye r  

l i nes  exceed =L 0.05 A. 
Monocl in ic  angle: fl = 122.6 ~ 
E l e m e n t a r y  cel l  volume: V = a"  b .  c" s in  ~ = 

= 875.22 
N u m b e r  of mo lecu l e s  in an e l e m e n t a r y  cell:  

N=. V.gp 3,96~4% 
157. M 

where  pp  is the dens i ty  of the compound as d e t e r m i n e d  

p y c n o m e t r i c a l l y  (1.421 g/cm3) .  
M = m o l e c u l a r  weight 189.28. 
The volume of the e l e m e n t a r y  cel l  e n t e r i n g  into 

the molecu le  is 

V_ 875.22_218.8 A[3]" 
. 

N 4 

The X - r a y  dens i ty  is PR is  
N. 1.67. M 

- 1.436 g / c m  3 . 
V 

*Artif--"~icial word derived from the initial letters of Kamera Foto- 
grafirovaniya Obramoi Reshetki = Reciprocal lattice camera (De Iong- 
Bouman method) in X-ray goniomet~y. 
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The table gives the c rys ta l log raph ic  c h a r a c t e r s  
of the 1 -subs t i tu ted  methyl - ,  e thyl- ,  i sopropyl - ,  
v inyl- ,  phenyl- ,  and phenoxys i l a t r anes .  

The o c c u r r e n c e  of 4 or  8 molecu les  in the e le-  
m e n t a r y  cel l  necess i t a t ed  addi t ional  proof of the 
cen t e r ing  of the e l e m e n t a r y  cel ls  in o rde r  to d e t e r -  
mine  the t r ans l a t ion  group.  For  this purpose,  o sc i l -  
la t ion X - r a y  p ic tu res  were  taken along the faces and 
3 - d i m e n s i o n a l  d iagonals  of e l e m e n t a r y  cel ls  of 
c ry s t a l s  of the appropr ia te  s i l a t r a n e s .  It was shown 
that the e l e m e n t a r y  cel ls  of all  the compounds studied 
are  p r i m i t i v e .  Regard ing  the s y m m e t r y  of the c r y -  
s ta ls ,  with the exception of 1 - m e t h y l - s i l a t r a n e  whose 
c ry s t a l s  a re  monoc l in ic  (monocl in ic  angle B = 122.6~ 
all  the o ther  compounds c r y s t a l l i z e  in the rhombic  
sys t em.  

Calcula t ion  of the volume of the e l e m e n t a r y  cell,  
due to one molecule ,  showed that it  i n c r e a s e s  as the 
molecu le  gets  more  complex,  s t a r t i ng  with 1 - m e t h y l -  
s i l a t r a n e  (218.8 /~D] ) and ending with 1-phenoxy-  
s i l a t r a n e  (310.58 /~ [3]). 

F r o m  the c ry s t a l l og raph i c  data  obtained, and the 
l i t e r a t u r e  i n t e r a tomic  d i s t ances  C--C = 1.54 A, 
C--.H= 1.08 A, C - - O =  1.42 A, C--N=/~[u] ,  S i l O =  
= 1.64 A B2], C--Si = 1.88 ~B3,14]; the covalent  rad i i  
of the a toms c o m p r i s i n g  the molecu les  of the s i l a -  
t r a n e s  r s i  = 1.17/~,  r o  = 0.66 ~ ,  rN = 0.70 i ,  r c  = 
= 0.77/k,  r H = 0.30 ~ ,  and the i n t e r r ao l ecu l a r  radi i  
of the co r r e spond ing  a toms r s i  = 1.34 A(atomic 
rad ius) ,  r O = 1.40 ,~, rN =ol .57 ~ ,  r c  al iphat .  = 
= 1.72 A, r C a roma t .  = 1.80 A, rH = 1 . 1 7  ~[1~, the 
packing coeff ic ients  of the molecu les  {I<) in the c r y -  
s ta l s  of the co r r e spond ing  compounds were  ca lcula ted .  
The n u m e r i c a l  value of this coeff ic ient  enables  the 
packing dens i ty  of mo lecu l e s  in a c ry s t a l  to be 
a s se s sed ,  and hence  to some  extent  the s t ab i l i t i e s  
of the c r y s t a l s  t h e m s e l v e s .  

If the volume V0 of a molecu le  is  made  up of 
i n c r e m e n t s  AV for  the s epa ra t e  a toms,  going to 
make  up :he molecule ,  then 

k N. Vo 
V ' 

where  N = n u m b e r  of mo lecu l e s  in an e l e m e n t a r y  cel l  
and V = e l e m e n t a r y  cel l  vo lume.  

The i n c r e m e n t s  AV of the individual  chemica l ly  
bonded a toms a re  equal  to the d i f fe rence  be tween the 
volume of a sphe re  rad ius  r, equal  to the i n t e r -  

mo lecu l a r  radius  of the atom under  cons idera t ion ,  
and the sum of the segments  cut off f rom it by val-  
ence-bonded  atoms with i n t e r m o l e e u l a r  r ad iuses  
ri ,  and having in t e ra tomic  d i s tances  d i, Hence 

AV=4/3nr 3- ~ l / 3 z d l ~ ( 3 r - h i ) .  
0 

The value of h i d e t e r m i n e s  the height of a segment ,  
and is  equal to 

r 2 + d p  - ri 2 
h i = r - -  

2di 

The sum of the i n c r e m e n t s  ca lcula ted  f rom the 
above formula ,  gives the volume of the s i l a t r ane  
pa r t  of the molecu le  as 134.76 ~[~]. The vo lumes  of 
groups R l inked to the s i l a t r a n e  pa r t  of the molecule ,  
the volumes of the molecu les ,  and the packing coef-  
f ic ien ts  of the molecu les  a re  also given in the table .  

The packing coeff ic ients  of the molecu les  of the 
s i l a t r a n e s  in the c r y s t a l s  show the l a t t e r  to be made 
up of quite dense ly  packed molecu les ,  and this is 
i n d i r e c t l y  indica ted  by the man i f e s t  capaci ty  of I for 
c ry s t a l l i z a t i on .  The l a t t e r  is  known to drop off as 
the packing coeff ic ient  d e c r e a s e s ,  and accord ing  
to ex i s t ing  expe r imen ta l  data ,  at k < 0.595 for -  
mat ion  of g l a s se s  s t a r t s  to p redomina te  over  c r y s -  
t a l l i za t ion .  

As can be seen  f rom the tab le ,  c r y s t a l s  of 1-e thyl  
and 1 - i s o p r o p y l - s i l a t r a n e s  have the lowest  packing 
coeff ic ients  (69.12%), and in all  p robab i l i ty  this is 
connected with the conf igura t ions  of the ethyl and 
i sopropyl  groups .  Pos s ib ly  the i n c r e a s e  in the 
packing coeff ic ient  of the molecu les  of 1 - m e t h y l s i l -  
a t r ane  to 73.02% is a t ta ined on account  of lower ing  
of the s y m m e t r y  of the c r y s t a l s  f rom rhombic  to 
monoc l in ic .  The i n c r e a s e  in the packing coeff ic ients  
of the mo l e c u l e s  in c r y s t a l s  of 1-phenyl  (71.95%) 
and 1 - p h e n o x y - s i l a t r a n e s  (71 .47%)wi th  p r e s e r v a t i o n  
of rhombic  s y m m e t r y ,  is explained by the compac tness  
of the phenyl  r i n g s .  

F u r t h e r  X - r a y  study of the c r y s t a l  s t r u c t u r e s  of 
the s i l a t r a n e s  is in p r o g r e s s ~  

It is  the au tho r ' s  p l e a s a n t  duty to exp res s  his  
s i n c e r e  thanks to M~ G. Voronkov and G. I. 
Ze lchan  for  the p a r t i c u l a r  monoc r ys t a l s ,  and for  
e x p e r i m e n t a l  values  of pp  for  the s i l a t raneso  

R a,A 

CH3-- 7.54 
CHzCH2-- 9.33 
(CH3)2CH 9.52 
CH2~CH-- 9.61 
C6H5-- 13,09 
CGHsO-- 13.64 

i 

b.s 

9,73 
16.45 
17,12 
30,53 
18,37 
8.41 

C r y s t a l l o g r a p h i c  P a r a m e t e r s  of S i l a t r anes  

6.65 

6.62 I 
10.021 
10.831 

m 

A D 

875,22 
1020.63 
1116.43 
1942.26 
2409.43 
1242.34 

RSi(OCH2CH2)3N 

, v, ,~ PP g/cm3 

218.80 1.421 
255.16 1,295 
279,11 1.25 
242,78 1.378 
301.18 1,364 
310.58 1.43 

m 

PR g / c m ~  

1.436 
1.323 
1.293 
1.376 
1.385 
1.429 

Volume of Volume of[~] ~. % 
group R, ~D] molecule, 

25.03 
41.60 
58.17 
37,58 
81.93 
87.20 

159.79 
176.36 
192.93 
172,34 
216.69 
221,96 

73,02 
69,12 
69.12 
70.99 
71 95 
71.47 
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