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Our 1978 rev  j ew of t he  t i n  ~t t u c t  u r a l  1 i t e r a t u r e  ( r e f .  11) reveals n.inv

exanp l  s of  a ~: i a i  lv  ‘~o~;t — e  Icc  t r cn t~~ at  lye  t r I gonal hi p V r a r n  i dal  t r i or ~~mi~t in

m o i t t  1 c s  in a.,s~~c a t  ed pe I~ ~~ r cha I n~ , but the ~ t r u c t u r e  of t r i~:~ •t  by I t  in a: ide

uni que  in co~ is  t i rig of SnC
3 

me i t t i ei~ in a l t  er n a t  ing (CR
3

) 
3
Sn ] cat  i uti i C

and [ N
3

(C}I
3
)

3~ n N ) ~ ai~ j~~n I c  e nv i  I ch:m t l t  s in a ont — d i m c i i t  luna l a~ x a v  w i t h  the

t i n  a t c ~~; b~ id~~ d at u n eq u a l  ~~~~ a I l c ( s  by the u — n i t  rogen a t c ~~: of the a / I d e  g r o up

at which s i t e  the chains arc bent.
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The X—Ray Crystal Structure of Trimethyltin(IV) Azide at 138K. A Unique,
One—Dimensional { [(CH

3
)
3
Sn]~

+[(cH)s n(N~) j5— } Polymer

By Desmond Cunnin~haxn,~~ M. B. Hossain, K. C. Molloj,~ D. van der
Helm* and J. J. Zuckerman*

(Department of Chemistry , University of Oklahoma, Norman, OK
73019 USA)

Summary

The structure of triinethyltin (IV) az ide , as determined

at 138K by X—ray diffraction, consists of one—dimensional

polymeric chains in which planar SnC 3 
moieties in alter—

nating [ (CH 3
)

3
Sn]~~~ and [N 3

(CH 3
) 3SnN 3

] 6 environments are

bridged through the ct—nitrogen atoms of the azide group .

Organic and inorganic derivatives of the azide group exhibit a

variety of properties which have made them the subject of continu—

ing interest. While organic azides are of importance in the drug

and dye industry , it is among the metal azides that the most subtle

variations of bonding and stability occur, thus placing this class

of compounds both at the forefront of research in the explosives

industry and as model systems for investigation by the structural

chemist~ .

Triorganometal (IV) azides are unique insofar as they have

relatively high thermal stability and appear to be shock insensi-

tive
2
. Tr1met~y1si1y1— and germyl azides are liiuids at room

leave from the Department of Chemistry , University College, Gaiway ,
Ireland .

*Author(s) to whom correspondence should be addressed .
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tempe rature and apparent ly  monomeric , whi le  the co rr e sponding

azide der iva t ives  of t i n  and lead are r el a t ively  h i g h melting

solids ( 1210 and ‘200°C, decomp., respectively). Although

i n f r a red  and ~tZ~asbaue r studies sttong1~ suggest .t ~~lvuieric

s t ruc tu re  for  t r lm e t h v l t i n  az ide ,
3 8  t h e  i n t r i g u i n g  que~;t ~en

of how the  an dy b r i d g i n g  actual ly occurs , i . e . ,  th roug h the

ct—nit rogen onl y or , as has been suggested , 3 , 8 , 9 t h r o u g h  b o t h

the a— and y—n itrogens , remains uncertain. The situation has

prompted us to make a p re l iminary  report  of the c rys ta l  structure

of this complex.

Sui t ab le  c ry s t a l s  were ob ta ined  by slow vacuum sub i  Im at  ion

at ca .  70 °C. Tr t m e t l i y l t l n ( I V )  j y i d e  c r v s t . t l i  i.~es in  the ortho—

rhombic space group Puc2 , a = 8 .684(1 ) ,  b = 11. 72 7y i ) , and c

h . b 1 2 ( 1) A , ~ 4 , V 673 .35  
~c a i c  2 .03  g cc 3 . D i f f r a c t  Ion

da ta  were c o i l  cc ted on an Enr a f — N o n  I us CAI ’— 4 a u t o m a t  i c d 1 f f  rae tome—

tor at 1 38±2K and wer e  c o r r e c t e d  f o r  Lorcn tz , pe I at  i :at ion  ~i nd i h s o r p —

10
t Ion o f t  cc t s . The s t r u c t u r e  was so I ~‘cd by P at t er s on  and d i t  t cr-

one c Four i c r  met hod s . The t In and non—hi vd  r egeit  I I ght  at  ems we to

r e f i n e d  .ut j~~ot rep ic . t  l i v  and isot t op i c i l  Iv , resp ec t  ly e  Iv • t o  an

R—va lue of S. ‘ n ’. t or Q . .~ tin I quc ret lee  t t en s  or t~ • ~
‘ J ’ . for a I I d a t  a

( 1249 r e f l e c t  lon s ’t u s i n g  a b i o c h — d  l , t g o n . i I  l eas t  squa t-es program.

The streic t tire is shown In F I g u r e  1 along w i t h  p er t  I t t e i i t
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bond l eng ths  and angles.  The cha in  polymeric na tu re  of the compl ex

is confirmed , but there are two other notewor thy  f ea tu r e s  a s soc i a ted

wi th  the s t r u c t u r e .  F i r s t ly ,  b r i d g i n g  is t h rough  t h e  ~— n 1 t rogcn ot

the azide group at which the chains are bent  w i t h  an S n ( l ) — N ( l ) - S n ( 2 )

angle of l 3 3 . 2 ( 4 )°  in an analogous manner to tha t found in s i m i l a r

I i  I:’ I t
- species, especially trimethvltln chloride and methoxido . The

SnC
3 
moieties arc ecli psed in the former , hut staggered as in our

azide in the l a t t e r .  In t r i m e t hv 1~
” and t r ip h cn v lt l n

1 
l so th i oc va n at e .

on the o ther  hand , the  b r id ging occu r s throug h both n i t r ogen  and

su l fur  atoms .

Secondl y ,  as a d i rec t  consequence of the space group svunnetrv

there are two non—equ iva l en t  t i n  s i t e s , a l ter n at e  t i n  atoms makin g

two short ( 2 . 2 9 0 & n ) A ]  or two long [2 . 4 4 1( 6 ) A )  bonds to n i t r o ge n  (see

Fi gure 1). The geometry a t  each t in  Is t r igo n al  h ip v r a m i d a l  w i t h

the SaC 3 
m o i e t ie s  p lanar , and the  more oiec~~ ouega L i v e  ni t rogen at

occupy ing a p i c a l  pos i t  ions w i t h  an N ( f l — S n — N ( I  ‘ ) angle cr 1  17~ . $( ~) °  aysoc i a t  ~~

w I t h  the shor t  Sn—N bonds , and an ang le of l 7 8 .4 ( 3 ) °  a s s o c i a te d w i t h

the long Sn-N bonds.  This  the  only example of an associa ted o rga not i n

i i  H
pol ymer in wh i c h  t h e  cha ins  cons is t  of a l t e r n a t i n g  t i n  e nv ir o t i m o nt s .

This  a r rangement  is  p robab ly  best  descr ibed  as a combinat ion of t n —

m ct h y l t i n ( l V ~ cations and t r i m c t I t v l t i t i ( l V ~ d i ~i : i d ’  an ions , i [  ( C h I ~~) ~Sn 1
, +

N 
~~~~ ~‘t ~~riN 

~~

‘ 

~~
‘ 

in a ont ’— ~l i i t s ’ns iona1  . i r i av . The t i n  at o~nc

. l lQm
are not ~~t I ~ t 1~~

•. t e n t  I V  dl f t  e ren t  to he d i s t  in gu i s hed  1w Sn ~-lossbauer
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sp e c t r e s c e l r v t t r  l i t  i s  and other o r g a t t o t  l n (  1V) a~ ides are  c u rr en t  lv

be ing  s u b j e c t e d  t o  so l i d  s t a t e  t l n — 1 1 9  nnir s tud y .  ~

Ack n o w l e d c e m , - t t t  . Our wo r k i s  suppor t ed  by the  U . S .  O f f i c e  of N ava l  IResearch (3. 1 . ‘ . ) and t h e  N a t  ional Cancer Inst. tute , P.S. D. H. } ‘T. W .

— th roug h ( :r . t t i t  Nc r . ~ A — I 7~r r ~ (D, v .d .  U . ) .

i~
.
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Figure 1. A segment of t h e  pol y m e r i c  s t r u c t u re  of t r i m e t hy l t i n

a z i d e , showing atomic labelLing. Atoms related by

a two—fold snu ~etrv along c are p r i m e d .  Atoms In

special  p o s i t i o n s  .trc: Sti (l), C(1)[O,O,z; W v k o f f

n o t a t  ~~O1~~~ c ) ;  Sn ( 2 ) , C (.~) [ 1/ 2 , ~~, ; b ] .  The remaining

atoms are in general positions. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .- .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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Our l~~7S r e v i e w  c i  t h e  t in i r u c t  u r a l  l i t  e r a t u r e  ( r e f .  11) reveals  m any

examp les of a x i a l  l v — n i o s t — e l . - c t r c i n - g a t  ly e , t r i g o n a l  h i p v r a m i d a l  t r i o r ~~i n c t  in

moieties ~n a s s o c ia t e d  P O l Y r n t r c h a i n s , but t he  st  ructur c ot  t r i m e t h y l t in  a z i d e

Is u n i q u e  in cons 1st i tig of Si iC  fl~~
) j e t  i ~s; i n  . t l  t crn a t  lug  I (Cu

3
) 
3
Sn] ~ c a t  i o n i c

and [N (CU 3
) ~~~~i i ~~ 3 1 an le n t c eflV I ronm en t  S in a one—d m on t  ion a I a r ray w i Lit the

t i n a toms r dg e d  i t  u i tequal  d i s t a n c e s  by t i i c  i — i t  it rogen atoms c i  i i t -  az id e  g r o u p

at which sit , - t he  ch a i n s  a r e  l ’r n t

I

- __________________________—.———.- - - ~~~~~_~~_~~T - ’ -~ ~~~~~~~~~~
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