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ABSTRACT

A s e r i e s  o f  complexes o f  the  form

,

-Pt ^
/  \

X PEt_
/  ' .

A »
were p repa red  and c h a r a c t e r i z e d  for," a s e r i e s  of f o u r t e e n  X l i g a n d s .

2 3 3 ' ■
The v a lu e s  o f  and 3pj._p were o b ta in ed  in  o rd e r  to

examine the  c o r r e l a t i o n  of th e se  c o u p l in g s  with  o th e r  measures  o f  the

2t r a n s - i n f l u e n c e .  I t  was found t h a t  J „ . - „  c o r r e l a t e d  in  a l i n e a r    P t - F .
3fa s h io n  wi th  o t h e r  measures o f  t h e - ^ t r a n s - i n f l u e n c e , bu t  J  and

  ’ P t - F .
3 \

d id  n o t .  The lack  o f  a l i n e a r . c o r r e l a t i o n  fo r  the th ree  bond
2

coup l ings  i s  . a sc r ib e d  to  a va ry in g  through space c o n t r i b u t i o n  to  those

c o u p l in g s .  The magnitude of the through space coup l ing  depends n o t  only

on the d i s t a n c e  between the p la t inum  and f l u o r i n e  n u c l e i ,  bu t  a l s o  on

the o r i e n t a t i o n  o f  thp plane of  the p e r f l u o r o v i n y l  l ig a n d  wi th  r e s p e c t  
.

to  çhe square  p lane  of  l ig a n d s  about  pTaïinum.

S u p e rv i s o r :  Dr.  S.G. Gibbins

I I  The* compound l i t h i u m  o c t a h y d r o p e n t a b o r a t e ( l - )  was p rep a red

and shown to decompose upon removal of  s o l v e n t .  Dime thyIboron  Bromide



l i t

n

\

was r e a c t e d  with  l-l thium o c t a h y d r o p e n ta b o ra te (  L-) in e t h e r

to  form ^ - d i m e t h y l b o r y  lp e n ta b o r a n e ( 9 )  , b u t  the  co r re spond ing
^  *

r e a c t i o n s  ‘of the  l i t h iu m  b o r a t e ( l - )  s a l t  with d ie thyla luminum c h l o r i d e  

and d i m e th y l th a l l i u m  bromide were u n s u c c e s s f u l .  This  l a c k  of success  

was a s c r i b e d ,  f o r  the  aluminum compound, to the r a p id  fo rm a t io n  of  the 

e t h e r a t e  of  d ie thy la luminum bromide and, f o r  the  t h a l l i u m  compound, to  

the  two phase  . r e a c t i o n  system.

A ttempts  were made to  p repa re  the  b r idged  compounds by the  

d i r e c t  r e a c t i o n  o f  p e n tab o ran e (9 )  with  i j  cri.methy 1 aluminum and i i )  t r i -  

m e thy lbo rane .  The only  v o l a t i l e  borane r e a c t i o n  p roduc ts  were t e rm in a l ly

a l k y l a t e d .  The r e a c t i o n  o f  pe ,ntaborane(9) with tr imethylaluminum gave

(  . ' ■ a hydrogen r i c h  r e a c t i o n  r e s i d u e  ot  e m p i r i c a l  formula AlC^ y

The chemical n a t u r e  o f  t h i s  r e s i d u e  was no t  e l l , u c id a te d .
» ' f»

, S u p e rv i s o r ;  Dr.  G.W. Bushnell

The c r y s t a l  s t r u c t u r e '  o f  b i s ( d i e t h y l a m i n o } d i t h i a b o r e t a n e

[(C2 h^);^NBsJ 2  -has been de term ined  by means of  x - r a y  d i f f r a c t i o n .  The '
- ■

c r y s t a l s  be longed to  the t e t r a g o n a l  system, space group P, „ • (No. 92) .
1 1

The u n i t  c e l l  dimensions were e s t a b l i s h e d ^ i n i t i a l l y  by pho tqg raph ic  work

and f i n a l l y  uy d i f f r a c t o m e t e r  measurements,  i n t e n s i t i e s  of 373

r e f l e c t i o n s  were measured on a fo u r  c i r c l e  mahual d i f f r a c t o m e t e r  and the 

s t r u c t u r e  refinqd* to  an R- va lue  of ^ 0 9 3 .  Thé m o lecu la r  symmetry i s  

approx im a te ly  222 (Dg,). '
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CHAPTER I  

INTRODUCTION

P e r f l u o r o v i n y l b i s (  U r ie t :hy lphosph inG )p la t inum ( l l )  Complexes

V
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A Note on Formulae

For the  purposes  o f  t h i s  work the formulae o ^ s ( t r i e t h y l -  

p h o s p h i „ e ) p l a t i „ u m ( I I )  complexes can be c o n s id e re d  to  be o f  two types ;

!)■ Those in  which the - t h i r d  and. f o u r t h  l ig a n d s  a re  a n io n ic  

(X and Y) a r e  g iven  the formula [p tX Y (P E t^ ) j  and,

2) Those in  which the t h i r d  l ig a n d  i s  a n io n ic  (x) and the 

f o u r t h  n e u t r a l  (L) a r e  g iven  the formula  |p tXL(PEt^)^ l

Thus the s e r i e s  o f  p e r f lu o r o v in y lb i& r ie t h y l p h o s p h in e ) p la t in u m ( I I )

'  the  f o u r t h  • l i g a n d  i s  a n io n ic  h a v e ^ e  formula

. t r a n s .  ^ t x ( % ) ( P E t ^ y  while  i f  the  f o u r t h  l i g a / f T n e u t r a l  the  

formula  i s  t r a n s - [ p t ( c ^ F ^ )!.('P R +.

To avo id  r i p e t l i ^ w h e p -  both s e r i e s  a re  being c o n s id e re d  ■ 

to g e th e r  the  g e n e r a l  formula t r a n s -  ^ t ' & C g P ^ C P E t y J  w i l l  b e ,u se d .

The formulae [ptUCH3KPEt3) J  o r ^ - j ^ t L c K P E t ^ l J  should

be read  a s  i n d i c a t i n g  t h a t  1 could  be e i t h e r  an a n io n ic  or  n e u t r a l  '

l i g a n d .  When e i t h e r  s e r i e s  i s  d i s c u s s e d  s p e c i f i c a l l y  the  s t a n d a rd  '  

formula  w i l l  be used .

I t  should  a l s o  be no ted  t h a t  the  symbols E t  and Ph' w i l l  be 

used for CgHg and respectively  throughout th is  work.

)



l . L .  Generg^l —

T r a n s i t i o n  e lem ents  have been d e f in e d  as  e lem en ts  which

haye p a r t l y  f i l l e d  d or f  s h e l l s  in any o f  t h e i r  commonly o c c u r r in g

( 1)o x i d a t i o n  s t a t e s .  The ground s t a t e  f o r  unbound t r a n s i t i o n  m e ta l
*

atoms or  ions  co rre sponds  to  t h a t  s t a t e  in  which a l l  f i v e  d o r b i t a l s  

a re  e n e r g e t i c a l l y  d e g en e ra te .

When a t r a n s i t i o n  m eta l  atom or  ion i s  surrounded by l i g a n d s ,  

the  e n e r g i e s  o f  the  d o r b i t a l s  on .the met^al.a te  in c re a s e d  due to i n t e r ­

a c t i o n  w i th  the  e l e c t r o n  c louds  on the l i g a n d s .  The•degeneracy  o f  the 

d o r b i t a l s  i s  a l s o  p a r t i a l l y  removed. To examine t h i s ,  c o n s id e r  a 

t r a n s i t i o n  m eta l  in  an o c t a h e d r a l  env i ronm ent ,  f f  the l ig a n d s  a re  

p re su  d t o  be l o c a t e d  on the C a r t e s i a n  a x e s ,  i t  can be seen t h a t  the

'metal  d 2 a n d 'd  2 2 o r b i t a l s  p o in t  d i r e c t l y  a t  the  l i g a n d s ,  whi le  thez X -y J . o J

d , d and d o r b i t a l s  a re  d i r e c t e d  between the l i g a n d s .  Thus the xy yz xz •

i n t e ^ l e c t r o n i c  r e p u l s i o n s  a re  s t r o n g e s t  fo r  an e l e c t r o n  in  the  d^2

and d^2 ^2 o r b i t a l s ,  and the'se o r b i t a l s  a r e  h ig h e r  in energy than the

d d and d o r b i t a l s .  F igure  I -  The d 2 and d 2 2 o r b i t a l s  a re  x y . yz xz ' x  z x -y

now r e f e r r e d  to  a s  the e o r b i t a l s  and the'  d , d and d o r b i t a l s  vg xy yz xz

a re  r e f e r r e d  to  as  the L_ o r b i t a l s .  These d e s i g n a t i o n s  have . t h e i r
2g .

o r i g i n  in  group th e o ry .  ' /  ■

j  I f  . an o c t a h e d r a l l y  complexed t r a n s i t i o ^ m e ta  1 possessed

e i g h t  d e l e c t i o n s  s i x  o f . t h e s e  e l e c t r o n s  would occupy the  t^ ^  o r b i t a l s

whi le  the  rem ain ing  p a i r  occupied  the e o r b i t a l s  with  p a r a l l e l  s p i n s .

But i f  the complex were t o ' d i s t o r t  in  a t e t r a g o n a l  manner, i e . , the
»
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F igu re  I

d O r b i t a l  S p l i t t i n g s  in an O c tahed ra l  F i e l d

l ig a n d s  oh the z moved f a r t h e r  from the  m etal, the energy of  the

d^2 would drop as'shown in  Figure I I .  i f  the te tragon a l d i s t o r t io n  was 

g r e a t  enouglf the e l e c t r o n s  which had occupied the  e^ o r b i t a l s  with 

p a r a l l e l  sp ins would now occupy the lower energy  d^2 o r b i t a l  with 

p a i r e d  s p i n s ,  f t  has  been found t h a t  f o r  v e r t  l a r g e  t e t r a g o n a l ,  

d i s t o r t i o n s ,  o r  the  l i m i t i n g  case  o f  square  p l a W  c o o r d i n a t i o n ,  the 

energy  o f  the  d^2 o r b i t a l  drops below t h a t  o f  the  d^ o r b i t a l . ^ .

The . t r a n s i t i o n  m e ta l  ions  which a r e  commonly found to  have 

square planar coord ination  are R h ( l ) ,  l r ( l ) ,  P d ( l l )  and A u ( l U ) ,  a l l
g

o f  which are d s p e c ie s . '  Of these P d ( l l )  and P t ( l l )  have rece iv ed  the

most a t t e n t i o n .

Square p la n a r  complexes p a r t i c i p a t e  in th r e e  main types of
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Square P la n a r  
F i e l d

F igu re  I I

.8O r b i t a l  S p l i t t i n g  f o r  d Ions  in  

O c tah e d ra l  and Square P la n a r  F i e l d s

r e a c t i o n .  These a r e :
’

1) O x ida t ive  a d d i t i o n .  This  r e a c t i o n  can be s c h e m a t i c a l ly  

I r e p r e s e n t e d  as

+ X-Y-
(

and examples a re  ■
* _ ;

a) t r a n s - f e t l ( C H , ) ( P E t ^ ) j  + CH^I ---------^‘[ptl^CCU^)^(PEt^) J

b) t r a n s -  [ irSKCO)(PPh^)^] + ------------ t^rHgClCCOOCPPh^) ]

2) I n s e r t i o n  iii.to m e ta l -hydrogen  o r  m e ta l - c a rb o n  bonds.

O le f in s  w i l l  i n s e r t  i n t o  meta l -hydrogen  bonds as in '

t r a n s -  [ p t I lC l ( P E t^ ) J  + ^  t r a n s -  |p tC l(C^H,) (FEt^) j

and carbon monoxide w i l l  i n s e r t  i n t o  m e ta l - c a rb o n  bond? as  in

t r a n s -  ^ tC l (C H ^) (P E t^ )^ ]  .+ CO; » t r a n s -  [ptcKCOCII^^)(PEL^)^]



’3) S u b s t i t u t i o n  r e a c t i o n s . ' S c h e m a t i c a l l y  these  r e a c t i o n s  

can be rep re sen ted ^  as

L'M-A + IE -----------------> L-M“E + A . . . . . . .  ( l . l )
A i  . .

Of the  above r e a c t i o n  types '  s u b s t i t u t i o n . r e a c t i o n s  have 

been s tu d i e d  most.  ^ K i n e t i c i s t s  have examined s u b s t i t u t i o n ' a t  square  

c o o rd in a te  P t ( l l )  in  g r e a t  d e t a i l ^  I t  has  been demonst ra ted  t h a t  th6

normal mode of  s u b s t i t u t i o n  i s  a s s o c i a t i v e ,  i . e . ,  a f i v e  c o o r d in a te

( 2 ) ■ 
in t e rm e d ia t e  i s  formed. A number o f  f a c t o r s  appear to  have an e f f e c t

on the s u b s t i t u t i v e  r e a c t i v i t y  of a complex. ■ Thesp a r e :

 ̂ 1) The n a t u r e  o f  the  e n t e r i n g  group.

2) The n a t u r e  of the  o t h e r  l ig a n d s  in the  complex. '

3) 'The n a t u r e  o f  the l e a v i n g  group.

4) The n a t u r e  of  the  r e a c t i o n  c e n t e r ,

The f a c t o r s  a re  l i s t e d  in  o rd e r  of dominant e f f e c t .  In e q u a t io n  I ' . l

we can r e l a t e  p o i n t  1) to  the  n a t u r e  o f  E> 2) to  the n a t u r e  o f  L and

X, 3) to  th'e n a t u r e  of A, and 4) to  M. In  t h i s  work* M ( P t ( l l ) )  i s

unchanged, as  a re  the  X l ig a n d s  ( ( C y l r ) n P ) .  The f a c t o r  2) can be 
y " /
f u r t h e r  su bd iv ided  i n t o  the  c i s - e f f e e t  d e a l i n g  with  the  e f f e c t  of  X

Q *
on the  r e a c t i o n  r a t e ,  and the  t r a n s - e f f e c t  d e a l i n g  with the e f f e c t  of

L. Compared with the t r a n s - e f f e e t  ‘ thé  c i s - e f f e e t  i s  q u i t e  smal l  ; i t

i s  of  importance only in  t h o s e - c a s e s  in  which the  ligancf t r a n s  t o - t h e
< '

s u b s t i t u t i o n  s i t e  has  ^ v e r y  smal l  t r a n s - e f f e c t .

* I n ' d i s c u s s i n g  the t r a n s - e f f e e t  s e p a r a t i o n  i n to  two p a r t s  i s

u s e f u l .  These a re  ground s t a* e  e f f e c t s  and t r a n s i t i o n  s t a t e  e f f e c t s .



4,

and can be "described d iag ram a t ica lL y  as  in  F igu re  I I I .

X

A

Energy

r /

Ground
S t a t e .
R ea c tan t s

a

-A

T r a n s i t i o n  
S t a t e .
F ive  

Coord ina te  
In t e r m e d ia t e

X

-i
i

L M '£ + A

Pro d u c ts

F ig u re  I I I  
>

Energy Pathway f o r  S u b s t i t u t i o n  R eac t io n s  

in  Square P la n a r  Complexes

To s tudy  the o v e r a l l  t r a n s - e f f e e t  k i n e t i c  d a ta  i s  n e c e s s a r y ,

but a s tudy  o f  the  ground s t a t e  can be conducted by n o n - k i n e t i c  methods .
'

In the y e a r s  s in ce  1966, wheh the d i v i s i o n  between ground s t a t e  and 

a c t i v a t e d  s t a t e  e f f e c t s  was f i r s t  sugg( |s ted ,  c o n s id e r a b l e  d a t a  have 

been c o l l e c t e d  r e l a t i n g  to  the e f f e c t  of  the  l igand  L on the s t r e n g t h  

of the bond t r a n s -  to i t s e l f  in the  ground s t a t e  of  the m olecu le .  This



body of "data has been c l a s s i f  ielTTunder the head ing  of  t r a n s -  

i n f l u e n c e .  The work d e s c r i b e d  in  t h i s  t h e s i s  i s  s o l e l y  concerned 

with  the measurement of the  t r a n s - i n f l u e n c e  fo r  a s e r i e s  of  P t ( I l )  

complexes.

/

1 /2 .  The f r a n s - i n f l u e n c e

1 . 2 . 1 .  T h eo r ie s  of  the T r a n s - i n f l u e n c e

The major p a r t  o f  the fo l lo w in g  m a t e r i a l  i s  from Apple ton '« iS ^
(3) (4)

e t  a l  and H a r t l e y  . S p e c i f i c  r e f e r e n c e s  a r e  g iven  to o the r

so u rc e s .  '  .

The t r a n s - i n f l u e n c e  of a l ig a n d  h a s  been d e f in e d  as .the
r

e x t e n t  to  which t h a t  l ig a n d  weakens a bond t r a n s -  to  i t s e l f  in  the

( 5 ) ' 'e q u i l i b r iu m  s t a t e  of  a complex whereas the t r a n s - e f f e c t  of the
*

l ig a n d  is ,  the e f f e c t  the l ig a n d  has on the  r a t e  of  s u b s t i t u t i o n  

r e a c t i o n s  a t  a s i t e  t r a n s -  t o  i t s e l f .  The t r a n s - i n f l u e n c e  i s  thus  

thermodynamic, in n a t u r e ,  whereas the  t r a n s - e f f e c t  i s  a k i n e t i c
Î ,

phenomenon.
■

( 6)G rinberg  advanced the  e a r l i e s t  theo ry  of  the  fo r ce s  

l e ad in g  to  the t r a n s - i n f l u e n c e .  He p o s t u l a t e d  t h a t  the m e ta l ,  H, 

induced a d ip o le  in the  t r a n s -i i n f  luence  l i g a n d ,  L. L in t u r n  induced 

a d ip o le  in  M, d i s p l a c i n g  e l e c t r o n i c  charge toward A, th e reb y  weak­

ening  the M-A bond. F ig u re  IV. However, t h i s  theory  i s  g e n e r a l l y
I

discoun ted  s in ce  i t  i s  based on e l e c t r o s t a t i c s ,  bu t  the  bonding in



d

F ig u re  IV

G r i n b e r g ' s  P o l a r i z a t i o n  

Theory

those complexes fo r  which the  t r a n s - i n f l u e n c e  is^^-r^ t  pronounced

( P t ( l l ) )  i s  b e l i e v e d  to/ be mainly c o v a l e n t .

( 7)Syrk in  p o s t u l a t e d  a theory  of the t r a n s - in f l u e n c e  based 

on the h y b r i d i z a t i o n  of m e ta l  s and d o r b i t a l s  a s  shown in  F ig u re  V. 

The L-M-A a x i s  can be co n s id e re d  to  be a long  e i t h e r  the x a x i s  (s+d) 

or y a x i s  ( s - d ) .  I f  L forms a s t ro n g  c o v a le n t  bond with  M i t  w i l l  

d ec rea se  the  a v a i l a b i l i t y  o f  the h yb r id  o r b i t a l  to  A, weakening the 

M-A bond.

More r e c e n t l y ,  t h e o r e t i c a l  c a l c u l a t i o n s  have been c a r r i e d

( 8 ) 'o u t  with  d i f f e r i n g  r e s u l t s .  Zumdahl and D^ago c a r r i e d  ou t  

m o lecu la r  o r b i t a l  c a l c u l a t i o n s  on a s e r i e s  of  complexes of  P t ( I l )  and 

t h e i r  r e s u l t s  su p p o r t  S y r k in ,  i . e . ,  weakening of the M-A bond i s  due

0
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s ,  d 2 2
X -y

s + d 2 2
X -y

s -  d 2  2 
x . - y

F ig u re  V 

S y r k i n ' s  Hybrid O r b i t a l s

p r i m a r i l y  to  the weakening o f  and ^ 2)"'^ i n t e r a c t i o n s ,
X —y

(9)However Langford and Gray a s c r i b e  the h igh  t r a n s - in f lu e n c e  of  ̂

l ig an d s  as  H CH  ̂ and Ply  to  t h e . l a r g e  o v e r l a p  of these  l ig a n d s  

with the PL^^p  ̂ o r b i t a l ,  r educ ing  the  a v a i l a b i l i t y  of  t h i s  o r b i t a l  

to A.

There has  been some c o n t ro v e rsy  r e g a r d in g  the r o l e  o f  TT- 

bonding with  r e s p e c t  to  the t r a n s - i n f l u e n c e .  For example the h igh  

t r a n s - e f f e c t  of phosphines  was a s c r i b e d  to  the  a b i l i t y  of the phosphine

O

J5L
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t o  remove e l e c t r o n i c  charge from the dxz,  dyz and dxy o r b i t a l s . *  Thus- 

i f - b o n d i n g  l ig a n d s  t r a n s -  to  the  phosphine  would be l e s s  s t r o n g l y  

I &ou%d. However, i t  was p o in te d  ou t  t h a t  a s t r o n g  C T effec t  could  q u i t e

ad eq u a te ly  d e s c r ib e  the e f f e c t  o f  the  phosphine l ig a n d  on l i g a n d s  t r a n s -

C 3 ) - ■ -to  i t s e l f .  i s  now f e l t  t h a t ' 1 7 - b o n d i n g  i s  of importance in  under­

s t a n d in g  the t r a n s - in f lu en ce  only  in  cases .w here  synerg ic  '^ -bond ing  

i s  n e ce s s a r y  to  the formation of the  tr bond, i . e . ,  complexes c o n ta i n in g  

carbon monoxide or o l e f i n s .  With s y n e r g ic  bonding the  c o n t r i b u t i o n  

from m eta l  dxz,  dyz and dxy o r b i t a l s  to  v a ca n t  l ig an d  o r b i t a l s  h a s  an 

e f f e c t  on the  s t r e n g t h  of the  m e t a l - l i g a n d  <T bond. j

1 . 2 . 2 .  • Measurement of  the Tr a n s - i n f l u e n c e
.  ̂ - \

The t r a n s - in f lu en c e  has been measured by a v a r i e t y  o f  t e c h ­

n iques  of wÈTch the most im por tan t  a re  x - r a y  c r y s t a l l o g r a p h y , ^ v ib r a ­

t i o n a l  spec t ro scopy  and n u c l e a r  magnet ic  resonance  sp ec t ro sc o p y .

1 . 2 , 2 . 1 .  X-ray C ry s ta l lo g ra p h y
I •

X-ray c r y s t a l l o g r a p h y  appears  to be an id e a l  way to  measure 

the t r a n s - I n f l u e n c e . As the t r a n s - i n f lu e n c e  of the  l ig a n d  L i s  

changed f o r  a s e r i e s  o f  t r a n s - ^MLAXgj s p e c i e s  the  M-A bond d i s t a n c e  

should  change.  There a r e ,  however,  a number of  d i f f i c u l t i e s  i n ­

h e r e n t  in the  method.

I )  A c r y s t a l  s t r u c t u r e  a n a l y s i s  i s  r a t h e r  mere tinJe -con­

suming and expens ive  than say ,  o b t a i n i n g  an i n f r a r e d  or n u c l e a r  magnet ic
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r e so n a n c e .(n .m .r .)  spectrum o f  the same compound.

2) D if fer en ce s  ïn  the M-A bond lengths for  a s e r ie s  o f

P s with changing L are q u i t e  s ^ l l  and may be of  the. o rd e r  o f

magnitude of  the  e x p e r im e n ta l  e r r o r .  ' ' .
*

3) c r y s ta l  in te r a c t io n s  can cau\e  s ig n i f i c a n t  changes' in 

bond len g th , i . e . ,  changing the cong.ter: ioh:can cause s l i g h t  d i f f e r ­

ences in bond length or d i f f e r e n t  'crysta lM ne M od ifica tion s  o f  the 

same tompound can jhow d i f f e r e n t  bonf le n g th s .

Ihe q u a lity  o f  the c r y s ta l  employed in .the determination  

and the p a r t icu la r  method .by which the data i s  c o l l e c t e d  and the

stru ctu re  r e f in ed  can cause small changes' i J t h e  s tr u c tu r a l  parameters 

obta ined . ' \  ■

NO complete data have y e t  b e e ^ ^ ^ e d  on the changes in 

the M-a bond length on changing the ligand I  in  a s e r ie s  o f  complexes

—  "“ 2- P - ^ l b l e  to  con stru ct an order o f  c î y s -

ta l lo g ra p h ic  ^ - i n f l u e n c e  from r e l a t l  compounds. This  y ie ld s  the 

order o f  s tr u c tu r a l  I m s - W l u e n c e  0< k H ^ = cl-= C eC O ym c-C O < A sR  ' 

<P R ^~carbenes

V i b r a t i o n a l  Spec t roscnnv

The V i b r a t i o n a l  s t r e t c h i n g  motion o f  a d ia to m ic  molecule

A-B can be approximated by a harmonic o s c i l W m . .  The f requency  of  

v i b r a t i o n  Is  g iven by

p  -  I i r ?
2 fc  y yjL ( 1 . 2 )
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where j j  i s  the v i b r a t i o n a l  f r equency ,  f  i s  the  fo r ce  c o n s t a n t  of 

À-B bond and JX i s  the reduced mass g iven  by

F ' = '  ( 1 .3 )

/  -'A +

^ ^ The assumption i s  made t h a t  f o r  a s e r i e s '  o f  complexes t r a n a -

JîlLAX^jyw remains  unchanged with  changes in L a n d . t h a t  the  f o r c e  c o n s t a n t  

of the  M-A bond i s  p r o p o r t i o n a l  to  the  s t r e t c h i n g  frequency  p  . a 

dec rea se  in  the s t r e t c h i n g  f requency den o tes  a weakening o /^ th e  . 

bond.

The^r-g^^mpt io n  t h a t y t  remains  unchanged does no t  s t r i c t l y  

h o ld .  For example,  yi fo r  the  P t -C  s t r e t c h  in t r a n s - |p tCC^F^)<'CO)(PEt^)^j  

i s  69.2 a . m . u . ,  whereas / i  fo r  t r a n s -  [pt(C^F^) fp(OPh)^J (PEt^) j  i s  73.2 

a .m .u (  The in c re a s e  in reduced mass i n d i c a t e s  t h a t  the  f requency of  

the Pt-C s t r e t c h  w i l l  d ec rea se  from L =" CO to L = PCOPn)^, i r r e s p e c t i v e
i /

of  any changes in t r a n s - i n f l u e n c e .

A f u r t h e r  c o m p l ic a t io n  a r i s e n  in  t h a t  the re  i s  a p o s s i b i l i t y

of the M-A v i b r a t i o n  coup l in g  w i t h ' o t h e r  v i b r a t i o n a l  modes of the
>

molecule .  V i b r a t i o n a l  co u p l in g s  a r e  no rm a l ly  ignored  i f  ^ i s  

we l l  s ep a ra te d  from o th a r  v i b r a t i o n a l  modes which might  coup le .
Cl

_  Also ,  d i f f e r e n c e s  between s p e c t r a  o b ta in ed  from samples in

s o l u t i o n  and in the  s o l i d  s t a t e  a re  sometimes noued. As i s  found w i t h '  

c r y s t a l l o g r a p h y ,  coun te r  ion changes can a l s o  cause s l i g h t  s h i f t s  i n '

M-A s t r e t c h i n g  f r e q u e n c i e s .
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Complexes of the  type t r a n s -  |ptLCIXg] have been examined 

in d e t a i l  w i th  r eg a rd  to  m e t a l - c h l o r i d e  s t r e t c h i n g  f req u en cy .  I t  has  

been ’found t h a t  t h i s  f requency i s  v i r t u a l l y  independent  o f  X, and

appea rs  as  a s i n g l e  band a t  about 300cm The va lue  of

-1  -1changes from a h igh  of .344cm f o r  L' = CO to  a low o f  235cm fo r

L = GeMe^ with X as  e i t h e r  PEt^  o r  PMe^Ph. A t r a n s - i n f l u e n c e  s e r i e s ^

fo r  some t h i r t y - f i v e  l ig a n d s  has  been compiled;  those  of i n t e r e s t

to  t h i s  wor'. in o rd e r  o f  i n c r e a s i n g  t r a n s - i n f l u e n c e  a re  CO^CKpy

<P( OPh ) ĉJP (OMe ) 2 <PPh_<PE L2 <CH“ <C^H^H" .

The s e r i e s  o f  complexes t r a n s -  jptHLxJ have a l s o  been

examined in  some, d e t a i l  and a t r a n s - i n f l u b n c e  s e r i e s  assembled f o r

some t h i r t y  l i g a n d s .  A p p ro p r ia te  members of - th i s  s e r i e s  a re

< c r < B r  <P..^<py<I <NO^<CO<P(Ph)^<P(OPh)^ccPEt^<:P(OMe)^<CN". Once

ag a in  changing  the groups c i s -  t o  the  hydrogen atom has  l i t t l e  e f f e c t

on D i f f i c u l t i e s  can a r i s e  in  t h a t ' j j ^ ^  ^ appea rs  to  be somewhat

s o l v e n t  dependen t ,  and the m agn i tude -o f  the  s o lv e n t  e f f e c t  changes with-

L. V i b r a t i o n a l  coup l in g  occ.urs f o r  hyd r id e  t r a n s -  to l i g a n d s  such as  •

CN CO and RNC, b u t  c o r r e c t e d  v a lu e s  can be o b ta in ed  by o b se rv in g

the d i f f e r e n c e  between p  and jj in ana logous complexes.
FL-li - )

The complexes t r a n s -  |ptL(CHo)Xj have n o t  been s t u d i e d  in

as much d e t a i l  as the  c h lo ro  and hy d r id o  complexes,  *but aga in  a t  l e a s t

two t r a n s - i n f l u e n c e  s e r i e s  based on'U^ _ can be c o n s t r u c t e d .  These   c-r P t-C

s e r i e s  a re  CN <l"<NO“<Dr"<cr<SCN“<NO” fo r  t r a n s - jp t X ( C l U ) ( P E L ^ ) j  . . .  

complexes and py<C2 H^<C0 <phosphine<carbene f o r  t r a h s -  t ( CH^) L( PMe^Ph) ^J"
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complexes .  The p  band i s - n o r m a l ly  very  weak and p o s s i b i l i t i e s  
rC-C \

f o r  v i b r a t i o n a l  coup l in g  can occur  with  s p e c i e s  such as CN and NO».

, I n t e r n a l  l ig a n d  v i b r a t i o n s  such as  or  have a l s o  been

c o r r e l a t e d  with  t r a n s - i n f l u e n c e  but the  s i t u a t i o n  i s  much more complex.

The complex i ty  i s  due to  the  f a c t  t h a t  the e f f e c t  o f  the  l ig a n d  L on

the back dona t io n  to  the  v a ca n t  i T o r b i t a l s  of  A must be c o n s id e re d ,

as  w e l l  a s  the d i r e c t  t r a n s - i n f l u e n c e  on the  M-A C  bond. Systems

such as  t r a n s - jptCl^LCamine)^ have been i n v e s t i g a t e d  and i t  was found

t h a t  p  could  be c o r r e l a t e d  w i th  Lj_ „ f o r  a s e r i e s  o f  L.
N-l i • Pt-H

1 . 2 . 2 . 3 .  Nuc lea r  Magnet ic  Resonance Spec troscopy

Chemical s h i f t s  have n o t  been much employed a measure of

the t r a n s - i n f l u e n c e . The o v e r a l l  s h i e l d i n g  c o n s t a n t  f / i r  a nuc leu s

i s  composed o f  d iam agne t ic  and param agne t ic  c o n t r i b u t i o n s ,

The d iam agnet ic  c o n t r i b u t i o n  A s  co n s id e re d  to  be smal l  when thé
V

chemical  s h i f t s  a r e  q u i t e  l a r g e ,  as  i s  the case  with the  compounds
»

in  q u e s t i o n .  The p a r a m a g n e t i c . c o n t r i b u t i o n  to  the chémixal s h i f t  of 

an atom bonded t o ,  f o r  example,  p la t in u m  a r i s e s  from s h i e l d i n g  of the 

s u b s t i t u e n t  by the  d o r b i t a l s  on p la t in u m .  , T h e r e f o r e ,  i f  the  atom is^ 

f a r  from the m eta l  th e re  shou ld  be l e s s  s h i e l d i n g  and c o n seq u en t ly  a 

s m a l l e r  chemical  s h i f t .  But o t h e r  e f f e c t s  a t  the  p la t inum  n u c l e u s .

/
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a s s o c i a t e d  w i th  changing  L, could  change the  d o r b i t a l  c loud on

the  m e ta l ,  thus  changing the paramagnetic  c o n t r i b u t i o n ,  w i t h o u t  any

change in the M-A bond. _ ^

There i s  eviderjce t h a t  the  chemical  s h i f t  o f  a hydrogen atom

bonded to  p la t in u m  in the s e r i e s ’ |ptHL(PR^)g] does c o r r e l a t e  rough ly

( 10 )  ■with  o th e r  p a ram e te rs  such as  ^ , bu t  i t  i s  f e l t  t h a t ,  a t

t h i s  t im e, th e re  a re  more d i r e c t  methods o f  measuring the t r a n s -  

i n f l u e n c e ,  such as  m e t a l - l i g a n d  s t r e t c h i n g  v i b r a t i o n s  o r  n u c l e a r  * .

magnet ic  re sonance  coup l ing  c o n s t a n t s .  ^

The s p i n - s p i n  co u p l in g s  in n u c l e a r  magneti*b re sonance  e x p e r i -  ' 

ments a re  thought  to  be t r a n s m i t t e d  from n u c leu s  bo n u c leu s  by th r e e  

mechanisms. The f i r s t  mechanism invo lves  t r a n s m is s io n  of  sp in  alUgn- • , 

ment v i a  the  bonding e l e c t r o n s .  This  i s  the  Fermi c o n t a c t  term and ^  

i t  i s  f r e q u e n t l y  c o n s id e re d  to  be the dominant te rm.  The second . 

mechani^n involves,  the  in d u c t io n  o f  o r b i t a l  e l e c t r o n i c  c u r r e n t s  by the 

n u c l e a r  moment p roduc ing  magnet ic  f i e l d s  a t  the  s i t e s  o f  o t h e r  n u c l e i .

This  p ro c e s s  i s  termed the  o r b i t a l  c o n t r i b u t i o n .  The t h i r d ,  the  d i p o l e -  

dipole-mecharxlsm, invo lves  the  t r a n s m is s io n  of  n u c l e a r  s p in s  v i a  p o l a ^ -

zat ion- o f  the -valence e l e c t r o n  s p in .  Usvfally on ly  the  Fermi c o n t a c t
-- : ' 

term i s  c o n s id e red  when c a l c u l a t i n g  couplin'g^ c o n s t a n t s .  The i n c l u s i o n

o f  o r b i t a l  and d i p o i e - d i p o l e  c o n t r i b u t i o n s  w i l l  be d i s c u s s e d  in 3 . 2 . 2 .

The term through space coup l ing  w i l l  be a p p l i e d  to t h e s e  l a t t e r  con-

t r i b u t i o n s .  This  term has a l s o  been a p p l i e d  to  coup l ings  between

n u c l e i  s e p a r a t e d  by many bonds but s p a t i a l l y  p rox im ate .  The l a t t e r

usage i s  n o t  in tended  h e re .
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y

The magnitude  of the  coup l ing  c o n s t a n t  between two 

d i r e c t l y  bound a u c l e i ,  A and B, c o n s id e r in g  on ly  the^ Fermi c o n ta c t  

. term, i s  g iven in  the  t r a n s - i n f l u e n c e  l i t e r a t u r e  ^y  the p r o p o r t i o n a l i t y  y

Ï a Vb S ^ (0 )  Sg(0)  l 'Y Â ( n s ' )  P l 'T É ( n s ) < 4 ^ ^ 1 ^  ^ A e ( l . i )

' /  _ _ _  •
where i s  the v l l u e  of  the  coup l ing  c o n s t a p t ,  and a re

2 2the gyromagnetic  r a t i o s  o f  A and B, S (0 )  and S^(0) r e p r e s e n t  the  s
‘

c h a r a c t e r  used by each  o f  the  A and B atoms in  t h e i r  bonding hybr id  

o r b i t a l s ,  | ^""'KfiCns)  ̂^ ’ a r c  the  e l e c t r o n  d e n s i t i e s
- 3

of the  ns v a len c e  o r b i t a l s  a t  t h e i r  r e s p e c t i v e  n u c l e i  and A e i s  a 

mean t r i p l e t - s i n g l e t  e x c i t a t i o n - e n e r g y .

Obviously the above equa t ion  w i l l  n o t  a l lo w  the  d i r e c t  com­

p u t a t i o n  of the  c o u p l in g  c o n s t a n t  bu t  w i l l  a l lo w  comparison o f  the
* ■ i

r a t i o s  of coup l ing  c o n s t a n t s  f o r  re' l.ated types  o f  compounds. ,

' . In  a c l o s e l y  r e l a t e d  s e r i e s  o f  compounds, e . g . ,  t r a n s -jPtLAXJ,

where only the A l i g a n d  i s  be ing  changed i t  i s  normal ly  co n s id e re d  t h a t

^ A e , S ^ (0 ) ,  and i^> change very  l i t t l e .  Only the Sp^(O) '

and l " ' | ^ t ( 6 s)^^^  I ^ terms a re  thought! to  change , an<4 the  change in 
2

the  Sp^(O) term i s  thou g h t  Co be dominant.  For example f o r  the  com­

pound c i s -  |p tC l(C I lg ) (PE t^ )^ j  p fo r  phosphorus  t r a n s -  to  the  methyl

group i s  1719 Hz whi le  J  fo r  phosphorus t r a n s -  t o  the  c h l o r i d e  fsl^t-p ^

4179 Hz. ' The l a r g e  d i f f e r e n c e  in coup l in g  c o n s t a n t  must o r i g i n a t e

2wltli n d i f f e r e n c e  in S p^ (O ) , thé  p la t inum  s c h a r a c t e r  a v a i l a b l e  f o r  use

%
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in  t;he two P t - P  bonds,  s in ce  j '|Çt.(6s)^*^^ | ^ would,  o f  n e c e s s i t y ,

be the  same f o r  both p t - P  bonds.

Over more than one bond the  coupling" c o n s t a n t  J i sA , . .N

given by

A...NOC
ir  (0) 
JN(ns)

2 3
A e ' ( l . (

where a l l  symbols have the meanings g iven  above with  the  ex ce p t io n  of 

f ( A . . ,K) 'which  r e p r e s e n t s  a l l  the  e l e c t r o n i c  and s t e r e o c h e m ic a l  f a c t o r s  

concerned  in the t r a n s m is s io n  of the '  c o u p l in g  from A to N. , *

,T h e re fo re ,  the  c u r r e n t  t h e o r i e s  h o ld  t h a t  in  a s e r i e s  of com­

pounds t r a n s -  [iHLAX^i where A i s  be ing changed, the  magni tude o f  , ---------■ t Zj   ̂  ̂ P t -L

should depend on the amount of Pt-^^ o r b i t a l  a v a i l a b l e  fo r  the  PL-L bon'd. 

Ligands A with a h igh  t r § n s - in f lu e n c e  would c o n c e n t r a t e  PL^^ e l e c t r o n  

d e n s i t y  in the Pt-A bond, thus  d e c r e a s i n g  the  a v a i l a b i l i t y  of  the  Pt^^

" o r b i t a l  f o r  bonding to  L. This-weakening  o f  the  P t -L  bond would be
}

shown by a d e c r e a se  in  the  v a lu e  of

T r a n s - in f l u e n c e  s e r i e s  based on c o u p l in g  over one bond have

1 "  1 
been compiled employing f o r  complexes t r a n s - A-Pt-H or Jpj. p

f o r  complexes t r a n s - A - P t - P .  S im i l a r  s e r i e s  with  c o u p l in g  over two
*

2  2  
bonds based on J,, „ i o r  complexes tr ans -A -P t-CH- or  _ f o r  com-Pt-H   3 P t -F

p lexes  t r a n s - / -P t - C F ^  have a l s o  been c o m p i l e d . . These s e r i e s  a r e  q u i t e

s i m i l a r .  For example,  t h a t  fo r  compounds o f  the  type t r a n s -  jptHAX^]
# ■*

where X=PEt^ or PMePh^ in o rde r  of  i n c r e a s i n g  t r a n s - in f l u e n c e  (o r d e r
'

(

I

)
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V
o f  d e c r e a s i n g  i s  L <^NO^<Br < C I  <SCN < py <C0

<PPh^<P(OPh)^<PEc^CCNT. \

I t  i s  a normal p r a c t i c e  in the  l i t e r a t u r e  to "attempt to

c o r r e l a t e  t r a n s - in f l u e n c e  s e r i e s  measured f o r  d i f f e r e n t  complexes
*

or  by d i f f e r e n t  me,thods. The c o u p l in g  c o n s t a h t s  J are* o f t e n  p l o t t e dP t-L

a g a i n s t  Tf the r e s u l t  i s  a s t r a i g h t  l i n e  i t  i s  c o n s id e re d  t h a t

/  does indeed  measure the t r a n s - - in f lu e n c e .  • F u r t h e r ,  „ has Iru—L ■ PC—H

been p l o t t e d  a g a i n s t  ^ from v i b r a t i o n a l  s p e c t r a ,  once aga in

y i e l d i n g  a s t r a i g h t  l i n e  p l o t .  Th is  i n d i c a t e s  t h a t  the  two s p e c t r o ­

s co p ic  t e ch n iq u es  a re  measur ing  the  same phenomenon,

( 11) ■ ^R ecen t ly  Mather,  P idcock and Rapsey d e sc r ib e d  a c o r r e l a t i o n
1

between ^ and the  P t -P  bojnd l e n g t h s  in a s e r i e s  of  complexes in

which the phosphorus  atom was t r a n s -  to  v a r io u s  l i g a n d s .  Although^ the 

c o r r e l a t i o n  was n o t  l i n e a r  th e r e  ap p ea rs  to be a  d e f i n i t e  r e l a t i o n s h i p .  

The p l o t s  a r e  very  s i m i l a r  in  shape to  C o t t o n ' s  bond leng th -bond  

s t r e n g t h  g ra p h s .
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I
1.3  O b je c t é  o f  Research

The o b j e c t  of the  r e s e a r c h  was to  p re p a re  s e r i e s  of 

complexes of' the  types  t r a i l s -  [ptXCC^F^)(PEt^) J  and t r a n s - [p t (C^F ,)L   ̂

( P E tg ) 2 ^^ClO ^ and to de te rm ine  i f  the  n . m . r .  coup l ing  bet.ween 

p la t inum  a n d 'e a ch  o f  the  thre 'e f l u o r i n e  n u c l e i  in  the  p e r f  lu o r o v i n y l  

l ig a n d  could  be c o r r e l a t e d  with  e x i s t i n g  measures  o f  the  n . m . r .  t r a n s -  ■ 

in f l u e n c e .

J

Ù
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CHAPTER I I  

EXPERIMENTAI

P e r f l u o r p v i n y l b i s ( t r i e t h y l p h b s p h i n e ) p l a t i n u m ( l l )  Complexes

r'
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2 .1 .  Genera l

2 . 1 . 1 .  Chemicals d

The t e t r a f l u o r o e t h y l e n e  emploÿeS ill ' t̂ he  p r e p a r a t i o n  

of t r a n s - ^ e r f l u o r o v l n y l c h l o f o b i s ( t r i e th y I p h o s p h i n e ) p l a t i n u m ( I l )  

was ob ta in ed  from Columbia Organic  Chemicals Co. I t  was used 

w i thou t  p i ^ iÆ ic a t io n  a f t e r  an i n f r a r e d  spectrum showed only  a b s o r p t io n s  

due to  t e t r a f l u o r o e t h y l e n e .  A l l  o th e r  p r e p a r a t i v e  chem ica ls  employed 

were r e a g e n t  g rad e .  S o lv e n t s  were s p e c t r a l  grade  and were d r i e d  over 

molecular  s i e v e ,  w i th  the e x c e p t io n  of  n - p e n t a n e ,  which was d i s t i l l e d  

frpm phosphorous pen tox ide  and s t o r e d  over sodium.

0

2 . 1 . 2 .  In s t ru m en ts

I n f r a r e d  s p e c t r a  were .obtained as Nujo l m u l l ^  between cesium 

iod ide  p l a t e s  on a Beckman I . R . 2 0  (louble beam s p e c t r o m e t e r .  Cesium 

iod ide  r e f e r e n c e  p l a t e s  were u sed .  S p e c t r a  were run froi\^250 to

4000 cm R e p r o d u c i b i l i t y  was -  3 cm
1 '

A ll  m e l t i n g  p o i n t s  were o b ta in e d  on a R e i c h e r t  h o t  s&6 ge 

m e l t in g  p o i n t  a p p a r a t u s .  M e l t ing  p o i n t s  were n o t  c o r r e c t e ^  The 

p e r f  lu o ro v in y l  coMpounds were ana lyzed  on a Perk in-E lm er  model 240'' 

c a rbon -hydrogen^n i t rogen  a n a ly z e r  by D.L. M cG il l iv ray  of  the Chemistry
(Zx ' . ^

Department,  U n i v e r s i t y  o’f  V i c t o r i a .  The p r o t o n - s p e c t r a  of  the 

p e r f l u o r o v i n y l  s p e c i e s  were o b ta in e d  a t  35 °C in  0 .5  cm t h i n  wal l

n . m . r .  tubes  on a Perk in -E lm er  model R12a s p e c t r o m e t e r . '  The s p e c t r a
»



23

were run a t  60 MHzi.*. A l l  s p e c t r a  were run in  ch loroform e x ce p t

t h a t  of t r a n s - p e r f lu o r o v ln y l - a z id o b i s (  t r i e t h y l p h o s p h  i n e ) p l a t i n u m (  H )

which was i n s o l u b l e  in ch lo ro fo rm .  I t s  spectrum was o b ta in e d  in

methanol .  For  those  compounds which d id  n o t  r e s o n a t e  n e a r  ch lo ro fo rm ,

t h i s  s o lv e n t  was employed as  in te rna l ,  r e f e r e n c e .  For those  compounds

d i s p l a y i n g  re so n an c es  n ea r  c h lo ro fo rm ,  i . e . ,  those  with  phenyl g roups ,

d e u te ro ch lo ro fo rm  was used as  s o l v e n t  and t e t r a m e t h y l s i l a n e  (T .M.S .)

employed as  i n t e r n a l  r e f e r e n c e .  The use  of  T.M.S. was avoided  a s  f a r

as p o s s i b l e  as  i t  caused p r e c i p i t a t i o n  of the  p e r f l u o r o v i n y l  s p e c i e s .

The f l u o r i n e  s p e c t r a  were o b ta in e d  on a .V a r i an  model HA.60
I

I . L .  Spec t rom ete r  a t  56.446 MHz. The s o l v e n t s  used were as  those  f o r  

pro ton  spe&_ra.  The s p e c t r a  were run a t  room tempera ture  and in a l l  

cases  Lr ich lo ro f luoK ^m et l i^x^w as  the e x t e r n a l  r e f e r e n c e .  Due to the

low c o n c e n t r a t i o n  o f  each f l u o r i n e  n u c l e u s ,  the  s p e c t r a  were compiled'

on a Northern  S c i e n t i f i c  Model NS-560, SAC s e r i e s ,  time a v e rag in g

computer.  T o ta l  s c a n s ‘fo r  each n u c leu s  varied,, from 10 scans  a t  500

seconds per  scan to  200 scans  a t  50 seconds pe r  s c a n . -  In g e n e r a l ,

the b e s t  r e s u l t s  were o b ta in e d  with a l a r g e  number o f  s h o r t  s c a n s .

F l u o r i n e  n u c l e i  were a s s ig n e d  l a b e l s  as i n d i c a t e d  in Tables

I ,  I I  and I I I .  The spectrum fo r  n u c leu s  I I I  was taken  tw ice ,  once
/

over 1000 Hz to  measure P t -F  and F-F co u p l in g s  and once over 250 Hz
i

t o  measure P-F c o u p l in g s .

, . . ■

2 .2 .  P r e p a r a t i o n s  ' '



y .
2 . 2 .  L. T r a n s - h y d r i d o c h l o r o b i s ( t r i e  t h y 1p h o s p h in e ) p l a t i n u m ( I I )

T h i s  compound was p rep a red  by the method of  C h a t t  and

( 12)Shaw . C i s - d i c h l o r o b i s ( t r  re thyIphosph i n e ) p la  t inum(11) was 

p repa red  by r e a c t i n g  3 .7  ml o f  t r i e t h y l p h o s p h i n e  w i th  5 .0  g of  

po tass ium t e t r a c h l o r o p l a t i n a t e ( l l )  ( 1 2  mmol) in I 0 0 \ml water  fo r
.»  ' ' . V

f o r t y - f i v e  m in u te s .  To a s s i s t  co n v e r s io n  to  the jbis isomer,  the 

m ix tu re  was h e a te d  on "a w a ter  b a th ,  w i th  s t i r r i n g , x v n t i l ; t h e  f i r s t  

b lack  p a r t i c l e s  i n d i c a t i n g  decom pos i t ion  ap pea red .  The m ix ture  was 

c oo led ,  f i l t e r e d ,  washed w i th  w a te r  and d r i e d  under vacuum. To com-
I

p l e t e  co nvers ion  to the c i s  isomer ,  the  f i l t e r e d  m a t e r i a l  was b o i le d  

in a n y h d r o u s 'd i e t h y l  e t h e r  c o n t a i n i n g  0 .3  â ü  t r i e t h y l p h o s p h i n e .  The 

s o l u t i o n  was b o i l e d  a lm os t  to  d ry n es s  and the r e s i d u a l  e\|.her then 

removed under vacuum. Yie ld  was 4 .9  g (9 ,8  mmol) 81%. The c i s -  

d i c h l o r o b i s ( t r i e t h y l p h o s p h i n e ) p l a t i n u m ( l l )  was then reduced by t r e a t ­

ment with 4 . 0  ml h y d ra z in e  h y d ra te  in 100 ml w a te r .  This  s o l u t i o n  was 

h e a te d  on a water ba th  f o r  t h i r t y  m in u te s .  A f t e r  c o o l i n g , d i l u t e  HCl 

was added u n t i l  the m ix tu re  was a c i d  to  narrow range Litmus paper  

(pH 6  to  8 ^ 5 ) .  The p r e c i p i t a t e  o f  t r a n s -hydr  i d o c h l o r o b i s ( t r i e t h y l -  

p h o s p h i n e ) p l a t i n u m ( I I )  was c o l l e c t e d  and d r i e d  under vacuum, and 

r e c r y s t a l l i z e d  from p e n tan e .  Yie ld  was 3 .0  g (6 .4  mmol), 53%, based

on KgPbCl^. M el t ing  p o i n t  82 °C, Pt-H s t r e t c h i n g  f requency 2222 cm’'^

n  ? 1 ( ' 1 3 ' ) '
as n u j o l  m u l l ,  c f .  2183 in hexane , 2209 in  ch loroform • .
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2 . 2 . 2 .  P r e p a r a t i o n  o f  t r a n s - p e r f r u o r o v i n y I c h l o r o b i s  

( t r i e t h y I p h o s p h i n e ) p l a t i n u m ( I I )

This  compound was p repa red  by the method o f  C la rk  and
(14)

Tsang . T r a n s -h y d r id o c h 1 e ro b I s ( t r i e t h y l p h o s p h i n e ) p l a t i n u m ( l l )
$

(500 mg, 1.07 mmol) was weighed in to  a dry 250 ml c a p a c i t y  pyrex

c a r i u s  tube .  The tube was a t t a c h e d  to  a vacuum l i n e  and evacu a ted .

50 ml of  s p e c t r a l  g rade  benzene was condensed i n t o  the c a r i u s  tube ,

followed by 500 mg ( 5 . 0  mmol) t e t r a f  l u o r o e t h y l e n e . The tithe was flame

se a le d  and removed to' a p r o t e c t i v e  m e ta l  tube which was p laced  in  an

oven a t  95 f o r  tw en ty -n in e  h o u rs .  The c a r i u s  tube was cooled  to

-196 °C and opened. Benzene, u n re a c te d  t e t r a f l u o r o e t h y l e n e  and gaseous

r e a c t i o n  p ro d u c ts  were removed. The s o l i d  m a t e r i a l  rem ain ing  in the

tube was e x t r a c t e d  w i th  warm cyclohexane .  The cyclohexane was removed

on a r o t a r y  e v a , ,o ra to r  and an i n f r a r e d  spectrum o f  the s o l i d  remain ing

was ob ta ined  a s  a  n u j o l  m u l l .  The absence of a b s o r p t i o n  a t  2220 cm ^

i n d i c a t e d  the r e a c t i o n  had ,gone  to  com ple t ion .  Two 0=0 double  bond*

-1s t r e t c h i n g  bands were n o te d  w i th  f r e q u e n c i e s  a t  1648 cm due to  

t r a n s - ( 1 - d i f l u o r o m e t h y 1 - 2 , 2 - d i f l u o r o v i n y l ) c h l o r o b i s ( t r i e t h y l p h o s p h i n e ;  

p l a t i n u m ( l l )  and a t  1725 cm  ̂ .due to  t r a n s - p e r f l u o r o v i n y I c h 1 e r o b is  

( t r i e t h y l p h o s p h i n e ) p l a t i n u m ( I I )  , c f  1643 cm  ̂ and 1724 cm  ̂ These 

two compounds were s e p a r a t e d  on a f l o r i s i l  column, 100-200 mesh, 2 .5  cm 

in  d iam e te r  and 60 cm in l e n g t h .  Chlorofor-m-pentane in  a 2:1 r a t i o  

was used as  e l u e n t  and the  p e r f l u o r o v i n y l  s p e c ie s  was the f i r s t  p roduc t  

o f f  the column. Y ie ld  181 mg (0 ,3 3  mmol) 32%. The y i e l d  of  t r a n s -



2 6

I

( 1 - d i f  luorome thy 1 - 2 , 2 -d  i f  l u o rov iny  O^duTor o b i s  ( t r i e t h y l p h o s p h i n e )

p l a t i n u m ( l l )  was 114 mg (0 .19  mmoi) 18%. ^ ___^
'  . \

• 'Attempts were made to  improve the y i e l d  of traips-

p e r f l u o r o v i n y l c h l o r o b i s C  t r i e  thy ] p h o s p h i n e ) p l a t i n u m ( I I ) . When the

r e a c t i o n  s o l v e n t ,  benzene,  was- Vigorously  d r i e d  no r e a c t i o n  occu r red

and the  p a r e n t  h y d r id e  was recovered  unchanged. ,  Wlien a seven f o l d

e x ces s  of t e t r a f l u o r o e t h y l e n e  was employed a t  a r e a c t i o n  tempera ture  

oo f  110 C f o r  f o r t y - e i g h t  hours  in 50 ml of cyclohexane as  a r e a c t i o n

s o l v e n t ,  the  y i e l d  of  t r a n s - p e r f l u o r o v i n y l c h l o r o b i s ( t r i e t h y l p h o s p h i n e )

p l a t i n u m ( l l )  i n c r e a s e d  to  54.8%.

Wlien the  above c o n d i t i o n s  were used in  c o n ju n c t io n  with a

new c a r i u s  tube y i e l d s  r o s e . t o  80.8%. '

C h a r a c t e r i z a t i o n  was as «follows. M el t ing  p o in t  58-59 °C,

c f .  61 A n a ly s i s .  C a l c u l a t e d  f o r  30.69;

H, 5 .5 2 .  Found: C, 30,89; H, 5 .52 .

The i n f r a r e d  spec trum showed Pq_q a t  1725 cm  ̂ and

Mp^-Ci a t  285 and 305 cm ^ , c f .  P q_ q 1724 cm The pro ton

n . m . r ,  spec trum showed a q u i n t e t  ( r e l a t i v e  a rea  t h r e e )  a t  6 .16  p .p .m .

u p f i e l d  from ch loroform  and a s e p t e t  ( r e l a t i v e  a r e a  two) a t  5.42
'

p .p .m j  u p i i e l d  from ch lo ro fo rm .  F lu o r in e  n . m . r .  r e s u l t s  are  shown 

^in Tab les  1, 1,1 and I I I .
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. 2 . 2 . 3 .  The p r e p a r a t io n  of  t r a n g - p e r f l u o r o v in y lb r o m o b i s  

( t r i e  thy Iphosph ine )p la t inun \(  I I )

T r a n s - p e r f l u o r o v i n y I c h I o r o b i s ( t r i e  thy Iphosph ine )  

p l a t i n u n i ( I I )  (125.5 mg, 0.229 mmol) and l i t h i u m  bromide (403 .7  mg,

4.48 mmol,) were s t i r r e d  under n i t r o g e n  in 5 ml ace tone  for  one hou r .  

The ace tone  was removed on a r o t a r y  e v a p o r a to r  and the
' o '

red-“<^olored r e s i d u e  e x t r a c t e d  with methylene  c h l o r i d e .  This  p u rp le

co lo red  s o l u t i o n  was f i l t e r e d  to remove l i t h i u m  c h l o r i d e  and u n re a c te d

li thium- bromide.  The methylene  c h l o r i d e  was removed on a r o t a r y

e v a p o r a to r .  The r e s id u e  was d i s s o l v e d  in  methanol and c r y s t a l l i z a t i o n
$

from t h i s  pu rp le  solut-ion was e f f e c t e d  by the a d d i t i o n  o f  about  25%
) o

by volume w ater  and c o o l in g  to  -20  C. Overnight  a l l  t r a c e s  of the

purp le  c o lo r  d i s ap p e a re d  and d id  no t  r e ap p ea r  when the  c r y s t a l s  were

r e d i s s o l v e d .  The p roduc t  was o b ta in e d  as  ve ry  pa le  ye l low  c r y s t a l s ,  ■

y i e l d  110 mg (0 .179  mmol) 78%. M el t ing  p o i n t  83-84 °C, c f .  82-83

A n a ly s i s .  C a l c u la te d  fo r  h ,  5 .09 ,  Found:

C, 27".98;- H,' 4 .9 9 .  was 1 730 cm ^ . The p ro ton  n . m . r .  spectrum .

showed a q u i n t e t  ( r e l a t i v e  a r e a  t h r e e )  a t  6 .17  p .p .m .  u p f i e l d  from

chloroform and a s e p t e t  ( r e l a t i v e  a r e a  two) a t  5,29 p .p .m .  u p f i e l d

from chlorofo*-m. F lu o r in e  n . m . r .  r e s u l t s  a r e  shown in Tables  I ,  I I

and I _ 1 .

An u l t r a v i o l e t - v i s i b l e  spectrum c f  the pu^pie  methylene

c h lo r id e  s o l u t i o n  showed a s t r o n g  asymmetric a b s o r p t io n  a t  238 nye

and a much weaker a b so r p t io n  a t  about  285 i i y t . Molar e x t i n c t i o n

c o e f f i c i e n t s  were n o t  o b t a in e d .
O



2 8

n
2 . 2 . 4 .  The p r e p a r a t i o n  of  t r a n s - p e r f l u o r o v i n y l i o d o b i s

( t r i e t h y l p h o s p h i n e ) p l a t i n u n i ( l l )

T rans - p e r f l u o r o v i n y I c h l o r o b i s ( t r i e  thy Iphosph ine )  

p l a t i n u m ( I l )  (125 .3  mg, 0 .229 mmol) was d i s s o lv e d  in  5 ml of 

a c e to n e .  Sodium iod ide  (3 4 4 .0  mg, 2 .30 mmol) was added and the 

s o l u t i o n  s t i r r e d  under  n i t r o g e n  fo r  one ho u r .  The sodium c h l o r i d e  

r e a c t i o n  p roduc t  was removed by f i l t r a t i o n  and the ace tone  removed 

on a r o t a r y  e v a p o r a t o r .  The s o l i d  res-tdue was d i s s o l v e d  in dieldryl 

e t h e r  and the  e t h e r  s o l u t i o n  washed with  water to  remove t r a c e s  o f  

sodium c h l o r i d e  and u n re a c te d  sodium io d id e ,  and d r i e d  over magnesium * 

s u l f a t e .  The e t h e r  was removed on a r o t a r y  e v ap o r a to r  and the iod ide  , 

compound r e c r y s t a l l i z e d  from m ethano l -w ater  s o l u t i o n  as pale  ye llow 

c r y s t a l s ' .  - Y ie ld :  125 mg ( 0 . 19S onmol), 877.. M el t ing  p o in t  104-106 °C.

A n a ly s i s ,  C a l c u la te d  f o r  : C, 26.22; H, 4 .7 2 .  Found:

C, 25.64,  H, 4 .5 4 ,  was 1730 cm The pro ton  n . m . r .  showed

a q u i n t e t ,  ( r e l a t i v e  a r e a  t h r e e )  a t  6 .16  p.p^.m. u p f i e l d  from ch loroform  

and a s e p t e t  ( r e l a t i v e  a r e a  two) a t  5 .17 p .p .m .  u p f i e l d  from ch lo ro fo rm .  

F lu o r in e  n . m . r .  r e s u l t s  a r e  shown in  Tab les  I ,  I I  and I I I .

2 . 2 . 5 .  The p r e p a r a t i o n  of  t r a n s - p e r f  luo rov iny  I n i t r  i t o b i s  

( t r i e t h y l p h o s p h i n e ) p l a t i n u m ( l l )

T rans - p e r f l u o r o v i n y I c h l o r o b i s ( t r i e  t h y I p h o s p h i n e ) p l a t i n u m ( I I ) •

(124.8  mg, d,,228 mmol) was d i s s o l v e d  in 5 ml methanol .  Sodium n i t r i t e
. ! ^  ■ ■

(18.1 mg, 0.262 mmol) was added and the s o l u t i o n  s t i r r e d  under n i t r o g e n
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f o r  t h i r t y  m in u te s .  As no p r e c i p i t a t e  of sodium c h l o r i d e  appeared 

53.5 mg (0 .275  mmol) s i l v e r  t e t r a f l u o r o b o r a t e  d i s s o l v e d  in 1 ml

e ~ ^ €Water and 1 ml methanol was added.  An immediai;^ ^ e c i p i t a t e  of 

s i l v e r  c h l o r i d e  was n o t e d .  The s o l u t i o n  was s t i r r e d  u n d e r . n i t r p g e n  

fo r  one h o ur ,  the  s i l v e r  c h l o r i d e  was removed by f i l t r a t i o n  and the 

methanol removed on a r o t a r y  e v a p o r a t o r .  The r e s i d u e  was d i s s o lv e d

in d i e t h y l  e t h e r  and washed with s e v e r a l  p o r t i o n s  of water  to  remove
h- %

unreac ted  s t a r t i n g  m a t e r i a l s .  The e t h e r  s o l u t i o n  was d r i e d  with

magnesium s u l f a t e  and f i l t e r e d .  The ether*-was removed on a r o t a r y

e v ap o ra to r  and ^the n i t r i t o  compound r e c r y s t a l l i z e d  from m ethanol-water

a t  -20  °C. Y ie ld  94 mg (0 .171  mmol) 75%. M el t ing  p o i t ^  122-124 °C,

^N0 2  1340, 1065, 820 and 586 cm 1723 c m " / . ^ A n a l y s i s .

C a lcu la t e d  f o r  H, 5^42; n | z . 51. Found:

C, 30.42; .H, 5.39; N, 2 .50 .  The p ro io » - 4 w ! n . r . showed a q u i n t e t

( r e l a t i v e  a r e a  t h r e e )  a t  6.13 p .p .m .  u p f i e l d  from ch loroform  and a

s e p t e t  ( r e l a t i v e  a r e a  two) a t  5.51 p .p .m .  u p f i e l d  from ch lo ro fo rm .

F lu o r in e  n . m . r .  s p e c t r a l  parameter/s a re  l i s t e d  in  Tab les  I ,  I I  and I I I .  
'

2 . 2 . 6 ,  -The p r e p a r a t i o n ' o f  t r a n s - p e r f l u o r o v i n y I n i t r a t o b i s  

( t r i e t h y l p h o s p h i n e ) p l a t i n u m ( l l )

Tran's- p e r f  lu o ro v in y  Ich lo r  ob is  ( t r i e  thy Iphosph i n e ) p l a t i n u m ( l l )  

(123 .4  mg, 0:224 mmol) was d i s s o l v e d  in 3 ml m ethanol .  S i l v e r  n i t r a t e ,  

(4 4 .6  mg, 0 .262 mmol) d i s s o l v e d  in 1:1 methanol:wate r. ,  was added drop-  

w ise .  The s o l u t i o n  was s t i r r e d  under n i t r o g e n  f o r  t h i r t y  m inu tes ,  then
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the  AgCl was removed oy f i l t r a t i o n  and the methanol removed on

a r o t a r y  e v a p o r a t o r . The r e s id u e  was d i s s o l v e d  in d i e t h y l  e t h e r

and washed wi th  wa ter  to  remove u n re a c te d  s i l v e r  n i t r a t e .  The

s o lu t io t i  was d r i ^ d  over magnesium s u l f a t e  and f , i l t e r e d .  The e t h e r

was removed on a r o t a r y  e v a p o r a to r  and the r e s i d u e  r e c r y s t a l l i z e d

as c o l o r l e s s  c r y s t a l s  from pe tro leum e t h e r  -(60-90 C). Yie ld  79 mg

■ o(0 .137  mmol) 61%. M el t ing  p o in t  120-122 C. A n a l y s i s .  C a l c u l a t e d

fo r  C, 29.27; H, 5 .26 ;  N, 2 .4 4 .  Found: C, 29.90;

H, 3.32; N, 2 .3 4 .  P* 1730 c m " \ U  ^ 1485 and 1276 c m " \  The

proton  n . m . r .  showed a q u i n t e t  ( r e l a t i v e  a r e a  t l i r ee )  a t  6.14 p .p .m.

u p f i e l d  from ch loroform  and a s e p t e t  ( r e l a t i v e  a rea  two) a t  5 .48 p .p .m .  
,  ■

u p f i e l d  from ch lo ro fo rm .  F lu o r in e  n . m . r .  s p e c t r a l  pa ram ete rs  a re  

l i s t e d  in ' f ab les  I ,  I I  and I I I .

>
2 .2 . 7 .  The p r e p a r a t i o n  o f  t r a n s -p p r f lu o ro v in y I cy a n o b ' i s  ^

. T : ' Ç

( t r i e  t h y I p h o s p h in e ) p l9 t in u m ( I I )

T r a n £ - p e r f  luorrrv iny Ich lo r  o b is  ( t r i e  thy Iphospli ine)  p la t inum  (.II )

(126.0  mg, 0.228 mmol ) \was dis*solvod in 5 ml methano l ,  fol'l'owed by the
i  '

a d d i t i o n  of  sodium cy an id e ,  (12 .5  mg, 0.255 mmol). S i l v e r  t e t r a -  

f  l u o r o b o r a t e , ( 6 9 .7  mg, 0..358 mmol) was d i s s o l v e d  in  2 .ml o f  1 : 1  

water :methanol and p i p e t t e d  in to  the s o l u t i o n .  A white  p r e c i p i t a t e  

formed im media te ly .  The s o l u t i o n  was s t i r i e d  fo r  one hour under n i t r o g e n ,  

then f i l t e r e d  to  remove the s i l v e r  c h l o r i d e .  The methanol was removed 

on a r o t a r y  e v a p o r a to r  anc^ the  r e s id u e  d i s s o l v e d  in d i e t h y l  e t h e r .



31 -

The e t h e r  s o l u t i o n  was washed with  s e v e r a l  p o r t i o n s  of water and „

d r i e d  over magnesium s u l f a t e .  " The s o l u t i o n  was f i l t e r e d  and the 

e t h e r  removed on 'a r o t a r y  jOvaporator.  The cyano compound was r e ­

c r y s t a l l i z e d  a t  -20  °C from m ethano l -w ater  as  c o l o r l e s s  c r y s t a l s .  • 

Y ie ld  81 mg (0 .150  mmol) 6 8 %. M el t ing  p o i n t . 103-107 C. A n a ly s i s .

C a lc u la t e d  f o r  C, 33 .34; H, 5 .60 ;  N, 2 .59 .  Found:
1  ' 1  ̂ ' 

y  ■ C, 32.91; H, 5 .40 ;  N, 2 .34 .  ^ 1?28 cm" , 2148 c m " \  The

p ro to n  n . m . r .  showed a q u i n t e t  ( r e l a t i v e  a r e a  th r e e )  a t  6.18 p .p .m .

u p f i e l d  from ch loroform and a s e p t e t  ( r e l a t i v e  a r e a  two) a t  5.28 p.p.m.

u p f i e l d  from ch lo ro fo rm .  F lu o r in e  n . m . r .  r e s u l t s  are  given in  T ab les

I ,  I I  and I I I .

2 . 2 . 8 .  The preparat ion of  t r a n s - p e r - f l u o r o v i n y l a z i d o b i s  

( t r i e t h y I p h o s p h i n e ) p l a t i n u m ( I I )

T r a n s - p e r f l u o r o v i n y I c h l o r o b i s ( t r i e t h y l p h o s p h i n e ) p l a t i n u m ( l l )  

(126 .6  mg, 0 .231 mmol) was d i s s o l v e d  in 5 ml metlWnol- S i l v e r  t e t r a -  

f l u o r o b o r a t e  (5 2 .3  mg, 0;269 mmol) was added, followed by sodium 

az id e  (15 .7  mg, 0 .242 mmol) d i s s o lv e d  in  3:1 m e t h a n o l : w a t ^ .  The 

s i l v e r  c h l o r i d e  r e a c t i o n  p roduc t  was removed by f i l t r a t i o n  and the 

J methanol s o l u t i o n  passed down a s h o r t  f l o r i s i l  column remove io n i c
 __

s p e c i e s ,  thereby  p re c lu d in g  the Iformat ion of  s i l v e r  a z i d e .  The az ide
/  <

compound was r e c r y s t a l l i z e d  from m ephano l -w a te r . Yie ld  75 mg 

(0 .135  mmol) 58%. M el t ing  p o in t  70- 71 A n a ly s i s .  C a l c u la t e d  f o r
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^ 1 4 ^ 3 0 ^ C,  30.22; H, 5 .43; N, ^  55. Found: C.. 30 .10;

'II ,  5 .23; N, 7 .50.  1 731 cm ^ 2045 cm ^ . ffhe a z id e

compound"'proved to  be d i f f e r e n t  from- the  o t h e r  compound^-prepared in

t h i s  s e r i e s  in t h a t  i t  was l i g h t  s e n s i t i v e  and in s o lu b le  in a l l

common o rgan ic  s o l v e n t s  e x ce p t  m e thano l .  For the l a t t e r  r e a so n  the

pro ton  and f l u o r i n e  n . m . r .  s p e c t r a  were recorded  in methanol s o l u t i o n .

The p ro to n  n . m . r .  showed a q u i n t e t  ( r e l a t i v e  a r e a  t h r e e )  a t  3.49 p.p .m.
, -

u p f i e l d  from methanol ,  a n d ,a  s e p t e t  ( r e l a t i v e  a rea  two) a t  2 .78 p.p .m.  ' 

upfie lc t^ from methanol.  The f l u o r i n e  n . m . r .  s p e c t r a l  p a ram ete rs  a re  , 

l i s t e d  i i \ r a b l e s  I ,  I I  and H I .  < .

I2 . 2 . 9 .  The p r e p a r a t i o n  o f  t r a n s - p e r f l u o r o v i n y 1carbony I b i s  ^

( t r  ic  til y lphost>?i ine ) p la t inum( 1 i ) perch lo r  a te
«

T rans - p e r f  l u o r o v i n y l c h l o r o b i s (  t r i e  t h y lp h .o s p h in e )p la t in u m ( l l )  ,

(151 .0  mg, h .276 mmol) was d i s s o lv e d  in 5 ml a c e to n e .  S i l v e r  p e r c h l o r a t e  

(4 2 .0  mg, 0 .203 mmol) was added to  the  s o l u t i o n .  S i l v e r  c h l o r i d e  

p r e c i p i t a t e d .  Carbon monoxide was b ubb led / th rough  the s o l u t i o n  f o r  

t h i r t y  minu tes  and the s i l v e r  c h l o r i d e  was then removed by f i l t r a t i o n .
I

The ace tone  was removed on a r o t a r y  e v a p o r a to r  and the  r e s id u e
h

treatcjd with d i e t h y l  e t h e r ,  to  s e p a r a t e  the e t h ç r  s o lu b le  s t a r t i n g  

m a t e r i a l  from the e t h e r  i n s o lu b le  p ro d u c t .  The s o l u t i o n  was f i l t e r e d  

and the f i l t e r e d  m a t e r i a l  washed with s e v e r a l  p o r t i o n s  of w a te r  to  remove 

any r e s i d u a l  s i l v e r  p e r c h l o r a t e .  The s o l i d  ^as d r i e d  under vacuum and
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r e c r y s t a l l i ^ e d  from ch lo ro fo rm  by the  a d d i t i o n  o f  a' few-drops

of d i e t h y l  e t h e r .  Y ie ld  o f  the  white  c r y s t a l s  was 97 mg (0 .151 mmol)
c

74% on the b a s i s ’ of  s i l v e r  p e r c h l o r a t e ,  55% on the  b a s i s  o f  t r a n s -
l .  .  ̂ ^

p e r f l u o r o v in y lc h l o r o b i s C  t r i e t h y l p h o s p h i n e ) p l a t i n u m ( l l ) . Mel t ing  

p o i n t  134-136 A n a ly s i s .  C a l c u l a t e d  fo r
'

C, 28 .16; H, 4 .7 3 .  Found: C, 28 .27; H, 4 .7 3 .  1730 cm
w

p .  2105 cm In  the p ro ton  n . m . r .  a q u i n t e t  ( r e l a t i v e  a r e a  
0=0 /

t h r e e )  a t  6 . 0 2  p .p .m .  u p f i e l d  from ch loroform  and a s e p t e t  ( r e l a t i v e

a r e a  two) a t  5.05 p .p .m .  u p f i e l d  from chloroform were n o te d . .  F lu o r in e
. *

n . m . r .  r e s u l t s  a re  t a b u l a t e d  in  Tab les  I ,  I I  and I I I .  ^

2.2.10-. The p r e p a r a t i o n  of  t r a n s - p e r f  luo rov iny  Ip y r id y  lb i s  

( t r i e t h y l p h o s p h i n e ) p l a t i n u m ( I l ) p e ' r c h l o r a t e  

T rans- p e r f  luo rov iny  l c l \ l o i o b i s (  t r i e  thy lp h o sp h in e Jp la t in u m (  I I )  . 

(150 .4  mg, 0.275 mmol) and sodium p e r c h l o r a t e ’monohydrate (43 .1  mg,

0 .307 mmol) were d i s s o lv e d  in  7 ml ace 

0 .982 g /ml;  27 .4  mg; 0 .347 mmol) were

1 which was t h e n " s t i r r e d  under n i t r o g e n  Æpr o n e \h o u r . The sodium }

' / i '  /c h l o r i d e  r e a c t i o n  p ro d u c t  was removed/by f i l t r a t i o n .  The ace to n e  was

28 jx\ p y r id i n e  ( d e n s i t y ,  

ed i n t o  the s o l u t i o n

removed on a r o t a r y  e v a p o r a to r  and /the r e s id u e  t r e a t e d  with d i e t h y l

e t h e r  to  remove u n re a c te d  p y r id i n e  and chlorocomplex. The p y r id y l /  

complex was s e p a ra te d  from the  remain in g sodium p e r c h l o r a t e  by treattnenf'  a 

wiqîi methylene c h l o r i d e .  The methylene  c h l o r i d e  was removed on a

I
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r o t a r y  e v a p o r a t o r .  The s o l i d  w a S 'd i s so lv e d  in ch lo ro fo rm  and
C"

t r a n s - p e r f l u o r o v i f i y l p y r i d y l b i s ( t r i e t h y I p h o s p h i n e ) p l a t i n u m ( I I )

p e r c h l o r a t e  was p r e c i p i t a t e d  by the a d d i t i o n  of  d i e t h y l  e t h e r .  Y ie ld .

95 mg (0 .138  n ^ l )  50%. M el t ing  p o i n t  152-153 ^C.  A n a ly s i s .

C a lcu la te d  fo r  C^gH^^NClO^C^P^Pt: C, 33.03; H, 5 .11; N, 2 .03 .

Found: C, 32.90;  II, 5 .11; N, 2 .12 .  V  1733 cm ̂ . V ib r a t i o n sC-C' , /

i d e n t i f i a b l e  as  o r i g i n a t i n g  wi th  the p y r id i n e  r i n g  occu r red  a t  1615,

^ ' 1218, lOlO, 704 and 682 cm . In the p ro ton  n . m . r .  a q u i n t e t
.  - I »

( r e l a t i v e  a rea  t h r e e )  was no ted  1,12 p .p .m .  downf ie ld  from T.M.S.*

whi le  a s e p te t  ( r e l a t i v e  a re a  two) was noted  1.59 p .p .m .  downfie ld

from T.M.S. Two a b s o r p t i o n s  were no ted  f o r  p y r i d i n e ,  a t  8 .58  p .p .m .

downf ie ld  from T.M.S. ( r e l a t i v e  a re a  tw o ) , and a t  7.81 p .p .m .  downfie ld

from T.M.S. ( r e l a t i v e  a r e a  t h r e e ) .  The m u l t i p l e t s  due to  these  groups
V

were no t  wel l  r e s o l v e d .  F l u o r in e  n . m . r .  r e s u l t s  a r e  t a b u l a t e d  in 

Tables  I ,  I I  and 111.

2 .2 .1 1 .  Tlie p r e p a r a t i o n  of  t r a n s - p e r f  luo rov iny  I t r i s (  t r i e  thy I phosphine) 

p l a t i n u m ( I l ) p e r c h l o r a t e  

T r a n s - p e r f  l u o ro v j .n y lc h lo r o b i s (  t r i e  thy lpho 5 ph ine )p  l a t i n  um(I l )  

(151.2  mg, 0 .267  mmol) was d i s s o l v e d  in  0.5 ml o f  a c e to n e .  Sodium 

p e r c h l o r a t e  monohydrate (49 .1  mg, 0.348 mmol) was d i s s o l v e d  in 5 ml of 

ace tone  and t h i s  s o l u t i o n  was added dropwise to  the  f i r s t  s o l u t i o n  

under n i t r o g e n .  5 1 y l  t r i e t h y l p h o s p h i n e  ( d e n s i t y  0.801 g/ml;  40 .8  mg;
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0.346 mmol)were s y r in g ed  i n t o  the f l a s k  and the  m ix tu re  s t i r r e d  

under n i t r o g e n  fo r  two h o u r s .  The sodium c h l o r i d e  formed in the  

r e a c t i o n  was then removed by f i l t r a t i o n  and the  ace tone  removed on 

a r o t a r y  e v a p o r a t o r .  The t r a n s - p e r f l u o r o v i n y i t r i s ( t r i e t h y l p h o s p h i n e )  

p l a t i n u m C I l ) p e r c h l o r a t e  was e x t r a c t e d  i n t o  methylene c h l o r i d e .  The 

methylene c h l o r i d e  was removed on a r o t a r y  e v a p o r a to r , a n d  the p ro d u c t  

r e c r y s t a l l i z e d  from c h lo ro f o r m - e th e r  s o l u t i o n  a t  -20  °C. Yie ld  

129 mg (0 .1 7 7  mmol) 6 6 %.

This  p ro d u c t  proved to  be one of the l e a s t  s t a b l e  of  the

• ■ • o '  complexes formed, m e l t i n g  wi th  d e c o m p o s i t io n - a t  127-129 C. I t
/

decomposed p a r t i a l l y  over fou r  days in  /Chloroform in  an n . m . r .  tu b e ,
i

y i e l d i n g  a brown p r e c i p i t a t e .  A n a ly s i s .  .C a l c u la t e d  f o r  C2qH^^C10^ .

C, 32 .89 ;  H, 6 .2 0 .  ' Founcj: C, 33.11; H, 6 .27 .  1730 cm"^.

In  o the r  r e s p e c t s  the  i n f r a r e d  spectrum^appeared  i d e n t i c a l  to  t h a t  o f

the p a r e n t  c h lo r o  complex w i th  the e x c e p t io n  of  a s t r o n g  absorbance 

-1a t  1080 cm due to the  p e r c h l o r a t e  an io n ,  and the absence ofA  P t - C l

a b s o r p t i o n s .  The p ro ton  n . m . r .  spec trum showed a q u i n t e t  ( r e l a t i v e  

a r e a  t h r e e )  a t  7.27 p .p .m .  u p f i ^ d  f^lmn ch lo ro fo rm .  But r a t h e r  than 

the  u sua l  s e p t e t  a p o o r ly  reso lVed m u l t i p l e t  ( r e l a t i v e  a r e a  two) 

c e n te re d  5,35 p .p .m . u p f i e l d  f r o m ^ h to r o f o r m  was n o te d .  The r e l a t i v e  

i n t e n s i t i e s  o f  the  members of  the m u l t i p l e t  appeared  to  be 1 : 3 : 4 : 4 : 3 : 1  

and uridouhtedly a ro se  from the ov e r lap  o f  the  re sonances  of the two 

chem ica l ly  d i f f e r e n t  methylene groups .  E.l'uorlne n . m . r .  s p e c t r a l  

r e s u l t s  a r e  shown in Tab les  I ,  II, and I I I .
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2 . 2 . 1 2 .  The p r e p a r a t i o n  o f  t r a n s - p e r f l u o r o v i n y l t r i p h e n y l p h o s p h i n e b i s
•>

( t r i e t h y I p h o s p h i n e i p l a t i n u m C I I ) p e r c h l o r a t e
“ n  “ .

T r a n s - p e r f  lu o r o v i n y lc h  l o ro b  i s  ( t r i e  thy Iphosph ine)  p l a t  inurn( 1 1  ' 

(150 .4  mgj 0 .274  mmol) was d i s s o l v e d  in 5 ml ace to n e .  Sodium p e r ­

c h l o r a t e  (4 3 .4  mg, 0 .312 mmol) was added.  Tg&phenylphosphine (7 8 .7  mg, 

0 .300 mmol) was d i s s o l v e d  in ace to n e  and added dropwise to  the above 

s o l u t i o n  which was then s t i r r e d  under n i t r o g e n  f o r  f i v e  h o u r s .  The 

s o l u t i o n  was f i l t e r e d  and the ace tone  removed on a f o t a r y  e v a p o r a t o r .  

■Unreacted phosphine  and c h lo ro  complex were removed by e x t r a c t i o n  with 

e t h e r .  The s o l i d  r e s i d u e  was d r i e d  and the  d e s i r e d  v in y l  complex ex­

t r a c t e d  from u n reac ted  sodium p e r c h l o r a t e  with methylene c h l o r i d e .

The methylene c h l o r i d e  was removed on a r o t a r y  e v a p o r a to r  and the 

t f ip h en y lp h o sp h in o  complex r e c r y s t a l l i z e d  from c h l o r o f o r m - e t h e r  s o l u t i o n .  

Y ie ld  106 mg (0 .119  mmol) 44%. M e l t in g  p o i n t  163-164 °C. A n a l y s i s .  

C a l c u la te d  f o r  C^g^^^OlO^F^PgPt: C , 43 .71 ;  H, 5 .19 .  Found; C, 43 .96;

H, 5 ,18 .  1730 cm ^ . A b so rp t io n s  due to  the t r i p h en y lp h o s p h in e

- 1l ig an d  o c cu r red  a t  743, 700 and 500 cm . The pro ton  n . m . r .  showed 

th re e  a b s o r p t i o n s .  A peak ( r e l a t i v e  a r e a  f i v e )  due to  the phenyl p ro tons  

was noted  a t  7.60 p .p .m .  dow nf ie ld  from T .M .S . , t h e  u s u a l  q u i n t e t  

( r e l a t i v e  a r e a  s i x )  a t  0 .97  p .p .m .  dow nf ie ld  from T.M.'S., and a 

poor ly  r e s o lv e d  s e p t e t  ( r e l a t i v e  a r e a , f o u r )  a t  1.44 p .p .m . .d o w n f i e ld  

from T.M.S. The f l u o r i n e  n . m . r .  r e s u l t s  a re  shdwn in T ab les  1, I I  

and 1 1 1 .
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2 .2 .1 3 .  The p r e p a r a t i o n  of  t r a n s - p e r f l u o r o v i n y l t r i m e t h y I p h o s p h i t e b i s  

( t r i e t h y I p h o s p h i n e ) p l a t i n u m C I I ) p e r c h l o r a t e  

T r a n s - p e r f  luorov iny  I c h lo ro b  i s  ( t r i e  thy Iphosph ine)  p l a t  inunrt( I I )  

( 1 5 Î . 5  mg, 0.267 mmol) was d i s s o lv e d  in 3 ml of  a c e t o n e .  Sodium 

p e rch lo ra te ,m o n o h y d ra te  (48 .8  mg, 0.348 mmol) was added.  36

t r i m e th y l p h o s p h i t e  ( d e n s i t y  1.05 g /ml;  37.8  mg; 0 .305 mmol) were

\
sy r inged  i n t o  the s o l u t i o n .  An immediate white  p r e c i p i t a t e  was n o te d .

The s o l u t i o n  was s t i r r e d  urJder n i t r o g e n  fo r  t h i r t y  m in u te s ,  the  s o l i d  

sodium c h l o r i d e  removed by f i l t r a t i o n  and the ace tone  removed on a 

r o t a r y  e v a p o r a t o r .  The desi i /ed  p roduc t  was e x t r a c t e d  i n t o  methylene 

c h lo r id e  and f i l t e r e d .  The/methylene c h l o r i d e  was removed on a r o t a r y  

ev ap o r a to r  and the  p roduc t  o b ta in e d  as  whi te  f l o c c u l e n t  sub s tan ce  from 

a c e t o n e - e t h e r . Y ie ld  176 tsfg (0 .249  mmol) 937».^ Meet ing,  p o i n t  140-142 °C.

, 34 . F^und;A n a ly s i s .  C a l c u la te d  f o r  C^yH^gClOyF^PgPt: C, (27^74; H, 51

C=CC, 27.44; H, 5 .15 .  P 1738 cm ^ . A bso rp t ions  o r iglntt&rtig wi th  the

“ 1  *t r i m e th y l p h o s p h i t e  l ig an d  occu r red  a t  1099 and 840 cm . The p ro to n  

n . m . r .  spectrum showed a q u i n t e t  ( r e l a t i v e  a r e a  s i x )  a t  6.33 p .p .m .  

u p f i e l d  from ch lo ro fo rm .  The u su a l  s e p t e t  ( r e l a t i v e  a re a  fo u r )  a t  

7.84 p .p .m .  u p f i e l d  from ch lo ro fo rm  was p oo r ly  r e s o l v e d .  A d o u b le t  

( r e l a t i v e  a re a  t h r e e )  c e n te re d  a t  6 .04 p .p .m. u p f i e l d  from ch loroform  

was n o te d .  -This a b s o r p t io n  o r i g i n a t e d  with the methoxy p ro to n s  And the 

s p l i t t i n g  a ro se  from co u p l in g  wi th  the phosphorous n u c leu s  f o r  which 

1=1/2.  The r e s u l t s  of the f l u o r i n e  n . m . r .  s p e c t r a  a re  g iven  in  Tables  

I ,  I I  and I I I .



38

2 . 2 . 1 4 .  Thp p r e p a r a t i o n  of  t r a n s - p e r f l u o r o v i n y I  t r i e  th y I p h o s p h i t e b i s

( t r  i e  thy Iphosph ine )pla^*in,um( I l ) 'per c h l o r a t e

T ran s - p e r f  lu o ro v in y  Ic h lo ro b  i s  ( t r i e  thy Iphosphine  )p la t in u m (  I I  )

(153 .2  mg, 0 .270 mmol) and sodium p e r c h l o r a t e  monohydrate (49 .1  mg,

0.349 mmol) were d i s s o l v e d  i n  4 ml a c e to n e .  53 t r i e t h y l p h o s p h i t e

( d e n s i t y  0 .969 g/ml;  51 .4  mg; 0 .309 mmol) were sy r in g ed  i n to  the

s o l u t i o n ,  which was then s t i r r e d  f o r  one hou r .  The sodium c h l o r i d e

was removed by f i l t r a t i o n  and the ace tone  removed on a r o t a r y  e v a p o r a to r .

The r e s id u e  was s l u r r i e d  in d i e t h y l  e t h e r  and the e t h e r  then removed

by d é c a n t a t i o n .  A f t e r  d r y i n g ,  the  t r i e t h y l  p h o sp h i te  complex was

e x t r a c t e d  w i th  methylene  c h l o r i d e .  This  s o lv e n t  was removed on a r o t a r y  
.

e v a p o r a to r  and the complex r e c r y s t a l l i z e d  from c h l o r o f o r m - e t h e r . Yield

195 mg- (0 .252  mmol) 93/.. M e l t in g  p o i n t  136-137 °C. P_ _ 1730 cm ^ .c=c

A n a l y s i s .  C a l c u l a t e d  fo r  C2 Qh^^ClO^FjP2 P t ;  C, 30 .83; H, 5 .83 :  Found;

C, 30.87; II, 5 .7 5 .  The p ro to n  n . m . r .  spectrum was more complex than

t h a t  of any o^her compound p repa red  in t h i s  s e r i e s .  The lowest  f i e l d

group was a q u i n t e t  ( r e l a t i v e  a rea  two) a t  3 .20 p .p .m .  u p f i e l d  from

chloroform  and was due to the methylene p ro tons  o f  the  t r i e t h y l p h o s p h i t e

l i g a n d .  u sua l  q u i n t e t  ( r e l a t i v e  a re a  fo u r )  due to  the methylene

p ro to n s  of  the  t r i e  thyIphosph ine  l ig a n d  appeared 5 .34  p .p .m .  u p f i e l d

from ch lo ro fo im .  The h i g h e s t  f i e l d  group was a m u l t i p l e t  ( r e l a t i v e

a r e a  n in e )  which appeared  to  be composed of ( 1 ) a q u i n t e t  c en te re d

a t  8.89 p .p .m .  u p f i e l d  from ch loroform  due to the methyl p r o t o n s - o f

?
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the t r i e  thyIphosph ine  l ig a n d s .a n d  (2) a t r i p l e t  c e n t e r e d  a t  8 .58  

p .p .m.  u p f i e l d  from ch loroform  due to  the methyl p ro to n s  of the 

t r i e t h y l p h o s p h i t e  l i g a n d .  The f l u o r i n e  s p e c t r a  a r e  r e p o r t e d  in 

Tables  1,  I I  and I I I .

I )

2 . 2 .1 3 .  The p r e p a r a t i o n  of  t r a n s - p e r f l u o r o v i n y 1t r ip h e n y I p h o s p h ic o b i s  

( t r i e t h y I p h o s p h i n e ) p la t lnum ( 11 ) p e r c h l o r a t e
C >

T r a n s - p e r f  l u o r o v i n y l c h l o r o b i s (  t r  i e L h y lp h o sp th in e )p la t in u m ( l l )

(151 .0  mg, 0.268 mmol) and sodium p e i c h l o r a t e  monohydrate (5 0 .7  mg,

0.361 miTjol) were d i s s o lv e d  in 4 ml of a c e to n e .  51 yjl L r iphenyIphosph i le

( d e n s i t y  0.801 g/ml;  40 .8  mg; 0 .346 mmol) were sy r inged  i n t o  the

s o l u t i o n ,  which was then s t i r r e d  for  two h o u r s .  The sodium c h l o r i d e

was removed by f i l t r a t i o n  and the ace tone  on a r o t a r y  c-’a p o r a t o r .  Any

u n re a c te d  s t a r t i n g  m a t e r i a l  was removed by e x t r a c t i o n  with d i e t h y l

e t h e r .  The d e s i r e d  complex was e x t r a c t e d  from the r e s id u e  w i th  methylene

c h l o r i d e  which was then removed on a r o t a r y  e v a p o r a t o r .  The complex

was r e c r y s t a l l i z e d  from c h l o r o f o r m - e t h e r .  Y ie ld  180 mg (0 .195  mmol)

73%. Help ing  p o in t  70-72 °C. 1730 cm \  Other a b s o r p t i o n s

i d e n t i f i a b l e  with  the t r i p h e n y lp h o s p l i i t e  l ig an d  o c cu r red  a t  1696, 1490,

\ -11280, 925, 690 and 510 cm . A n a ly s i s .  C a l c u l a t e d  fo r  C,^H,rClO,\  32 45 4

C, 41 .68 ;  >11, 4 .7 2 .  Found: C, 41 .23; H, 4 .7 7 .  The p ro ton

n . m . r .  showed a q u i n t e t  ( r e l a t i v e  a r e a  s i x )  a t  1.09 p .p .m .  dow nf ie ld  

from T.M.S. and a f s e p t o t  ( r e l a t i v e  a r e a  fo u r )  a t  2 ,07 p .p .m .  downfie ld  

from T.M.S. due to  the t r i e t h y l p h o s p h i n e  l i g a n d .  The a b s o r p t io n  due
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t r i p h e n y l  p h o sp h i te  l igand  ( r e l a t i v e  a r e a  f i v e )  o ccu r red  

7.19' p .p .m .  downf ie ld  from T.M.S. The f l u o r i n e  s p e c t r a l  p a ram ete rs  

a re  shown in Tables  I ,  I I  and I I I .

a
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X '

TABLE I

FLUORINE NUCLEAR MAGNETIC RESONANCE SPECTRAL PARAMETERS

•
c=c

F t  2 

PCCgHgJ

'

X(Y) 3

(T i "̂ 12 '^13 '^Pt-F,
Hz.

-Ft r a n s  1
x_ p.p.m. Hz. Hz. Hz. Hz.

Cl" 100.8 105.0 3 1 : 0  ,. . .  56.0 6 .0

Br" 104.8 102.5 31.9 56.5 6.1

l ” 102.3 102.3 33.2 56.6 6 .0

NOg 95 .3 100.6 31.1 37.5 6.0 S'

ONOg 102.9 101.8 32.2 52.4 • 5.9

on" 95 .5  ' iOO.5 29.6 46.3 5 .6

«3 102.0 105.1 30.9 56.4 5 .4

Y_

CO 96.7 89 .0 32.6 64.7 6 .6

C5 H5 N 95.9 102.0 32.5 41.0 6 .0

Et.P 92.1 95.1 22.0 6 .2 12.5

Ph_P 92.9 95.5 \  34.3 29.3r 6.9 13.8

(MeO).P 90.9 96 .4 32.6 3 5 . 3 5.8 22.0

(EtO)_P 93.2 96 .2 32.5 33.3 6 .0 22.3

(PhO)_P 91 .5 94.1 33.7 38.3 6.7 21.8

Note : For Y the p e r f l u o r o v i n y l  s p e c i e s  a r e  c a t i o n i c  in n a t u r e ,

and th ese  compounds c o n ta in  the. p e r c h lo r a te  anion..
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TABLE I I

19
FLUORINE NUCLEAR MAGNETIC RESONANCE SPECTRAL PARAMETERS

F.

PL 2

X(Y)^

-F '^P -F c i s  I t r a n s  I
X p . p.m. Hz. Hz. Hz. Hz. Hz.

Cl 130.5 i0 5 i0  105.0 61 .0  3.5

Br"  ̂ 129.3 103.2  103.2 59 .7  o 3:5

r  128.9 102.8 102.8 58 .6  4 .2

N0~ 128.4  99 .8  104.0 61 .3  4 .2

ong" 131.7 102.3 105.7 59.9 4 .2

CN" 128.6  101.4 101.4 4 2 .6  3.9

CT2

J
1 2 -^23 ^Pt-Fg

P • p « lU • Hz. Hz. Hz.

130.5 i0 5 t0 105.0 61.0

129.3 103.2 103.2 59.7

128.9 1 0 2 . 8 1 0 2 . 8 58 .6

128.4 99.8 104.0 61.3

131.7 102.3 105.7 59.9
C-

128.6 101.4 101.4 42 .6

131.7 104.6 104.6 58.5

122.7 91.2 105.7 30.8

127.2 1 0 2 . 0 107.5 51.0

123..5 95 .4 98.7 44 .8

1-23.1 93 .7 106.2 39.0

124.7 97 .8 . 103.3 37.4

124.8 96 .6 102.5 37.4

123.0 94 .6 104.2 35.4

N3  131.7 104.6 104.6 58.5  3 .6

Y

CO 122.7 91 .2  105.7 30.8  3 .5

CgHJ 127.2 102.0 107.5 51 .0  4 .0

EL]P 123..5 95 .4  98.7  44 .8  3 .2  3.2

Ph.P 1-23.1 93 .7  106.2 39 .0  4 .2  4 .2

(MeO)jP 124.7 97 .8  • 103.3 37 .4  4 .2  4 ,2

(ELO)jP 124.8 96 .6  102.5 37 .4  4 .2  4 .2

(phO).P 123.0 94 .6  104.2 35 .4  1%,5 5 .0

Note:  For Y the p e r f l u o r o v i n y 1 sp ec ie s  a re  c a t i o n i c  in n a tu re  and^ these

COL.pound s c o n ta in  the p e rc h lo ra te  an io n .
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TABLE I I I

FLUORINE NUCLEAR MAGNETIC RESONANCE SPECTRAL PARAMETERS

' •

x ( y/

‘ ' 3  / i

/  \  
P t  ^2

3

' 0 1
J l 3 T

"23 ^ P t - F ] —]t r a n s
X p .p .m . Hz. Hz. Hz. Hz. Hz.

Cl" 147.9 31.0 104.5 512 1.5

Br" 146.7 32.9 105.3 519 0

l “ 145.5 33.3 102.8 510 4 .8

NO] 158.0 31.1 104.9 422 6.4 *

ONO] • 151.5 31.6 105.0 538 . 2 .3

CN" 160.1 30.2 103.2 350 4 .9

N] 152.7 29.4 104.2 468 2l3

Y

CO 164.4 33.3 104.8 378 4 .2

C5 H5 N' 157.2 32.5 107.0 454 4 .0

Et3P 151.6 33,2 103.0 282 6.2 33.2

Ph^P 152.7 34.7 103.8 320 6.2 34.7

(MeO)jP 159.0 32.9 102.8 309 5.2 50.8

(EtOOjP 158.8 32.8 102.2 306 5.2 49.9

(PhOOgP 158.6 33.3 103.7 316 5.7 54.3

Note:  For Y the  p e r f l u o r o v i n y l  s p e c i e s a re  c a t i ô n i c  in n a tu r e , and

%

-F.

th e se  compounds c o n ta in  the p e r c h l o r a t e  an io n .
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CHAPTER I I I  

DISCUSSION

P e r f l u o r o v i n y I b i s ( L r ie th y Ip h o sp h in e ) p l a t i n u m ( I I ) Complexes
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%

. D iscu s s io n :  A S e r i e s  o f  P e r f Iu o ro v in y lb i t , (L i - ie th y lp h o sp l t in e )

p l a t i n u m ( I l )  Complexes and the  T r a n s - in f lu en c e
in

3 .1 .  P r e p a r a t i o n s ,  Analyses  and S te re o c h e m is t r y

A s e r i e s  o f  n e u t r a l  complexes o f  formula t r an s - jptXCC^F^^ 

(PEt. 2 ) 2 ] were p rep a red  fo r  "X = Cl , Br > I , NO^, ONO^, CN and 

and a s e r i e s  of  c a t i o n i c  complexes of fo rm u la - t rans^ P t (C ^F ^)L(P E t^ )* l  

jciO^jwere p repa red  for  L = CO, C^Hç-N, IF.t^,  PPh , ,  P(OMe)^, F(OEt^) /> 

and P(OPh) i " ■ ■■ ’

These complexes were p rep a red  from the  p a re n t  I r a n s - 

|p tCHC 2 r 2 )(FFL 2 ) 2 j  . The p r e p a r a t i o n  o f  the p a r e n t  from t r a n s -jptHCl 

(PEtjJgJ&^d C^i'^ was f i r s t  r e p o r t e d  by Cla rk  and T s a n g ^ ^ ^ \  A mech­

anism fo r  the fo rm at ion  o f  the  p e r f l u o r o v i n y l  complex was sugges ted  

by C la rk ,  Dixon and Jacobs.^^^^. The o v e r a l l  r e a c t i o n  in benzene a t

1 2 0  °C in a g l a s s  v e s s e l  was found to  be:

t r a n s - [ p t l i C K P E + excess  C ^F^---------»• b rans - [p tC l (C F = C l \ ) (P E t^ )  j  (a )

+ t r a n s - [ptCl(C(CI-\U)=CF^) (PEt^)  ]  (B)

+ t r a n s -  [ptCl(CO)(PEt^) j  [ ü F , /S iF r ]  (c)

The unusual g e n e r a t i o n  of C was ex p la in ed  through r e a c t i o n

of A with ILO and S i F , . In a s t a i n l e s s  s t d e l  a u to c l av e  the r e a c t i o nZ ' 4 i

above was found to  produce only t r a n s - |^P tC l(c r^CF^H)(PEt^)^J . This i s  

s i m i l a r  to  the type of  r e a c t i o n  in v/hich an o l e f i n  w i l l  i n s e r t  i n to  

a meta l -hydrogen  bond as mentioned in S e c t io n  1.1 above.  The m e ta l -  

a l k y l  formed from o l e f i n x i n s e r t i o n  w i l l  d i s s o c i a t e  i n to  o l e f i n  and

&
T
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m e ta l -h y d r id e  on h e a t i n g ,  but the p e r f lu o ro aL k y l  m eta l  complexes

w i l l  n o t  undergo a s i m i l a r  d i s s o c i a t i o n .

Trans -  [p tC l (Cf  ̂ C F ^ H ) ( P E t g ) w a s  shown t o  e l i m i n a t e  HF

r a t h e r  r e a d i l y  to  form A. The e l i m i n a t i o n  i s  a slow p ro cess  in dry
*■ \

benzene in  s i l i c a ,  bu t  occu rs  r e a d i l y  in  g l a s s ,  or w ith  t r a c e s  of

g water and SiF^. On tlie b a s i s  of t h i s  d a t a ,  the  fo l l o w in g  r e a c t i o n -

' . sequence was s u g g es ted :

a) PtH + CgF^ ----- ------ >> FtCF.CFgH (-1 . 8 )

b)- PtCF^CF^H HF f PtCF^CF^ - ( 1 . 9 )

c) HF + g l a s s -----------► H^O, BF^, SiF^,  BF~, SiF^" (1 .1 0 )

d)  ̂ 2PtCF=CFg + HgO + SiF^  v (PtCHO)'^ + HF + S1F% (1 .1 1 )

+ PtC(CF^H)=CFg

I t  ap p ea rs  t h a t  r e a c t i o n  a) above i s  n o t  as" s imple  as 

i n d i c a t e d  s in ce  i t  was found t h a t  when t r a n s - f p tH C l ( P E t^ )^ J  was hea ted  

with  excess  CgF^ a t  lyO in r i g o r o u s l y  d r i e d  benzene no r e a c t i o n  

o c cu r r ed .  The h y d r id e  was recovered  q u a n t i t a t i v e l y .  Clà^flT^t al^^^^  

employed r e a g e n t  benzene,  which d o n ta in s  about 0.05% w a te r ,  in 

a u tp c lav e  r e a c t i o n  ment ioned above. I t  seems l i k e l y ,  ' t h e r e f o r e ,  ^ a t  

the presence  of t r a c e s  of  w ater  a re  n e c e s sa ry  n o t  only  f o r  the e l im ­

i n a t i o n  of HF as p o s t u l a t e d  in s t e p  b) of the  r e a c t i o n  sequence ,  but
I

a l s o  f o r  the  fo rm a t ion  o f  t r a n s - [ ‘ptCl(CF^CF^H)(PEt^^)^j from meta l  

hydr ide  and t e t r a f l u o r o e t h y l e n e .

As i t  was d e s i r e d  to  o b t a in  the maximum y i e l d  of  t r a n s -
>
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4

|P tCl(CF=CFg)(PEt^ )^ j  fo r  t h i s  work, some m o d i f i c a t i o n s  to  the
#• \

p r e v io u s ly  p u b l i s h e d  ex p e r im en ta l  c o n d i t i o n s  were made.- These were:  

I )  to  c a r r y  ou t  the  r e a c t i o n s  in cyclohexane r a t h e r  than benzene,  

as the y i e l d  o f  p ro d u c t  C above was found to  be 'lower- in  cyclohexane

t^an in  benzerte , 2) to  c a r r y  ou t  : he r e a c t i o n s  in new Car ius/  (14)

tubes  as  used tubes  led  to lower y i e l d s , undoubtedly  due to  surfac.e 

e f f e c t s  s in c e  HF i s  produced in  the  r e a c t i o n ,  and 3) to caA.ry ou t  

the r e a c t i o n s  a t  110 even though the y i e l d  o f  C in c r e a s e s  with  ‘

t em p e ra tu re ,  because  the  y i e l d s  o f  A and B a l s o  i n c r e a s e .  With these  

m o d i f i c a t i o n s  the  y i e l d  of t r a n s -  |ptClOCF^CF2 )(PEt. 2 ) 2 ] i n c reased  to 80%.

Work conducted  by Dixon, Moss and Smith^^^^ i n d i c a t e s  t h a t  the  

p e r f l u o r o v i n y 1  l ig a n d  has  a r e a so n a b ly  s t r o n g  t r a n s - i n f l u e n c e ,  thus  

' i t  seems l i k e l y  that_ t h i s  l ig a n d  would a l s o  have a modera te ly  high 

t r a n s - e f f e c t .  The p r e s e n t  r e s e a r c h  shows t h i s  to be so, '  a s  rep lacem ent  . 

of  the  c h l o r i d e  t r a n s  \ to the  p e r f l u o r o v i n y l  ligfend i s  f a c i l e .

A d i r e c t  m e t a t h e t i c a l  r e a c t i o n  u t i l i z i n g  sodium or  s i l v e r

' ■ ( 1 2 ) 
s a l t s ,  as  f i r s t  employed by C ha t t  and Shaw, , was used to  r e p l a c e

c h lo r id e  with  bromide,  iodp.de or n i t r a t e  in a c e to n e .  Presumably the  .

fo rm at ion  o f  the ace tone  i n s o l u b l e  sodium or  s i l v e r  c h l o r i d e  p ro v id e s
i

the d r i v i n g  f o r c e  f o r  the  s u b s t i t u t i o n s .  These s imple  m e t a t h e t i c a l  

r e a c t i o n s  d id  n o t  work f o r  n i t r i t e ,  a z ide  and cyan ide  s u b s t i t u t i o n .

For these  s u b s t i t u t i o n s  i t  was f i r s t  n e c e s sa ry  to remove the c h l o r i d e ,  

a s  s i l v e r  c h l o r i d e ,  w ith  s i l v e r  t e t r a f l u o r o b o r a t e . The weakly coor ­

d i n a t i n g  BF^ l ig a n d  was then r e p la c e d  with  NO2 , CN o r  This  method
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( 18 )was f i r s t  employed by Cla rk  and Ruddlck . ^

To p rep a re  s p e c i e s  in which a n i o n i c  c h l o r i d e  was r e p l a c e d

(19)by a n e u t r a l  l ig a n d  the method o f  Church and Mays was u sed .  Th is
\

method can be summarized a s :

ace tonet r a n s - [ptCl(CF=CF^)(PEt^)^ j  + L + NaClO^

t r a n s -  [p t(CF=CF^)b(PEt^)^ j  [ClO^] + NaCl 

Once aga in  the d r i v i n g  fo rce  o f  the  r e a c t i o n  i s  presumably ■
■

the  fo rm at ion  of  sodium c h l o r i d e ,  w ith  i t s  low s o l u b i l i t y  in acetone, .

In the  case  where L -  CO the b e s t  y i e l d s  were o b ta in ed  employing s i l v e r  

p e r c h l o r a t e  r a t h e r  t h a n ' ^ d i u m  p e r c h l o r a t e ,  as s i l v e r  c h l o r i d e  has  

lower s o l u b i l i t y  in  ace tone  than does sodium c h l o r i d e .

Product  i d e n t i f i c a t i o n  was through a v a r i e t y  of t e c h n i q u e s .

In accordance  with  s t a n d a r d .p r a c t i c e  in'  the  l i t e r a t u r e  a n a ly se s  were 

c a r r i e d  out only f o r  carbon, hydrogen and n i t r o g e n  and p la t inum  was 

no t  d e te rm ined .  The i n f r a r e d  s p e c t r a  were a l l  s i m i l a r  to t h a t  o f  the  

p a re n t  c h l o r i d e ,  with  the major changes be ing  the  d i s ap p ea ran ce  o f  the 

band due to  the P t -C l  s t r e t c h  a t  305 cm  ̂ and the  appearance  o f  a 

v a r i e t y  o f  new bands o r i g i n a t i n g  w i th ,  and i d e n t i f i a b l e  as due to  the  t  

r e p l a c i n g  l i g a n d .  The I n f r a r e d  s p e c t r a  o f  t r a n s - [p tC l (C F = C F ^) (PE t j )^ j  

and ^rans-^Pt(CF='CF 2 )(C^H^N)(PEt^)^ j  j^ClO^j a re  reproduced in Appendix 

1  a s  be ing  r e p r e s e n t a t i v e  of the i n f r a r e d  s p e c t r a  o b ta in e d .

s _
The s t e r e o c h e m is t r y  of th~̂  per(ETuorbvinyî s p ec ie s  was 

e s t a b l i s h e d  by the method of  J en k in s  and S h a w ^ ^ ^ \  When the co u p l in g s  

J^^ ,  a re  much l a r g e r  than fo r  phosphines  t r a n s  to  one a n o t h e r ,
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the  p ro ton  magnet ic  resonance  spectrum showj coup l in g s  o f  magni tude

■̂ PH ^ ^ j l '^PH (t rue)  '^P'l

Th i s  phenomenon, i s  termed v i r t u a l  c o u p l i  losphines  a r e

c i s  to  one an o th e r  the o rg a n ic  group w i l l  ( ^the^phosphorus

atom o f  i t s  own phosphine group.

 ̂ ( 21)C la rk  and Tsang have sh o jM ' f o r  jln which t r i ­

e t h y l  phosphii^e l i g a n d s  a re  tran^'" ' ^  one ano<! th y l  p ro ton

resonance  c o n s ' S ç t j ^ f  a l : 4 : 6 : 4 \ l  q u i n t e t .  This"T>s-ttcrfn a r i s e s  from 

the  cou p l in g  o f  the  methyl proton^s with  the methylene p ro to n s  to  give 

a t r i p l e t ,  fo llowed by co up l ing  o f  the  methyl p ro tons  with  each phos­

phorus atom in t u r n .  All  the  complexes p repa red  f o r  t h i s  s tudy showed 

the  1 : 4 : 6 : 4 : 1  methyl p ro ton  resonance  expec ted  fo r  t r a n s  i som ers .

The s p l i t t i n g  p a t t e r n  of  the  methylene p ro ton  resonance  can 

be complex. Couplings  can occur between th e se  p ro to n s  and 1) the 

methyl p r o t o n s ,  2) the  phosphorus n u c l e i  and 3) the p la t inum  n u c l e u s .  

A's mentioned  in  S e c t io n  2 .2 .  the p a t t e r n  observed  u s u a l l y  took the form 

of a s e p t e t  which was w e l l  r e s o l v e d  in some i n s t a n c e s  and poor ly  i r  

o t h e r s .

The p ro to n  magnet ic  resonance  s p e c t r a  of t r a n s - [~PtCl(CF=CFo) 

(P E t , )^ |^  and t r a n s -  rpt(CFsCF 2 )(C^HgN)(PEt^)^ j  {plO^J are  reproduced in 

Appendix I .  These s p e c t r a  a re  r e p r e s e n t a t i v e  of a l l  the  p ro ton  n . m . r .J
s p e c t r a .
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3 . 2 .  The T rans - i n f l u e n c e

The Lrans- i n f l u e n c e  of a g iven  l igand  in a s e r i e s  o f  com­

p le x es  can be dete rmined by any o r  a l l  o f  the th r e e  methods mentioned 

in 1 . 2 . 2 .  above.  No a t t e m p t  was made to  de termine  the c r y s t a l  

s t r u c t u r e s  of any of the complexes ,  but a t t e m p ts  were made to c o n s t r u c t  

t r a n s - i n f l u e n c e  s e r i e s  by means o f  both v i b r a t i o n a l  and n u c l e a r  magnet ic  

re sonance  s p e c t r o s c o p i e s .

A
3 . 2 . 1 .  V i b r a t i o n a l  S p e c t r a  and the T r an s - i n f l u e n c e

In compounds of the type l r a n s - [ p t L ( C F = C F ^ ) ( P E t J  the re  

a re  two p o s s i b l e  v i b r a t i o n a l  i n d i c a t o r s  of the t r a n s - I n f l u e n c e . The 

f i r s t  of these  is  the p l a t  inurn-carbon s t r e t c h i n g  frequency and the 

second i s  tlie carbon -ca rbon  double  bond s t r e t c h i n g  f requency .

On the b a s i s  o f  the harmonic o b c i l l ^ t o r  approach the p la t inum- 

carbon s t r e t c h i n g  f requency shou ld  d e c rea se  as the u r a n s - in f l u e n c e  of 

L i n c r e a s e s .  The observed p la t in u m -ca rb o n  s t r e t c h i n g  bands were q u i t e  

weak as can be seen from th e  s p e c t r a  in Appendix 1; f o r  t r a n s -  jl^t 

(CF=CI' 2 ) ( T E t ^ ) ^  g band was n o t  observed .

Table  IV shows the  measured va lue  of Pp^ ^ compared witii those 

from the  l i t e r a t u r e  fo r  t r a n s - | p t X ( C H ^ ) ( P E t ^ ) .

The g e n e r a l  f e a t u r e s ’ of tlie two s e r i e s  a re  s i m i l a r .  The 

p o s i t i o n s  o f  NO^ and CN in  both s e r i e s  can be c ons ide red  s u sp e c t  due 

to  t h e ^ ) o s s i b i l i t y  of  v i b r a t i o n a l  c o u p l in g  of the Pt-C s t r e t c h  with the 

Pt-NU^ and Pt-CN s t r e t c h e s ,  which a r c  nearby  in f r equency ,  as in d ic a te d
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TABLE IV

0

Observed L i t e r a t u r e

X

NOg

l “

ONO]

Br"

«3

Cl"

CN"

,  - I s(cm )
Pt-C 

527 

538

544 

544 

546 

551

X

CN"

r

No"

Br" 

Cl" 

ON o'

(cm
Pt-C 

516 

540 

544 

548 

551 

566

in Sec t ion  I . 2 . 2 . 2 .

L i t e r a t u r e  d a t a  on ^ fo r  compounds o f  the  type t r a n s -

|pt(CH^)L(PEt 2 ) 2 ] {ciO^j i s  s can ty ;  d a ta  for  -complexes o f  tlie type

t r a n s -  |^Pt(CU^)L(PMe^Ph)^J [c lO^ i s  shown in Table a long with

the P  f r e q u e n c i e s  observed in t h i s  work.1 t-C

TABLE V

Observed L i t e r a t u r e

L

PPh. 

CO

P(OMc)

P(OLl),

p/oPh).

U (cm
Pt-C 

535 

545 

545 

555 

568 

570

L

PPh 3  

CO

Crll.N5 5

a
I  “ Is(cm )

Pt-C 

528 

545 

555
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The C ran s - In f lu e n c e  s e r i e s  observed  f r o m - v i b r a t i o n a l  d a t a  i s  aga in  

s i m i l a r  to t h a t  expec ted  from the l i t e r a t u r e .  However, i t  must be 

s t a t e d  t h a t  i t  i s  n a iv e  t o  c o n s id e r  the  harmonic o s c i l l a t o r  approach 

to be com ple te ly  v a l i d  s in ce  each o f  the  two p a r t s  of  the molecule  

bound by the  Pt-C bond are  complex and p robab ly  do no t  a c t  as  hard  

spheres  connec ted  by a s p r i n g .

There has  been some a ttempt-made , to  c o r r e l a t e  i n t e r n a l  

l igand  v i b r a t i o n s  o f  such s p e c i e s  as CHO or C^N, bonded to p la t inum ,

( 3 )with  the t r a n s - i n f l u e n c e  s e r i e s  . I t  has  n o t  as y e t  proven p o s s i b l e

to  c o n s t r u c t  such s e r i e s  fo r  carbonyl  compounds due to c o m p le x i t i e s

o r i g i n a t i n g  with  the sy n e rg ic  bonding system. For p l a t i n u m - n i t r i l e

systems the change in has  been i n t e r p r e t e d  in  terms o f  the changeN=C
( 2 2 )in  charge on the p la t in u m  . The p  S t r e t c h  was examined in com-C—r

p lexes  of the type'  t r a n s -jptLCCF^jCPMe^phjj to de termine  i f  t h i s  f requency

(23)could  be r e l a t e d  to  the  t r a n s - i n f l u e n c e  of  L. “ . I t  was found t h a t
\  ,

c o r r e l a t e d  n o t  with  the t r a n s - i n f l u e n c e  o f  L, but with i t s  mass.^L-r ■ ■ ■

The p a b s o r p t i o n  was^noted a t  around 1100 cm ^ , with  t o t a l  v a r i a t i o n

“ 1over about 45 cm

The v a lu e s  of  ^ f o r  the  p e r f l u o r o v i n y l  complexes show a 

“ 1spread  of only  13 cm . Values  a r e  g iven in Table  VI.

These s e r i e s  obv io u s ly  do n o t  c o r r e l a t e  e i t h e r  with  the mass 

of - the t r a n s  l ig a n d  or  i t s  t r a n s - i n f l u e n c e .  Apple ton e t  al^^'^^ have 

s tu d ie d  complexes of  the  type t r a n s - |^PtL(C(CFj)=CHOCH^)(PMe^Ph)^J .

They reco rd  the  va lue  but do no t  a t t e m p t  to  c o r r e l a t e  i t  with
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TABLE Vi-
OBSERVED AND LITERATURE VALUES OF ^

X (cm L ^  „(cmo=c V .. c=c

cl"  . 1729 - CO

Br" 1736 C.HgN

l “ • 1731 PEt^*

NÔ  1735 PPh.

ONO" 1736 P(OMe)^

CN" 1728 P(OEL).

n'  1731 ' P(OPh).

e i t h e r  the  t r a n s - in f lu e n c e  or mass of  L, nor  a re  these  c o r r e l a t i o n s  

p o s s ib l e  fu r  the  v a lu e s  o b l a in e d .
e

3 . 2 . 2 .  Nuclear  Magnetic"Resonance S p ec t ra  and the T rans - i n f l u e n c e

In the complexes p repared  th e re  a re  four n u c l e i  c apab le  of

g iv in g  r i s e  to. a n u c l e a r  magnetic  resonance  s i g n a l .  These n u c l e i

are  t a b u l a t e d  in Table VI1.

This Table i n d i c a t e s  the most s u i t a b l e  n u c l e i  fo r  n . m . r .

1 19 1exper iments  a re  H and F. The II s p e c t r a  have been d i s c u s s e d .

/ ” l
Vinyl s p e c i e s '  C=C p o s se s s  ABC sp in  systems

and t h e i r  n . m . r .  b p e c t i a  a re  q u i t e  complex. The c o u p l in g  c o n s t a n t s

a re  found to in c re a s e  in the  order J , - , ( J  )<CJ. J  . )
12 gem 13 c i s  23 t r a n s
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TABLE VII
MAGNETIC NUCLEI IN PERFLUOROVLNYLPLaTINUM( I I )  COMPLEXES

Iso to p e

N a t u r a l
Abundance

(%)

R e l a t i v e  
s W s i t i v l t y  
f o r  equal  
numbers of 
n u c l e i '  a t  
c o n s t a n t  f i e l d

Spin
(h/2ir)

Quadrupole 
momen t

(10"24 cm^)

H

^^P

195P t

99.99

100.00

100.00

33.8

1.00 

0.833 

6 .63 X 10- 2

9 .9 4  X 10-3

&

%

0

0

0

0

and both  J  . and d e c r e a se  wi th  i n c r e a s i n g  e l e c t r o n e g a t i v i t yCIS t r a n s  ° a j

(25)of  X . Wlien X i s  a magnet ic  n u c leu s  J  i n c r e a s e s  with  i n c r e a s i n g
A l l

e l e c t r o n e g a t i v i t y  o f  X and the o rd e r  J  ( j  ( J  . ) < ’J„„
Xli^ gem XHg c i s  ^  HX̂

(J^  ) i s  found.  These o v e r a l l  o rd e r s  of increas ing- . .coupling  con-t r a n s  "  r a

s t a n t s  were found to  h o ld  fo r  t r a n s - jp tBr(CL=CH^)(PPhj)^^^^^\

The approx im a t ion  i s  u s u a l l y  made t h a t  the  co up l ing  between 

hydrogen n u c l e i  s e p a r a t e d  by one,  two or t h r e e  bonds i s  t r a n s m i t t e d

b^ the bonding e l e c t r o n s .  T h e re fo re ,  the co u p l in g  can be c a l c u l a t e d
/

by use of  the Fermi c o n t a c t  term a lone  and through space co u p l in g  can 

(25)be ignored . fhe  c o u p l in g  c o n s t a n t s  in  a lk an e s  show some dependence 

on i n t e r a t o m i c  a n g l e s ,  bu t  t h i s  a n g u la r  dependence would be expec ted  

to  be unchanged through a s e r i e s  o f  in y l  compounds due to  the double 

bond.
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\

The magnet ic  resonance  s p e c t r a  of p e r f l u o r o v i n y l  com­

pounds a re  more amenable to i n t e r p r e t a t i o n  than those o f  v in y l  com-
%

pounds s in ce  the chemical s h i f t s  a re  much l a r g e r  and the sp in  systems 

a re  thus of the AMX type .  The chemical  s h i f t s  fo r

C=C

in c re a se  in the  o rde r  /j-g but th e r e  does n o t  appear  to be
h  h  ^3

any c o r r e l a t i o n  between the  magnitude qf the s h i f t  and the n a tu r e  of 

M. As with v in y l  systems the coup l ing  c o n s t a n t s  a re  found to  i n c re a s e

However f o r  M = P t(27)
in Che o rder  t r a n s ’

the coupl ing  c o n s t a n t s  a re  in the o rd e r  J_^ _ (J^  „ ( J  )P t -F^  t r a n s  '  P t -F^  c i s

<CJ„ ( J  ) which i s  o p p o s i te  to  the o rd e r  u s u a l l y  found fo r  v in y l  F t -F^  gem . ■'

systems. The l a rg e  va lue  o f  ^ has been e x p la in ed  on the  b a s i s  of

the s p a t i a l  p rox im i ty  o f  the  p la t inum  apd f l u o r i n e  n u c l e i ,  i . e . ,  the

( 21)coupl ing  has a l a rg e  through space component

In the t r a n s - in f lu e n c e  l i t e r a t u r e  Vhe magnitude of 

fo r  complexes t r a n s -  ^tLAX^j i s  r e l a t e d ,  by the  e q u a t io n  given in 

1 . 2 . 2 . 3 . ,  /

Pt-A

Pt-AoC T p r ( 6s)
( 0) 'Ÿ  (o)

'A(ns)

to the amount of p la t inum  6s o r b i t a l  employed in the Ft-A bond. When 

coup l ings  over more than one bond a re  examined a no the r  term f ( P t . . . . A )  

i s  in t roduced  which i s  p o s t u l a t e d  to inc lude  a l l  e l e c t r o n i c  and s t e r e o -
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chemical  f a c t o r s  i n f l u e n c in g  the c o u p l in g .

( 2.S ) 2Apple ton  e t  a l  have p l o t t e d  ^ f o r  complexes of  the

type t r a n s -  |ptL(CFT)fp(CHo)^C^Hc|^J ve r su s  fo r  complexes t r a n s -

jPtL(CH^){p(CH2 ) 2 Cg|î̂ l5 J  2 I  * ^ s t r a i g h t  l i n e  p l o t  was o b ta in e d  which

p a s s e s ,  w i th in  ex p e r im en ta l  e r r o r ,  through the o r i g i n ,  F igure  VI.

This  p l o t  was i n t e r p r e t e d  by the a u th o r s  as  i n d i c a t i n g  t h a t  the above 

e q u a t io n ,  based on only the Fermi c o n t a c t  c ^ u p l in g ,  adequa te ly  de­

s c r ib e d  the t r u e  coup] ing median ism. F u r th e r  work by tfie same

au th o rs  on complexes of tlie form

CF\ OCH?

I" Me.? ^C=C ■

L / '  '^PMe.Ph
/

3   • 3
in which was ploTC^d a g a i n s t  aga in  y ie ld e d  a s t r a i g h t

l i n e ,  F igure  V l f . however,I  t h i s  p lo t  d id  n o t  pass  tlirougli the  o r i g i n ,
3 - 3

but i n t e r s e c t e d  the ,, a / n s  a t  about 26 Hz ( „ va lues  ranged
r t - F  C F L - F

from 78 to  143 Hz) . Th^ adtl io rs  f e l t  one oi  the p o s s i b l e  e x p la n a t io n s

fo r  til is  was a c o n s t a n t  througii space c o n t r i b u t i o n  to  both c o u p l in g s .

The e x i s t e n c e - o f  a through space c o u p l in -  mechanism between f l u o r i n e

( 29)'atoms has long been accepted  in o rgan i i  chem is t ry  .

1 1  is  n e c e s sa ry  a t  t h i s  p o in t  to  c o n s id e r  the  v a r io u s  t h e o r i e s
%

•  *

of the t r a n s m is s io n  of. s p i n - s p i n  ccaip lings .  Ihe e q u a t io n  g iv in g  J
I'L-A

above i f  a r e s q l t  of t h e o r e t i c a l  work* c a r r i e d  out by Top le e l

This  m athem at ica l  approach ajipl i ed time dependent p e r t u r b a t i o n  theory
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to  the  problem and demanded a summation over a l l  the  e x c i t e d  s t a t e s  

of the m o le c u le .  To avoid  t h i s  d i f f i c u l t y  the  approx im a t ion  waS'made 

t h a t  only t r i p l e t  s t a t e s  were im por tan t  and t h a t ,  f u r t h e r ,  only  a 

mean s i n g l e t - t r i p l e t  e x c i t a t i o n  energy need be c o n s id e r e d .  However, 

H i n c h l i f f e  and Cook^^^^ have p o in te d  ou t  t h a t  the  form of  the t r i p l e t  

f u n c t io n  employed has  a marked e f f e c t  on the  computed va lue  of  the 

coup l ing  c o n s t a n t ,  and they f e l t  t h a t  the use of a minimal b a s i s  s e t  

of  atomic  o r b i t a l s  in  the  c a l c u l a t i o n  was n o t  a r e l i a b l e  p r o c e s s .

Another o b j e c t i o n  to t h i s  theory  d e a l s  w i th  the  f a c t  t h a t

the theory  assumes t h a t  the  u n p e r tu rb ed  wavefunc t ion  f o r  a molecule
?

i s  an e i g e n f u n c t i o n  o f  the  m o lecu la r  H am il ton ian ,  but the  s e l f - c o n ­

s i s t e n t  wave f u n c t i o n s  employed in  the c a l c u l a t i o n s  a re  a c t u a l l y  

e ig e n f u n c t i o n s  o f  the two el-fectron H a r t ree -F ock  H am i l to n ian s .

A l a t e r  theory  was developed by Pople e t  â l - ,  t e .c ircumvent

the  d i f f i c u l t i e s ^ i n h e r e n t  in  the  use of time dependent p e r t u r b a t i o n  

th e o r y .  U n f o r t u n a t e ly  the  r e s u l t s  of t h i s  second th eo ry  a re  no t  as 

e a s i l y  v i s u a l i z e d  as  a re  those  of  the f i r s t ,  fhe  l a t e r  theory  examines 

changes b rough t  abou t  by the  p e r t u r b i n g  in f lu e n c e  o f  a magnetic  nuc leus  

on the wave f u n c t i o n  fo r  a molecule  and i s  t h e r e f o r e  a f i r s t  o rder  

p e r t u r b a t i o n  th e o r y .

The c o n t a c t  c o n t r i b u t i o n  to  the  coup l ing  can be w r i t t e n  as

-'a? s f ( o ) s ^ ( o )A D

P s p i n
9  /  S S, (hBjA A hB=0PhB

where S (O) and S (O) a re  the va lence  s h e l l  e l e c t r o n  d e n s i t i e s / a t

(1 .13 )
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n u c l e i  A a n d  B.  C h a n g e s  i n  f r o m  c o m p o u n d  t o  c o m p o u n d  a r e

t h o u g h t  t o  a r i s e  f r o m  c h a n g e s  i n  t h e  v a l e n c e  s h e l l  e l e c t r o n  s p i n

d e n s i t y  a t  n u c l e u s  A u n d e r  t h e  i n f l u e n c e  o f  a  p e r t u r b i n g  n u c l e u s  B.

T h e  e f f e c t  o f  n u c l e u s  B i s  t o  m o d i f y ,  o r  p e r t u r b ,  t h e  wa v e  f u n c t i o n

f o r  t h e  m o l e c u l e .  T h i s ,  i n  t u r n ,  m o d i f i e s  t h e  s p i n  d e n s i t y  m a t r i x ,

(33)
t h e  d i a g o n a l  o f  w h i c h  i s  g i v e n  by

A A
T h e  a b o v e  t wo  t h e o r i e s  h a v e  b e e n  appl i e ^ e x c l u s jv c l y  t o  

F e r m i  c o n t a c t  c o n t r i b u t i o n s  t o  t h e  c o u p l i n g  c o n s t a n t s .  B l i z z a r d  a n d  

S a n t r y ^ ^ ^ ^  h a v e  d e v e l o p e d  a  t n e o r y  i n  w h i c h  o i ^ ' ^ . t a l  ^ a n d  d i p o l e  - d i p o l e , 

i . e . ,  t h r o u g h  s p a c e  c o n t r i b u t i o n s  a r e  a l s o  c o n s i d e r e d .  T h e i r  t h e o r y  

i s  b a s e d  on P o p l e ' s  f i r s t  o r d e r  p e r t u r b a t i o n  t h e o r y  a n d  t h e  o v e r a l l  

c o u p l i n g  c o n s t a n t  i s  g i v e n  by

!

V ‘ ‘' abT , *  " -"d'
/

/
w h e r e  J  i s  t h e  i ? e r mi  c o n t a c t  c o n t r i b u t i o n  a n d  J  a n d  J ,  t h e  o r b i t a l  

c , o  .d

a n d  d i p o l e - d i p y l e  c o n t r i b u t i o n s  r e s p e c t i v e l y ,  a i s  g i v e n  by

‘’a c  '  \ b  “  (■■’ O b "

i s  t h e  p o s i t i o n  v e c t o r  o f  a v a l e n c e  s h e l l  p e l e c t r o n  c e n t e r e d  on

2 2 • /
e i t h e r  A o r  B,  a n d  S ( O ) ,  6 ( u )  h a v e  t h e  m e a n i n g s  g i v e n  a b o v e .

A B
.

• I n  B l i z z a r d  a n d  S a n t i y ' s  t h e o r y  c h a n g e s  i n  t h e  J  t e r m  f r o m
/
m o l e c u l e  t o  m o l e c u l e  a r i s e  f r o m  c h a n g e s  i n  t h e  b o n d  o r d e r  m a t r i x  

c o r r e s p o n d i n g  t o  t h e  v a l e n c e  s o r b i t a l  on  A u n d e r  t h e  p e r t u r b i n g  i n -  

J l u e n c e  o f  n u c l e u s  B o n  t h e  m o l e c u l a r  wave  f u n c t i o n .  I n  a s i m i l a r  

f a - ' . h i o n  ( I l u n g e s  o c c u i i i n g  i n  t h e  b o n d  o r d e r  m a t r i x  r e p r e s e n t i n g  t h e  

OI h i  t a ! s->.rt '>f t h e  t h r e e  n o n b o n d i n g  v a h n c e  s h e l l  ]> o r b i  l a  I s  c aus e -
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X

changes in  whi le  changes in the sp in  p a r t  of  the  bond o rde r  m a t r ix
y

fo r  these  same o r b i t a l s  cause changes in i s  i s o t r o p i c  whi le

and a re  a n i s o t r o p i c .  U n fo r t u n a t e ly  t h i s  theory  i s  d i f f i c u l t  

to  r e l a t e  to  e a s i l y  v i s u a l i z e d  changes a t  a p la t inum  nuc leu s  when 

c o n s id e r in g  the n . m . r .  t r a n s - i n f l u e n c e ,  e g . ,  the d i p o l e - d i p o l e  ex­

p r e s s io n  c o n ta i n s  an imaginary bond o rd e r  term. • f

2 2 / - 3\In the  t h e o r i e s  co n s id e re d  the S ^ (0 ) ,  S (O) and ( r ~  )  terms

are  de te rm ined  by tlie a p p l i c a t i o n  of a l e a s t  squares  f i t  of t h e o r e t i c a l

v a lu es  to e x p e r im en ta l  d a t a .

The c o n t a c t  1er ,s of the v a r io u s  t h e o r i e s  can e x p la in  the

coup l ing  between a g iven nu c leu s  and hydrogen with a r e a so n a b le  degree

of accuracy  in most casc.-s. jhe  o r b i t a l  and d i p o l e - d i p o l e  terms a re  ^

no t  r e q u i r e d .  Ih i s  i s  not s u i p r i s i n g  s in ce  hydrogen has no p e l e c t i o n s

through whicii these  co u p l in g s  can be t r a n s m i t t e d ,  u n l e s s  the  c o e f f i c i e n t s

of the 2p </lo"iic o r b i t a l s  fc>r hydrogen in the o v e r a l l  wave f u n c t io n  a re

l a r g e .  When co u p l in g s  between h e a v ie r  n u c l e i ,  such as  ca rb o n -ca rb o n ,

c a r b o n - 1 luor  in* or f l u o r i n e - i l u o r i n o  a i e  co n s id e re d  the i n c l u s i o n  of

leims in v o lv in g  o r b i t a l  and d i p o l e - d i p o l e  coup l in g  g ive  r e s u l t s  wliich

arc  c l o s e r  •to the ex p e r im en ta l  v a lu e s  tlian do c a l c u l a t i o n s  based on

1er mi ( on lac I coup l ing  a lo n e .

B l i z za rd  and Sant r y b e l i e v e  t i ia t  in the case of f l u o r i n e -

i luor ine coup 1 ings the tiirough space c o n t r i b u t i o n s  can be l a r g e r  than

tiie c o n ta c t  c o n t r i b u t i o n .  ihereforc? in systems ia v o lv in g  coup l in g
J

be t ween p la t  i num and f l u o r i n e  the coup] ing i.ay have a s i g n i f i c a n t
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through space component, but i t  i s  u n l i k e l y  t h a t  the through space 

component i s  of  any magnitude f o r  p la t inum -hydrogen  c o u p l in g s .

When fo r  t r a n s -  [pLL(CHgj(PEtj) 2 ] i s  p l o t t e d

a g a i n s t  fo r  t r a n s -[ptHLCPCL^)^] a s t r a i g h t  l i n e  p l o t  which

p asses  through the  o r i g i n  would be e x p e c t e d ,  s in ce  only Fermi c o n ta c t  

coupl ing  i s  p o s s i b l e .  In f a c t  when the v a lu e s  a re  p l o t t e d ,  F igu re

V l l i ,  a s t r a i g h t  l i n e  p l o t  i s  o b ta in e d ,  but the  p l o t  i n t e r s e c t s  the

2 2 
Jp t_j |  a x i s  a t  a b o u ^  ranges  from 60.2 to 86 .0  Hz).

When t h i s  o b s e r v a t io n  i s  co*upled w i th  t h a t  embodied in F igure  VI with

i t s  i n t e r p r e t a t i o n  the c o n c lu s io n  can be drawn t h a t  i t  is  d i f f i c u l t ,

r t  t i l l s  t ime ,  to c l o s e l y  r e l a t e  n . m . r .  t i ans - in f lu e n c e  co u p l in g s  to  a

t h e o r e u i c a l  b a se .  Both c o n t a c t  and thi  ougli space co u p l in g s  seem to

p lay  some r o l e .

The exp e r im en ta l  o b s e r v a t i o n  i s  t h a t  when ^ fo r  complexes

t r a n s - |laLAX^j i s  p l o t t e d  a g a i n s t  fo r  complexes t r a n s -jptLBX^]

a s t r a i g h t  l i n e  p l o t  i s  u s u a l l y  o b t a i n e d .  The X l ig a n d s  a re  no rm al ly

t e r t i a r y  phospii ines and t h e i r  e x a c t  i d e n t i t y  does n o t  change the  va lue

of ^ s i g n i f i c a n t l y .  Jhe e x i s t e n c e  o f  the v a r io u s  p l o t s  fo r  a)

1 2coup l ings  over one and two bonds ( v e r su s  ) ;  b) one

( 2 ^ ) 1  3 ^ / 2  /|
and th ie e  bonds ( J,,,  „ ve r su s  and c) d i f f e r i n g  s p e c i e s

1 t - t l  i-’L-( , , - tU
26) . 1 ,  2 ,  1 .  3 ,  3,

( v « r . «  w r s „ .  J , , J h - c- U j

3
V e r s u s  i n d i c a t e s  t h a t  c h a n g i n g  t h e  t r a n s  l i g a n d  L e x e r t s

some i n f l u e n c e  a t  t i iv p l a t i n u m  n u c l e u s  w h i c h  c h a n g e s  t h e  c o n t a c t  a n d  

t h r o u g h  s p , n  t « . o mp o i i e n t s  o f  t h e  c o u p l i n g  \ u i  s ome  p i o p o r t i o n a l  f a s h i o n ,
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but  theory  and exper im en t  do n o t  y e t  a l lo w  an e x a c t  d i s c u s s i o n  of 

the phenomenon.
/ y /

The work c a r r i e d  ou t  by Apple ton e t  a l  ' i s  i n t e r e s t i n g

’ 3 3
in  t h a t  i t  a l low s  a  comparison  o f  J and ,, v a lu e s  in the\ P t - f  Pt-H

same complex. Presumably a th r o u g h / s p a c ^ . component would be expec ted

J  'f o r  the former and none f o r  t h e ‘l a t t e r .  The f a c t  t h a t  a l i n e a r  p l o t

i s  ob ta ined  i n d i c a t e s  e i t h e r  t h a t  the  c o n t a c t  and through space terms

a re  changing in some p r o p o r t i o n a l  f a s h io n  or t h a t  the through space 

term is  very sm a l l .

With the  p r e s e n t  work th e re  a re  th r e e  co u p l in g s  v/Siich could

2 3 3g ive  an i n d i c a t i o n  of  the t r a n s - i n f l u e n c e ,  „ and .
  3  PL-F^ 2

Examples o f  t y p i c a l  f l u o r i n e  magnet ic  resonance  s p e c t r a  a re  given for

t r a n s ^  tC 1((.F=CF^) ( P E t , )  j  and t r a n s -  [pt(CF=U' 2 ) (PK t 2 ) 2 ( k f h 3 )][clO^J in

2 2 Appendix I .  A p l o t  of ^ o b ta in e d  in t h i s  work a g a i n s t  ^

fo r  complexes t r a n s -  |l^tL(CF3 )/'p(o}i 3 )^Pl^ j  y i e l d s  a l i n e a r  p l o t , F igure

2 2 rIXa, as  does a p l o t  of , „ a g a i n s t  J from t r a n s -  PlL(CHt)Pt-F * Pt-fl   L j
,   a 3

(PEt^).^j  ; I ' igure  IXb. However t h e " p K ^ ^ . o f  and
3

show
1  ^ " ""3

a la rg e  amount of s c a t t e r ,  F ig u re  X.

This  i s  a d i f f e r e n t  s i t u a t i o n  tiian t h a t  observed by Appleton

2
e t  d l .  Figure  V l l .  'iiie c jues tioa  a r i s e s :  v/liy does chow aP L-1' .

2 3 3l i n e a r  p lo t  a g a i n s t  J, . whi le  Liie p l o t s  of J and
P L - L n 3  P t - f  ^ i t - F ^

a re  not l i n e a r  with r e s p e c t  t o  ? The p robable  answer l i e s  in
1 1 - 1 - 3

the  a n i so r ro p y  of the through space cciupling.

The Fermi c o n ta c t  term drops  sh a rp ly  with  an i n c r e a s i n g
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1number of bonds between coupled n u c l e i ,  e . g . ,  ^ v a r i e s  from 778

to  1369 whi le  v a r i e s  from 51 to 8 8  With the

2
p e r f l u o r o v i n y 1 compounds J  _ v a r i e s  from 282 to 538 Hz while  
3  S T  P i - f 3

Jpj. p v a r i e s  from 3 0 ^  to  61.3  Hz. Assuming the p lane  of the pe r -  

f l u o r o v i n y l  group to  be normal to the  p la t in u m  square  plane  the  d i s ­

tance  from F 2  to  p la t in u m ,  i s  3.04 A, wiiile the d i s t a n c e  from to

p la t inum  i s  about  2 .92  Â. The through space coup l ings  would be of

2  \
roughly  the same o rd e r  of  magni tude and J would t h e r e f o r e , a p p e a r

to  be dominated by the c o n ta c t  term.

The d i s t a n c e  from p la t inum  to  Fj  ̂ is c a l c u l a t e d  a t  about,

4 .16  A, S ince  the  through space c o u p l in g s  d e c r e a se  with d i s ta n ce ^

3 3t h i s  c o n t r i b u t i o n  to  J, „ should  be sm a l le r  than t h a t  to  J .Ft- i '^  I ' t -F^

From Tables  11 and 111 i t  can be seen t h a t  in a l l  cases  excep t  those
3

fo r  CN and CU, where sy n e rg ic  bonding may be im p o r tan t ,  ^ i s

3 ^l a r g e r  than „ . Since with v in y l  systems T . , , . .  , i s  u s u a l l yFt-1   ̂ •' MH( t r a n s )

g r e a t e r  than \ , and tlie o p p o s i t e  o rd e r  i s  found h e r e ,  theMH(cis) ' '

magnitude of the through space coup l in g  can be e s t im a te d  a t  roughly  

5 to  25 Hz a t  a d i s t a n c e  of about 3 A. ’
A

A lso ,  s in ce  through space c o u p l in g  i s  a n i s o t r o p i c ,  i t s  rriag- 

n i t u d e  depends in p a r t  on the o r i e n t a t i o n  of the  p e r f  luo r  ov iny 1  pla’nc 

with  r e s p e c t  to  the p la t in u m  square  p l a n e .  Ttie .value of the coup l in g  

c o n s t a n t  thus  depends n o t  only on the na’t u i e  Ox the  t r a n s  l ig an d  but a l s o  

on the ang le  between the  twcy^lanes .  Changes in tli is  angle  when the 

t r a n s  l igand  was changed would cause v a r i a  t icjns in the coup l ing  con-
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s t a n I  which were u n r e l a t e d  to  the t r a n s - i n f l u e n c e  of the s u b s t i t u t e d  

l i g a n d .

Changes in t h i s  ang le  would be of g r e a t e s t  importance in the 

3 2case  o f  ^ , s in ce  ^ i s  dominated by tlie c o n t a c t  term, and
2  ^3

' the  through space couu l ing  to  J i s  probab ly  sm a l l .  Changes in

3 " ^ang le  would n o t  in f lu e n c e   ̂ by more than 5 or 10 Hz, i . e . ,  a

few p e r c e n t  and a s t r a i g h t  l i n e  p l o t  with r e s p e c t  to o t h e r  n . m . r .

t r a n s - i n f l u e n c e  s e r i e s  would be expec ted  <-mti i s  found.  F igu re  X,

3Changes of  3 to  10 Hz in ^ could  e a s i l y  r e s u l t  in the  observed
2 3  2

s c a t t e r  f r o m  a  s t r a i g h t  l i n e  p l o t  o f  J  a g a i n s t  J  a s  shov.Ti
F L-F

3 2in  F igu re  X .  For J a g a i n s t  „ , a l s o  F igure  X , two l i n e a r
n - F ,  _ I t - F j

J i l o t s  a r c  o b t a i n e d ,  o n e  f o r  s r e c  t e s  t r a n s -  [1 t ( C ^ F O b C i ' F t ^ ) ^ j  [^010,1

w h e r e  t  i s  a  n e u t r a l  " l i g a n d  a n d  a n o t h e i  f o r  t r . a n s -  | l ’L>[((.o,i ^ ) ( P L l ^ ) ^ J

where X i s  an a n io n ic  l ig a n d -  P y r id in e  and cyan ide  a re  the  only l ig a n d s

( ? 8  )
w h i c h  l i e  o f f  t h e s e  p l o t s .  A p p l e t o n  e l  a l  "  h a v e  c h o s e n  t o  p l o t  t h e i r  

d a t a  f o r  t r i f l u o r o m e t i i y l p l a t i r i u m  c o m p l e x e s  i n  a  s i m i l a r  f a s h i o n ,  b u t  

l l i e r e  h a s  n o t  a s  y e t  b e e n  a n y  s i g n i f i c a n t  d a t a  g a t h e r e d  t o  i n d i c a t e  

t h a t  a n i o n i c  l i g a n d s  s h o u l d  g i v e  r i s e  t o  d i f f e r e n t  p l o t s  o f  t r a n s -  

i n f  l u e n c e  s e t  i e  s  t h a n  those o b t a i n e d  f ox  n e u t r a l  l i g < i n d s .

Wi t l i  t i i e  c o r . j ' l e x e s  _U_ar ^ - | ^ l ’t L ^ ( , ( ( . j " ^ ) - (  HOCH^j ( i ’: : e . ^ P l U 2 ]  p r e ­

p a r e d  by A p p l e t o n  e t  a l   ̂ a  s t i  a i g h t  l i n e  p l o t  o f  p. a g a i n s t

Was o b t a i n e d ,  F i g u r e  V i J .  I h i s  i n d i v a t e s  l^^fat t h e i e  i s  n o  

o r i e n t a t i o n  e f f e c t  a s s o c  i a t e d  w i t t i  t h e  p l a  L i n u ’. u- f  l u o j - i n e  c o u p l i n g .

I h e r e  a i e  t wo  p o s s i b l e  r e a s o n s  f o i  t h i s .  F i i s t ,  t h e  l l u o i i n e  a t o m s
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C

o n  Lhe f r e e  r o l a L i n g  C F .  g r o u p  a r e  a n  a v e r a g e  o f  3 . 4 5  t \  f r o m  p l a t i n u m ,  

a s s u m i n g  t h e  v i n y l  p l a n  t o  b*' p e r p e n d i c u l a r  t o  t h e  p l a t i n u m  s q u a r e  

p l a n e .  T h e r e f o r e ,  t h e  t h r o u g h  s p a c e  c o u p l i n g  w o u l d ,  i n  a l l  p r o b a b i l i t y ,  

be  s m a l l  a n d  s l i g h t  v a r i a t i o n s  t o  t h i s  c o m p o n e n t  w o u l d  n o t  c h a n g e  t h e  

o v e r a l l  c o u p l i n g  s i g n i f i c a n t l y .  S e c o n d ,  t h e  b u l k i n e s s  o f  t h e  p h o ^ p h i n e  

l i g a n d s  a n d  t h e  ( ' ( C l C H O C H ^  i n d i c a t o r  l i g a n d  L e n d  t o  1 ^ 1 d  t h e  i n ­

d i c a t o r  l i g a n d  i n  o n e  o r i e n t a t i o n  n o  m a t t e r  wl i a t  t h e  i d e n t i t y  o f  t h e
I

» r a n s  l i g a n d .  M o l c c u l a i  m o d e l s  t e n d  t o  s u p p o r t  t h i s  c o n t e n t i o n .

' ï h e  n . m . r .  s p e c t r a  o f  t h e  c l i l o i o ,  c a r b o n y l  a n d  t i  i e t h y l -

j ) h o 5 } ) h i t e  I o:]'o) e x e s  w e r e  r,c a s u r  e d  a t  d i f f e r e n t  t e m p e r  a t u ;  e s  t u  a s c e r t a i n

i f  t h e  c o u p l i n g  c o n s t a n t s  w e r e  t e m p e r a t u r e  d e p e n d e n t ,  T a b l e  V l l i .  I t

wa s  f o u n d  t h a t  t h e  c o u p l i n g  was t e m p e r  a t u i  e d e p e n d e n t , l , u l  n o t  i n  a

r e a d i l y  d i s . c r n  i d l e  p a t t e r n . T o r  c . c . rmnle  t h e  c c o u p l i n g s  J  d e -
2

c r e a s e d  w; tl i  d e c r e a s i n g  t e m p e r a t u r e  by f r u n .  05 f o r  L=( Ü t o  7 . 6 5  f o r

2 -
I - - ( E t O ) . r .  h u t  ,, i n - . i e a j e d  b y  2 . J ' .  f o r  X---C.1 a n d  d e c t  i s e d  3 . 0 5

d T t  - 1
2

f o r  L = ( L t U ) . T .  A l s o  J ,  , i n c r e a s e  d by O . h l  f o r  X-(  1 a n d  d e c r e a s e d
r t - i - J

3 . 95  l o r  i - ( l LOX^T a s  t h e  t e m p e r a  t u r e  - s d e c r e a s e d .  b e  i uw ah.  Ut  L

v i s e r a s  I t  y !)[■> a d e n . n g  o c c u r r e d  a n d  p e a k  p v s i  t i o n s  c o u l d  n o t  be  o b t a i n e d  

t o  a c c u r a c y  b e l t e ;  Iran a b o u t  t o  1 Cp^' .  I t  a o u I cI be- a d v  1 ' . h i e  t o  t u d y  

Somewha t l e s s  c ocari  c ' ,y S t e m s  , e . g .  , ris * \ 1  oi  11 j i I in u o o e  t h y  ) p K . t i n  i

c ompcàni ds  a l  d i f î . i . ' n / ,  i « . .per  a  t i n  c s l e ' o , ,  , a  r u ;  o u t  l u i t b e i  wor k  ..nr 

t h i s  s y s t e m .

5
I n  ( o | e  1 u s  I oi l   ̂  ̂  ̂ c i p r c d a t e .  Va I ! 1 ; I. a l i a !  • . U e S  (rl

3 " j
.e n . . M , , ns - - mJ  1 aoi . '  e ; J , . i d  ,, , .1 a.>. l i e  ; . a s  -u
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VAKIAIIÜN UI COUPLING CONSlAhlS K1ÏU "LMfEKAJUkE

LigdWd I c ^ ^ c r a l u r e  (^C) , \Hz) (Ha) (Hz)
r  t - t  ^ F L - I  P t - 1  ,

Cl" -40  59.6  ' 64 .6  524
0  -  6 b . 0

35 5b.)  '  66 .0  520

( 0  25 64.9 31 .6  379
60 66.0  31 .6  384

(LlO/ P -15 34.9 35 .0  308
25 3 3 . 3 7 . 3  309
60 ' 33.6 3 7.9 308

f;>r Lhi* I !- o l  : i l a l  n  K-r t i i i b  i . i î l v i  ) u i i  ' i t ,  Uidu^Ui I  l o  a r i s e  

i j i i M <1 I i . unr , iny,  i i i H ' u r j i  s | , a . e  ■. < n l  i i b u L  i n n  Lo liu* c o u p l j u ^ .  l l i i s  c o u -  

I r i b u L i o ' i  j i i o b a b l y  v a r i e s  s i  i ll  t h e  t i  i r  s -  In j 1 ueiUA- u f  t h e  s u b s t i t u t i n g  

] i g . i n d  b u t  a l s o  d e p e n d s  on  t h e  i e l a ' i v r  o i i e n t a t i o n  o ' ’ t l i e  p e r i  l u o r  o v i n y l  

g>i<.-up i n  t h e  n . o l e e u l e  a n d  t lie d i s t a n c e  f i o u i  t h e  p l a t i n a u i  n u c l e u s  t o  e a c h  

I i u o i  i n e  nu< l e n s .
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3 . 3 .  S ugges t ions  f o r  F u r t h e r  Work

3
C o u p l i n g s  o f  Lhe t y p e  ^  c o r r e l a t e  i n  a  l i n e a r  f a s h i o n

w i t h  o t h e r  m e a s u r e s  o f  t h e  t r a n s -  i n f  l u o r u  e f o r  c o m p l e x e s  t r  a n s -  j^i' tL 

^ C ( C F ^ )  = CHUCH^ ( h M e ^ P h ) ^ j  . F o r  c o m p l e x e s  t r a n s -  j ^ i ' tL(Ci ’= C F -,)

( F L t ^ ) ^ j  t h i s  l i n e a r  c o r r e l a t i o n  i s  n o t  f o u n d .  Th e  d i f f e r e n c e  i s  

a s c r i b e d  t o  a c o n s t a n t  t h r o u g h  s p a c e  c o n t r i b u t i o n  t o  f o r  t l fe

3
f o r m e r  a n d  a  c h a n g i n g  t h r o u g l i  s p a r e  c o n t r i b u t i o n  t o   ̂ f o r  t h e

Î.
l a t t e r .  Tiie c o n s t a n t  c o n t r i b u t i o n  i s  f c - l l  d u e  t o  t h e  i i g i d  o r i e n t a t i o n

o f  t i i e  t  ( t r ^ )  = tHOc !1 , l i g j n d ,  r e s u l t i n g  f r o , a  b o t h  i t s  ov/n l u l K  a n d  t h e

S17C- o f  the p h o s p h i n e  t f g . i n d s .  A u s e f u l  e x p e r  ic c n t - v . u u l d  be lu p r e p j ï e

c o m p l e x e s  o f  t h e  f o r m  t r a n s -  [ p l L / c f ' u l  -  L H O C H ( F M e ^ )  ^ J , s i n c e  t h e

Siaal'c-r t i  iuie Ihy i phosj ih iiu- g r o u p s  s h o u l d  p e m i t  v a r y  m g  ( j t i e : m , A i c n  oî

t he  C(U'  -•= L h ü U i g r o u p , henc e a V a r y i n g  c o n t r i b u t i o n  t o  Lh< t l i rough

3
s p a c e  c o n t r i b u t i o n  t o   ̂ . F u r t h e r  , Co mp l e x e s  o! t he  lea, ,  t r a n s -

[ p l L ( ( l - '  ) ( l Tl e . ^ j  i V p ]  2 p r e p a !  c d , a n d  n,ay w e l l  vi> ' 1

3
a , , v a l u e s  w i i i c h  c o r r e l a t e  i n  a  1 t n e a *  i a s h  i o n  w i l l  a ,  t m e a s u r e s

1 1-1

o! t h e  l r<».ns-  i n f  l u e i n  e , s i n c e  JJc* p c ' i l u o , '  v i n y l  1 i ^ . and wur  Id bo 

1 c a l  I a  Inc d i n t o  o n e  o r  i e n  I a  1 1 o n , w i t h  i e s p e c  I t o  t he p l a  t  inu:n s q u a r e  

p l a t e  by I he  b u l k y  p h o s p h  i n e  i i y a n d s .
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l K T k O D U C . i l  e x '"

B r i d g e  S u b .  I  i Lu I  i o n  i h  P e n  Vc i bo r a n t d  9 )

The C r y s t a l  S t r u c t u r e  o f  B l s ( d i e î h y L e r i n u ) d r t l i  i . .boret . -iUe

r \
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4 . 1 .  ( . e n e r a l

B o r o n  i s  t y p i c a l  o f  f i r s t  row e lem ents  i n  t h a t  i t  d i s p l a y s

some p r o p e r t i e s  i n  comrnon w i t h  th.e h e a v i e r  e l e m e n t s  o f  i t s  g r o u p  a n d

d i f f e r s  i n  o t h e r s .  F u r  e x a m p l e ,  t h e  t r i h a l i d e s  o f  b o r o n  a n d  a l u m i n u m
>

b o t h  f u n c t i o n  a s  L e w i s  a c i d s  a n d ' - b o r a t e  e s t e r s  a r e  p h y s i c a l l y  s i m i l a r  •

t o  a l k o x i d c s .  H o w e v e r  t h e  t ; ’ v a l e n t  h a l i d e s  o f  a 1 u i . i n u i n , g a l l i u m

a n d  i n d i u m  c i t e  a s s o c i a t e d  w h e r e a s  t h e  b o r o n  h a l i d e s  a r c  t . onorner  s .

B o r o n  t r  i l w  1 i d e s  h y d r o l y z e  mo r ' '  “ a d i l y  t i t a n  d o  a l  urn i n  un. h a  1 i d e s .

B o i i c  a c i d  i s  a c i d i c  w h i l e  A l ( u H ) , ,  i s  a m p h o l e r  i ' . B o r o n  h a s

a n  c X I e n  s i  v e  h y d ;  i d e  c i i c n j s t r v  w h i l e  t h e  u c d r i d e  c h e n i s l i  l e s  o f  o t i i c i  -,

g r o u p  I I J A  e l e m e n t s  a r e  l i m i t e d ,  ' l he  b o r m e s  a r e  v o l a t i l e  a n d

f l u - . l i a b l e  wh e r e , -.5 tin. 1 one b i n a r y  h y d r  i d i  o f  a 1 u . . . i n u , , i ;  a p o l ) .  ,i r  i c 

t j 7 )
s o l i d .

Boron ,  a  m e t a l l o i d ,  h a s  a  h i g h  r . i e l t i u g ,  p o i n t  ( i O C b  ,

b e h a v e s  a s  a  s e n ' i  c o n t l u c  t o r  a n d  a c t s  c i e  i  < i l l y  < . s  a  n o n , , . e t i I .  j i i c

h i g h e i  g r  c u p  ] i J A  e l e m e n t s  a r e  c o n d u i t o i s ,  i . a v e  i i  I  i t i  v  y  1 o w  r . e l t i n g

p o i n t s  a n d  u C t  i  l i c n .  l e a  1 l y  a s  n e t , . i l s .  B f u w  n  s h o w s  m o i e  s  i n . i l  a :  i d  e  s

\,iLi> s  : 1 1 c on i h , . n  v . i t h  a l u i mnu",  in t h e  1" h a v i o u i  o f  i t s  h y d i i c l e s ,

( 1 )c'K Id , o x i d e s  and o u  t h e  hydroly s i s  oi  i t -  hnl rut s .

4 .  /  .  h o ' " i c  h i  I 1 1 u I  «

K i U ' W l  c d g e  i n  h o t  o h  c I n  " i s  t  ry i m i i - . s i d  i . i - . j d ’ y i n  t h e  I 1 U ' 

a s  a  r e s u l t  o j  1 h e  S c  . 1 1 h  t o i  a j g l i  e U e i v y  at  1 - .  I h  1 » - h ' - e  l o  U a  

X p a n s  ; o n  e i  d .  i I i « I d ,  t h e  >-j i , , , n  i l u  ■ m , , ’ g o ,  l e t y ,  i n  1 9 o X , ; >u h -
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/ OQ \
L i s h e d  a  s y s L e . i i a L i z e d  n o n i e n c l a l u r e  f o r  b o r o n  c o m p o u n d s .  T h o s e

r u l e s  w h i c h  a r e  p e r L i n e n L  Lo t h i s  w o r k  a r e  s u m m a r i z e d  belov. ' ;

( 1 )  The  p r e s e n c e  o f  b o r o n  a n d  h y d r o g e n  i n  a  c o m p o u n d  i s  

i n d i c a t e d  by  Lhe t e r m  " b o r a n c " .

( 2 )  T h e  n u m b e r  o f  h y d r o g e n ^ . L o m s  i n  a  m o l e c u l e  i s  d e s i g ­

n a t e d  by c i t i i e r  a  i n  p a r e n c b . e s c s  a f t e r  t h e

n ame  o r  a  nim.c r a l  f o l l o w e d  hv h .  The  f o r m e r  c o n v e n t i o n  

i s  e m p l o y e d  i n  t h i s  w o r k .

L^ar.i})) e s

( a )  i r  d ^ l ' U  z e ' ' )

( b )  !: h ,  i s  p e n  l a b o r  a n e ( 9 ;» J V

( c )  i t  d e c a n o i j n e t l h j
1 o l a

( ) )  h ' i . o  c , ;/(_■ S ' j s o d  s o  11 1 . on 1 •_ u 1 .1 : ! r h  i ,  I ,;i

s I ru(  l u r e , i t  i s  t i e j e l o i e  n e t  « s t  , ; y t o  < \ t ,y d i , . g ) a n , s

t c '  iiiii U t  t Lr UC l u i 1 i n I ' o' a  l ’ ■ . .

( 4 7  h o"  I i t u e n t o  e  n  i i e d  J u  t h e  n o i  i J ■ i . e . ,  U  II ) , , b  il

i s  ) , ! -  o;  l , z -  d i m e t h y l d i t o :  in t b ) ,  L i i e t n y l -

but  a n c .

e ' }  ho i  on o t o  . u " nu  . ; . e ; i p u r p '  ' _ e e o t j o  n i i i y inp.  t h e

p  I  t  I o U  o  j S U l  ■, L i 1 U Î  i  1 - n  .  j  i l l  . ( 1 e i  U  ) e  J V  ! ( r 1 , j . .

I ' i i  I c  1 1 o n  j i o  l ! o ’ d l  r i  e  I  t '  n  ' i t t u  , , p i  n  p . i . i  o  I t i n  

I' l l  ) 1 1 u  I 1 11  1 ; . o '  I I ,  .  u  t c ' i o ,  I : - o '  n u , \ i  i ; • n  1- .  ; a  c

e . \  1 1 r I O i  o l i d  n u  ' i  "  I , I , "  I S  i n  ' I o  < i ;  i  < , , n t "  r ,  h  • /  i n n  j rv.-.

o t 'be 17 (1 \  1 0( 1 po - 1 ‘ ! lii . I ,1 I 1 ( t I on d: O .. oO,o if tin
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b o r a n e s ,  t h e  b o n d i n g  i s  Ind lk a tcd  i n  c o n v e n t i o n a l  

f a s h ’ o n ,  i . e . ,  s t r a i g h t  l i n e s  t o  r e p r e s e n t  b i n u c L e a r  

s i g r u a  b i n d s .  A Wlb b r i d g e  bond i s  d r a v m  a s
% B

a n d  a  BBB t h r e e - c e n t e r  b o n d  a s  e i t h e r  x — or

 À —  ̂ . i o r  i . i g h e r  b o r a n e s  t h e  l o c a l i z e d  t h r e c - c ;  n l e i
b " ^  ' b
Dbb b o n d  i s  n o t  a l v . a y s  adequ , t e  Lo d e s c r i b e  i n e  t o :  ' l a g ,

a s Vr i l l  b e  s h o v . n  b e l . - - " '  ( d e c  t  i o n  4 . Ô . 3 . ) .

bxav,ples:

F i g U ' - e  X i a

O') C i S - 1

/

A -

{ ' )  F a  -, ( I / I  11 ' i ' b" t  J ' a n ' - -  ' : L j r . ' i . i  . « i d 'r - ,  1 ,.'1

/■
l i e  V ) !, N 1

h ,
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( / )  Some  r i n g  c o m p o u n d s  c o n t a i n i n g  b o r o n  a n d  a n  a t o m  f r o m

g r o u p s  V o r  V I , i n  a l t e r n a t i n g  f a s h i o n ,  a r e  p a r t i c u l a r l y  

s t a b l e .  T r i v i a l  n a m e s  h a v e  b e e n  w i d e l y  u s e d  f o r  t h e s e  

c o m p o u n d s  a n d  a r e  a c c e p t e d  by t h e  A m e r i c a n  C h e m i c a l  S o c i e t y .  

E x a m p l e s :

( a )  B o r a x i n e

r i g u i  c- X I I  J a \..

( h )  B u r t l , '  n

I
S.

\

’ Î r U i *
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( c )  D l th ia b o r e t a n e

S

SH

I^igurc XI l i e

4 . 3 .  llK' horanes

4 . 3 . 1 .  l i  i  s L o r  i (  ; 1

llic- o i s L e n c e  o f  Liie L o r a n v c  v.as  i e e o g u b y  C i r  *"

i ui : ;pi i rey Da v y  ( 1 7 / 8 - 1 6  2 4 ) .  A l n . o s l  o n e  h u n d r e d  y e a r s  a g o  J o n e s  p r e -

p s i e d  a  v o L . i i I t  b o r o n  h y d r i d e  b y  l h e  a c t i o n  o f  h y d r o i h l o r i c  a t i J  o n

0 4 )
m. i g n e s i u n i  h o r  i u i  , • No e o u c J u s l v e  Work w a s  c a t i i c d  o u t  u n t i l

1412  when  A l f r « . d  S t o c k  d e v e l o p e d  l i i e  t e c n n  l y u e r  , q u i  r e d  l o  h a n d l e

t h e s e  v o l  - t i l e  a n d  p y r o p h u r  i c  ’ I i  a ) s . %

S l o c k  a n d  h i s  f o  I I  a h o r a t o r  s ,  i n  a  b i l l  l i a n t  s c r i e s  o f  i n -

v e s l l g a t  I i / n s  , s y n l h e s i z e j  a n d  < i i a r o c  L(U i e e d  i g j l  , I p H  ih Ih.  , 1 1 , , ,r O  4 IU  ̂ y J l L

B II a n d  B ,i!, ,  ̂ . It - ■ - 1 ,,, k d i d  n o t  h a v e  a v a i l a h l i  l o  h i : :
O I U  1 U  1 4

t h e  c h p e i  iT.c n i  , I , r , d  ' u e o r  - I i c . J  t o o l s  l e c j u i t e d  l o  s t u d y  t he  s l i u c t u / e s  

a n d  b o n h j i i p  , , t  t h "  h o i . a  i i u  t o o  i '.,t ; e d e v e l o p e d  a n d  ercj : c.y e d

t i l l *  I l l *  O * .  ‘ < 1 I . I .

n,  i j -  r p a r  I ■>' ,  1 1 . c n  s e . j j  i i i  t o  t h e  s t  i u c  l u r e s  a i n '  b . . n d i u , .

i l l )ol  ti . i  i ' ». *■ ' I , ' . .s  t e cl b y  n . O ' ^ v O. h  .111' * i i s  { . : . I b o I 1 e o  t s ^
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Ih . e  s t u d y  o f  t h u  s y n t l i e s e s , s t r u c t u r e s  a n d  b o n d i n g  i n  t h e  b o r a n e s  

r e m a i n s  o n e  o f  t h e  m o s t  i n t e r e s t i n g  i n  c h e m i s t r y .

4 . 3 . 2 .  l l i e  S t r u c t u r e s  o f  t h e  Bo r a n e s

F o r  t h o s e  b o r o n  l o ' d r i d e s  w h o s e  s t r u c t u r e s  h a v e  b e e n  d e t e r m i n e d ,  

t h e  b o n o n  s k e l e t o n ' c a n  u s u a l l y  be  ' e s c r i b e d  a s  a  f r a g m e n t  o f  a n  i c o s a ­

h e d r o n  v. ' i t h i t s  e d g e s  ' sev/n u p '  b y  b r i d g i n g  h y d r o g e n  a t o m s .  An I c o s a ­

h e d r o n  ( F i g u i e  XI V)  i s  o n e  o f  t h e  m o s t  r e g u l a r  f i g u r e s  i n  n a t u r e .  I t  

h a s  t w e n t y  e q u i l a t e r a l  t r i a n g l e s  a s  f a c e s ,  L l i i r t y  e d g e s  a n d  t w e l v e  

v e r  l i ^ c  s .  11.e f o l l o n i n g  b o r a n e s  c a n  be  i h o u g l i  I o f  a s  d e r i v e d  1 1 o:i. o n e  

o r  m o r e  i c o s a h c d r a :  ( F i g u r e  X V a ) ,  ( f i g u r e  X V b ) ,  b - H , . .
1 0  *4 l U  D  i U

( H g u t e  X V c ) ,  b,_H, ,  , B, ( F i g u r e  X V d ) ,  a n d  ,
\ O ) 6  i V  14^ 1 0  Zw ^ V  i  V

l h e  r e  a r e  some ■ i iaj joî  t a l l  t  b c a a n e s  w h o s e  s t r u c L u i e s  c a n n o t  be

r e p r e s e n t e d  a s  i c o s a h e d r a l  I r a g n i e i i t s ,  P c n L a b o r a u c ( 9 )  h a s  a  s q u a r e

2 -
p y r a r . i c h i l  bor  on s k e l e t o n  ( F i g u r e  X V i )  a n d  t h e  bo r <i ne  a n i o n  [Q

h a s  cl b i c a p j t ' d  s q u a r e  a n t  i p r  i s i a a l  i c f r a n c w o r k .  l h e  f r a m e w o r k  o f  d e c a -  

b u i a r i c ( l o )  c a n  b e  d e s c r i b e d  a s  t wo  pc n t a b o r a n c  ( 9 )  r o l e c u l e s  f u s e d  a t

I
t h e  lA'o a I e> p o s i t i o n s .

j h e  s t i u i  l u r e s  o f  many h i , r u n e  r e l a t e d  s p e c i e s  have a l s o  b e e n

d e  t e  1 1 ; ; n< J  a n d  h e r e  a g a i n  t h e  i c  c s  i h e d r  a  I l y  i  e l a t e d  s k e l e t a l  s t r u c t u r e s

se< ,'i l a v a  e d .  | p ,  e x t e n s i v e  g r o u p  of  c a i  b o i  a n c  s ( ,  / q . o u n d a  w i t h  b o t h

2 -
boi  on  a n d  ( . r b'  <n i n  s k e l e t a l  p o s i t i o n s )  b a  s e d  o n  t h e  B,  ̂  ̂^

a n i o n  a  I t I s . v e  n o .  ih ' -d;  ’ l ] y  r e  ; i t c  cl 1 1 ar. iw.ot  i .s " . H o w e v e r  , t h e

i < ). e  i . , i I a  M ' ' t .-.'e J 'X  '  a  1 e  ' i • , i a ' s a p  p • ' : ! I f  - 1 , • ' /  o  r  I I ., s  y  , ' t '  I I i e  S
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tf'

i  i  g u i c  X i Y  

An j i  o  ; ,at i c .  e n

i i u n ^  i n  i n u r y ^ n l i  L ^ r n s l i ) ,  i . i . ,  i h i  i i v t

« J  ! , ' > - ( , , L j i i  i ' <  cj I r  i g c n . i !  t ' : . p v  i , - U ' !  . < . ' •  m > ; c  i ,b>^ t . cî ;  ! i A ' . - v r

o l  L , b - C  X , i l  i ' - .  D U  o f  L u l l -  c i )  u î i ./  * n

4 . J . V l ' i .nu i ni' lit 1:11 j >r m

‘4 • » 1 » 11 - ï ' t ' ' , ]

A'.  *•• ' ' 1 1  1 - M.I} t ; ' n  ni  ' t ( • i ' :, I ' ' 1 ; t i ; ■ • , -

/

1 1 i .
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Figure  XVa 

DiboraneC 6)

F igu re  XVb 

T e t r a b o r a n e ( 10)

F igu re  XV.
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F igure  XVd 

D ecaborane l14)

LhaL were d i f f e r e n t  than the 'norm al '  tw o -c e n te r ,  tw o - e le c t r o n  bond.

2 1The va lence  c o n f i g u r a t i o n  of group l l lA  i s  ns , np . Although t h i s  

c o n f i g u r a t i o n  i n d i c a t e s  boron mignt be u n i v a l e n t ,  i t  i s  e i t h e r  t r i ­

or t e t r a v a l e n t  under normal l a b o r a to r y  c o n d i t i o n s .  As a t r i v a l e n t

e lem ent ,  boron lois a vacan t  low energy o r b i t a l .  lhe  l a rg e  number of

i 1 gure

Feniab<>!LOin<‘tM_t
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compounds in which boron I s . t e t r a v a l e n t  i n d i c a t e s  t h i s  low energy

o r b i t a l  r e a d i l y  t a k e s  p a r t  in bonding .  There  a r e  two p o s s i b l e  ways
%

in which boron and o th e r  group LllA e lem en ts  can form the fo u r th  

bond to  a n o th e r  atom.

The f i r s t  i n v o l v e s  . coord ina t e  c o v a l e n t  bond f o r m a t i o n .  For  

example in the boron  t r i f l u o r i a e  e t h e r a t e  m o l e c u l e ,  a lone paTr of 

e l e c t r o n s  on the  oxygen atom o f  the  e t h e r  i s  do n a t ed  to  t he  v a c a n t  

boron o r b i t a l .  S i m i l a r l y  aluminum t r i c h l o r i d e  d i i t t r i / . e s  an

e l e c t r o n  p a i r  on a c h l o r i n e  atom i s  d o na t ed  t o  a v a c a n t  orbVtuI  on 

an aluminum atom.  The s t r e n g t h  o f  the  c o o r d i n a t e  bond i s  i n f l u e n c e d

:><x
F i g u r e  XVI 1 

A l u m i n u m  t r i c h l o r i d e  c Amer

by lice' l e w i s  a c i d i t y  of  I h ^ g r o u p  l l l A  atom and the Lewis ba s i c  icy

of  tiie donoi  a tom,  ( Se c t  i on  4 \ 4 .1 . bc-lov/j.

Theio . . re cas- 'S in which Lue f o r m a t i o n  of  a coord ma l e  bond
y

can n o t  be used  t o  e x p i a  in the bunding in é l e c t i o n  d e l  i c l e n t  s p e c i e s ,  

e . g . ,  the d imer  i / a t  ion of boz ane to fui  m d.iboraiu- or  t i  imc ihyl  a luminu.,

to form K t  i*,, ) ..All , . N e i t h e r  the hydrogen a t  oms oi bo» an ■ not the 

c a r  bon ato-.fis oi t r  ime tliy 1 a'! cm.inum have a < one p. l i t  to dona t e  to tiie

vac in I or  ill t i l s  oi the gi oup i J i A a to<iiS. In c a s e s  such s tiie-.e the

I" I ri/, i s  m t e r p j .  i ed in t«; n.s of ,/r-lLi ee ■ < cn I» r bond .

\
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»a

4 . 3 . 3 . 2 .  The Three -C en te r  Bond

The d e s c r i p t i o n  of the t h r e e - c e n t e r  bond invo lves  the  l i n e a r

combination of an a tomic o r b i t a l  on each o f  th r e e  a d j a c e n t  a tom s. Of

the th re e  m olecu la r  o r b i t a l s  formed one,  symbolized , i s  bonding,

while  the remain ing two, Eb and E - , a re  u s u a l l y  a n t ib o n d in g  bu t  can

become nonbonding in  the l i m i t i n g  case  o f  the  tw o-cen ter  bond. F ig u re  

(41) iXVIII . The h y b r i d i z a t i o n  o f  the o r b i t a l s  used in  forming the 

t h r e e - c e n t e r  bond i s  de termined by the immediate environment o f  the 

atom p ro v id in g  the o r b i t a l .

I f  the  th r e e  c e n t e r s  a re  l a b e l l e d  A, B, and C the  fo l lo w in g

terms can be employed.

-  The exchange i n t e g r a l s ,  i . e . ,  those  q u a n t i t i e s  which measure

the  s t r e n g t h  ô l i n t e r a c t i o n  between atomic o r b i t a l s ,  a re  g iven as

= Hgg = and ^  The e n e r g i e s  of  the th r e e  m olecu la r

' (42)o r b i t a l s  r e l a t i v e  to  a non bonded energy a re  given by

E+ = Ho + + 2/3^]^

®o = “ o -  ^

E“ = Ho + y 
2 •[ f | } '  *



I t  should be noted th a t^ if  ^  i s  zero" and f i é  nonzero  ̂

normal tw o-cen ter , Lwo-electron bond w i l l  be formed between atoms '

A and C. I f  y  IS zero and i s  nonzero  an open th ree -cen t te r  bond 

W ill be formed and i f  f  i s  approximately jqual to f  a c lo sed  three-' '

cen ter  bond w i l l  be formed. R e la t iv e  energy l e v e l s  are shown in 

f i g u r e  XVIII from L i p s c o m b •

There a re  two types o f  open th ree -cen ter  bonds found in / h e  

twranes. in  the f i r s t ,  a hydrogen atom fu n ction s  as a bridge with the * 

atomic o r b i t a l s  being Is  from hydrogen and sp? or sp^ from each boron

E-

Eo

E-Ho

F ig u re  XVIl i

0 E-Ho

-Re-l-e-ti-vc—Rircr r-v It 'ttt'-'}-»:—tn—Th-> ̂ > T f  > r  Î 2  r  S
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as  shown in F igu re  XlXa. Boron atoms a l s o  b r id g e  a's shown in  F igu re  

XlXb. The b r id g in g  boron atom' c o n t r i b u t e s  a ,p o r b i t a l  t o  tf\e m olecu la r  

o r b i t a l  and the o t h e r  boron atoms c o n t r i b u t e  as  above.  A c lo sed  th r e e -
• /

c e n t e r  bond can be formed between th re e  boron atoms a s  shown in Figure-

2 - 3 ̂ XlXc. ‘Here the atoms ^may have sp,  sp dr sp h y b r i d i z a t i o n .  F igu re

#

B

B

B B B
F ig u re  XIXc

- B
Figure  XlXa- , -  F igu re  XlXb

X- Types of  Three Center  Bond

\
XIXc co r responds  to  the  c e n t e r  of F ig u re  XVIII ,  i . e . ,  v/here ^‘7/5 = 1 . '

F ig u r e s  XlXa and b correspond  to  = 0 w h i l e = 0 a p p l i e s  to a

normal two c e n te r  bond. The energy  l e v e l  diagram i n d i c a t e s  t h a t  E
\

i s  always bonding, whi le rE^ and E a re  a n t ib o n d in g  e x ce p t  a t  ///3 = o 

and = 0. r e s p e c t i v e l y , where they a r e  nonbonding.

In d ib o r a n e ( 6 ) .  F ig u re  XVa. a t o t a l  o f  twelve e l e c t r b n s  and 

f o u r t e e n  atomic o r b i t a l s  a re  a v a i l a b l e  fo r  bonding .  E i g h t  o f  the  e l e c ­

t r o n s  and e i g h t  o f  the atomic  o r b i t a l s '  a re  employed in  the  format ion  of 

the» fo u r  tw o-cen te r  t e rm in a l  bonds between hydrogen and boron. The

remaining  s i x  o r b i t a l s  and four  e l e c t r o n s  a re  u t i l i z e d  in forming two
 ̂ *

hydrogen b r idge  bonds, each of which u ses  a hydrogen I s  o r b i t a l  and one

sp o r b i t a l  from each boron.
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Peni ' .aborane(9), F igu re  XVI, has  29 va lence  o r b i t a l s  and 

tw en ty - fou r  v a len c e  e l e c t r o n s .  Ten o f  tlie^e o r b i t a l s  and ten  of the*

e l e c t r o n s  a r e  used to form the  f i v e  t e r m in a l  bbron-hydrogen bonds.
■

F u r t h e r ,  each of  t h e - f o u r  b a sa l  boron a to m s . c o n t r i b u t e s  two o r b i t a l s  
•

to  the  b r id g e  bonds to  the b a sa l  hydrogens and each of  the four  b r idge  

bonded j iydrogen atomÉ c o n t r i b u t e s  one o r b i t a l .  There a r e ,  t h e r e f o r e ,  

twelve atomic  o r b i t a l s  involved, in  the  hydrogen b r id g i n g  system and 

e i g h t  e l e c t r o n s  a r e  accommodat 'd,  two in e a c h ,o f  the  fo u r  t h r e e - c e n t e r  

bonding o r b i t a l s .  A t o t a l  of twenty-two o r b i t a l s  and eighteen , e l e c ­

t ro n s  have been used in  bonding the hydrogen atoms to the m o lecu la r

framework. Seven o r b i t a l s  and s i x  e l e c t r o n s  remain to hold the frame­

work t o g e t h e r .

The v a lence  s o r b i t a l  and one o f  the  v a lence  p o r b i t a l s  on

the  apex boron form an sp h y b r id ,  with the a x i s  of the  h y b r id  p a i r

a long the a x i s  o f  the m o lecu le .  The remaining  fF^orb i ta ls  on the 

apex ^QroR a r e  o r i e n t e d  so t h a t  one o r b i t a l  i s  in  the  p lane  o f  b a sa l

boron atoms 2 and 4 while  the o t h e r  o r b i t a l  i s  in  the  p lane  of  b a sa l

atoms 3 and 5.  Each of the  p o r b i t a l s  o v e r l a p s  with  a p a i r  of b a sa l
3 , -

sp o r b i t a l s  to  g ive  an open t h r e e - c e n t e r  tw o - e le c t r o n  bond.

Of the two sp h y b r id  o r b i t a l s  or. the  apex boron one i s  used

to  form a t e rm in a l  boron-hydrogen  bond as mentioned above. The o th e r

3p o i n t s  i n to  the  m o lecu la r  cage and o v e r l a p s  with the fo u r  sp o r b i t a l s  

o r i g i n a t i n g  on the b a s a l  a toms. Th is  formb, in e f f e c t ,  a c l o s e d ,  - 

f i v e - c e n t e r  m o le c u ld r  o r b i t a l .
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^h e  f i n a l  s i x  e l e c t r o n s  a re  t h e r e f o r e  c o n ta in ed  in t h r e e  

molecu lar  o r b i t a l s ,  one a f i v e - c e n t e r  bonding o r b i t a l ,  the  o t h e r  

two o r b i t a l s  be ing  an open, t h r e e - c e n t e r ,  d eg en e ra te  p a i r , o f  bonding 

o r b i t a l s .

Charge d i s t r i b u t i o n  c a l c u l a t i o n s  based on the  m o lecu la r  

o r b i t a l s  above g'ive each b a sa l  boron a  charge of  +% e l e c t r o n i c  charge 

whi le  the  apex boron c a r r i e s  -1  e l e c t r o n i c  cha rge .  The d ip o le  moment 

c a l c u l a t e d  from t h i s  model g ives  a va lue  o f  5.23 Debye. The a c t u a l  

d ip o le  qoment i s  2 .13 Debye^^^^. C a l c u l a t i o n s  i n c lu d in g  e l e c t r o n i c  

r e p u l s io n  terms give  the  apex boron atom a charge  o f  about  - 0 . 3 6  

charge u n i t s  w h i le  the  b a s a l  borons have charges  o f  +0.09 charge  u n i t s ,  

This  c a l c u l a t i o n  y i e l d s  a d ip o le  moment o f  1 .88 Debye, in b e t t e r  

agreement w i th  the  observed  v a lu e .

4 . 3 . 4 .  P r e p a r a t i o n  of  the  Boranes
* -

N e i th e r  t h i s  s e c t i o n  nor the fo l low ing  on the  r e a c t i o n s  o f

'  '  Jthe boron h ydm des  i s  meant to  be comprehens ive .  The i n t e n t i o n  i s

to c o n c i s e ly  p r e s e n t  e s s e n t i a l  background in fo r m a t io n .

The most widely  used method : k r  the o r e p a r a t i o n  of d ib o ra n e (o )
%  ' * ■

invo lves  the a d d i t i o n  of  boron t r i f l u o r i d e  e . thera te  to a s l u r r y  of 

l i t h iu m  aluminum h y d r id e  in d i e t h y l  e th e r ^ ^ ^ ^ .  Y ie ld s  can be

4BF] + 3LiAlH^ -------------------------------+ 3LiF . + 3AlF_

s t o i c h i b m e t r i c .  ,



; Many o f  Che higher boranes are obCained from diborane(S)

by Che inpuc o f  energy. For examnle, CeCraborane(lO) can be, 

synth esized  in a hot-coLd reactor  operating at 120 °C and -78

The same apparatus operating  a t  120 °C and IsO °C y ie ld s  penta-

b o r a n e ( i l ) ( ^ 5 ) .  -
'

Pentaborane(Sf) i s  most e f f i c W -  p repared  on a n ' I n d u s  t r i a l  

s c a l e .  A r e c i r c u l a t i n g  ( low-iys tep ,  I s  used  and a d iborane(-6) - l , id rogen  

^  m ixtu re  in  a 1:4 r a t i o  i s  passpd through the Tea jf to r  a t  200-240 ?c.

Residence time i s  two or three seconds, y i e l d s  c l  reach TW. and con- /

' *  30-i<''=\ Decaborane(14) can be prepared in 607. y ie ld  in a,

s t a t i c  system by the p y r o ly s is  o f  d iborane(6) fo r  f i f t e e n '  to th ir t y  

minutes a t  150-160 The growth of in t e r e s t  in th cb b ra n es  i s  '

shown by the fa c t  that the above boranes,' with the e x c e p t l H d f  penta- •

b o r a n e ( l l ) ,  are commercially a v a ila b le

the past few years i t  has become apparent that a s tep -  

wise increase  in the number o f  boron atoms in a borane i s  p o s s ib le  

through the a c t io n  o f  d iborane(6) or su b s t itu te d  monoboranes on borate, 

anions, as in d ica ted  by the fo llow in g  r ea c t io n s:

MBH' n n  .. ,* . >

—

2 BCI

— >■ MB̂ i 

MBJ

' “ " 4  + ( * " 3 ) 2   ------------ » Mf^Hg t  a -  (48)

M bjH j + ( -H j)2 B C l «- 2 ,2 -C a i j ) , I l^ H g  + MCI" (47)

MCI (49)

^ ® 6«11  I  MCI (49)

“ e^lO (50)
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U -

The b o r a t e  a n io n s  can be p rep a red  by the a c t i o n  o f  an 

a l k a l i  meta l  h y d r id e  on the  p a r e n t  hyd r id e  in  d i e t h y l  e t h e r  ( see  

s e c t i o n  4 . 3 . 6 .  be low).  The s y n t h e t i c  p o s s i b i l i t i e s  i n h e r e n t  in  the 

above . - reac t ions  a r e  only b eg inn ing  be exp lored .

4 . 3 . 5 . '  R eac t io n s  o f  the  Borane* 

uâK (37) ■.
Wtberg n o t e s  f i f t e e n  types  o f  r e a c t i o n  p o s s i b l e  with  the 

bo ranes .  Of these  the most f r e q u e n t l y  employed a r e :

a) Cleavage reactions involving B-H double bridges. The

c leavage  p r o c e s s  can be symmetric or  asymmetr ic .  For example,  t e t r a -

hydrofuran c le a v e s  diborane(,6) sym m etrically  to y ie ld  the THFiBH,

adduct<5‘ >. Ammonia c le a v e s  d iborane(6) asymmetrically a t  low t i p .  

eratures  to  y i e ld  and

pentaborane(9) produces BHg a n d ' w h i l e  asymmetric c leavage with  

ammonia a t  low temperatures y ie ld s  (NH.)2BH+ and »

b) E le c tr o p h iU c  s u b s t i tu t io n  r ea c t io n s  cap be carr ied  

{ cut under appropriate c o n d it io n s .  For example both pentaborane(9)

and decaborane(14) are a lk y la te d  w ith  a lk y lh a l id e s  and F r ie d e l-C r a fts  
_ V A5) *

cata  y s t s  . The s u b s t i t u t io n  p o s i t io n s  are thbse expected from

charge d i s t r i b u t i o n s ,  c a l c u l a t e d  on the  b a s i s  o f  m olecu la r  o r b i t a l

theory, i . e . ,  the apex boron i s  s u b s t i tu te d  in pentaborane(9) while

the number 2 boron i s  the one i n i t i a l l y  su b s t itu te d  in decaborene(14).

c) Lewis bases such as hydride i'^ns or carbanions remove

protons from the boranes. This w i l l  be d iscussed  in more d e t a i l  in
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S e c t io n  4 . 3 / 6 .  below. ,
\

d) O le f in s  or  a c e t y l e n e s  r e a c t  w i th  d ib o r a n e ( 6 )  o r  mono­

or  d i s u b s t i t u t e d  a l k y l  bo ran es .  The B-H bond adds a c r o s s  the m u l t i p l e  

bond in  an an t i -M arkownikof£ f a s h io n  to  y i e l d  a v a r i e t y  o f  organo-  

boranes  which can be f u r t h e r  r e a c t e d  to  y i e l d  o rg a n ic  compounds. The 

t o t a l  p r o c e s s ,  h y d r o b o r a t i o n , i s  of  c o n s i d e r a b l e "value  to  the s y n t h e t i c

(5^)o rg an ic  chem is t  . •
a

4 . 3 . 6 .  D epro tona t ion  o f  the  Boranes

The two g en e ra l  types  of  hydrogen atoms in  the  boranes  a re  

• b r id g i n g  and t e r m i n a l .  Although e a r l y  charge d i s t r i b u t i o n  c a l c u l a t i o n s

i n d i c a t e d  t h a t  the b r id g in g  hydrogens were more n e g a t i v e  than the

(41) -  (53)te rm in a l  hydrogen atoms r e c e n t  c a l c u l a t i o n s  i n d i c a t e  the  converse
'

I f  a te rm in a l  p ro ton  i s  removed, a p ^ i r  of  v a len c e  e l e c t r o n s  

becomes a v a i l a b l e  and thus  marked changes in  bonding in  the  r e s t  o f  the  

molecule  a r e  l i k e l y .  On the o th e r  hand i f  a b r id g i n g  p ro to n  i s  removed, 

only smal l  changes in bonding a r e  expec ted  as  the  B-H-B br^idging u n i t  

becomes,a B-B u n i t .  Thus i t  i s  n o t  s u r p r i s i n g  t h a t ' ' t h e  ex p e r im en ta l  * 

ev idence  c l e a r l y  shows t h a t  a b r id g i n g  p ro ton  i s  removed when the 

. boranes  a re  d e p ro to n a ted .

DecaboraneC14) was the f i r s t  borane to  be d e p r o to n a t e d .

Sodium hyd r id e  in d i e t h y l  e t h e r  \ |as found to  y i e l d  hydrogen and

The p a r e n t  hy d r id e  can be r e g e n e r a t e d  by the  a c t i o n  of 

^  anhydrous a c id  or^mhe sodium s a l t  in  a p r o t i c  s o l v e n t s . .  B ase s ' su ch
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as  OH , OR , and BH, were a l s o  used to d e p ro to n a te  d e c a b o ra n e ( 1 4 ) .
V

In  a l l  c a se s  decaborane  a c t s  as a ir.onoprotlc a c i d .  The p o s i t i o n  o f

f  ■■

s u b s t i t u t i o n  i s  u n c e r t a i n .  N e u t r a l i z a t i o n  o f  with  deuterium-

c h l o r i d e  in  d i e t h y l  e t h e r  r e s u l t s  in approx im a te ly  90% of the  deutepium
(57) '

be ing  found in a b r id g e  p o s i t i o n  , bu t  the  obvious  co n c lu s io n  i s

com pl ica ted  by the f a c t  t h a t  th e re  i s  c o n s id e r a b l e  exchange'  between ' 

b r id g i n g  and t e rm in a l  p o s i t i o n s  of d e c a b o ra n e ( l4 )  in s o l u t i o n s  of  

Lewis b a s e ' s ^ E v i d e n c e  from n u c l e a r  magnet ic  resonance  s p e c t r a  

i s  e q u iv o c a l .   ̂ ,

Lower m o lecu la r  weight boranes  a re  a l s o  d e p ro to n a ted  with  

s u i t a b l e  b a se s .  T e t r a b o ra n e ( lO )  was d e p ro to n a te d  w i th  m e t h y l l i t h i u m ^ ^ ^ \  

ammonia or po tass ium h y d r i d e ^ T h e s e  d ep ro to r ta t io n s  were c a r r i e d  

out in d i e t h y l  e t h e r  a t  -78  °C. TTie compounds o b t a i n e d ,  LiB^Hg,

NH^B^Hg and KB^Hg, appear  to  be s t a b l e  a t  -^8 °C but decompose on 

warming. The r e a c t i o n  o f  ammonia with t e t r a b o r a n e ( l O )  i s  thought  to  

be r e v e r s i b l e .  On s t a n d i n g  a t  -65  °C a compet ing,  i r r e v e r s i b l e ,  r e a c t i o n  

between t e t r a b o r a n e ( l O )  and ammonia a l s o  occu rs  r e s u l t i n g  in  the  asym­

m e t r i c  c leav ag e  p ro d u c t  {j^NH^/^BH^] .

On t r e a tm e n t  o f  LiB^Hg with hydrogen c h l o r i d e  in d i e t h y l  

• e t h e r ,  75% o f  the  p a r e n t  hy d r id e  was r e c o v e re d .  On t r e a tm e n t  of LiB^Hg 

w i th  d e u t e r i '  n chlorideyf-DB^Hg was l r e c o v e r e d ^ ^ ^ \  The co n c lu s io n  t h a t  ' 

the D atom occupied  a b r id g i n g  p o s i t i o n  was based on the  f a c t  t h a t  a
I 1 '

s t r o n g  a b s o r p t io n  occu r red  a t  1583 cm i^ the i n f r a r e d  s p e c t r u ^ ^  No 

a b s o r p t io n  was no ted  a t  the  f requency expec ted  f o r  the t e rm in a l  B-D
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s t r e t c h ,  i . e . ,  1946 cm ^ . On s t an d in g  the band a t  1583 cm  ̂ de-

*■ 1c reased  in  i n t e n s i t y  and a new band appeared  a t  1946 cm" , due to
'  » * ■

i n t r a m o le c u la r  exchange o f  t e rm in a l  hydrogen with  b r id g i n g  deu ter ium

„ ( 61) atoms

P en tab o ran e (9 )  was r e a c t e d  w i th  sodium h y d r id e  in  b i s ( 2 -
V

m e th o x y e th y D e th e r  (d ig lyme) a t  room t e m p e ra tu re .  An 82% y i e l d  of 

hydrogen on the b a s i s  of

+ N a i l ------------------>■ NaB^Hg + Hg

was ob ta ined  bu t  the p a r e n t  h yd r ide  could  n o t  be r e g e n e r a t e d  by the

a c t i o n  of  hydrogen c h l o r i d e ^ S u b s e q u e n t l y ,  pen tab o ran e (9 )  was 

r e a c t e d  in e t h e r  s o l v e n t s  a t  -78 °C with  m e t h y l l i t h i u m  or  n - b u t y l -

l i t h i u m  to  y i e l d  hydrocarbon and l i t h f u m  ^ocXahydropentaborateCl-)

(LiBjHg)^^^^. ^Sodium and potass ium o c t a h y d r o p e n t a b o r a t e ( l - )  s p e c ie s

were p repared  by the  r e a c t i o n  of the  f l k a l i  m e ta l  h y d r id e s  on p e n ta -  

borane(9)  i n ‘1 , 2-d imetl ioxyethane (glyme) a t  -50  , The paren.t

h ydr ide  could be r e g e n e r a t e d  by the a c t i o n  of  hydrogen c h l o r i d e  on

During the  r e a c t i o n  a t  -60 °C of  p e n tab o r an e (9 )  with  l i q u i d  

ammonia, the boron n . m . r .  spectrum i n i t i a l l y  i n d i c a t e d  the presence  

of ammonium o c t a h y d r o p e n t a b o r a t e ( l - ) , b u t  on s t a n d i n g  a s h o r t  time 

the  asymmetric c l e a v a g e ,p r o d u c t  |̂ ( NH g ) g BH g] y] was formed. As with

t e t r a b o r a n e ( l O ) , the d e p r o to n a t io n  r e a c t i o n  was th ough t  to be r e v e r s i b l e  

and c leavage prod(icts>-^drmed by the slow, i r r e v e r s i b l e  r e a c t i o n  of 

BgHg with  arrunonia, r a t h e r  than through a B^Hg in te rm e d ia te ^

Tetra-n-butylammonium o c t a h y d r o p e n t a b o r a t e ( l - )  was p repa red
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by a m e t a t h e t i c a l  r e a c t i o n  o f  t e tfa-n-butyLammonium iod ide  with

Lehepotass ium  o c t a h y d r o p e n ta b o r a t e ( L - )  a t ’ -23  °C in  methylehe c h lo r id e -  

THF s o l u t i o n s ^ P e n t a b o r a n e ( 9 )  was r e g e n e r a t e d  by the a c t i o n  of 

hydrogen c h l o r i d e .

I n f r a r e d ,  and n . m . r .  s p e c t r a  were used to a s s i g n  

the a c i d i c  p ro ton  in p en tab o ran e (9 )  to  a b r idge  p o s i t i o n ^ ^ ^ ’

There i s  b e l i e v e d  to  be a r a p i d  tautomerism o f  the b r idge  p r o t o n s ,  but. 

no in te rc h a n g e  of b r idge  with  t e rm in a l  p r o t o n s ^ T h u s  only  a s i n g l e  

d o u b le t  resonance  i s  no ted  f o r  the chem ica l ly  nc lnequivalen t b a sa l  boron
11 , f ».

atoms in the  B n . m . r .  spectrum .of LiB^lIg, even a t  low t e m p e ra tu re .

The p ro to n  n . m . r .  spec trum ‘i n d i c a t e s  a l l  b a sa l  t e rm in a l  hydrogen to

be e q u i v a l e n t ,  and a l l  b r idge  hydrogens to b e " e q u i v a l e n t .  However, '

r 6 7 ̂  ^
Shore e t  a l  d ep ro to n a ted  Z-CH^B^Hg with potass ium hyd r id e  and

found t h a t  the  tautomerism could  be slowed a t  low t e m p e ra tu re s .  Two

re so n an ces  o f  r e l a t i v e  a r e a  2:1 were a s c r i b e d  to  the br idge  p r o t o n s .

Since  th r e e  chem ica l ly  d i f f e r e n t  b r id g e  p ro to n s  were expec ted ,  the

r e s u l t s  were i n t e r p r e t e d  a s  i n d i c a t i n g  tautomerism had s lowed-bu t

n o t  s to p p ed ’.

H e x a b o r a n e d 0) was d e p ro to n a ted  with m e th y l l i th i u m  and

sodium and po ta ss ium  h y dr ide^^^ ^ .  As with  t e t r a b o r a n e ( l O )  and p e n ta -

b o r a n e ( 9 ) ,  hexaborape(  10) in  l i q u i d  ammonia i n i t i a l l y  formed, NU^Bgllg

but on warming the c leavage  p roduc t  ^NHg) 2 BH2 j^B^Hgjwas found*'

S p e c t r a l  ev idence  once ag a in  i n d i c a t e d  t h a t  a b r idge  pro ton  was r e -  • ♦

moved when hexaborane( lO)  was d e p r o to n a t e d .
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'  .The Bronsted a c i d i t i e s  o f  t h e  above fôui boranes  a p p ea rs

to  d e c rea se  in  the  o rd e r  
\

r e l a t i v e  o rd e r  o f  a c i d i t y  o f  the  -pa i r  has  n o t  been ..

e s t a b l i s h e d .  As expected,-  when e l e c t r o n  wi thdrawing  s u b s t i t u t e n t s , 

such as  c h l o r i d e ,  were s u b s t i t u t e d  f o r  a t e r m in a l  hydrogen atom . 

the  Br^ns^ed a c i d i t y  of the borane was enhanced,  f/hen a methyl 

■group was s u b s t i t u t e d  fo r  a t e rm in a l  hydrogen the" Br^nsXed a c i d i t y  

decreased

Of the  b o ra te  ( 1 - )  s a l t s  on ly  i s  s t a b l e  a t  room

te m p e ra tu re .  Thermal s t a b i l i t y  d e c r e a s e s  in the o rder  

- ( 6 1 )B^Hg)>B^Hg)>B^Hg . The thermal s t a b i l i t i e s  o f  l i t h i u m ,  sodium
I

and potass ium b o r a t e ( l - )  specie 's  a re  s i m i l a r .  Some workers r e -
‘

por ted  the l i t h iu m  compounds to  be s l i g h t l y  more s t a b l e  than Che 

sodium or p o t a s s i u m ^ w h e r e a s  o t h e r s  r e p o r t e d  the c o n v e r s e ^ , 

A c o n s i d e r a b l e  in c r e a s e  in  s t a b i l i t y  o c cu r red  when the  l a r g e  t é t r a ­

méthylammonium c a t i o n  was in t roduced^

D ep ro to n a t io n  r a t e s  appear to  i n c re a s e  q u a l i t a t i v e l y  în 

o rd e r  of  the  Lewis base s t r e n g t h  of the  s o l v e n t s  employed. None,of 

the  d e p ro to n a t io n  r e a g e n t s  employed to  d a te  was capab le  of  d e p r o t -  

o n a t in g  the  boranes  in e i t h e r  the  absence  of s o lv e n t  or the p re sence  

o f  hydrocarbon s o l v e n t .

When a p ro ton  i s  removed jffom a borane ,  a B-llu-B u n i t  '
■ V

becomes a B-B u n i t ,  and i t  i s  p o s s i b l e  to  p r o to n a te  t h i s  B-B bond.

As an e x t e n s io n  to  t h i s .  Shore e t  a l ^ ^ ^ '  used HCl or  DCl in BCl^ a t
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-78 °C s u c c e s s f u l l y  to  p r o to n a t e  the lone B-B bond in the  base of 

h e x a b o f a n e ( lO ) , F igure  XVc to form the undecahydrohexaboronium.(+I) 

t o n ' ™ ) .  "  .

T r ib o r a n e ( 9 )  does no t  e x i s t  bu t t!;'e con juga te  b ase ,  the  

th e rm a l ly  s t a b l e  o c t a h y d r o t r i b o r a t o ( l - )  an ion ,  was p repa red  by th'e 

r e a c t i o n  of d ib o ra n e (6 )  w i th  sodium borohydr ide  a t  60 in, g ly m e ^ ^ ^ \  

Th is  anion takes  p a r t  in r e a c t i o n s  of a type s i m i l a r  to  the o t h e r  

b o r a t e ( l - )  s p e c i e s  in some r e s p e c , but d i f f e r e n t  in o t h e r s ^ ^ ^ \  

( s e e  S e c t io n  4 . 3 . 7 .  b e l o ^ ' ^  The s t r u c t u r e  of the n o n e x i s t e n t  p a r e n t  

i s  p o s t u l a t e d ‘as-,a t r i g o n a l  p lane  of BĤ , groups jofi ied  by three"  

b r id g e  hydrogens .  X-ray c r y s t a l l o g r a p h i c  work on j  j

i n d i c a t e d  a b r id g i n g  p o s i t i o n  was vacan t  . The ion was

t h e r e f o r e  c ons ide red  s t r u c t u r a l l y  s i m i l a r  to the  o t h e r  b o r a t e ( l - ^  ' 

s p e c i e s .

j . t
4 . 3 . 7 .  Bridge S u b s t i t u t i o n  in the Boranes

When d ib o ra n é (b )  was passed over g ).^8112^311  ̂a t  85 °C

yu-aminodiborane(6) -wes obt^ ined^  The amiro group was

( 7 5 )shown by e l e c t r o n  d i f f r a c t i o n  to  be in  a b r idge  p o s i t i o n  . The
K

bonds between the &Sron and n i t r o g e n  atoms a re  two c e n t e r  two e l e c t r o n

bonds.

I t  i s  p o s s i b l e  to  p rep a re  compounds in  which an atom o th e r

than hydrogen i s  found in a b r id g i n g  p o s i t i o n  and i s  bonded to  the  

r e s t  o f  the  molecule  with a t l \ree  c e n t e r  two e l e c t r o n  bond. The
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p r e c u r s o r s  t o  th e se  s p e c i e s  a r e ' t h e  b o r a t e ( l - )  a n io n s .

Gaines  and l o r n s  p repa red  the f i r s t  of the compounds in

' ( 76)which a h e a v i e r  atom was s u b s t i t u t e d  f o r  a b r id g i n g  pro ton

They r e a c t e d  l i t h i u m  o c t a h y d r o p e n t a b o r a t e ( l - )  with  t r i m e t h y l c h l o r o -

s i l a n e  in e t h e r  a t  -78  °C and ob ta ined  ^ - t r i m e t h y l s i l y l p e n t a b o r ^ n e ( 9 )
t

(^k(CHg) 2 SiB^Hg). Th is  compound was brominated a t  the  apex p o s i t i o n  

to dec rea se  i t s  v o l a t i l i t y  and provide  a heavy atom f o r  a s i n g l e  

c r y s t a l  x - r ay  d i f f r a c t i o n  s t u d y ^ ^ ^ \  This  s tudy  u n e q u iv o ca l ly  e s ­

t a b l i s h e d  t h a t  the  s i l i c o n  atom was in a b a s a l  b r id g e  p o s i t i o n .

Subsequen t ly  Gaines and l o r n s  p rep a red  a s e r i e s  o f  com­

pounds of  the  g e n e r a l  formula where = S i ,  Ge, Sn or
/ y p \

Pb and R = II, d ig  or . The b r id g i n g  p o s i t i o n  of the  RgM^^

group was confi rmed by ^^E^n.m.r.  exper iment iTr I t  was demonst ra ted

t h a t  the  s i l i c o n  and germanium d e r i v a t i v e s  i som er ized  q u a n t i t a t i v e l y ,

' a t  room tem pera tu re  in  weak Lewis  b a s e s , to  the  2 - s u b s t i t u t e d  d e r i - '

v a t i v e s .  f t  was a l s o  de te rm ined  in a n o th e r  s tudy  t h a t  ^-H^SiB^Hg

(79)was c h l o r i n a t e d  a t  the  s i l i c o n  atom by boron t r i c h l o r i d e

Burg and Heinen r e a ô t ' d d im e thy lch lo rophosph ine  with l i t h iu m

o c t a h y d r o p e n t a b o r a t e ( l - )  in d i e t h y l  e t h e r  a t  —78 to  form

y t i -d im eth y lp h o sp h o ry lp en tab o ran e (9 ) , (y<-(CHg) 2 PBgHg). The b r id g i n g

p o s i t i o n  o f  the  phosphorus  atom was confi rmed b y . n . m . r .  When b i s ( t r i - -

1 ,
f lu o r o m eth y D c h lo ro p h o sp h in e  was employed a s  an i n s e r t i o n  r e a g e n t ,  

only l - b i s ( t r i f l u o r o m e t h y l ) p h o s p h o r y l p e n t a b o r a n e ( 9 )  was o b t a i n e d .

Gaines and Lorns have prendred  *yU-dimethylborylpentaborane(9)

'  \
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r

( / / - ( C H j ) 2 BBsHg) by the  r e a c t i o n ' o f  d im e th y lc h lo ro b o ra n e (3 )  with  

l i t h iu m  o c t a h y d r o p e n t a b o r a t e ( I - )  in d i e t h y l  e t h e r  a t  -78 °C. This

compound iso m e r iz e s  to  4 ,5_d im eth y lh exab oran e(lO ) in d i e t h y l  e th e r

a t  room tem pera tu re

Gaines and B o r l in  p re p a red  ,4_d im e thy la lum inum tr ibo rane(9 )

(^ - (C H y ^A lB ^H g )  and ^ - d i m e t h y l g a l l i u m t r i b o r a n e ( 9 )  ( ^ - ( C H g ) ^  

GaBgHg) by Che a c t io n  o f  Che dimeChylmeCalchloride sp e c ie s  on sodium 

o c t a h y d r o t r i b o r a t e ( l - )  a t  room temperature*^ However th e se  com- 

ppunds are not Criborane(9) m olecu les  (F igure XXa) with a group 

I I IA  meta l  rep la c in g  a b r id g in g  p r o to n .  The s t r u c t u r e  i s  thought 

to be as  i n d i c a t e d  in F igu re  XXb.

H

H

/ \H

H— B B - H

H H

F igure  XXa 

T r ib o ra n e ( 9 )

F igu re  XXb 

D im ethy la lum inum tr iborane(9 )
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Nuclear  magnet ic  resonance  d a t a ^ i n d i c a t e d  t h a t  the methyl 

, g roups ,  boron atoms and b o rM  bound hydrogen atoms a r e  involved  

In a r a p id  i n t r a m o l e c u l a r  exchange a t  room t e m p e ra tu re ” ^ ) .

In r e l a t e d  s t u d i e s ,  n i ^ - 2 , 3 - d l c a r b a h e x a b o r a n e ( 8 )  ( 2 , 3 -  

was d e p r o to n a t e d ” ^ ^  C h ro n o lo g ic a l ly  t h i s  s p e c i e s  was de-

p rocona ted  p r i o r  Co che I w r a n e s ;  with  the  qgcepcion o f  B .
^  10 14

ü i â £ - 2 , 3  resem bles  a hexaborane( lO)  molecule  with

two o f  the  b a s a l  b o ro n ^ t o m s  r e p l a c e d  by two c'arbon a toms. The base .

has only two hydrogen b r i d g e s ,  r a t h e r  than the f^u r  o f  h e x a b o r a n e ( lO ) ,

compounds o f  the type / - 4 , 5  ,  have been p re p a red  where ,

" i v  °  R = H o r  The p r o p e r t i e s  of

the ca rb o ran e s  are  s i g n i f i c a n t l y  d i f f e r e n t  f r o ?  the p r o p e r t i e s  o f  

the boranes  and they w i l l  n o t  be d i s c u s s e d  f u r t h e r .

AS mentioned above ( S e c t io n  4 . 3 . 4 . )  d ibo rane  w i l l  add to 

b o r a t e d  ) a n io n s .  In a t  leas^t one o f  these  c a s e s ,  the a d d i t i o n  of  

. bo ran e (3 )  to  o c t a h y d r o p e n t a b o r a t e ( l - ) ,  the  borane e n t e r s  the base of  

the  m o le c u le ,^ p ro b ab ly  in a b r id g in g  p o s i t i o n .  Hexaborane(lO) i s  

g e n e r a te d  on warming to room t e m p e r a t u r e ^ ^ ° \  '

I ,

. *

Bonded t'o Group VA and Group VIA Elements  

The s p e c ie s  to  be d i s c u s s e d  in  t h i s  s e c t i o n  in c lu d e  those 

compounds in  which boron i s  bonded to  n i t r o g e n  o r  phosphorus ,  or  

oxygen o r  s u l p h u r .  In view o f  the v a s t  l i t e r a t u r e  in th e se  a r e a s  

no  a t t e m p t  w i l l  be made to be comprehensive .  The i n t e n t  i s  r a t h e r
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to  p r e s e n t  a p e r t i n e n t  overv iew. M a t e r i a l  f o r  t h i s  s e c t i o n  i s  to  

be fov̂ fttT in Niedqhzu^^^^, N o t h ^ ^ ^ \  H a i d u c ^ ^ ^ \  P a r s h a l l ^ ^ ^ \  

Cdyle^GS), Edwarcls^®®\ T o r s e l l ^ ® ^ \  N esm eyanov^^° \  N i e s ^ ^ ^ \  

Mikhai l6v^^^^ and M e u t t e r t i e s ^ ^ ^ \  S p e c i f i c  r e f e r e n c e s  to,  o th e r  

sources  a re  g iven .

4 . 4 . 1 .  Compound in which Boron i s  T e t r a c o o r d i n a t e

T r i c o o r d i n a t e  boron has a vacan t  low-energy o r b i t a l .  

T r i c o o r d i n a t e  group VA atoms hpve a non-bonding  p a i r  of e l e c t r o n s  

and d i c o o r d i n a t e  group VIA atoms have two non-bonding  p a i r s  of 

e l e c t r o n s .  T h ere fo re  boron i s  c apab le  of  f u n c t i o n i n g  as  a Lewis 

a c id  and n i t r o g e n ,  phosphorus ,  oxygen and s u l f u r  as  Lewis b a se s .

When the L e w is . a c id - ] c w ls  base n e u t r a l i z a t i o n  r e a c t i o n  occu rs  the  

bond’ formed i s  a c o o r d in a t e  c o v a l e n t  bond. E l e c t r o n  d e n s i t y  is  

t r ^ n s f e ^ W  from the group VA or VIA e lement  to  boron.  The c l a s s e s  

o f  compounds fo'rmed- a re  c a l l e d ,  amine-boranes  (R.NBR^) in  the case
I I

of  n i t r o g e n ,  phosph ine-bo ranes  (R^PBR^) in  the  case  o f  phosphorus
I

and simply c o o r d in a t io n  complexes f o r  oxygen and s u l f u r  (R^ODR^,
I

R2 SBR2 ) . '  On complex f o r m a t io n ,  boron ,  n i t r o g e n  and phosphorus ,  ; 

become four  c o o r d in a te  and oxygen and s u l f u r  become th r e e  c o o r d i n a t e .

The complexes a r e  u s u a l l y  p repa red  by the  d i r e c t  r e a c t i o n

o f  Lewis a c i d s ,  e g . ,  boron t r i h a l i d e s ,  d i b o r a n e ( 6 )  o r  mono-, d i -
£/■

o r  t r i s v b s t i t u t e d  boranes ,  w i th  a wide v a r i e t y  of Lewis b a se s .

These inc lude  p r im ary ,  secondary  or  t e r t , i a r y  phosphines  o r  amines.
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e t h e r s ,  and to  a l e s s e r  e x t e n t  a ldehydes  and k e t o n e s , ^ a s  w e l l  as  

hydrogen s u l f i d e ,  t h i o e t h e r s  and m ercap tan s .  A v a r i e t y  of o t h e r  

methods o f  fo rm at ion  e x i s t .  For example,  LiBH^ can be used' as  a 

source  o f  borane ,  and s t r o n g e r  Lewis bases  can be used  to  r e p l a c e  

weaker,  e g . ,  t r a n s a m i n a t i o n  r e a c t i o n s .

The s t r e n g t h  of  the  bond between boron and the donor atom 

depends on t h e  r e l a t i v e  s t r e n g t h  of  the  Lewis a c i d  and the  Lewis 

base .  Changes in the  d o n o r - ac ce p to r  bond s t r e n g t h  with changing  

a c id -b a$ e  s t r e n g t h s  f r e q u e n t l y  a re  moni tored  by means of the donor-  

a c c e p to r  s t r e t c h i n g  f requency in the i n f r a r e d  spec trum. Boron t r i ­

h a l i d e s  a re  s t r o n g e r  Lewis a c i d s  than e i t h e r  d i b o r a n e (6) or s u b - '  .

s t i t u t e d  monoboranes due to  the a b i l i t y  o f  the, ha logen  atoms to
. '

remove e l e c t r o n  d e n s i t y  from the boron. Boron t r i f l u o r i d c  might be 

thought  the  s t r o n g e s t  Lewis a c id  o f  the  boron t r i h a l i d e s  but i t  

i s  n o t .  The reason  \ . t  i s  n o t  a s t ro n g  a c id  i s  because m olecu la r  

o r b i t a l s  o f  p i  symmetry a re  formed employing boron and f l u o r i n e  p 

o r b i t a l s  o ^  a p p r o p r i a t e  symmetry'. Energy i s  r e q u i r e d  to d i s r u p t  t h i s  

double  bonding and t h i s  red u ces  the  s t a b i l i t y  of tbe '*coord ina te  

complex. '• -

The Lewi^ base s t r e n g t h  of  the  donor atom i s  in c re a se d  by

the  rep lacem ent  of  hydrogeh atywns with  a lk y l  or  a r y l  g roups .  Thus

while  phosph ine-borane  (H ^P B H ^ i s  u n s t a b l e ,  t r i m e th y l p ^ o sp h in e -

borane ( ( C H ^ ) i s  r e l a t i v e l y  s t a b l e .  As expec ted  on the b a s i s

of  e l e c t r o n e g a t i v i t i e s ,  the  n i t r o g e n - b o r o n  d a t i v e  bond i s  no rm al ly  '
!>
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s t r o n g e r  than the phosphorus-boron  d a t i v e  bond, and the  oxygen-
r

boron bond i s  no rm al ly  s t r o n g e r  than the  s u l f u r - b o r o n  bond. The 

r e f e r e n c e  a c i d s  used t o  e s t a b l i s h  s t a b i l i t i e s  a re  u s u a l l y  the  boron '  

t f i h a l i d e s .  When i s  employed as  the  r e f e r e n c e  a c id , ,  the  o rd e r  

o f  s t a b i l i t i e s  i s  r e v e r s e d .  The bond between boron ■‘and the  h e a v i e r  

e lement i s  s t r o n g e r  than t h a t  between boron and the  l i g h t e r .  T h is
4 X

phenomenon i s  r a t i o n a l i z e d  by p o s t u l a t i n g  t h a t  a d o r b i t a l  on the 

second row atom i s  capab le  o f  p a r t i c i p a t i n g  in some form o f  bonding 

. w ith  a group o r b i t a l  o f  the  u n i t .  '  .

4 . 4 . 2 .  Compounds^ in which Boron i s  T r i c o o r d i n a t e
. r

Compounds in which boron and groups VA and VIA atoms r e t a i n  

tl).e^ir 'no rm a l '  c o o r d in a t io n  number,  i . e . ,  th re e  fo r  boron, n f t r o g e n  

and phosphorus and two f o r  oxygen and «.sulfur,  have been much more 

widely s tu d i e d  than those  in  which the above e lem ents  expand t h e i r  

c o o r d in a t io n  s p h e r e s .
f

With group VA the  c l a s s e s  o f  compounds R2 NBR2  a re  c a l l e d
I

amino-boranes  o r ,  R2 PBR2 , phosph inoboranes .  These compounds can be 

ob ta ined  by p y r o l y s i s  o f  the  amine o r  phosphifie boranes  i f  the boron 

atom has a t  l e a s t  one hydrogen atom bonded to  i t .  For example,

RjNBRgW:--------— --------ÿ-RgNpR2  ' + RH

The boron atom of  the  amino o r  phosphinoboranes  can be mono-,

d i -  of t r i s u b s t i t u t e d ,  e g . ,  R^NBXg^ (R2N')2®^ (R2 N) 2 ,B. As wel l

as the above p y r o l y s i s  r e a c t i o n ,  th e re  a r e  a wide v a r i e t y  o f  methods
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a v a i l a b l e  f o r  p r e p a r i n g  th è se  compounds. Mixed d e r i v a t i v e s

CkR'NBR”R " ' )  can a l s o  be p r e p a r e d .  , ^

The bond between boron and phosphorus in the  phosphino-  

boranes  can be d e s c r i b e d  in  terms i d e n t i c a l  to those  used to  de­

s c r i b e  the  bond between boron and n i t r o g e n  in the  aminoboranes .  

T h e re fo re  bonding w i l l  be d i s c u s s e d  only f o r  the  aminoboranes .  The 

bond between boron and n i t r o g e n  in  the  aminoboranes  p o s s e s s e s  double

bond c h a r a c t e r »  Each o f  th e  boron and n i t r o g e n  atoms can be con-

2 . -  s i d e r e d ' a s  an sp h y b r id  and a sigma bond i s  formed by the  o v e r l a p

o f  these  h y b r id  o r b i t a l s .  Boron has a  v a ca n t  p ^ ’o r b i t a l  p e r p e n d i c u l a r

2 ̂ t o  the  p lane  o f  the  sp h y b r id .w h i l e  n i t r o g e n  has  a f i l l e d  p^ o r b i t a l

p e r p e n d i c u l a r  to the same p l a n e .  These p^ o r b i t a l s  o v e r l a p  and a 

bond i s  formed by dona t io n  o f  e l e c t r o n  d e n s i t y  from n i t r o g e n  to  ^ïÉ^on.

The s t r e n g t h . o f  the  B-N bond v a r i e s  with  the s u b s t i t u e n t s  on the  two
■ * *

c e n t e r s .  The b o r o n - n i t ro g e n  s t r e t c h i n g  f requency from the  i n f r a r e d

spectrum i n c r e a s e s ,  i n d i c a t i n g  a s t r o n g e r  bond, as  «.the number of  c a r -

bon atoms in a l k y l  s u b s t i t u e n t s  on each o f  boron and n i t r o g e n  de-
'  ; 

c r e a s e s .  F u r t h e r ,  i f  the  n i t r o g e n ,  atom has  a r y l  s u b s t i t u e n t s  t h e '

f r e q u e n c y .d e c r e a s e s ,  presumably because d è l o c a l i z a t i o n  of  the lone  

p a i r  o f  e l e c t r o n s  on n i t r o g e n  over the p i  system on the  a r y l  sub­

s t i t u e n t  d e c r e a s e s  the a v a i l a b i l i t y ^  of  t h i s  lone p a i r  f o r  d o n a t io n  td
f

boron.

, R e s t r i c t e d  r o t a t i o n  about  the  B-N bond i s  a t t r i b u t e d  to

the double bond. The b a r r i e r  to  r o t a t i o n ,  from n . m . r .  d a t a ,  i s  ■
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about 10-15 kcal/mole, .  M olecu lar  o r b i t a l  c a l c u l a t i o n s  show t h a t

the  n i t r o g e n  atom in-monoaminoboranes c a r r i e s  a n e t  n e g a t i v e  charge

of about  0 .05  e l e c t r o n i c  units% This i s  thought  due to  the  boron

atom donating-more  charge to  n i t r o g e n  through the  sigma bond than

i t  r e c e i v e s  through the p i  bond.

Bond l e n g th s  in amine boranes  a re  about equal  to the sum

of the  co v a le n t  r a d i i  o f  boron and n i t r o g e n  (1 .5 7  A - 0 . 0 3 ) .  The bond 
©

leng th  between boron and n i t r o g e n  in  monoamino- and b isaminoboranes  

has  n o t  been e s t a b l i s h e d  by x - r a y  methods.  ' The t r i s a m i n o b o r a n e *

1 , 8 , 1 0 , 9 - t r i a z a b o r a d e o a l i n  (F ig u re  XXl) has  been examined by x - r a y

1.40 A

HgC CH

H C ■CH-,

H H

F ig u r e  XXI

1 , 8 , 1 0 , 9 - t r i a z a b o r a d e c a l i n

methods and the lenét;h of  the  b o r o n - n i t ro g e n  bond e s t a b l i s h e d  as 

1 . 4 0 - 1 . 43a - '

The chem is t ry  o f  the. aminoboranes and phosphinoboranes  i s

de termined  l a r g e l y  by the p re sen c e  of both donor and accépLor atoms



104

4 '
in  the  m olecu le .  Thus aminoboranes w i l l  d im e r iz e  or t r i m e r i z e  

w ith  both boron and n i t r o g e n  atoms becoming fou r  c o o r d i n a t e .  The 

p o s s i b i l i t y  o f  o l ig im e r  fo rm at ion  depends on the s t r e n g t h  o f  the 

accep to r^and  donor s i t e s '  and on s t e r l c  e f f e c t s ,  bu t  whether dimers 

t r i m e r s  or even t e t r a m e r s  a r e  formed appea rs  to  depend on the  con­

d i t i o n s  of the p r e p a r a t i v e  r e a c t i o n ,  i . e , ,  s o l v e n t s  employed and 

tem pe ra tu res  used .  ^

Even though the  p^ o r b i t a l  on boron i s  employed in pond­

ing i t -  i s  s t i l l  p o s s i b l e  f o r  these  compounds to  f u n c t i o n  a s  Lewis

a c i d s .  For example,  t r i s m e thy laminoborane ,  B(NHMe)-, w i l l  add
j

NHMe to  form B(NHMe),. The n i t r o g e n  atoms c|in a l s o  f u n c t i o n  as  < 

donors ,  e g . ,  t r i s (d im e th y la m in o ) b o ra n e  w i l l  add aluminum t r i c h l o r i d e .

^  H e t e r o c y c l i c  r i n g s  c o n t a i n i n g  a l t e r n a t i n g  boron and n i t r o -
/

geri or boron and phosphorus atoms a re  known. The former a rd -v e ry
.1

w e l l  known, and commonly c o n ta i n  t r i c o o r d i n a t e  boron and n i t r o g e n .  

The l a t t e r  a re  no t  w e l l  known and, when found, u s u a l l y  c o n ta i n  fo u r  

c o o rd in a te  boron and phosphorus .  Phosphorus c o n t a i n i n g  r i n g s  can 

be thought of as o l igom ers  of  phosphinoboranes .  Phosphinoboranes  

form these  r i n g s  so r e a d i l y  t h a t  i t  i s ^ . ^ e q u e n t ( i y ' d i f f i c u l t  to 

. o b t a in  the monomer.

The most s t u d i e d  bon

■ \ ,

m - n i t r o g e n  r i n g  compound i s  b o r a z l n e ,

(HBNH)o, F igu re  XllXa.  Borazine  i s  o f  i n t e r e s t  because  o f  i t s  
j

e l e c t r o n i c  s i m i l a r i t y  to benzene.  The bonding in b o raz in e  c o n s i s t s

o f  a sigma system with bonding by o v e r lap  of sp^ o r b i t a l s  on a d j a c e n t
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c e n t e t s ,  and a p i  system with  bonding due to  d o n a t io n  of e l e c t r o n  

de^nsity from a  f i l l e d  o r b i t a l  on n i t r o g e n  to  a vacan t  p^

o r b i t a l  on boron  (z  a x i s  p e r p e n d ic u l a r  to  the  p lane  o f  the  B-N 

r i n g ) .  M olecu la r  o r b i t a l  c a l c u l a t i o n s  i n d i c a t e  n i t r o g e n  to  be

s l i g h t l y  n e g a t i v e  f o r  the  same reasons  mentioned above f o r  amino-
»

boranes .

Under c e r t a i n  c o n d i t i o n s ,  fou r  membered b o ro n - n i t ro g e n  

h e t e r o c y c l i c s  a r e  formed, a l though  s i x  membered r i n g s  a re  more 

common. The fo rm a t io n  of four  membered r i n g s ,  which a r e  favored  

-by the p re sen ce  of  bulky s u b s t i t u e n t s ,  i s  u s u a l l y  accomplished by 

p y r o l y s i s  o f  t r i s a m i n o b o r a n e s .  The r e a c t i o n  i s  thought  t o 'p r o c e e d

^pa-i*an N -b r idged  i n t e r m e d i a t e ,  fo llowed by amine e l i m i n a t i o n .

/ \  ' / \  ' ■ A2 B(NHR)j— ; > . B B ^  -------------^ — > RHN— B'  ̂ B—NHR

RHN'^ NHR ^ N ^
k

Mass s p e c t r o m e t r i c  m o lecu la r  weigh t  d e t e r m in a t io n  and x - ray  

d i f f r a c t i o n  da ta ,  if or B - ^ b i s ( t r i m e t h y l s i l y l ) a m i n o j  - N - t r i m r t h y l s i l y l c y c l o -
(93)

d ib o ra z an e .  F ig u r e  XXII , c l e a r l y  e s t a b l i s h e s  the e x i s t e n c e  o f ' f o u r  

membered r i n g s .

SiMe

B-

— F-igu r-e—XX'H-
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Both oxygen and s u l f u r  form compounds analogous  to  the 
p

aminoboranes ,  B o r i n a t e s  (R^BCOR)), b o ro n a te s  (RBCOR)^) and b o r a t e s  

(BCOR)^) a r e  formed by the  r e a c t i o n  o f  d i ,  mono- or  u n s u b ^ t i t u t e d  

boron h a l i d e s  w i th  a ^ o h o l s .  I f  the  same boron h a l i d e s  a re  r e a c t e d  

with  m ercap tans ,  t h i o e s \ ^ e ^  a re  o b t a i n e d .  H y d ro ly s i s  of both the 

e s t e r s  and the  t h i o e s t e r s  y i e l d s  o x y a c id s .  Trea tment  of the  t h i o e s t e r s  

with hydrogen s u l f i d e  y i e l d s  the t h i o a c i d s ,  w i th  the  e x cep t io n  o f  the  

s u l f u r  analogue of b o r i c  a c i d ,  which has  n o t  been, p re p a red .

The oxy a c i d s  o f  boron do n o t  f u n c t i o n  a s  a c i d s  by dona t ion  

of a p ro ton  but r a t h e r  by acc e p t in g  an hydroxyl  io n .  ’The v a ca n t  or- '  

b i t a l  on boron a c c e p t s  an e l e c t r o n  p a i r  from the  oxygen atom of the  

hydroxyl group, forming B(OH)^, RBCOH)^ and R2 B( 0 H) 2  s p e c i e s .

T h i o e s t e r s  o f  boron fpr îx tion as  a c c e p t o r s  with donors  such 

as airfines. However the  complexes decompose below room tempera ture  

to y i e l d  the mercaptan and aminoboranes .

The oxyac ids  of boron undergo f a c i l e  i n t e r m o l e c u l a r  de- i 

h y d r a t i o n .  On h e a t i n g ,  o r t h o b o r l c  a c i d  B(OH)^, y i e l d s  m etabo r ic  a c id  

(hobo) 2 > whi le  bo ron ic  and b o r i n i c  a c i d s  d ehydra te  as  shown below.

!
A /  \

3RB(0H)g ------------------------ > 0 0 + SH.O

A
ZRgBOH — -------->• RgB-O-BRg + H^O

/
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The t h i o a c i d s  undergo s i m i l a r  r e a c t i o n  somewhat more r e a d i l y .  A l ­

though the  p a r e n t  a c id  BCSH)^ has  n o t  been i s o l a t e d  the dimer 

(HSBS) 2  and t r i m e r  (HSBS)^ have .  |

The o r t h o b o r i c  a c id  molecule  (B(OH)g) has a t r i g o n a l  p l a n a r  

s t r u c t u r e ,  F igu re  XXIlIa ,  w i th  each of the  hydrogen atoms hydrogen

bonded to  an oxygen atom on a n o th e r  m o lecu le ,  forming a pseudo-

/hexagonal ne twork .  The hydrogen atoms a i e  not found a t  the  midpoin t  

of the  oxy gen-hydrogen-oxygen l i n k a g e .  'Mp ta  b o r i c  a c id  ( 1 1 6 0 2 ) 2  has  a

0

r j

F igu re  XXIIla 

O r th o b o r ic  ac id

F igu re  XXIIIb 

Metabor ic  a c id

p la n a r  t r i m e r i c  u n i t ,  F ig u re  XXIIIb.  Each hydrogen atom i s  bonded 

v i a  a hydrogen bond to  a non r i n g  oxygen in  a n o th e r  / t r im e r .  These 

hydrogen atoms a re  found a t  the m idpo in ts  o f  the  oxygen-hydrogen- 

oxygen l i n k a g e .

There i s  a very s t r o n g  tendency for oxygen-boron h e t e r o ­

c y c l i c  r i n g s  to  be s i x  membered. Only one four  membered r i n g  is  

known. T h i s  compound i s  formed by the  d e h y d ra t io n  of m e s i ty le n e



108

boron ic  a c id .  S t e r i c  e f f e c t s  may favor  the fo rm at ion  o f  the four

L .  . ( 9 4 )  - - f 'membered r i n g

2 Me- B(OH), A
Me

Me

Me

B Me

Me

S u l f u r -b o r o n  compounds, "in c o n t r a s t ,  form four membered
■

r i n g s  r e a d i l y .  H y d ro ly s i s  o f  boron t r i h a l i d e s  y i e l d s  b o r i c  a c i d ,  

which can then be d eh y d ra ted  to form the s i x  membered m e ^ b o r i c  a c id  

r i n g .  IVhen boron t r i h a l i d e s  a re  t r e a t e d  with  hydrogen s u l f i d e  tlie
,  r  ■ * ■

p a re n t  a c id  can n o t  be i s o l a t e d ,  bvit the  p ro d u c ts  o f  a r e a c t i o n  s i m i l a r  

to d e h y d r a t io n - a r e  formed, a s  shown below.

BX3 f  3H«S

2B(SH)3 HS-B(^ ^B -S H  + 2H„S

3(HSBS),
A

2

H

I n i t i a l l y  a four  membered r i n g  ( d i t h i a b o r e t a n o  o r  d i t h i o l -
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. cy c lo d ib o r th ia n e)  i s  formed. On h o s t ih g . the s i x  gem befed .ring, 

( t r i t h ia b o r e te n e  er t r i t h io l c y c lo t r ib o r t h ia n e ) . i s  I r r e v e r s ib ly  

formed. D e r iv a t iv e s  o f  the four membered rùrg can be formed, e g . ,  . 

heating  tr ie th y iam in e  borane with hydrogen s u l f id e  y i e ld s  b i s ( d ie t h y i -  

am inold iti.iaboretane . This compound i s  in t e r e s t in g  in that i t  con-

2(C2H3)3NBH3 e  2H,S e 4H, •

ta in s  a mcncamind lin kage  as w e ll  as the s t r a i ^ d  (B S), four membered

r i n g .  ^

Due to t t e  commer c L l  importance of-many oxygen-boron com­

pounds d e ta i le d  s t r u c t u r a y ^ s t i g a t i o n s  have been carr ied  o u t .  The 

sum o f  the cova len t r a w T f o r  the boron-oxygen bond i s  1.55 2  . How- 

ever in both orthob ori^  and metaboric acicb the boion-oxygen d is ta n ce  

i s  1 .37  A. Apparently ^here i s  donation of char'ge frojj the f i l l e d  

lo n e -p a ir  o r b i t a l s  on oxygen to the vacant boron o r b i t a l ,  r e s u lt in g  

in  t r  b o n d ^ r a c t e r .  The puckered s i x  membered BjOj' r ing  found in 

potassium metaborate (KBO,) has a lte r n a t in g  boron and oxygen atoms 

1.38 2 ap art.  The anion found in potassium metaborate tetrahydrate  

(KjO.SBjOj.aHjO) con ta in s  tr ico o rd in a te  and te tra co o rd in a te  boron 

stem s, f ig u r e  XKIV. The bond d is ta n ce  from boron to  the, oxygen atoms 

Sroup i s  1 . 2 T T ;  whereas that between tr igon a l boron 

and r ing  oxygen i s  1.53 2 .  Tetrahedral boron has no cap ac ity  for double
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A
' 0 - 0

0 - H

A

F igu re  XXIV

Potass ium rae tabora te  t e t r ahyd ra - te  

an ion

bond fo rm a t io n ,  and t h e r e f o r e  the in , te ra tomie  d i s t a n c e s  a re  about  those

expec ted  on the  b a s i s  'of c o v a l e n t  r a d i i .

Very l i t t l e  s t r u c t u r a l  work has  been c a r r i e d  o u t  on boron-»

s u l f u r  c o n t a i n i n g  compounds. The c r y s t a l  s t r u c t u r e  o f  (BrBS)^ has  

been de term ined  and the  b o r o n - s u l f u r  d i s t a n c e  w a s ' r e p o r t e d  as  1 .85 A . 

As t h i s  i s  very  c lo se  tO' the  sum o f  the  c o v a l e n t  r a d i i  (1 .8 4  2 ) i t  i s  

u n l i k e l y  t h a t  -rf e l e c t r o n  'dens i ty  i s  be ing  donated  to  the vacan t  boron 

o r b i t a l  from the  l a r g e ,  d i f u s e ,  no^-bonded e l e c t r o n  p a t r s  on s u l f u r .

4 . 5 .  S p e c t r a l  Techniques  ig  the  Stydy of  Boron Chemistry

4 . 5 . 1 .  I n f r a r e d  Spec troscopy •

H i s t o r i c a l l y ,  i n f r a t e d  s p e c t r a  have been im por tan t  in the 

study o f  boron c o n ta i n in g  compounds. For example,  the s t r u c t u r e  of
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d i b o r a n e ( 6 ) was e l u c i d a t e d  on the  b a s i s  of  i n f r a r e d  s p e c t r a ^ ^ ^ \

I s o to p e  exchange has  f r e q u e n t l y  been employed in the  i n t e r p r e t a t i o n
(97)

o f  s p e c t r a  and s t r e t c h i n g  f r e q u e n c ie s  a re  used to  de termine  the

degree  of  m u l t i p l e  bonding p r e s e n t  in compounds such as  amino- and

(■85) ' '  ■’
phosphinoboranes  However today i n f r a r e d  s p ec t ro s c o p y  i s  used

m ain ly^as  ah i d e n t i f i c a t i o n  t o o l ,  s in ce  s t r u c t u r a l  in fo rm a t io n  i s  more
/  \  

reqd-ily o b ta in e d  by s tudy o f  n . m . r .  s p e c t r a .  ■

;

4 . 5 . 2 .  Mass Spec troscopy * ' ^

Boron has two n a t u r a l l y  o c c u r r in g  i s o t o p e s ,  B and B, which

a re  found in r e l a t i v e  abundances of approx im a te ly  1:4 r e s p e c t i v e l y .  Thus

the p a r e n t  ion peaks of pe l i taborane(9)  a re  spread  over s i x  mass u n i t s

due to l^B^, 1°B^, l^B] ^°B^, ^^B  ̂ ^^B^, and ^^B  ̂ s p e c i e s .

f u r t h e r  sp read in g  i s  caused by the s u c c e s s iv e  e l im in a ' t io n  of hydrogen.

The fragment r e s u l t i n g  a f t e r  e l i m i n a t i o n  of  a boron atom from B.Hq ‘) j  y

shows a sp read  o f  f i v e  mass u n i t s  fo r  the  boron cage and f u r t h e r  

sp read ing  by h y l r i g e n  atom e l i m i n a t i o n .  Thus an i d e n t i f i a b l e  p a t t e r n  

e x i s t s  f o r  each o f  the  boron h y d r id e s .  Mass s p e c t r o s c o p y ,  as  i s  the 

case  with  i n f r a r e d  sp e c t ro s c o p y ,  used mainly  as an i d e n t i f i c a t i o n  

to o l  r a t h e r  than a.s a means of o b t a i n i n g  in fo r m a t io n  a b W t  s t r u c t u r e  or

bonding. ?

4 . 5 . 3 .  Nuc lea r  Magnetic Resonance Spect >scopy

Pro ton  n.m.i; .  s p e c t r a  have been used in the s tudy  of  boron
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/ .

c o n ta i n in g  compounds with c o n s id e r a b ly  l e s s  success  than has  been the
\

11case  in  carbon c h e m is t r y .  The B i s o to p e  has  a n u c l e a r  sp in  o f  3 /2

whi le  the  i s o to p e  has  a n u c l e a r  sp in  o f  3. Thus a  hydrogen atom 
11

bonded to  B shows a sp in  m u l t i p l e t  of m u l t i p l i c i t y  f o u r ,  and a

10hydrogen atom bonded to , B a m u l t i p l i c i t y  o f  seven . T h e re fo re  the 

r e l a t i v e  i n t e n s i t i e s  of each member oT a m u l t i p l e t  a r e  lower,  by a 

f a c t o r  of e i t h e r  fou r  or  seven,  than the i n t e n s i t i e s  o f  a s i n g l e  hy­

drogen bonded to  carbon. Fu r the rm ore ,  s in c e  the two boron  i s o to p e s  

have quadrupole  moments, t h e r e  is  an i n d i r e c t  mechanism f o r  r a p i d  

t r a n s i t i o n  o f  the  hydrogen a u ç l e u s  from a h i g h e r  to  a lower energy 

sp in  s t a t e .  Th is  c o n s id e r a b ly  broadens the resonance  l i n e .  Hydrogen 

atoms bound to  carbon norm al ly  have hali^ h e i g h t  widths  of a few Hz, 

bu t  hydrogen atoms bonded to  boron have h a l f  h e i g h t  w id ths  o f  30-60 Hz.

This  b roadening  r e s u l t s  in  j ,or r e s o l u t i o n  of  p ro ton  n . m . r .  s p e c t r a  of^

compounds c o n t a i n i n g  hydrogen atoms bonded to  boron. In p r a c t i c e  the

s e p t e t  fo r  ^^B bonded hydrogen i s  u s u a l l y  obscured by background n o i s e .
t

As ment ioned above, B has  a lower abundance than ^^B. I t  

a l s o  has  a l ^ g e r  quàdrupold^ moment and a lower s e n s i t i v i t y  in  n .m.r ' .  

ex p e r im en t s .  In compounds^conta in ing boron of  n a t u r a l  abundance the < 

n . m . r .  s i g n a l  f o r  ^^B n u c l e i  i s  only  about  0 .03  t imes as  i n t e n s e  as 

t h a t  o f  ^^B, and i t  i s  b ro a d e r .  For t h i s  re a so n  ^^B n . m . r .  s p e c t r a

a re  used only to  s tudy i s o to p e  e f f e c t s .

11  '  '

B n . m . r .  s p e c t r a  can p rov ide  u s e f u l  s t r u c t u r a l  in fo rm a t io n .
*

These s p e c t r a  a r e  somewhat more d i f f i c u l t  to  o b t a i n  than hydrogen s p e c t r a
*

/
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î
as the r e l a t i v e  s e n s i t i v i t y  of  the  B n u c l e u s  i s  only  0 .165 t h a t  of 

an equal  number of  hydrogen n u c l e i  a t  c o n s t a n t  f i e l d .  F u r t h e r ,  the 

quadrupole  moment of the  B nu c leu s  p ro v id e s  a d i r e c t  means by which
I

s p i n - l a t t i c e  r e l a x a t i o n  can o ccu r .  Consequen t ly ,  s i g n a l s  a re  

co n s id e ra b ly  b roadened . In  s p i t e  o f  th e se  d i f f i c u l t i e s  s a t i s f a c t o r y  

s p e c t r a  can be o b t a i n e d .  The i n t e r p r e t a t i o n  of t h e se  s p e c t r a  i s  based 

on the fo l lo w in g  g e n e r a l  r u l e s :
.

1) Boron bonded only to  boron, carbon ,  n i t r o g e n  or ha logen
t

atoms ( o r  combina t ions  ô f  t h e se )  g ives  r i s e  to  a s i n g l e  resonance . .
;

To a f i r s t  app ro x im a t io n ,  s p i n - s p i n ' s p l i t t i n g  of a B

resonance  a r i s e  only from i n t e r a c t i o n  with  hvdrogen atoms bonded d i r e c t l y
\

to  the boron  atom in q u e s t i o n .  However, b r id g i n g  protorfs 'do n o t  "cause

s p l i t t i n g s .  I f  i s  coupled to  a s i n g l e  p r o t o n V ^ J L j j ^ o u b l e t  r e s u l t s ,  '

w.ith two p ro to n s  a 1 : 2 : 1  t r i p l e t ;  w i th  t h r e e  p ro to n s  (a s  in  t r im e th y -

aminoborane) a 1 : 3 : 3 : 1  q u a r t e t  and with  fo u r  p ro to n s  (a s  in  sodium

borohydr ide)  a 1 : 4 : 6 : 4 : 1  q u i n t e t .

3) In  g e n e r a l  the  va lue  o f  the  coup l in g  c o n s t a n t  d e c r e a se s
> » '

with  an i n c r e a s i n g  number o f  hydrogen atoms bonded to  boron, due to  tb# 

d e c r e a s in g  s c h a r a c t e r  of the boron-hydrogen bond.

Vc
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4 . 6 .  S t ructure*  D e te rm ina t ion  by X-ray Methods 

4.6.1-.  G enera l
t

The f o l lo w in g  s e c t i o n s  a re  based on m a t e r i a l  ffom G lusker  ,and

(98) (99)Trueblood and S to u t  and Jensen

An i n c r e a s e  in  thq a p p a r e n t  v i s u a l  s i z e  of  a smal l  o b j e c t

, can be a ch ie v e d  wi th  a m ic roscope .  The microscope has  a l en s  system
( ■ ‘ ■ 
j fo r  g a t h e r i n g  p o ly ch ro m a t ic  l i g h t  s c a t t e r e d  by the o b j e c t .  But the

wavelength of l i g h t  used i s  long compared to  a t o m i c 'o r  m olecu la r  s i z e s ,

t h e r e f o r e  l igh-e-mictoscopy can n b t  be used to  examine o b j e c t s  w i th
' r  '  ,

dimensions on th e  atomic o r  m o lecu la r  s c a F e . R ad ia t io n  o f  wavelength  

s u i t a b l e  f o r  s c a t t e r i n g  by p a r t i c l e s  of a tomic  s i z e  can'«be employed. 

Th is  r a d i a t i o n  can be in the  form of x - r a y s ,  thermal n e u t ro n s  from 

r e a c t o r s ,  o r  e l e c t r o n s  with  e n e r g i e s  in the  10-50 keV range .  X -rays  

a r e  s c a t t e r e d  by e l e c t r o n s  in  a toms, n e u t r o n s  by n u c l e i  i n  a toms, and 

e l e c t r o n s  by acomic e l e c t r i c  f i e l d s .  But in  p r a c t i c e  no l e n s  s y s t ^ s  

capable  of f o c u s i n g  x - r a y s  o r  n e u t r o n s  a r e  known, and e l e c t r o n s ^ i / ' t h e  

energy  range r e q u i r e d  can n o t  be focused  w el l  enough to  p rov ide  r e s ­

o l u t i o n  o f  i n d i v i d u a l  atoms. '  S c a t t e r i n g  of r a d i a t i o n  as employed in  

o p t i c a l  m ic ro s c o p e s ,  can n o t ,  t h e r e f o r e ,  be used to p rov ide  a c c u r a t e  

in fo rm a t ion  ab o u t  s t r u c t u r e  on fcl>e atomic  l e v e l .  However, i t  i s  

p o s s ib l e  to  s tudy  s t r u c t u r e  a t  the  a tomic  and m o lecu la r  l e v e l  by 

employing the d i f f r a c t i v e  p r o p e r t i e s  of wattes.

/ When monochromatic l ight,  i s  passed  through a g r a t i n g  composed 

of  m ^ y  p a r a l l e l  s l i t s ,  spaced about the  same d i s t a n c e  a p a r t  as  the
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wavelength  o f  the  l i g h t ,  a d i f f r a c t i o n  p a t t e r n  can be observed  on 

a s c r een  behind  the  g r a t i n g .  This  p a t t e r n  c o n s i s t s  o f  b r i g h t  and 

dark  Ijines and can be e x p la i n e d  by c o n s i d e r i n g  t h a t  each s l i t  a c t s  

as  a l i g h t  s o u rc e .  The. b r i g h t  l i n e s  occur  where the. l i g h t  from
«

the s e r i e s  o f  s l i t s  r e a c h e s  the  s c r ee n  in phase and the da rk  l i n e s  

occu,r where the  l i g h t  waves r e a c h in g  the  screen^ a r e  o u t  of phase .

F u r t h e r ,  i f  the* s l i t s  a re  r e p l a c e d  by t i n y  h o le s  with  the  same spac ing  

as the  s l i t s  a s i m i l a r  d i f f r a c t i o n  p a t t e r n  i s  o b t a in e d .  The d i f f r a c t i o n  

l i n e s  a re  p e r p e n d i c u l a r  to the  rows of  . t iny  h o l e s .  The s i n e  o f  the  angle  

a t  which d i f f r a c t i o n  maxima a re  found i s  i n v e r s e l y  p r o p o r t i o n a l  t o  the 

spac ing  of  the  t i n y  h o l e s ,  i . e . , t h e re  i s  a type o f  r e c i p r o c a l  r e l a t i o r i -  

sh ip  between the arrangement o f  the p o i n t  l i g h t  sou rces  ( p i n h o l e s )  and 

the d i f f r a c t i o n  p a t t e r n  o b ta in e d .

Now i f  the  o r i g i n a l  g r a t i n g  c o n s i s t i n g  o f  a row o f  t i n y  h o le s  

i s  r e p l a c e d  by a g r a t i n g  with many rows o f  t i n y  h o le s  a d i f f r a c t i o n  

p a t t e r n  c o n s i s t i n g  of  d o t s ,  n o t  l i n e s } \ i s  o b t a i n e d ,  F igu re  XXV. The 

do ts  occur a t  p la c e s  where the l i g h t  from the point,  sou rces  r e ach es  

the sc reen  in  p h a s e , a n d  the d a rk  a r e a s  between the  d o t s  o c c u r ^ a t  

p la ce s  where the I f g h t  reaching* the s c r ee n  i s  out of phase .  Again,  

the s in e  o f  the  ang le  a t  which the d i f f r a c t i o n  maxima occur is  in ­

v e r s e ly  p r o p o r t i o n a l  to  the  spac ing  of the p o i n t  s o u r c e s .  S t a t e d  an­

o th e r  way, the  d i f f r a c t i o n  p a t t e r n  o b ta in e d  from a p a r t i c u l a r  l a t t i c e  

of p o i n t  so u rces  can be shown to  be the r e c i p r o c a l ,  of t h a t  l a t t i c e .

This  r e c i p r o c a l  arrangement h o lds  f o r  a t l irec  d im ens iona l  a r r a y  o f
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r

O r ig in a l
G ra t in g

D i f f r a c t i o n
P a t t e r n

F igu re  XXV
r

D i f f r a c t i o n  P a t t e r n s  R e s u l t i n g  from One and Two 
Dim'ensi'onal Arrays  of P o in t  Sources

p o i n t  so u rces  a s  wel l  as the two d imens ional  a r r a y  d e s c r ib e d  above. ■

A c r y s t a l  i s  composed of  atoms a r ranged  in  a r e g u l a r  r e -  i  

i^e t i t :^ve  a r r a y .  The c r y s t a l  can be c o n s id e red  as  a th r e e  d im ens ional  ' 

d i f f r a c t i o n  g r a t i n g .  A l a t t i c e  which i s  the r e c i p r o c a l  o f  the  o r i g i n a l  

c r y s t a l  l a t t i c e  can once aga in  be used to  d e s c r i b e  the d i f f r a c t i o n  

p a t t e r n  r e s u l t i n g  on i r r a d i a t i o n  of  the  c r y s t a l  w i t h ‘’monochromatic 

x - r a y  r a d i a t i o n .

' There a re  c e r t a i n  s p e c i f i c  c o n d i t i o n s  ' .h ich  must be met be fo re  

a beam of  x - r a y s  i s  d i f f r a c t e d  by a c r y s t a l .  These c o n d i t i o n s  a r e  

commonly s t a t e d  in terms of  the  M i l l e r  i n d i c e s  of  p la n e s  w i th in  the
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u n i t  c e l l .  The shape of the  c r y s t a l  u n i t  c e l l  is ex p re ssed  in  te rms, 

of  the a x i a l  l e n g t h s ,  a ,  b and c and the i n t e r a x i a l  a n g l e s .  o C i s  the

angle be Ween b and c ,  ^  i s  the  ang le  between a  and c ,  and ^ i s  the
'  . .r

angle  bVtween a and b.  B ra g g ' s  c o n d i t io n  f o r  d i f f r a c t i o n  to occur  

i s  expressed  by ' ■

r>

Here A i s  the  wavelength  o f  r a d i a t i o n  employed, i s  one-
 ̂ .

h a l f  the ang le  between the i n c i d e n t  and d i f f r a c t e d  x - r ay  beams and d, , . ̂ hk i
e

i s  the d i s t a n c e  between the p a r a l l e l  s e t s  o f  p l a n e s  d e f in e d  by the  

M i l l e r  i n d i c e s  h , k  and 1. The s e t  o f  p lan es  d e s ig n a t e d  by h ,  k and 1 

i n t e r s e c t  the a a x i s  a t  a / h ,  the b a x i s  a t  b /k  and the c a x i s  a t  c / 1 ^  

The M i l l e r , i n d i c e s  may have only  i n t e g r a l  v a l u e s .

The d i f f r a c t i o n  p a t t e r n  o b ta in ed  by u s i n g  the c r y s t a l  as a 

d i f f r a c t i o n  g r a t i n g  has  a x i a l  dimensions  of a* ,  b* and c* and i n t e r -  

a x i a l  an g les  a' '  above of  ûC'i<, and JT*. The[. r e l a t i o n s h i p s  between 

the  c r y s t a l  u n i t  c e l l  and the  l a t t i c e  of the  d i f f r a c t i o n  p a t t e r n  can be 

s t a t e d  in v e c to r  a lg e b r a  n o t a t i o n  as ^

a** a = b**b = c*«"c  ̂ = ,yl ( 4 . 2 )

e
a»b* = a»c* = b*a* = ,b»c* = c*a* = c*b* = 0  ( 4 . 3 )

 ̂ From the above i t  can be seen t h a t  â f i s  p e rp e n d ic u la r  to  thv

’&*”c’ p la n e ,  â* can a l s o  be g iven  by
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bXc ( 4 . 4 )

a*(bXc)

A number of p o i n t s  may now be s t r e s s e d .  *

1) T h e ,d i f f r a c t i o n  p a t t e r n  o b ta in e d  from a s i n g l e  c r y s t a l  

composed of a l a r g e  number of  u n i t  c e l l s  can be c o n s id e r e d  to  be a 

s'caled up sampl ing of the  d i f f r a c t i o n  p a t t e r n  of the  u n i t  c e l l .

2) The ang le s  a t  which d i f f r a c t i o n  maxima occur«depend only

on the  l a t t i c e  of  the  d i f f r a c t i n g  c r y s t a l ,  n o t  the  c o n te n t s  of the

u n i t  c e l l .
?

3) The a x i a l  l e n g th s  and i n t e r a x i a l  a n g le s  o f  fhe u n i t  c e l l

can be o b ta in e d  by measurement of  the  d i f f r a c t i o n  p a t t e r n .
/

jh )  The r e c i p r o c a l  . l a t t i c e  has  the  same symmetry as  the  d i r e c t  

l a t t i c e .  \  ' '

The p o s i t i o n s  ot the d i f f r a c t i o n  maxima g ive  only i n f o r ­

mation about  the dimensions  and symmetry o f  the  U n i t  c e l l .  ._The in t e n -

s i t i e s  o f  the  maxima c o n ta in  in fo rm a t io n  a b o u t  the  c o n t e n t s  o f  the

tu n i t  c e l l .

4 . 6 . 2 .  Record ing the  D i f f r a c t i o n  P a t t e r n

The x - r a y s  d i f f r a c t e d  by a c r y s t a l  a re  u s u a l l y  c o l le c ted /^  

by a pho tog raph ic  p l a t e  or '  by a s c i n t i l l a t i o n  c o u n te r  mounted on a | 

diffradLome t e r . Each method has  i t s  ad v an ta g e s .  The f i lm  method can 

be used to g a t h e r  many d i f f r a c t i o n  p o i n t s  a t  one t ime whereas the
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c o u n te r  method o b se r v es  o n ly 'o n e  p o i n t  a t  a t ime.  However the  , 

c o u n te r  method a l lo w s  a c c u r a t e  measurement o f  i n t e n s i t i e s ,  which the

f i l m  method does n o t .  The f i lm  method a l lo w s^ th e  r e s e a r c h e r  to 

e s t a b l i s h  r a p i d l y  the  geometry of  the  u n i t  c e l l .

P h o to g rap h ic  cameras a re  normal ly  o f  th ree  types .

1) O s c i l l a t i o n  Camera. This  d ev ice  o s c i l l a t e s  a c r y s t a l

a b o u t  an a x i s  p e r p e n d ic u l a r  to the  x - r a y  beam. The r e s u l t i n g  d i f f ­

r a c t i o n  p a t t e r n  i s  r e c o rd e d  on a  f i l m  h e l d  in  a c y l i n d r i c a l  c a s s e t e  

with  the  a x i s  o f  the c y l i n d e r  c o l i n e a r  with  the  o s c i l l a t i o n  a x i s  o f '

the  c r y s t a l .  The p a t t e r n  o b ta in e d  c o n s i s t s  Ipf -dots  in rows c a l l e d  .

l a y e r  l i n e s .  Each l a y e r  l i n e  i s  one l a y e r  o f  r e c i p r o c a l  space ,  p ro-

e j e c t e d  edgewise .

2) Weissehberg  Camera. T h i s^ d e v ic e  i s  based on the o s c i l l ­

a t i o n  camera.  ’ One row of  d o t s ,  i . e . ,  one l a y e r  of  r e c i p r o c a l  space

i s  c o l l e c t e d  by p l a c i n g  a s l o t t e d  s c r e e n  between c r y s t a l  and f i l m .

The f i l m  h o l d e r  i s  g iven  a t r a n s l a t i o n a l  motion a long the a x i s  of 

the  c r y s t a l  o s c i l l a t i o n .  By t h i s  method one o f  the l a y e r  l i n e s  ob­

t a i n e d  from an o s c i l l a t i o n  photograph i s  sp read  over the two dimen­

s i o n a l  f i l m .  By p o s i t i o n i n g  the s c r e e n  to  a llow only  the d e s i r e d  

l a y e r  l i n e  to reach  the f i lm ,  ze ro ,  f i r s t ,  second, e t c . ,  l a y e r  

Weissenberg  pho tographs  a re  o b ta in e d .  Each of these  photographs  

V g iv e s  a d i s t o r t e d  view o f  a r e c i p r o c a l  l a t t i c e  p lan e .

3) P r e c e s s io n  Camera. Th is  camera p ro v id es  a powerful
'  . '

ph o tog raph ic  t echn ique  in  t h a t  i t  a l lo w s  the  u n d i s t o r t e d  re c o rd in g  of
'

one l a y e r  o f  r e c i p r o c a l  space .  The f i lm  r e s u l t  may be i n t e r p r e t e d  in
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a very  simple manner.  The c r y s t a l  i s  mounted in such a f a s h io n  t h a t  

one of i t s  axes i s  a l lowed to  p r e c e s s  about t h e ' a x i s  o f  a beam o f  

x - r a y s .  The f i lm  h o ld e r  i s  a l s o  a llowed to  p r e c e s s  in  such a manner 

t h a t  one, l a y e r  o f  r e c i p r o c a l  space i s  always p a r a l l e l  to the f i l m ,  

i . e . ,  the p r e c e s s i n g  c r y s t a l  a x i s  i s  p e r p e n d ic u l a r  to  the  f i l m .  An 

annular ,  s c r een  i s  used to  exc lude  a l l  r e c i p r o c a l  l a t t i c e  l a y e r s  but 

o n e .
'

The o s c i l l a t i o n  photograph can be used to  o b t a i n  the  l e n g th  

o f  one r e a l  a x i s ;  the  Weissenberg  photograph y i e l d s  two r e c i p r o c a l  

a x i a l  l e n g th s  and a r e c i p r o c a l  i n t e r a x i a l  a n g le ,  as  does the p r e c e s s i o n
I

photograph .  Both Weissenberg and p r e c e s s i o n  photographs  y i e l d  symmetry 

i n f o r m a t io n ,  bu t  the p r e c e s s i o n  photograph i s  much e a s i e r  to i n t e r p r e t .

A s c i n t i l l a t i o n  c o u n te r  i s  employed as  an i n t e g r a l  p a r t  o f  

a d i f f r a c t o m e t e r .  The d i f f r a c t o m e t e r  has fo u r  axes  which a l lo w  the  . 

c r y s t a l  to be a l ig n e d  so t h a t  the  d i f f r a c t e d  beam from any s e t  of
I

c r y s t a l  p lanes  can be c o l l e c t e d  by the  c o u n te r .  Thus i t  i s  p o s s i b l e

to  measure the i n t e n s i t y  of a r e f l e c t i o n  as  w e l l  a s  i t s  p o s i t i o n .

The c r y s t a l l o g r a p h e r  i s  concerned w i th  the  symmetry of

c r y s t a l s .  By an examination- of  the  d i f f r a c t i o n  p a t t e r n  of a c r y s t a l
'  <•

i t  i s  p o s s i b l e  to dete rmine  which of  the  seven c r y s t a l  systems ( c u b ic ,
/

hexagonal ,  rhombohedra l , t e t r a g o n a l ,  o r th o r h o m b ic , m onoc l in ic  o r  t r i -
i

c l i n i c ,  can be used  to  d e s c r i b e  th e  c r y s t a i .  I t  i s  a l s o  p o s s i b l e  

to  de termine  whether  the  c r y s t a l  u n i t  c e l l  i s  p r i m i t i v e ,  i . e . ,  con­

t a i n s  one l a t t i c e  poj.nt pe r  u n i t  c e l l ,  o r  n o n - tp r im i t iv e . F i n a l l y  i t
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i s  p o s s i b l e  to  de te rm ine  which of the  230 space groups  w i l l  d e s c r i b e  

th e  symmetry of  the c r y s t a l  s t r u c t u r e .  Once the  space group i s  

de te rm ined  the  e q u i v a l e n t  p o s i t i o n s  w i t h i n  the  u n i t  c e l l  a re  known.

These a re  the symmetry r e l a t e d  p o s i t i o n s .  For example with  e i g h t  

e q u i v a l e n t  p o s i t i o n s  in  a  u n i t  c e l l  one atom can be p la ce d  and the  

o th e r  seven g e n e r a te d  by symmetry. Thus the s t r u c t u r e  f a c t o r  c a l ­

c u l a t i o n ,  r e f in e m e n t  and the F o u r i e r  s y n t h e s i s  need only be c a r r i e d  

ou t  f o r  the  asymmetric u n i t  w i th in  the u n i t  c e l l .  Knowledge o f  the 

p o in t  group i s  a l s o  a n e ce s s a r y  p r e r e q u i s i t e  to the use  o f  the  P a t t e r s o n  

f u n c t io n  a s  a t o o l  in  p l a c i n g  heavy atoms w i th in  the  u n i t  c e l l .

4 . 6 . 3 .  S t r u c t u r e  D e te rm in a t io n

The a c c u r a t e  measurement of  i n t e n s i t y  d a t a  i s  o f ’"'paramount

importance in d e te rm in in g  the  p o s i t i o n s  o f  atoms w i th in  the u n i t  c e l l .
'

A g e n e r a l  e x p re s s io n  f o r  the  i n t e n s i t y  of a s p e c i f i c  r e f l e c t i o n  i s  

given by

I n t e n s i t y  = (K)[f | ^ (Lp)(Tv)(Abs)  ( 4 .5 )

The term (Lp) r e p r e s e n t s  two f a c t o r s .  The f i r s t  i s  c a l l e d  the Lorentz  

f a c t o r .  During d a t a  c o l l e c t i o n  the c r y s t a l  i s  r o t a t e d  or  p rocessed  a t  

a c o n s t a n t  r a t e ,  bu t  the  r a t e  a t  which two d i f f e r e n t  s e t s  of c r y s t a l  

pianos pass  through the  d i f f r a c t i o n  c o n d i t io n  may be q u i t e  d i f f e r e n t .  

This has  an e f f e c t  on the i n t e n s i t y .  The second f a c t o r  i s  the p o l a r ­

i z a t i o n  f a c t o t .  Th is  acco u n ts  fo r  the dec rea se  in i n t e n s i t y  caused by 

the p a r t i a l  p o l a r i z a t i o n  of  Lne d i f f r a c t e d  beam by the  c r y s t a l .  The
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Lorentz  and p o l a r i z a t i o n  f a c t o r s  depend only on some f u n c t io n  o f  the  

tangle d  and can be c a l c u l a t e d  w i th o u t  knowledge o f  the  atomic 

a rrangement w i t h i n  the  u n i t  c e l l .

The term (Abs) i s  an a b s o r p t i o n  c o r r e c t i o n  and i t  a r i s e s

because  two d i f f e r e n t  d i f f r a c t e d  beams may t r a v e l  q u i t e  d i f f e r e n t ' ^
/

l e n g th s  of p a th  w i th in  the c r y s t a l .

 ̂ *Th is  c o r r e c t i o n  r e q u i r e s  a c a l c u l a t i o n  o f  the l e n g th  o f  

pa th  fo l lowed by the  x - r a y  beam through the  c r y s t a l ,  and thus  a '  

knowledge o f  the  d im ensions  and o r i e n t a t i o n  of the  c r y s t a l .  Cal-  '

c u l a t i o n  of  the  a b s o r p t i o n  c o r r e c t i o n  i s  q u i t e  t ime consuming, t h e r e ­

f o re  the (Abs) term i s  n o t  always employed.

The e f f e c t  o f  the  term (Tv) i s  to reduce  the  ■sca t te r ing  

power of a given atom in  the d i r e c t i o n  o f  d i f f r a c t i o n ,  t h i s  r e d u c t io n  

a r i s e s  due to  the  s p re ad in g  o u t  of the  e l e c t r o n  d e n s i t y  o f  an atom 

by thermal m ot ion .

(K) i s  a s c a l e  f a c t o r .  The i n t e n s i t i e s  of the  v a r i o u s  r e f l e c -  

t i o n s  a r e  measured r e l a t i v e  t o  some s t a n d a r d  r e f l e c t i o n  and the  s c a l e  

f a c t o r  c o n v e r t s  the  r e l a t i v e  i n t e n s i t i e s  to a b s o l u t e  i n t e n s i t i e s .  The 

f i r s t  o rde r  e s t i m a t i o n  o f  t h i s  q u a n t i t y  does no t  r e q u i r e  a  knowledge 

of the  p o s i t io n s ,  o f  atoms w i th in  the u n i t  c e l l .  I t  is  de termined  by . 

comparing average  observed  i n t e n s i t i e s  with tlie t h e o r e t i c a l l y  expec ted

i n t e n s i t i e s  f o r  a c e l l  o f  ,^he same, c o n t e n t s .

2The term | f | i s  the  q u a n t i t y  which r e l a t e s  the  i n t e n s i t y  o i  

the d i f f r a c t i o n  maxima t o  the a rrangement of the atoms w i th in  the  u n i t  

c e l l .
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T h e /v e c t o r  is  c a l l e d ^ t h e  s t r u c t u r e  f a c t o r  and i s  used

t o  r e p r e s e n t  the  r e s u l t a n t  of the  many i n d i v i d u a l  waves s c a t t e r e d  in
 ̂ - % 

a s p e c i f i c  d i r e c t i o n  by. thé  c r y s t a l .  can be r e p r e s e n t e d  e x p o n e n t i a l l y
, I i ^ h k l )  , ,

F^^^ , = l^tiklI ® , where i s  the  ampl i tude  o f  the  r e s u l t a n t

wave and oC i s  i t s  phase ,  or as  a complex'number,  F^^^ = +

i  Both r e p r e s e n t a t i o n s  a re  employed in  the  s o l u t i o n  of  the

‘c r y s t a l l o g r a p h i c  problem. For a p a r t i c u l a r  r e f l e c t i o n  the s t r u c t u r e  

f a c t o r  am p l i tude  i s  given by

l^hkll  ̂  \ / \ k l  ^ \ k l

where ,=  f  . c o s 2 '7 T(hx. + k y . + I z . )  ( 4 . 7 )
j  ~ J J J

and . B,, , = Y ” f . s i n 2 'fT*(hx. + ky. + ; l z . )  ( 4 . 8 )riKi J J J J
J

I
Each summation i s  c a r r i e d  o u t  over  a l l  the  j  atoms in tlje

u n i t  c e l l .  The c o o r d i n a t e s  o f  each atom in  the  u n i t  c e l l  a r e  g iven  by

Xj , y^ and Z y  while  h,  k and 1 a r e  the M i l l e r  i n d i c e s  c o r re sp o n d in g  

to  the p a r t i c u l a r  r e f l e c t i o n ,  f^ i s  the am pl i tude  of  the  s c a t t e r i n g  

f a c t o r  fo r  the  j t h  atom. The s c a t t e r i n g  power o f  an ‘atom i s  h i g h e s t  

in  the  d i r e c t i o n  of  the i n c i d e n t  beam and f a l l s  o f f  as  the  ang le  of 

d i f f r a c t i o n  i n c r e a s e s .  This  d e c rea se  i s  due to the d i s c r e t e  size ,  o f  

the  e l e c t r o n i c  c loud of the atom, i . e . ,  only in  the  d i r e c t i o n  o f  the  

i n c i d e n t  beam does the whole atom s c a t t e r  in phase .  The s c a t t e r i n g  

f a c t o r  of an atom is u s u a l l y  r e l a t e d  to  th e  s c a t t e r i n g  power of  a 

s i n g l e  e l e c t r o n .  I t  has  a va lue  e q u a l  to  the  atomic number in  the
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d i r e c t i o n  o f  the i n c i d e n t  beam and f a l l s  i f f  as a f u n c t io n  o f  0.

The tem pera ture  c o r r e c t i o n  mentioned above (Tv) i s  a p p l i e d  to the

f .  t e r p  and has the e f f e c t  o f  r educ ing  f . .  The p rope r  s c a t t e r i n g  
J J

f a c to r  fo r  the  j t h  atom can be given as '

-*B(sin^0 )

f .  = f  e ■ ■ (4 .9 )
J O  '

wh^.-e 0 and have th e ’-usual meanings and

2 2
B = , (4 .10 )

2
where ^  i s  the mean square  ampli tude  o f  a tomic v i b r a t i o n ,  fo i s  the 

atomic s c a t t e r i n g  f a c t o r  w i th o u t  c o r r e c t i o n  fo r  thermal  v i b r a t i o n .

I f  th% p o s i t i o n s  o f  atoms in the  u n i t  c e l l  were known i t  

would be p o s s ib l e  to  c a l c u l a t e  the i n t e n s i t i e s  o f  a l l  r e f l e c t i o n s .  

However, the c r y s t a l l o g r a p h e r  begins with  the i n t e n s i t i e s  and c a l c u l a t e s  

the s t r u c t u r e  f a c t o r  a m p l i tu d e ,  j F j ,  from t h e s e .  T h is  ampl i tude  i s  

•termed A F.ourier s y n t h e s i s  u s in g  these  v a lu e s  could

then be c a r r i e d  ou t  to  o b t a in  a map o f  the  e l e c t r o n  d e n s i t y  of  the  

u n i t  c e l l  i f  one more f a c t o r  were known._

The e l e c t r o n  d e n s i t y  a t  a p o in t  x, y , z  in the u n i t  c e l l  i s  

given by the F o u r i e r  summation

/  (xyz) = 1 I f I c o s  [ 2^  (hx + ky + I 2 ) -  ( 4 .1 1 )
V a l l  h , k , lc

V i s  the volume o f  the u n i t  c e l l  ana the t r i p l e  summation 

i s  c a r r i e d  out over a l l  v a lu e s  bf  h ,  k and 1. jFj i s  the  v a lue  of the^

O
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s t r u c t u r e  f a c t o r  ampl i tude  fo r  a p a r t i c u l a r  s e t  o f  h,  k and I ,  and

i s  simply the  v a lu é .  Thus i f  oC were known i t  would be p o s s i b l e

to  c a l c u l a t e  th e  e l e c t r o n  d e n s i t y  , a t  a l l  p o i n t s  x,  y and z . f  ox

r a t h e r ,  t o  p re p a re  th re e  d im ensional e l e c t r o n  d e n s i t y  maps.

, the  phase a n g le ,  should n o t  be confused  with the  oC

used to  des riUc a r e a l  u n i t  c e l l  i n t e r a x i a l  a n g l e .  ^  can be

re p r e s e n t e d  g r a p h i c a l l y  by F igu re  XXVI, which a l s o  shows the r e l a t i o n ­
's

sh ip  of the  s t r u c t u r e  f a c t o r . t o  the A and B terms of e q u a t io n  ( 4 . 6 ) .

90°

oC
0

A

Figure  XXVI

The S t r u c t u r e  F a c to r  F and the Phase Angle
»

The n e c e s s i t y  to  c o n s id e r  the phase ang le  oC a r i s e s  from the

f a c t  t h a t  n o t  a l l ,  or perhaps none,  of the atoms which s c a t t e r  to  give

r i s e  to  a p a r t i c u l a r  hk l  r e f l e c t i o n  l i e  on t h a t  s e t  of M i l l e r  p l a n e s .

Atoms which l i e  o f f  the  p lane  w i l l  s c a t t e r  x - rad iaU ion  w i th  a phase

d i f f e r e n c e  from tl\ose atoms which l i e  on the  p l a n e .  The phase  d i f f e r e n c e '  

i s  p r o p o r t i o n a l  to the p e rp e n d ic u l a r  d i s t a n c e  from the p lane  to  the  atom 

in q u e s t i o n .

The s t r u c t u r e  o r  F^^^ f o r  a p a r t i c u l a r  s e t  of p lan es
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i s  a c t u a l l y  the  v e c t o r  sum of  the  s t r u c t u r e  f a c t o r s  of  the in d iv id u a l ,  

atoms g i v i n g  r i s e  to the  hk l  r e f l e c t i o n .  This  i s  shown f o r  t h r e e  

atoms in  F ig u r e  XXVIl, where the-" i n d i v i d u a l  atomic s t r u c t u r e  f a c t o r s  

a re  f ^ , f g and f ^ .

hkl

0

F igu re  XXVIl

0  The I n d i v i d u a l  Atomic S t r u c t u r ^ ^ ^ F a c t o r s  and the 

O v e ra l l  S t r u c t u r e  F a c to r

From F igu re  XXVI i t  can be seen t h a t

tan'oC = B 
A

(4 .1 2 )

Thus both A and B must be e v a lu a t e d  be fo re  cC can be d e t e r ­

mined. A and B can be e v a lu a te d  from e q u a t io n s  ( 4 . 7 )  and (4.8) i f  

the  atomic p o s i t i o n s  a re  known. In p r a c t i c e  the  c r y s t a l l o g r a p h e r  

makeè educa ted  guesses  about  the p o s i t i o n s  o f  one or more atoms j.n the 

u n i t  c e l l  and c a l c u l a t e s  a s e t  o f  s t r u c t u r e  f a c t o r  a m p l i tu d e s .  I f

the  guess  i s  a good one tb e |F | ^ ^ ^ ^  v a lu e s  approximate  the |F ,g^g

v a l u e s .  The oC v a lu es  o b t a in e d ,  used in  c o n ju n c t io n  with the F I ,■ ■ ' 'obs

v a l u e s ,  a l lo w  computa tion of a F o u r i e r  map which i s  b ia sed  toward the 

c o r r e c t  s o l u t i o n  by use o f  the  v a l u e s .
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To choose the i n i t i a l  atom p o s i t i o n s  a P a t t e r s o n  f u n c t i o n  

i s  f r e q u e n t l y  employed. The P a t t e r s o n  f u n c t io n  i s  given by

kv + Iw) (4 .1 3 )

and i s  e v a lu a t e d  a t  a l l  p o i n t s  i n - s p a c e  to  y i e l d  a P a t t e r s o n  map.

The P a t t e r s o n  f u n c t io n  i s  a c t u a l l y  a F o u r i e r  s e r i e s  f o r  which only

h ,  k and 1, p lu s  the |F |^ j^^  v a lu e s  a r e  needed. The r e s u l t i n g  map i s

th e  sum of  the  appearances  o f  the  s t r u c t u r e  when viewed from each

atom in t u r n .  The peaks in the  map co r re spond  to  v e c t o r s  o r i g i n a t i n g

a t  one atom and t e rm in a t in g  a t  a n o t h e r .  The s i z e  of the peak i s

p r o p o r t i o n a l  to  the  p roduc ts  of  the  atomic numbers o f  the  atoms a t
)

which the v e c t o r  beg ins  and t e r m i n a t e s .  Thus peaks c o r re sp o n d in g  to 

v e c t o r s  between two heavy atoms a re  l a r g e  and can u s u a l l y  be r e a d i l y

picked  o u t .  A c a r e f u l  gtudy of t h e se  l a^ge  peaks ^ ^ t e n  a l low s  the

I I 2heavy atoms to  be p laced  approximate ly ,  in  the u n i t  ct-’ l .  The I F 

v a lu e s  do n o t  c o n ta in  any phase informat ion. ,  t h e r v f o r e , the P a t t e r s o n

f u n c t io n  r e s u l t i n g  from t h e i r ,  use con ta ins-  l e s s  in fo rm a t ion  abou t  the 
.

u n i t  c e l l  than does the  F o u r i e r  f u n c t i o n .  As a r e s u l t  the  P a t t e r s o n

f u n c t io n  belongs to  only  one of 24 space groups  whi le  the r e a l  c r y s t a l

can be one of 230 space g roups .  'The spacfe group o f  the  P a t t e r s o n

f u n c t io n  can be d e r iv e d  by r e p l a c i n g  screw axes  with  r o t a t i o n  a x es ,

g l i d e  p lan es  w i th  m i r r o r  p la n es  and adding  a c e n t e r  o f  symmetry. The .

2
P a t t e r s o n  map c o n ta i n s  N peaks f o r  the  N atoms in  the u n i t  c e l l .  As
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the  P a t t e r s o n  c e l l  i s  thu same s i z e  a s  the  u n i t  c e l l  a c o n s id e r a b l e
J

number o f  peaks may o v e r l a p .  Thus,  a  v a r i e t y  o f  t r i a l  s t r u c t u r e s  

may correspond  w e l l  w i th  the  g r o s s  f e a t u r e s  of the  P a t t e r s o n  f u n c t io n  

but be i n c o r r e c t  s o l u t i o n s  to  the  c r y s t a l l o g r a p h i c  problem.

I f  a heavy atom i s  p r e s e n t  in a c e l l  the  phase angle  oC 

de termined  on the  b a s i s  of the  heavy atom a lone  w i l l  be c l o s e  t o  ther
prope r  phase ang le  ' fo r  the p a r t i c u l a r  r e f l e c t i o n .  A g r a p h i c a l  

r e p r e s e n t a t i o n  o f  t h i s  i s  shown in  F igu re  XXVIII.

90°

h k l

F ig u r e  XXVIII

The Heavy Atom S c a t t e r i n g  F a c to r

The i n d i v i d u a l  a tomic  s c a t t e r i n g  f a c t o r s  sum to  g ive  the  

o v e r a l l  s c a t t e r i n g  f a c t o r  f o r  the  r e f l e c t i o n .  The s c a t t e r i n g  f a c t o r

f o r  the  heavy atom, f . ,  i s  u s u a l l y  f a i r l y  c lose '  to the  t o t a l  s c a t t e r -

)i n g f a c t o r  a s  R e g a rd s  the phase ang le  oC . T he re fo re  i f  a heavy atom
<

i s  p laced  c o r r e c t l y  the s t r u c t u r e  f a c t o r  am p l i tudes  c a l c u l a t e d  on the 

b a s i s  of  the  heavy atom, approximate  the  observed s t r u c t u r e

f a c t o r  am pl i tudes

A measure of the  v a l i d i t y  of a s t r u c t u r e  i s  the  d i s c rep a n c y
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index,  R, given by

R ■ ~ (4 .1 4 )

'  Z  ( k W

" i

At p r e s e n t  R v a lu e s  in  the  rangé 0.08 t ( \ 0 . 0 3  or lower a r e  co n s id e re d  

to  i n d i c a t e  r e l i a b l e  s t r u c t u r e  de termina t i i ^

S t r u c t u r e  r e f in e m e n t  i s  c a r r i e d  o u t ' ^ i a  two methods,  both 

of which a re  commonly used .  The f i r s t  empl(pys a 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 .  This i s  a F o u r i e r  s y n t h e s i s  empli^yin^  ̂ L b s  " ( ^ I c a l c ^  

r a t h e r  than I f  the  s t r u c t u r e  i s  c o r r e c t  the  d i f f e r e n c e  map

i s  v i r t u a l l y  f e a t u r e l e s s ,  w i th  only m inor ,  random u n d u l a t i o n s .

. f The method of  l e a s t  squares  i s  a l s o  widely  a p p l i e d  in the
I

re f in e m e n t  of c r y s t a l  s t r u c t u r e s .  With t h i s  method thç pa ram ete rs  

which a re  employed i n  the computa tion of  the 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  l ^ l c a l c '  v a r i e d  in  such a way as to  minimize the q u a n t i _y 

Q, d e f ined  by '-■/

Q =ZKkl‘A|Fhkl!>̂ ] ' (4.15)

Hers A K k l l  '  i ^ l o b s  ‘  1^1 c a l c  ( ”h k l > " ’ s t a n d a rd

d e v i a t i o n  o f  the ex p e r im en ta l  v a lu e  o f

As many as  n ine  p a r a m e t e r s  can be used  f o r  each atom ( t h r e e
'

p o s i t i o n a l  and s ix  to  d e f in e  a thermal e l l i p s o i d ) ,  t h e r e f o r e ,  in c lu d in g  

the  genera l  s ca le  f a c t d r ,  e q u a t io n  (4 .1 5 )  must be minimized for (9N+1)
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p a ram ete r s  f o r  N atoms. This  p ro cess  r e s u l t s  in (9N+1) s im u l tan eo u s  

e q u a t i o n s ,  demanding a t  l ^ a s t  t h i s  number of observat ions" .  A more 

s u i t a b l e  number o f  o b s e r v a t i o n s  i s  u s u a l l y  5(9N+1) to  10(9n+1)^
«

s in ce  the  i n t e n s i t i e s  o f  the  o b s e r v a t io n  maxima u s u a l l y  have s i g ­

n i f i c a n t  e x p e r im en ta l  u n c e r t a i n t y .

The e q u a t i o n s  d e r iv e d  JFrom (4?15) a re  no t  l i n e a r ;  they
- V  '

conta i t i  both t r i g o n o m e t r i c  and e x p o n e n t i a l  f u n c t i o n s .  The method o f

^ le a s t  squa res  r e q u i r e s  l i n e a r  e q u a t i o n s .  I f  the  t o t a l  s t r u c t u r e  i s

a r e a so n a b le  app rox im a t ion  of the t rue  s t r u c t u r e  a s e t  of  l i n e a r

e q u a t io n s  can be d e r iv e d  , in which the v a r i a b l e s  a re  the  s h i f t s  o f

t r i a l  p a ram ete rs  r a t h e r  than the p a ram ete rs  them se lves .  The s h i f t s

a re  then c a l c u l a t e d  by the method of  l e a s t  s q u a r e s .  ■'

»
\
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4 . 7 .  O b je c t s  o f  the  Research  

C  The o b j e c t s  o f  the  r e s e a r c h  in boron chem is t ry  were twofo ld .

F i r s t , -  to  a t t e m p t  to  s y n t h e s i z e  compounds of  the type ^2^^II1^5^8' 

where R i s  an a l k y l  group and a group I I IA  e lem en t , - an d  second,

to de te rm ine  the c r y s t a l ’̂ s t r u c t u r e  o f  b i s ( d i e t h y l a m i n b ) d i t h i a b o r e t a n e
f

by x - r ay  methods.



CHAPTER V

EXPERIMENTAL..

Bridge S u b s t i t u t i o n  in Pen tab o ran e (9 )

The C r y s t a l  S t r u c t u r e  of  B i s ( d i e t h y l a m i n o ) d i t h i a b o r e t a n e
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■ V
r

5. Exper im en ta l

5 . 1 .  Bridge S u b s t i t u t i o n  in  P en tab o ran e (9 )

5 . 1 . 1 .  Chemicals ,  I n s t r u m e n t a t i o n  and Techniques

The i d e n t i f i c a t i o n  and p u r i t y  of  chemica ls  employed was 1 
* \

 ̂ d e te rm ined  by s p e c t r o s c o p i c  techniques ' .  Mass s p e c t r a  were o b ta in e d  
s

on a H i tach i ,  Pe rk in-Elm er  RMU-6 E ^double fo cu s in g  sp ec t ro m e te r  a t  an

i o n i z a t i o n  chamber p o t e n t i a l  of  70 eV- I n f r a r e d  s p e c t r a  were recorded

between 4000 cm  ̂ and 600 cm*  ̂ on a Perk in-Elmer  337 s p ec t ro m e te r  as
)

e i t h e r  n u j o l  mul ls  between sodium chloride^^.p^trtes or as gas samples 

in  a 10 cm path  l e n g th  c e l l  f i t t e d  with sodium c h l o r i d e  windows. Proton 

magnet ic  resonance  s p e c t r a  were o b ta in e d  u s ing  e i t h e r  tfie Pe rk in -E lm er  

model R12a s p ec t ro m e te r  no ted  in 2 . 1 . 2 .  above o r  with the  Varian HA.

60 I . L .  in s t ru m e n t  jmentioned in  the same s e c t i o n .  The Varian  machine 

was a l s o  used f o r  s p ec t ra *  a t  a fr equency of  19.250 MHz.

Due to the p ^ rophor ic  and h y d r o l y t i c  n a t u r e  of some o f  the 

ch em ica l s ,  high vacuum and i n e r t  a tmosphere  t e chn iques  were employed 

th roughou t  the  r e s e a r c h .  Except where i n d i c a t e d ,  vacuum m a n ip u la t io n s  

were c a r r i e d  ou t  in the  manner d e s c r ib e d  by Sanderson^^^^^,  and 

S h r iv e r ^ ^ ^ ^ ^ .  Low tem pera tu re  ba ths  employed were l i q u i d  n i t r o g e n  

( -196  ° C ) , petroleufr. e t h e r  s luph ( -140  ^ ) , to lu en e  s lu s h  ( -95  ° C ) , 

dry i c e - a c e to n e  ( -78  ° C ) , ch lo ro fo rm  /di^ush ( -63  °C) ,  ch lorobenzene  

s lu sh  ( -45  °C) ,  bromobenzene s lu sh  (-31 °C) and carbon t e t r a c h l o r i d e
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s lush  ( -23  °C).

A Labconço f i b e r g l a s s  g love  box with  an evacuable  p o r t  was 

employed in  the t r a n s f e r  of n o n v o l a t i l e  m a t e r i a l s .  A n i t ' rogen  atmos­

p h e re ,  s l i g h t l y  above ambient p r e s s u r e ,  was m a in ta in e d  in  the  box by 

the ev ap o r a t io n  of  l i q u i d  n i t r o g e n  i n t o  i t  th rough a m o lecu la r  s ieve  

.d ry ing  t r a i n .  The glove  box atmosphere was r e c i r c u l a t e d  co n t in u o u s ly

through a m olecu la r  s i e v e  drying" tra l i^ .
a

5 . 1 . 2 .  P r e p a r a t i o n s

5 . 1 . 2 . 1 .  T h e /P re p a r a t io n  of D ib o ra n e ( 6 )

a p p a r a tu s  employed in the p r e p a r a t i o n  o f  d i b o r a n e ( 6 )

i s  shown in F igu re  XXIX. The mq̂ t̂hod employed was t h a t  o f  Shap i ro  e t

a l^ lO ^)  which involved  the r e a c t ^ n  o f  l i t h i u m  aluminum h ydr ide  with 

boron t r i f l u o r i d e ,  a s  the e t h e ' c ^ e .  The f a c t i o n  p roceeds  in  two s t e p s :

BF^ + LiAlH^-------------- X )LiBH^ + AlF^

BF3  -*■ 3LiBH^-------------- > 2B«H^ + 3 l i F

The o v e r a l l  r e a c t i o n  i s  given by:

4 BF3  + 3LiAlH^------------- > ZBgH^ + 3LiF + 3Alf_

Y ie lds  a re  v i r t u a l l y  q u a n t i t a t i v e .

AS an example of an a c t u a l  p r e p a r a t i o n ,  the a p p a r a tu s  in 

F igu re  XXKwas f lu s h e d  with  hydrogen and then l i t h i u m  aluminum hy d r id e

/



Dry I c e - a c e t o n e

H,

_F i g u r e  XXIX

A p p a ra t u s  Employed in  the  P r e p a r a t i o n  o f  D i b o r a n e ( 6 )

Vacuum pump

( - 7 8  C)

w  _
-78°C -  78°C -196°C -1 9 6  C

LiAlH

» Waste
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(1 2 .5  g,  0 .33  moles) was p la ce d  in  the  f l a s k  fo llowed by 200 ml 

anhydrous d i e t h y l  e t h e r .  The system was f lu s h e d  s lowly  w ith  hydrogen 

to  remove a l l  t r a c e s  of  a i r .  Boron t r i f l u o r i d e - d i e t h y l  e t h e r a t e  (70ml,

. d e n s i ty  1.125 g / m l , 79 g, 0 .56  moles) was p laced  in  the d ropp ing  f u n n e l .  

The . e th e r a t e  was added dropwise d u r in g  a p e r io d  of abou t  t h r e e  hours  

to  the  s t i r r e d  l i t h i u m  aluminum hydr ide ,  e t h e r  m ix tu r e .  The hydrogen

flow was tu rned  o f f  d u r in g  the a d d i t i ^ p  of the e t h e r a t e  as i t  was found 

t h a t  when the flow was on e t h e r  was fo rced  through the dry i c e - a c e to n e  

cold t r a p .  On comple tion  of  the r e a c t i o n ,  the system was g e n t ly  f lu s h e d  

with hydrogen fo r  about  t h i r t y  m in u te s .  The d i b o r a n e ( 6 ) r e a c t i o n  oduct 

was p u r i f i e d  by pa ss ing  i t  through two t r a p s  cooled to -140 °C. Diborane 

( 6 ) w i l l  pass  through t r a p s  a t  t h i s  t em pera tu re  whereas d i e t h y l  e t h e r  

w i l l  n o t .  The d i b o r a n e ( 6 ) was shown t o ' b e  f r e e  \of i m p u r i t i e s  by mass 

and i n f r a r e d  s p e c t r a .

5 . 1 . 2 . 2 .  .The P r e p a r a t i o n  of Pen tabo ra  ; (9 )
■ .

The m a j o r i t y  o f  methods f o r  the  p r e p a r a t i o n  o f  p e n tab o ran e (9 )  

a re  of  i n d u s t r i a l  importance o n ly ^ ^ ^ ’^ ^ \  and can n o t  be r e a d i l y  adap ted  

to l a b o r a t o r y  s c a l e  p r e p a r a t i o n s .  A l a b o r a t o r y  method o f  decomposing 

d ib o r a n e ( 6 ) in  a s i n g l e  pass  s i l e n t  e l e c t r i c  d i s c h a rg e  was r e p o r t e d  by 

^ ^ ^ o t l e n sk y  and S c h a e f f e r ^ O n e  o f  the p ro d u c ts  o b t a i n e d ,  in  about  

20% y i e l d ,  was p e n t o b o r a n e ( 9 ) .
9

A schemat ic  diagram of  the a l l  g l a s s ,  c i r c u l a t i n g  ty p e ,  s i l e n t  

e l e c t r i c  d i s c h a r g e  a p p a r a tu s  employed in  t h i s  r e s e a r c h  i s  shown in
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F ig u r e  XXX. The a p p a r a tu s  c o n s i s t e d  of a d i s c h a rg e  tube ,  a pump, ,

a p ro d u c t  co n densa t ion  t r a p ,  a b a l l a s t  s e c t i o n  which in c r e a s e d  volume

and promoted mixing  and a  T o r r i c e l l i  manometer. The pump was an a l l
<■

g l a s s  double  s t ro k e  type .  The p i s t o n ,  a c y l i n d e r  of i ro n  e n c lo sed  

in  g l a s s ,  was moved by an e x t e r n a l  permanent magnet a t t a c h e d  to  a motor .  

The va lveh  were mic roscope cover  g l a s s e s .  The d i s c h a rg e  s e c t i o n  con- 

s i s t e d  of two c o n c e n t r i c  tu b e s ,  15 and 2 0  mm in  d ia m e te r ,  one m ete r  in 

l e n g t h .  The o u t e r  tube was wrapped with  b r a s s  shim s tock  and the  inner  

was f i l l e d  with 1 M c u p r ic  su lp h a t e  s o l u t i o n .  An a . c .  p o t e n t i a l  was 

a p p l i e d  between the inne r  and o u te r  tubes  by m ean s*0 !  a 30 kV, 15 mA, 

f l u o r e s c e n t  tube t r a n s fo rm e r  (Allanson Manufac tur ing  C o rp . ,  T oron to ,  

Canada).  A number o f  sm al l  i n d e n t a t i o n s  in the o u te r  t j b e  were r e q u i r e d  

to  s teady  the inner  tube ,  as  th e re  was c o n s id e ra b le  v i b r a t i o n  d u r ing  

o p e r a t i o n .

D ib o ra n e ( 6 ) was s u b je c t e d  to the  s i l e n t  d i s c h a r g e .  A f t e r  ’• 

t h r e e  and o n e - q u a r t e r  h o u r s ,  the p r e s s u r e  had d e c rea se d  from 575 Tor r  

to  517 To-fV. The p r e s s u r e  then began to  r i s e  u n t i l ,  a f t e r  one hundred 

and s i x t e e n  h o u r s ,  i t  reached  864 T o r r .  An in c r e a s e  in  p r e s s u r e  was
Q

e x p ec ted ,  due to hydrogen p r o d u c t io n ,  f o r  the  fo rm at ion  o f  a l l  the  b o t -  

anes  excep t  t e t r a b o r a n e ( l O )  and p e n t a b o r a n e ( l l ) . An i n f r a r e d  spectrum 

of  the m a t e r i a l  formed a f t e r  th r e e  and o n e - q u a r t e r  hours  ru n n in g  time 

showed t h i s  m a t e r i a l  to  be r i c h  in  t e t r a b o r a n e ( 10) .  This  f i n d i n g  i s  

d i s c u s s e d  in more d e t a i l  in r e f e r e n c e  (104) .

A f t e r  c o o l in g  the p ro d u c t  condensa t ion  t r a p  to -196 °C the
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To vacuum l i n e

R e c i r c u l a t i n g
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" F i g u r e  XXX

\

S i l e n t  E l e c t r i c  D i s c h a r g e  A p p a ra tu s  ,
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hydrogen produced in  the d i s ch a rg e  a p p a r a tu s  was removed. The p ro d u c t

c ondensa t ion  t r a p  was s lowly  warmed to room tem pera tu re  whi le  the

v o l a t i l e  p ro d u c t s  were passed through t r a p s  coo led  to  -63  ’°C and

-140 °C and' condensed in to  t r a p s  cooled to -196 °C. Less than 1 l i q ü i d

,il condensed in the t r a p  cooled to -63  °C. This m a t e r i a l  was removed

ofrom the  vacuum l i n e  and s t o r e d .  The t r a p s  coo led  to  -196 C were 

empty, and only a t r a c e  o f ^ d i b o r a n e ( 6 ) was found in the p ro d u c ts  con­

densed in the  t r a p s  cooled to -140 C. T h e re fo re  i t  was f e l t  the

convers ion  of  d i b o r a n e ( 6 ) to h ig h e r  boranes  was v i r t u a l l y  com ple te .  The
<•

oc o n te n t s  o f  the  t r a p s  cooled to  -140 C, about  5 l i q u i d  ml', were s lowly 

passed" througfr~ traps  m a in ta ined  a t  -95  °C. This  d i s t i l l a t i o n  served 

to remove the  more v o l a t i l e  t e t r a b o r a n e ( l O ) , which amounted to  about 

4 ml.  The m a t e r i a l  r e t a i n e d  in the -95 °C t r a p  was then passed  r e p e a t ­

ed ly  through t r a p s  a t  -78,  C in^artv^J^empt to s e p a r a t e  pen tab o ran e (9 )  

from p e n t a b o r a n e ( l l ) .  E v en tu a l ly  1 .6  mmol pen taboranev9) was o b t a i n e d .  

This r e p r e s e n t e d  about a 2% y i e l d  on the  b a s i s  of

5 B 2 H ^ ----------  + ôHg

The th re e  boranes  (B^H^^q , B^Hg and were i d e n t i f i e d  by

th e i ;  i n f r a r e d  s p e c t r a ^ ^ ^ ^ ^ .  These s p e c t r a  i n d i c a t e d  t h a t  the r e a c t i o n  

p roduc ts  were contam inated  with d i b o r a n e ( 6 ) .

In  view of  the  low y i e l d  of pentabor" .ne(9) i t  was decided  

to  o b t a i n  p c n tab o r an c (9 )  from a commercial  so u rc e .  The G a l l e r y  Chemical 

Co. of G a l l e r y ,  P e n n sy lv an ia ,  was ab le  to supply t h i s  borane in l a r g e
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q u a n t i t i e s .  As mass, i n f r a r e d  and n u c l e a r  magnet ic  resonance  s p e c t r a  

e s t a b l i s h e d  t h a t  the commercial p ro d u c t  was f r e e  of i m p u r i t i e s ,  i t  

was employed as  su p p l ie d  in subsequen t  ex p er im en ts .  The i n f r a r e d  and 

n u c l e a r  magnet ic  resonance  s p e c t r a  a re  reproduced  in  Appendix I I  as 

IR I ,  NMR I and NMR V II I .

5 . 1 . 2 . 3 .  Li th ium O c t a h y d r o p e n t a b o r â t e ( l - )  P r e p a r a t i o n  and P r o p e r t i e s

(63)
Th is  p r e p a r a t i o n  was based  on the  method of  Gaines  and lo r n s

namely

LiCHj + BgHg ----------------- > LiB^Hg + Œ

They c a r r i e d  ou t  t h i s  r e a c t i o n  in  d i e t h y l  e t h e r  a t  tem p e ra tu res  va ry ing  

from -78 °C t o  -30  °C. As i t  i s  d i f f i c u l t  to s e p a ra t e  p e n tab o ran e (9 )

from d i e t h y l  e t h e r  by f r a c t i o n a l  co n densa t ion  d imethyl e t h e r  (B .P .

-25 ^C) was used  in the  p r e s e n t  work as  r e a c t i o n  s o l v e n t .

The c o n c e n t r a t i o n  o f  the m e th y l l i t h i u m  (Alfa  I n o r g a n ic s )  

employed in  t h i s  and o^her p r e p a r a t i o n s  was determined by h y d ro ly z in g  

a known volume of m e th y l l i th iu m  s o l u t i o n

LiCHg + HgO  > LiOH + CH^

and d e te rm in in g  the q u a n t i t y  o f  methane produced a f ' r  t r a n s f e r r i n g  

the me til an e to a s tan d a rd  volume with  a Toeppler  pump.

The a p p a r a tu s  used in  the  p r e p a r a t i o n  of  LiB^Hg i s  shown in 

F ig u re  XXXI. In a t y p i c a l  p r e p a r a t i o n  the r e a c t i o n  f l a s k  was evacua ted ,  

then f i l l e d  to  a tmospher ic  p r e s s u r e  with  dry  n i t r o g e n .  M e th y l l i th iu m

( 5 .0  ml, 2.3 M in  d i e t h y l  e t h e r ,  11 mmol) was sy r inged  i n t o  the  f l a s k .
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F ig u re  XXXI
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The f l a s k  was coo led  c a r e f u l l y  to  -196 °C, evacua ted  and s lowly

warmed to room te m p e ra tu re .  During the warming s t e p  the d i e t h y l
*

e t h e r  was removed by d i s t i l l a t i o n .  The r e a c t i o n  f l a s k  was co o led ,  

aga in  to -196 °C and d im ethyl e t h e r  (o* l  moles)  fo l lowed  by p e n ta -  

bo rane (9 )  (1 0 .0  mmol) condensed on to  the m e th y l l i t h i u m .  The f l a s k ^  

was warmed .to -78 °C fo r  f i f t e e n  m inu tes ,  then  to -45  °C f o r  an a d d i -  

t i o n a l  f o r t y - f i v e  m in u te s .  The methane produced ( 9 .8  mmol) corresponded 

to a 98% y i e l d  o f  l i t h i u m  o c t a h y d r o p e n t a b o r a t e ( l - ) .  The methane

was i d e n t i f i e d  by mc,ss and i n f r a r e d  s p e c t r a .  The r e a c t i o n  f l a s k  was
»

a llowed to s tan d  a t  -45< °C u n t i l  the l i t h iu m  hydroxide  had s e t t l e d .

The e n t i r e  f l a s k ,  in c lu d in g  the n . m . r ,  tube ,  was coo led  to -78 °C

and the l i q u i d  decan ted  in to  the  n . m . r .  tube .  Both the n . m . r .  tube

o
and the r e a c t i o n  f l a s k  were then cooled to -196 C and the n . m . r .  tube 

s e a l e d . o f f  and removed. .The and magnet ic  resonance  s p e c t r a  of 

l i t h iu m  o c ta h y d r o p e n ta b o ra te  a re  shown in Appendix I I  a s  NMR I I  

and NMR IX.

Many o th e r  p r e p a r a t i o n s  s i m i l a r  to  the  above were conducted

in  an a t t em p t  to  becomb f a m i l i a r  with  some of the p r o p e r t i e s  of

LiB^Hg. In one of  th e se  e xpe r im en t s ,  employing 10 mmol of  pen ta -  
'

borane(9 )  and 11 mmol d f  m e th y l l i th i u m ,  the s o l v e n t  was removed by 

pumping fo r  e ig h te e n  hours  on a sample m a in ta ined  a t  -30  °C. I t  was 

found t h a t  a l l  but 7 mmol of s o lv e n t  were removed a f t e r  two and one-

h a l f  hours  and a l l  b u t  5 mmol a f t e r  e ig h te e n  h o u r s .  Thus a f t e r  pro-

' * 
l o n g ^  pumping the  molar r a t i o  of o c t a h y d r o p e n t a b o r a t e ( l - )  to  s o lv e n t
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was 2 :1 ,  i n d i c a t i n g  s t r o n g  s o l v a t i o n .  The m a t e r i a l  in  the  f l a s k  be-
ê  - f

came v i s co u s  and a f t e r  a t ime resembled  m ode l l ing  c la y  in c o n s i s t e n c y .

The f l a s k  was cooled  to -196 °C, removed to the dry box where a sample
^  ' \  

of  the c l a y - l i k e  m a t e r i a l  was taken  and an i n f r a r e d  snectrum o b ta in e d

as qu ick ly  a s ' p o s s i b l e  (ab o u t  f i f t e e n  m in u te s ) .  The spectrum was 

rede te rm ined  a f t e r  tw en ty - fou r  h o u r s .  These s p e c t r a  a re  shown in 

Appendix I I  as IR I l a  and IR I l b .

'  A pparen t ly  removal of  s o l v e n t  led  to decompos i t ion  of  the 

l i t h i u m  o c t a h y d r o p e n t a b o r a t e ( l - ) .  To t e s t  t h i s  h y p o th e s i s  the ex­

per iment  was r e p e a t e d .  A f t e r  s o l v e n t  removal the r e a c t i o n  f l a s k  was 

c o o l e d , t o  -196 C, and the s o l v e n t  was r e p l a c e d ,  fo llowed by anhydrous 

hydrogen c h lo r id e  ( 2 0 .0  mmol). Gaines and l o r n s  r e g e n e r a t e d  p e n ta -  

borane(9)  in  t h i s  way^^-^\
r

LiB.Hg + HCl-------------- >  LiCl +

However in  the p r e s e n t  work p e n ta b o r a n e (9) could  no t  be r e g e n e r a t e d  

a f t e r  s o lv e n t  had been removed. Hydrogen gas was evolved i n s t e a d ,  

i n d i c a t i n g  decom pos i t ion .

5 . 1 . 2 . 4 .  The P r e p a r a t i o n  of / ^ -d im e th y lb o ry lp e n ta b o ran e (9 )

To ga in  f a m i l i a r i t y  wi th  the g e n e r a l  type o f  p r e p a r a t i o n

which would be employed in  the a t t e m p ts  to p repa re  h i g h e r  members o f  the

br idged  group I I IA  -p e n ta b o r a n e ( 9 )  s p e c i e s  y X -d im e thy lbo ry lpen tabo rane

(9)  was p re p a re d .  The o r i g i n a l  p r e p a r a t i o n  was r e p o r t e d  by Gaines  and 

(81 )l o r n s  who r e a c t e d  . l i t h iu m  o c t a h y d r o p e n t a b o r a t e ( l - )  w i th  d i -
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methylboron c h l o r i d e  a t  temperature^s between -78 °C and -4 0  °C in

d i e t h y l  e t h e r .  They c h a r a c t e r i z e d  the p roduc t  by mass,  i n f r a r e d ,  H

11 - “ ' and B n . m . r .  s p e c t r a .  '

The r e a c t i o n  f l a s k  used in  t h i s  p r e p a r a t i o n  was s i m i l a r  to  

t h a t  showr in  F igu re  XXXI w i thou t  the  n . m . r .  tube .  L i th ium o c t a -  

h y d r o p e n t a b o r a t e ( l - )  was p re p a re d  by r e a c t i n g  m e th y l l i t h i u m  ( 1 1  mmol) 

with p e n tab o ran e (9 )  (10 .0  mmol) in  0 .12  moles o f  d im e thy l  e t h e r .

Methane p ro d u c t io n  co rresponded  to a 94% y i e l d  of  ̂ l i t h i u m  o c t a ­

h y d ro p e n ta b o ra te  ( 1 - )  .

Dimethylboron bromide (A l f a  In o r g a n ic s )  was t e s t e d  f o r  p u r i t y
/

by mass s p e c t ro m e t ry .  Ten mmol o f  t h i s  m a t e r i a l  was condensed i n t o  a 

r e a c t i o n  f l a s k  cooled to -196 °C. On warming the  r e a c t i o n  f l a s k  to 

-78 °C the s o l u t i o n  of o c t a h y d r o p en ta b o ra te  in  d im ethy l  e t h e r  remained

s o l i d  bu t  the dim ethylboron  bromide mel ted .  The f l a s k  was warmed to

o ' ^-45 C and m a in ta ined  a t  t h i s  tem p e ra tu re ,  with s t i r r i n g ,  f o r  one hour .

The s o l u t i o n  tu rned  ye l low -orange  and the vapor p r e s s u r e  above the

s o l u t i o n  v a r i e d  from 225 to 260 T o r r .  (Expected  f o r  d im ethy l  e t h e r  a t

-45 °C i s  283 T o r r . )

' A d i s t i l l a t i o n  was c a r r i e d  o u t  while  a l lo w in g  the f l a s k  to 

warm from -45  °C to  room tem pera tu re  over a two hour p e r i o d .  The v o l a t i l e  

m a t e r i a l s  were pumped through a d i s t i l l a t i o n  t r a i n  made up o f  two t r a p s  

cooled to  -63  °C, one to o l e d  to -78 °C and two cooled  to -196 °C. The 

m a t e r i a l  found in the c o l d e s t  t r a p s  was shown, by vapor p r e s s u r e  measure­

ments ,  to  be pure d im ethyl e t h e r .  The m a t e r i a l  in  the  th r e e  h ig h e r
f
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tem pera tu re  t r a p s  was condensed In to  an n . m . r .  tube which was

se a l e d  by flame and removed from the  vacuum l i n e .  P ro ton  n . m . r .  and 

11
. B n.mxjr. s p e c t r a  were o b ta in e d  a t  -20  C. These s p e c t r a ,  reproduced

' y
in  Appendix I I  as  NMR I I I  and NMR X, e s t a b l i s h  by comparison with 

( 81 )p u b l i s h e d  s p e c t r a  , t h a t  the  compound p re p a red  was y ^ - d i m e t h y l -  

b o r y l p e n t a b o r a n e ( 9 ) .

5 . 1 . 2 . 5 .  The Attempted P r e p a r a t i o n  of /W-dimethylaluminumpentabLrane(9)
-  Ÿ

The a p p a r a tu s  used in the a t t em p t  to p rep a re  yW -die thy l-  

aIuminumpeataborane(9) was i d e n t i c a l  to  t h a t  used to  p re p a re  yU-dimethyl-  

b o r y l p e n t a b o r a n e ( 9 ) . The o c t a h y d r o p e n t a b o r a t e ( 1 - )  was p repa red  as 

p r e v io u s ly  d e s c r i b e d ,  by r e a c t i n g  m e th y l l i th i u m  ( 1 1  mmol) with pen ta -  

bo rane (9 )  (10 mmol) in  d im ethy l  e t h e r .  The methane produced c o r r e s ­

ponded to  a 9 7% y i e l d  o f  IPthium o c t a h y d r o p e n t a b o r a t e ( 1 - ) .

The r e a c t i o n  f l a s k  was cooled to -196 °C and dry n i t r o g e n  

in t ro d u ce d .  Diethylaluminum c h l o r i d e  (Texas A lk y ls )  (1.5 ml, d e n s i t y  

0.961 g/ml,  1.44 g, 12 mmol) was sy r in g ed  i n t o  th e  f l a s k  which was 

then  evacu a ted .  The f l a s k  was warmed to  -45 C, and th& v i s co u s  

s o l u t i o n  was s t i r r e d  f o r  one h o u r .  The only  v o l a t i l e  m a t e r i a l  ob ta ined  

by d i s t i l l a t i o n  from the  r e a c t i o n  f l a s k  a t  -45 was d imethyl  e t h e r ,  

which was i d e n t i f i e d  by i t s  mass spectrum. As in the case  o f  y&-di- 

m e th y lb o r y lp e ' i t a b o r a n e ( 9 ) , the  r e a c t i o n  f l a s k  was warmed s lowly to 

room tem pera tu re  while i t s  c o n te n t s  were t r a n s f e r r e d  to  t r a p s  cooled 

to  -196 °C. A f t e r  two hours  some m a t e r i a l  was found in the f i r s t  cold
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t r a p .  A d i s t i l l a t i o n  was c a r r i e d  ouî^oy warming t h i s  t r a p  to  -31 ’̂C 

and p a ss in g  the gas through two t r a p s  cooled  to  -95 °C i n t o  two t r a p s  

cooled  to -196 . C. The f i r s t  -196  °C t r a p  c o n ta in ed  dimethyl e t h e r ,  

whi le  the  f i r s t  -95 °C t r a p  c o n ta in ed  0 .8  mmol t r i e t h y l b o r a n e .  ^oth  

m a t e r i a l s  were i d e n t i f i e d  by i n f r a r e d  sp ec t ro sc o p y .

4 The r e a c t i o n  fla/sk c o n ta i n in g  the  p a s t e - l i k e  r e s i d u e  was 

removed to  the dry box, opened and a sample drawn. An i n f r a r e d  spectrum 

of  t h i - 3  r e s i d u e ,  IR I I I  in  Appendix I I ,  had some a b s o r p t i o n s  in common 

with  those  of  IR I I ,  i . e . ,  the  decomposit ion  p ro d u c t s  o f  l i t h iu m -  

o c t a h y d r o p e n t a b o r a t e ( l - ) .  As some of the o t h e r  a b s o r p t i o n s  might have 

been due to  d ie thy la luminum c h l o r i d e ,  an i n f r a r e d  spectrum o f  t h i s  

m a t e r i a l  was o b ta in e d .  This  spectrum, IR IV , in  Appendix I I ,  did n o t

c o r r e l a t e  with the r e a c t i o n  p roduc t  spectrum. A sample o f  d i e t h y l -
,

aluminum c h lo r id e - d im e th y I  e t h e r a t e  was p repa red  by r e a c t i n g  d i e t h y l ­

aluminum c h l o r i d e  with  excess  dimetliyl  e t h e r  a t  -45  °C. The i n f r a r e d  

spectrum of the e t h e r a t e ,  IR V in Appendix I I ,  d id  show a b s o r p t i o n s  

in common with  those  of  the  r e a c t i o n  p ro d u c t .  The above s p e c t r a ,  IR 

I I ,  I I I ,  IV and V w i l l  be d i s c u s s e d  below.

5 . 1 , 2 . 6 . The Attempted P r e p a r a t i o n  o f  / l - d im e ' th y l th a l l iu m p en ta b o ra n e (9 )  

The r e a c t i o n  f l a s k  shown in F igure  XXXII was employed in 

t h i s  a t t e m p t e d - ^ r e p a r a t i o n .  The f l a s k  was des igned  to a l low  g e n e r a t io n  

of l i t h iu m  o c t a h y d r o p e n t a b o r a t e ( l - )  as  in 5 . 1 . 2 . 3 . ,  fo llowed by 

the a d d i t i o n  of d im e th y l th a l l i u m  bromide as  a powder by r o t a t i n g  the



F ig u r e  XXXII

R e a c t i o n  F l a s k  Employed in  th e  A t tem pted  P r e p a r a t i o n  o f  

-d im e thy I t i ia l  1 iumpen t a b o r a n e  (9 )
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s id e  arm. Since  the  d e s i r e d  p ro d u c t  would have a m o le c u la r /w e ig h t  

o f  296 g /mole ,  i t s  v o l a t i l i t y  would p robab ly  be low a t  the t e m p e ra tu re s  

r e q u i r e d  to  p re v e n t  decom pos i t ion .  Th e re fo re  prov is ion^was  made in 

the d es ign  o f  the  r e a c t i o n  f l a s k  to  a l low  a low tem pera tu re  s u b l i m a t i o n .  

D im e th y l th a l l iu m  bromide ( 3 .1 4  g, 10 .0  mmol) was w e i ^ ^ d  i n t o  the  

s id e  arm of the r e a c t i o n  f l a s k .  The f l a s k  was a t t a c h e ^  to  the  vacuum 

l i n e ' f  evacua ted  and then f i l l e d  wi th  dry  n i t r o g e n  g as .  M e th y l l i th iu m  

(11 mmol) was i n j e c t e d  i n to  the  r e a c t i o n  f l a s k .  The f l a s k  was s lowly 

cooled  to -196 °C, ev acua ted ,  then warmed slowly  whi le  the  d i e t h y l  

e t h e r  which had a c t e d  as  s o l v e n t  f o r  the  m e th y l l i t h i u m  was removed by 

d i s t i l l a t i o n .  The r e a c t i o n  f l a s k  was a g a in  coo led  to  -196 °C and 

d imethy l  e t h e r  (0 .12  mole) and p e n ta b o r a n e (9) (10 mmol) added. The 

f l a s k  was warmed slowly to -45  °C and the s o l u t i o n  was then s t i r r e d  

c o n t in u o u s ly  fo r  f i f t y  m in u te s .  Methane p r o d u c t io n  corresponded  to  

a 1 0 0 % y i e l d  of l i t h i u m  o c t a h y d r o p e n t a b o r a t e ( 1 - ) .

T h e  d i m e t h y l t h a l l i u m  b r o m i d e  w a s  t h e n  p o u r e d  i n t o  t h e  

r e a c t i o n  f l a s k  by  t u r n i n g  t h e  s i d e  a r m .  T h e  s o l u t i o n  w a S ' - w a rm e d  t o  

-45 °C w h i l e  t h e  c o l d  f i n g e r  w a s  m a i n t a i n e d  a t  -78 °C. T h e  d i m e t h y l  

e t h e r  s o l v e n t ,  w h i c h  c o n d e n s e d  on  t h e  c o l d  f i n g e r  a n d  d r i p p e d  b a c k  

i n t o  t h e  s o l u t i o n ,  f r o z e  t h e  r e a c t i o n  m i x t u r e .  T h e  d r y  i c e  i n  t h e  c o l d  

f i n g e r  w a s  a l l o w e d  t o  s u b l i m e  a n d  t h e  r e a c t i o n  f l a s k  w a s  w a r m e d  t o  

-23 °C. A t  t h i s  t e m p e r a t u r e  t h e  p r e s s u r e  i n  t h e  f l a s k  w a s  a p p r o x i m a t e l y  

760 T o r r .  A f t e r  s t i r r i n g  t h e  m i x t u r e  f o r  tw o  h o u r s ,  t h e  f l a s k  w a s  

c o o l e d  t o  -45 °C a n d  t h e  c o l d  f i n g e r  t o  -78  °C. A f r a c t i o n a l  c o n -
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d e n s a t io n  through two t r a p s  cooled to -78 °C In to  two t r a p s  cooled 

to  -196 was c a r r i e d  o u t .  The only v o l a t i l e  m a t e r i a l  r e covered  

from t h i s  condensa t ion  was d im ethy l  e t h e r .  The f l a s k  and co ld  f i n g e r  

were warmed to -2*3 and pumping c a r r i e d  ou t  f o r  seven h o u r s .  As 

be fo re  the only  m a t e r i a l  recovered  was d imethyl  e t h e r .  Some m a t e r i a l  

s p a t t e r e d  onto  the co ld  f i n g e r  due to  bumping of the  s o l u t i o n .
I

The r e a c t i o n  f l a s k  was f i l l e d  with dry n i t r o g e n ,  removed to 

the  dry box, opened and a sample drawn from the co ld  f i n g e r  f o r  i n f r a r e d  

a n a l y s i s .  Although t h i s  spec t rum, IR VI in Appendix I I ,  was s i m i l a r  

to  IR I I ,  th e re  were a d d i t i o n a l  peaks .

I f  yW -d im e thy l tha l l ium  pen tab o ran e (9 )  were formed l i t h iu m  

bromide would be a l i k e l y  p ro d u c t ,  i . e . ,  ;

^ - L i B . i i g  + (CH2 ) 2 3 1 B r ------------y<-(CH^)^TlB^H^ + LiBr

Powder photography was used to  t e s t  fo r  the p resence  o f  l i t h i u m  

bromide.  A sample of the r e a c t i o n  r e s id u e  was p laced  in a 0 .5  mm 

Lindeman tube and a powder pho tograph ,  employing Cu r a d i a t i o n ,  

t a k e n .  A tw en ty - four  hour exposure  showed the pre sence  o f  d im e th y l ­

th a l l i u m  bromide but f a i l e d  to  show any l i t h iu m  bromide.

At t h i s  time i t  was le a rn ed  t h a t  Gaines had a t t em p ted  

s u b s t a n t i a l l y  the same e x p e r im en ta l  work and o b ta in e d  the same r e s u l t s  

He f e l t  the  problems- were s o l v e n t  r e l a t e d .  This p o i n t  of view was he ld  

in the p r e s e n t  work. Two exper im en ts  to p repa re  b r idge  s u b s t i t u t e d  

compounds in the absence  of s o l v e n t  had been a t tem pted  and these  a re  

d e t a i l e d  below.

(106)
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5 . 1 . 2 . 7 .  The R eac t ion  o f  Pen tab o ran e (9 )  with Trimethylaluminum 

There i s  ev idence  to  su g g es t  t h a t  t r i m e t h y l  group I l i a  

sp ec ie s  can r e a c t  w i th  compounds c o n ta i n in g  a c t i v e  hydrogen and 

e l im in a t e  m ethane^^^^’^ ^ ^ \  Thus i t  appeared  th e re  might  be a poss-  

i b i l i t y  of the  fo l lowing  r e a c t i o n

+ BgHg ------------> / - ( C H  J jA lB j H g  + CH^

' AI t  w a s  d e c i d e d  t o  a t t e m p t  t h i s  r e a c t i o n ,  b o t i  i n  t h e  p r e s e n c e  a n d

absence of  s o l v e n t .

T r i m e t h y l a l u m i n u m  ( T e x a s  A l k y l s , ,  d e n s i t y  0.752 g / m l ,

0 .4  g,  5 mmol) was sy r in g ed  i n t o  a r e a c t i o n  f l a s k  (F ig u re  XXXI). The

f l a s k  was cooled  to  -1§6 °C, ev ac u a ted ,  and d im ethy l  e t h e r  (0 .1  moles)

and pen tab o ran e (9 )  ( 5 . 0  mmol) added. The s o l u t i o n  was warmed to  -45 °C

a n d  s t i r r e d  f o r  o n e  h o u r .  No m e t h a n e  w a s  p r o d u c e d .  T h e  r e a c t i o n  f l a s k

was warmed to  -23  °C and then to room te m p e ra tu re .  Again no*'me thane

w a s  f o u n d .  A s a m p l e  o f  t h e  l i q u i d  i n  t h e  b o t t o m  o f  t h e  f l a s k  w a s  

11drawn for  B n . m . r .  Th is  spectrum r e v e a l e d  only  p e n t a b o r a n e ( 9 ) .

The exper iment  was r e p e a t e d  in  the  absence  of s o l v e n t ,  s ince  

t r im ethy la lum inum -dim ethy l  e t h e r a t e  forms r e a d i l y  a t  the  tem pe ra tu res  

employed, Trimethylaluminum ( 0 .2 4  ml,  2.5 mmol) was sy r in g ed  i n t o  an 

n . m . r .  tube which was then a f f i x e d  to  the  vacuum l i n e ,  cooled  and 

evacu a ted .  P e n ta b o ra n e (9 )  ( 2 . 5  mmol) was added. As above, the  sample 

was warmed f i r s t  to -45  °C , then -23  °C and f i n a l l y  to  room tem pera tu re .  

No methane was found. The sample was h e a te d  to  60 °C f o r  one hour but 

aga in  no methane was found. The n . m . r .  tube was flame s e a l e d  and a
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V

n . m . r .  spectrum r u n .  The l a r g e s t  peak co rre sponded  to  the  methyl 

pro ton  resonance  of  tr imethyla luminum, 0 .5  p .p .m .  u p f i e l d  from T .M .S.,  

by tube in t e r c h a n g e .  P e n tabo rane (9 )  re sonances  were a l s o  r e a d i l y  

i d e n t i f i e d  and s e v e r a l  o t h e r  sm a l l ,  u n i d e n t i f i e d ,  peaks were noted 

as w e l l .  The n . m . r .  tube was hea ted  to 60 C f o r  an a d d i t i o n a l  e lev en  

hours  and the spectrum re d e te rm in ed .  The peak due to the  methyl p ro ­

tons  had decreased  in i n t e n s i t y  and a new peak 0 . 9  p .p .m .  downfield  

from T.M.S. (by tube in t e r c h a n g e )  was no ted .  The n . m . r .  tube was 

h ea ted  to  95 *̂ C fo r  two and ond '-half ,  then fou r  h o u r s .  The new peak 

was seen to  i n c re a se  in i n t e n s i t y  a f t e r  h e a t i n g ,  while  the  t r i m e t h y l -  

aluminum proton  resonance  decreased  in i n t e n s i t y .  These s p e c t r a  a re   ̂

d e s ig n a te d  NMk IVa and b in Appendix I I .  The spectrum taken a f t e r  

the f i n a l  h e a t i n g  i s  NMR XI.

The v e s s e l  shown in F igure  XXXIII was des igned  to  a l low  the 

opening of the n . m . r .  tube ,  s e p a r a t i o n  of  v o l a t i l e  from n o n v o l a t i l e  

m a t e r i a l ,  and the p r e p a r a t i o n  of  a s o lu t io n  of the n o n v o l a t i l e  p ro d u c ts  

fo r  n . m . r .  pu rp>ses .  When the tube was opened only  0.01 mmol o f  non- 

condensable  gas was found i n d i c a t i n g  n e g l i g i b l e  p ro d u c t io n  of  hydrogen 

or  methane.  The tube co n ta in ed  2.41 mmol of v o l a t i l e  p r o d u c t s .  From 

t h i s  m ix tu r e ,  a f r a c t i o n  (0 .81  mmol) was o b ta in e d  which condensed in 

a t r a p  cooled to  -78 °C. This  m a t e r i a l  was i d e n t i f i e d  as p e n tabo rane (9 )  

by i t s  i n f r a r e d  spec trum.  A second f r a c t i o n  (1 .4 5  mmol) which passed 

a t r a p  cooled to -140 °C, was shown, by i t s  i n f r a r e d  spec trum,  to  bo 

• t r im ethy lborane .  A t h i r d  f r a c t i o n  (0 ,14  mmol) passed  a t r a p  cooled 

to  -78 but would no t  pass  one cooled to  -140 °C and was i d e n t i f i e d
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as  a m ix tu re  of 1 , 1-dime thy I d i b o r a n e ( 6 ) and 1 , 2 - d i m e t h y l d i b o r a n e ( 6 ) 

by i n f r a r e d  and mass s p ^ t r o m e t r y .

A^^^sampl^^ef-'Tnîe y e l low  n o n v o l a t i l e  r e a c t i o n  p ro d u c t  remain ing

in the f l a s k  was ^ k e n  fo r  an i n f r a r e d  spec trum,  IR VII in  Appendix

I I .  The yejxWw s o l i d  was t r e a t e d  with dry benzene.  A smal l  amount

d i s s o K ^ d  in  benzene and a p ro ton  n . m . r ,  spectrum was o b ta in e d .  This

spectrum,NMR V in  Appendix I I ,  shows a s i n g l e ,  sharp  a b s o r p t i o n  0 .3
r

p.p.Hn. u p f i e l d  from T .M .S . , by tube i n t e r c h a n g e .  The ye l low powder 

in the f l a s k  tu rned  whi te  under the benzene o v e r n i g h t .  No f u r t h e r  

work was conducted on t h i s  r e a c t i o n .

5 . 1 . 2 . 8 .  The Reac t ion  of  P e n ta b o ra n e (9 )  w i th  T r im e thy lborane

As the d imeric  c h a r a c t e r  of  t r imethylaluminum might  have 

i n h i b i t e d  the d e s i r e d  r e a c t i o n ,  a r e a c t i o n  employing the  monomeric

t r im e th y lb o ra n e  was autempLed. Tr imethy lborane  ( B .P . -20  °C) was p re ­

pared by the method o f  B row n^^^^ \  e g . ,

BF3  + SCHgMgCl ------------ (cH^) 2 B + 3MgCIF

M e t h y l  m a g n e s i u m  c h l o r i d e  s o l u t i o n  ( A l f a  I n o r g a n i c s ,  8,5 m l ,

3M, 0.25 m o l e )  was  p l a c e d  i n  a  d r i e d ,  n i t r o g e n  f i l l e d ^  500 m l  t h r e e  n e c k  

r o u n d  b o t t o m  f l a s k .  T h e  f l a s k ,  f i t t e d  w i \ h  a  p r e s s u r e  e q u a l i z e d  d r o p p i n g  

f u n n e l  a n d  a  n i t r o g e n  i n l e t ,  ‘̂ was c o n n e c t e d  t o  t h e  v a c u u m  l i n e  t h r o u g h  

a  w a t e r  c o o l e d  c o n d e n s e r .  T h e  s o l u t i o n  s t i r r e d  w i t h  a  m a g n e t i c  

s t i r r e r .  B o r o n  L r i f l u o r i d e - d i e t h y l e t h e r a t e  (34 m l ,  d e n s i t y ,1 .125 g / m l ,

38 g ,  0.27  m o l e )  w a s  a d d e d  d r o p w i s e  o v e r  a p e r i o d  o f  o n e  a n d  o n e - h a l f
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h o u r s .  The h e a t  g en e ra ted  caused the s o l v e n t  to  r e f l u x  g e n t l y .  When 

r e a c t i o n  was com ple te ,  the  f l a s k  was cooled  to  -78 °C. Pumping was

i n i t i a t e d  and the  t r i m e th y l b o ro n  c o l l e c t e d  in a t r a p  a t  -196 °C. The
V

p roduc t  was p u r i f i e d  by two d i s t i l l a t i o n s  through t r a p s  cooled  to 

-95 °C. The y i e l d  was q u a n t i t a t i v e  on the b a s i s  of the  Grignard  

r e a g e n t ,  and the  p roduc t  was i d e n t i f i e d  as t r im e thy Ibo ron  by i t s  mass 

and i n f r a r e d  s p e c t r a .

S e v e ra l  a t t e m p ts  to r e a c t  t r im e th y lb o ran e  with pen tabo rane (9 )  

were c a r r i e d  o u t .  The r e a c t i o n  v e s s e l  used in  a l l  a t t e m p t s  was a 

250 ml ro t  id  bottom f l a s k  f i t t e d  w i th  a Springham g r e a s e l e s s  s topcock 

(C. Springham & Co. L t d . ,  E ng land ) .  No r e a c t i o n  occu r red  a t  t em pera tu res  

from -78 °C to  175 °C with  r e a c t i o n  p e r io d s  up to  t h r e e  hours  in  e i t h e r  

the p resence  or  absence  o f  s o l v e n t .  Both r e a c t a n t s  v e r e  q u a n t i t a t i v e l y  

r e c o v e re d .  When p e n ta b o r a n e ( 9 ) ( 2 .0  mmol) was h e a te d  with t r i m e t h y l ­

borane ( 2 . 1  mmol) to 175 °C f o r  twenty- two hours  0.29 ntnol t r i m e t h y l -  

borane and 0 .35  mmol p en tab o ran e (9 )  were consumed. A smal l  amount 

( 0 .1 6  mmol) o f  a m ix tu re  of  hydrogfen and methane was qijjédu^GcP.  ̂ When a 

r e a c t i o n  was conducted  a t  175 °C fo r  s i x t y - e i g h t  hours  employing 2.21 

mmol p en tab o ran e (9 )  and 2.11 mmol t r i m e th y l b o r a n e ,  0 .52  mmol p e n ta -  

bo rane (9 )  and 0 .46  mmol t r im e th y lb o ra n e  were consumed. A m ixtu re  of

hydrogen and methane (0 .89  mmol) was aga in  produced,  as  w e l l  as 0.07
2>

mmol 2 , 3 - d i m e t h y l p e n t a b o r a n e ( 9 ) , which was i d e n t i f i e d  by mass and 

i n f r a r e d  s p e c t r a .

A t  t h i s  p o i n t  w o r k  o n  t h i s  r e a c t i o n  w a s  d i s c o n t i n u e d .
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5 .2 .  The S t r u c t u r e  of B i s ( d i e t h y l a m l n o ) d i t h i a ^ o r e t a n e

5 . 2 . 1 .  C h e m i c a l s ,  I n s t r u m e n t a t i o n  a n d  T e c h n i q u e s
, . . .

Very few chemicals  were employed in t h i s  r e s e a r c h .  The p u r ­

i t y  of  hydrogen s u l f i d e  ( F i s h e r )  was e s t a b l i s h e d  by mass s p e c t ro s c o p y .  

D ie thy l  e t h e r  ( F i s h e r ,  anhydrous) was d r i e d  over sodium wire immediately 

p r i o r  to  u i e .  Pentane was d i s t i l l e d  f r o m ‘phosphorus  pen tox ide  and s t o r e d  

over sodium w i re ,  then m olecu la r  s i e v e .  T r ie th y lam in e  h y d ro c h lo r id e  

(Baker) was d r i e d  under vacuum a t  100 and l i t h i u m  borohydr ide  (Alfa

In o r g a n ic s )  was used as  s u p p l i e d .

T h r o u g h o u t  t h i s  w o r k  i n e r t  a t m o s p h e r e  t e c h n i q u e s  w e r e  em-

'  i
p l o y e d .  E x t e n s i v e  u s e  w a s  m a d e  o f  t h e  d r y  b o x  n o t e d  i n  5^1 .1 ,  S p e c i f i c  

t e c h n i q u e s ,  s u c h  a s  c r y s t a l  m o u n t i n g ,  w i l l  b e  m e n t i o n e d  w h e r e  a p p r o p ­

r i a t e .  I n f r a r e d ,  m a s s  a n d  n . m . r .  s p e c t r o m e t e r s  w e r e  d e s c r i b e d  i n  S e c ­

t i o n s  2 , 1 . 2 .  a n d  5 . 1 . 1 .

Two x - r a y  g e n e r a t o r s  w e r e  e m p l o y e d .  F o r  p h o t o g r a p h i c  w o r k  

Cu Kpo r a d i a t i o n ,  A= 1.542 A ,  w a s  s u p p l i e d  by  a  h i l l i p s  PW 1009/30 

g e n e r a t o r  o p e r a t e d  a t  a  v o l t a g e  o f  30 kV a n d  a  c u r r e n t  o f  20 mA. Th e

fou r  c i r c l e  d i f f r a c t o m e t e r  was mounted on a P i c k e r  model 6238 x - ray

og e n e r a to r  f i t t e d  with  a molybdenum tube ,  0.71069 A, and run a t  

40 kV, 16 mA. In the case  of  copper r a d i a t i o n ,  a n i c k e l  f i l t e r  was 

used to remove KyS r a d i a t i o n ,  and with the molybdenum tube a z irconium 

f i l t e r  served  the  same purpose .

Two c a m e r a s  w e r e  e m p l o y e d  i n  t h e  p h o t o g r a p h i c  w o r k .  A C h a r l e s  

S u p p e r  c a m e r a  w a s  u s e d  f o r  o s c i l l a t i o n  a n d  W e i s s e n b e r g  p i c t u r e s ,  w h i l e
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a n  STOE c a m e r a  w a s  u s e d  f o r  p r e c e s s i o n  p h o t o g r a p h s .  A s c i n t i l l a t i o n  

c o u n t e r  w a s  e m p l o y e d  o n  t h e  d i f f r a c t o m e t e r  t o  m e a s u r e  i n t e n s i t i e s .

5 . 2 . 2 .  P r e p a r a t i o n s

5 . 2 . 2 . 1 .  T h e  P r e p a r a t i o n  o f  T r i e t h y l a m i n e b o r a n e  

T r i e t h y l a m i n e b o r a n e '  p r e p a r e d  b y  t h e  m e t h o d

o f  G r e e n w o o d  a n d  M o r r i s ^ i i e . ,

(C ^ H g J g N H C l  + L iB H ^ ------------------- > L i C l  +

T r ie th y lam in e  h y d ro c h lo r id e  (30 g, 0 .22 mole) was d i s s o lv e d  in 200 ml 

d i e t h y l  e t h e r  in  a 500 ml 3 neck round bottom f l a s k .  Li th ium boro­

hydr ide  ( 4 . 0  g,  0.18 mole) was added,  as  a s l u r r y  in 40 ml d i e t h y l  e t h e r ,  

over a p e r i o d  of  one hour .  The r e a c t i o n  was c a r r i e d  ou t  under n i t r o g e n ,  

a t  room t e m p e ra tu re ,  with con t inuous  s t i r r i n g .  A f te r  r e a c t i o n  the 

d i e t h y l  e t h e r  was removed by pumping and the t r i e th y la m in e b o ra n e  vacuum 

d i s t i l l e d .  The y i e l d  of amine-borane was 15.5 g,  0 .13  mole, 72% on the  

b a s i s  of  l i t h i u m  borohydr ide .  The p u r i t y  o f  the  p roduc t  was e s t a b l i s h e d  

by n . m . r . ,  i n f r a r e d  and mass s p e c t r o s c o p ic  a n a l y s e s .  The amine-borane  

was s t o r e d  over m olecu lar  s iev e  in tlie dry  box. '

5 . 2 . 2 . 2 .  The P r e p a r a t io n  of B i s ( d i e t l i y l a m in o ) d i th i a b o r e t a n e

T h i s  p r e p a r a t i o n  w a s  b a s e d  o n  a  p r o c e d u r e  by F o r s t n e r  a n d

( 9 5.)
M u e t t e r t i e s  , i . e . ,  t h e  r e a c t i o n  o f  h y d r o g e n  s u l f i d e  w i t h  t r i ­

e t h y l a m i n e b o r a n e  a t  200 °C i n  a s t a i n l e s s  s t e e l  bomb. I n  t h e  c u r r e n t
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work a 25 cc c a p a c i ty  s t a i n l e s s  s t e e l  bomb, manufactured  by B askerV i l le  

and Lindsay Ltd.  was used .  The bomb was d r i e d  a t  100 °C and p laced  

in the dry box. A sy r in g e  was used to t r a n s f e r  a sample o f  t r i e t h y l ­

amineborane i n to  the  bomb. Sample weight was dete rmined by d i f f e r e n c e .

For the i n i t i a l  p r e p a r a t i o n ,  t r i e th y l a m in e b o r a n e  ( 3 .1 3  g,

27.2  mmol), was p laced  in the bomb which was then connected  to  the 

vacuum l i n e  and e v acu a ted .  The bomb was cooled  to  -196 °C and hydrogen

s u l f i d e  (4 9 .4  mmol) added. The bomb was s e a l e d ,  warmed to room temp- .

e r a t u r e  and then ^ e a ted  200 °C f o r  t h r e e  h o u r s .  A f t e r  c o o l in g  to 

room tem pera tu re  the bomb was- v e n ted  and the  gaseous react ion* p roduc ts

were burned in a gas oxygen flame.  The bomb was opened in the dry box.
■>

A whi te  s o l i d ,  covered w i th  a c l e a r  l i q u i d ,  was found in  the  bottom

of the bomb. This  m a t e r i a l  was s t i r r e d  and t r a n s f e r r e d  to a su b l im a t io n

{rasvçtus. A s u b l im a t io n  was c a r r i e d  ou t  from a tem pera tu re  of 200 °C

to  a cold  f i n g e r  a t  -78 °C. Wlrite p 'w d er ,  wetted  with l i q u i d ,  was found

on tlie co ld  f i n g e r .

The 1 ' q u i d , presumably u n re a c te d  t r i e th y l a m in e b o r a n e ,  was

removed from the co ld  f i n g e r  by washing with  pen tane ,  Ihe i n f r a r e d

spectrum of the white  s o l i d  remain ing  (IR VI(1 of Appendix 1I ) c o r r e l a t e d

reasonab ly  well  with the p u b l i sh e d  s p e c t r a  of b i s ( d i e t h y l a m i n o ) d i t h i ^ -  

(95)b o re tane  , however the  s o l u b i l i t y  of the v/hite m a t e r i a l  was not as

exp ec ted .  For example the  m a t e r i a l  was r e p o r t e d  to be s o l u b l e  in. 

p en tane ,  ch loroform ,  carbon t e t r a c h l o r i d e  and benzene.  Of these  s o l ­

v en ts  only  carbon t e t r a c h l o r i d e  d i s s o l v e d  s u f f i c i e n t  sample to  a l low  

an n . m . r .  spectrum to be o b t a i n e d .  This spectrun\ NMK VI ul Appendix 11,
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1

p o s s e s s e d  b r o a d ,  u n r e s o l v e d ,  a b s o r p t i o n s  a t  1 . 1  a n d  3.1 p . p . m .

d o w n f i e l d  f r o m  T . M . S .  T h e  a b s o r p t i o n s  r e p o r t e d  f o r  b i s ( d i e t h y l a m i n o ) - '

d i t h i a b o r e t a n e  w e r e  a  w e l l  r e s o l v e d  m e t h y l  t  a n d  m e t h y l e n e

(95)
q u a r t e t  a t  1.2 a n d  3.3  p . p . m .  d o w n f i e l d  r e s p e c t i v e l y  . A m a s s  

/  s p e c t r u m  o f  t h e  w h i t e  s o l i d  p o s s e s s e d  a  c u t - o f f  a t  m / e  347. T h i s

i n d i c a t e d  t h e  w h i t e  s o l i d  w a s  n o t  2 R^2^%^2

N B s ] ^ ,  i . e . ,  t h e  s i x  m e m b e r e d  r i n g  h a d  b e e n  p r e p a r e d .  T h i s  m a s s  

s p e c t r u m  i s  r e c o r d e d  i n  A p p e n d i x  I I  a s  MS I .

S e v e r a l  o t h e r  a t t e m p t s  w e r e  m ade  t o  p r e p a r e  - t l i e  f o u r
I

membered r i n g .  The fo l lo w in g  i s  an example-of a s u c c e s s f u l  p r e p a r a t i o n .  

T r ie thy lam ineborane  ( 1 .4  g,  12 mmol) was sy r inged  i n t o  the 25 cc 

c a p a c i ty  bomb in  the  dry  box. The bomb was assembled,  connec ted  to 

the vacuum l i n e ,  evacua ted  and cooled to -196 *̂ C. Hydrogen s u l f i d e  

(52 mmol) was condensed i n to  the bomb, which was then p laced  in an 

oven and hea ted  to 175 for tw en ty - fo u r  h o u r s .  The bomb was vented 

and the gaseous p ro d u c ts  were burned. The bomb was d i sa s sem b led  in the 

dry  box and benzene added. The r e a c t i o n  mix was d i s s o l v e d  in benzene 

and then t r a n s f e r r e d  to  a s u b l im a t io n  a p p a r a t u s .  The benzene s o l u t i o n  

was b o i l e d  to  remove a l l  t r a c e s  of hydrogen s u l f i d e ,  the  su b l im a t io n  

a p p a r a tu s  was connec ted  to  the vacuum l i n e ,  cooled to -196 and 

e v acu a ted .  The benzene was removed wiiilc slov/ly warming the s u b l im a t io n  

a p p a r a t u s ,  a s u b l im a t io n  was c a r r i e d  ou t  from a ho t  t em p e ra tu re  of 

75 °C to  a co ld  of -78 °L. The sub l im a t ion  a p p a r a tu s  was opened in  the 

dry box and the wiiite m a t e r i a l  on tlie cold f i n g e r  r e c r y s t a l l  ized  from 

pen tan e .  Ihe y i e l d  was 1 .0  g , 4 .3  mmol, 56b. This y i e l d  may be h igh ,
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as i t  was c a l c u l a t e d  on the  b a s i s  of  amount o f  m a t e r i a l  removed 

from the  co ld  f i n g e r ,  r a t h e r  than the amount r e c r y s t a l l i z e d .

The b i s ( d i e t h y l a m i n o ) d i t h i a b o r e t a n e  r e a c t i o n  p ro d u c t  was
tf

i d e n t i f i e d  by means o f  mass,  i n f r a r e d  and pr^ ron magnet ic  r e ^ n a n c e  

s p e c t r a ,  which a re  g iv en  in  Appendix I I  as  MS I I ,  IR IX and NMR VII.
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5 . 2 . 3 .  A n a l y s i s  o f  t h e  C r y s t a l  S c r u c t u r e  o f  B i s ( d i e t h y l a m i n o )  

d i t h  i a b o r e  La n e

5 . 2 . 3 . 1 .  Crgyslal Mounting and PhoLographic Work

As b i s ( d i ^ t h y l a n i i n o ) d i t h i a b o r e t a n e  i s  r a p i d l y  hydro lyzed  by 

a tm ospher ic  m o i s tu re ,  a l l  h a n d l in g  was done in  a dry  box. The com­

pound was d i s s o l v e d  in  a smal l  amount of  n -p en tan e  a t  room t e m p e ra tu re .  

The pentane  s o l u t i o n  was cooled on a Model TCP-2 T h e rm o e le c t r i c  Cold 

P l a t e  ( T h e r m o e le c t r i c s  U n l im i ted ,  I n c . ,  New J e r s e y ,  U I^ .A . )  u n t i l  

c r y s t a l s  of an a cc e p ta b le  s i z e  (ap p ro x im a te ly  0 .4  X 0 ,4  X 0 .1  mm) 

were o b ta in e d .  A c r y s t a l  v;as then removed from' the s o l u t i o n  and 

p la ce d  in the mouth of a Lindemann tu b e .  A g l a s s  f i b r e  was used to 

push the c r y s t a l  dovm tlie tube u n t i l  i t  wedged. The Lindemann tube 

was p laced  on a g l a s s  s l i d e  and broken o f f  about 6  mm from the c r y s t a l

w i th  a s c a l p e l . The broken end was s ea le d  by q u ic k ly  d ip p in g  the  end

o f  the tube in molten b lack  wax. This  c u t t i n g  and s e a l i n g  o p e r a t io n

was r e p e a te d  6  mm below the c r y s t a l .

The Lindemann tube was removed from the dry  box to  a p o l a r i z ­

ing  microscope and examined to  dete rmine  i f  the c r y s t a l  i t  con ta ined  

was a s i n g l e  c r y s t a l .  I f  the c r y s t a l  was a c c e p t a b l e  the  Lindemann tube 

was mounted on a gon iom ete r 'head  u s ing  b lack  wax.

p r a c t i c a l '  d i f f i c u l t i e s  Inc luded c l e a v in g  the  c r y s t a l s  \d ii le  

wedging tliem in the tu b e s ,  and m e l t in g  the c r y s t a l s  whi le  s e a l i n g  the 

t u b e s .

I n  a l l ,  ove r  f o r t y  c r y s t a l s  were mounted.  Of t h e s e  o n l y  four



161

w e r e  o f  s u f f i c i e n t  q u a l i t y  f o r  f u r t h e r  w o r k .  T h r e e  o f  t h e s e  f o u r

were no t  s i n g l e  c r y s t a l s  bu t  were a c c e p ta b l e  fo r   ̂ .o log raph ic  work.

Only one o f  the  c r y s t a l s  mounted was o f  s u f f i c i e n t  q u a l i t y  f o r  use on

the d i f f r a c t o m e t e r .

A f u r t h e r  d i f f i c u l t y  a ro se  in  t h a t  the c r y s t a l s  began to

"m e l t " ,  or lo se  c r y s t a l l i n i t y , a t  the  c o n t a c t  p o in t s  between the

c r y s t a l  and the  Lindemann tube .  Once t h i s  p rocess  s t a r t e d  the  c r y s t a l

l o s t  c r y s t a l l i n i t y  r a p i d l y ,  thus  c r y s t a l s  were s u i t a b l e  f o r  d a t a

c o l l e c t i o n  only fo r  two to f i v e  days a f t e r  mounting.

The dimensions  and a n g les  of the  u n i t  c e l l  were de termined

from Weissenberg  and p re c e s s io n  p h o to g ra p h s .   ̂The u n i t  c e l l  was found to

b e  t e t r a g o n a l ,  i . e . ,  a  = b c  a n d  OC = ^  ^  = 90° .  A c c u r a t e  c e l l

dim ensions  were dete rmined by mounting a c r y s t a l  on the d i f f i a c to m e  t e r

and measur ing  the  ang le s  a t  which d i f f r a c t i o n  maxima o ccu r red  fo r  28

r e f l e c t i o n s .  The c e l l  d im ensions  were then r e f i n e d  by the  method of

l e a s t  s q u a r e s .  C r y s t a l  d a t a  a re  g iven in Table  IX.

Two p o s s i b l e  space groups were i n d i c a t e d  by the Weissenberg

and p r e c e s s i o n  pho tog raphs .  These were e i t h e r  2 2  (No. 91) or

P, 2  9  (No. 9 2 ) .  The g e n e r a l  c o n d i t i o n s  l i m i t i n g  r e f l e c t i o n s  fo r  
1 1

these  groups d i f f e r  only in t h a t  no c o n d i t i o n s  are  imposed on hOO

r e f l e c t i o n s  f o r  P, while P,  ̂ 9  imposes c o n d i t io n s  hOO = 2n. The
1 1 1

r e f l e c t i o n s  100, 300, 500, e t c . ,  were n o t  observed .  This sugges ted  

the space group was P,  ̂ as was l a t e r  confirmed by s t r u c t u r e  r e f i n e -  

ment.

The c r y s t a l  d e n s i t y  was de te rm ined  by growing a l a rg e  c r y s t a l ,
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which was weighed and then measured on a t r a v e l l i n g  microscope  (E.E.

Becker and Co.,  London, En g lan d ) .  The d e n s i t y  was found to  be 1.08 

+ -3
- 0.08 gm cm . The d e n s i t y  c a l c u l a t e d  bn the  b a s i s  o f  e^ight 

molecules  per  u n i t  c e l l  was 1.10 gm cm

TABLE IX •
V

crystal data for BIS(DIETHYLAMINO)DITH1ABORETANE

System T e t rag o n a l

Space Group . P, _ ?
1 r

Molecular Weight 230.01 gm mole"^

C e l l  Dimensions a  = 10.396 -  0 .003^

b = 10.396 :  0.003%

c = 25.589 -  0.007%

^  = 90 .00°

C el l  Volume 2765 X 10 cm^
•

Densi ty  (measured) 1.08 -  0.08 gm cm”

* 3D ensi ty  ( c a l c u l a t e d )  1 .10 gm cm

Molecules  per  c e l l  8

5 . 2 . 3 . 2 .  D l f f r ac to m e t ry

The c r y s t a l  h a b i t  of [(C 2 H^) 2 NBsj 2  i s  a t e t r a g o n a l  t a b l e t  

showing the  l lO ,  1Ï0 and 001 f a c e s .  I t  was n e c e s sa ry  to  mount the 

c r y s t a l s  in the  Lindemann tubes  with the 110 (o r  1Ï0) p lan es  approx-
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i m a t e l y  p a r a l l e l  t o  t h e  t u b e  a x i s .  The  t u b e  w a s  m o u n t e d  o n  t h e  d i f f ­

r a c t o m e t e r  w i t h  i t s  a x i s  a p p r o x i m a t e l y  c - o l i n e a r  w i t h  t h e  ^  a x i s , i . e . ,  

w i t h  t h e  1 1 0  s e t  o f  p l a n e s  p a r a l l e l  t o  t h e  ( j j  a x i s .

F o r  p u r p o s e s  o f  i n t e n s i t y  d a t a  c o l l e c t i o n  i t  w a s  d e c i d e d  

t o  t r e a t  t h e  u n i t  c e l l  a s  f a c e - c e n t e r e d  r a t h e r  t h a n  p r i m i t i v e .  The  

n e w  a x e s  w e r e  c h o s e n  a l o n g  t h e  d i a g o n a l s  o f  t h e  p r i m i t i v e ,  c e l l .  T h e  

t r a n s f o r m a t i o n s  i n v o l v e d  w e r e :

h _  = k + h 
F p  p

or h ='%(h -  k )p 1

V  = + h-)

S'  = S '

where h^ ,  k^, 1 and h , k , 1 a re  the M i l l e r  i n d i c e s  fo r  the f a c e -  
F F F P P P

c e n t e r e d  c e l l  a n d  p r i m i t i v e  c e l l s  r e s p e c t i v e l y .

A t o t a l  of  654 r e f l e c t i o n s ,  up to  20  = 30°,  were measured.

The scan was in 20, fo r  one m inu te ,  a t  a r a t e  of 2° per minute  and 

background measurements were taken fo r  t l i i r t y  seconds a t  the beg inn ing  

and end of each scan .  A s t a n d a rd  r e f l e c t i o n  was measured every  hour ,  

i . e . , about every  20 r e f l e c t i o n s .  11 was found n e c e s sa ry  to  check 

the o r i e n t a t i o n  of the c r y s t a l  every  hour ,  p a r t i c u l a r l y  in the l a t t e r  

s t a g e s  of  da ta  c o l l e c t b n ,  due to the c r y s t a l  "m e l t ing"  a t  tlie c o n ta c t  

p o i n t s  w i t ^ t h e  Lindemann tube .  This "m e l t ing"  phenomenon a l s o  accounted  

fo r  the f a c t  t h a t  the i n t e n s i t y  of the  r e f l e c t i o n  from the s t an d a rd  s e t
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of  p lanes  dropped from 45200 coun ts /m in u te  a t  the beg inn ing  of the 

d a ta  c o l l e c t i o n  to  9617 c o u n ts /m in u te  a t  the  end, f i f t y - n i n e  hours  

l a t e r .  S e v e n ty - s ix  hou rs  a f t e r  d a ta  c o l l e c t i o n  was i n i t i a t e d  the  

count  r a t e  from the s t a n d a r d  r e f l e c t i o n  had dropped to  2576 co u n ts /  

m inute .

Lorentz  and p o l a r i z a t i o n  c o r r e c t i o n s  were a p p l i e d  to  the ' '  

d a ta  but an a b s o r p t io n  c o r r e c t i o n  was n o t .  The M i l l e r  i n d i c e s  were 

t ransformed  from the f a c e - c e n t e r e d  u n i t  c e l l  to  the  p r i m i t i v e  u n i t  

c e l l  before  the c a l c u l a t i o n  of  these  c o r r e c t i o n s .

As  the  Laue symmetry was 4/mmm the i n t e n s i t y  of the r e f l e c t i o n  

due to the  hkl s e t  of p l a n es  was equal to t h a t  of the  khl s e t ,  i . e . ,

l ^ ( l iH ) l  ~ (kh l) l  * ^ complete o c t a n t  had been g a th e r e d  ( t o  20 =

30^) i t  was p o s s ib l e  to  compare v a lu e s  with v a lu e s .

Where these  were l e s s  than 5% a p a r t  they were averaged ,  and where 

g r e a t e r  than 57. a p a r t  they were r e j e c t e d .  Only four  s e t s  of  r e f l e c t i o n s  

were r e j e c t e d .  The a v e rag in g  and r e j e c t i o n  p ro cess  reduced the s i z e  of 

the d a ta  s e t  to  373 p o i n t s .

5 . 2 . 3 . 3 .  S t r u c t u r e  D e te rm ina t ion

T h e  a t o m i c  s c a t t e r i n g  f a c t o r  c u r v e s  f o r  b o r o n ,  c a r b o n ,  

n i t r o g e n  <ind s u l f u r  w e t e  o b t a i n e d  f r o m  t h e  I n t e r n a t i o n a l  f a b l e s  f o r  

X-r<iy ( , r y s t a l  1 o g r a p h y ^   ̂  ̂ I h e  a t o r u s  w e r e  a s s u m e d  t o  b e  u n c h a r g e d .

The  t i i r e c - d i m e n s i o n a l  P a t W i s o n  map  s h o w e d  s e v e r a l  peaks 

w h i c h  a p p e a r e d  t o  c o r r e s p o n d  w i t h  s u l f u r - ^ i l f u r  v e c t o r s .  On t h e  b a s i s
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o f  these  peaks s u l f u r  p o s i t i o n s  were a s s ig n e d  and a s t r u c t u r e  f a c ­

to r  c a l c u l a t i o n  and l e a s t  square  re f in e m e n t  c a r r i e d  o u t .  The R va lue  

a t  t h i s  s tag e  was 0 . 5 1 5 , -weighted R was 0 .5 4 4 .  F o u r ie r  and d i f f e r e n c e

F o u r ie r  maps were o b ta in ed  employing the  phas ing  d e r iv e d  from the 
/

s t r u c t u r e  f a c t o r  c a l c u l a t i o n .  These maps a llowed the a ss ignm ent  of

two carbon atoms (C and C_) and a no the r  re f in e m e n t  cyc le  was c a r r i e d  '1 Z p

o u t .  The R va lue  dropped to  0 .496 ,  weighted  R to  0 .483 .  The p o s i t i o n s  

of the boron and n i t r o g e n  atoms, p lus  two more carbon atoms (C^ and C^) 

were p r e d i c t e d  on thç b a s i s  of  F o u r ie r  and D i f f e r e n c e  F o u r ie r  maps.

At t h i s  s tag e  the R va lue  dropped to  0 ,306 ,  weighted  R to  0 .289 .  The 

p o s i t i o n i n g  of the  f i n a l  four  carbon atoms was sugges ted  by a d i f f e r e n c e  

F o u r ie r  map. With these  atoms p o s i t i o n e d ,  two r e f in e m e n t  cy c le s  reduced 

the R va lue  to  0 .127 ,  weighted R to  0 .093 .  S l i g h t  changes in atomic 

p o s i t i o n s  reduced the  R va lue  to 0 .120 (0 .109  o m i t t i n g  ze ro es )  with a 

f i n a l  weighted  R o f  0.091 (0 .088  o m i t t i n g  z e r o e s ) .  At t h i s  p o in t  no 

s h i f t  was g r e a t e r  than 0.08 of a s tan d a rd  d e v i a t i o n ,  and the h i g h e s t  

peak in the d i f f e r e n c e  F o u r i e r  was 0.381 e l e c t r o n s  %

An a b s o r p t io n  c o r r e c t i o n  was c o n s id e re d  s ince  one dimension 

of the c r y s t a l  was s h o r t e r  than the o th e r  two ( 0 . 4  X 0 .4  X 0.1  mm). A 

c a l c u l a t i o n  showed the  i n t e n s i t i e s  would vary  by -10/', about  a mean v a lu e ,  

with  the maximum and minimum a b so r p t io n  occult ing with the beam along  the

long and s h o r t  c r y s t a l  d imensions  r e s p e c t i v e l y ,  i . e . ,  a t  0 =  0° and

o. '  '0  = 90 . a b s o r p t io n  c o r r e c t i o n  was n o t  made s in ce  much of the d a t a

was c o l l e c t e d  away from d  = or  90° and t h e r e f o r e  the average  in -



166

t e a s i t y  v a r i a t i o n  would be l e s s  than -10%.

The use of a n i s o t r o p i c  thermal  pa ram ete rs  was p reven ted  by 

the smal l  s i z e  o f  the d a ta  s e t .  A comp.ete s e t  o f  a n i s o t i o p i c  thermal 

pa ram ete rs  would r e q u i r e  137 v a r i a b l e  pa ram e te r s ,  g iv in g  only t h r e e  

r e f l e c t i o n s  per parameter^. This  i s  n o t  a s u f f i c i e n t  o v e rd e te r m in a t io n .

An a n a l y s i s  of  \ .he  v a r i o u s  r e s i d u a l s ,  R, was c a r r i e d  out  
)

to  see i f  th e re  were s y s te m a t ic  v a r i a t i o n s  in the va lue  of R. I t

was found t h a t  R in c re a s ea s ^ .

L Vcli i.

/ a s  |F .I ohs d e c r e a s e d ,  i . e . ,  fo r obs

F , below 1.0.6 obsl Rabove 24.1 R was l e s s  than O.lOl while  fo r  

va lues  -ere g r e a t e r  than 0 .280 .  This  v a r i a t i o n  can be r e l a t e d  to the 

g r e a t e r  d e g n  of u n c e r t a i n t y  in the e x p e r im en ta l  c o l l e c t i o n  of weaker 

i n t e n s i t y  r e f l e c t i o n s .  I t  was a l s o  found t h a t  p lanes  with M i l l e r

iudj.ces h t k = 2n the average obs was 34 .0 ,  while  to r  p lanes

h + k = 2n + I , the average  F ,; oos was 13 ,4 .  As a i . s u i t  of  the r e l ­

a t i v e l y  low in e n s i t i e s  for the l a t t e r  p lan es  the R va lue  a s s o c i a t e d

with h + k = 2n + 1 was 0 .215 ,  while  Lh^t of the p l j n e s  h + k = 2n
— . . y

was 0

'ihe va lu es  ol the r e s i d u a l  indi^a taU t l r . t  the re f inem en t  

p iu ces s  hac been don;: ' ed by the moi e i n te n se  ’*et l e c t i o n s .  Since i t

V..',-, bel lev,-d t h a t  a sigr. 1 1  iCc ni amount of in fo rm at ion  about the s t r u c t u r e  

W.1 -, c ont . I inec in t h e  e i j e ' t i - u i s  o! 1 i n t e n s i t y  a w ig h l i n g  scheme 

Was emjilovt d v.noji , i/dir Lii i!k Weights of tiu* 'aore i n te n se  r e f l e c t i o n s ,  

b . I l l )  ( a l l y ,  I n Kn r-) on;, with jj , I g r e a t e r  * ban 2 ‘).(i (113 i n f l e c t i o n s  

in . J . ,  w 1 a . ' i g n e d   ̂e i g h th  ny i . e  formula

■.0

L
> !
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Here Sc i s  the s c a l e  f a c t o r  used to  s c a l e

r e f l e c t i o n s  with Fobs l e s s  than 25.0  w e igh ts  were a ss ig n ed  by

Weight =
Sc

No s h i f t s  in atomic or thermal pa ram e te r s  were observed  

on a p p l i c a t i o n  of t h i s  w e igh t ing  scheme. Ihe  use of a weight ing

o th e r  than u n i t y  fo r  r e f l e c t i o n s  with Fobs below 25.0  was no t

warranted  due to the exp e r im en ta l  u n c e r t a i n t y  in the  measurement of 

the i n t e n s i t y  of the weak r e f l e c t i o n s !  The accuracy  of  the  da ta  

a s s o c i a t e d  with  the low i n t e n s i t y  r e f l e c t i o n s  would have been improved 

b y 'co u n t in g  each r e f l e c t i o n  over a long'er time pe r iod  than the one min­

u te  scan employed, but the r a p id  d e g r a d a t io n  of the c r y s t a l  p rec luded  

la  i s  approach.

^le p o s i t i o n a l  and thermal p a ram ete rs  d e r iv e d  from the l a s t

cyc le  of l e a s t  squa res  r e f in e m e n t ,  with t h e i r  s t a n d a rd  deviati/sfuTp'jare

(p re sen te d  in Table X. Ihe  f i n a l  v a lu e s  of  observed  and calcua^te^
\

s t r u c t u r e  f a c t o r s  are  recorded  in Appendix 111. , '
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TABLE X

FRACTIONAL ATOMIC COORDINATES AND ISOTROPIC THERMAL 

PARAMETERS FOR BIS(D1ETHYLAMIN0)D1THIAB0RETANE

At om X Y Z B

S I 0.3793C 8 ) -0 .3845( 9 ) 0.3072( A) 5.34( 28)

32 - 0 .1 1 I 2 ( 8 ) 0.1214( 8) 0.303S( 3) 4 .71 (  26)

Cl 0.1398( 28) - 0 . 1 ^ 3 S ( 30) 0.3007( 10) 4 .83(  83)

C2 0.0134( 34) -0 .23b9( 3 6 ) 0.3099( 1 2 ) 8 .14(  98)

C3 -0.3799C 3 0 3.  Au3o( ' - 3 2 ) 0 .J0u2( .11) 6.29( 90)

04 -0 .2559( 34) l . 4 , 3 3 ( 32) 0 .3134( 1 1 ) 7.221 93)

o5 U.lOSp( 2 8 ) 0.3jU9( 2 7) 0.29A7( 10) 4 .73 (  78)
.

c 6 U.2332( 3 4 / U.2712( 3 3 ) U.3061( 1 1 ) 8 .61(  91)

C 7 0.0855( 33) 0.3427C 3 4 ) 0.1927( 12) 7.40(103)

L S 0.0223( 32) 0.4743C 34) 0.1796( 1 0 ) "6.  72( 83)

BI 0.3071( 9C ) -0 .307] 0.2300
1

9.48(184)

B2 0 . A S'-i. \ 8 0 -0.45A3 0.2500 8 .62(151)

B3 l.U39A( 3 3 ) 0.2006( 34) 0.2473C 1 3 ) 4 .77 (  86)

NI 0.21241 A S ) -0.212A 0.2500 A.88( 8-0

N2 -  Ü .  A ABC' v O 0.4479 0.2500 6.49( 95)

N3 0.0A93( 2 3 ) 0.2912( 22) 0.244C( 9 ) 5 . 0 (  62)

—S lu n d n r d  l)ev)c;t.Luns in  i ’. i r o n l h e s c s



CHAPTER Vi 

DISCUSSION

Bridge SubsLiLuLion in PenLaborane(9)

Tiie C r y s t a l  S t r u c t u r e  o l  B i s ( d i e t h y l a r r . i n o ) d i l h i a b o r e l a n o
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6. D i s c u s s i o n ,

6 .1 .  Bridge S u b s t i t u t i o n  in Pen taborane(9 )
c

6 . 1 . 1 .  P r o p e r t i e s  o f  l i t h i u m  o c r a h y d r o p e n t a b o r a L e ( 1 - )

The r e a c t i o n  between m e thy l l  ittiium and pen tab o ran e (9 )  to

torm ithium o c t a h y d r o p e n t a b o r a t e i l - )  proceeds r e a d i l y  a t  -78

I I  1
i n  d i m e t h y l  e t h e r .  The ‘ B n . m . r .  a n d  H n . m . r .  s p e c t r a  o f  t h i s

b o r a t e ( l - )  c o m p o u n d  a r e  l a b e l l e d  N M k  IX a n d  N M k  11 r e s p e c t i v e l y  i n

A p p e n d i x  I I .  T h e i r  o v e r a l l  r e s e m b l a n c e  t o  t h e  s p e c t r a  o f  p c n t a b o r a n e O )

i s  a p p a r e n t .  However, the presumption  of LiBrH» fo rmat ion  was based ̂ o

p r i m a r i l y  on  i t s  a b i l i t y  t o  r e a c t  f u r t h e r  w i t h  d i m e t h y l b o r o n  b r o m i d e  

t o  y i e l d  t h e  r e a d i l y  i d e n t i f i e d  d i m e t h y l b o r y l p e n t a b o r a n e O ) .

As t h e  o c t a h y d r o p a n t a b o r a t e f L - j  i o n  c a n n o t  b e  f o r m e d  i n  h y d r o ­

c a r b o n  s o l v e n t ,  o r  i n  t h e  a b s e n c e  o f  s o l v e n t ^ ^ ^ ^ ,  i t  m u s t  b e  c o n c l u d e d  

t h a t  t h e  s o l v e n t  p l o y s  a  s i g n i f i c a n t  l o l e .  i t  w a s  f o u n d  i n  t h e  c u r r e n t  

w o r k  t h a t  n o t  a l l  t h e  s o l v e n t  c o u l d  be  r e m o v e d  f r o m  a  s a m p l e  m a i n t a i n e d  

a t  - 3 0  I h e  a m o u n t  o f  s o l v e n t  r e i n a i r i i n g  c o r r e s p o n d e d  t o  a n  e m p i r i c a l

f o r m u l a  o f  L i B- H fCH , )  ^0 . I t  w a s  a l s o  a p p a r e n t  t h a t  s o l v e n t  r e -O J> ^

m o v a l  c a u s e d  d e c o m p o s i t i o n ,  a s  p c n t a b o r a n e ( V )  c o u l d  n o t  b e  g e n e r a t e d  on 

a d d i t i o n ^ ) !  s o l v e n t  a n d  h y d r o g e n  c h l o r i d e  t o  t i i e  s o l i d  b u r a t e ( l - )  s a l t ,  

l l i e  i n f r a r e d  s p e c t r a  ui  a s a n . j l e  ' d  L i b ^ H ^ . z  ( J R  1 1 a  a n d  b)

p r o v i d e d  t h e  f ' l  l o w i n g  a d d i t i o r i a i  e v i d e n c e  o f  d e c o m p o s i t i o n ;

( /X )
1)  { . a i n e s  a n d  1 o r n . ,  r e p o r t e d  t iu- i n J r a r e d  s p e c  t i  a  ot
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\J

a v a r i e t y  of  Group IVA b r idged  p e n tabo rane (9 )  compounds- A l l  show 

an a b so r p t io n  in the re g io n  1810-1830 cm This i s  the frequency  

a ss ig n ed  to b r id g in g  B-H-D s t r e t c h  in p e n t a b o r a n e ( 9 1 T h i s  band 

i s  no t  p r e s e n t  in IR 11a or h.

2) Although l i t h i u m  o c t a h ) d r o p e n t a b o r a t e ( 1 - )  i s  known 

to decompof^^'-apidly a t  room t e m p e r a t u r e ^ t h e  i n f r a r e d  spectrum 

of  the sample from which y^vent  had been removed showed on ly  minor 

changes a f t e r  tw en ty - four  h o u rs .

3) When . l i t h iu m  o c t a h y d r o p e n t a b o r a t e ( l - )  decomposes the

p roduc ts  a re  the  borohydr ide  (BH/) anion ( n .m . r .  ev idence )  a rd  o^her

u n i d e n t i f i e d  s p e c i e s ^ ^ ^ ' \  I n f r a r e d  s p e c t r a  11a and b show a b s o r p t io n s

-1a t  2315 and 1080 cm , which are  comparable to  those  expected fo r  

l i t h iu m  borohydride  a t  2320 and 1096 cm

I h e r " f o r e ,  in a d d i t i o n  to  the p re v io u s ly  known thermal in­

s t a b i l i t y  of the c u r r e n t  study has e s t a b l i s h e d  th a t

LiByi^ decomposes when s o lv e n t  i s  removed from a sample m a in ta ined  

a t  a tempera ture  a t  which the u c t a h y d r o p e n t a b o r a t e ( l - ) s a l t  i s  t h e r ­

mal! v s t a b l e .

6 . 1 . 2 .  y/ -Ui: .e  thyIbory  ! pentaborr^ney9)

ü imet l iy lboron üromide was r e a c t e d  with  l i t t i ium ocLahydio-

p e n t a b o r a t e ( l - )  to form -diuieti.y ! b o r y I p e n ta b o r a n e ( 9 ) . Die fo rmation

of t i l l s  product was ccnf irmcd by i t s '  n .m . r .  spee t ium. Assignaient

(3 I )oi t h i s  p ; e '  l i u m  l.hMi' X)  wu = b . i s e d  on t h i t  ol G.unes and I c r n s  ‘ .
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The h igh  f i e l d  d o u b le t  of r e l a t i v e  a r e a  one was a s s ig n e d  to  the

' ^ a p ica l  boron.  The t r i p l e t  of  r e l a t i v e  a r e a  four  c o n s i s t s  of- two

o v e r l a p p in g  d o u b l e t s ,  one fo r  chem ica l ly  e q u i v a l e n t  and (see

F igu re  X l l )  and the  o t h e r  fo r  chem ica l ly  e q u i v a l e n t  and B y  These

d o u b le t s  a re  a s s ig n e d  to boron bonded t o  hydrogen.  The low f i e l d

s i n g l e t  of r e l a t i v e  a r e a  one i s  p r t i a l l y  obscured  by the h igh  f i e l d

d o u b le t  o f  the s i d e  band. This  s i n g l e t  was a s s ig n e d  to  the b r id g e r

boron atom which i s  n o t  bonded to a hydrogen atom. The n . m . r .

spectrum of ^ ~ d im e th y lb o r y lp e n t a b o ra n e (9 \*  (NMK I I I )  i s  similagY^o Llwt

of p e n tab o ran e (9 )  (NMR l )  as  would be e x p ec te d .  Some im pur i ty  peaks

were p r e s e n t  as  e l a b o r a t e  s t e p s  were no t  taken to  p u r i f y  the  sample.

The l i n e  wid ths  of the  im pur i ty  peaks i n d i c a t e  t h a t  th e se  peaks a re  due

to  carbon bound p r o to n s .  The high  i n t e n s i t y  a b s o r p t i o n  due to the s ix

methyl p ro tons  p rec lu d ed  a f f e c t i v e  i n t e g r a t i o n  to  de termine  the r e l a t . , e

n u m b e r s  o f  b r i d g i n g  a n d  t e r m i n a l  p r ê t o n s .  T h e  o v e r a l l  a p p e a r a n c e  o f  t h e

(81)
s p e c t r u m  i s  v e r y  s i m i l a r  Co t i . a t  p u b l i s h e d  by  G a i n a s  a n d  l o r n s ^  

m a k i n g  a l l o w a n - c s  f o r  the d i f f e r - n g  c h e m i c a l  s h i f t s  o b t a i n e d  o n  t h e i r  

1 00  ;2dz i n s t r u m e n t  co mp j p r e d  w i t h  t h e  bO kîHz m a c h i n e  u s e d  t o  o b t a i n  NOR

j i l  .

6 . 1 . 3 .  At tcjiipt s tu P r e p a r e  b r i d g e d  u toup  1 I lA P e n t a b o r a n c ( y )  D e r i v a t i v e s

6. ) . j . I . Till / t  tempted Reac t ion  (-1 i) ie lPy 1 a lum i r.um G h l u r i ' u  v.i 1̂,

Lithium Gc ta liydropcntab  u ate

An a t t e m p t  w a s  made tu p r e p a r e  y h - d l e t h y  1 a  1 u m / a u m p e i u . ) u o r .i'.e ’)
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by the  a d d i t i o n  of d ie thyla luminum c h l o r i d e  to  a s o l u t i o n  of  l i t h i u m  

o c t a h y d r o p e n t a b o r a t e ( 1 - )  in d imethyl  e the r  a t  -45 °C. The d e s i r e d
►J

p roduc t  was expec ted  to  have s u f f i c i e n t  v o l a t i l i t y  to  pe rm i t  d i s t i l l ­

a t i o n  d i r e c t l y  from the r e a c t i o n  f l a s k ,  s ince  i t s  m o lecu la r  weight 

would be bt-tween t h a t  of ^ - d i m e t h y l b o r y l p e n t a b o r a n e ( 9 )  (103 g mole '̂) 

and y X - t r i e t h y l s i l y l p e n t a b o r a n e ( 9 )  (177 g mole *■). Both these  l a t t e r  

compounds have been d i s t i l l e d  d i r e c t l y  from r e a c t i o n  f l a s k s  a t  temp­

e r a t u r e s  below -20   ̂ Also d im e th y la lu m in u m tr ib o ra n e (y ) ,

while  no t  a b r idged  s p e c i e s ,  i s  s i m i l a r  to  the br%gecl sp ec ie s  and has 

a vapor p r e s s u r e  of 1 3 t o i r  a t  0

Thus i t  was f e l t  t h a t  a s u c c e s s f u l  r e a c t i o n  would y i e l d  a 

p roduc t  which could  be d i s t i l l e d  d i r e c t l y  from the r e a c t i o n  f l a s k .  The 

appearance of l i t h i u m  c h lo r id e  would have i n d i c a t e d  a s u c c e s s f u l  r e a c t i o n ,  

bu t  d e t e c t i o n  of  t n i s  s a l t  was p r o h i b i t e d  by the murky appearance of , 

LiB-Hy s o l u t i o n s .  Powder photography was n o t  employed as  a t e s t  

fo r  l i t h iu m  nJ i io r ide .

Wlien t h e  r e a c t '  n v/as c a r r i e d  o u t  rio v o l a t i l e  m a t e r i a l ,  o t h e r  

;.cH s o l v e n t ,  w a s  r e c o v e r e d  f r on .  : ' c r *. a < t  i o n  f l a s k  a t  -  c I ° C .  On t h e  

b a s  A t h i s , a n d  s u b s e q u e n t l y  d i "  v s p e c t r a l  o b s e r v a t i o n s ,  ' t  

wa s  c o n  Ui ' j v J  t .  t  t h e  b r i d g e d  ,i 1 c i  m u m  c o m p . u n d  w a s  n o t  p n  s e n t .

un warming the 11 ,s<c slov.-lc to i ■ ■ j., tc \pi i a tu r e  Ir  i e t h y i b o r a n c  

, i S  O : a  l i a  c  .  11.  I S  r - ' ^ e d  q u t s l .  -t. ,,  l a  -  d  , e  t h y  laluit.inu p m L . j -

Uc; iiie (91 , <ia, h compose to y uT.d is u. o.> 1 1. a ,,ue , oi wa s t:a I r i e l h y ) -

r  a . , "  , , r o d u .  t  t , t  ' ' . I  : I ' > . ' a  o u  u n i t  yl aluminum ( 1. loi ide n .  .
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the  decompos i t ion  p roduc ts  of l i t h iu m  oc tahydr^pen taboraX e( . l - )?

A t i l i r ^  mode of  fo rmation  of  t r i e th y lb o r a n e . ,  the  r e a c t i o n  be tween '  

d ie thyla luminum c h lo r id e  and l i t h iu m  o c t a h y d r o p e n ta b o ra t e ( I - ) a t  

room tem pera tu re  was r e j e c t e d  due to  1 ) ,  the  i n s t a b i l i t y  o f  l i t h i u m  

o c tah y d r o p en ta b o ra te  a t  room tempera ture  and 2 ) ,  the f a c t  t h a t

l i t h iu m  o c tah y d ro p en ta b o ra te  decomposes when the  s o l v e n t  i s  r e ­

moved.

While th e re  i s  no ' d i r e c t  ev idence  to suppor t  e i t h e r  of  the"" 

two p o s c u la te d  schemes for  the fo rm at ion  of t r i e t h y I b o r a n e , the  fo l low ­

ing i n d i r e c t  ev idence  does e x i s t  :

1) y f t -d im e th y lb o ry lp e n ta b o ran e (9 )  and tlie Group IVA p e n ta -  

borane(9)  s p e c i e s  a l l  have s u f f i c i e n t  thermal s t a b i l i t y  to  a l low  t h e i r  

s p e c t r a  to  be o b ta in ed  a t  room temperature^^^  ’ T h e r e f o r e ,  i t

seemed l i k e l y  t h a t ,  had the br idged aluminum compound been p r e s e n t  i t

would have been p o s s ib l e  to o b t a in  i t s  spectrum a t  room . tem pera tu re .
\

The presence  of a b r idged  compound , ould have been in d ic a ted ' 'b y  a band 

in the r eg io n  I81U-1830 cm in the spectrum^ 7 8 ,1 12y ^

This  band i s  m iss ing  in tiie i n f r a r e d  spectrum (IK 111) of 

rt;c re..c uion p ro d u c t s .  Had r.o r e a c t i o n  o ccu r red  between the two r e a c ­

t a n t s  the i n f r a r e d  s p e d  rum siiould show the p resence  of both d i e t h y l -  

aluminu.:, ch lo r id e -d im e  thy] e t î i e r a te  and tlio dccou.pos it ion  p roduc ts  of 

l i t l i ium o c t a h y d r o p e n l a b o r a l ^ l l - ) .  A comparison o Ik I I I  v/ith 

IK II  aiid It' V siiows the presence  ol both r e a r  c a n t s .  In f a c t  ttic uni; 

abb or pi runs no t  a s s ig n a b le  to  llie se s p ec ie s  occur a t  8U0, bit) and
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1100 en and a re  i n d i c a t e d  on IR I I I  with  a rrows .  The bands a t  800 

and 1100 cm  ̂ cor respond  wi th  bands p r e s e n t  in the i n f r a r e d  spectrum 

(IP, X) of the s i l i c o n e  g rea se  used on the  a p p a r a t u s .  A l l  the  o th e r  

bands in  the spectrum oi the  g rease  a l s o  correspond with one or  ano ther  

of the bands p r e s e n t  in IR I I  or IR V.

T he re fo re  the i n f r a r e d  spec'Tum of the r e a c t i o n  r e s i d u e  f a i l s  

to  give  any i n d i c a t i o n  of the presence  of  y(T-dimethylalurninumpenta- 

b o ra n e (9 ) .  Furthermore, only  one ba»id, t h a t  a t  820 cm ^ , i n d i c a t e d  

t h a t  any r e a c t i o n ,  o th e r  than the fo rm at ion  of die thyla luminum c h lo r id e -  

d imethy l  e t h e r a t e  and the decompos i t ion  of l i th iu m  o c tah y d ro p en ta ­

b o ra te  had o c c u r r e d .

2) Alkylalumiaum compounds a re  known to  be e f f e c t i v e  a l k y l ­

a t i n g  a g e n t s  in e i t h e r  ti.e presence  or  absence  of s o l v e n t .  T r im ethy l -  

aluminum r e a c t s  with  both d i b o r s n e ( 6 ) ^ ^ ^ a n d  p en tabo rane (9 )  (see

5 .1 .2 .7 }  to  y i e l d  t r im e th y l b o r a n e .

3) AS p y r o l y s i s  of ^ - d i m e t h y l b o r y l p e n t a b o r a n e ( 9 )  f a i l e d  to 

y i e ld  any t r im e th y lb o ran e  i t  seems r e a so n a b le  to assume t h a t  p y r o l y s i s  

of yd-d ie t i .y la luminui i ipentaborane(9)  should n o t  y i e ' d  tr i e th y lb o r a n e .

These p o i n t s ,  con s id e red  t o g e t h e r ,  suppor t  tne sugges t ion  

t h a t  the t r i e t h y l b o r a n e  found on warming the r e a c t i o n  f l a s k  to room 

temperature  was a p roduct  of some r e a c t i o n  o th e r  than the decomposit ion 

ol ^  - d i e  thy laluminurr.pentaboranc( 9 )  .

Ihe thermodynamic d r i v i n g  for vO 1 or the r e a c t i o n  between 

Irtiiiu;:. boro t c ( ! - ) s a l t s  and h a l id e  c o n t a i n i n g  cotupounds i s  presumably
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the fo rmat ion  of the e t h e r  in s o lu b le  l i t h iu m  h a l i d e s ,  e g . ,

(CH^)^BBr + LiB.Hg--------------------------------------+ LiBr

F a i l u r e  to  p repare  y / - ( C 2 H^) 2 AlB^H^ can be a t t r i b u t e d  to  the r a p id

fo rmat ion  of the d imethyl e t h e r a t e  of d ie thy la luminum c h l o r i d e .  Rapid

fo rmat ion  of t h i s  e t h e r a t e  was i n d i c a t e d  s ince  the vapor p re s s u r e  above

an equimola r mix ture  of d im ethy l  e t h e r  and d ie thy la luminum c h l o r i d e

remained a t  zero  when the  mix tu re  was warmed from -196 °C to -45 °L.

E ther  complexes of the d ia lky la luminum h a l i d e s  a re  known to be very

s t a b l e  and may be d i s t i l l e d  w i thou t  d i s s o c i a t i o n ^ ^ ^ \

In c o n t r a s t  d i a l k y l  boron h a l i d e s ,  u n l ik e  boron t r i h a i i d e s ,
»

do not r e a d i l y  form i s o l i b l e  e t h e r a t e s ,  and may, in f a c t , ,  be d i s t i l l e d  

in uncomplexed form from e t h e r a l  so lv e n t s^ ^ * ^ \  T h e -e th e r  group on 

die thyla luminum c h lo r id e - d im e th y l  e t h e r a t e  in c r e a s e s  the bulk  of  the 

aluminum cantpc^und, thus h in d e r in g  the a t t a c k  of t h i s  s p e c i e s  on the 

o c t a h y d r o p e n t a b o r a t e ( 1-) io n .  As w e l l , the e t h e r  group o ccup ies  the  

s i t e  a t  which the aluminum atom might i t s e l f  be a t t a c k e d ,  i . e . ,  the 

vacan t  3p o r b i t a l .

6 . 1 . 3 .  2.  Ttie At t empted  K e a c l i o n  of  D i m e t h y l  t h a l l i u m  Biomide wi th 

L i t h  ium Oc t a h v d r o p e n t a b o r a  te

An a t t e m p t  was  c . ade  t o  p r e p a r e  - d i n . e t'Uy 1 t h a  11 i u n i p e n t a ­

b o r  a n e  (9) by t h e  r e a c c i u n  o t  d i m e t h y l  t h a l l i u m  b r o m i d e  wi  t h  l i t h i u m  

- u c  tahydi opent-. t,  T a t e  1 1 -  1 IP j » . , . e t l . y l  .. t h e c  a t  - 13 As  the d e s i r e d  ,

p r o d u v  t  w o u l d  h a \  e h a d  luv. vu 1 a 1 1 i t y  due t o  i t s '  i i i g h  a i o l e ^ u l a r  w e i g l u



177

( 296 g mole Lhe r e a c t i o n  f l a s k  was des igned  to a llow a s u b l i ­

mation  to be c a r r i e d  ou t  d i r e c t l y  from the  r e i c . t i o n  m ix tu re .

The o n l y  v o l a t i l e  m a t e r i a l  o b t a i n e d  was s o l v e n t .  Some 

m a t e r i a l  c o l l e c t e d  on t he  c o l d  f i n g e r  due t o  t he  s o l u t i o n  bumping as 

t he  s o l v e n t  was removed.  An i n f r a r e d  spec t rum o f  t h i s  m a t e r i a l  ( IR VJ) 

showed t h r e e  p e a k s  n o t  p r e s e n t  in  IR I I ,  t he  d e c o mp os i t i o n  u r o d u c t  of 

l i t h i u m  oc t a h yd ro p e n  t a b o r a t e d -  ) .  One o f  t h e s e ,  a t  8 CO cm \  was 

due t o  d i m e t h y l t h a 11ium b romi de ,  b u t  the o r i g i n  o f  the e t h e r  two peaks  

a t  7 3 )  and 9 6 5  cm ^ , and i n d i c a t e d  by a r rows  on IR V I ,  i s  unknown.  The
^ j|̂  •

absence of  a band in the ' reg ion  1810 -  1830 cm was evidence  t h a t  the 

b r idged  s p e c i e s  was no t  p r e s e n t .

I t  was s u g g e s t e d  by the  s t o i c h i o m e t r y  of  t he  d e s i r e d  r e a c t i o n

(CH^)^TlBr + LiB^Hg ---------- ^ + LiBr

t h a t  a powder photograph of the  r e a c t i o n  r e s id u e  would re v e a l  the p r e ­

sence of  l i t h i u m  bromide i f  the  r e a c t i o n  were s u c c e s s f u l .  The powder 

photograph showed only  d im e th y l th a I I iu m  bromide.
. 1

powder pho t o g r ap h y  w i l l  d e t e c t  a c o n s t i t u e n t  in a f i x t u r e  o n l y  

i f ,  a s  a r u l e  o f  t h u m b , i t  i s  p r e s e n t  in a q u a n t i t y  g r e a t e r  than  a b ou t  5% 

by weight^  Making a l  lowances  f o r  the f a c t s  t h a t  tiie ma j o r  s c a t t e r ­

ing atoms a r e  t h a l l i u m  and bromine ,  and t h a t  1i t h  ium bromide has  a c u b i c  

u n i t  c e l l  w h i l e  dime thy I t h a 11ium bromide has  a t e t r a g o n a l  u n . t  c e l l ,  t he  

c o n c l u s i o n  was r e a c h e d  c h a t  i f  t he  r e a i t i o n  were l e s s  than ab^ut  15% 

compl e t e  l i t h i u m  bromide might nu t  be d e t e c t e d  in the  r e a c t i o n  r e s i d u e .

I t  i s  c o n c l u d e d  on  t i i e  b a s i s  o l  i n f r a r e d  s p e e t r o s c o p y  a n d
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powder photography t h a t  the b r idged  compound yCt-(CHg) 2 llB^Hg was 

no t  p r e s e n t .  The reason  fo r  the  f a i l u r e  to  form the b r idged  compound 

could be thermodynaiTiic in n a t u r e .  D im e th y l th a l l iu m  bromide i s  an ion ic  

s o l i d  and the energy r e q u i r e d  to  d i s r u p t  the  io n ic  l a t t i c e  could  be 

s u f f i c i e n t  to p re v e n t  r e a c t i o n .  Also,  the two phase r e a c t i o n  system 

r e s u l t i n g  from the  e t h e r  i n s o l u b i l i t y  of  the  t h a l l i u m  compound could 

have i n h i b i t e d  r e a c t i o n .

6 . 1 . 3 . 3 .  Thp Rea c t ions Between P en tab o ran e (9 )  and

I) Trimethylaluminum and 2) Trimetlgylborane

I t  has  been wei 1 ' esLabl ished  t h a t  t r i ^ i lcyl jZfbup I I IA  s p e c ie s  

can r e a c t  with compounds c o n ta i n in g  a c t i v e  hydrogen and e l im in a t e  

hydrocarbon. This  e l i m i n a t i o n  is  f r e q u e n t l y  preceeded by the format ion,  

of an i s o l a b l e  complex, e g . ,

or (CH^)^B + NU^.--------> (CH^)b :NH^ ----------

but fo rmation  o f  an i s o l a b l e  complex i s  no t  a b s o l u t e l y  n e ce s s a r y ,  e g . ,  

^ [ ( C 2 H ^ ) g A l ] ) +   y C ^ H ^ C S C A K C ^ H . ) ^  +

o r  ( C ^ H ^ ) j B  4 CH^COOH ------------------------------------------------------- 4-

i n  g e n e r a l  t ! u > e  r t a c  t  i o n s  . - p r o e e e d  n . o r e  r e a d i l y  fo r  t h e  a l u m i n u m  

t i  lal^.y i 5 Ll iau t o r  t h o s e  o f  b o r o n .  F o r  e x a m p l e ,  t r  i m e t h y l b o r a n e  does 

not b y ) :  ' o i t  I ) / ; .  t empo  r a t u i  e , w i i e r e a s  t r i m e t h y l a l u i i i i n u . i l  un d e r g o » ,  s

h y d r o ly s i s  a l m o s t  e x p l o s i v e l y .
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I f  r e a c t i o n s  of  the  type

 ̂ [(CH^)2A1]2+ --------- K//-CCH2)2AlB^HL + CĤ

+ B.Hg  + CH^

were s u c c e s s f u l  methane,  which i s  e a s i l y  i d e n t i f i e d , '  would be produced.
*

When tr imethyla luminum was mixed with  pentaborane(.9) in  ' d i ­

methyl e t h e r  a t  tem p e ra tu res  va ry ing  from -45 °C to room tem pera tu re  .no 

methane was produced . As tr imethylalurainum-dLmethy1 e t h e r a t e ,  which- 

might have r e t a r d e d  r e a c t i o n ,  formed r e a d ^ l j  a t  the tem pera tu res  em­

ployed , the  r e a c t i o n  was r e p e a te d  in the  absence of s o l v e n t .  Again no 

methane was procjuced, i n d i c a t i n g  the d e s i r e d  r e a c t i o n  had n o t  o ccu r red .

I t  was then d ec id ed  to  h e a t  the s o lv e n t  f r e e  m ix tu re  to dete rmine  i f  

methane would form a t  h ig h e r  tem p e ra tu res .  I f  methane were produced, 

a h o t - c o l d  type of  r e a c t o r  could be employed in  an a t t em p t  to  produce 

the b r idged  s p e c i e s .  At tem pera tu res  up to  95 ‘̂ C no methane was p ro­

duced, but a n o th e r  rea .c t ion ,  whose n a tu r e  was n o t  e s t a b l i s h e d ,  d id  occur,  

The f o l l o w i r g  p o i n t s  can be made about t h i s  r e a c t i o n :

1 /  A§̂  shown in NMK IVa and b the peak due t o  the p ro ton

resonance of tr imethyla luminum decreased  in i n t e n s i t y  ^while ano ther  

peak, su b seq u en t ly  i d e n t i i l e d  as o r i g i n a t i n g  with t r i m e th y I b o r a n e , of 

which a s u b s t a n t i a l  amount was produced, in c reased  in i n t e n s i t y .  There­

fore  the r e a c t i o n  appeared to be ol the type

4B,,H + [ ( u n J . A l ] , ------------- r j ^ ? A l ( B H j^  +

2) A smal l  amount of  a v o l a t i l e ,  suus tancc  was formed.
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I n f r a r e d  and mass spec t ro scopy  . e s t a b l i s h e d  t h i s  m a t e r i a l  was predomi-
'  ' ' ,

n a n t l y  1 , 2 - d i m e th y ld i b o r a n e ( 6) a long  with  some 1 , 1 -d im e th y ld ib o ra n e ( 6 ) .

3) As no hydrogen was produced by the  r e a c t i o n ,  the  re s idue '
,

must be r ^ h  in h y d r o g e n . . This  i n d i c a t e d  the  p resence  o f  borohydr ide  

, t ' e t rahydroa lu ra ina te  (MH^) , o r  an a l a n e , i . e . ,  a hydrogen 

b r idged  aluminum polymer.  But the i n f r a r e d  speètrum of the r e s id u e

(IR V Il )  f a i l s  to  show the i n t e n s e  a b s o r p t i o n  expec ted  a t  about  IlOO

-1 (113) fcm f o r  a bor 'ohydride , o r  the broad ,  moderate i n t e n s i t y  band ex­

pec ted  a t  about  1700 cm f o r  t e t r a h y d r o a l u m i n a t e ^ ^ ^ ^ \  Nor does t h i s

spectrum show the a b s o r p t io n  expec ted  f o r  an a lane  a t  about 1750 - 

1^00 cm T h e re fo re  the  composi t ion  of t h i s  hydrogen r i c h  r e s i d u e

remains  u n d e te rm ined .  I t  should  be ment ioned t h a t  the only  bands 

i d e n t i f i a b l e  in IR VII a re  those  o r i g i n a t i n g  with the m i l l i n g  a g e n t ,

n u j o l ,  a t  1370, 1460 and 2900 cm
' ' . I ' -

In  s p i t e ,  o f  the  e x i s t i n g ,  f a c i l e  method o f / p r e p a r a t i o n  of

/( -d imethylborylpentaborane(9 , . )  i t  was dec ided  to  a t tem p t  to  p repa re  

t h i s  m a t e r i a l  by the d i r e c t  r e a c t i o n  of  t r im e th y lb o ra n e  and p e n t a b o r a n e ( 9 ) . 

A s u c c e s s f u l  r e a c t i o n  with  the  monomeric t r im e th y Ib o ra n e  would have in ­

d i c a t e d  th 'at  the  f a i l u r e  of tr imethyla luminum to  r e a c t  under s i m i l a r

c i rcu m stan ces  could  be r e l a t e d  to  the d im e r ic  c h a r a c t e r  o f  t r  ime th y 1-
: i

aluminum.

At tem p e ra tu res  up to 100 °C no r e a c t i o n  whatever 'occur&ed

and the  r e a c t a n t s  were q u a n t i t a t i v e l y  r e c o v e r e d .  Had a successfu l)  

r e a c t i o n  o c c u r re d  the p ro d u c ts  would have been methane and m e thy l -
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d iborane  8, s in c e  p y r o l y s i s  of ^ - d i m e t h ÿ l b o r y J p e n t a b o r a n e ( 9 )  a t  

100 °C i s  known to produce m e t h y l d i b o r a n e s ^ ^ ^ \  '

I t w a s  only on pro longed  h e a t i n g  a t  1/5 °C t h a t  any r e a c t i o n  

o c c u r r e d .  Less than 25% o f  the r e a c t a n t s  were consumed, but methane

was produced,  a long  with  t r a c e s  o f  2 ,3 -d im e th y lp e h td b o r p n e ( 9 ) .  How- '

e v e r  even t h i s  b i t  o f  ev idence  f o r  the  p ro d u c t io n  o f  a b r idged  s p e c i e s  

IS of dubious  v a lu e ,  s ince  i t  i s  known t h a t  th e  p y r o l y s i s  of t r i m p th y l -

borane a lo n e ,  a l b e i t  a t  400 C, produces  a m ix tu re  o f-hydrogen  and ■
( 122)

methane . f u r t h e r ,  none of  the  m e th y ld ib o ran es  expec ted  from the

p y r o l y s i s  of the b r idged  s p e c i e s  were d e l e t e d .  The m e thy ld ibo ranes  .

have s u f f i c i e n t  de rm a l  s t a b i l i t y  t ^ a l l o w  t h e i r  p r e p a r a t i o n ,  in smal l

amounts,  from the r e a c t i o n  o f  d ib o r a n e ( 6 )  with  t r i m e th y lb o ra n e  a t  
o  ̂̂  5 ) I* *

300 c . T h e re fo re  i t  was b e l ie v ed  t h a t  the m e th y ld ib o ran es  would •

n o t  have decomposed a t  175 '°C, and t h e i r  d e t e c t i o n ,  i f  formed, would have

been p o s s i b l e ,  ^

In co n c lu s io n  i t  appea rs  t h a t  the  r e a c t i o n s  o f  t r i m e t h y l -  

borane and t r imethylaluminum with pen l a b o ra n e ( 9 )  a t  e l e v a t e d  tem p e ra tu res  

can b e s t  be co n s id e re d  a ^  p y r o l y s i s  r e a c t i o n s  whose n a t u r e  has  no t  been 

de termined  in t h i s  work.

2- The C r y s t a l  S t r u c t u r e  of B is (d ie L h y Ia n u n o ) 'd i th ia b o re tan e

1
'

° ' 2 . 1 .  The P r e p a r a t i o n  o f  B is . (d ie thy lam ino )d i th iabo re tané : -

Bisi s , ( d i e th y la m in o )4 i th i a b o re ta n ç j  [(C2 H^) 2 NBs] ^ was o r ig i n -
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. a l l y  p repa red  by F o r s t n e r  und M u e t t e r t i e s ^ ^ ^ ^  by- the  r e a c t i o n  of

hydrogen s u l f i d e  with t r i e th y l a m in o b o r a n e  f o r  th r e e  hours  a t  200 °C.

When their.w ork'w as repeated  in the cS trent study, sp e c tr a l  evidence

(MS I ,  IR VIII and NMR VI) i n d i c a t e d  the  .s ix  membered*ring,  i . e . ,  '

t r i s (d ie th y la m in o )tr i th ia b o r e ta n e  [(C2 H^) 2 'nbs] had been , formed.

This  c onc lus ion  was based ,on the  m^ss spectrum which showed a c u t -  
■

o f f  a t  m/e = 347 and.a p a r e n t  molecule  ion .at m/e = 345. The.infrared ■

spectrum of  the  d im er ic  compound (IR ix )  i s  s i m i l a r  to. t h a t  o f  the

t r i m e r  (IR V I I I ) ,  and the  n . m . f . . s p e c t r u m  of the  dimer (NMR VII) shows

a b s o r p t i o n s  in the  same r e g io n  a s -^h o se  o f  the t r i m e r  (NMR VI) .  The

s o l u b i l i t y  o f  the d im e r ic  compound in  .o rgan ic  s o l v e n t s  i s  much higher

than that of; the. trim er. The low s o l u b i l i t y  o f  fhe trimer r e su lted  in

very  poor r e s o l u t i o n  of  the  n . m . r .  spectrum whereas the s p l i t t i n g  p a t t e r n

due to the  coup l ing  of methyl and methylene p ro tons  i s  c le a r ly  re so lvbd  

in the  case o f  the  d imer.  ■
.

The. B-N s t r e t c h i n g  band in i n f r a r e d  spectrum of  amino-

boranes occurs in  th^ reg ion  1350 :  1530 cm "!.' Both IR V III  a n f  IX 

show bands in t h i s  r e g i o n .  Both sp ectra  were o b ta in ed  as m ul ls  in 

nu jo l which i t s e l f  absorbs a t  1466 and 1381 cm -l_ //T h erefore  assignment 

o f  the  B-N s t r e t c h  f o r  the  t r i m e r i c  [(C2 H^)gNB^ |  i s  d i f f i c u l t .  For the  . 

d im er ic  [(C2 U_3 ) 2 NBs] ^, the B-N s tr e tc h in g  frequency could be assigned  

to  the  band a t . 1485 cm This compares with the  B-N s t r e t c h  in d i^  

ethylam inodiethylborane (CgH^OgMBCCgH;), a t  1490 cm -l(S5) sugge, 

Ihe B-N bond in the dimer i s  f a i r l y  strong (see  S ection  4 . 4 . 2 . ) .

Ï S t S



183

The B-S s t r e t c h i n g  f requency  i s  knovm to  occur  a t  about

915 cm ^ f o r  t h io b o r an e s  (RS) ,  BX However the B-S s t r e t c h .•» ■’ j - n  n
. S,

f o r  r i n g  compounds has  n o t  been assign|>d. ’ There -are two bands in 

t h i s  reg ion  in IR IX, one^ a t  890 cm  ̂ and one a t  945 c m " \  but i t
' ' r

i s  n o t  known i f  these  bands a re  due to  B-S s t r e t c h .
'

I t  i s  p o s s i b l e - t o  sugges t ,  a r e a c t i o n  mechanism based on the 

m a t e r i a l  p re s e n te d  in S e c t io n  4 . 4 .  The i n i t i a l  s t e p  in v o lv es  the  

convers ion  o f  the  t r i e t h y l a m i n e , b o r a n e  to  d ie thy lam inoborane  by h&at-

ing^^^^^.  As the  boron atom in  the  d ie thy lam inoborane  i s  capable

(of  f u n c t io n in g  as  a Lewis a c i d ,  i t  i s  proposed t h a t  hydrogen s u l f i d e  

a t t a c k s  in  a manner ana logous  to  the r e a c t i o n  of t r i c h l o r o b o r a n e  with  

mercaptan ,  i . e . ,

. /R (125)
BCl.) + R^H  Cl^B.S^^ i s  p o s s i b l e .

^The r e s u l t i n g  i s o l a b l e  complex e l i m i n a t e s  hydrogen c h l o r i d e  on h e a t i n g ,  

i s  a l s o  known t h a t  h e a t i n g  d i a l k y l t h i o b o r a n e s  with  mercaptans  y i e l d s  

a l k y l t h i o b o r a t e s  and hydrogen,

(RS)gBH -f RSH B(SR)^ -f "

The hydrogen s u l f i d e  a t t a c k  would be fo l lowed  by an i n t e r m o le c u la r

e l i m i n a t i o n  of  one molecule  o f  hydrogen s u l f i d e ,  forming a s u l f u r
'

b r idged  i n t e r m e d i a t e .  Examples o f  t h i s  type  o f  e l i m i n a t i o n  a re  known
I ^

^  f o r  both b o r o n - n i t ro g e n -a n d  boron-^rygen  compounds, e g . ,  amine e l im ­

i n a t i o n  f o r  t r i s a m i n o b o r a n e s , and boronic  and b o r i n i c  a c id  d e h y d r a t io n s .  

The f i n a l  s t e p  in  the r e a c t i o n  mechanism Would invo lve  the in t r a m o l ­

e c u l a r  e l i m i n a t i o n  of hydrogen s u l f i d e .  The o v e r a l l  mechanism could
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then be:

Z) + 2H^6

3) 2(CgH^)^NB(SH)^ >(C^H^)gNB + H^S

SH ■ HS

4) (C,H;J,NB . BNCC^Hg)^ »(C2Hg)2NB(^^ J)BN(C^Hc)^ + H^S' 2 " 5 ' 2 " \  /
SH HS

'2 5 ' 2

I f  the r e a c t i o n  m ix tu re  i s  hea ted  to  200 C the  dimer i s  conver ted  in to  

the  t r i m e r .

A number ^of methods e x i s t  by vdiich t h i s  mechanism could  be 

t e s t e d .  For example the p r e p a r a t i o n - c o u l d  be unde r taken  employing the"
' i  ' ■

àmirwb^ï^ne r a t h e r  than the .a im ne  borane .  I s o t o p i c  l a b e l l i n g  o f  tne  boron

/ Ê ^ n d  hydrogen'^fiQjjJil>'f^sult i n  a l l  the  deu te r ium  being found in the, 

hydrogen formed in  the  second s t e p ,  while  i s o t o p i c  l a b e l i n g ,  o f  the hy­

drogen s u l f i d e  should  show h a l f  the deu ter ium  in the  hydrogen while  h a l f  

would bg;found in the hydrogen s u l f i d e .
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« i  • %  '

s

6 .3 .  ' The 'Cry s ".si and Molecula r S t r u c t u r e  of Bis(die thyIam£no)

d i t h i a b o r e t a n e ’ ' -

B i s ( d ie th y . l am x n o )d i th ia b o re tàn e  wag found, t o - c r y s t a l l i z e
■ o \

in a t e t r a g o n a l  u n i t  çjell with  a = b = 10.39^ -  0.003A, c = 25.589
' ' '

-  O.OO7 X and _oc= i3 =  t  ~ 90^.' For purposes  o f  d e s c r i p t i o n ,  the  im- '

^p o r t a n t  symmetry e lem en ts  in  the  space group,  P, _ a re  .the two-
1 1

fo ld  r o t a t i o n  axes  a long  the c e l l  d i a g o n a l s  a t  Z v a lu es  of  0,' 1 /4 ,  1 /2 ,

3 /4  and 1.

A diagram o f  a s i n g l e  molecule  of  i s  g iven

in  F igu re  JütXLV. In  the c r y s t a l  these '  m olecu les  c a n , b e . v i s u a l i z e d  as 

o c c u r r in g  i u  p a i r s .  In  each molecule  the  s u l f u r ,  atoms a lmost

v e r t i c a l l y  above each o t h e r .  In one molecule  the tw o-fo ld  r o t a t i o n  • »•

a x i s  i s  a long the  two b o ro n -n i t ro g e n  bond axes  and in  the o th e r  molecule  

t h i s  same a x i s  i s  p e r p e n d ic u l a r  to  the  /  \  , p lane  afid passes

: ' ■ ■ ■
I

through i t s  c e n t e r .  The o r i e n t a t i o n  of  a p a i r  o f  molecu les  i s  shown 

in F igu re  XXXV. Here the tWo-foId r o t a t i o n  axis '  i s  through the  c e n t e r  

of the  b o ron -su ' l fu r  ■ j^aiie of the  molecule  in t h e  fo reground and Ja long  

the b o ro n - n i t ro g e n  a x i s  o f  thg molecule  in  the  background.

The sjpace groupé a l s o  has  two and f o u r - f o l d  screi ;  axes  p a r a l l e l
■

to the  c a x i s .  These can b e •c o n s id e re d  to  g e n e r a te  the  remain ing  p a i r s
N ^

of molecules  th roughou t  the. u n i t  c e l l .  The .conf&t^s o f  a u n i t  c e l l , in.
' ' ' ' \

o u t l i n e  form, a r e  shown in Figure- XXXVI. 'The m o lecu la r  p a i r  shown in
A

Figure  XXXV correspond  to the second p a i r  o f  m olecu les  in the  c d i r e c t i o n .

{  i
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F i g u r e  XXXIV 

B i9 (d ie th y ia m in o ) J i th i a b o re ta n e  : S i n g l e  -Molecule
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 ̂ F i g u r e  XXXV -
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. The bond d i s t a n c e s ,  with s t an d a rd  d e v i a t i o n s ,  found in

a r e  g iven  in  l a b l e ' x i .  Bond a n g l e s ,  aga in  with  s t an d a rd

^ d e v i a t i o n s ,  a r e  g iven  in  Table  X I I .  ,The atom d e s i g n a t i b n s  a r e  a s  in  

f i g u r e  XXXV.

Table x i
V

BOND LENGTHS WITH STANDARD DEVIATIONS

—  l a â î i j l ) .  Bond ' h e n g t h ( ? ;

-  ° - » '  . • “ r t  1 ^ 5  Î  0 .03

“ r t  1.54 i  0 .03
^27^3 ■ 1.85 -  0 . 0 4 '

V S  * • 1.48 'i 0 .03

• 1 .87  i  0 . 0 4 . '  ' , (  1 . 5 4 Î 0 . . 0 3

, 1-39 i  0 . 0 6 ,  )  1.52 i  0 . 0 4 ®

“ ^ ' ” 2 ' '  ' c; j-c^ 1.49 i  0 .04

)  1-32 i  0 .03  0 ; _ C ,  1.59 ± 0 .04

^ 7 " S  1.55 ± 0.04
• ( J

A g r e a t  d e a l  of in fo rm a t ion  can be d e r iv e d  from th e se  r e s u l t s  

^as e x p la in ed  under the  fo l lo w in g  l e a d i n g s :  .

1) The [(C2 H^) 2 NBsJ 2  molecule  shows approx im a te ly  222 (D^) 

symmetry,^with th r e e  o r th o g o n a l  tw o- fo ld  ax es .  From F ig u re  XXXV, one 

o f  th e se  axes p a s se s  a long the  B-N bonds, the  sec o n d ' th ro u g h  the  s u l f u r
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TABLE XII 

BOND ANGLES WITH STANDARD DEVIATIONS

V

Bonds

®r®r®2

V ^ 2 ‘ ®3.

h - h - h

^ r ® 2 " ” 2

h - h - h

'XAngLe (d e g re e s )

106 t  4  

108 -  2 

101 -  2

7 3 - 2

7 9 - 2

127 i  2

126 -  2

130 -  3

Bonds

: r ^ r " i

B2 -N 2 -C 3  ^

B 3 - N 3 - C 5

^3~^3'"^7 '

N^-G^-Cg 

Ng-C^-C^

^ 3 " V ^ 6

N3-C7-C8

Angle (d e g re e s )

122  -  2 

122  -  2

1=19 - 3 '

119 - 3 

. 1
116 -  3 

► 116 -  3

105 - 2 

114 -  3

atoms and the t h i r d  i s  p e r p e n d ic u l a r  to ,  and p a sse s  th rough ,  the c e n t e r  

of the  Bv^ ^ ^ B  p l a n e .  In  the  c r y s t a l  one o f  th e se  axes l i e s  a long  

a d iagona l  c3f the u n i t  c e l l  and the second i s  a t  a smal l  ( l e s s  than  10°) 

angle  to  a no the r  d i a g o n a l ,  «'The t h i r d  a x i s ,  t h a t  through the s u l f u r

atoms, i s  a t  a smal l  angle  ( l e s s  .than 1 0  ) to  the  c a x i s  o f  the  u n i t  t e l l .

2) The e x i s t e n c e  o f  an a l t e r n a t i n g  b o r o n - s u l f u r  fou r  membered 

r i n g  has  been c l e a r l y  e s t a b l i s h e d .  Thus c r y s t a l l o g r a p h i c  d a t a  i s  now 

a v a i l a b l e  s u b s t a n t i a t i n g  the  e x i s t e n c e  of the  (BS)^ r i n g  as  w e l l  as  the  

(BN) 2  r i n g ^ ^ ^ \  The e x i s t e n c e  of (BP) 2 ^^^^ and (B0 ) 2 ^^^^ r i n g s  remains



191

y

to  be e s t a b l i s h e d  by x - r a y  methods.  The leng th  o f  the  b o r o n - s u l f u r  

bond i s  w i th in  a s tan d a rd  d e v i a t i o n  of  the sum o f  the  c o v a l e n t  r a d i i  

o f  boron and s u l f u r  ( 1 . 6 4 ^ ,  and i s  s i m i l a r  to  t h a t  o b ta in e d  ( 1 . 8 5 ^ )
' / OO \

in  a c r y s t a l l o g r a p h i c  s tudy  o f  (BrBS)^ • On the b a s i s  o f  t h i s

d i s t a n c e  i t  can, be s t a t e d  t h a t  the  bond between boron and s u l f u r  i s

a  s i n g l e  bond, i . e . ,  t h e re  i s  no dona t io n  of  e l e c t r o n  d e n s i t y  from

the  f i l l e d , non b o n d ^ a  s u l f u r  p o r b i t a l s  to  the v a ca n t  boron p o r b i t a l .

The r i n g  i s  obv io u s ly  s t r a i n e d .  Expected a n g le s  f o r " ' t r i - .

c o o rd in a t e  boron and d i c o o r d i n a t e  s u l f u r  a re  120? and 109° r e s p e c t i v e l y .

The a n g le s  foynd a re  app rox im a te ly  105° f o r  S-'B-S and 75° f o r  B-S-B.

N e v e r t h e l e s s  [(C2 H^)^NBs] ^ i s  s tabl 'e  a t  the  p r e p a r a t i o n  tem pera tu re

(175 °C) and sublimes  r e a d i l y  w i th o u t  decompos i t ion  a t  75 °C.

The a n g le s  about the  boron atom can no t  be compared with

those found in  the  fo u r  membered B-N r i n g  shown in F igure  XXII, a s
(93)

these  l a t t e r  a n g le s  were n o t  g iven

3) To d a te  the  oply  aminoborane bond l e n g th s  r e p o r t e d  have

been fo r  the  compounds shown in  F ig u r e s  XXI and XXII. The B-N bond

le n g th s  in  th e se  compounds vary  from 1 .40  to  1.43/?,  with the  e x c e p t io n

of  the e x o c y c l i c  B-N bond in  the  compound in  F igu re  XXII, which i s

1.47)?.  These bond l e n g th s  may be compared with  b o ra z in e ,  a t  1 . 4 4 ^ .

The c u r r e n t  s tudy i s  the only s t r u c t u r e  a n a l y s i s  unde r taken

to da te  on a monoam'inoborane, a l though  space group d e t e r m in a t io n s  have

(127)
p re v io u s ly  been c a r r i e d  out

Two of  the  t h r e e  B-N bond l e n g th s  are  w i th in  a s t a n d a rd
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d e v i a t i o n  of  thè  p re v io u s  r e s u l t s  whi le  the  t h i r d  i s  somewhat s h o r t e r .

However, a s t a t i s t i c a l  c a l c u l a t i o n ^ i n d i c a t e d  a 36% p r o b a b i l i t y ,

i . e . ,  approx im a te ly  1 chance in  3, of f i n d i n g  a no the r  bond a t  1 . 3 2 ^ ,

even i f  the  B-N bond le n g th  was accep ted  as the  average  of the two

longer  l e n g t h s .  This  i s  a r e s u l t  o f  the  s i z a b l e  s t a n d a rd  d e v i a t i o n s .

The ex p e r im en ta l  r e s u l t s  p rov ide  th re e  i n d i c a t i o n s  of

m u l t i p l e  bond c h a r a c t e r  in  the  bond between boron and n i t r o g e n .  These

a re  the s h o r t  bond l e n g th ,  the  bond ang les  about both boron and

n i t r o g e n  and the  c o p l a n a r i t y  of the C-N-C and S-B-S-B p l a n e s .

The bond l e n g th s  o b ta in e d  are  a l l  l e s s  than the  sum o f  the

c o v a le n t  r a d i i  o f  boron and n i t r o g e n  ( 1 . 4 9 ^ ) .  Th is  i s  the  s t r o n g e s t

i n d i c a t o r  o f  m u l t i p l e  bond f o r m a t io n .  The bond ang les  about  n i t r o g e n

a re  v /i th in  a  s t an d a rd  d e v i a t i o n ' o f  1 2 0 ° ,  and t h e r e f o r e  the  n i t r o g e n

2atom can be cons ide red  to  be an sp h y b r id .  Although the a n g le s  about

the  boron atoms a re  c o n s t r a in e d  by the b o r o n - s u l f u r  r i n g ,  the  S-B-N

2a n g les  sugges t  t h a t  the boron atom can a l s o  be c o n s id e red  as  an sp

• 2h y b r id .  ' The sp h y b r id s  on boron and n i t r o g e n  a re  a t  an angle  of

l e s s  than 1 0 °  to  each o t h e r ,  and a re  t h e r e f o r e  o f  a p p r o p r i a t e  symmetry

fo r  -rT bond fo rm at ion .

I f  the b o r o n - n i t ro g e n  bond is  a double  bond i t  would be

expec ted  t h a t  the  C-N-C and S-B-S-B groups would be c o p la n a r .  Of >

the s i x  p la n es  of  i n t e r e s t  in  the  molecule  f i v e  are, p l a n a r  due to

hav ing  only 3 members o r  by symmetry.  The s i x t h ,  B.-S»-B^ -S„ i s  no t
A A ^

' r e q u i r e d  by symmetry to be p l a n a r ,  bu t  a l e a s t  squares  c a l c u l a t i o n
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I

X

shows the s u l f u r  atoms to  be only 0 .0042  o f f  a mean plane  through 

the  group w h i le  the  boron atoms l i e  0 .0 5 A o f f  the  same p lan e .  The 

normals to the  p lan es  «in q ues t ion  can be used to  e s t a b l i s h  c o p l a p a r i t y ,  

and are  shown in Table  X I I I . .

TABLE X III  • , ■
V

■ PLANES I\B'IS(DIETHYLAMINO)DITHIABORETANE >

t Angle between
Plane I  Plane I I  ■ /  n o rm a ls (d eg rees )

r

Ac_^ A ' . .

V ^ r V ^ l  CyNg-C^ ' '  170.73

^ 3 “^2"®3 "^2 J C^-N^-C^ 5.70 ,

B-^-S.j-B, -S _  . , C. - N .  - C y  ' * 174.40
^ ^ \  . ' a '

T h i s  Table  shows t h a t  in each molecule  the p la n es  in  q u e s t i o n  

a re  Approxim ate ly ,  bu t  n o t  e x a c t l y ,  co,planar .  In one molecule  thr 

C-N-C p lanes  are.  r o t a t e d  9 .32°  and 9 .2 7 ° ,  in  «opposite s en s e s ,  to the

S-B-S-B p l a n e .  In  the  o t h e r  molecule the  r o t a t i o n s  a r e  5.60 and
o *

5.70 , aga in  in o p p o s i te  s e n s e s .  The o b s e r v a t i o n  t h a t  the  r o t a t i o n s

a re  a lmost  ideq tT ca^ ,  and in  op p o s i te  s e n s e s ,  su p p o r t s  the  2 2 2  symmetry

ass ignment f o r  the  mdi-acule.  The approximate  c o p l a n a r i t y  -of the C-N-C

and S-B-S-B p lan es  a l s o  p ro v id e - s^v id en ce  f o r  fo rm a t io n  of a B-N

m u l t ip l e  bond, bu t  the  ev idence  is^not^^Tn-^ tse l f  s u f f i c i e n t  s ince  co-
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p l a n a r i t y  may a l s o  be a r e s u l t ' o f  c r y s t a l  pack ing .

Of i n t e r e s t  i s  the f a c t  t h a t  the  long (1.47% ) e x o cy c l i c  

B-N bond found in  B - [ b i s f t r i n , e t h y l s i l y l ) a . , i n o ]  - N - t r i m e t h y l s i l y U y c l o -  

d tb o ra z an e ,  F ig u r e  XXII, has been a s c r i b e d  to the f a c t  t h a t  the  s i - B - S i  

plane i s  a t  r i g h t  a n g l e s . t o  the  (B-N)^ r i n g ,  p r e v e n t in g  o v e r lap  o f  the  

non-bonding p o r b i t a l s  on n i t r o g e n  w i th  .the v a ca n t  p o r b i t a l  on boron, .

and the reby  i n h i b i t i n g  m u l t i p l e  bond fo rm a t io n .
< -

. The a cc e p ted  carbon-ca rbon  s i n g l e  bond leng th  i s  1 . 5 4 1 %

Again,  th e re  i s  some s c a t t e r  in the v a lu e s  o b ta in e d  f o r  these ,bond

len g th s  in  [(C^HpgNBs]^,  w ith  t h r e e  be ing  w i th in  a s t a n d a rd  d e v i a t i o n

/  Of the a cc e p ted  va lue  and one s h o r t e r .  ,

. ' Three o f  the  N-G-C bond a n g le s  a re  grouped about 115°, while

the fou r th -  i s  c o n s i d e r a b l y  sm a l le r  a t  105°.  The "Tables  o f  I n t e r -  . ■

. D i s t a n c e s ' / ' - ^ ' )  c o n ta i n  many examples o f  a n g le s  about  l ; e t r a -  ' "

- h e d ra l  carbon in  the range from 105° to  118°.  The N-C-C angle  found in

t r i e t h ^ i n e  i s  113° ± 3° and th ree  o f  the  fb u r  a n g le s  measured in

th i s  s tudy  a r e  w i th in  a  s tanda rd  d e v i a t i o n  of  t h i s  va lue . '  '

5) The average  n- i t rogen-carbon  bond d i s t a n c e  o b ta in ed  in 

t h i s  werlt was 1.53% , which i s  two e s t i m a t e d  s t a n d a rd  d e v i a t i o n s  r e -  

moved from the  accep ted  .value of  1 .‘4 7 ^  (129)^

6 ) Some o f  the  p h y s i c a l  p r o p e r t i e s  o f  [(C^Hp^NBsJ  ̂ j j b  .

, c o n s i s t e n t  w ith  the  i n t e r m o le c u la r  d i s t a n c e s  in the  c r y s t a l ,  j r  •

purposes  o f  d e s c r i p t i o n '  the  packing  o f  th e  m olecu les  can be a r t i f i c i a l l y  

cons ide red  a s  o c c u r r i n g  in  two s t e p s ;  f i r s t  the  pack ing  o f  molecu les  

- i n  a manner sug g es ted  by F igu re  XXXV to  form a two-d imensional s h e e t ,
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and second, the  packing  of th e se  s h e e t s  to  form a t h r e e -d im e n s io n a l  

ne twork .  *

W i t h i n ‘a s h e e t  the  im p o r tan t  d i s t ^ c e s ,  i,_.e., those  o f  

c l o s e s t  approach ,  a re  those  from a s u l f u r  atom in o"ne molecule  to the 

methyl and methylene groups o f  a d j a c e n t  m o le c u le s .  Table XIV shows 

the d i s t a n c e s  from s u l f u r  to the  methyl and methylene carbon atoms.

TABLE XIV

INTERMOLECULAR DISTANCES (SAME LAYER)^

Atoms

S j-C j

S^-Cj

S1 -C 5

S^-Cy

S u l f u r  -  Me thy]/ Carbon

A

\
S u l f u r  -  Methylene Carbon

Distance'CA ) Atoms D is tance(A  )t

4 .03 - • ‘ ’3.89

4 .05 , • 4 .08

3.97 S 2 -C 2

a
3.95

4 .25 ^ 2 - ^ 4 " /  3 .9 6  r

These d i s t a n c e s  s h o w ' th a t  the  e t h y l  .group i s  o r i e n t e d / i n
/

such a way as  to  minimize r e p u l s i o n s  between the s u l f u r  atom and methyl
I

and methylene  g roups .

The s u l f u r  atoms in  a h ig h e r  l a y e r  a re  roughly  e q u i d i s t a n t  

from the  s u l f u r  and cdrbon atoms in  a lower l a y e r .  For example,  S^ 

in  a^J^gher  l a y e r  f i t s  into^^the t r i a n g l e  formed, by S ^ a n d  C^ i n
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a lower  l a y e r ,  and Is  roughly  e q u i d i s t a n t  from these  th r e e  atoms.

S i m i l a r l y  the  carbon atpms in  anVjjpper l a y e r  f i t  i n to  t r i a n g l e s
‘

formed by s u l f u r  arra carbon in a lower l a y e r  and a re  ag a in  roughly  

e q u i d i s t a n t  from the  th r#e  atoms forming the t r i a n g l e .  These in t e r ' -

m o lecu la r  d i s t a n c e s  a re  g iven  in  Table  XV.
\

TABLE XV

INTERMOLECULAR DISTANCES (BETWEEN LAYERS)

Atoms D is tan ce  (a ) Atoms D is tan c e  (A )

= l - = 2

A

C,-C

; 4.28  

4 .10  

' W 5

4.57

4 .2 0

4 .41

V^.C,-S 
.y -  ^

4 .28

4 ,41

4 .0 4

4 .41
I

4 .7 4

4 .2 6

Cg-Cg

4 .8 3

4 .7 ?

3 .97

•C -S^ 
A

H  - c .

C -C 5

A

4.18

4 .54

4 .15
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,Ia b U s  XIV and XV show that 'the interm^Ucular distances 

between molecules in the same layer tend to be s lig h tly  shorter than 

those between molecules in d iffe re n t layers.

The Van der Waal's radius for sulfur is given at 1.85^ 

and Che sfme ra d iu s  fo r  mechyl and methylene groups i s  2 .0 ^

The intermolecular distances are rather longer than the cum of ‘the 

Van der.Waal's ra d ii .  This, fac t correlates with the observed prop-' 

erties  of i - a . ,  low melting point (70 °c ) , fa c ilg  sub­

lim ation, low density and the property of .the.crysta l "melting" at 

the contact points'w ith the Lindemann tubes.  ̂ ^

. - conclusion, the crystal and molecular structure of

b is ( d ie t h y la m ln o ) d l t h ia b o r e t a n e .  have been determ ined . T h is  d e te r -

^minatioh establishes, for the f i r s t  time, the existence of a four .

membered boron-sulfur ring and shows the S-B bond is a single bond.

Th^ results are also the f i r s t  re^or^ of ,the B-N bond in 'a  monoamlnp-

borane and show this bond 'to have m ultiple bond^haracter. The '

molecular symmetry has beeq^shown to be approximately 222 (D^), and

the properties of the solid m aterial are' consistent with th e L y s ta l  ,  

S tr u c tu r e .  '
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6 .4 .  Sugges t ions  f o r  F u r t h e r  Work

The r e s i d u e  from th e  reac t io n ,  o f  ̂  t r i m e t h y l  aluminum and

p en tabo rane (9 )  was found to  have an e m p i r i c a l  fo rmula_pf  Al(CH^)^ 7

Hg Q. • The e x a c t  i d e n t i t y  o f  t h i s  n o n - v o l a t i l e  hydrogen r i c h  s o l i d

would be of g r e a t  i n t e r e s t .  ^

F u r th e r  work should  be c a r r i e d  o u t  in  the  a r e a  o f  Group I l lA

b r id g e  s u b s t i t u t e d  p e n tab o r an e (9 )  s p e c i e s .  For exampfe,  the  s o l u b i l i t i e s

of  o t h e r  o c ta h y d ro p en ta b o ra te C 1 - )  s a l t s ,  such as should

b e . i n v e s t i g a t e d ' w i t h  a view to f i n d i n g  b o r a t e ( l - )  s a l t s  which would be
«

s o lu b le  in  non e t h e r a l  s o l v e n t s .

The p r e p a r a t i o n  o f  b i s ( d i e t h y l a m i n o ) d i t h l a b o r e tan ê  i s  r e l a t i v e l y

s im ple .  I t  would be i n t e r e s t i n g  to  examine the  chem is t ry  o f  t h i s  r i n g
/

compound. The r e a c t i o n  mechanism p o s t u l a t e d  in  6 . 2 . 1 .  should  a l s o  be 

t e s t e d .

\
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mass SPECTRA OF

TRIS(DIETHYLAMIiNO)TRITHIABORETANE (MS I )

AND , '

B1S(DIETHYLAMIN0)DITHIAB0RETANE (MS I I )

MS I  MS I I  MS I  MS I I
I n t e n s i t y  I n t e n s i t y ' I n t e n s i t y  I n t e n s i t y

m/e (7<, o f  m/e 215) (% of m/e 215) m/e (7o o f  m/e 215) (% of m/e

26 7 8 83 .14 3
27 34 33 84 5 4
28' . 49 . - 62 ' 85 10 6
29 48 50 86 92 18
30 99 34 87 7 3
32 19 ■ 14 94 5 3
33 18 12 95 2 1
34 48 35 , 96, 3 1
35 4 ' 2 97^ 3 ' 1
36 8 17 98 3 2.
37 3 I 99 ■ 15 19
38 3 6 100 64 83
39 5 5 101 16 8
40 6 10 102 5 6
41 ■ 18 19 113 1> 5
42 42 43 ■ 114 20 20
43 13 6 . 115 5 4
44 39 16 116 5 3
45 5 5 149 - 9
53 ■ ;5 2 150 13 2
54 15 15 151 3 -
55 7 5 156 2 1
56 18 11 157 3 1
57 *8 5 158 4 2
58 95 37 159 4 -
59 8 5 170 2 3
60 7 7 171 3 - 4
61 4 4 172 4 -
62 8 6 198 2 -
69 4 3 199 6 -
70' ■ ' 7 5 200 , 13 -
71 8 10 201 2 . -
72 32 34 202 2 -
73 25 10 212 4 -
74 3 3 213 9 , 6
80 5 1 214 53 48
81 5 2 215 100 lOQ
82 7 4 216 18 14
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MASSySPECTRA OF
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AND

BISCDIETHYLAMINODITHIABORETANE (MS I I ) ' Continued
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The I n f r a r e d  Spectrum of the  R es idue  from ti.e i n a c t i o n  of Ti in:e thylaluminum w i th  P e n t a b o r a n e ( 9 )
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The P r o to n  M agne t ic  Resonance  Spec trum of  ^ - d i m e t h y l b o r y l p e n t a b o r a n e ( 9 )
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The P ro to n  M agnetic  Resonance Spectrum  o f  the  P ro d u c ts  o f  the  R e a c t io n  o f  T rim ethy la lum inum  w ith  P e n ta b o ra n e (9 )
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T r i m e t h y l  a l u m i n u m  v ; i t h  P e n t a b o r a n e ( 9 )
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The  ̂Boron M a g n e t i c  Ke s o r a n e c  Spec  t  rum o f  P e n t a b o r a n e ( 9 ) •
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The Boron M a g n e t i c  R e s o n a n c e  S p e c t ru m  o f  •' L i th iu m  Oc t a h y d r ô p e n t a b o r a t e ( l - )
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APPENDIX 111

. Bi SÛle th y lam in o d ith  iab o re  Lane
V

FlNi^L VALjlES OF^IO F , AND 10 F
\  ous c a lc

y



K L OBS C A Ï C
M a 0 * # » *

0 4 2 4 0 6 7 s 0 2
0 2 0 4  1 2 ,1
0 12 4 JO
0 1 SC > i M

\ ) • I 4
\ ■ 2 27 2-4
I 3 16» 85
\ 4 4 4
t 5 2 9 2 0
1 6 31 2 2
1 7 1 0 3 6 o
1 S 1 6 3 I ^ 5
1 9 1 32 8 6
I 10 1 4» 5 4
1 11 3» 5 8
I 12 1 2 * 4 7
I 1 3 2 4 * 31
1 14 6 5 39
1 I S 8 3 9 9
1 16 1 2 8 2 02
1 17 1 17 1 14
1 I S 73 5 0
2 0 1 6 4 1 2 9
2 I 1 9 0 1 34
2 2 6 6 6 8
2 3 1 6 6 4 0
2 4 1 8 9 1 16
2 5 2 5 6 2 8 6
2 6 6 0 4 5
2 7 3 6 6 4 4 4
2 B 1 0 4 1 2 0
2 9 3 8 0 4 4 4
2 10 3* 15
2 1 3 0 7 2 2 7
2 12 7 6 1 1 3
2 3 62 5 7
2 14 1 22 I 0 8
2 15 3 2 2 2 6 5
2 16 7 3 5 5
2 17 391 3 3 1
3 1 36 4 0
J 2 6 4
3 3 6 6 5
3 4 7 3 8 0
3 5 2 6 * ^4

6 SO 27
3 7 2 9 » 9 6
3 fl 5 3 1 1
3 9 2 9 * 34
3 t o 4 6 6
3 1 1 9 9 9*.
3 12 1 4 9 1 2 6
3 1 3 6t> 2 8
3 1 4 3 9 * I 8
3 1 5 38* 1 1

l o 5 2 5 6
3 I 7 4* 9
A 0 9 9 1  1 0 1 7
A 1 1 8 2 1 9 4
4 2 6 3 4 9
4 3 3* 2 5
4 4 7 7 4 9
4 5 51 5 9
4 6 8 6 6 9
4 7 1 7 8 1 38
4 6 1 3 2 8  1 2 5 2
4 9 1 9 7 1 9 6
4 10 3 0 * 3
4 1 1 1 4 7 12 1
4 12 6 9 3 8 4 6
4 1 3 1 1 3 9 3
4 14 A4 * 3 7
4 15 7 7 1 1
5 1 2 8 # 6 6
5 2 7 0 4 5
5 3 1 : 6 1 10
S 4 1 1 2 1 6 9
5 5 VS I SO
•i 6 3# 30
5 7 8 8 4 9
5 0 5 2 7 K
5 •> 4# IV
b 10 5 9 5 1
b 11 5 4 14
b 1 2 4 6 * JO
5 1 3 6 7 6 8
6 0 2 7 0 2 9 7

1 3 6 6 3
6 2 5 4 * 8
4 1 4 3 0 4 ♦»<>
4 4 V S 8  1
6 5 2 7 1 2  JO

K I CBS C M C K L DBS CALC K I CATC
ti I 1 1 9 5 2SÜ 6 5 12 4 1 2 8 « C
7 1 6 3 # 12 6 6 3 7 * 4 3
7 2 4 6 # 6 4 6 7 1 73 1 SO 3 0 * 4 5 50*,
7 3 5 3 " 1 ) 5 3 5 * 7“ 1 1 •y y 1 6 8 /
7 4 9 1 V* 12 4 1 76 3 ' /  , 3 7 , 2
T 5 5 • 2 1 I > 1 ; 6 1 0 L4 / ‘JO '
7 o 6* 5 1 1 9 7 4 S ' 4  3 31 »
7 7 VI 4*' 7 0 1 2 1 1 24 \ -» M ^ 2 *4

7 1 1 7 2 1 9 8 3 6 4 1 * 21
7 3 6 5 1 1 6 3 7 7 5 4 9

* •  « • H « 1 #*  # *  — 7 4 3 0 * 4 5 3 a 9 5 1 5 2
7 S 71 9 0 3 9 | 4 S 12.0

1 0 1 1 ? 6 1 3 0 9 7 6 1 9 4 2 1 7 2 10 2 1 4 2 6 :
1 1 3 2 1 2 1 2 5 0 3 1 I 1 36 171
1 2 6 7 0 9 5  Î 3 12 9 4 1 2 2
1 3 6 8 1 7 3 3 H » 2 * « * • 3 1 3 73 3 9
1 4 571 6 0 5 3 14 1 9 2 1 9 2
1 5 3 3 0 2 ^ 0 2 0 1 4 3 74 3 15 2 4 2 2 2 7
1 6 8 3 9 8 2 1 2 1 9 2 2 7 4 0 3 4 8 3 4 0
I 7 3 0 0 3 2 4 2 2 2 6 6 4 2 7 2 9 4 1 3 0 0 3 3 0
1 9 3 : 8 3 3 5 2 3 2 5 8 . 2 5 2 4 2 8 1 6 4
1 10 2 9 6 3 1 4 2 4 1 0 0 4 9 4 3 3 2 5 2 6 2
I 1 2 81 2 5 4 2 5 6 5 64 % 4 2 2 8 2 2 6
1 12 1 7 7 2 2 6 2 6 8 2 9 8 5 2 4 5 9 1 1 2 7
1 J 1 0 4 8 9 2 7 1 1 7 9 7 4 6 51 3 2
1 14 2 3 5 2 21 2 8 3 7 30 A 7 74 2 5
I 15 2 9 5 2 6 2 2 9 1 6 2 1 3 8 4 d 4 3 4 7
1 o 4 o 2 4 2 o 2 1 0 1 5 9 4 I S I S 4 9 '  61 4 3

17 4*>2 4 0 6 2 1 1 1 6 4 1 67 4 10 3 4 * 2 8
I 18 4 0 7 3 7 3 2 12 6 2 2 3 4 1 1 8 8 1 0 4
2 0 1 0 0 1 0 9 2 13 5 2 15 4 12 8 8 51
2 I 4 4 0 4 7 2 2 14 2 1 6 2 6 2 4 1 3 9 8 5 3
2 2 8 5 8 3 3 1 2 1 5 6 6 70 5 0 2 6 4 2 6 5
2 3 1 1 5 0 1 0 7 5 2 1 7 3 6 59 5 1 2 8 6 2 8 2
2 4 8 9 6 7 9 5 2 16 5 4 44 5 2 1 30 1 3 8
2 s 2 0 0 1 34 3 0 2 5 * 21 S 3 oO 6 9
2 6 3 8 4 4 15 3 1 9 1 4 7 5 4 9 6 72
2 7 4 2 0 4 6 0 3 2 1 0 5 : 15 S s 1 6 6 1 s a
2 8 6 7 SO 3 4 2 2 9 1 I S 5 6 3 0 5 2 6 5
2 9 2 3 2 1 9 6 3 5 1 36 96 5 7 4 5 5 4 0 ?
2 10 2 2 6 20 1 3 6 3 J V 2 8 3 5 « 4 3 5 4 0 3
> 1 1 2 0 72 3 7 3 5 9 2 7 3 5 9 4 16 4 0 9
2 12 3 2  7 3 7 0 3 6 7 3 1 51 5 10 2 9 5 2 7 2
2 3 32*i 2 91 > 1 3 7 1 5 2 5 1 1 3 0 4 3 1 5
2 14 2 1 7 1 71 3 10 2 6 6 2 2 5 6 0 6 5 2 2
? 1 6 3 1 Cl 3 1 1 1 0 9 1 15 6 1 1 3 4 1 16
2 16 3 5 * 2 9 3 I 2 9 4 1 01 6 2 6 4 1 4 9
2 7 1 35 ! 4 0 3 1 3 I 30 1 6 8 6 3 96 61
3 0 1 0 3 « 931 3 1 4 7 5 1 2 9 6 4 2 0 2 2 2 7
3 1 1 1 ^ 7 " 5  7 3 1 5 4 4 5 5 6 5 4 8 2 6
3 2 8 4 3 751 3 16 4 7 62 6 6 1 4 8 1 3 8
3 3 4 2 6 3 9 8 A 0 1 0 5 1 19 6 7 37 4 9
3 4 1 10 9 5 4 1 6 4  7 6 4 2 6 6 4 5 * 51
3 5 4 5 1 4 5 6 4 2 1 3 7 1 79
3 6 7 3 0 6 7 9 4 3 2 5 3 2 5 7
3 7 2 6 4 8 5 5 4 4 6 5 6 3 H a  4 * * *
3 8 6 9 5 8 3 9 4 5 1 9  1 1 4 3

9 9 7 5 9 2 6 4 6 ;  1 6 11 8 4 0 1 7 4 2 1 9 0 0
3 10 9 6 2 7 9 3 4 7 5 6 3 5 0 0 4 1 2 5 2 2 5 3

1 5 0 o 4 6 2 4 6 6 0 6 2 4 2 51 6
3 12 2 6 3 1 9 4 9 4 6 5 4 7 2 4 3 11 7 9 5
3 13 1 1 6 9 4 4 10 1 1 8 : 21 4 5 4 5 * 7 5
3 14 1 9 5 4 I 1 1 91 2 2 9 4 6 3 2 * 3 3
3 15 2 7 2 2 7 6 4 1 2 2 7 8 5 4 7 1 8 5 1 75
3 I 6 3 0 6 2 9 7 4 1 3 1 % 1 7 3 4 6 1 0 51 1 1 5 5
4 0 7 5 0 6 4 3 4 14 6 3 6 7 4 9 2 0 0 2 3 7
4 ! 4 9 4 4 6 0 4 1 5 3 5 5 3 3 7 4 10 15* 1 5
4 2 2 7 9 2 9  J 5 0 5 4 SO 4 1 1 9 2 6 )
4 3 2 2 3 1 81 5 1 I 0 9 I 07 4 12 3 9 2 3 7 0
4 4 3 0 o 31 ? 5 2 8 2 5 4 5 0 1 52 1 4 7
4 5 1 6 2 2 1 5 5 3 2 7 8 2 5 7 5 1 4 6 6 6
4 6 24  I 3 0 7 5 A 2 6 0 2 2 9 5 2 3 6* 5 7
4 7 3 9 51 5 S 2 1 0 1 3 6 5 3 9 7 3 2
4 8 31 7 6 5 6 3 5 1 12 5 4 2 5 4 2 6 7
4 9 1 2 3 1 1 7 5 7 1 6 0 1 ^ 4 5 5 2 2 7 1 64
4 10 1 0 6 5 d 4 3 5 2 5 6 4 6 7 5
4, 1 1 70 5 8 ■ 5 9 161 2 1 3 5 7 1 6 8 1 44
4 12 51 4 I 5 1 0 M l 1 14 5 8 3 4 3 2 0 9
4 1 3 2 1 # 3 0 5 11 3 3 44 5 9 1 3 3 I 16
4 14 14 V I S O 5 1 2 6 6 1 12 6 0 1 7 3 1 7 2
4 15 2 4 * 6 4 5 1 3 I M 1 6 9 6 1 2 7 9 2 v l
5 0 0 0 2 « 1 4 6 0 4 4 1 6 2 9 8 9 0

1 5 6 7 5 7 1 6 1 1 4 6 1 4 0 6 3 1 42 1 2 3
5 2 3 4 5 3 5 0 6 2 4 6 6 5 1 6 6 4 4 6 77

3 2 9 4 2 8 8 6 3 1 0 0 9 4 6 5 6 7 1 0 2
5 4 7 6 6 8 6 4 91 7 6
5 5 1 31 1 4 J 6 5 8 / 94
5 6 2 0 8 2 5 8 6 6 61 7 6 3  1 * •  * • M # 5 *  # * »
5 7 35  3 4  05 6 7 1 5 7 1 8 7
5 0 6 4  »> 6 5 2 r. 8 2 # * 4 4 5 0 6 5 3 0 *1
5 9 5 38 5 2 5 6 9 1 74 1 6 3 1 4 35 4 6 "
5 10 3 4 9 3 6 5 6 : o 8 2  7 8 74 5 2 2 5 4 2 6  7
5 1 1 3 08 7 0 V» 1 1 5 3 2 85 JO*
S 1 ? 2 1 2 1 é , 1 4M* 2 0 S 4 1 7 3 1 7 J
■' 1 \ 1 '• *1
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