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ABSTRACT,,

A m inophosph ine  com plexes w i t h  th e  e m p i r i c a l  Formulae hlx^^

( Ffl = Zn, Hg, X = C l ,  B r ,  I ;  Til = Cd, X = C l ) ,  IY1X 2P(NIYIe ) (lYI=Hg, X = C l , 8 r , I ;

ffl = Zn, Cd, X = C l )  and t r i s ( 2 - p y r i d y l ) p h o s p h i n e  com plexes

WX2 Py3 P (m = Zn, Hg, X = C l , B r ,  I )  and FAX (Py3P )2 (f i i=Pt, X = C l)  have been

r e i n v e s t i g a t e d ,  . The mode o f  c o - o r d i n a t i o n  i n  th e  com plexes were s t u d ie d

1 31 13 199
u s in g  i . r , ,  Raman and n . m . r .  ( H, P, C, . Hg) s p e c t r o s c o p y .  The new 

com plexes HgCl_PhP(!\!File9 ) 9 , P t I 0 ( p y „ P ) 0 and (Y!X Py^PS (lYl -  Zn, Hg, X = C . l , 3 r , l )z. Z /  z. O z.

were p re p a re d  and s t u d ie d ,

I , r ,  s p e c t r a  i n  th e  P-PJ r e g io n  i n d i c a t e  t h a t  th e  FAX P( ^ a n ~ 

WX22P(NFne2 ) 3 com plexes a re  c o - o r d in a t e d  th ro u g h  th e  phosphorus  a tom s .

F a r i , r ,  s p e c t r a  (4C0-40  cm " )  i n d i c a t e  t h a t  th e  fi!X2 P(Mne2 ) 3 com plexes 

a r e  d im e r ic  w i t h  b r i d g i n g  h a lo g e n s .  The FfiX22P(l'J!i]e2 ) 3 com plexes show 

one o r  two m e ta l -h a lo g e n  s t r e t c h i n g  f r e q u e n c ie s  c o n s i s t e n t  v j i t h  14(11) io n s  

i n  p s e u d o - t e t r a h e d r a l  e n v i ro n m e n ts .

A s s ig n m e n ts  a re  made f o r  d im e r ic  t r a n s - s y m m e t r i c a l  c i s - s y m m e t r i c a l

and u n s y m m e tr ic a l  s p e c ie s  i n  CDCl^ s o l u t i o n  o f  Z nC l2 P(i\l;:1e2 )^  on th e  b a s is

 ̂ 31* X 3
o f  "H , ' P, and C n , m , r ,  s p e c t r a ,

V a r i a b le  te m p e ra tu re  ^H n , m , r ,  s t u d ie s  on HgX22P(Nffle2 ) 3 i n d i c a t e

a f a s t  exchange o f  phosphorus  l i g a n d s .  The o r d e r  o f  th e  r a t e  o f  phosphorus

l i g a n d  exchange i s

I  >  Br ■> C l

^H -  ^ " *^H g )  IN DDR sp e c tru m  o f  HgCl2 P(f\!!Yle ) 3 i n d i c a t e  one phosph ine  

l i g a n d  bonded t c  H g ( l l ) ,  ^ ^ H g  d e c o u p l in g  e x p e r im e n ts  on th e  ^H spec trum  

o f  HgCl22P(MHe ) 3 i n d i c a t e  two phosp h in e  l i g a n d s  bonded t o  H g ( l l ) .



199 31
One-bcnd Hg- P n u c le a r  s p in  c o u p l in g  c o n s ta n ts  f o r

HgX2 P(Nffle2 ) 3 (X=C1, B r ) ,  HgCl22P(f.J!fle2 ) 3 and HgCl2 PhP(NIT!02 ) a re  i n  th e

199 31
range  o f  d i r e c t l y  bonded ‘ Hg- * P c o u p l in g s ,

I , r ,  S p e c t ra  i n  th e  r e g io n s  1600-1550 and 700-600 cm*"** i n d i g a t e

t h a t  i n  th e  Z n X ^ y ^ P  and Z n X ^ y ^P S  com plexes th e  th r e e  p y r i d y l  n i t r o g e n

atoms a re  c o - o r d in a t e d  to  Z n ( l l ) ,

I , r ,  S p e c t ra  i n  th e  P >5 r e g io n  i n d i c a t e  th e  p re se n c e  o f  Hg-S

bonds i n  th e  HgX2 Py3 PS c o m p lexes . Far i . r .  S p e c tra  (4 0 0 -4 0  cm’" " )  i n d i c a t e

t h a t  ZnX2 Py3 ? and ZnX2Py3 PS a re  d im e r ic  w i t h  Z n ( l l )  i n  6 - c o - o r d in a t e

p s e u d o -o c ta h e d r a l  e n v i ro n m e n ts ,  H gX ^y^P S  complexes a re  a ls o  d im e r ic

w i t h  H g ( l l )  i n  p s e u d o - t e t r a h e d r a l  e n v i ro n m e n ts ,

A t r a n s - s y m m e t r i c a l  s t r u c t u r e  i s  p rooosed  f o r  HgX0 Py„PS and
2 3

HgX2 Py3 P com p lexes ,

13 31
The one bond C- P n u c le a r  s p in  c o u n t in g  c o n s ta n ts  f o r  HoXr Py„P

■ '2  3

com plexes i n  DIASO-dg s o l u t i o n  in c r e a s e d  r e l a t i v e  to  th e  f r e e  l i g a n d  d e n o t in g  

a s u b s t a n t i a l  change i n  phosphorus  h y b r i d i z a t i o n  on c o - o r d i n a t i o n  o f  

phosphorus  and hence th e  p resence  o f  a Hg-P bond.

Two v e r y  s t r o n g  a b s o r p t io n s  a t  324 and 300 cm” '*' f o r  P tC l2 (p y 3 P ) 2 

a re  c o r r e l a t e d  w i t h  P t - C l  s t r e t c h e s  f o r  a c i s - P t ( l l )  h a l i d e  com p lex ,

" ^ ( 1 9 5  31 ) *=>ar ^ ^ 2  ^ * ^ 3  ̂ 2  '^s cons^ 3 ^en^ w i t h  th e  p resence  o f  a
P t— P

P t-P  bond .
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INTRODUCTION



1.

z i n c ^CADrnium amp mercury .

HISTORICAL, USES Ann TOXICOLOGY.

The use o f  z in c  as an a l l o y  w i t h  co p p e r  to  make b ra s s  ujas known even

b e fo r e  th e  e a r l i e s t  c i v i l i z a t i o n  b u t  i t s  im p o r ta n c e  as a m e ta l  became known

i n  Europe a t  a b o u t  1500 A .D 0

One o f  th e  l a r g e s t  modern uses o f  z in c  i s  i n  g a l v a n i z i n g .  The low

m e l t i n g  p o i n t  o f  z in c  c o u p le d  w i t h  i t s  h ig h e r  p o s i t i o n  i n  th e  e le c t r o c h e m ic a l

s e r i e s  r e l a t i v e  t o  i r o n  makes i t  e f f e c t i v e  i n  p r o t e c t i n g  i r o n  and s t e e l

( 1 'a g a in s t  r u s t  when used as a m e ta l  c o a t in g  ' „

Z in c  i s  an im p o r t a n t  c o n s t i t u e n t  i n  th e  g ro w th  o f  many p la n t s  and

a n im a ls .  I t  i s  fo u n d  i n  a number o f  m e t a l l o p r o t e in s  and enzymes. However,

( 2 )l a r g e  amounts cause m a l l a i s e ,  d i z z in e s s ,  v o m i t t i n g  and p u rg in g  « The low

t o x i c i t y  o f . z i n c  i s  p r o b a b ly  due to  th e  f a c t  t h a t  i t  i s  r a p i d l y  e l im in a t e d

f ro m  th e  body .

(3 )Cadmium 'was d is c o v e r e d  i n  1817. I t s  m a jo r  s o u rc e s  a re  f rom  z in c  o re s .  

Cadmium i s  a ls o  used as a m e ta l  c o a t in g  from  i r o n  and s t e e l  a g a in s t  

c o r r o s i o n .  A l th o u g h  i t  i s  le s s  e l e c t r o p o s i t i v e  th a n  z i n c ,  i t  has a f a m i l i a r  

a c t i o n .

Cadmium i s  one o f  th e  most t o x i c  o f  m e ta ls .  Cadmium dep resses  g row th

and re d u ce s  p r o t e i n  and f a t  d i g e s t i o n ,  causes h y p e r te n s io n  and c a r d io v a s c u la r

( 2 )
p ro b le m s .  I t  a cc u m u la te s  i n  th e  k id n e y ,  l i v e r  and r e p r o d u c t i v e  o rgans .

( 4 )
M e rcu ry  was one o f  th e  f i r s t  m e ta ls  known to  man. The a lc h e m is ts  

to o k  a g r e a t  i n t e r e s t  i n  i t  and t r i e d  to  c o n v e r t  i t  i n t o  s i l v e r  o r  g o ld ,  

A q u in a s  s t u d ie d  th e  s o l u t i o n s  o f  m e ta ls  i n  m ercu ry  and c a l l e d  them amalgams* 

The o n ly  n a t u r a l l y  o c c u r r in g  o re  o f  m ercu ry  i s  the  re d  c in n a b a r ,  m ercury  

( I T )  s u lp h id e ,  f ro m  w h ich  p r a c t i c a l l y  a l l  th e  m e ta l  i s  o b ta in e d  by p y r o l y s i s .



Tremendous i n t e r e s t  has been deve lo p e d  i n  th e  p resence  o f  m ercury  

i n  th e  e n v i ro n m e n t ,  i n c l u d i n g  th e  b i o l o g i c a l  fo o d  c h a in .  (Ylercury s a l t s  

a re  h i g h l y  t o x i c .  M e rcu ry  i s  r e t a in e d  by th e  l i v e r ,  k id n e y ,  b r a i n ,  h e a r t ,

lu n g s  and m usc le  t i s s u e s .  I t  com plexes w i t h  -  SH g ro u p s ,  th u s  i n t e r f e r i n g

. . .  ( 2 )w i t h  enzyme p ro c e s s e s  ♦

Z i n c , . cadmium and m e rcu ry  f o l l o w  c o p p e r ,  s i l v e r  and g o ld  i n  th e

P e r io d i c  T a b le  and have two s e le c t r o n s  o u t s id e  f i l l e d  d s h e l l s ,  and

t h e r e f o r e  a re  n o t  t r a n s i t i o n  e le m e n ts  i n  v ie w  o f  what i s  known o f  t h e i r

p r e s e n t  c h e m is t r y .  However, th e y  show s i m i l a r i t y  t o  th e  t r a n s i t i o n

e le m e n ts  i n  t h e i r  com plex f o r m a t io n  w i t h  such l ig a n d s  as am ines , c y a n id e s ,

ammonia, h a l i d e  i o n s  and p h o s p h in e s .

U n l i k e  c o p p e r ,  s i l v e r  and g o ld  i n  w h ich  one o r  two f d '  e le c t r o n s  can

be l o s t  t o  g iv e  io n s  o r  com plexes i n  th e  ( l l )  and (1 1 1 )  o x i d a t i o n  s t a t e s ,

z i n c ,  cadmium and m e rcu ry  have v e r y  h ig h  t h i r d  i o n i z a t i o n  p o t e n t i a l s  ( th e

e n e rg y  r e q u i r e d ,  i n  e l e c t r o n  v o l t s ,  t o  remove an e l e c t r o n  from  th e  f i l l e d

f d ’ o r b i t a l )  and hence th e  d i v a l e n t  s t a t e  i s  im p o r t a n t  f o r  th e se  e le m e n ts .

M e rcu ry  i s  u n iq u e  i n  t h i s  r e s p e c t  i n  t h a t  th e  u n i v a l e n t  s t a t e ,  th e  m ercury  I 

2 *
i o n ,  Hg0 , i s  a l s o  s t a b le  i n  n e u t r a l  o r  a c i d i c  s o l u t i o n s .



*7

NICKEL PALLADIUM AHD PLATINUM. HISTORICAL, USES AND TOXICOLOGY.

The f i r s t  pu re  n i c k e l  m e ta l  was i s o l a t e d  i n  1804 by R i c h t e r .  N ic k e l

o c c u rs  n a t u r a l l y  i n  s i l i c a t e  ty p e  o re s  as s u lp h id e s  and o x id e s .

N ic k e l  has numerous uses c o m m e r c ia l l y ,  f o r  exam p le ,  i n  s i t u a t i o n s

where c o r r o s io n  r e s i s t a n c e  i s  o f  m a jo r  im p o r ta n c e  such as i n  s t a i n l e s s

s t e e l s ,  C o p p e r - n ic k e l  a l l o y s ,  because o f  t h e i r  r e s i s t a n c e  t o  c o r r o s io n ,

( 4 )a re  used w id e ly  e s p e c i a l l y  i n  m a r ine  e n v i ro n m e n ts  .

The im p o r ta n c e  o f  n i c k e l  i n  b i o l o g i c a l  sys tem s has r e c e n t l y  been 

( 2 )
documented . I t  i s  in v o lv e d  i n  th e  s t r u c t u r a l  s t a b i l i t y  o f  b i o l o g i c a l  

m a c ro m o le c u le s .  I t  i s  a ls o  known to  cause c a n c e r  o f  th e  r e s p i r a t o r y

i. ( 5 )s y s te m ' ,

P a l l a d i u m ^ ^  was f i r s t  d is c o v e r e d  i n  1803 by W o l la s to n  who named 

i t  p a l la d iu m  a f t e r  th e  a s t e r o i d  P a l l a s ,

P a l la d iu m  (and p la t i n u m )  i s  used i n  th e  p e t ro le u m  i n d u s t r y  f o r  th e  

r e fo r m in g  o f  c ra c k e d  p e t ro le u m  f r a c t i o n s  th u s  u p g ra d in g  th e  o c ta n e  r a t i n g  

o f  g a s o l i n e .

( 2 )P a l la d iu m  i s  known t o  p roduce  a c u te  damage t o  th e  l i v e r  and k id n e y

c e l l s .

( 4 )The f i r s t  r e p o r t  on p l a t i n u m '  was by th e  E n g l i s h  p h y s ic ia n

W i l l i a m  B ro w n r ig g  i n  1750.

F in e l y  d i v id e d  p la t in u m  f i n d s  use as a d e h y d ro g e n a t io n  and h y d ro -

(4 )
g e n a t io n  c a t a l y s t  i n  o r g a n ic  c h e m is t r y  and i n  numerous o th e r  w ays ' ,

The re  a re  a t  p re s e n t  no da ta  a v a i l a b l e  as to  th e  t o x i c i t y  o f  p la t in u m

compounds. However, some p la t in u m  compounds a re  known to  be p o t e n t i a l l y

f  ( 6 )  a c t i v e  a g a in s t  c a n c e r  0

For th e  t r a n s i t i o n  e le m e n ts ,  th e  ene rgy  i n v o lv e d  i n  th e  rem ova l o f

s u c c e s s iv e  ! d ! e l e c t r o n s  i s  com parab le  to  the  e x t r a  ene rgy  g a in e d  i n  the

fo r m a t io n  o f  e x t r a  bonds. T h is  f a c t  can be co n n e c te d  w i t h  t h e i r  v a r i a b le



4.

(7)v a le n c y '  «

N ic k e l  d i s p la y s  th e  o x i d a t i o n  s t a t e s  -  1 ,  0 , +1, +2, +3, +4 b u t  the  

+2 s t a t e  i s  th e  most common*

The commonest o x i d a t i o n  s t a t e  f o r  b o th  p a l la d iu m  and p la t in u m  i s  

th e  ( I I )  s t a t e  w h i le  th e  ( I v )  s t a t e  i s  s t a b le  f o r  b o th  e le m e n ts *

I



STEREOCHEMISTRY OF ZINC, CADMIUM AMD MERCURY COMPOUNDS.

The s t e r e o c h e m is t r y  o f  t r a n s i t i o n  m e ta l  com plexes i s  d e te rm in e d  by

l i g a n d  f i e l d  s t a b i l i s a t i o n  e ne rgy  e f f e c t s .  T h is  i s  th e  " s p l i t t i n g "  o f  the

5d o r b i t a l s  ( i . e .  d , d , d , d ,  2 2 S and cL2 o f  th e  m e ta l  io n  i n  th e
x y 7 x z T y z 7 (x  - y  ) ^ z-

co m p le x ,  w h ich  were o r i g i n a l l y  o f  e q u a l  ene rgy  i n  th e  " f r e e "  m e ta l  i o n ,  i n t o  

d o u b ly  d e g e n e ra te  and t r i p l y  d e g e n e ra te  e ne rgy  l e v e l s  e f f e c t e d  by th e  

p r e f e r e n t i a l  d i s t r i b u t i o n  o f  th e  d e le c t r o n s  i n  th e  5d o r b i t a l s  a c c o rd in g  

t o  A u fb a u ,  P a u l i  e x c lu s io n  p r i n c i p l e s  and Hund’ s r u l e  such t h a t  th e  o r b i t a l s  

a lo n g  th e  a x i s  o f  th e  l ig a n d s  a re  r a i s e d  i n  ene rgy  w h i le  th o s e  d i r e c t e d  

away f ro m  th e  l i g a n d s  a re  lo w e re d  i n  e ne rgy  r e l a t i v e  to  th e  5d o r b i t a l  

e n e r g ie s  i n  th e  h y p o t h e t i c a l  i s o l a t e d  m e ta l  i o n .  The d i f f e r e n c e  i n  e n e rg y ,  

A E ,  between th e  two s e ts  o f  e ne rgy  l e v e l s  b e in g  th e  l i g a n d  f i e l d  s t a b i l i s a t i o n  

e n e rg y  s in c e  such d i s t r i b u t i o n  o f  th e  d e le c t r o n s  r e s u l t s  i n  minimum

r e p u l s i o n  between th e  d e le c t r o n s  and th e  e l e c t r o n  c lo u d s  o f  th e  l i g a n d s .

Because o f  th e  co m p le te  d s h e l l s  th e  s te r e o c h e m is t r y  o f  z in c  and cadmium

compounds i s  d e te rm in e d  o n ly  by e l e c t r o s t a t i c  f o r c e s ,  c o v a le n t  bond ing

_ . . . .  ( 8 ) 
f o r c e s  and i o n i c  s i z e  ,

M ost n e u t r a l  m onoden ta te  l i g a n d s  can be c o n s id e re d  as d i p o l a r .  For 

such  l i g a n d s ,  com plex f o r m a t io n  i n  s o l u t i o n  in v o lv e s  work done a g a in s t  

e l e c t r o s t a t i c  fo r c e s  o f  r e p u l s i o n  between th e  l i g a n d s  to  b r i n g  them to g e th e r  

t o  c o - o r d i n a t e ,  An e x t r a  e n e rg y  te rm ,  th e  l a t t i c e  e n e rg y ,  a r i s i n g  from  

th e  e l e c t r o s t a t i c  i n t e r a c t i o n  between th e  m e ta l  io n  and th e  l i g a n d  i s  

i n v o l v e d  i n  o r d e r  t o  i s o l a t e  th e  com plex  i n  th e  s o l i d  s t a t e ,

G o v a le n t  b o nd in g  f o r c e s  may be o f  two k in d s  :

( l )  i n t e r a c t i o n  between e l e c t r o n  p a i r s  i n  th e  bonds o f  th e  m o le c u le , -  

t h a t  i s ,  bond p a i r - b o n d  p a i r  i n t e r a c t i o n s  ( t h i s  in c r e a s e s  w i t h  in c re a s e  

i n  th e  degree  o f  c o v a le n c y )  and ( 2 )  t h a t  due to  weak i n t e r a c t i o n s  between 

th e  m o le c u le s .
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TABLE I

STEREOCHEMISTRY OF SOME ZINC, CAD1Y1IUIY) AND 

MERCURY COMPOUNDS.

CO-ORDINATION
NUMBER GEOMETRY EXAMPLE REP.

2 l i n e a r  Zn(CH g)2 9

2 l i n e a r  Hg(CHg)2 10

4 2 -t e t r a h e d r a l  ZnC l.
4 11

4 p s e u d o - t e t r a h e d r a l  P y ^ Z n X ^

X = C l , B r , I 12

4 t e t r a h e d r a l  Zn B r , ^ ~
4

13

4 p s e u d o - t e t r a h e d r a l  (Me^NjHgBr^ 14

5 D i s t o r t e d  t r i g o n a l -  [  (am ine )Z n  
p y r a m id a l  (s?CNMe2 ) 2 ■] 15

5
D i s t o r t e d  t r i g o n a l -   ̂ (am-~nB )C d(S2 
p y r a m id a l  'CNMb ? ) 2 ] 15

5 t r i g o n a l  b i p y r a m id a l  Hg2 NH B r2 16

6 o c ta h e d r a l  [  Hg(C,_H,-N0)g

( c i a 4 )2 ] 17
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For s i z e  c o n s id e r a t io n s  th e  optimum r a t i o ,  r a d iu s  o f  c e n t r a l  i o n :  

r a d iu s  o f  l i g a n d  i o n ,  be low  w h ich  th e  l ig a n d s  c a n n o t  be accommodated, i s  

im p o r t a n t .  Z in c ,  cadmium and m e rcu ry  a re  la r g e  enough t o  have co ­

o r d i n a t i o n  numbers o f  f o u r ,  f i v e  and s i x  i n  t h e i r  co m p lexes . T ab le  1 

shows th e  p r e f e r r e d  c o - o r d i n a t i o n  numbers i n  some Group 1 IB  m e ta l  com p lexes .

The p r e f e r r e d  c o - o r d i n a t i o n  number ( t h e  number o f  n e a r e s t  n e ig h b o u rs  

t o  th e  g iv e n  atom i r r e s p e c t i v e  o f  th e  b o n d in g  between them ) o f  an atom i n  

a compound i s  d e te rm in e d  by s e v e r a l  o t h e r  f a c t o r s ,  th e  most im p o r t a n t  o f  

w h ic h  a re  :

( l )  th e  o x i d a t i o n  s t a t e  o f  th e  m e ta l ,

( i i )  th e  n a tu r e  o f  th e  l i g a n d .

( i i i )  th e  ty p e  o f  bond ( e s p e c i a l l y  i f  d o ub le  b o nd in g  o c c u r s ) .

( i v )  s t e r i c  e f f e c t s .

( 7 )These f a c t o r s  have been d is c u s s e d  i n  some dep th  by Nyholm , One 

s u g g e s t io n  was t h a t  th e  more p o l a r i z a b l e  th e  l i g a n d  (ease  t o  d i s t o r t i o n  o f  

th e  e l e c t r o n  c lo u d s  and hence more t r a n s f e r  o f  n e g a t iv e  c h a rg e  o n to  the .

m e ta l  i o n )  th e  le s s  th e  c o - o r d i n a t i o n  number. T h is  e x p la in s  th e  p r e f e r r e d

'  2 +
c o - o r d i n a t i o n  number o f  s i x  by z i n c  to w a rd s  w a te r  m o le c u le s  as i n  Zn(H2 0 )g

w h i l e  f o r  th e  more p o l a r i z a b l e  c h l o r i d e  i o n ,  C l , th e  c o - o r d i n a t i o n  number

2 -
i s  f o u r  as i n  ZnC l^  ion®

The l i t e r a t u r e  d e s c r ib e s  two main ty p e s  o f  com plexes o f  Lew is  base 

l i g a n d s  c o n t a in in g  Group VB donor atoms w i t h  Group 1 IB  m e ta l  h a l i d e s .  The 

BIX l ^ t y p e s  have been a s s ig n e d  t e t r a h e d r a l  monomeric s t e r e o c h e m is t r i e s  w h i le  

th e  ( lY lX^L^ ty p e s  th e  d im e r ic  and h a lo g e n - b r id g e d  s t r u c t u r e s ( 22)  

a l th o u g h  o t h e r  ty p e s  have a ls o  been d e s c r ib e d .  Most o f  th e  i n v e s t i g a t i o n s  

on th e  mode o f  bo n d in g  i n  th e s e  com plexes have c e n t r e d  on th e  use o f  i . r *

s p e c t ro s c o p y  and a ss ig n m e n ts  o f  m e ta l - p h o s p h o r u s , " ^ ( fn -P ) ,  m e ta l - h a lo g e n ,

•O r™  ^ ( l 9 ) - ( 2 3 )( ffl—X ) f have been p roposed  «



(18 )
Marine t  a l  i n v e s t i g a t e d  a l a r g e  number o f  cadmium ( i l )  and m ercury  

( i l )  h a l i d e  com plexes w i t h  t e r t i a r y  phosph.ines o f  th e  ty p e  ( f , ' != C d (I I ) ,

H g ( l l ) ,  X -- C l ,  B r ,  I )  and L^CdX^^L = Et^PCAS). The m o le c u la r  fo rm u la

o f  th e  (CdX^ ) 2  were c o n f i r m e d  fro m  m o le c u la r  w e ig h t  measurements i n  

o r g a n ic  s o l v e n t s .  Three  i s o m e r ic  fo rm s  have been s u g g e s te d  f o r  th e  

compound ( E tg P ) 2 (Cd B r2 ) 2 *

I  t r a n s - s y m m e t r i c a l

Br

Et3P
IX c i s - s y m m e t r i c a l

• B r '  " B r ^ ~

I I I  U n s y m m e tr ic a l

C r y s t a l l o g r a p h i c  da ta  o f  (CdBr2 ) 2  ( ^ 3 ^ ) 2  JJSS i n t e r p r e t e d  to  i n d i c a t e  

t h a t  i t  has a ‘c e n t r e  o f  yrnmetry and t h e r e f o r e  has th e  t r a n s - s y m m e t r i c a l  

s t r u c t u r e  ( i ) ,  a l s o  t h a t  th e  cadmium atoms a re  i n  t e t r a h e d r a l  e n v iro n m e n ts ,  

In  th e  com plexes (P h^P )2 ’ HgX2 , th e  t e t r a h e d r a l  e n v i ro n m e n t  o f  m ercu ry
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(18)has been assumed by a co m p a r iso n  w i t h  th e  known s t r u c t u r e  (E t^ A S )^  ,

(2 4 )
A r e c e n t  x - r a y  c r y s t a l  s t r u c t u r a l  d e te r m in a t io n  o f  th e  com plexes

R ^P H gC ^ (R = Ph Me, E t )  were i n t e r p r e t e d  to  i n d i c a t e  t h a t  Ph^P H g C ^  

c o n ta in s  d i s c r e t e  c h l o r i n e - b r i d g e d  d im e rs  w h i le  Ms^PHgCl^ c o n ta in s  a z i g ­

zag a r ra n g e m e n t o f  (Me^Pj H g C l)+ c a t i o n s  l i n k e d  to g e th e r  by c h l o r i d e  a n io n s ,  

E t^ P H g C ^  has been c o n s id e r e d  t o  c o n s i s t  o f  a c h a in  l i k e  a r ra n g e m e n t o f  

monomeric E t^ P ,  HgCl^ u n i t s  l i n k e d  t o g e t h e r  by r e l a t i v e l y  lo n g  i n t e r m o le c u la r  

H g -C l i n t e r a c t i o n s .  I n  Me^P HgCl^ and E t^P  H gC l^ ,  th e  m e rcu ry  atoms a re  

i n  a f i v e - c o - o r d i n a t e  t r i g o n a l  b ip y r a m id a l  e n v i ro n m e n ts .

Thus th e  p o s s ib le  w ide  v a r i e t y  o f  s t e r e o c h e m is t r i e s  t h a t  th e s e  ty p e s  o f  

com plexes can e x h i b i t  dependSon th e  n a tu r e  o f  th e  l i g a n d .

O c ta h e d ra l  p o ly m e r ic  a d d u c ts ,  f o r  exam p le , C d C ^  ( ^ 3 ) 2 * H g B ^ C N H ^ ^

and Cd B r0 (C-Hc !\l) 0 a re  a ls o  known as shown be low  ( F i g , l )
2 u b  2
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\
\

F ig *  1

The t e t r a h e d r a l  e n v i ro n m e n t  f o r  cadmium ( i l )  i n  (P h g P ^  *“' ĉ 2  * )

had been s u g g e s te d  on th e  b a s is  o f  th e  known c r y s t a l  s t r u c t u r e  o f

com plexes a re  fo rm ed by a l a r g e  number o f  e l e c t r o n e g a t i v e  l i g a n d s  such as 

w a te r  and ammonia. The s g u a r e - p la n a r  f o u r  c o - o r d in a t e  com plexes a re  form ed 

by l i g a n d s  w h ich  can p r o v id e  la r g e  c r y s t a l  f i e l d  s t a b i l i z a t i o n  e n e r g ie s ,  

and a ls o  by l i g a n d s  w h ich  have th e  a b i l i t y  t o  fo rm  i f  bonds . The t e t r a h e d r a l  

com p lexes can e i t h e r  be s p i n - f r e e  o r  s p i n - p a i r e d  a l th o u g h  th e  m a j o r i t y  o f  

known compounds i n  the  s o l i d  s t a t e  a re  s p i n - f r e e  i r r e s p e c t i v e  o f  .the l i g a n d  

f i e l d .

The m a j o r i t y  o f  th e  com plexes form ed by p a l l a d i u m ' ( i l )  and p la t in u m  ( i l )

a re  o f  th e  s q u a r e - p la n a r  ty p e  a l th o u g h  i n  s o l u t i o n  s o l v e n t  m o le c u le s  may

( 3 l )occupy v a c a n t  o c ta h e d r a l  s i t e s  ,  T a b le  2 shows a few o f  th e  numerous

com p lexes fo rm ed  by n i c k e l ,  p a l la d iu m  and p la t in u m .

STEREOCHEMISTRY OF NICKEL, PALLADIUM ftND PLATINUM

COMPOUNDS,

N ic k e l  ( i l )  fo rm s s p i n - f r e e  ( c o n t a i n i n g  two u n p a i re d  e l e c t r o n s )  f o u r -  

c o - o r d i n a t e  and s i x  c o - o r d in a t e  o c ta h e d r a l  com plexes The o c ta h e d r a l



TABLE 2

OXIDATION STATES AND STEREOCHEMISTRIES OF SOME

NICKEL, PALLADIUM AND PLATINUM COMPOUNDS

OXIDATION
STATE

CO-ORDINATION
NUMBER

GEOMETRY EXAMPLE REF

N i°

N i1 , d9

. 11 .8 Ni , d

m *III J Ni , d

T e t r a h e d r a l

pseudo -
t e t r a h e d r a l

Square P la n a r

D i s t o r t e d
t e t r a h e d r a l

Square
pyramidal

O c ta h e d ra l

TBP

(PF3 ) 4 N i

N i(P P h3 ) 3X

( X = C l , B r , l )

N iBr 2 P (E t3 )2

N iB r  (P P h ,)_2 3 Z

N iB r2T r i a r s i n e

j .N i ( c C - p ic )  1
( d o 4 ) 2 ]

N iB r 3 (PMe2 Ph ) 2

Square P la n a r PdCl2 t ( P h )2 PN 

C2H5P(Ph)2]

32

33

34

35

36

37

38

39

Pt (11) , d Square P la n a r  t r a n s -
Py2 P tC l2

40
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DONOR AND ACCEPTOR PROPERTIES OF LIGANDS AMD METALS.

( 41)
M e ta ls  have been q u a l i t a t i v e l y  c l a s s i f i e d  i n t o  th o s e  h a v in g

2  4*
C la ss  "A "  o r  "C la s s  B" c h a r a c t e r .  C lass  A e le m e n ts  (eg Zn ) ,  fo rm  t h e i r  

m ost s t a b le  com plexes w i t h  l i g a n d s  i n  w h ich  th e  c o - o r d i n a t i n g  atom i s  a 

f i r s t  row e le m e n t ( N ,0 ,  F) r a t h e r  th a n  th o s e  o f  a n a lo g o u s  l i g a n d s  i n  w h ich  

th e  e l e c t r o n  donor i s  a second row e le m e n t (P ,S ,C 1 ) .  C lass  B e lem en ts  fo rm  

t h e i r  most s t a b le  com plexes w i t h  P, S and C l o r  th e  sub se q u e n t l i g a n d  atoms 

i n  th e  f a m i l y  o f  th e se  e le m e n ts .  The t h i r d  g roup  o f  e l e c t r o n  a c c e p to r

/ 2 "f \e le m e n ts  (eg Cd ) have a b o rd e r  l i n e  b e h a v io u r .  Among th e  most p ronounced

C lass  B a c c e p to r s  a re  C u ( l ) ,  P d ( l l ) ,  A g ( I ) ,  P t ( l l )  and H g ( l l ) .

(4 2 )
Pearson gave an a l t e r n a t i v e  c l a s s i f i c a t i o n  o f  m e ta l  i o n - l i g a n d

i n t e r a c t i o n s .  M e ta l  io n s  w h ich  a re  s m a l l  o f t e n  have h ig h  cha rge  (hence

h ig h  ch a rg e  to  r a d iu s  r a t i o s )  and have no v a le n c e  s h e l l  e l e c t r o n s  t h a t  a re

e a s i l y  p o l a r i z e d  o r  rem oved; such io n s  a re  known as " h a rd  a c id s "  ( e . g .

+ 2 + \L i  Mg ) •  These a re  e f f e c t i v e  i n  e l e c t r o s t a t i c  b o n d in g  and d is p la y

c la s s  A b e h a v io u r .  M e ta l  io n s  w h ic h  a re  la r g e *  o f  low  c h a rg e ,  or. have 

v a l e n c e - s h e l l  e le c t r o n s  t h a t  a re  e a s i l y  p o l a r i z e d  a re  " s o f t  a c i d s " .  The 

l a t t e r  fo rm  c o v a le n t  bonds e f f e c t i v e l y  and d i s p la y  C lass  B b e h a v io u r

+  4* 2 4 * 2 4 " ?  4- 2 4 * 4- \
( e . g .  Cu , A g j  Cd , Hg , Pd ' , P t , Hg ) ,  w h i le  b o r d e r l i n e  b e h a v io u r

24" 24* 24*
i s  shown by th e  t h i r d  g roup  ( e . g ,  Zn , N i , Cu ) .

L ig a n d s  have s i m i l a r l y  been c l a s s i f i e d  i n t o  th o se  t h a t  a re  " h a r d "

( n o n - p o la r i z a b le )  and th o s e  t h a t  a re  " s o f t "  ( p o l a r i z a b l e ) .  "H a rd  bases"

have n o n - p o la r i z a b le  v a le n c e  s h e l l  e l e c t r o n s  and a re  e f f e c t i v e  i n  fo rm in g

e l e c t r o s t a t i c  bonds ( e . g .  C l"*, NH^). " S o f t  bases"  a re  e f f e c t i v e  i n

fo rm in g  c o v a le n t  bonds ( e . g .  w i t h  some b o r d e r l i n e  cases

( e . g .  n v r i d i n e ) .  The g e n e r a l i s a t i o n  i s  t h a t  s o f t  a c id s  fo rm  most s t a b le

com plexes w i t h  s o f t  bases and h a rd  a c id s  w i t h  h a rd  b a ses . A q u a n t i t a t i v e

(4 3 )
i n t e r p r e t a t i o n  o f  th e se  q u a l i t a t i v e  c l a s s i f i c a t i o n s  has been g iv e n  i n  wh.ic



th e  a u th o r s  c o r r e l a t e d  th e  m agn itu d e  o f  th e  d o n o r -a c c e p to r  i n t e r a c t i o n s  

w i t h  th e  e l e c t r o n i c  p r o p e r t i e s  o f  th e  m e ta l  io n s  and l i g a n d s .



A1Y1I NO PHDS PH INE5 DR TERTIARY PH05PHINE5 AS LIGANDS.

A m inophosph ines  a re  phosphorus  compounds i n  u jh ich th e  phosphorus

i s  d i r e c t l y  bonded to  n i t r o g e n ,  lYluch a t t e n t i o n  i s  b e in g  g iv e n  to  t h e i r

s tu d y  i n  r e c e n t  y e a r s ,  p ro b a b ly  because th e y  s e rv e  as p o t e n t i a l  l i g a n d s ,

and some o f  t h e i r  com plexes a re  u s e f u l  p o ly m e r i z a t io n  c a t a l y s t s

T r i s ( d im e th y la m in o ) p h o s p h in e ,  P( NlYle2 ) 3 » known im p a r t  f la m e  r e t a r d a n t

(4 5 )
and io n -e x c h a n g e  p r o p e r t i e s  t o  c o t t o n  f a b r i c s  ,

2 3
Phosphorus has th e  o u te r  s h e l l  e l e c t r o n i c  c o n f i g u r a t i o n  (3s  3p ) ,  and

fro m  Hund*s r u l e  th e  b o n d in g  e le c t r o n s  o f  phosphorus  ( I I I )  a re  re p r e s e n te d

by 3p 3p \  3p \  th e n  th e  lo n e  p a i r  i s  l o c a t e d  i n  th e  3s o r b i t a l ,  x y z
(4 6 )

However, V i l k o v  and c o -w o rk e rs  su g g e s te d  from  e l e c t r o n  d i f f r a c t i o n
3

s t u d ie s  on t r i s ( d im e t h y la m in o ) p h o s p h in e  t h a t  th e  phosphorus  atom i s  Sp 

h y b r i d i s e d .  There  i s  some c o n t r o v e r s y  a b o u t  th e  s t r u c t u r e  o f  t r i s ( d i m e t h y l -  

a m in o ) p h o s p h in e ^ ^ ^ .  E le c t r o n  d i f f r a c t i o n  s tu d y  on t r i s ( d i m e t h y l -

2
a m in o )p h o s p h in e  was i n t e r p r e t e d  t o  i n d i c a t e  t h a t  th e  n i t r o g e n  atoms a re  Sp 

h y b r i d i s e d .  Thus th e  n i t r o g e n  n o n -b o n d in g  lo n e  p a i r  must r e s id e  i n  the  

2pz o r b i t a l .  T h e r e fo re  i n  am inopho sph ines  th e r e  i s  th e  p o s s i b i l i t y  t h a t  

e i t h e r  n i t r o g e n  o r  phosphorus  can f u n c t i o n  as th e  donor s i t e s  i n  adduc ts  

and co m p le xe s .  A ls o  th e r e  i s  th e  p o s s i b i l i t y  o f  d e l o c a l i z a t i o n  o f  th e  

n i t r o g e n  lo n e  p a i r  i n t o  th e  3d o r b i t a l  o f  phosphorus to  fo rm  a 2p( NfcSd ( P V  

bond ; t h i s  c o u ld  reduce  i n t e r a c t i o n  o f  th e  n i t r o g e n  lo n e  p a i r  w i t h  the  

s igma bond fram ew ork  s in c e  b o n d in g  e l e c t r o n  p a i r s  and n o n -b o n d in g  e le c t r o n  

p a i r s  i n t e r - r e p e l  d i f f e r e n t l y ,  th e  o r d e r  o f  r e p u l s i o n  b e in g  g iv e n  b y ^ ^  

b o n d in g  4— ) bo n d in g  <C bond ing* .— n o n -b o n d in g  <C n o n -b o n d in g  ^ n o n ­

b o n d in g .  As an a i d  to  u n d e rs ta n d in g  th e  mode o f  bo n d in g  i n  am inophosph ines

( 4 6 ) ( 4 3 U 5 0 )
s t r u c t u r a l  d e te r m in a t io n s  and t h e o r e t i c a l  c a l c u l a t i o n  o f

( 5 i )
g e o m e t r ic  p a ra m e te rs  have been p re s e n te d  ,

A r e c e n t  p h o to e le c t r o n  sp e c tru m  o f  t r i s ( d im e th y la m in o )p h o s p h in e  was
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(52)
i n t e r p r e t e d  to  i n d i c a t e  t h a t  th e  m o le c u le  has a Cs symmetry w i t h  

two o f  th e  n i t r o g e n  lo n e  p a i r s  i n t e r a c t i n g  i n  a sigma manner w h i le  th e  

re m a in in g  n i t r o g e n  lo n e  p a i r  i n t e r a c t s  i n  a f t  f a s h io n  w i t h  th e  phosphorus  

lo n e  p a i r .

(51 )The geom etry  and e l e c t r o n i c  s t r u c t u r e  o f  P ^ I Y ^ ^  has been de te rm in e d ^  

by th e  CPJDO/^ m ethod. The r e s u l t  i n d i c a t e s  th e  nea r p l a n a r i t y  o f  th e  

m o le c u le s  P( Nrfle'^) ^ -  1 1 8 ° ) .  T h is  c o n t r a s t s  w i t h  th e  e x p e r im e n t a l l y

d e te rm in e d  a n g le  o f  9 6 .5 °  i n  th e  v a p o u r  s t a t e  by V i l k o v ^ ^ .  However.

(5 3 )D o rsc h n e r  and Kaufmann c r i t i c i s e d  t h i s  l a t e r  v a lu e  on s t e r i c  g rounds

as i t  e q u a ls  th e  FPF a n g le  o b se rve d  i n  PF^ (FPF= 9 6 . 3 ° ) ^ ^  i n  w h ich

s t e r i c  e f f e c t s  o f  th e  f l u o r i n e  atoms on th e  bond a n g le  i s  e x p e c te d  to  be

le s s  demanding th a n  s t e r i c  crow4\ry) due to  th e  N -d im e th y l  g roups  i n

(53 )The s t r e n g t h  o f  a base i s  d e f in e d  i n  te rm s  o f  th e  p r o to n a te d  base .

Thus th e  base s t r e n g t h  i s  a measure o f  th e  bo n d in g  between a base and a

p r o to n  and t h e r e f o r e  a measure o f  th e  sigma bo n d in g  a b i l i t y  o f  t h a t  base .

(5 1 )The c a l c u l a t i o n  was used to  show t h a t  i n  t r i s ( d im e th y la m in o ) p h o s p h in e  

th e  phosphorus  atom i s  more b a s ic  th a n  th e  n i t r o g e n  atoms and w i l l  f u n c t i o n  

as th e  dono r c e n t r e .  The w eaker b a s i c i t y  o f  th e  n i t r o g e n  atoms i n  t r i s -  

(d im e th y la m in o )p h o s p h in e  r e l a t i v e  to  the  phosphorus atom was r a t i o n a l i s e d

(51 )
i n  te rm s  o f  2 p (N )^  -------> 3d (P>K b o n d in g .  The c a l c u l a t i o n  a ls o

i n d i c a t e s  t h a t  i n  XP ( ^ n i t r o g e n  atom rem a ins  le s s

b a s ic  th a n  th e  oxygen and s u lp h u r  a tom s, and th e  l a t t e r  f u n c t i o n  as th e

4- n  (54 ) ~ (55 ) donor c e n t r e s  as obse rve d  e x p e r im e n t a l l y '  ,

There  i s  some e v id e n c e  t h a t  th e  p h o s p h o ry l  l i n k ; P0f and o th e r

s i m i l a r  ty p e s  o f  l i n k s  (e g .  P -3 ,  P**Se) do have some p i  c h a r a c t e r .

Fo r a l a r g e  number o f  X^PQ compounds i n c l u d i n g  (E t  O^PO the  average  bond

le n g t h  F ( p ~ o ) ,  X^PCj i s  1 .4 5  i  O.Q3A0 , w h ich  i s  much s h o r t e r  than  o th e r

types of P-G link for which the average is .1.52 ~ 0.05A



3
For a t e t r a  c o - o r d in a t e  phosphorus  as i n  X^PO w i t h  Sp h y b r i d i s e d

sigma o r b i t a l s ,  f o u r  o f  th e  v a le n c e  e le c t r o n s  a re  i n v o lv e d  i n  sigma

b o n d in g  w i t h  th e  l i g a n d  o r b i t a l s  w h i le  th e  f i f t h  ~odd e l e c t r o n  o c c u p ie s

2
one o f  th e  3d o r b i t a l s .  The oxygen atom i n  P -  0 i s  Sp h y b r i d i s e d  w i t h  

two lo n e  p a i r s  o c c u p y in g  n o n ^bond ing  o r b i t a l s .  A s im p le  v a le n c e  bond 

d e s c r i p t i o n  o f  b o n d in g  i n  th e  p h o s p h o ry l  l i n k  i s  g iv e n  be low  ( F i g . 2 ) ,

(5 7 )
F i g . 2 .  V a lence  Bond D e s c r i p t i o n  o f  PO l i n k

(5 7 )I t  has been su g g e s te d  t h a t  o f  th e  f i v e  3d o r b i t a l s ,  th e  3d

has th e  minimum i n t e r a c t i o n  o f  th e  sigma bond frame work and i s  th e  one



w h ich  i s  i n v o l v e d  i n  th e  2 P^.   ̂ 3 d ^  b o n d in g .

(5 1 )
In  th e  X P ^ I Y ^ ^  s e r i e s  th e  in v o lv e m e n t  o f  th e  phosphorus

3d o r b i t a l s  i n  th e  P-X bonds (X = 0 ,  S, Se) e f f e c t s  a n e g l i g i b l e  p (N )^ —* 

d ( P ) ^  e l e c t r o n  t r a n s f e r .

S tu d ie s  on o t h e r  am inopho sph ines  a ls o  s u g g e s te d  t h a t  th e  P-N bond 

has a p i  c o m p o n e n t ^ ^ ^  An x - r a y  d i f f r a c t i o n  s tu d y  shows t h a t

th e  b i c y c l i c  am inophosph ine  OP (Nrfie Ch^^Cffle  has th e  s t r u c t u r e

and t h a t  th e  n i t r o g e n  atoms a re  n e a r  p la n a r .  T h is  has been a t t r i b u t e d

p a r t l y  t o  a donor 2 p ( f \ l ) -------  ̂ 3 d (P )  p i  b o n d in g  and p a r t l y  t o  th e  s t e r i c

i n t e r a c t i o n s  o f  th e  n i t r o g e n  m e th y l  g roups  w i t h  th e  m e th y le n e  h yd ro g e n s .  

The P-N bond le n g t h  o f  1 .5 5 8 A 0 i n  OP (NIYie CIYle i s  v e r y  s h o r t  compared

w i t h  th e  s i n g l e  P-N bond le n g t h  o f  1 * 7 7 A ° ^ ^  i n

- o .

- O

an i n d i c a t i o n  o f  a p i  component i n  th e  P-N bond*

The s o l i d  s t a t e  s t r u c t u r e  o f  PF^ ( N I T ^ ) ^ ^  has th e  p la n a r  fram ew ork



The e n v i ro n m e n t  a b o u t  th e  n i t r o g e n  atom w ou ld  be p y ra m id a l  i f  th e  .lone p a i r s  

were e x e r t i n g  t h e i r  f u l l  s t e r e o c h e m ic a l  i n f l u e n c e .  The p resence  o f  2 p (N )—) 

3 d (P )  p i  bo n d in g  i n  PF^ Nrfle^ i s  f u r t h e r  i n d i c a t e d  by th e  f a c t  t h a t  

th e  P-I\l bond l e n g t h ,  r  (P -N )  = 1 .6 2 8 A 0 , i s  v e ry  s h o r t  compared t o  th e  s in g le  

bond le n g t h  o f  1 .7 7 A °  qu o te d  above .

The use o f  n . m . r . , i . r .  and h y d r o l y t i c  da ta  showed t h a t  i n  th e  

c h lo r a m in a t io n  and a l k y l a t i o n  o f  many n i t r o g e n - p h o s p h o r u s  compounds, 

th e  p o i n t  o f  a t t a c k  i s  a lw ays  th e  phospho rus  r a t h e r  th a n  th e  n i t r o g e n

4. ( 6 1 )atoms

I t  has a l s o  been shown fro m  s t r u c t u r a l  s t u d ie s  t h a t  Pr t  > d^bond ing

i s  g r e a t e r  between f i r s t  and second row e lem en ts  th a n  between two second
/ g o  )

row e le m e n ts .  F o r  example n i t r o g e n  has a p la n a r  e n v i ro n m e n t  i n  H0 NPF
Z

b u t  th e  H^PP f ra g m e n t  i s  n o t  p la n a r  i n  H2 PPF2 ^ ^ *  A ls o  w h i le  th e  heavy

atoms i n  t r i s i l y l a m i n e ,  ( S i H ^ ^ N ,  a re  p la n a r  th o s e  i n  t r i s i l y l p h o s p h i n e  

a re  n o t ^ 6 4 ^

The d e l o c a l i z a t i o n  o f  th e  n i t r o g e n  lo n e  p a i r  i n  ------) d ^bond ing  has

been in v o k e d  to  a c c o u n t  f o r  th e  lo w e r  b a s i c i t y  th a n  e x p e c te d  i n  t r i s i l y l a -

. ( ® 0  m in e '  \

R e l a t i v e l y  l i t t l e  work has been done cn the  c o - o r d i n a t i o n  c h e m is t r y  

o f  am inopho sph ines  w i t h  Z in c  ( I I ) ,  cadmium ( i l )  and m ercu ry  ( I I ) h a l id e s



and w i t h  n i c k e l  ( 11) ,  p a l la d iu m  ( 1 1 ) and p la t in u m  h a l id e s  a l th o u g h  

numerous t r a n s i t i o n  m e ta l  c a r b o n y l  com plexes have been d e s c r ib e d

X - ra y  c r y s t a l  s t r u c t u r e  o f  th e  b o ro n  a d d u c t ,  (C'H_)_NPF B i
o Z 2 4 8 i n d i c a t e s

t h a t  th e  p h o sp h o ru s ,  n i t r o g e n  and th e  two ca rbon  atoms a re  e s s e n t i a l l y  

c o p la n a r  b u t  t h e r e  i s  a c o n s id e r a b le  s h o r te n in g  o f

P-N, r (p _ N ) = 1 ,5 9 3 A °  and P -F , T ( p - r )  = 1 .594A 0 bond le n g th s  compared to  

th e  f r e e  l i g a n d  v a lu e s  o f  T (P -N )  = 1.62BA0 and r (P -F )  = 1 .610A ° 

r e s p e c t i v e l y .

An in c re a s e  i n  th e  FPF a n g le  i s  o b se rve d  i n  th e  a d d u c t ,  FPF- 9 6 ,5 ( 3 )

compared to  th e  f r e e  l i g a n d  v a lu e ,  FPF = 9 1 , 5 ( 3 )  .

( 7 2 )
Clemens, S i s l e r  and Brey s t u d ie d  th e  r e a c t i o n  o f  ( C H ^ ^  NP ( C H ^ ^  

w i t h  A1 (C2 H3 ) 3# They r e p o r t e d  t h a t  a p h o s p h o ru s -a lu m in iu m  bond was fo rm ed 

when th e  r e a g e n ts  were d i r e c t l y  com bined b u t  t h a t  th e  s t r u c t u r e  changed to

g iv e  n i t r o g e n - a lu m in iu m  bond when th e  a d d u c t  was h e a te d .

C o - o r d in a t io n  th ro u g h  th e  phosphorus  atom i n  P( ) g w i t h  th e  bo ron

h y d r id e s  BH^, B (H)(CH^CH^)^ has been o b se rv e d  e x p e r im e n t a l l y ,  ^ B ,  and

31 ( 7 3 ) ( 7 4 )P n . m . r .  s t u d ie s  i n d i c a t e  p h o s p h o ru o -b o ro n  b o n d in g  . However,

B C l^ ,  B F ^ ^ ^  and P C l ^ ^ ^  a t t a c k  th e  n i t r o g e n  atom and d i s s o c ia t e  th e  P-N 4

The a d d u c t  A l C l 3 P(Nfle2 )^ i>as been shown t o  be d im e r ic  i n  m e thy lene  c h lo r i d e  

s o l u t i o n  w i t h  th e  i n i t i a l  s t r u c t u r e

bond :

P(NIYle2 ) 3 . BX3 (X=F, C l j  IY!e2NBX2 + PX3 

P a r ry  and S c h u l t z  d e s c r ib e d  1 :1  a d d u c t  o f  P( Nri'le2 ^ t t h  A lC l ^ .

Noth and V e t t e r  s t u d ie d  th e  com plexes C d l^P (N F ie ^)^ , C d I22P (NFe^ )^ 

H g I9P(NiTle ) „  and H g I02P(Nr/le ) . From m o le c u la r  w e ig h t  s t u d ie s  and by

r



co m p a r iso n  w i t h  x - r a y  c r y s t a l  s t r u c t u r o  o f  o t h e r  d im e r ic  phosph ine  complexes

(1 8 )
o f  cadmium ( i l )  and m ercu ry  ( I I ) r e p o r t e d  by (Ylann e t  a l  th e y  s ugges te d  

t h a t  ( l )  C d ^ P tN fY ^ ) ^  e x i s t s  i n  s o l u t i o n  as u n d is s o c ia te d  b in u c l e a r  complex

d
( 2 )  C o - o r d in a t io n  i s  th ro u g h  th e  phosphorus  a tom . Some o f  th e  o t h e r  

r e p o r t e d  am inopho sph ine  com plexes a re  shown i n  T a b le  3 b e lo w .



TABLE 3

Am inophosph ine  com plexes w i t h  some M e ta l  H a l id e s ,

Compound
S ugges ted  mode 
o f  bo n d in g

method o f  
I n v e s t i g a t i o n Ref

t r a n s - P t C l  2P(f\ircie2 ) 3 P •u•E•C 79

t r a n s - P t I 22P(N(yie2 ) 3 P i# r # 66

t r a n s - P d C l  2P(NIYIe ) P i # r . 66

t r a n s - P d l  2P(NIYIe2 ) 3 P i . r . 66

Z n C l2E t 2 NP(Ph)2 P o r  N C o n d u c t i v i t y 80

CdCl2E t 2NP(Ph)2 P o r  I\1 C o n d u c t i v i t y 80

PhP(NR2 ) 2 H g I2

(R=ffle, E t ,  P r ) P Ref 18 59

C 81} 'C ru ic k s h a n k  s t u d ie d  z in c  ( I I )  cadmium ( I I ) and m ercu ry  ( I I ) h a l i d e  

com plexes w i t h  He fo r m u la t e d  them as 1 : 1 d im e r ic  and 1 : 2

m onomeric com plexes on th e  b a s is  o f  m o le c u la r  w e ig h t  measurements wh ich  

were c lo s e  to  d im e r ic  and monomeric v a lu e s  r e s p e c t i v e ly #  The e x p e r im e n ta l l y  

o b s e rv e d  m o le c u la r  w e ig h ts  a re  shown i n  T ab le  4 be low  :
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TABLE 4

M o le c u la r  W e igh t Data f o r  Some Am inophosph ine

r  , (8 1 )Complexes

Compound S o lv e n t

M o le c u la r

Observed

W e igh ts

C a lc u la te d

^ Z n C l2 P ( m e 2 ) 3
. C6H6 629 600

£ Z nB r2P(NfH0 2 ) 3 ' 2 C6H6 809 777

'Z n I 2 P(Nme2 ) 3
2 C6H6 997 965

r  HgCl2 P(Nf(lB2 ) 3 '
2 c h c i3 837 859

HgBr2p ( r * e 2 ) 3 ' 2 CHC13 1068 1048

£ H g I2 P(Nffle2 ) 3 2 CHC1 1267 1235

HgCl22R(Nrte2 ) 3 C ry o s c o p ic 579 598

HgBr22P(Nffe2 ) 3 C ry o s c o p ic 653 687

H g I22P(Nffle2 ) 3 C ry o s c o p ic 704 781

Z n C l22P(Nffle2 ) 3 C ry o s c o p ic 536 463

CdCl 2P(Nme ) C ry o s c o p ic 576 510

I « r .  and n .m . r#  e v id e n c e  were used to  deduce t h a t  c o - o r d i n a t i o n  was th ro u g h  

th e  phosphorus  atom i n  th e s e  c o m p le xe s .  The 1 : 1 and 1 : 2 complexes were 

a l s o  s u g g e s te d  to  be d im e r ic  w i t h  b r i d g i n g  ha loge ns  and monomeric w i t h  C^v

(bi )sym m etry , f o r  th e  s k e le to n  r e s p e c t i v e l y  f rom  f a r  i . r .  s p e c t r a  „

Low m o la r  c o n d u c t i v i t i e s ,  ( A ft]  = 0 .7  ohm ^ mole ^ cm were

o b ta in e d ^  f o r  th e  1 : 1  com plexes o f  P^JMe^)^ w i t h  Z in c  ( T l )  and cadmium 

( I I )  h a l i d e s  i n  benzene s o l u t i o n s  and f o r  1 : 1 m ercu ry  ( I I )  h a l id e s  in



23*

A *-»l **1
[Yl=0.2 ohm mole*" cm " ) .  These r e s u l t s  were 

i n t e r p r e t e d ^ ^  t o  i n d i c a t e  th e  e x is te n c e  o f  b i n u c le a r  u n d is s o c ia te d  

com plexes i n  s o l u t i o n *

I n  c o n c lu s io n ,  p r e s e n t  e v id e n c e  seems t o  su g g e s t  t h a t  th e  P-N bond i n

am inopho sph ines  has a p i  com ponen t, and t h a t  P  > d p i  b o n d in g  between

f i l l e d  2P o r b i t a l  o f  n i t r o g e n  and th e  empty 3d o r b i t a l  o f  phosphorus  g iv e s  

th e  phosphorus  atom a g r e a t e r  e l e c t r o n  d e n s i t y  th a n  th e  n i t r o g e n  atom and 

makes i t  a s t r o n g e r  e l e c t r o n  donor r e l a t i v e  t o  th e  n i t r o g e n  atom*

However, th e  p o s s i b i l i t y  o f  b o nd in g  th ro u g h  n i t r o g e n  c a n n o t  be r u le d

o u t *
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Complexes w i t h  t r i s ( 2 - p y r i d y l ) p h o s p i n e  and t r i s ~ ( 2  p y r id y l ) p h o s p h in e  

s u l p h i d e ,

UJith re le v a n c e  to  th e  p r e s e n t  w o rk ,  th e  knoiun com plexes o f  t r i s  

( 2 ~ p y r id y l ) p h o s p h in e  and o th e r  p y r i d y l  d e r i v a t i v e s  a re  shown i n  T a b le  5 be lo w ,

TABLE 5

Some com plexes o f  t r i s ( 2 ~ p y r i d y l ) p h o s p h i n e  and D e r i v a t i v e s ,

Compound

Suggested  

bonded atom

Method o f  

i n v e s t i q a t i o n Ref

ZnX2 P 

( X = C l ,B r ,  I )

t r i - d e n t a t e

th ro u g h

N

i * r . 81

h9X2 ( C S > 3 P

(.X-91, . _........ ........_

P i # r . 81

P tC l22 ( C j ^ 3 P P i , r . 81

PdC l22 ( ( ^  P P i « r . 81

Zn( P (CIO^ ) 

Zn( L | P - ) 3 P (ND3 )2

t r i - d e n t a t e

th ro u g h

p o la ro g ra p h y

p o la ro g ra p h y

N p o la ro g ra p h y 82

N iX2 ( C ^ l i C H f c  Ph2 )2

X= C l , B r , I

N
i * r . 83

N i1 (  C ^ 3 —) 3 N: (C104 ) 2 t r i - d e n t a t e x - r a y  powder

th ro u g h d i f r a c t i o n j 84

p y r i d y l s o l i d  s t a t e

n i t r o g e n s and s o l u t i o n  

1 «r »



The HgX2 ( C g X )  2 P com plexes were a s s ig n e d  d im e r ic  h a lo g e n -b r id g e d

s t r u c t u r e s  on th e  b a s is  o f  i . r .  s p e c t r a .

Low m o la r  c o n d u c t i v i t i e s ,

-A-IYI, ( A m  = 10 -  16 ohm” ^ mole ^ cm "^ )

were o b t a i n e d ^ " ^  f o r  th e  HgX2 ( — )^P complexes i n  d im e th y l - fo rm a m id e

—3
(D1Y1F) s o l u t i o n s  (10 IYl). These r e s u l t s  were i n t e r p r e t e d  to  i n d i c a t e  th e

e x is t e n c e  o f  m o le c u la r  com plexes i n  s o l u t i o n  by c o m pa r ison  w i t h  l i t e r a t u r e

—3
v a lu e s  f o r  i o n i c  . . p y f id y la m in e  com plexes i n  s i m i l a r  s o l v e n t s  (10  ffl) as 

shown i n  th e  T a b le  be low  -

S o lv e n t Range o f  V a lu e s ,  "A"IYl e l e c t r o l y t e

me No2 i o 5 ( b s ) a 2+ b2 -

me No2 144 -  210 ( 85 ) ( 8 4 ) ( 8 S ) c2+ 2X "

DIYIF 6 0 -9 9 ^ 8 7 ^ a 2+ b2 -

omF 142 -  180 <87) ( B4) ( 8 6 > c2+ 2X~

me No2 75 -95  ( 88> D+ £ ~

The ZnX2 ( CfDv com plexes were a s s ig n e d  th e  i o n i c  s t r u c t u r e s

[ m  2 ( ( J X )3 p ] 2+ [  mx4 ] 2 -

on th e  b a s is  o f

( i )  C o n d u c t i v i t y  measurements i n  n i t r o m e th a n e  s o l u t i o n  ( l O ^ M ,  A m  = 

94 -108  ohm” ’"*' m o le "^  cm*"^)#

2—( i i )  th e  p o s s i b i l i t y  o f  e x is te n c e  o f  th e  (mx^,) io n s  were a ls o  sugges te d  

f ro m  m e ta l - h a lo g e n  s t r e t c h i n g  f r e q u e n c ie s  i n  th e  f a r  i . r .  s p e c t r a .

(\Jo com plexes o f  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  s u lp h id e  have been d e s c r ib e d  

i n  th e  l i t e r a t u r e ;  however com plexes o f  t r i p h e n y lp h o s p h in e  s u lp h id e



26.

( S e le n id e )  a re  known. The c r y s t a l  s t r u c t u r e  o f  H g C ^ P h ^ P S e ^ ^  was 

i n t e r p r e t e d  t o  i n d i c a t e  t h a t  i t  c o n s i s t s  o f  d i s c r e t e  c h l o r i n e - b r i d g e d  

m o le c u le s  ( i )  w i t h  th e  m ercu ry  atoms i n  a d i s t o r t e d  t e t r a h e d r a l  

c o n f i g u r a t i o n ,  w i t h  th e  b o n d in g  th ro u g h  th e  s e le n iu m  a tom .

P h 3 P S e ^  / C i

C ^ 9 ' ^ ^ ^ C (/ H g ' ^ s e P p h 3

( I )



CHAPTER ONE

EXPERIMENTAL TECHNIQUES



EXPERIMENTAL TECHNIQUES.

I n t r o d u c t i o n .

I n  th e  p r e s e n t  s tu d y  e x te n s iv e  use has been made o f  n u c le a r  m agne t ic

resonance  ( n . m . r . )  i n f r a r e d  ( i . r . )  and Raman s p e c t r o s c o p y .  These and o th e r

r e l e v a n t  a s p e c ts  o f  th e  e x p e r im e n ta l  te c h n iq u e s  w i l l  be b r i e f l y  d is c u s s e d .

(90')N u c le a r  M a g n e t ic  Resonance.

I s o to p e s  o f  e lem en ts  w i t h  e i t h e r  odd a to m ic  number (odd  number o f  p ro to n s  

i n  th e  n u c le u s )  o r  odd mass number (odd  t o t a l  number o f  p r o to n s  and 

n e u t r o n s )  f o r  example ^H, ^ F ,  have a m a g n e t ic  moment

An i s o l a t e d  n u c le u s  w i t h  a m a g n e t ic  moment p la c e d  i n  a s t a t i c  m agne t ic  

f i e l d  Bo has 2 1 + 1  o r i e n t a t i o n s  o f  th e  S p in  I  i n  th e  f i e l d  d i r e c t i o n  and 

Bo i s  c o n s id e re d  to  be a lo n g  th e  z - a x i s  o f  th e  l a b o r a t o r y  c o - o r d in a t e  sys tem . 

S in c e  th e  n u c le a r  magnet a ls o  possesses an a n g u la r  momentum i t  p re ce sse s  

a b o u t  Bo w i t h  a n g u la r  v e l o c i t y / s ) ,  g iv e n  by

^  Bo

where f t  VC i s  th e  m a g n e to g y r ic  r a t i o  o f  th e  n u c l e u s . t  - h  luhare L  

i s  P la n c k 's  c o n s ta n t .

Fo r  a n u c le u s  w i t h  mr = -  1 /2 , t h e r e  a re  two o r i e n t a t i o n s  i n  th e  f i e l d  

d i r e c t i o n s  c o r re s p o n d in g  to

( a )  a l ig n m e n t  ajptlBfc th e  f i e l d  (|T)i= + 1 / 2 ) ,  i . e .  th e  h ig h e r  ene rgy  s i t u a t i o n

( b )  a l ig n m e n t  ujitK. th e  f i e l d  (rf^= -  1 / 2 )  th e  lo w e r  e ne rgy  s i t u a t i o n  

The d i f f e r e n c e  i n  ene rgy  between th e  two e ne rgy  l e v e l s  i s  g iv e n  by

A e

B e fo re  th e  sample c o n t a in in g  th e  n u c l e i ,  f o r  example p r o to n s ,  i s  

i r r a d i a t e d  i n  a m a g n e t ic  f i e l d ,  th e  p ro to n s  w i l l  have p o p u la te d  th e  two 

s t a t e s  u f  s l i g h t l y  d i f f e r e n t  ene rgy  a c c o r d in g  to  a Bo ltzm ann  d i s t r i b u t i o n  

and t h e r e  w i l l  be a s l i g h t  excess  o f  n u c l e i  i n  th e  lo w e r  ene rgy  l e v e l *

I f  an a l t e r n a t i n g  e le c t r o m a g n e t ic  r a d i a t i o n  i s  a p p l ie d  to  the  sample a lo n g



t h e  x - a x i s ,  an e n e rg y ,2 \>  £  u i i l l  be abso rbed  by th e  n u c l e i  i f  th e  

f r e q u e n c y  o f  th e  i r r a d i a t i o n  i s  th e  same as th e  Larm or p r e c e s s io n  f re q u e n c y  

o f  th e  n u c le u s  and t h i s  le a d s  to  th e  p ro m o t io n  o f  n u c l e i  f rom  th e  lo w e r  

t o  th e  h ig h e r  ene rgy  l e v e l .  T h is  i s  th e  n u c le a r  m a g n e t ic  resonance  e f f e c t .  

I n  o r d e r  t h a t  a b s o r p t io n  o f  e ne rgy  by n u c l e i  s h o u ld  c o n t in u e  i n  a 

n u c le a r  m a g n e t ic  resonance  e x p e r im e n t ,  t h e r e  must a lw a ys  be an excess o f  

n u c l e i  i n  th e  g round  s t a t e .  T h is  excess i s  m a in ta in e d  by th e  r e le a s e  o f  

e n e rg y ,  / \ E, t o  th e  e n v i ro n m e n t  by th e  n u c le i  i n  th e  e x c i t e d  s t a t e .  T h is  

t r a n s f e r  o f  e ne rgy  from  th e  s p in  sys tem  to  th e  e n v i ro n m e n t  ( te rm e d  th e  

l a t t i c e )  i s  c a l l e d  s p i n - l a t t i c e  r e l a x a t i o n .  The l i f e  t im e  o f  th e  e x c i t e d  

s t a t e  i s  measured by th e  s p i n - l a t t i c e  r e l a x a t i o n  t im e  T ^ .

The method j u s t  d e s c r ib e d  where a v e r y  weak r a d io f r e q u e n c y  i s  a p p l i e d  

c o n t in u o u s ly  t o  th e  sample and th e  e n e rg y  abso rb e d  i s  measured as a 

f u n c t i o n  o f  f i e l d / f r e q u e n c y  i s  c a l l e d  th e  c o n t in u o u s  wave m ethod, th e  

reso n a n ce  c o n d i t i o n  can be a c h ie v e d  by e i t h e r  v a r y in g  th e  f re q u e n c y  and 

m a in t a in in g  th e  f i e l d  c o n s ta n t  ( f r e q u e n c y  sweep) o r  by v a r y in g  th e  f i e l d  

and m a in t a in in g  th e  f re q u e n c y  c o n s ta n t  ( f i e l d  sw eep ) .  The sp e c tru m  th u s  

o b ta in e d  i s  a f u n c t i o n  o f  f r e q u e n c y .  In  th e s e  p ro c e d u re s ,  we e x c i t e  th e  

reso n a n ce  p o s i t i o n  o f  o n ly  one n u c le u s  a t  a t im e .

^H n . m . r ,  f o r  a l l  com plexes were re c o rd e d  as s a t u r a t e d  s o l u t i o n s  i n  

CDClg u s in g  5 ml n . m . r .  tu b e s  on a Deo l C-60-HL n . m . r .  in s t r u m e n t  a t  60 MHz 

o p e r a t in g  f re q u e n c y  and a f i e l d  s t r e n g t h  o f  . K i lo g a u s s .

I n  th e  case o f  ZnBr2 P (NMe2 ) 3 and z n c i 2 P (NMe2 ) 3 where p o o r  r e s o lu t i o n  

made a s s ig n m e n ts  d i f f i c u l t  an a d d i t i o n a l  220 MHz sp e c tru m  was re c o rd e d  by 

PMC U , H a r w e l l .

* ^P  n . m . r .  were re c o rd e d  e i t h e r  on a U a r ia n  XL -  100 in s t r u m e n t  o p e r a t in g  

on a f i e l d  s t r e n g t h  o f  23, 490 gauss a t  4 0 .5  MHz o p e r a t in g  f re q u e n c y  o r  on 

a D eo l C-60-HL in s t r u m e n t .



V a r ia b le  te m p e ra tu re  H n . m . r .  were ru n  on a V a r ia n  HA-100 in s t r u m e n t .

The m e rc u ry -1 9 9  i n t e r n u c l e a r  doub le  resonance  (INDOR) sp e c tru m  was

re c o rd e d  on a D eo l C-60-HL in s t r u m e n t  f i t t e d  w i t h  a f r e q u e n c y  s y n th e s iz e r

(9 1 )
Schomandl ND 100IY1 and a m p l i f i e r  DNIY1-SD-.NC *



( 92 )
C hem ica l S h i f t s

The f i e l d  a t  w h ich  ba re  n u c le u s  a b so rbs  e le c t r o m a g n e t ic  r a d i a t i o n  i s  

changed when e le c t r o n s  s u r ro u n d  th e  n u c le u s .  An a p p l i e d  m a g n e t ic  f i e l d  

in d u c e s  th e  e le c t r o n s  to  c i r c u l a t e  and th e  m a g n e t ic  f i e l d ,  B^ , th u s  

p roduced  opposes th e  a p p l i e d  m a g n e t ic  f i e l d  a t  th e  n u c le u s .  Thus f o r  th e  

resonance  c o n d i t i o n  f o r  an i s o l a t e d  n u c le u s

S o

to  o p e ra te  f o r  a n u c le u s  i n  a bond, a g r e a t e r  f i e l d ,  (Bo + B ^ ) ,  must be 

a p p l i e d .  The n u c le u s  i s  th e n  s a id  t o  be s h ie ld e d  by th e  e l e c t r o n s .  As 

c h e m ic a l l y  d i f f e r e n t  n u c l e i  o f  th e  same e lem en t i n  m o le c u le s  a re  i n  

e l e c t r o n i c a l l y  d i f f e r e n t  e n v i ro n m e n ts ,  th e y  a re  s h ie ld e d  d i f f e r e n t i a l l y  

and hence a b so rb  e le c t r o m a g n e t ic  r a d i a t i o n  a t  d i f f e r e n t  r e g io n s  o f  th e  

sp e c tru m  a t  c o n s ta n t  a p p l i e d  m a g n e t ic  f i e l d s .  I t  i s  t h i s  f e a t u r e  t h a t  makes 

n . m . r ,  s p e c t ro s c o p y  in v a lu a b le  t o  c h e m is ts  f o r  s t r u c t u r a l  d e t e r m in a t io n .

F o r  c o m p a ra t iv e  purposes  th e  c h e m ic a l  s h i f t  i s  o f t e n  g iv e n  by a f i e l d  

in d e p e n d e n t  p a ra m e te r ,  %  , i n  p a r t s  p e r  m i l l i o n ,  (ppm ), where

_  8  = ^  ± ______ x 1 o 6
Hp

and Hg and a re  th e  m a g n e t ic  f i e l d s  a t  w h ich  th e  sample and r e fe r e n c e

compounds g iv e  n . m . r .  s i g n a l s .

31
The p c h e m ic a l  s h i f t s  f o r  th e  t h r e e  d o u b le ts  o f  ZnX2 P(NITle2 ) 2  (X=C1,

(93 )
B r , l )  were d e te rm in e d  on XL-100 in s t r u m e n t  by th e  doub le  resonance  method « 

The range  o f  c h e m ic a l  s h i f t s  w i l l  be d is c u s s e d  unde r th e  n . m . r .  o f  

th e  r e s p e c t i v e  n u c l e i .

C o n v e n t io n  f o r  Chem ica l S h i f t s .

C hem ica l s h i f t s  i n  t h i s  work a re  g iv e n  as p o s i t i v e  d o w n f ie ld  o f  th e  

f o l l o w i n g  r e fe r e n c e  compounds :



31.

1 H : TMS ( (CH3 ) 4S i )

13
C : TfYlS

31p : H3 P04 ( 8 5 % )

1 9 9 Hg : (CH3 ) 2Hg

(94 )
The N u c le a r  S p in -S p in  C o u p l in g  C o n s ta n t

T h is  i s  e x e m p l i f i e d  by th e  e l e c t r o n  m e d ia te d  i n t e r a c t i o n  between two

13 1
d i r e c t l y  bonded n u c l e i  as i n  C ~ H c o u p l i n g .  The i n t e r a c t i o n  o f  th e  

p r o to n  n u c le a r  moment w i t h  th e  e l e c t r o n  s p in  i n  such t h a t  an a n t i p a r a l l e l  

a l ig n m e n t  o f  th e  n u c le a r  and e l e c t r o n  s p in s  i s  e f f e c t e d  (d ia g ra m  b e low )

13°!--- 1----1---- fH

13 1
The a n t i p a r a l l e l  a l ig n m e n t  o f  th e  o th e r  e le c t r o n  i n  th e  C -  H bond i s

g o ve rn e d  by th e  P a u l i  e x c lu s io n  p r i n c i p l e .  The i n t e r a c t i o n  o f  th e  l a t t e r  

13e l e c t r o n  w i t h  th e  C n u c le u s  a g a in  p roduces  an a n t i p a r a l l e l  o r i e n t a t i o n .

Thus th e  c o u p l in g  c o n s ta n t  i s  a measure o f  th e  a b i l i t y  o f  th e  s p in  o r i e n t a t i o n  

o f  one n u c le u s  to  a f f e c t  ( v i a  th e  e le c t r o n s  i n  th e  bond) th e  ene rgy  o f  

a n o th e r  n u c le u s ,  and so p roduces  a s p l i t t i n g  i n  th e  sp e c tru m  o f  t h a t  n u c le u s .  

I f  f o r  a n t i p a r a l l e l  o r i e n t a t i o n  o f  s p in s  th e  ene rgy  o f  th e  system  i s  

minimum, th e n  th e  c o u p l in g  c o n s ta n t  i s  d e f in e d  t o  be p o s i t i v e .  The model 

j u s t  d e s c r ib e d  p r e d i c t s  t h a t  a l l  one bond c o u p l in g s  w i l l  be p o s i t i v e ;  t h i s  

however i s  fo u n d  e x p e r im e n t a l l y  n o t  to  be c o r r e c t  and more com plex t h e o r ie s  

have been d eve lop ed  to  accommodate t h i s  f a c t .

The range  and m agn itude  o f  c o u p l in g  c o n s ta n ts  w i l l  be d is c u s s e d  under 

th e  n . m . r .  s p e c t r a  o f  th e  r e s p e c t i v e  com p lexes .

199 31 1Hg -  p c o u p l in g  c o n s ta n ts  were d e te rm in e d  from  th e  H spec trum

(9 3 )
by th e  d o ub le  resonance  m e thod ' .



(95)F o u r ie r  T ra n s fo rm  S p e c tro s c o p y  

In  a m a g n e t ic  resonance  e x p e r im e n t  th e  s e n s i t i v i t y  o f  a n u c le u s  i s  

measured i n  te rm s o f  th e  s t r e n g t h  o f  th e  s i g n a l s .  T h is  depends upon th e  

r e l a t i v e  number o f  upward and downward t r a n s i t i o n s  between th e  two a lm o s t  

e q u a l l y  p o p u la te d  ene rgy  l e v e l s .  From th e  resonance  c o n d i t i o n

13n u c l e i  w i t h  low  m a g n e t ic  moments ( e . g .  = 0 .7 9  Bohr m agnetons) and

hence low  v a lu e s  o f  c o n s e q u e n t ly  have s m a l l  v a lu e s  o f  A ^ ■ Such n u c l e i

have th e  p o p u la t io n  d i f f e r e n c e  o f  n u c l e i  i n  th e  two ene rgy  l e v e l s  even 

s m a l le r  th a n  f o r  n u c l e i  w i t h  h ig h e r  v a lu e s  o f  t M e . g ^ H ,  \ = 2 .7 9  Bohr

m agnetons) a t  th e  same f i e l d  s t r e n g t h  Bo. Coupl ed w i t h  th e  l o w $4 v a lu e ,

13 1C has low  n a t u r a l  abundance { 1 * 1 %  compared w i t h  100%> f o r  H) th u s

in c r e a s in g  th e  d i f f i c u l t y  o f  d e t e c t i o n  by a f a c t o r  o f  h u n d re d .

One method o f  enhan c ing  th e  s e n s i t i v i t y  i s  t o  use s u p e r - c o n d u c t in g

m a g n e t s ^ ^  w h ich  g iv e  v e r y  s t r o n g  m a g n e t ic  f i e l d  s t r e n g t h s .  The s e n s i t i v i t y

(9 7 )can a ls o  be in c r e a s e d  by th e  method o f  t im e  a v e ra g in g  and by th e  use

o f  p u ls e d  F o u r i e r  t r a n s fo r m  m ethods.

The a dvan ta ge  o f  p u ls e d  F o u r i e r  t r a n s fo r m  n . m . r .  o v e r  c o n t in u o u s

wave n . m . r .  i s  t h a t  i n  th e  fo rm e r  i n f o r m a t i o n  a b o u t  th e  resonance  p o s i t i o n

o f  a l l  th e  n u c l e i  o f  one ty p e  i n  th e  sample i s  o b ta in e d  s im u l ta n e o u s ly  w h i le

i n  th e  l a t t e r  t h i s  i n f o r m a t i o n  i s  o b ta in e d  one a t  a t im e .

13 C n . m . r .  s p e c t r a  o f  P( NT/le^) ^ com plexes were ru n  as s a t u r a t e d  s o l u t i o n s  

i n  CDClg a t  room te m p e ra tu re  ( c a  298°K ) w i t h  TMS a t  Oppm on a V a r ia n  XL-100 

p u ls e d  F o u r ie r  t r a n s fo r m  in s t r u m e n t  w i t h  com p le te  p r o to n  d e c o u p l in g .  The 

o p e r a t in g  f r e q u e n c y  i s  2 5 .2  MHz.
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I n f r a r e d  and Raman S p e c t ro s c o p y .

T here  a re  g r e a t  advan ta ges  i n  a p p ly in g  b o th  i n f r a r e d  and Raman 

te c h n iq u e s  t o  th e  same compound. I n  p a r t i c u l a r ,  f o r  compounds w i t h  a c e n t r e  

o f  symmetry th e  v i b r a t i o n a l  f r e q u e n c ie s  can be c o m p le te ly  a s s ig n e d  i f  b o th  

te c h n iq u e s  a re  used . Most 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 c c u r  be low 

600 cm"*^ and can be fo u n d  i n  th e  f a r  i n f r a r e d  r e g io n .  Raman s p e c t ro s c o p y  

i s  a l s o  i d e a l l y  s u i t e d  f o r  s t u d y in g  such v i b r a t i o n s  s in c e  i t  can be ex tende d  

as low  as 10 cm"^ th e  l i m i t  b e in g  0 cm"^ w h ich  i s  th e  f re q u e n c y  o f  th e  

e x c i t i n g  l i n e .  Raman s p e c t ro s c o p y  o f f e r s  a d d i t i o n a l  advan ta ge  o v e r  i n f r a r e d  

as w a te r  i s  an e x c e l l e n t  s o l v e n t  because i t s  p o l a r i z a b i l i t y  changes l i t t l e  

d u r in g  v i b r a t i o n .  C o n se q u e n t ly  th e  Raman s c a t t e r i n g  i s  v e r y  weak,

Raman S p e c t ro s c o p y ^ ^ ^

The Raman e f f e c t  i s  e s s e n t i a l l y  a s c a t t e r i n g  phenomenon; th e  f re q u e n c y  

o f  th e  s c a t t e r e d  l i g h t  i s  a n a ly s e d .  I n  a no rm a l Raman sp e c tru m  th e  

e x c i t i n g  f re q u e n c y  i s  such t h a t  i t  i s  n o t  s t r o n g l y  abso rb e d  by th e  sam p le . 

UJhen th e  r a d i a t i o n  i s  a b so rb e d  by th e  sample i t  i s  c a l l e d  f lu o r e s c e n c e .

Ulhen i t  i s  s c a t t e r e d  by th e  m o le c u le s  o f  th e  sample i t  i s  c a l l e d  R a y le ig h  

s c a t t e r i n g .  Raman (19 2 8 )  d is c o v e r e d  t h a t  th e  s c a t t e r e d  r a d i a t i o n  has e i t h e r  

th e  same f r e q u e n c y , ^ © ,  as th e  i n c i d e n t  r a d i a t i o n  (R a y le ig h  s c a t t e r i n g )  

o r  d i f f e r e n t  f r e q u e n c ie s  (Raman s c a t t e r i n g ) .  When th e  h ig h  ene rgy  p ro to n s  

o f  th e  m onoch rom a tic  r a d i a t i o n  i n t e r a c t  w i t h  th e  m o le c u le s  o f  th e  sam ple , 

th e y  a re  r a i s e d  to  a h i g h l y  e n e r g e t i c  u n s ta b le  s t a t e .  The R a y le ig h  

s c a t t e r i n g  i s  due t o  th o s e  m o le c u le s  w h ich  r e t u r n  t o  th e  g round  s t a t e  by 

e m i t t i n g  th e  same e n e rg y S ^  as th e  i n c i d e n t  r a d i a t i o n .  Some o f  th e  

m o le c u le s  come t o  r e s t  a t  a v i b r a t i o n  l e v e l  by e m i t t i n g  ene rgy  o f  

lo w e r  f r e q u e n c y , ' v̂ o-*if:̂ c a l l e d  a S tokes  l i n e ;  a few m o le c u le s  i n i t i a l l y  

i n  a h ig h e r  v i b r a t i o n a l  s t a t e  e m i t  e ne rgy  a t  a h ig h e r  f r e q u e n c y , * ^ 0 -+ 

( a n t i - S t o k e s  l i n e s )  by r e t u r n i n g  to  th e  g round  s t a t e .  The a n t i - S t o k e s  l i n e s



a re  weak a t  room te m p e ra tu re  and a re  n o t  n o r m a l ly  o b s e rv e d  ( F i g . 3 )

Fig 3.
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The Raman f re q u e n c y  s h i f t ,  i s  th e  d i f f e r e n c e  i n  f re q u e n c y

between th e  i n c i d e n t  r a d i a t i o n  ( R a y le ig h  l i n e )  and th e  Raman s c a t t e r e d

v i b r a t i o n  o f  th e  m o le c u le .

The e l e c t r i c  f i e l d  o f  th e  e le c t r o m a g n e t ic  r a d i a t i o n  in d u c e s  an 

o s c i l l a t i n g  d ip o le  moment $4 i n  th e  m o le c u le  w h ic h  i s  p r o p o r t i o n a l  to  th e

where £  i s  th e  e l e c t r i c  f i e l d .

T h e r e fo r e  f o r  a m o le c u le  t o  a b so rb  e ne rgy  and to  show a Raman e f f e c t ,  

t h e r e  must be a change i n  th e  p o l a r i z a b i l i t y  o f  th e  m o le c u le  w h i le  f o r  

i n f r a r e d  a c t i v i t y ,  th e  d ip o le  moment must change . For c e n t r o - s y m m e t r io  

m o le c u le s  a v i b r a t i o n  w h ich  i s  a c t i v e  i n  th e  Raman i s  i n a c t i v e  i n  the  

i n f r a r e d  and v i c e  v e r s a .

In  a d d i t i o n  th e  p o l a r i z a t i o n  o f  th e  e m i t t e d  l i g h t  can be measured by 

a n a ly s e r  and d e s ig n a te d  as p o l a r i z e d  o r  d e p o la r i z e d .  Fo r sy m m e tr ic

r a d i a t i o n .  These d is p la c e m e n ts  c o r re s p o n d  to  th e  f r e q u e n c ie s  o f

p o la r i z a b i l i t y o C ( e a s e  o f  e l e c t r o n  c lo u d  movement i n  an e l e c t r i c  f i e l d )  

o f  th e  m o le c u le ,  t h a t  i s



v i b r a t i o n s  o f  th e  m o le c u le  th e  l i g h t  i s  p o l a r i z e d  and f o r  a sym m e tr ic  

v i b r a t i o n s  i t  i s  d e p o la r i s e d .

For Raman a c t i v e  t r a n s i t i o n s ,  th e  s e l e c t i o n  r u le s  a re  t h a t  th e  

v i b r a t i o n a l  quantum number,""^ , o f  a mode must change by z ^ ) = + i  and th e  

r o t a t i o n a l  quantum number, 3 ,  must change b y ^ O  = 0 , - 2  where th e  ze ro  

c o r re s p o n d s  to  th e  R a y le ig h  s c a t t e r i n g  and th e  -  2 c o r re s p o n d s  t o  th e  

Raman t r a n s i t i o n s .  .

Raman s p e c t r a  were ru n  e i t h e r  as l i q u i d s  o r  p o l y c r y s t a l l i n e  s o l i d s  i n  

s e a le d  c y l i n d r i c a l  Raman tu b e s  on a Spex Ramalog 4 in s t r u m e n t  f i t t e d  w i t h  

C oh e re n t r a d i a t i o n  52G io n  la s e r s  ( K r + and A r + ) .

( 99)I n f r a r e d  S p e c tro s c o p y

I n f r a r e d  s p e c t r a  can be d i v id e d  i n t o  t h r e e  r e g io n s :  th e  nea r i n f r a r e d

(12000-4000  cm"1 ) ,  th e  m i d - i n f r a r e d  (4000 -20 0  cm"'1 ) and th e  f a r  i n f r a r e d  

(2 0 0 -1 0  cm"1 ) and th e  l a t t e r  i s  co n ce rn e d  m a in ly  w i t h  th e  pu re  r o t a t i o n  

s p e c t r a  o f  m o le c u le s .

The c o n c e p t  o f  "g ro u p  f r e q u e n c ie s "  i s  one o f  th e  most p o w e r fu l  t o o l s  

used i n  th e  d e te r m in a t io n  o f  m o le c u la r  s t r u c t u r e  by v i b r a t i o n a l  s p e c t ro s c o p y  

I n  many m o le c u le s  v i b r a t i o n s  te n d  to  a f f e c t  m a in ly  one bond o r  a s e t  o f  l i k e  

bonds ( i . e .  a g ro u p )  w i t h  th e  r e s t  o f  th e  m o le c u le  moving o n ly  m a r g in a l l y  i n  

o r d e r  t o  p re s e rv e  th e  c e n t r e  o f  g r a v i t y  o f  th e  m o le c u le .  The v i b r a t i o n s  

can be r e s o lv e d  i n t o  a s e t  o f  in d e p e n d e n t  m o t io n s  c a l l e d  no rm a l modes.

For a m o le c u le  p o s s e s s in g  N atoms each o f  th e  N atoms can be d e s c r ib e d  i n  

te rm s  o f  t h r e e  c a r t e s ia n  c o - o r d in a t e s .  The t o t a l  number o f  degrees o f  

freedom  i s  t h e r e f o r e  3N. For a n o n - l i n e a r  m o le c u le ,  th e  t o t a l  number o f  

no rm a l v i b r a t i o n s  i s  3 N-6 and 3 N-5 f o r  a l i n e a r  m o le c u le .  The degeneracy 

sym metry  and s p e c t r a l  a c t i v i t y  o f  th e  no rm a l modes can be deduced by 

m a th e m a t ic a l  g roup  t h e o r y .  Thus th e  v i b r a t i o n s  i n  th e  m o le c u le  w h ich  g iv e



r i s e  t o  each s p e c t r a l  band can be a s s ig n e d .  The g roup  f r e q u e n c ie s  can

a ls o  be i d e n t i f i e d  by c o r r e l a t i o n  o f  th e  o b se rv e d  a b s o r p t io n  bands w i t h  

p u b l i s h e d  i n f r a r e d  s p e c t r a  o f  s i m i l a r  c la s s e s  o f  compounds. The

yL i s  th e  e l e c t r i c  d ip o le  moment. I f  th e  m o le c u le  has a perm anen t d ip o le  

moment th e n  th e  bond le n g t h  w i l l  change as th e  m o le c u le  v i b r a t e s .  

C o n s e q u e n t ly  w i l l  change .

h e x a c h lo ro b u ta d ie n e  m u l l s  on a P e r k in  E lm er SP 225 i n f r a r e d  g r a t i n g  

s p e c t r o p h o to m e te r .

F a r  i n f r a r e d  s p e c t r a  were measured as p o ly th e n e  d is c s  u s in g  a F o u r ie r  

t r a n s fo r m  i n t e r f e r o m e t e r  FS -  720 f i t t e d  w i t h  a r e c o r d in g  wave a n a ly s e r  and 

a F o u r i e r  t r a n s fo r m  com pu te r  FTC -  1 0 0 /7 .

p r o b a b i l i t y  o f  i n f r a r e d  t r a n s i t i o n  between two ene rgy  l e v e l s  i s  g iv e n  by

where a re  th e  uppe r  and lo w e r  v i b r a t i o n a l  wave f u n c t i o n s  and

I n f r a r e d  s p e c t r a  4000 -200  cm""1' were ru n  as N u jo l  and f l u o r o l u b e  o r



37,

CHEMICALS.

Dry S o l v e n t s .

P e tro le u m  e t h e r  ( 4 0 - 6 0 ° ) ,  c h lo r o fo r m  ( a n a l y t i c a l  g r a d e ) ,  a n hyd rou s  

d i e t h y l  e t h e r ,  T e t r a h y d r o fu r a n ,  Benzene, e t h a n o l ,  mere a l l  p u r i f i e d  and 

d r i e d  by p u b l i s h e d  m e thods^1 0 0 ^ , Anhydrous d im e th y la m in e  and p h e n y l  

d ic h lo r o p h o s p h in e  mere o b ta in e d  c o m m e r c ia l l y .

Anhydrous  M e ta l  h a l i d e s .

Anhyd rous  z in c  c h l o r i d e  and anhyd rou s  z in c  i o d id e  were o b ta in e d  

c o m m e r c ia l ly  f ro m  o r g a n i c / i n o r g a n i c  C hem ica l C o r p o r a t io n ,  C a l i f o r n i a ,  U .S .A .
/  1 r-> \

A nhyd rou s  cadmium c h lo r i d e  tuas o b ta in e d  by t r e a t i n g  th e  com m erc ia l

g rade  CdCl^ 2H2 0 m i th  t h i o n y l  c h l o r i d e  w h ich  had been f r e s h l y  p u r i f i e d  by 

d i s t i l l a t i o n  w i t h  t r i p h e n y l p h o s p h i t e  and d r i e d  o y e r  p o ta s s iu m  h y d ro x id e  

p e l l e t s  i n  a Vacuum d e s ic c a t o r  f o r  12 h o u rs .

A n h yd ro u s  z i n c  b rom ide  was o b ta in e d  by h e a t in g  th e  c o m m e rc ia l  g rade 

z in c  b ro m id e  a t  150° un d e r  Vacuum.

M e rcu ry  ( I I )  c h l o r i d e ,  m ercu ry  ( I I )  b rom ide  and m ercu ry  ( i l )  i o d id e  

were a l l  o f  a n a l y t i c a l  g rade  q u a l i t y .

P la t in u m  ( i l )  c h l o r i d e  was o b ta in e d  from  Oohnson (Yiathey C h e m ica ls ,  

London .

(102)
Copper ( I )  c h l o r i d e  was p re p a re d  by th e  method o f  K e l l e r  and l i i y c o f f  

The - a n a l y t i c a l  da ta  f o r  th e  anhyd rous  m e ta l  h a l i d e s  p re p a re d  a re  as 

f o l l o w s :

ZnBr2 ( F o u n d ,^ B r ;  = 7 0 .7 ,  c a l c  7 0 . 9 ; ) ;  CdCl2 (Found C l ;  3 8 ,3 ,  c a l c ,  3 8 , 7 ) ;  

C u( ' l . )C l (F ound , C l ;  3 5 .8 ,  c a l c .  3 5 . 9 ) .

P la t in u m  io d id e  M onodyd ra te ,  P t I 2 ’H2 0

, r  , (103 )
T iixs ujcis p re p a re d  by th e  method o f  J a t t  and wUoe *
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P r e p a r a t io n  o f  t r i s  (d im e th y la m i.n o  )p h o s p h in e . )

A p e t ro le u m  e th e r  s o l u t i o n  o f  phosphorus t r i c h l o r i d e  ( 5 0 .4  m l ,  0 .57  

m o le )  was added d ropm ise  to  anhyd rou s  d im e th y la m in e  (250 m l ,  3 .8  m o les )  

d i s s o lv e d  i n  p e t ro le u m  e t h e r  (bp 4 0 -6 0 ° )  a t  - 7 3 ° .

P c i + 6 M e -N H  -------------------------) P + 3Me2 N H2Cl
2  *  o n e 2 IN n   h  , c 2  ' 3

■The r e a c t i o n  m ix tu r e  was s t i r r e d  m e c h a n ic a l ly  d u r in g  th e  a d d i t i o n  and th e n  

o v e r n ig h t  unde r n i t r o g e n ,  washed w i t h  d ry  p e t ro le u m  e t h e r  and th e  w ash ings  

added t o  th e  f i l t r a t e  th e  p e t ro le u m  e th e r  was removed i n  a r o t a r y  e v a p o ra to r  

t o  y i e l d  a p a le  s t ra w  c o lo u r e d  p r o d u c t  w h ich  on vacuum d i s t i l l a t i o n  y i e l d e d  

a c o lo u r l e s s  l i q u i d  (bp 28° /  0.3mm). Y i e l d  c a . 30 gm (3 8 ^ )  based on 

phosphorus  t r i c h l o r i d e .  Because o f  th e  h y g ro s c o p ic  n a tu re  o f  th e  p ro d u c t  

p r e c a u t io n s  a g a in s t  m o is tu r e  were ta k e n  d u r in g  th e  p r e p a r a t i o n .  The 

c r i t e r i a  f o r  p u r i t y  w i l l  be d is c u s s e d  unde r i . r .  and n . m . r ,  s p e c t r a  o f  the  

p r o d u c t .

B is ( d im e th y la m in o ) p h e n y l  p h o s p h ln e .

(6 9 )
T h is  was p re p a re d  by th e  method o f  E w a r t  e t  a l  f rom  anhydrous

d im e th y la m in e  and p h e n y ld ic h lo r o p h o s p h in e .  The l a t t e r  was p u r i f i e d  by 

Vacuum d i s t i l l a t i o n  b e fo re  use . The p u r i t y  w i l l  be d is c u s s e d  unde r th e  

i . r .  and n . m . r .  s p e c t r a  o f  th e  p r o d u c t .

P r e p a r a t io n  o f  Am inophosph lne  Complexes.

( 8 H
The compounds were p re p a re d  f o l l o w i n g  s i m i l a r  p ro c e d u re s  o f  h a n d l in g

r e a c t a n t s  and s o lv e n t s  i n  a L i n t o t t  d ry  a tm osphere  box f i l l e d  w i t h  d ry  

n i t r o g e n .



HgX2 P(NlYle2 ) 3 and HgX2 2P(NIY1o2 ) 3 &.---C1, B r ,  I.)

F o r  exam p le ,  t r i s ( d im e t h y la m in o  )phosph in e  (1 *625  gm, 0*01  m o le )  

p r e v i o u s l y  d r i e d  o v e r  m o le c u la r  s ie v e s  (4A) was d is s o lv e d  i n  c h lo r o fo r m  

(3 0 -4 0  m l)«  M ercu ry  ( I I )  c h l o r i d e  (2 .7 1 5 2  gm, 0 .0 1  m o le )  was added 

t o  th e  t r i s ( d im e t h y la m in o ) p h o s p h in e  s o l u t i o n .  The m ix tu r e  was m a g n e t ic a l l y  

s t i r r e d  u n t i l  com p le te  d i s s o l u t i o n  had ta k e n  p la c e  t o  g iv e  a c l e a r  c o lo u r ­

le s s -  s o l u t i o n .  The com plex was i s o l a t e d  by p o u r in g  th e  s o l u t i o n  i n t o  

d ry  p e t ro le u m  e th e r  (bp 4 0 - 6 0 ° ) .  The p r e c i p i t a t e  was f i l t e r e d ,  washed 

s e v e r a l  t im e s  w i t h  d ry  p e t ro le u m  e t h e r ,  d r i e d  f i r s t  unde r  d ry  n i t r o g e n  

and th e n  unde r Vacuum to  g iv e  a w h i te  s o l i d  p r o d u c t .

Y i e l d  c a . 4 *3  gm.

The HgX2 2 P( PsllYlê )3 com plexes were s i m i l a r l y  p re p a re d  by u s in g  

s t o i c h i o m e t r i c  q u a n t i t i e s .

ZnX2 P(NlYle2 ) 3 (X = C l ,  B r ,  I )

I n  a t y p i c a l  r e a c t i o n  Zn ( I I )  i o d id e  (3 ,1 9 2  gm, 0 .0 1  m o le )  was suspended 

i n  a d ry  benzene (100 m l ) .  T r is (d im e th y la m . in o )p h o s p h in e  ( l 0625 gm, 0 .01  mole) 

was added d ro p w ise  t o  th e  s u s p e n s io n .  The m ix tu r e  was s t i r r e d  m a g n e t ic a l l y  

w h i le  r e f l u x i n g  u n t i l  co m p le te  d i s s o l u t i o n  to o k  p la c e  w i t h  p r e c a u t io n s  taken  

a g a in s t  m o is t u r e .  The com plex was p r e c i p i t a t e d  by f i l t e r i n g  th e  s o l u t i o n  

i n t o  p e t ro le u m  e t h e r  (bp 4 0 - 6 0 ° ) .  The w h i te  p r e c i p i t a t e  was f i l t e r e d ,

washed s e v e r a l  t im e s  w i t h  d ry  p e t ro le u m  e th e r  and d r i e d  i n  a s tream  o f  

d ry  n i t r o g e n  i n  a L i n t o t t  d ry  box . The com plex lo o s e s  th e  l i g a n d  i f  an 

a t t e m p t  i s  made t o  d ry  i t  under Vacuum. Y i e l d  c a . 4 .8  gm ( 9 9 , 6 % )

Cd C l2 P(NMe2 ) 3

Anhydrous cadmium (1 1 )  c h l o r i d e  (1 .8 3 3  gm, 0 .0 1  m o le )  and t r i s ( d i r n e t h y l -  

a m in o )p h o s p h in e  (1 .6 2 5  gm, 0 .0 1  m o le )  were m e c h a n ic a l ly  shaken (ca_ 6 h r s )  

i n  d ry  . te t r a h y d r o fu r a n  (100 m l ) .  The complex was i s o l a t e d  by f i l t e r i n g



th e  s o l u t i o n  i n t o  d ry  p e t ro le u m  e t h e r  (bp  4 0 - 6 0 ° )  ujhen i t  p r e c i p i t a t e s .

The w h i te  p r o d u c t  was f i l t e r e d  and d r i e d  i n  a d ry  a tm osphere  box under 

n i t r o g e n ,

Zn C l 2P(N(Yle2 ) 3

Z in c  ( I I )  c h l o r i d e  (0 ,6 8 2 5  gm, 0 ,0 0 5  m o le )  and t r i s ( d im e t h y l a m in o )  

p h o s p h in e  (1 ,6 2 5  gm, 0 ,0 1  m o le )  were shaken ( o v e r n i g h t )  t o g e th e r  i n  d ry  

benzene (100 m l)  i n  a r e a c t i o n  v e s s e l  f i t t e d  w i t h  R o t a f l o  s to p c o c k s  u n t i l  

c o m p le te  d i s s o l u t i o n  had ta k e n  p la c e .  The s o l v e n t  was removed on a Vacuum 

l i n e  t o  g iv e  c o lo u r l e s s  c r y s t a l s  o f  th e  p r o d u c t  (2 ,3 0 7 5  gm),

C d  C l 2 2P(N1Y1q 2 ) 3

T r is ( d im e th y la m in o ) p h o s p h in e  ( 3 ,2 5  gm, 0 ,02  m o le )  was d is s o lv e d  i n  

d ry  benzene (40 m l)  and cadmium ( I I )  c h l o r i d e  (1 ,8 3 3  gm, 0 ,0 1  m o le )  was 

added to  th e  benzene s o l u t i o n  i n  a r e a c t i o n  v e s s e l  f i t t e d  w i t h  R o ta f lo  

s to p c o c k s .  The r e a c ta n t s  were m e c h a n ic a l ly  shaken ( o v e r n i g h t )  u n t i l  

c o m p le te  d i s s o l u t i o n  had ta k e n  p la c e  t o  g iv e  a c l e a r  c o lo u r l e s s  s o l u t i o n .  

The s o l v e n t  was removed on a Vacuum l i n e  to  g iv e  a c o lo u r l e s s  p ro d u c t  

( 5 ,0 8  gm).

B is ( d im e th y la m in o ) p h e n y l  phosph ine  M ercury  ( I I )  C h lo r id e  

Hg C l2 Ph P(N Me2 ) 2

A s o l u t i o n  o f  b i s ( d im e th y la m in o ) p h e n y l  phosph ine  (1 .9 6 0  gm, 0 ,01  m o le ) 

i n  anhyd rou s  m e thano l (40 m l)  was added d ro p w ise  t o  a m a g n e t i c a l l y  s t i r r e d  

s o l u t i o n  o f  H g ( l l )  c h l o r i d e  (2 ,7 1 5  gm, 0 ,0 1  m o le )  i n  anhydrous  m ethano l 

(200  m l ) .  The w h i te  c r y s t a l l i n e  p r o d u c t  was f i l t e r e d  washed w i t h  m ethano l 

( y i e l d  4 ,5  gm) and th e n  r e c r y s t a l l i s e d  from  d ry  a ce to n e  ( y i e l d  3 ,4  gm).
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E le m e n ta l  A n a l y s i s ,

The a n a l y t i c a l  r e s u l t s  a re  shown i n  T a b le s  .6 and .7. The e le m e n ta l

a n a l y s i s  shows o n ly  th e  l i g a n d  to  m e ta l  r a t i o  i n  th e  com plexes b u t  does

n o t  i n d i c a t e  i f  th e y  a re  d im e r i c .

The 1 : 1 com plex o f  t r i s ( d i m e t h y l a m in o )  phosph ine  w i t h  c a d m iu m ( l l )

c h l o r i d e  does n o t  g iv e  a c o n s i s t e n t  e le m e n ta l  a n a l y s i s  f o r  a l l  d i f f e r e n t  

sam ples  o f  th e  same com plex p re p a re d .  T h is  i s  p ro b a b ly  because th e  complex

s in c e  he gave m e ta l  and h a lo g e n  a n a l y s i s  o n ly  w h ich  were n o t  s u p p o r te d  by 

a m o le c u la r  w e ig h t  m easurement. T h is  com plex was i n s o l u b l e  i n  a l l  o rg a n ic  

s o l v e n t s  t e s t e d  e x c e p t  c h lo r o f o r m ,  i n  w h ich  i t  has o n ly  v e r y  low  s o l u b i l i t y .  

A t te m p ts  were made t o  o b t a in  s i n g l e  c r y s t a l s  o f  t h i s  com plex  f ro m  t e t r a -  

h y d r o fu r a n  s o l u t i o n s  b u t  w i t h  no s u c c e s s .

E le m e n ta l  a n a ly s e s  were done by M rs . UJ. Harkness and h e r  s t a f f  o f  

th e  C h e m is t ry  D e p a r tm e n t,  Glasgow U n i v e r s i t y .

E le m e n ta l  a n a ly s e s  f o r  ZnBr*2 P( [\UYle2 and ZnlgPCNMBg)g were done by 

A l f r e d  B e r n h a r d t ,  E lb a c h ,  Uiest Germany.

M o le c u la r  W e ig h ts .

A t te m p ts  were made to  d e te rm in e  th e  m o le c u la r  w e ig h ts  o f  th e  complexes 

by mass s p e c t r o m e t r y  b u t  th e y  gave no p a re n t  i o n s .

E x p e r im e n ta l  D i f f i c u l t i e s .

A l l  th e  Z in c  ( I I ) ,  cadmium ( I I )  and m ercu ry  ( I I )  h a l i d e  com plexes w i t h  

t r i s ( d im e th y la m in o )p h o s p h in e  and th e  m e rcu ry  ( I I ) c h l o r i d e  com plex w i t h  

b i s ( d im e t h y la m in o ) p h e n y l  pho sp h in e  decompossed a t  room te m p e ra tu re .  The 

z in c  com plexes tu rn e d  i n t o  a damp mass a f t e r  some weeks even i f  k e p t  i n  a 

d ry  box . The cadmium and m ercu ry  com plexes decomposed a f t e r  some weeks

decompos r e a d i l y  a t  room te m p e r a tu r e .  I t  i s  u n c e r t a in  w h e th e r  t h i s

com plex has th e  f o r m u la t i o n  CdCl p roposed  by C ru ic k s h a n k
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even i f  k e p t  i n  a r e f r i g e r a t o r  and d id  n o t  y i e l d  s a t i s f a c t o r y  a n a l y s i s .

The b is ( d im e th y la m in o ) p h e n y l  p hosph ine  com plex decomposed a f t e r  a few days 

t o  a b la c k  s o l i d ,

13UJe d id  n o t  g e t  a l l  th e  C d a ta  as we w ou ld  have l i k e d  because o f  

i n s t r u m e n t a l  d i f f i c u l t i e s .
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CHAPTER TU10 

INFRARED AND RAMAN SPECTRA OF 

AMINOPHOSPHINE COMPLEXES.
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TABLE 31
INFRARED AND RAMAN SPECTRA OF PhP(NMo2)0 AND PhP(Me2^ g  C l2

VIBRATION PhP(NMe2)2 HgCl2PhP(NMe2)2
IR R IR 1 R

CH stretch 3060 (vs) 
2971 sh 
2880 vs 
2830 vs 
2785 vs

2945 w,b
2901 w
2853 s
2830 w
2808 s

3030 b,s

2760 ms

2972 w

Ph-P(?)
or

CH def(?)

1482 vs 
3436 b 
3436 vs

1495 (w) 
33*45 w 
3420 w

1464 V S  

1438 vs 
1408 Sh

CH_ rock 3 1288 sh 
1262 vs 
3140 s,sh 
1116 vs

1176 w 
1129 sh 

. 1109. vs _ ...

1280 bw 

1346 (ms) 

. 1105 (ms) 1112 w

C-N stretch
1098 vs 
1060 vs 
1028 w

1079 V S  

1048 V S  

1011 vs 
1000 sh

1060 ms 

1020 v?

1030 w 

1004 V S

P-N stretch
976 vs
960 vs

983 sh 972 vs
936 sh

P-N stretch
732 vs 
736 vs

756 ms 
724 vs

unassigned 708 vs 
696 vs 

672 vs 
638 vs

____—

546 vs 
. _J322_sh

643 w
62? w

696 ms 
680 ms

Unassigned 551 s 548 ms 
530 ms



TABLE 11 (CONT)

VIBRATION PhP(NMe2)2 HgCl2PhP(M.Ie2)2

IR R IR R

514 sh
Unassigned 444 vs 455 w

416 w 344 vw
340 w 312 ms

224 vs 280 w 280 w 279 ms
2L.8 w 230 w
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INFRARED AMD R ft WAN SPECTRA OF AffllNQPHQSPHINE COMPLEXES.

INTRODUCTION 

P-N S t r e t c h in g  f r e q u e n c ie s .

The f re q u e n c y  range  f o r  P-N bond s t r e t c h i n g  i n  p h o s p h o r u s - n i t r o g e n  

compounds i s  n o t  w e l l  d e f in e d .

C h i t te n d e n  and Thomas c a l c u l a t e d  th e  s i n g l e  bond P-N s t r e t c h i n g

f re q u e n c y  i n  p h o s p h o r u s - n i t r o g e n  compounds t o  be a t  755 c n f ' \  However,

i n  a re v ie w  o f  numerous r e s u l t s  o f  compounds c o n t a in in g  th e  g r o u p in g s :  

PNH2 , PNHR, (R = a l k y l  g ro u p )

PNR2 (R = a l k y l ,  a r y l ,  A ik  0 ,  A r  0 e t c )

T h e y ^ 0^  fo u n d  no bands i n  th e  r e g io n  750-680  c m ^  w h ich  c o u ld  be a s s ig n e d  

t o  a P-N s t r e t c h i n g  f re q u e n c y  and th e y  a s s ig n e d  them to  th e  r e g io n  1053 - 

879 cm”"'*'. Payne and U ia lke r  a s s ig n e d  *^P-N t o  th e  r e g io n  920-897 cm

i n  compounds o f  th e  ty p e

(Ph2 P) 2 NR (R = fYIe, H, E t ,  P r1 )

b u t  gave no e v id e n c e  f o r  th e  a s s ig n m e n t .  L a r s s o n ^ ^ ^ ^  s t u d ie d  th e

h y d r o l y s i s  o f  compounds o f  th e  t y p e :



He o b se rve d  t h a t  th e  decrease  i n  i n t e n s i t y  o f  an a b s o r p t io n  band a t  

730 cm 1 was c l o s e l y  p a r a l l e l e d  by th e  amount o f  d im e th y la m in e  l i b e r a t e d .  

He t h e r e f o r e  co n c lu d e d  t h a t  t h i s  band must be a t t r i b u t e d  to  a v i b r a t i o n  

o f  th e

s k e le t o n .  As o n ly  th e  P-N bond o f  t h i s  s k e le to n  was b ro k e n  d u r in g  th e  

h y d r o l y s i s ,  t h i s  s u p p o r te d  th e  a s s ig n m e n t o f  th e  730 cm"'*' band to ^ P -N .  

Bu rganda^1 *"*^ a s s ig n e d  two s t r o n g  i . r .  a b s o r p t io n s  a t  950-935 cm"'*' t o  th e  

P-N s t r e t c h  i n  P(NMe9 )2  w h i le  a weak band a t  715 cm"'*' was a t t r i b u t e d  t o  

th e  v i b r a t i o n  o f  th e  g ro u p in g  P~NC2 i n  P ^ J M e ^ ^ 1 * ^ .  An in te n s e  band a t  

600 cm"'*' was t e n t a t i v e l y  a s s ig n e d  t o  th e  P-N s t r e t c h  i n  P(NMe2 )^  b u t  he^1 *"*^ 

gave no e v id e n c e  f o r  a l l  th e  a s s ig n m e n ts .  M a th is  e t  a l ^ 1 *"*^ n o te d  t h a t  

i n  t r i v a l e n t  phosphorus compounds th e  P-N s t r e t c h i n g  f re q u e n c y  v a r i e d

between 1010 cm"'*' and 790 cm"'*'. By com pa r ison  o f  th e  i . r .  s p e c t r a  o f

th e  compound

and t w e n t y - t h r e e  p h o s p h o ru s - n i t r o g e n  compounds i n c l u d i n g

[ > — I I )  ̂ P I N N ^ J g l

They o b s e rve d  o n ly  one band a t  969 cm" f o r  ( X ) w h i le  d o u b le ts  were

o b s e rv e d  f o r  ( I I ) and ( i l l )  a t  971-952 cm" 1 and 951 -  935 cm" 1

r e s p e c t i v e l y .  These t h e y ^ 1 ^ ^  a t t r i b u t e d  i n  th e  case o f  ( i )  t o  a P-N 

s t r e t c h i n g  v i b r a t i o n  and f o r  ( I I )  and ( i l l )  t o  th e  sy m m e tr ic  and a n t i ­

s y m m e tr ic  s t r e t c h i n g  f r e q u e n c ie s  o f  th e  PN2 and PN^ g ro u p in g s  r e s p e c t i v e l y .  

The o b s e rv e d ^ 10^  v a r i a t i o n  i n  P-N s t r e t c h i n g  f r e q u e n c ie s  was sugges te d  

t o  depend on o v e r la p  o f  n i t r o g e n  lo n e  p a i r  o r b i t a l s  w i t h  empty phosphorus 

d o r b i t a l s  i n  ^ ^  d ^  b o n d in g .  T h is  r e s u l t e d  i n  in c re a s e d  P-N



s t r e t c h i n g  f r e q u e n c y .  F u r th e r  th e y  n o te d ^ 1 0 9  ̂ t h a t  th e  e f f e c t  o f  

c o n ju g a t io n  o f  th e  n i t r o g e n  lo n e  p a i r  on P-N f re q u e n c y  was more im p o r ta n t  

th a n  e i t h e r

( 1 )  th e  e l e c t r o n e g a t i v i t y  o f  s u b s t i t u e n t s  on phosphorus

( 2 ) th e  p o s s i b i l i t y  o f  c o n ju g a t io n  o f  th e  s u b s t i t u e n t  w i t h  p h o s p h o ru s .

The o b se rve d  in c r e a s e  i n  P-N s t r e t c h i n g  f re q u e n c y  was fo u n d  to

c o r r e l a t e  w e l l  w i t h  th e  b a r r i e r  t o  r o t a t i o n  a b o u t  th e  P-N bond measured 

by n , m . r « ,  and th e  K i n e t i c  r a t e  o f  exchange w i t h  m e th y l  t r i f l u o r o  a c e t a t e ^ " ^  

V id a l  e t  a l ^ ^ 9  ̂( m ) a s s ig n e d  th e  P-N v i b r a t i o n  i n  ( lY ^ N ^ P O  a t  

735 cm ^ to  740 c m " \

In  th e  p r e s e n t  work th e  maximum f re q u e n c y  s h i f t s  t o  h ig h e r  f r e q u e n c ie s

i n  th e  P( N r ^ e ^ c o m p le x e s  r e l a t i v e  to  th e  f r e e  l i g a n d  v a lu e  were obse rved

i n  th e  re g io n s  1000-800 cm ^ and 750-650  cm” ^ ,  Thus th e  P-N s t r e t c h i n g  

f r e q u e n c ie s  i n  th e  two re g io n s  were c o r r e l a t e d  b u t  w h ich  o f  th e  v i b r a t i o n

modes i s  s y m m e tr ic  o r  a n t i s y m m e t r i c  c a n n o t  be a s c e r t a in e d ,

I , R e s u l ts  and D is c u s s io n .

I . r  and Raman S p e c t ra  o f  t r i s ( d im e th y la m in o )p h o s p h in e  

Com plexes.

O n ly  th e  a b s o r p t io n  f r e q u e n c ie s  i n  th e  com plexes w h ich  v a ry  s i g n i f i c a n t ­

l y  f ro m  th e  f r e e  l i g a n d  v a lu e s  a re  shown i n  T ab le  8 . No d i s t i n c t i o n

i s  made between s ym m e tr ic  and a n t i s y m m e t r i c  modes.

P(N!Y]e2 ) 3 i s  v e r y  h y g ro s c o p ic  and was a lw ays  ha n d le d  i n  a d ry  a tm osphere 

box f i l l e d  w i t h  d ry  n i t r o g e n .  S i m i l a r l y  i . r .  m u l ls  were p re p a re d  i n  a 

d ry  a tm osphere  b o x .  The P— >0 v i b r a t i o n  o ccu rs  as a v e ry  s t r o n g  band a t

1208 cm~'L i n  ( f f ie^J)^  P >0 and i n  com plexes a t  1185 cm*~^ jh e

a s y m m e tr ic  C-N s t r e t c h i n g  v i b r a t i o n  i n  O P fN r /^ ) ^  a ls o  o c c u rs  i n  t h i s  r e g io n  

(1195 cm" ^ ) ^ However, p r e s e n t  i . r .  e v id e n c e  i n d i c a t e s  t h a t  i n



58,

0P(NIYleo ) _  ~ ^ P — >0 i s  a t  1208 cm” 1 ^1 1 2  ̂ 1207^5 5  ̂ o r  1210 cm" 1 ( m ) .2 3")

The absence o f  bands i n  th e  l a s t  t h r e e  re g io n s  seems to  i n d i c a t e  th e  absence 

o f  phosp h in e  o x id e  as an i m p u r i t y  i n  th e  P(NIYIe0 ) 3 p re p a re d .

No Raman s p e c t r a  were o b ta in e d  f o r  th e  complexes Z nC l2 P(NIYle2 ) 3 , 

ZnB r2 P(NIYIe2 ) 3 , Z n I2 P(NMe2 ) 3 , Z nC l2 P(Nrfle2 ) 3 CdCl2 P(NIYIe2 ) 3 , CdCl2 2P(Nffle2 ) 3 , 

H g lg P ( (Mrfle2 ) 3 > HgBr2 2 P(Nf(le2 ) 3 and H g I2 2 P(NIYle2 ) 3 because th e  sam ples b u r n t  up 

i n  th e  l a s e r  beam. T h e re fo re  c o r r e l a t i o n  o f  Raman s p e c t r a l  e v id e n c e  t o  

phosphorus  o r  n i t r o g e n  c o - o r d i n a t i o n  i n  th e  com plexes w i l l  be c o n s id e re d  

o n ly  w i t h  r e fe r e n c e  to  HgCl2 P(N(Yle2 ) 3 , HgBr2 P(Nffle2 ) 3 and HgCl2 2 P(Nrfle2 ) 3 „ 

lYlode o f  c o - o r d i n a t i o n  i n  t r i s  ( d im e th y la m in o  )p hosph in e  Complexes -  

A Summary o f  i n f r a r e d  e v id e n c e .

Phosphorus o r  N i t r o g e n  c o - o r d i n a t i o n

I . R .  P-N s t r e t c h i n g  f r e q u e n c ie s .  Region 1000-600 cm" 1 

The P-N s t r e t c h i n g  f r e q u e n c ie s  o f  a l l  th e  complexes a re  shown i n  

T a b le  8 ,  The P-N f re q u e n c y  s h i f t s  i n  a l l  th e  com plexes r e l a t i v e  t o  th e  

u n c o - o r d in a te d  P(NIYle2 ) 3 a re  shown i n  T a b le  9 ,  I t  can be seen t h a t  bands

u s u a l l y ,  b u t  n o t  a lw a y s ,  s h i f t  t o  h ig h e r  f r e q u e n c ie s .  These o b s e r v a t io n s  

w i l l  be d is c u s s e d  under P-N s t r e t c h i n g  f r e q u e n c ie s  (page 63)«

The minimum s h i f t s  o f  th e  ^ P ~ N  bands t o  h ig h e r  f r e q u e n c ie s  f o r  th e  

v a r io u s  com plexes a re  as f o l l o w s



Compound 964 cm*"'*' band 688  cm ^ band

ZnX2 P(Nme2 ) 3

( X = C l ,B r ,  ) 11 20

Z n C l22P(Nme2 ) 3 24

CdCl2 P(Nr/le2 ) 3

CdCl22 P(Nri1e 2 ) 3 32

HgX2 P(Nme2 ) 3 8 32

HgX2 2P(N[Yle2 ) 3 12 32

( X - C l , B r l )

t r a n s -

P tC l2 2 P(Nme2 ) 3 12 4

The t r a n s -  P t C l2 2 P(N!Yle2 ) 3 has been shown t o  be phospho rus  bonded.^

The o b se rv e d  s h i f t s  i n  P-N t o  h ig h e r  f r e q u e n c ie s  may be i n t e r p r e t e d  

as a r i s i n g  from  an in c re a s e  i n  P-N bond o r d e r  because o f  in c r e a s e d  d e l o c a l i ­

z a t i o n  o f  th e  n i t r o g e n  lo n e  p a i r  i n t o  th e  phosphorus  d o r b i t a l .  T h is

r e s u l t s  f rom  th e  i n t r o d u c t i o n  o f  p o s i t i v e  cha rge  on phosphorus  on c o -

(7 7 )o r d i n a t i o n  o f  phosphorus t o  a m e ta l  i o n .  P a r ry  and S c h u l t z  obse rved  an 

in c r e a s e  o f  a b o u t  20 cm"^ i n  th e  P-N s t r e t c h i n g  f re q u e n c y  i n  th e  complex 

(rne2 N )3 P .  (lY!e2 N) 2 PCI. A lC lg

compared t o  th e  f r e e  l i g a n d  v a lu e .  T h is  was a s s o c ia te d  w i t h  an in c r e a s e  

i n  th e  P-N bond s t r e n g t h  r e s u l t i n g  f rom  d e l o c a l i z a t i o n  o f  th e  n i t r o g e n  

lo n e  p a i r  i n  p i  b o nd in g  w i t h  th e  p h o sp h o ru s ,

I . r  s t u d i e s ^ l 1 1 ^ on th e  BF*3 and BC13 a d d u c ts  ( i T ^ N ^  P0.BF3 , PO.0C13



have been i n t e r p r e t e d  to  i n d i c a t e  t h a t  c o - o r d i n a t i o n  i s  v i a  th e  p h o s p h o ry l

oxygen atom s* The p o s i t i o n  o f  th e  P— >0 s t r e t c h i n g  f re q u e n c y  i n  the

BFg and BCl^ a d d u c ts  a t  1145 and 1125 cm ^ r e s p e c t i v e l y  i s  le s s  th a n  t h a t

o f  th e  f r e e  l i g a n d  a t  1210 cm \  Accompanying th e  d e c re a s e  i n  P0

i s  a l s o  an in c r e a s e  i n  th e  f re q u e n c y  o f  th e  P-N band l o c a t e d  a t  740-735 cm" 1

- I
i n  th e  f r e e  l i g a n d  to  765 cm i n  th e  a d d u c ts *  These r e s u l t s  have been

i n t e r p r e t e d  as a r i s i n g  from  an in c r e a s e  i n  th e  d ip o le  o f  th e  P *0 bond

upon c o - o r d i n a t i o n  a t  th e  oxygen . T h is  e f f e c t s  a c o n c o m i ta n t  in c re a s e  

i n  th e  o r d e r  o f  th e  P-I\J bond r e s u l t i n g  i n  an in c r e a s e  o f  i t s  f r e q u e n c y .

A s i m i l a r  i n t e r p r e t a t i o n ^ ' * ' ^  has been o f f e r e d  f o r  th e  o b se rve d  decrease

o f  between 11-30  cm ^ i n  P  >0  bond s t r e t c h i n g  f r e q u e n c ie s  i n  th e  complexes

(llfle^N)^ POHgX^C C = C l ,  B r ,  I ,  CN, CF^COO) r e l a t i v e  to  th e  f r e e  l i g a n d  

v a lu e  and th e  accom panying in c re a s e  o f  10 -20  cm ^ i n  th e  P-N bond s t r e t c h i n g  

f r e q u e n c ie s  w i t h  re s p e c t  t o  i t s  o r i g i n a l  l o c a t i o n  a t  735 cm"'*' i n  th e  f r e e  

l i g a n d .

C d C ^ P C N u ^  aRd CdCl2 2 P(Nr<le2 ) 2  show v e ry  la r g e  ^  P-N s h i f t s  o f  

- 8 8  cm"'*' and -7 6  cm*"'*' r e s p e c t i v e l y  r e f e r r e d  t o  964 cm "^ .

Phosphorus o r  N i t r o g e n  C o - o r d in a t io n  ( ? ) •  Raman S p e c t ra  o f  H g C ^ P C N i i^ ) ^  

HgBr2 P(Nri1e2 ) 3 and HgCl22 P(Niile2

The P-N bond Raman s t r e t c h i n g  f r e q u e n c ie s  i n  P ^ I Y ^ ) ^  i s  obse rved  

(T a b le  8 ) as weak and m o d e ra te ly  s t r o n g  bands a t  965 and 659 cm"'*' 

r e s p e c t i v e l y .  These bands s h i f t  to  h ig h e r  f r e q u e n c ie s  i n  th e  com plexes 

as shown i n  th e  T ab le  b e lo w .



61.

Raman P-N s t r e t c h i n g  Frequency s h i f t s ,  P-N, i n  soma m ercury  ( i l )

H a l id s  Complexes w i t h  P(Nnie^

Compound

/ ^ P - N  cm” 1 :

R e la t i v e  t o  ""^P-N 

a t  965 cm" 1

R e la t i v e  to  P-N 

a t  659 cm 1

HgCl2 P(NMe2 ) 3 + 20 + 18

HgBr2 P(Nme2 ) 3 - + 27 + 18 , + 17 .

HgCl2 2P(Nf(]e2 ) 3

These f r e q u e n c y  s h i f t s  may be i n t e r p r e t e d  as r e s u l t i n g  f ro m  phosphorus 

c o - o r d i n a t i o n  as c o n s id e re d  e a r l i e r .  No Raman bands i n  th e  P-N r e g io n  

were o b se rve d  f o r  HgCl2 2 P(NIYle2 ) 3 *

D i f f e r e n c e s  i n  Raman and I n f r a r e d  F re q u e n c ie s  i n  HgCl2 P(N!Y]e2 ),7, 

H g B r ^ N T i e ^

The d i f f e r e n c e s  between i . r .  and Raman f r e q u e n c ie s  (4000 -40  cm in

HgCl2 P(NFle2 ) 3 , HgB^P(NFie2 ) 3 a re  shown i n  T a b le  10 . I t  i s  seen t h a t

u s u a l l y ,  b u t  n o t  a lw a y s ,  t h e r e  a re  n o n - c o in c id e n t  a b s o r p t io n s .  I f  i n  th e

m ix tu r e  o f  p o s s ib le  isom ers  t h e r e  a re  no common i . r .  and Raman bands then

each component has a ls o  no common bands . In  th e  case o f  c o in c id e n t

a b s o r p t io n s  i n  a m ix tu re  i t  i s  n o t  p o s s ib le  t o  d i s t i n g u i s h  w h e th e r  th e

components have non-common a b s o r p t io n s  o r  n o t .  However, because o f  th e

p o s s i b i l i t y  o f  e x is te n c e  o f  bands to o  weak to  be r e s o lv e d ,  no f u r t h e r

c o n c lu s io n s  can be drawn«

Region 400 -4 0  cm

IYlx 2P(N!Yle ) (m= Hg, X=C1, B r , l )  show one o r  two m e ta l -h a lo g e n
2 2 3

s t r e t c h i n g  f r e q u e n c ie s ,  (2C6-108 cm ) (T a b le  17 Page 78 )

A l x  i s  a t  2B8 cm**1 i n  ZnC l2 2P(NI:1g2 ) 3 and a t  261 and 245 cm" 1 i n



CdCl^ 2 P( ) ^ • These r e s u l t s  a re  c o n s i s t e n t  w i t h  r f l ( l l )  io n s

(dfl = Zn, Cd, Hg) i n  p s e u d o - t e t r a h e d r a l  e n v i ro n m e n ts .  lY le ta l-phospho rus

s t r e t c h i n g  f r e q u e n c ie s  ^IY1P, a re  obse rved  as weak a b s o r p t io n s  a t  1 0 2 , 112

cm 1 i n  HgCl2 2 P(l\ifKle2 ) ^ ,  and HgBr2 2 P( N l Y l e ^ r e s p e c t i v e l y ,

lYlX^P( N T f l e ^ ( M  *  Zn, Hg, X = C l ,  B r , l )  Complexes.

The r a t i o  o f  b r i d g in g  m e ta l -h a lo g e n  s t r e t c h i n g  v i b r a t i o n ,  

t o  th e  t e r m i n a l  m e ta l -h a lo g e n  s t r e t c h i n g  v i b r a t i o n  i s  i n  th e  range  0 .6 9 -  

0 ,7 2  (C f  Zn2 C IL ^ 0 .7 1 )  i n d i c a t i n g  b r i d g in g  ha loge n  atoms i n  th e  lYIX^P( NIYlê  )g 

( 1Y1 = Zn, X= C l ,  B r ,  I )  com p lexes . T h is  r a t i o  i s  i n  th e  range  0 .6 0  to

0 .6 4  i n  th e  HgX2 P(NNle2 ) 3 (X = C l ,  B r ,  I )  com plexes c lo s e  t o  th e  c a l c u la t e d  

range  ( 0 ,5 7  -  0 ,6 2 )  i n  th e  (Ph3 PHgX2 ) 2 (X = C l ,  B r ,  I )  com plexes i n d i c a t i n g  

b r i d g i n g  h a loge n  a tom s. (T a b le  19 page 83 )

^ITIP i n  HgCl2 P(l\!IYle2 ) 3 and 

HgBr2 P(l\IIYIe ) 3 a re  a t  100 cm 1 r e s p e c t i v e l y ,

( T a b le  i g  Page 83 )

Each o f  th e  a b s o r p t io n  re g io n s  w i l l  now be d is c u s s e d  i n  d e t a i l .

R eg ion  2900-2700 cm*^ CH s t r e t c h i n g  f r e q u e n c ie s .

P( ISime2 ) 2 u/as fo u n d  i n  t h i s  work to  have m u l t i p l e  i . r .  and Raman b a n d s  . 

i n  th e  r e g io n  3000-2790 cm”*1 . T h is  compares fa v o u r a b ly  w i t h  th e  m u l t i p l e  

a b s o r p t io n  o b s e rv e d ^ 11^  i n  th e  r e g io n  3000-2800 cm”*1 f o r  th e  m e th y l  g roups 

i n  N - m e t h y la n i l i n e .  Most i n v e s t i g a t i o n s  have c e n t r e d  on th e  low  f re q u e n c y  

band a t  2800 cm” '*' f o r  d i a g n o s t i c  p u rp o s e s .  H i l l  and M e a k i s ) p o in te d  

o u t  t h a t  f o r  an a l k y l  I\1 ( CH^ ) 2 g roup ( e . g .  as i n  i s o b u t y ld im e t h y la m in e ) two 

a b s o r p t io n  bands' 2825-2810 and 2765-2725 cm 1 a re  ob se rv e d  i n  t h i s  r e g io n .  

These have been a s s ig n e d  to  th e  s ym m e tr ic  CH s t r e t c h i n g  f r e q u e n c ie s  o f  the

( m s )
CH^ g roups  a t ta c h e d  to  n i t r o g e n , ,  Burganda^ o b se rv e d  th re e  bands

( a t  2795, 2840, and 2780 cm"1 ) i n  P(Nftle2 ) 3 and a s s ig n e d  them to  CH3 g ro u p s .
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a ( H 5 )B r a u n h o l t z  e t  a l v * 1 n o te d  t h a t  an N-CH3 g roup  w i t h  a lo n e  p a i r  o f  

e l e c t r o n s  on th e  n i t r o g e n  has a c h a r a c t e r i s t i c  CH s y m m e tr ic  s t r e t c h i n g  

f re q u e n c y  i n  th e  r e g io n  2760-2820 cm ^ and t h a t  on c o - o r d i n a t i o n  o f  th e  

n i t r o g e n  lo n e  p a i r  a s h i f t  t o  h ig h e r  f r e q u e n c ie s  above 2900 cm ^ i s  

o b s e rv e d .  Thus th e  s t r o n g  band i n  th e  r e g io n  2800 cm ^ i s  a b s e n t  i n  

q u a r te n a r y  ammonium s a l t s  ( e . g .  d im e t h y l a n i l i n e  m e th io d id e )  b u t  p re s e n t  i n  

f r e e  d i m e t h y l a n i l i n e .  I t  i s  a ls o  a b s e n t  i n  d ib r o m o , l ,  4 - d i m e t h y l - p i p e r a -  

z in e  p a l la d iu m  ( I I ) ,  i n d i c a t i n g  t h a t  b o th  n i t r o g e n  atoms i n  1 , 4 - d i m e t h y l -  

p ip e r a z in e  a re  in v o lv e d  i n  c o - o r d i n a t i o n  w i t h  th e  p a l la d iu m  a tom . Thus 

B ra u n h o l t z  e t  a l ^ ^ ^ ^  c o n c lu d e d  t h a t  " t h e  absence o f  a band o f  m oderate  

s t r e n g t h  i n  th e  r e g io n  2800 cm ^ i s  a r e l i a b l e  c r i t e r i o n  f o r  th e  absence 

o f  an N -m e th y l  group u i t h  a lo n e  p a i r  o f  e l e c t r o n s " .

I n  d im e th y la m in o d i f lu o r o p h o s p h in e ,  IYle2 NPF2 , i n  w h ich  th e  p resence  o f  

a p i  component i n  th e  l\l-P bond has been shown from  x - r a y  s t r u c t u r a l  s tu d ie s

th e  CH s ym m e tr ic  s t r e t c h i n g  f re q u e n c y  o f  th e  I\!( CH^ )2  9r o u P o c c u rs  a t

2815 cm”’*'1' b u t  d isa p p e a ra n ce  o f  t h i s  band i s  obse rve d  i n  (yie^NPF^.BF^ i n  w h ich

th e  n i t r o g e n  atom i s  c o - o r d in a te d  to  b o r o n v^ ^ .

In  P( MPfie2 ) 3  ^  s t r e t c h i n g  f re q u e n c y  o c c u rs  a t  2790 cm ^ and i n  th e

Raman spec trum  a t  2793 cm~^ (T a b le  8 ) .  I n  th e  z in c  ( i l )  h a l i d e  complexes 

t h i s  band o c c u rs  a t  2800 cm*"^. I n  th e  cadmium c h l o r i d e  com plexes i t  i s  

p r e s e n t - a s  a b ro a d  and s t r o n g  band a t  2790 cm’*'1' .  I t  i s  o b se rv e d  i n  th e  

r e g io n  2880-2795 cm”*'1' i n  th e  m ercu ry  ( I I )  h a l i d e  co m p lexes . I t  o c c u rs  

as a weak b ro a d  band a t  2870 cm’*'1' and as a v e ry  s t r o n g  band a t  2790 cm ^ i n  

th e  Rarnan sp e c tru m  o f  HgBr2 P(NMe2 3r|d HgCI ^ 2 P( NTfle^) ^ r e s p e c t i v e l y .

The com plex  Hg(SCI\l)2 P(N!Yle2 c o n t a i n s  P-Hg bonds as shown l a t e r  

by n . m . r .  e v id e n c e  b u t  i t s  s t r u c t u r e  i n  CDCl^ s o l u t i o n  i s  unknown. However, 

a s t r o n g  i . r .  a b s o r p t io n  a t  2060 cm ^ a s c r ib e d  to  a b r i d g i n g  t h io c y a n a te  

g roup  in d i c a t e s  t h a t  i t  i s  p ro b a b ly  d im e r ic  i n  th e  s o l i d  s t a t e .
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I n  t r a n s - P t C l 2 P(Nifle2 ) 3 w h ich  c o n ta in s  Pt~P bonds^1 1 3  ̂ CH s t r e t c h i n g

O) i
f r e q u e n c y ,  V CH, o c cu rs  as a s h o u ld e r  a t  2830 cm and i n  Hg(SCN)2 P(Nrile2 ) 3 

^ C H  i s  a t  2830 cm" 1 (T a b le  8 ) .

However., p resence  o f  an a b s o r p t io n  i n  th e  r e g io n  2800 cm" 1 i n  th e  

com plexes does n o t  n e c e s s a r i l y  i n d i c a t e  a m e ta l -p h o s p h o ru s  bond s in c e  

a n e c e s s a ry  c o n d i t i o n  f o r  th e  d is a p p e a ra n ce  o f  t h i s  band i s  th e  in v o lv e m e n t  

o f  a l l  t h r e e  n i t r o g e n  lo n e  p a i r s  o f  (iY!e2 N)^P i n  b o n d in g .  I f  o n ly  one 

o r  two o f  th e  t h r e e  n i t r o g e n  atoms a re  c o - o r d in a te d  t h i s  band c o u ld  s t i l l  

be p r e s e n t .

R eg ion  1500-1100 cm" 1 tCH^ d e fo rm a t io n  f r e q u e n c ie s .

(119 )B a rc e lo  and B e l la n a to  used da ta  f rom  e l e c t r o n  d i f f r a c t i o n  s t u d ie s

on m onom ethy lam ine , d im e th y la m in e  and t r im e th y la m in e  i n  th e  a ss ig n m e n t 

o f  e x p e r im e n t a l l y  obse rve d  v i b r a t i o n a l  modes o f  th e s e  m o le c u le s .  Tney^11^  

assumed t h a t

( 1 ) i n  th e  re p la c e m e n t  o f  H i n  ammonia by m e th y l  g ro u p s ,  th e  ammonia 

m o le c u le  s u f f e r s  l i t t l e  change ;

( 2 )  mono- and d im e th y la m in e  have Cs sym m etry ;

( 3 )  t r im e th y la m in e  has sym m etry .

Thus th e  a b s o r p t io n s  a t  1496 and 1404 cm" 1 were a s s ig n e d ^ 11^  t o  th e  

s y m m e tr ic  and t h a t  a t  1466 cm" 1 t o  th e  a n t i s y m m e t r i c  CH^ d e fo rm a t io n  modes 

i n  gaseous (C H ^^N H .

De B o l s t e r  and G r o e n v e ld t ^ 120  ̂ a s s ig n e d  a s e r i e s  o f  bands ob s e rve d  

i n  th e  i . r .  sp e c tru m  o f  (lYle2 N )3 P0 i n  th e  r e g io n  1481-1405 cm" 1 t o  th e  

fu n d a m e n ta l  o f  th e  CH d e fo rm a t io n  mode by com pa r ison  w i t h  t h a t  o f  d im e th y l -  

a m in e ^1 1 9 \  B e l la m y ^ 1 2 1  ̂ made th e  f o l l o w i n g  c o r r e l a t i o n s  f o r  th e  CH^ 

f ie fo r m a t io n  modes i n  m e t h y i - n i t r o g e n  compounds :

CH3 NH2 : 1462 cm"1 , C H ^  : 1417 cm"1 ,

CH3 NC : 1429 cm"1 , (lYle2 N) 2 : 1460 cm"1 .



By co m p a r is o n  w i t h  th e  r e s u l t s  above , th e  s t r o n g  i . r .  a b s o r p t io n  a t  1464 cm" 1

and th e  s h o u ld e rs  a t  1470 cm" 1 and 14B0 cm*"1 (T a b le  8 ) a re  c o r r e l a t e d  w i t h

th e  CH^ d e fo r m a t io n  modes i n  P(i\IIYIe2 ) 3 * T h is  a b s o r p t io n  i s  p r e s e n t

(T a b le  8 ) as a s h o u ld e r  a t  1480 cm" 1 i n  ZnC l2 P(l\IIYIe2 ) w h i le  th e  o th e r  bands

i n  t h i s  r e g io n  i n  th e  o th e r  Z in c  ( i l ) h a l i d e  com plexes show l i t t l e  s h i f t

r e l a t i v e  t o  th e  f r e e  l i g a n d  v a lu e .

In  CdCl2 P ( N O l e ^ a s h i f t  o f  4 cm 1 be low  1464 cm 1 i n  th e  f r e e  l i g a n d

i s  o b s e rv e d  w h i le  t h i s  a b s o r p t io n  i s  a b s e n t  i n  CdCl22 P(NIYIe2 ) 3 .

A s h i f t  t o  f r e q u e n c ie s  be low  1464 cm" 1 i s  obse rve d  (T a b le  8 ) i n  a l l

th e  m e rcu ry  ( I I )  h a l i d e  com plexes w i t h  P(l\lffle2 ) 3#

(7 9 )
T r a n s - P t C l2 P(NIYle2 ) 3 , w h ich  has been shown to  be p h o sp h o ru s -b o n d e d ,  shows 

a s h i f t  o f  a b o u t  8 cm" 1 be low  1464 cm" 1 w h i le  f o r  Hg(SCI\l)2 P(NIYle2 ) 3 ^1 1 7  ̂ a 

n e g l i g i b l e  s h i f t  i s  obse rve d  (1465 cm"1 ) .

T a b le  13 shows s h i f t s  i n  th e  i * r .  CH^ d e fo r m a t io n  f r e q u e n c ie s  i n  th e  

m e rcu ry  ( I I )  h a l i d e  com p lexes .

T ab le  13

CHg D e fo rm a t io n  F re q u e n c ie s ,  S ch3 ,

S h i f t s  i n  Pilercury ( I I )  H a l id e  Complexes w i t h  P( NIYle^) ^

Compound S cH3 cm"1 A S cH3 cm"1

P(N!Yle2 ) 3 1464 VS mm

HgCl2 P(Nme2 ) 3 1460 VS - 4

HgSr2 P(l\l(Yle2 ) 3 1460 VS - 4

HQl2 P(NlYIe ) 1450 VS «;14

HgCl2 2P(Nffie2 ) 3 1460 VS - 4

HgBr22 P(Mrile2 ) 3 1448 VS -1 6

H g I2 2 P(Nf:1e2 ) 3 1460 VS -1 6



Region 12 0 0-1100 cm 1 CĤ , rock frequencies.

CHg ro c k  v i b r a t i o n s  depend l a r g e l y  on th e  s u r r o u n d in g s .  T h is

v i b r a t i o n  deform s th e  [\l -  C -  H bond a n g le  and i s  a ls o  s e n s i t i v e  to  th e

(122 )e l e c t r o n e g a t i v i t y  o f  th e  s u b s t i t u e n t  X i n  X-CH^ ,  Fo r example th e  

a p p r o p r ia t e  ro c k  f r e q u e n c ie s  i n  cm 1 a re  as f o l l o w s

Si-CHg n e a r  800 cm \  P-CH^, ne a r  880 cm \  S-CH^ nea r 960 cm" 1 and Cl-CH^ 

n e a r  1016 cm S ince  th e  A lred -R ochow  e l e c t r o n e g a t i v i t i e s  o f  th e

s u b s t i t u e n t s ,  X, a re  i n  th e  o r d e r  

N > 0 1 ^  S >  P ^ > S ' |  

i t  i s  e xp e c te d  t h a t  th e  IM-CH^ ro c k  w i l l  o ccu r  above 1016 cm "1 , B a rc e lo  

and B e l l a n a t o ( 11^ ) a s s ig n e d  th e  i . r .  bands a t  1244 and 1129 cm" 1 t o  th e  

s y m m e tr ic  and a sym m e tr ic  CH^ r o c k in g  modes i n  CH^Nh^ and f o r  (C H ^^N H  t h i s  

band was a s s ig n e d ^ 11^  a t  1155 cm 1 , Two i , r ,  bands o b se rv e d  as a medium 

s h o u ld e r  a t  1152 cm" 1 and as a weak s h o u ld e r  a t  1106 cm" 1 were a s s ig n e d ^ 121^  

t o  th e  CH„ r o c k in g  modes i n  OP( NIYle_) „  by com pa r ison  w i t h  s i m i l a r  sys te m s^11^
J  lU J

From th e  p r e v io u s  d is c u s s io n  th e  s t r o n g  band ob se rv e d  a t  1200 cm" 1 i n  

th e  i . r .  sp e c tru m  o f  P( N I Y l e ^ may c o r r e l a t e d  w i t h  th e  CH^ r o c k in g  mode.

A new a b s o r p t io n  band appears  i n  th e  r e g io n  1370-1270 cm" 1 i n  a l l  th e  

com p lexes . These a re  c o r r e l a t e d  w i t h  th e  CH^ ro c k in g  mode. The a b s o rp t io n s  

a t  1370 cm" 1 i n  CdCl2 P(l\lftle2 ) 3 and CdCl22P([\lft1e2 o c c u r  a t  h ig h e s t  wave- 

numbers (cm "1 ) by a b o u t  + 70 cm 1 , The a b s o r p t io n  a t  1200 cm" 1 i n  f r e e  

P(NfTle ) „  s h i f t s  to  lo w e r  f r e q u e n c ie s  i n  th e  com plexes ( ca -  16 t o  -  80 cm"1 )
Cm J

Region 1100-1000 cm" 1 C-N s t r e t c h i n g  f r e q u e n c ie s .

(123 )Fflayhood and H a rv e y v '  made c o r r e l a t i o n s  between i . r .  a b s o r p t io n  

f r e q u e n c ie s  and the  p resence  o f  d ia lk y la m in o  groups i n  f o u r t e e n  o r g a n ic  

e s te r s  o f  p h o sph o rus ,  c o n t a in in g  d im e th y la m in o  g ro u p s ,  o f  th e  ty p e  

ffle2 NPCIL2 , (lY]e2 !\l)2 P0C l, ( rn©2 )^rfiePD e t c .  Thoy^1 2 3  ̂ d e s c r ib e d  bands a t  1190



and 1064 cm" 1 as p ro b a b ly  a r i s i n g  from  the  C-N v i b r a t i o n  o f  th e  -  N(CH„)
J

g ro u p .  They s u p p o r te d  t h e i r  ass ig n m e n t by c a l c u l a t i n g  C-N to  be

a t  1178 cm In  the  a ss ig n m e n t o f  th e  v i b r a t i o n a l  f r e q u e n c ie s  i n

P( NIYlo^)3 » Burga;' da^1^ ^  a t t r i b u t e d  an a b s o r p t io n  a t  1055 cm" 1 t o  th e  

v i b r a t i o n  o f  th e  C-N bond i n  th e  -  N (CH3 ) 2 g ro u p .  Burg and S a r k i s ^ 12^

a s s ig n e d  th e  C-N s t r a t c h ,  in (C F ^ R (0 )  -  N(CH3 ) 2 t o  th e  r e g io n  1079 cm"1 .  

However, no e v id e n ce  was g iv e n .  The fu n d a m e n ta l  C-N v i b r a t i o n s  o f  

gaseous d im e th y la m in e  and monomethylamine were a s s ig n e d  a t  930 and 1044 cm" 1 

r e s p e c t i v e l y ^ 11^ ) ,  F lem ing  e t  a l ^ 12^  a r b i t r a r i l y  assumed th e  symmetry 

C<̂  f o r  th e  m o le c u le  (CH3 ^N*PF2 and from  group t h e o r e t i c a l  c o n s id e r a t io n s  

made a ss ig n m e n ts  f o r  th e  fu n d a m e n ta l  v i b r a t i o n s  i n  (CH3 ) 2 NPF2 by com par ison  

w i t h  th o s e  o f  d im e th y la m in e ,  t r im e th y la m in e  and t r i f  lu o ro p h o s p h i r ie .  Thus 

th e y  a s s ig n e d  th e  C-N s t r e t c h  to  a b s o r p t io n s  a t  1191 and 980 cm 1 ,

De B o l s t e r  and G ro e n v e ld t^ 121^  a t te m p te d  a co m p le te  a ss ig n m e n t o f  th e  

v i b r a t i o n a l  f r e q u e n c ie s  i n  (flfle2 l\l)3 P0 by no rm a l c o - o r d in a t e  a n a l y s i s  and

a s s ig n e d  th e  s t r o n g  s h o u ld e r  a b s o r p t io n  a t  1169 and th e  medium a b s o r p t io n

m" 1 t o  th e  C-N !

(1 0 8 )  (1 2 3 -1 2 5 )

a t  1067 cm" 1 t o  th e  C-N s t r e t c h i n g  by com pa r ison  w i t h  s i m i l a r

compounds

By com pa r ison  w i t h  th e  system s above th e  a b s o r p t io n  o b se rve d  a t  

1056 cm" 1 i n  P( NIYle2 ) ^ uas c o r r e l a t e d  w i t h  the  C-N s t r e t c h  i n  t h i s  w o rk .

An e x a m in a t io n  o f  T ab le  9 i n d i c a t e s  t h a t  i n  g e n e r a l  t h e r e  i s  a s h i f t  

i n  th e  C-N s t r e t c h  t o  h ig h e r  f r e q u e n c ie s  above 1056 cm" 1 i n  a l l  th e  com p lexes . 

T a b le  9 a l s o  i n d i c a t e s  t h a t  i n  g e n e ra l  Z ^ ( C - N )  < C  £ £ V - N ) .

T h is  i s  expected- s in c e  C-N i s  one bond away from  th e  c o - o r d i n a t i n g  c e n t r e ,  

i f  phosphorus  c o - o r d i n a t i o n  i s  p o s t u la t e d  as d is c u s s e d  e a r l i e r .



Region 1000-650 crn P-N stretching frequencies.

The P-N s t r e t c h i n g  f r e q u e n c ie s  i n  P( NHle^) ^ an(  ̂ th e  complexes were 

d is c u s s e d  on page 58 i t  was n o te d  t h a t  i n  g e n e ra l  t h e r e  was a s h i f t  t o  

h ig h e r  f r e q u e n c ie s  i n  th e  P-N v i b r a t i o n s  i n  th e  com plexes r e l a t i v e  to  th e  

f r e e  l i g a n d  v a lu e s  (T a b le s  8 and 9 ) .

I n  a l l  th e  complexes e x c e p t  f o r  CdCl^PCNlYle^)^? th e  P-N s t r e t c h i n g  

f r e q u e n c ie s  i n  th e  r e g io n  800-600 cm~^ were s p l i t  i n t o  m u l t i p l e t s  i n  w h ich  

some components were s h i f t e d  tow a rds  h ig h e r  wave numbers w h i le  th e  o th e r  

components were s h i f t e d  to w a rd s  lo w e r  wavenumbers (cm compared w i t h  

th e  s i n g l e  s t r o n g  band i n  P^ f f l e ^ ) ^ *  A s i m i l a r  e f f e c t  o cc u re d  f o r  some o f  

th e  bands i n  th e  r e g io n  964 cm T h is  may be a t t r i b u t e d  t o  s o l i d  s t a t e

e f f e c t s *

P-N i n  th e  Z in c  ( i l ) ,  cadmium ( i l )  and m ercu ry  ( i l )  h a l i d e  complexes 

i n v e s t i g a t e d  he re  was p r e v io u s l y  a s s i g n e d ^ " ^  t o  th e  r e g io n  750-650  cm ^ 

on th e  g rounds  t h a t  th e  bands i n  t h i s  r e g io n  moved t o  h ig h e r  f r e q u e n c ie s  

on c o - o r d i n a t i o n  o f  th e  l i g a n d .  However, s in c e  some o f  th e  bands i n  the  

re g io n s  1056 and 964 cm~^ a ls o  moved t o  h ig h e r  f r e q u e n c ie s  on c o - o r d in a t i o n  

o f  th e  l i g a n d ,  s h i f t s  i n  th e  p o s i t i o n  o f  th e  a b s o r p t io n  bands a lo n e  a re  

i n s u f f i c i e n t  t o  make a ss ig n m e n ts  and th e  m agn itude  o f  th e  s h i f t s  t o  h ig h e r  

f r e q u e n c ie s  a ls o  need t o  be c o n s id e re d , ,
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I I ,  I n f r a r e d  and Raman S p e c tra  o f  R.is( d im e th y la m in o )p h e n y l -  

phosph ine  and HgCl^PhP( NTne^^

I n t r o d u c t i o n .

The a b s o r p t io n  f r e q u e n c ie s  i n  th e  l i g a n d ,  PhP(NHfle2 ) 2 and

HgCl2 PhP(Nrrie2 ) 2 a re  shown i n  Tab le  11 . PhP0(l\l(Yle2 ) 2 has s t r o n g  i . r .  and

Raman bands a t  1193 and 1204 cm 1 a t t r i b u t e d  to  th e  P ------->0 s t r e t c h

w h i l e  th e  P— vO bend in g  mode o cc u rs  as a medium band a t  461 and 473 cm” 1

i n  th e  i . r .  and Raman s p e c t r a  r e s p e c t i v e l y .  T e n ta t i v e  c o r r e l a t i o n s  o f

th e  a b s o r p t io n  bands w i t h  th e  fu n d a m e n ta l  v i b r a t i o n s  a re  made by com parison

(5 5 )
w i t h  th o s e  o f  b is ( d im e th y la m in o )p h e n y lp h o s p h in e  o x id e  .  No d i s t i n c t i o n  

i s  made he re  between sym m e tr ic  and a n t is y m m e t r ic  v i b r a t i o n s .

R e s u l ts  and D is c u s s io n .

Region 3060-2750 cm ^ : CH s t r e t c h i n g  f r e q u e n c ie s .

The a b s o r p t io n s  i n  t h i s  r e g io n  have been c o r r e l a t e d  w i t h  th e  C-H s t r e t c h  

modes o f  th e  g roup  -  N ( ^ 3)2 by com pa r ison  w i t h  PhP(o) (Nffle2 ) 2 i n  wh ich  

^ C H  i s  a t  2875-2790 cm" 1 and w i t h  o th e r  s i m i l a r  compounds )

A s h i f t  t o  low  wavenumbers ( ca 25 -30  cm"1 ) i s  obse rved  i n  th e  i . r .  spec trum

o f  HgCl PhP(i\li;'ie2 ) 2 compared to  th e  f r e e  l i g a n d  v a lu e s .

Region 1500-1400 cm 

P -p h e n y l  R lnn V i b r a t i o n s .

S t ro n g  bands a t  1000 cm" 1 and between 1450-1425 cm" 1 have been a s s ig n e d  

to  p h e n y l  r i n g  v i b r a t i o n s  o f  th e  ? -p h e n y l  g roup  i n  compounds o f  th e  ty p e  

C H5 P h ( 0 ) ( 0 H ) f CH3 -C 6H4P ( H ) ( 0 ) ( 0 H ) ( 1 2 6 ) by e m p i r i c a l  c o r r e l a t i o n s  o f

i. • • U 1 ( 1 2 5 )r e f e r e n c e  s p e c t r a  o f  o rganophosphorus  compounds c o n t a in in g  p h e n y l  g roups •

C o r b r id g e ^ 1 2 7 '* l i s t e d  a s e r ie s  o f  compounds (eg Ph^P, PhP C l2 , PhPEt2 ) i n  

w h ich  th e  medium o r  s t r o n g  a b s o r p t io n  a t  1450-1425 cm" 1 and a weak a b s o r p t io n  

a t  1010-990 cm" 1 had been a s s ig n e d  to  the  p la n a r  r i n g  d e fo rm a t io n  o f  a
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(55)p h e n y l  g roup  a t ta c h e d  to  a h e te ro a to m . De B o l s t e r  a s s ig n e d  the  

a b s o r p t io n s  i n  the  r e g io n  1487-1404 cm ^ to  the  CH^ d e fo r m a t io n  mode i n  

P h P (o ) ( NfYle^^ w i t h  no a ss ig n m e n t f o r  th e  a ro m a t ic  bands . I t  i s  s ugges te d  

t h a t  th e  a b s o r p t io n s  i n  the  r e g io n  1432-1436 crrT^ i n  P hP C N IY ^^  c o u ld  

a r i s e  f ro m  P-Ph o r  CH^ v i b r a t i o n s ,  o r  a c o m b in a t io n  o f  b o th .

Region 1098-1000 cm ^ C-N s t r e t c h i n g  F re q u e n c ie s .

The obse rve d  a b s o r p t io n s  i n  t h i s  r e g io n  a re  t e n t a t i v e l y  c o r r e l a t e d  w i t h

1.U o M 0- i. U J- ^ 1 . ( 1 0 8 ) (1 2 0 ) (1 2 4  ) ( 1 2 6 )  (1 2 7 )th e  C-I\I s t r e t c h  as d is c u s s e d  e a r l i e r  .

R eg ion 1000-600 cm"^ P-N s t r e t c h i n g  F re q u e n c ie s .

( 55 )De B o l s t e r  a s s ig n e d  the  a n t is y m m e t r ic  P-N s t r e t c h  t o  th e  medium 

band a t  965 cm"^ i n  PhP(0) ( ) 2  anc* sy m m e tr ic  s t r e t c h  t o  th e  medium 

a b s o r p t io n  a t  729 cnT^*,

The a b s o r p t io n  i n  th e  r e g io n  800-600 cm ^ i n  P hP C N IY ^^  v e ry  

com p lex  c o n t a in in g  a t  l e a s t  seven l i n e s .  T h e re fo re  th e s e  a b s o r p t io n s  do 

n o t  a r i s e  from  ’’ p u re "  v i b r a t i o n s  b u t  r a t h e r  in v o lv e  c o u p l in g  w i t h  o th e r  

modes. I t  i s  sugges te d  t h a t  th e  resonance  e f f e c t  shown be low

 /  \ N M e 2 W /  \ N M e 2

I
Me.
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m i l l  r e s u l t  i n  in c re a s e d  d e l o c a l i z a t i o n  o f  the  n i t r o g e n  lo n e  p a i r s  i n t o

empty d o r b i t a l s  o f  the  s l i g h t l y  p o s i t i v e l y  cha rged  phosphorus  i n

PhP( NPile^) 2 • t h e r e f o r e  e xp e c te d  t h a t  th e  P-N s t r e t c h  i n

PhP(N!Yle2 ) 2 m i l l  o c c u r  a t  s l i g h t l y  h ig h e r  f r e q u e n c ie s  th a n  i n  PhP(O)( Nme2 ) 2

mhere an empty phosphorus d o r b i t a l  i s  in v o lv e d  i n  £ — » d^bond ing  m i th  the  

( 5 7 )
oxygen atom . From th e  p r e v io u s  d is c u s s io n  on P~N s t r e t c h i n g  f r e q u e n c ie s

( 1 0 5 ) ( 1 0 5 ) ( 1 0 9 ) ( 1 1 0 ) ( 1 1 1 )  -1
th e  v e ry  s t r o n g  a b s o r p t io n s  a t  976 and 960 cm

and a t  752 and 736 cm \  a re  c o r r e l a t e d  m i th  the  P-N s t r e t c h  i n  PhP( rMrOê  ) 2 *

Com plete and unambiguous a ss ig n m e n t mould be p o s s ib le  o n ly  i f  th e

s t r u c t u r e  o f  PhP(NFfle2 ) 2 mere knomn. From th e  s t r u c t u r e  th e  number o f

i . r .  and Raman a c t i v e  fu n d a m e n ta ls  c o u ld  be c a l c u l a t e d ;  th e  t h e o r e t i c a l

a b s o r p t io n  f r e q u e n c ie s  i n  th e  m o le c u le  f o r  th e  v a r io u s  g roups  c o u ld  th e n

be c a l c u l a t e d ,  u s in g  f o r c e  c o n s ta n ts  from  model compounds, and compared

m i th  th e  e x p e r im e n ta l l y  obse rve d  a b s o r p t io n  bands i n  PhP( NTfle^) ^ anc* t n

s i m i l a r  compounds.

Phosphorus o r  n i t r o g e n  bond in g  i n  HgCl2 PhP(N(Y]e2 ) 2?

I t  i s  n o t  p o s s ib le  t o  dram any c o n c lu s io n  from  th e  P-N r e g io n  o f  the

s p e c t ru m  as to  th e  p o s s i b i l i t y  o f  phosphorus o r  n i t r o g e n  b o nd in g  i n  th e  

c om p lex .

I n f r a r e d  and Raman sp e c tru m  o f  HgCl2 PhP(NriTS2 ) 2

No common bands a re  obse rve d  i n  b o th  th e  i . r .  and Raman s p e c tru m .

Homever, because o f  th e  p o s s i b i l i t y  o f  e x is te n c e  o f  bands m hich a re  to o  

u/eak t o  be r e s o lv e d ,  no f u r t h e r  c o n c lu s io n s  can be dramn.



^ ^ • F a r  i n f r a r e d  s p e c t ra  o f  t r i s ( d im e t h y la m in o ) p h o s p h in e  com p lexes .

I n t r o d u c t i o n  

(Yl e t a l - h a l i d e  s t r e t c h i n g  V i b r a t i o n s ,

I t  i s  o f t e n  easy to  make ass ig n m e n ts  u n e q u iv o c a b ly  f o r  th e  m e t a l - h a l i d e  

s t r e t c h i n g  v i b r a t i o n s  because th e  f re q u e n c y  o f  th e  v i b r a t i o n  w i l l  decrease 

as th e  mass o f  th e  h a loge n  atom in c r e a s e s .  T h e re fo re  a c c u ra te  ass ig n m e n ts  

can be made by com paring  s p e c t r a  o f  th e  c h l o r i d e s ,  th e  b rom ides  and th e  

i o d i d e s .  However, d i f f i c u l t i e s  can a r i s e  when th e  s t r u c t u r e  o f  th e  

c h l o r i d e s ,  b rom ides  and io d id e s  a re  d i f f e r e n t  s in c e  o th e r  e f f e c t s  may 

c o u n t e r a c t  th e  mass e f f e c t .

In  most cases c o u p l in g  c o u ld  o c c u r  between th e  m e ta l - h a lo g e n  s t r e t c h i n g  

v i b r a t i o n s  i n  th e  f a r  i . r .  and o th e r  s k e l e t a l  modes i n  th e  m o le c u le .

T h e re fo r e  th e  fo rm e r  may n o t  be * p u r e f v i b r a t i o n s v .  D e s p i te  t h i s  

c e r t a i n  v a lu a b le  and u s e f u l  c o r r e l a t i o n s  a re  p o s s ib le .

Sqme o f  th e  f a c t o r s  w h ich  d e te rm in e  th e  p o s i t i o n  o f  a m e ta l -h a lo g e n

'"O (129)
s t r e t c h i n g  v i b r a t i o n ,  a re  th e  f o l l o w in g

( i )  A l a r g e r  mass o f  ha loge n  co r re s p o n d s  to  a lo w e r  f re q u e n c y  o f  th e

p i ( 2 2 )f o r  exam p le :

Compound S> “ irn-x cm

(Ph3p)2 CdCi2 268, 261

(Ph3P)2 Cd Br2 195,

176 , .

(Ph3P)2 Cd I2 166

145

( i i )  N o n -b r id g in g  ha loge n  atoms y i e l d  h ig h e r  f r e q u e n c ie s  o f  V t(flf!-X) than  

~ ^ b ( f f l -X )  f o r  b r i d g in g  h a loge n  a tom s. For exam p le^1 2 8 ^
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Compound " ^ b ( r f l X ) c n f 1
b r i d q in q

~ŝ t ( m x ) c m * '1
t e r m in a l

(A1 C l3 ) 2 (g a s )  340 506

438 625

420 606.

301 484

Zn2 C l4 297 435

[Y ie ta l-ha lo gen  s t r e t c h i n g  v i b r a t i o n s  o f  some Group 1 IB  m e t a l - h a l i d e

com plexes a re  g iv e n  i n  T ab le  14 belouj

T ab le  14

[Y le ta l -h a l id e  s t r e t c h i n g  V i b r a t i o n s  o f  some Z n ( l l ) ,  C d ( i r ) ,

P s e u d o - te t r a h e d r a l  com p lexes .

~S) - i
Compound mx cm Ref

Z nC lo2(!YleoN)„P0 315 
2 '  2 o

285

120

CdCl22(rfle2N.)3P0 265 120

CdCl2 (nie N )3 P0 200 120

ZnBr2 2(lYle N)3 P0 263

227

120

Zn(NH3 ) 2 C l2 285 128

Zn(NH3 ) 2 B r2 213 128

CdCl2 (PPh3 ) 2 268 22

261

Z n C l2 Py2 329

291

12



IT le ta l-p h o rp h o ru s  s t r e t c h i n g  V ib r a t i o n s  

T a b le  15 summarizes th e  da ta  f o r  some known *^mp v i b r a t i o n s #

T a b le  15

"N) ~15ummary o f  I n f r a r e d  da ta  f o r  some mp v i b r a t i o n s ^  cm

Compound ~N> - 1mp cm S te re o c h e m is t r y R e f .

(Ph3 P )2Z n C l2 166s pseudo t e t r a h e d r a l 22

(Ph3 P)2 ZnBr2 157s pseudo t e t r a h e d r a l 22

(Ph3 P) 2 Z n l 2 153s pseudo t e t r a h e d r a l 22

(Ph3 P ) 2 CdC l2 136m pseudo t e t r a h e d r a l 22

(Ph3 P) 2 CdBr2 134m pseudo t e t r a h e d r a l 22

(Ph3 P ) 2 Cd i 2 133s pseudo t e t r a h e d r a l 22

(Ph3 P) 2 HgCl2 137w,108m pseudo t e t r a h e d r a l 22

(Ph3 P ) 2 HgBr2 132w ,l04w pseudo t e t r a h e d r a l 22

(Ph3 P) 2 H g I  2 133sh,98vw pseudo t e t r a h e d r a l 22

c i s - P t C l  (Pme ) 362m square  p la n a r 130

t r a n s - P t C l 2 ( P ffe j ) 2 413w squa re  p la n a r

382w squa re  pXanar 130

" 'A np  l i e s  i n  th e  range 460«91 c m " \  From th e  e v id e n c e  a v a i l a b l e  

t o  d a te ^ ^ m p  i s  o f t e n  weak to  medium i n  i n t e n s i t y #



M e ta l - N i t r o q e n  S t r e t c h in g  F re q u e n c ie s , ^ ) |Y |N.
T a b le  16 summarizes da ta  f o r  some l i t e r a t u r e  ~^MN a s s ig n m e n ts *  

v i b r a t i o n s  a re  s t r o n g l y  dependent on th e  mass o f  th e  l i g a n d s .  Thus f o r  most 

m e ta l-am m ina  com plexes ^IY!(\I l i e s  between 277-500 cm” 1 However,

f o r  hexa-ammines o f  d i v a l e n t  m e ta ls  " (̂YlN i s  nea r 300 cm" 1 ( 1 3 2 ) .  f o r

m e t a l - p y r i d i n e  i s  i n  th e  range 200-287 cm" 1 i s  e xp e c te d  t h a t

1Y1N i n  ( Hfle^W) 3 ^ complexes w i l l  o c c u r  i n  th e  range 200-287 cm" m

In  g e n e r a l  th e  m e ta l  n i t r o g e n  v i b r a t i o n  i s  weak to  medium i n  i n t e n s i t y .

T ab le  16

M e t a l - N i t r o q e n S t r e t c h in g  F re q u e n c ie s , ""A lN, For some M e ta l

Complexes,

Compound C o - o r d in a t io n
Number

" ^ M N  cm" 1 Ref

Zn(NH3 ) g C l2 6 300 133

Zn(NH_)g B r2 6 294 133

Zn(NH3 ) 6 I 2 6 282 133

Zn (NH3 ) 2 C l2 4 421 133.

Zn(NH3 ) 2 B r2 4 392 133

Zn(NH3 ) 2 X2 4 414 133.

Cd(NH3 ) 6 C l2 6 298 13.5

Cd(NH3 ) 6 B r2 6 291 133

C d(N H j) 5 I 2 6 277 133

c i s . P t ( N H 3 ) 2 C l2 4 • 510 134

c is - P t ( N H 3 ) 2 B r2 4 492 , 485 13.4

tra n s -P h ( [J H 3 ) C U 4 509' 134

t ra n s ~ P t (N H 3 ) 2 B r2 4 531 , 506 128



76 c

T a b le  16 Cont

C o - o r d in a t io n

—vN
Compound ____________________ Number_________________________ IY1N cm_________ Ref

Z nC l2 Py2

ZnBr2 Py2

Z n I2 Py2

4

4

4

218 12

219 12

222 12
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R e s u l t s  and D is c u s s io n ,

The i . r .  s p e c t r a  (400 -40  cm o f  the  complexes a re  shown i n  T ab le  12 ,

1 :2  Complexes o f  Z n ( l l ) .  C d ( l l )  and H g ( l l )  H a l id e s .

(Yleta 1 -h a lo o e n  S t r e t c h in g  F re q u e n c ie s ,  ^  [Y1X.

The number o f  i . r .  a c t i v e  no rm a l modes i n  compounds (A i s  a

(5 5 )m onoden ta te  l i g a n d )  p r e d i c t e d  fro m  group  th e o r y  f o r  th e  m e ta l -h a lo g e n

s t r e t c h i n g  v i b r a t i o n * ^  IT1X a re  as shown i n  th e  T ab le  b e lo w .

S te re o c h e m is t r y .......Type
L o c a l

Symmetry ^  m-x

qroup i . r .  a c t i v e

T e t r a h e d r a l mx4 Td
b2

P s e u d o - te t r a h e d r a l
mfl2X2 C2V a l  + b2

Thus two IY1-X v i b r a t i o n a l  a b s o r p t io n s  a re  c h a r a c t e r i s t i c  o f  rilA^X^ 

compounds (T a b le  14 page 73 ) w h i l e  th o se  o f  th e  ty p e  fAX̂ ,”  have o n ly  one IYI-X 

s t r e t c h i n g  v i b r a t i o n  as shown i n  th e  T ab le  b e lo w .

- 1
A n io n _______________________ fYlX cm

Z n C l .= 298
4

C d C l.= 260
4

HgCl4= 228

HgBr^”  169

46

H g l4= , 118

41
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"^M X  i n  ZnC l22 P(l\IMe2 ) 3 and CdCl2 2 P(l\IMe2 ) 3 a re  e a s i l y  a s s ig n e d  as 

v e r y  s t r o n g  a b s o r p t io n s  a t  288 , 305 cm" 1 and a t  261, 245 cm" 1 r e s p e c t i v e l y  

(T a b le  17 )  be low  by com pa r ison  w i t h  "~^MX v a lu e s  i n  (Me2 N )3 P0 com p lexes^1 2 0  ̂

T a b le  14 page 73 ) •

z T ab le  17

M e ta l - h a lo g e n ,  ~^M -X , and M e ta l  phosph o rus , M-P,

S t r e t c h in g  F re q u e n c ie s  o f  Mx2 L Complexes w i t h  P( NfYlê

Compound ^ M X  cm" 1 ""^M-P cm" 1

Z n C l2 2 P(NMe2 ) 3 3 0 5 ( s , s h ) 

288 vs

CdCl„2P(NMe ) „
2 2 *5

261 ( s , b ) 

245 s

HgCl2 2P(NMe2 ) 3 206 ( s )  102  wsh

HgBr22P(Nme2 ) 3 135 ( s , b ) 112 w

H g I2 2P(NMe? ) 3 108 ( v s )  n o t  o b s e rv e d

P t C l2 2P(NMe2 ) 3 336 s u n a s s ig n e d

The o b s e rv e d  ""^MX v a lu e s i n  ZnC l2 2P(NIYle ) 3 , CdCl2 2P(Nffle ) 3 , HgX2 2P(NIYIe2 ) 3

(X c  C l ,  B r ,  I )  (T a b le  17)
( 81)

a re  i n  th e  r e g io n  o f  th o se  a s s ig n e d  f o r  t h i s

v i b r a t i o n  as f o l lo w s #

Compound Mx cm

Z nC l2 2P(NMe ) 3 305 ( s ) ,  290 ( s )

CdCl0 2P fN M e„)„
2 * Z 'J )

260 ( s ) ,  245 (a )

HgCl2 2P(N!Yle2 ) 3 205 ( s ) ,  190 ( s , s h )

HgBr 2P(NMe2 ) 3 136 ( s ) ,  130 ( s )

H g I? 2P(NMe2 ) 3 101 ( s )



- 1  (81)
The mx v i b r a t i o n  a t  101 cm i n  H g I22P(l\!IYIe2 ) c o u ld  n o t  be

c o n f i rm e d #  In s te a d  a v e ry  s t r o n g  a b s o r p t io n  a t  108 cm 1 was c o r r e l a t e d

w i t h  ^ M X  i n  H g I2 2 P(NIYIe2 ) .

An e x a m in a t io n  o f  Tab le  17 i n d i c a t e s  t h a t  i n  some cases o n ly  one 

^ m e ta l - h a lo g e n  s t r e t c h i n g  f re q u e n c y  i s  ob s e rve d .  However, f a i l u r e  t o  r e s o lv e  

th e  e x p e c te d  number o f  s k e l e t a l  s t r e t c h i n g  f r e q u e n c ie s  i s  n o t  uncommon 

f o r  p s e u d o - t e t r a h e d r a l  MA2 X2 co m p le xe s ^ 1 2 \

The p s e u d o - t e t r a h e d r a l  e n v i ro n m e n t  o f  Cadmium ( i l )  i n  CdCl2 2P(l\J!Yle2 ) 

may be f u r t h e r  i n f e r r e d  by com pa r ison  w i t h  CdCl2 (PPh3 ) , th e  c r y s t a l

s t r u c t u r e ^   ̂ o f  w h ich  was i n t e r p r e t e d  to  i n d i c a t e  t h a t  th e  cadmium atom

i s  i n  p s e u d o - t e t r a h e d r a l  e n v iro n m e n t  as p r e d ic t e d  from  i . r .  s p e c t ro s c o p y  

( ~^MX : 268 , 261 cm"1 ) .

P tC l2 2P(l\](Yle2 ) 3 shows a v e ry  s t r o n g  a b s o r p t io n  a t  336 cm” 1 a t t r i b u t a b l e  

t o  a P t - C l  s t r e t c h i n g  f re q u e n c y  f o r  a t r a n s - p la t i n u m  (1 1 )  squa re  p la n a r  

c o m p l e x ^ ^ .

M e ta l -p h o s p h o ru s  s t r e t c h i n g  F re q u e n c ie s ,  "^M P #

The a b s o r p t io n s  t e n t a t i v e l y  a s s ig n e d  here  as *"^MP (T a b le  17 ) '

a re  r a t h e r  weak i n  i n t e n s i t y .  In  a d d i t i o n  these  a b s o r p t io n  bands a re

i n  th e  same re g io n s  as f r e e  l i g a n d  a b s o r p t io n  bands. A l th o u g h  th e  ^  iYIP

( 81)v a lu e s  ag ree  to  some e x t e n t  w i t h  th o se  made e a r l i e r  as f o l l o w s ,

Compound Mp cm" 1

HgCl2 2 P(Nme2 ) 3 100  w, sh

HgBr2 2P(NiT!e2 ) 3 ' 110  w, sh

H g I2 2P(lMMe2 ) 3 109 (w ,s h )

th e y  c a n n o t  be c o n c lu s iv e  i n  them se lves  as ev id e n ce  f o r  m e ta l-p h o s p h o ru s

b o n d in g  i n  th e  com p lexes .



No mass in d e p e n d e n t  peaks were obse rved  i n  th e  s p e c t r a  o f  

HgCl2 2 P(N[Yle2 ) 3 and HgBr22 P(NMo ) b u t  ""^MP i n  these  com plexes were 

c o r r e l a t e d  w i t h  th e  a b s o r p t io n s  a t  102 and 112 cm**1 (T a b le  17) r e s p e c t i v e l y  

by co m p a r iso n  w i t h  " ^ M P  v a lu e s  f o r  HgX2 (PPh3 ) 2 (X = C l , B r , l ) ^ 2 2 ^

(.Table 1 5 ) ,  The weak s h o u ld e r  a b s o r p t io n  a t  109 cm" 1 a t t r i b u t e d ^ 1  ̂

t o  MP i n  H g I2 2P(NMe2 ) 3 c o u ld  n o t  be c o n f i rm e d .

O th e r  bands i n  i . r .  spec trum  o f  1 :2  com plexes w i t h  

(PNMe2 ) 3

These bands a re  shown i n  T ab le  13, I t  i s  seen t h a t  some o f  th e  

bands a re  e i t h e r  th e  same o r  s h i f t e d  s l i g h t l y  i n  p o s i t i o n  r e l a t i v e  t o  th e  

f r e e  l i g a n d  a b s o r p t io n  bands. These have n o t  been g iv e n  any s p e c i f i c  

a s s ig n m e n ts *

M e ta l - N i t r o q e n  S t r e t c h in g  V i b r a t i o n s  ( ? ) .

No bands a re  obse rved  i n  th e  i . r .  s p e c t r a  o f  1 : 2 com plexes o f  

H g ( l l )  h a l i d e s  w h ich  a re  dependent on th e  mass o f  th e  h a lo g e n  a p a r t  from  

^ t (MX) w h ich  c o u ld  be c o r r e l a t e d  w i t h  ^ M N  i n  th e se  com p lexes .
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1 :1  Complexes o f  Zn ( I I )« Cd (11.) and Hg ( I I )  h a l i d e s  w i t h  

P(NIYle2 ) 3

T e rm in a l  m e ta l~ h a lo q e n ,  ^ t  (iYl-X) and b r id g in g  m e ta l - h a lo q e n t

((Yl-X) l / i b r a t . i o n s .

( 2 2 )
Deacon e t  a l  s t u d ie d  1 : 1 complexes w i t h  m ercu ry  ( I I )  h a l i d e s  

o f  th e  t y p e  (Ph3 PHgX2 ) 2 ( x  = C l ,  B r ,  i )  i n  th e  f a r  i . r .  r e g io n  (400~40 cm"1 ) 

One " " ^ t  ( hi—X) v i b r a t i o n  and one " ^ b  (lYl-X) s t r e t c h i n g  v i b r a t i o n  b o th  o f  w h ich  

were dependen t on th e  mass o f  the  ha logen  were p r e d ic t e d  and fo u n d  f o r  

th e s e  compounds from  group t h e o r e t i c a l  t r e a tm e n t .  A second b u t  more

~sO  1 ( 2 2 )com plex  fo rm  o f  th e  b (fYl~X) s t r e t c h  had been p r e d i c t e d '  f o r  th e

(Ph3 PHgX2 ) 2 compounds b u t  t h i s  o c c u r re d  a t  a lo w e r  f re q u e n c y  r e l a t i v e  t o

t h e ' ^ b  (lYl-X) c o n s id e re d  e a r l i e r  and was a ls o  dependent on th e  mass o f  th e

(22)
h a lo g e n .  The ass ig n m e n ts  a re  g iv e n  i n  th e  T ab le  b e lo w ,

Compound
"^M -X  cm- 1

t e r m in a l
IY1-X cm" 1 
b r i d g i n g

^ b ( lY I -X )
- ^ i - x )

^ b 1!YI-.X cm" 1 
b r i d g i n g cm"

(Ph3 PHgCl2 ) 2 287 s 180 ( s ) 0 .6 2 9 7 ( s ) , 8 3 152m

(Ph3 PHgBr2 ) 2 198 3 111  ( s ) 0 .5 7 60 ( s h ) 129s

(Ph3 PHgI2 ) 2 156 ( s ) 110  m 0.62 50 m 135

86 m (m)

(128 )
F o r  gaseous (A1C13 ) 2 th e  r a t i o '

^b f fY IX )  (d im e r )  = 0 . 6 8

^ t( fT IX )  (d im e r )

and f o r  Z n ^ l ^ ,  th e  r a t i o  i s  0 .7 1 .  For most d im e r ic  t r a n s i t i o n  m e ta l

h o o )
c o m p le x e s ' -4" 1 t h i s  ' r a t i o  l i e s  i n  th e  range 0 ,6 0  to  0 .8 5 .  The c a l c u la t e d  

r a t i o s  f o r  th e  (Ph3 PHgX2 ) 2 compounds a ls o  l i e  i n  t h i s  ra n g e .

The c r y s t a l  s t r u c t u r e ^ 2 4  ̂ o f  (Ph3 PHgCl2 ) 2 i n d i c a t e s  t h a t  i t  i s  ha logen
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Table 19

Far i . r .  (400 ~ 40 cm Param eters  i n  IY1X L Complexes

Compound

^ t  (mx) 
- 1cm

" ^ b  (mx) 
- 1cm

* ^ b  (mx) 
* ^ t  (mx)

^ b l m x cm" 1 

b r i d q i n q

~ ^ m -p

Z n C l2 P(l\IIYle2 ) 3 333 240 0.72 124 n o t

sb bs vs obse rved

ZnBr2 P(l\iri1e2 ) 3 248 172 0 .69 88 n o t

vs ms vs obse rved

Z n I 2 P(Nffle2 ) 3 216 155 0 .7 1 78 n o t

ms s m obse rved

CdCl P(l\IIY!e ) 3 278 n o t

s obse rved

HgCl2 P(Nr/le2 ) 3 .280 168 0 .6 0 100

ms vsb vs

HgBr2 P(N!i1e2 ) 3 186 114 0 .61 n o t 100

vs vs o b se rve d sh

H g I2 P(NrflB2 ) 3 148 96 0 .6 4 n o t n o t

vs vs o b s e rve d obse rved
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( o o  \
b r id g e d  and d im e r ic  i n  agreem ent w i t h  i . r .  p r e d i c t i o n  ..

In  th e  p r e s e n t  w o rk ,  th e  * ^ t  ( m-X) and "^b((Yl~X) c o r r e l a t i o n s  i n

(YIX̂ PCN(Yle2 ) 3 compounds a re  shown i n  T ab le  19 .

The c a l c u l a t e d  *~^b(MX) .
'^ t t ' r i lX )  r a t l o s  a re  l n  agreem ent w i t h  th o s e  c o n s id e re d

e a r l i e r .

^ t ( l Y l X ) ,  ^b ( lY lX )  a re  v e ry  s t r o n g  a b s o r p t io n s  i n  a l l  th e  Zn ( I I ) ,  H g ( lT )

h a l i d e  com p lexes . These c o r r e l a t i o n s  a re  i n  nea r  agreem ent w i t h  th o s e  

( 8 1)
made' f o r  th e  d im e r ic  MX2 P(l\IMe2 ) 3 complexes as f o l l o w s  :

Compound ^ t ( MX) ^ b ( M X ^  Id (MX)

Z n C l2 P(Nrde2 ) 3 327 ( s ) 240 s ) 120  ( s )

296 s ,s h 225 s , s h )

ZnBr2 P(NMe2 ) 3 259 ( s ) 190 s ) 95 (msh)

230 ( s ) 170 s )

Z n I2 P(NPfle2 ) 3 216 (m) 155 s ) 77 (m)

142 m, s h )

CdCl2 P(Nffle2 ) 3 277 205 m) 100  ( 3 )

270 (m ) 228 m) 88 w ,sh

HgCl2 P(NMe2 ) 3 282 ( s ) 168 s ) 88 (w ,s h )

118 s ) 72 (m)

HgBr2 P(Nffle2 ) 3 190 ( s ) 116 s ) 55 (m ,sh )

H g I2 P(Nrfle2 ) 3 147 ( s ) 87 s ) 42 (w)

i nThe medium s h o u ld e r  a b s o r p t io n  a t  95 cm ^ a t t r i b u t e d ^ t o  rnx)

ZnBr2 P(l\irfle2 ) 3 c o u ld  n o t  be c o n f i rm e d  b u t  r a t h e r  a v e ry  s t r o n g  abso rp i 

a t  88 cm"^ was c o r r e l a t e d  w i t h  the  complex ^ b ^ M X )  b r i d g i n g  mode i n  

ZnB r2 P(N(',1e2 ) 3 . A 

(Ph3 P )2 (H gC l2 ) 2 ( 2 2 t

ZnB r2 P(N('i1e2 ) 3 . A band i n  th e  r e g io n  83~97 cir,"^ was a ls o  obse rve d  i n



For CdCl2 P(NMQ2 ) 3 o n ly  ^ t  (lY!-X) was a ss ig n e d  w i t h  some c e r t a i n t y

( 2 ? )
by c o m p a r iso n  w i t h  th e  a s s ig n m e n ts v '  f o r  CdX2 (PPh3 ) 2 ( C = C 1 ,B r , I ) .

lY le ta l-phosphorus  s t r e t c h i n g  V ib r a t i o n s .

No a b s o r p t io n s  were obse rved  i n  th e  s p e c t ra  o f  th e  ZnX2 P(NIYIe2 ) 3

com plexes w h ich  were in d e p e n d e n t  o f  th e  mass o f  th e  h a loge n  and w h ich  c o u ld

be a s s ig n e d  to  ^ M P .  The a b s o r p t io n s  a t  170 c m ~ \  a s s i g n e d ^ " ^  t o " ^ M P

i n  Z n C l2 P(NMe2 ) 3 , ZnBr2 P(NMe2 ) 3 and a t  165 cm ^ i n  Z n I2 P(NMe2 ) 3 were n o t

( 22 )o b s e rv e d .  A s i m i l a r  phenomenon was obse rved  i n  (Ph3 PHgX2 ) 2 ; t h a t  i s ,

no mass in d e p e n d e n t  peaks w h ich  c o u ld  be a s s ig n e d  to  "^(Yl-P were obse rved  

and o n ly  t e n t a t i v e  ass ignm en ts  were made f o r  i n  th e s e  l a t t e r  compounds

(Fable 1 5 ) *

S t ro n g  a b s o r p t io n s  a t  100 cm"^ i n  HgCl2 P(NITle2 ) 3 and as a s h o u ld e r  

a t  100  cm- ^ i n  HgBr2 P(NMe2 ) 3 were in d e p e n d e n t  o f  th e  mass o f  th e  ha loge n

and may be a s s ig n e d  to  "^fflP v i b r a t i o n s *  No band was o b se rv e d  i n  t h i s

r e g io n  f o r  H g I2 P(NMe2 ) 3#

lY le ta l -N i t ro q e n  s t r e t c h i n g  V ib r a t i o n s  (? )

A p a r t  f rom  " ^ t ( [ f l - X ) ,  * '^ b ( r / l~ X )  and (|Y)-X) no mass dependent

a b s o r p t io n s  were obse rved  i n  th e  i . r .  (400 -40  cm s p e c t r a  o f  th e

MX2 P(Nffle2 ) 3 (rfi=Zn,Hg, X = C l , B r , l )  com plexes w h ich  c o u ld  be a s s ig n e d  to

^ r n - N *

Raman Spectrum o f  HgCl2 P(Nr:le2 ) 3^H gBr2 P(NIYle2 ) 3

The Raman s p e c t r a  o f  th e se  com plexes a re  shown i n  T a b le  12 . I t  has 

n o t  been p o s s ib le  to  make any s p e c i f i c  a ss ignm en ts  f o r  th e se  f r e q u e n c ie s  b u t  

th e y  a re  r a t h e r  used to  a s c e r t a in  w h e th e r  th e  com plexes have a c e n t r e  o f

symmetry o r  n o t  (see page 6 1 ) .
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CHAPTER THREE

NUCLEAR MAGNETIC RESONANCE 

SPECTRA OF AMINOPHOSPHINE 

COMPLEXES,
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NUCLEAR MAGNETIC RESONANCE SPECTRA OF ArfllNOPHOSPHINE CCJffl PL EXES. 

I n t r o d u c t i o n .

C o n s id e ra b le  use has been made o f  n . r n . r .  s p e c t ro s c o p y  i n  u n d e rs ta n d in g

th e  mode o f  b o n d in g  i n  o rganophosphorus  compounds and i n  t r a n s i t i o n  m e ta l

1 31
p h o sp h in e  com p lexes . H and P n . m . r .  has been used m a in ly  h i t h e r t o .

R ecen t papers  have i n d i c a t e d  the  in c r e a s in g  a t t e n t i o n  b e in g  g iv e n  to  

13
th e  use o f  C n . m . r .  and most o f  th e s e  have c e n t re d  on th e  measurement o f  

13 31
C -  P n u c le a r  s p in  c o u p l in g  c o n s ta n ts ,

1 31 13 199
In  th e  p r e s e n t  i n v e s t i g a t i o n  H, P, C, and Hg n . m . r .  have been

used to  some e x t e n t .  A b r i e f  r e v ie w  w i l l  now be g iv e n  o f  r e s u l t s  from

n . m . r .  i n v e s t i g a t i o n s  on s i m i l a r  c la s s e s  o f  compounds.

The c h e m ic a l  s h i f t s  o f  some am ino -g roup  c o n ta in in g  compounds a re

*  n  (136 )  as f o l l o w s

Compound H ppm % Cone i n  CC1.
4

(Ylê N 2 . 1 2 2

(Yle^N BH3 2 .6 0 5

<fflfe2N) 3 P 2 .43 n e a t

(dfle2 N ) 3 PO 2 .6 0 2%

I t  i s  seen t h a t  th e  c h e m ic a l  s h i f t  i n  rfle^N BH^ i s  to  low  f i e l d  

r e l a t i v e  t o  th e  f r e e  l i g a n d  v a lu e  i n d i c a t i n g  d e s h ie ld in g  o f  the  m e th y l  

p r o to n s  on c o - o r d i n a t i o n  o f  the  n i t r o g e n  to  b o ro n .  S i m i l a r l y  a d o w n f ie ld  

s h i f t  o f  th e  m e th y l  p ro to n s  i n  (ffle2 N) 3 PO on c o - o r d i n a t i o n  o f  the

phosphorus  i n  P ' i s  o b se rv e d .  T h e re fo re  1H c h e m ic a l  s h i f t s  a lone

a re  i n s u f f i c i e n t  f o r  d i s t i n g u i s h i n g  between P o r  N c o - o r d i n a t i o n  i n  am ino- 

p h o s p h in e s .
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V id a l  e t  a l  i n v e s t i g a t e d  th e  and ^ P  n .m . r .  s p e c t ra  o f  H g ( l l )

h a l i d e  com plexes HgX 2 ( f i l e ^ i MP C  (X = C l ,  D r, I ,  CN, CP^COO). As m en tioned

e a r l i e r  c o - o r d i n a t i o n  urns shown to  be th ro u g h  the  oxygen atom i n  these

co m p lexes . These w o rke rs  d e te c te d  no change i n  th e  c h e m ic a l  s h i f t s

( 2 .4 7  ppm) compared to  th e  f r e e  (ffle^N^PO v a lu e  i n d i c a t i n g  t h a t  t h e r e  i s

p ro b a b ly  no d e s h ie ld in g  o f  the  N -m e thy l p ro to n s .

31O nly  s m a l l  P ch e m ic a l  s h i f t  changes on c o - o r d in a t i o n  were obse rved  rn
*7 -i 5̂ *7 1

th e  P n . m . r .  s o e c t ra  o f  th e  HgX 2 (rfle0M)„ PO complexes ( P = + 1 .61  to
2 2 J

+ 5 .0 6  ppm d o w n f ia ld  o f  H^PO^) r e l a t i v e  to  th e  f r e e  l i g a n d  v a lu e  o f  + 2 3 .0  ppm. 

The s m a l l  v a lu e s  o f  th e  c o - o r d in a t i o n  c h e m ic a l  s h i f t s  were a t t r i b u t e d  to  weak 

l i q u i d - m e t a l  i n t e r a c t i o n s .
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I . Summary o f  R e s u l t s .

Chem ica l S h i f t s .

The ^H n . m . r .  o f  a l l  the  t r i s ( d im e th y la m in o ) p h o s p h in e  com plexes i n d i c a t e

a d o iu n f ie ld  s h i f t  o f  a l l  the  resonances (2 .6 8  to  2 .9 0  ppm) r e l a t i v e  to

u n c o - o r d in a te d  P( N T t l e ^ ( 2* 46 ppm) i n d i c a t i n g  d e s h ie ld in g  o f  th e  N -m e thy l

p r o to n s  i n  th e  com p lexes .

l u c h e m ic a l  s h i f t  o f  2 .9 0  ppm i n  th e  m e th y l  r e g io n  mas obse rved  i n  H

HgCl2 PhP(Nri]e2 ) 2 r e l a t i v e  to  th e  f r e e  PhP(N!V]e2 ) 2 v a lu e  o f  2 , 6 8  ppm.

31 P Chem ica l S h i f t s .

31The P c h e m ic a l  s h i f t  change on c o - o r d i n a t i o n ,  ^  , i n  a l l  th e  complexes

31l i e  i n  th e  range 3 to  51 ppm u p f i e l d  o f  the  P c h e m ic a l  s h i f t  i n  th e  

u n c o - o r d in a te d  P(NTfle9 )~ = + 122 .2  ppm) s u g g e s t in g  s h i e l d i n g  o f  th e
l  o P ip

phospho rus  n u c le u s  on phosphorus c o - o r d i n a t i o n .  However f o r  H gC l^^P ( NfHe^) ^ 

A i s  0 .7  ppm d o w n f ie ld  o f  P(NTHe^) 3 •

199 31Hq- P N u c le a r  Sp in  C o u p l in g  C o n s ta n ts .

199 31
For the -H gX 2 P(NR1e2 ) 3 and HgCl22P(l\ime2 ) 3 com p lexes , th e  one-bond  Hg- P

c o u p l in g  c o n s ta n ts  ^ j / 1DQ \ a re  i n  th e  range 7000-11000 Hz s u g g e s t in g
Hg P'

c o u p l in g  betiueen d i r e c t l y  bonded atoms as i n  th e  s t r u c t u r e

r ^ > —

199 31
(R a a l k y l  g ro u p ,  X = C l ,  B r )  where th e  Hg- P c o u p l in g  c o n s ta n ts  a re  

i n  th e  range  7000-1300 Hz (T a b le  30 page 135 )«

The n . m . r .  s p e c t r a  o f  the  n u c le i  i n  th e  r e s p e c t i v e  compounds w i l l  now 

be c o n s id e re d  i n  d e t a i l .
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R e s u l t s '  and D is c u s s io n .

H n . m . r .  spec trum  o f  t r l s ( d im e th y la m in o ) p h o s p h in e .

The sp e c tru m  o f  P ( ^  as 8 neQt  l i q u i d  a t  a m b ie n t  te m p e ra tu re  

(3 0 8 °K )  i s  a d o u b le t  o f  1 :1  i n t e n s i t y  from  c o u p l in g  o f  th e  / ^ P  n u c le u s  

( I  = l / 2 )  t o  th e  e ig h te e n  e q u iv a le n t  p ro to n s .  There a re  no e x t r a  peaks i n  

th e  m e th y l  r e g io n  w h ich  c o u ld  be a s s ig n e d  to  i m p u r i t i e s  i n  P( ) 3  •

l u n . m . r .  s p e c t r a  o f  ZnCl_P(l\!r.le_ ) „Z n B r0 P(NMe0 ) „
n 2 2 2 2 o

and Z n I2 P(N!Vie )

Three  d o u b le ts  were obse rved  i n  the  m e th y l  r e g io n  i n  th e  n . m . r .  

s p e c t r a  o f  ZnX2 P( Wii1s2 ) ^ complexes i n  CDC1„ s o l u t i o n :

a main d o u b le t  ( A ) ,  a l o w - f i e l d  d o u b le t  (B ) and a h ig h  f i e l d  d o u b le t  ( C ) .

2 n C l2 P(Nri1e 2 ) ;3

1 3
60 MHz (2 9 8 °K )  “ H spec trum  showed one d o u b le t  (8 ^ = 2 .6 2  ppm Dp^ s  11 .2H z)

100 MHz (308°K )  showed two p a i r s  o f  p o o r ly  r e s o lv e d  d o u b le ts ,

220 MHz (295°K ) ^H spec trum  showed th re e  d o u b le ts  o f  i n t e g r a t e d  peak 

i n t e n s i t i e s  40 : 3 :2  (Ta b le  2 1 ) .  The o b s e rv a t io n  o f  t h r e e  d o u b le ts  o f  

u n e q u a l  i n t e n s i t i e s  a t  220 MHz i n d i c a t e d  th e  p resence o f  t h r e e  s p e c ie s  in  

CDC13 s o l u t i o n  and t h a t  a t  60 MHz, the  c h e m ic a l  s h i f t s  o f  th e  d i f f e r e n t  

s p e c ie s  were to o  c lo s e  to  be r e s o lv e d .  These r e s u l t s  w i l l  be d is c u s s e d  

f u r t h e r  unde r ( i )  *̂H c h e m ic a l  s h i f t s  (page 1 2 1 )

( i i )  ^ P  c h e m ic a l  s h i f t s  (page 123)

( i i i )  1 H-3 1 P n u c le a r  s p in  c o u p l in g  c o n s ta n ts  (page 132)

ZnBr2 P(NMe2 ) 3

60 MHz (2 9 8 °K )  ^H spec trum  showed a d o u b le t

( S i *  = 2 * 55 PPm, . 3  i n . a Hz)
- ( p H)------ ------- '
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1-1 NMP l 2  2 0 M H Z j 2 9 5 * K )  o f  Z n B r - 2;F (N M e ;



1G0 fflHz (308 K) H spec trum  shoujed th re e  p o o r ly  r e s o lv e d  d o u b le ts .

220  MHz (2 9 5 °K )  1H spec trum  ( F i g . 4 )  showed th re e  d o u b le ts  o f  i n t e g r a t e d  

i n t e n s i t i e s  40 : 3 :1  (T a b le  2 1 ) .

Z n I2 P(NIYIe2 ) 3

60 MHz (298°K )  ^H spec trum  showed two w e l l  r e s o lv e d  d o u b le ts  and a 

t h i r d  d o u b le t  n o t  so w e l l  r e s o lv e d ,  a l l  were o f  unequa l peak h e ig h t s .

100 MHz (3 0 8 °K )  1H spec trum  showed th re e  d o u b le ts  o f  i n t e g r a t e d  peak 

i n t e n s i t i e s  20 : 8 : 5 .

Because Z n I2 P(NMe2 ) 3 9avye a w e l l  r e s o lv e d  th r e e  d o u b le ts  i n  th e  

100 MHz sp e c tru m  a t  am b ien t te m p e ra tu re  (308°K ) i t  was used to  i n v e s t i g a t e  

th e  p o s s ib le  h y d r o l y s i s  o f  th e  p ro d u c t  on exposure  to  a i r .  Exposure  o f  

th e  sam ple  s o l u t i o n  (10 m in )  used f o r  th e  100 MHz ^H n . m . r .  as above d id  

n o t  change th e  n a tu re  o f  th e  s p e c tru m , i . e .  th e re  was no d e te c ta b le  a t t a c k  

a t  P(l\IMe2 ) 3# T h is  i n d i c a t e d  t h a t  th e  t h r e e  d o u b le ts  o b s e rve d  i n  th e  ^H 

s p e c t ru m  o f  Z n I 2 P(NMe2 ) 3 were p ro b a b ly  n o t  h y d r o l y s i s  p r o d u c ts .

I n  a. c o n t r o l  e x p e r im e n t ,  an amount o f  Z n l2 a nd e q u iv a le n t

t o  l i g a n d  to  m e ta l  r a t i o  o f  1 : 1 were d is s o lv e d  i n  CDClg a t  room te m p e ra tu re  

i n  a d ry  b o x .  The ^H spec trum  (90 MHz) i n d i c a t e d  two d o u b le ts  o f  unequa l 

peak h e ig h t s  ( 5 ^ 3 , 0 4  and 2 .84  ppm). T h is  i n d i c a t e d  p o s s ib le  fo r m a t io n  

o f  a com plex  a t  room te m p e ra tu re  s in c e  Z n l2 i s  i n s o l u b l e  i n  CDCl^.

CdCl P(Nlfle2 ) 3

100  MHz (308°K ) ^H spec trum  showed two d o u b le ts  o f  unequ a l peak h e ig h t s .

A v a r i a b l e  te m p e ra tu re  (308 to  343°K) *H n . m . r .  showed two d o u b le ts  o f  

u n e q u a l  peak h e ig h ts  b u t  e s s e n t i a l l y  showed no change i n  th e  c h e m ic a l  s h i f t s  

o r  1H -  31P c o u p l in g  c o n s ta n ts  (T a b le  2 1 ) .  T h is  i n d i c a t e d  th e  presence  o f  

two s p e c ie s  i n  CDCl^ s o l u t i o n .



H N.M.R. S p e c tra  o f  Complexes o f  the  G enera l

ty p e  P ML .
i  n_________ ________ _________________

T ra n s ~ P tC l9 2 P ( N M b ^ j  HgX22P(NMe2 (X = C l ,  B r ,  I )  b e lo n g  t o  complexes

o f  th e  g e n e r a l  ty p e  P„ML where
2 n

( i )  M i s  th e  m e ta l  a tom, (M w i l l  n o t  be c o n s id e re d  i n  th e  d e s c r i p t i o n  

o f  th e  n u c le a r  s p in  s y s te m ) .

( i i )  r e p r e s e n ts  o th e r  l i g a n d s  i n  th e  system and

( i i i )  P i s  th e  phosphorus atom i n  th e  l i g a n d  i n  q u e s t io n .

F o r th e  H g X ^ P ^ i ^ ) ^  complexes these  be long  to  th e  n u c le a r  s p in  system .

X AA1 X 1 
n n

where A = 31P = A1 , X = 1 H = X1 

and n. = 18

The phosph o rus  n u c le i  a re  m a g n e t ic a l l y  n o n - e q u iv a le n t  i n  such system s 

because 3^^ ̂  ^ _7/.3

p h o sp h in e s  bonded to  a m e ta l  a tom , in f o r m a t i o n  a b o u t  th e  c o u p l in g  between

th e  two phosphorus atoms can be o b ta in e d  from  th e  H n . m . r .  H a l f  th e  X

i n t e n s i t y  i s  a lw ays  i n  a d o u b le t  o f  s e p a r a t io n

1
N  =  J KX: +

and th e  p o s i t i o n  o f  th e  o th e r  h a l f  depends on th e  r e l a t i v e  m agn itude  o f  the  

p h o sp h o ru s -p h o sp h o ru s  c o u p l in g s .

I f  th e  c o u p l in g  between th e  phosphorus atoms i s  z e ro  a d o u b le t  w h ich  wou ld  

lo o k  l i k e  th e  d o u b le t  obse rved  i n  complexes w i t h  o n ly  one t r i s ( d i m e t h y l a m i n o ) 

p h o s p h in e ,  w ou ld  be exp e c te d  i n  th e  H n . m . r .  s p e c tru m . The com plex

(p(NMe ) ) N i(CO) shows t h i s  ty p e  o f  1H spec trum  ^6 8 ^.
jS 3

AX, .  For complexes c o n ta in in g  two t r i s ( d i m e t h y l a m i n o ) -



sp e c tru m  o f  (P(NIYIe2 ) 3 ) 2 l \ l i (C 0 ) 2

2
I f  th e  c o u p l in g  between th e  two phosphorus a tom s, 3p^p , i s  v e ry

3
l a r g e  i n  com pa r ison  w i t h  th e  p hosph o rus -hyd rogen  c o u p l in g ,  3 (p p )

8 t o  10 Hz, th e  AA'Sc ^ system  g iv e s  a spec trum  s i m i l a r  to  t h a t  o f  an 

^ 2^ 2 n s y s ^ em a c o u p l in g  h a l f  th e  sum o f  3 ^ ^  and 3 ^ y ^ l  and a 1 : 2 : 1

d e c e p t i v e l y  s im p le  " t r i p l e t ” i s  obse rve d . Thus t r a n s -  P tC l2 2P(N(Yle2 ) 3

' 13 3 (  33p____ H) + 3 -5 3 (3 1 p_ . _ H ) |=  10 HZ

5 2
w i t h  3 /r71 . assumed s n  , and 3 nmn = 755

( 3 1 p___1H) U ™ p

" t r i p l e t "  i n  th e  spec trum  whereas o n ly  a d o u b le t  i s  obse rve d  i n  th e

( 7 9 ) 1c i s - i s o m e r  .  A d e c e p t i v e ly  s i m p l e " t r i p l e t " i s  obse rve d  i n  th e  H

s p e c t ru m  o f  H g X ^ P ^ I Y ^  )^  (See page 116)

Hz 1 ( F i g . 5 ) shows a



Fig 5 : irons -  PtC^ 2':P ^ Me2)3 i 100MHz (3 0 8 °K ^ H NMR
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V a r ia b le  Tem pera tu re  H i n . m . r .  o f  ZnX2 P(NMe? ) ^ ,  

CdCl P(NMe ) and HgX P(NMe )

The v a r i a b l e  te m p e ra tu re  n . m . r .  o f  HgX2 P(NMe2 com plexes w i l l  be 

d is c u s s e d  on page 108.

P re v io u s  60 MHz ^H n . m . r .  i n v e s t i g a t i o n s  on ZnX2 p(NMe2 ) 3 and

C d 0 lo P(NMe2 ) 3 were r e p o r te d  to  show two d o u b le ts  w i t h  a p p ro x im a te  i n t e n s i t i e s

1 : 2 w h i l e  a p a i r  o f  d o u b le ts  were observed  f o r  the  HgX2 P(NIYle2 (X= C l , O r , I )  

c o m p le xe s .  These showed te m p e ra tu re  independence o v e r  th e  range 307° t o  

34 3°  K. I n  o r d e r  to  i n t e r p r e t  -■ these  r e s u l t s  th e  f o l l o w i n g  were some o f

th e  p o s s i b i l i t i e s  c o n s id e re d :

( l )  P(NMe2 ) 3 m ig h t  be b id e n ta te  th ro u g h  one n i t r o g e n  and one phosphorus 

atom f o r  th e  1 : 1 Z n ( l l )  and C d ( lT )  complexes b u t  m onodenta te  th ro u g h  th e  

phosphorus  atom f o r  th e  H g ( l l )  com p lexes ,

( i i )  The p o s s i b i l i t y  o f  e x is te n c e  o f  a m ix tu re  o f  is o m e rs .

The p o s s i b i l i t y  o f  c o - o r d in a t i o n  th ro u g h  th e  n i t r o g e n  was r u le d  o u t  

on th e  g rounds  t h a t  f o r  a l l  the  t r i s ( d im e th y la m in o ) p h o s p h in e  complexes 

th e  th re e - b o n d  1 H -  31P c o u p l in g  c o n s ta n ts  in c re a s e d  r e l a t i v e  t o  th e  f r e e  

l i g a n d  v a lu e .  I n  c o n t r a s t  th e  system

Me2 NPMe2 . A1 ( E t ) 3

(7 2 )
has 3 3 = G a t  323°K w i t h  c o - o r d in a t i o n  th ro u g h  the  n i t r o g e n  atom .

pj-j

Because c f  th e  poor r e s o l u t i o n  o f  ZnC l2 P(NMe2 )^  and ZnBr2 P(Nnle2 ) 3 a t  

100 MHz v a r i a b l e  te m p e ra tu re  s tu d ie s  were done o n ly  on Z n I2 P(NMe2 ) 3 *

The r e s u l t s  (T a b le  22) i n d i c a t e  t h a t  th e  1H c h e m ic a l  s h i f t s  and 

-  3^P c o u p l in g  c o n s ta n ts  o f  each o f  th e  d o u b le ts  a re  e s s e n t i a l l y  i n v a r i a n t  

o v e r  th e  te m p e ra tu re  range i n v e s t i g a t e d .  These su g g e s t t h a t  th e  main cause 

o f  th e  n o n -e q u iv a le n c e  o f  th e  N -m e th y l p ro to n s  c o u ld  r e s u l t  f rom  the



presence  o f  a m ix tu r e  o f  t r a n s - ts y m m e t r ic a l ,  c i s - s y m m e t r i c a l  and u n s y m m e tr ic a l  

is o m e rs  i n  s o l u t i o n  as shown by th e  p o s s ib le  s t r u c t u r e s *

• ’ • ( i )  t r a n s - s y m m e t r i c a l

(2 )  C is - s y m m e t r ic a l

X r < ' ' P ( N M e 2 )

■(3) U nsym m etr ica l

I t  i s  e x p e c te d  t h a t  th e  e n v iro n m e n ts  o f  th e  phosph ines  i n  th e  

u n s y m m e tr ic a l  iso m e r w i l l  be v e ry  d i f f e r e n t  from  those  o f  th e  c i s  and the
rt-t

t r a n s - s y m m e t r i c a l  is o m e rs .  T h is  w i l l  be c o n s id e re d  f u r t h e r  under 

c h e m ic a l  s h i f t s  o f  the  complexes (Page 1 2 3 ) .
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'H n . m . r .  o f  1 :1  Complexes o f  HgX9 P(N;:le2 )^ (X = C l ,  B r ,  I )

HgCl9 P(rJiile2 ) 3 and HgBr0 P(r\ime0 )
2 '3

60 !YIHz (2 9 8 °K )  1 \\ n . m . r .  s p e c t r a  o f  HgCl2 P(NiY!e2 ) 3 and HgBr2 P(Nrfle )

each c o n s i s t s  o f  a 1 : 1  d o u b le t  as th e  m a jo r  peak and f o u r  s m a l l 199
Hg

s a t e l l i t e s .  The m a jo r  peak a r i s e s  from  those  m o lecu les  n o t  c o n t a in in g  

199,

199

Hg w h i le  th e  f o u r  s m a l l  s a t e l l i t e s  a r i s e  from  th o se  m o le c u le s  c o n t a in in g  

Hg ( 1 7 %  n a t u r a l  abundance, I  = 1 / 2 )  and causes s p i n - s p i n  c o u p l in g  i n

1 199
th e  H s p e c t ru m .  The Hg s a t e l l i t e s  were c o n f i rm e d  by doub le  resonance

e x p e r im e n ts .  The o b s e r v a t io n  o f  a d o u b le t  o f  e q u a l i n t e n s i t y  as th e  m a jo r

peak s u g g e s ts  th e  p resence o f  one isom er i n  CDCl^ s o l u t i o n  o f  th e s e  com plexes.

(8 1 )  199
In  an e a r l i e r  i n v e s t i g a t i o n  th e  p resence o f  Hg s a t e l l i t e s  seemed n o t

t o  be c o n s id e r e d .  F i g . 6 shows a 100 mHz (308°K ) ^H sp e c tru m  o f

HgCl2 P(l\IMe2 ) 3# The ^H n . m . r .  pa ram ete rs  o f  HgCl2 P(l\ir/le2 ) 3 and

HgBr2 P(rJIY)8 2 ) 7 a t  60 and 100 mHz are  shown i n  th e  T ab le  b e lo w .

Compound HgCl2 P(NIYIe2 ) 3 HgBr2 P(N!Yle2 ) 3

60 mHz ®  H ppm 2 .8 0 2 .8 2

3  3 ph ^
12 .3 1 1 .9

J Hq-H
14 .6 1 2 . 2

100 mHz (ppm) 2 . 8 8 2 . 8 6

3 3pH (Hz) . 1 2 . 2 1 1 . 8

V h
14 .5 1 2 . 0

100 mHz v a r i a b l e  te m p e ra tu re  n .m . r ,  o f  HgCl_P(h'me ) „  and2 ' ' .....^2 '3
- ,o ,HgBr9 P(fjrfle2 ) 3 f rom  am b ien t te m p e ra tu re  (oOB K) to  213 K showed t h a t  the

1 1 31
H c h e m ic a l  s h i f t s  and H — P c o u p l in g  c o n s ta n ts  a re  e s s e n t i a l l y
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Fig. 6 • HgCl2: p(NMe2 ) 3 100MHZ ( 3 0% °K)1H NMR
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in d e p e n d e n t  o f  te m p e ra tu re  (T a b le  2 3 ) .

A s i m i l a r  te m p e ra tu re  independence o f  the  n . m . r .  p a ra m e te rs  was 

o b se rve d  a t  343 K r e l a t i v e  to  308°K . These i n d i c a t e  t h a t  e i t h e r  th e re  

a re  no l i g a n d  exchange p rocesses  in v o lv e d  a t  the  e x p e r im e n ta l  te m p e ra tu re s  

used o r  t h a t  th e  exchange p rocesses  a re  to o  s low  to  be d e te c te d  on th e  

n . m . r .  t im e  s c a le .

HgCl2 P h P ( l * e 2 ) 2

The sp e c tru m  (298°K ) i n  th e  m e thy l r e g io n  showed two d o u b le ts  o f

111  i n t e n s i t y  w i t h  f o u r  s m a l l  ^ 99Hg s a t e l l i t e s  (^Du u \  ~ 14 .5  Hz)*.
n Hg j

199The p re se n ce  o f  th e  Hg s a t e l l i t e s  were c o n f i rm e d  by doub le  resonance 

e x p e r im e n ts .  The n .m . r ,  pa ram ete rs  a re  shown i n  Tab le  24.

1 H ~ 199Hg INDOR Spectrum o f  HgCl2 P(NMe2 )

1 QQ 1.99
The Hg INDOR spec trum  o f  HgCl2 P(Nrne ) 3 ( F ig .  ? )  showed two ' Hg

resonance s  o f  a p p r o x im a te ly  e q u a l peak h e ig h ts  and s e p a r a t io n  * 3 ^  ps l l» 2 6 4 H z ,

T h is  i n d i c a t e s  one phosph ine  l i g a n d  i n  th e  e n v iro n m e n t o f  each m e rcu ry *

e v id e n c e  t h a t  H g C l ^ N T e ^  i s  p ro b a b ly  d im e r ic  i n  CDC13 s o l u t i o n  and

t h e r e f o r e  has e i t h e r  th e  t r a n s - s y m m e t r i c a l  s t r u c t u r e

w a ;

C l

\ p

o r  th e  c is - s y m m e t r i c a l  s t r u c t u r e
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C k  

p ^ ^ g ~ k i

k l

9 N p

F or th e  u n s y m m e tr ic a l  s t r u c t u r e

w i t h  tujo phosph ine  l ig a n d s  i n  th e  e n v iro n m e n t  o f  a m ercu ry  atom a t r i p l e t

199
w o u ld  be o b ta in e d  i n  th e  Hg INDOR sp e c tru m .

Double  resonance  e x p e r im e n ts  on the  ^H spec trum  o f  HgCl2 2 P(l\lfle2

199( d e s c r ib e d  on page 115 ) e s t a b l i s h e d  a t r i p l e t  o f  Hg s ig n a l s  w i t h

V p  = 7167  Hz-
31,lj_l -  j j31p^IND0R spec trum  o f  H g C ^ P O 'F ^ ) ^  showed a c e n t r a l  JAP

199 199
resonance  n o t  c o n t a in in g  Hg and two Hg resonances  o f  s e p a r a t io n

1 31 199
3^ p= 1 1 ,261  Hz because o f  P -  Hg n u c le a r  s p in  c o u p l i n g f p j g  g } -

H g I2 P(Nu1e2 ) 3

IOC fflHz (2 0 8 °K )  H n . m . r .  sp e c tru m  o f  t h i s  complex shoiued a d o u b le t

199
o f  i n t e g r a t e d  peak i n t e n s i t y  1 :1  b u t  showed no Hg s a t e l l i t e s .  T h is  i s  

p ro b a b ly  because o f  a l i g a n d  d i s s o c i a t i o n  e q u i l i b r i u m  o f  th e  ty p e

2HgI, 2 L
where the P(N - ^  can exchange between the free state and the co-crdinati on



s i t e  o r  th e  m ercu ry  ( i l )  i o n .  A t  s low  r a te s  o f  exchange a t  low  te m p e ra t

199
i t  may be p o s s ib le  to  observe  th e  Hg s a t e l l i t e s .  However, a v a r i a b l e

te m p e ra tu re  1 H n . m . r .  spec trum  (308 to  213°K) f a i l e d  to  r e v e a l  th e  s a t e l l

31A s i m i l a r  phenomenon has been obse rved  i n  th e  P n .m . r .  sp e c tru m  o f

d i - i o d o b i s  ( b u t y l  d ip h s n y lp h o s p h in e )  m ercury  ( i l ) ^ 3 7  ̂ where th e  ^ 9Hg

s a t e l l i t e s  were n o t  obse rved  a t  room te m p e ra tu re .

The v a r i a b l e  te m p e ra tu re  da ta  (T a b le  23 ) a ls o  i n d i c a t e  t h a t  th e  ^H

1 31
c h e m ic a l  s h i f t s  and th e  H- P n u c le a r  s p in  c o u p l in g  c o n s ta n ts  a re  

e s s e n t i a l l y  in d e p e n d e n t  o f  te m p e ra tu re .

Hg(SCN)2 P(Nfle2 ) 3 ( 1 1 7 )

The 100 171Hz (29Q°K) ^H spec trum  showed a d o u b le t  o f  1 :1  i n t e n s i t y

199 /4 \ 1
and f o u r  s m a l l  ‘ Hg s a t e l l i t e s  ( "'(Hg ^H) = ^z ' *  ^he ^ n . m . r .

p a ra m e te rs  a re  shown i n  T ab le  21,

1 :2  Complexes o f  Z n ( I I ) , C d ( I I ) and H g ( l l )  w i t h  P( NFile2 )

The ^H n . r n . r ,  pa ram e te rs  o f  a l l  1 :2  complexes a re  shown i n  T a b le  21 , 

These w i l l  be d is c u s s e d  under

( i )  ^H c h e m ic a l  s h i f t s  (Page 121)

( i i )  ^H -3 1 ? n u c le a r  s p in  c o u p l in g  c o n s ta n ts  (Page 132)

Z nC l22P(l\ime2 ) 3

60 [71Hz (293°K )  ^H spec trum  showed two d o u b le ts  o f  u n equ a l peak h e ig h ts

s u g g e s t in g  th e  p resence  o f  two components i n  CDCl^ s o l u t i o n .

CdCl22P(NIYIe2 ) 3

60 ffiHz ^H spec trum  showed d o u b le t  o f  e qua l peak h e ig h ts  i n d i c a t i n g  th e

p resence  o f  one component i n  CDCl^ s o l u t i o n .
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V a r ia b le  Tem pera tu re  1H n .m . r .  o f  HgX2 2 P ( ) Complexes

The v a r i a b l e  te m p e ra tu re  pa ram e te rs  a re  shown i n  Tab le  23.

HgCl22P(NiV!e ) „

199A d e c e p t i v e l y  's im p le *  t r i p l e t  w i t h  no Hg s a t e l l i t e s  i s  o b ta in e d

fl 1 7
i n  th e  100 lYlHz (308 K) H spec trum  w i t h  3 u = 11 .2  Hz ( F i g . J L ) ,

PH

A t  273°K , a w e l l  r e s o lv e d  t r i p l e t  i s  o b ta in e d  ( 3 3nu = 11 .9  Hz) th e  two
PH

o u te rm o s t  l i n e s  o f  the  t r i p l e t  (273°K ) had a p a i r  o f  ^ ^ H g  s a t e l l i t e s

199
(3 | lq  j_j = 6 . 0  Hz)^ The t h i r d  p a i r  o f  Hg s a t e l l i t e s  i s  p ro b a b ly  h id d e n  

u n d e r  th e  b ro a d  c e n t r a l  resonance o f  th e  t r i p l e t  ( F i g . I D ) .

HgBr22P(Nne? ) 3

60 mHz (2 9 8 ° K )  and 100 mHz (308°K )  1H n . m . r .  s p e c t ra  o f  HgBr2 2P(NfYl82 )

showed a b ro a d  s i n g l e t  (w id th  a t  1 /2  h e ig h t  = 9 .7  H z ) ,  w i t h  a h y p e r f in e

31
s t r u c t u r e  w h ich  sharpened on P d e c o u p l in g .  T h is  showed t h a t  th e  h y p e r f in e

31 1s t r u c t u r e  a ro s e  from  P- H c o u p l in g .  A b road  s i n g l e t  in s t e a d  o f  th e  

e x p e c te d  d o u b le t  w ou ld  be p roduced  i f  th e re  i s  i n t e r m o le c u la r  exchange o f  

l i g a n d s .

A t  lo w e r  te m p e ra tu re s  (273°K and 257°K) the  r a t e  o f  exchange s low ed

199 . 4
down and a ' t r i p l e t *  w i t h  th e  Hg s a t e l l i t e s ,  ^(|_|g ^(-|) = 5 .3 .H z^w as

o b ta in e d  w i t h  3 nu = 11 .8  Hz. A s i m i l a r  phenomenon i s  o b ta in e d  i n  th ePH
c a t i o n  ^(iTlsO^P ^  Cu*

HgI2 2 P(Mfne2 ) 3

100 mHz *H n .m . r .  s p e c t ra  a t  b o th  308°K and 274°K showed a b ro a d

s i n g l e t  ( w id th  a t  l / 2  h e ig h t  = 1 0 .6  H z). A t  253°K , a d e c e p t i v e ly  ' s i m p le '

3 199
t r i o l e t  i s  o b ta in e d  w i t h  3nu = 10 .4  Hz. The Hg s a t e l l i t e s  rem a ined

Pn

s t i l l  u n re s o lv e d  a t  213°K.

From th e  v a r i a b l e  te m p e ra tu re  1H n . m . r .  s tu d ie s  the  o rd e r  o f  the  r a te  

o f  p h o s p h o r u s - l ig a n d  exchange i n  the  HcjX22 P( fj>0e ^ ) ^  (X = C l ,  R r , l )  complexes
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F i g  g  H g Q 2  2l P ^ M e 2 )3 : 1 0 0 M H Z ( 3 0 8 ° K 1  1 H N M R



F ig  1 0  H g c i2  2v P (N M e 2  )3  •. 1 0 0  M H Z ( 2 7 3  K ) 1 H  N M R
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can be r e p r e s e n te d  q u a l i t a t i v e l y  by 

I  >  Br >  C l .

13
C N.1Y1.R. S p e c t ra .

13n
C n . m . r .  pa ram e te rs  o f  the  f o l l o w in g  complexes a re  shown i n  T a b le  25

IYlX2 P(Nma2 ) 3 , (lYI = Zn, X = C l ;  IY! = Hg, X=C1, B r ,  I )  and rflX22P(NIYIe2 ) 3

IYI = Zn , X = C l ;  IYI = Hg, X = C l ,  B r ,  I :  IYI = P t ,  X = C l ) .  The 13C n . m . r .

p a ra m e te rs  w i l l  be d is c u s s e d  i n  d e t a i l  on Page 130,

Z nC l2 P(N(lle2 ) 3

13 o
The C spec trum  (298 K) showed a c e n t r a l  d o u b le t  (E )  o f  s e p a r a t io n

2 2 
3 ( l 3 _ 3 i  a h i g h f i e l d  d o u b le t  (F ) o f  s e p a ra t io n  ^ ^ 3  3 ^ ) and a

C P  C P

low  f i e l d  s i n g l e t  (G) c o n s is t e n t  w i t h  th re e  d o u b le ts  o b ta in e d  i n  th e

s p e c t ru m .  The r e s u l t s  i n d i c a t e  t h a t  th re e  N -m e thy l ca rbons  a re  i n  d i f f e r e n t

c h e m ic a l  e n v i ro n m e n ts .

HgX2 P(Nffle2 ) 3

2 . . 1 3
A d o u b le t  (E) o f  s e p a r a t io n  ^ ^ 3  32 ) o b ta in e d  i n  th e  C

sp e c tru m  o f  each o f  these  complexes c o n s is t e n t  w i t h  the  e q u iv a le n c e  o f  a l l  

N -m e th y l  c a rb o n s .  T h is  i s  c o n s is t e n t  w i t h  th e  d o u b le t  obse rve d  i n  th e  ^H 

s p e c t ru m  w h ich  in d i c a t e s  t h a t  a l l  N -m e thy l p ro to n s  a re  e q u i v a le n t .  

ZnC l22P(Nffle2 ) 3

2
A d o u b le t ,  (E ) o f  s e p a r a t io n  3 ^  ..31 ) and s i n g l e t  (F )  a re  o b ta in e d

C P  •»*1 ry 1
i n  th e  C spec trum  c o n s is t e n t  w i t h  th e  two d o u b le ts  o b ta in e d  i n  th e  H 

s p e c t ru m .

C d C l9 2P(Nr.1e ) „

The 13C spec trum  showed a b road  s i n g l e t  (E) ( w id th  a t  1 /2  h e ig h t  = 10 .0  Hz)

c o n s i s t e n t  w i t h  th e  d o u b le t  obse rved  i n  th e  H sp e c tru m . On exposure  01 th e

13
sample s o l u t i o n  to  a i r  f o r  10 m in . , th e re  was no change i n  th e  C spectrum
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i n d i c a t i n g  t h a t  any p o s s ib le  h y d r o ly s i s  o f  the  p ro d u c t  had no d e te c ta b le  

e f f e c t  on th e  sp e c tru m ,

HgX22P(NIYlB2 ) 3

1 7
A b ro a d  s i n g l e t  (E) was o b ta in e d  i n  a l l  the  C s p e c t r a  ( w id th s  a t  1 /2

h e ig h t j  12.0H*,X = C l ;  1 0 ,0  Hz, X = B r ;  5 .0  Hz, X = I ) .

P t C l22P(l\IIY)e )

] 3 o
The "UC sp e c tru m  (29B K) i s  a d e c e p t i v e ly  s im p le  t r i p l e t  c e n t r e d  a t

(139 )3 8 ,9  ppm. I t  has been dem ons tra te d  t h a t  f o r  t r a n s i t i o n  m e ta l

p h o sp h in e  com plexes i n  w h ich  two m u tu a l ly  t r a n s  phosph ine  l i g a n d s  c o n ta in in g  

oC~m ethy l o r  m ethy lene  groups a re  c o - o r d in a te d  to  th e  same m e ta l  io n  th e  

^ 3 C- ^ " h J  r n u l t i p l e t  o f  th e  ©(^methyl o r  m ethy lene  ca rbon  can be a t r i p l e t

depend ing  on th e  phosphorus -phospho rus  c o u p l in g s .  For such system s th e
n rz *j i  ri  *71

s p in  sys tem  f o r  th e  C n u c l e i  i s  AXX (A = C, X = P) because o f  th e

13 1 1
v e ry  low  n a t u r a l  abundance o f  C as c o n t r a s te d  w i t h  th e  A XX A^ s p in

sys tem  f o r  th e  *̂ H n u c l e i  i n  such com p lexes . The c o n d i t i o n  f o r  th e

o b s e r v a t io n  o f  a t r i p l e t  i n  th e  ^ 3 C- ^ H js p e c t r u m  f o r  th e  AXX^ s p in  system*

a re  e i t h e r
2

XX

th e  i n s t r u m e n t  o r

(1 ) gax~ 3a x ;l
8 3VV1 ^ * ^ 1 / 2  where ^ ^ l / 2  i s  th e  r e s o l v i n g  power o f

O O D p C -B p c 1 | 2 < | D pH_3pHl

( 139) 1
Computer s im u la t i o n s  o f  an AXX s p in  system  where

3 = 25 Hz, 3 „ v l  = 3 Hz and 3VV1 i s  v a r ie d  from  0 .0  Hz to  500 Hz i n d i c a t e d
AX Ha XX

t h a t  f o r  a 1 3 C- { H ^ s p e c t r u m  o f  a complex a t r i p l e t  s h o u ld  be obse rved

o n ly  when 23 nrv-, i s  l a r g e  ( Ca 50 H z).
3 PfflP

T h is  e x p la in s  th e  o b s e rv a t io n  o f  a »t r i p l e t '  i n  th e  1 3 C- { /H i}  spec trum

o f  P tC l02 P (N m e„) .  ( 23nnn = 755 H z ) / ^ ^
2 2 0 PliiP
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I I .  Chem ical S h i f t s .

I n t r o d u c t i o n .

The t h r e e  main c o n t r i b u t i o n s  to  the  s c re e n in g  c o n s ta n t  ( C5") a 

p a r t i c u l a r  n u c le u s ,  N, has been exp ressed  as

~  ^ i a  j b r a  ^

=  ° N  +  N 4 -

The d ia m a g n e t ic  c o n t r i b u t i o n  ( ) comes from  th e  in d u c e d  c i r c u l a t i o n
N

o f  th e  i n n e r  e l e c t r o n  c lo u d  s u r ro u n d in g  the  n u c le u s  i n  q u e s t io n  w h ich

g e n e ra te s  a m a g n e t ic  f i e l d  opposed to  the  a p p l ie d  f i e l d  B. T h is  r e s u l t s

i n  s h i e l d i n g  o f  the  n u c le u s  by the  e le c t r o n s  from  the  f i e l d .  I t  v a r ie s

w i t h  change i n  ch e m ica l  e n v iro n m e n t o f  th e  n u c le u s .

The p a ra m a g n e t ic  c o n t r i b u t i o n  ( ^ ^ a r a ) comes from  th e  in d u c e d

c i r c u l a t i o n  o f  th e  bond ing  e le c t r o n s  a bou t th e  atom w h ich  g e n e ra te s  a

m a g n e t ic  f i e l d  i n  th e  same d i r e c t i o n  as the  a p p l ie d  f i e l d  B, th e  r e s u l t

P3T3
o f  w h ic h  i s  th e  d e s h ie ld in g  o f  th e  n u c le u s ,  i . e .  a lw ays  p roduces

a s h i f t  t o  low  f i e l d  and i s  n e g a t iv e .

MR
The C? te rm s d e s c r ib e  th e  m agne t ic  f i e l d  a t  th e  s i t e  o f  N p roduced  

by in d u c e d  c u r r e n t s  o f  e le c t r o n s  a t  n e ig h b o u r in g  atoms o r  f u n c t i o n a l  g roups 

B, o f t e n  c a l l e d  " n e ig h b o u r in g  a n is o t r o p y  e f f e c t s " .  One so u rce  o f  

n e ig h b o u r in g  a n is o t r o p y  e f f e c t  i n  a ro m a t ic  systems i s  th e  r i n g  c u r r e n t  

a n i s o t r o p y  a r i s i n g  from  th e  c i r c u l a t i n g  e l e c t r o n i c  r i n g  c u r r e n t  i n  th e  

c o n ju g a te d  pi, bond on th e  a ro m a t ic  sys tem .

O th e r  c o n t r i b u t i o n s  to  the  c h e m ic a l  s h i f t s  may a ls o  come from  s o lv e n t  

e f f e c t s .



H c h e m ic a l  s h i f t s  co v e r  a narrow  range (2 0  ppm). The d ia m a g n e t ic

te rm  g iv e s  th e  m a jo r  c o n t r i b u t i o n  to  1H ch e m ica l  s h i f t s ,

(7 9 )  1
T a b le  23 below shows th e  H c h e m ic a l  s h i f t s ,  P°r  some

t r i s ( d im e th y la m in o ) p h o s p h in e  and t r i s ( p h e n y l  m e th y la m in o )p h o s p h in e  com plexes.

An e x a m in a t io n  o f  th e  1H ch e m ic a l  s h i f t s  i n  Tab le  28 i n d i c a t e s  t h a t  i n

g e n e r a l  t h e r e  i s  a d e s n ie ld in g  o f  the  N -m e thy l p ro to n s  on c o - o r d i n a t i o n  o f

phosphorus  t o  a m e ta l .

The c h e m ic a l  s h i f t s  o f  th e  t r i s ( d im e th y la m in o ) p h o s p h in e  complexes

i n v e s t i g a t e d  here  a re  shown i n  Tab le  2 1 , The v a lu e s  f o r  Z nC l2 P(NMe )g ,

Z nB r2 P(NMe2 ar e  o b ta in e d  from  th e  220 MHz ^H spec trum  w h i le  t h a t  o f

Z n ^ P ^ M e ^ ^  i s  o b ta in e d  from  the  100 MHz sp e c tru m . T h is  i s  because th e

■̂ H s p e c t r a  f o r  ZnCl P(NMe2 ZnBr2 P(NMe2 )^  a re  p o o r ly  r e s o lv e d  a t  100 MHz,

1
These r e s u l t s  r e v e a l  t h a t  th e  H c h e m ic a l  s h i f t s  f o r  a l l  th e  com plexes s h i f t  

t o  lo w e r  f i e l d  r e l a t i v e  to  th e  f r e e  l i g a n d  v a lu e  d e n o t in g  d e s h ie ld in g  o f  

th e  N -m e th y l  p r o to n s ,

^H n . m . r ,  o f  P(NMe2 ) 3 i n  CDCl^ in d ic a t e s  n e g l i g i b l e  change i n  th e  ^H 

c h e m ic a l  s h i f t  compared to  t h a t  o f  the  n e a t  P(NIYIq2 ) 3# T h e r e fo re  th e

o b se rve d  d e s h ie ld in g  o f  the  N -m e thy l p ro to n s  i n  th e  com plexes i s  assumed 

n o t  t o  be due t o  s o lv e n t  e f f e c t s  and p ro b a b ly  a r i s e s  from  an i n d u c t i v e  change 

on c o - o r d i n a t i o n  o f  phosphorus to  a m e ta l .  The t r a n s m i t t e d  i n d u c t i v e  

e f f e c t  causes ' a decrease i n  e le c t r o n  d e n s i t y  abou t th e  N—m e th y l  p ro to n s  

r e s u l t i n g  i n  resonance a t  lo w e r  f i e l d .

S i m i l a r l y  i n  PhP(NMe ) HgCl2 , S H i s  a t  2 .9 0  ppm compared t o  th e  f r e e
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T ab le  28 (7 9 )

H n # m ,r .  Data f o r  some Compounds o f  P(riMe2 ) and P k ( ch3 ) ( c 6h5 )

Compound PH (Hz') S H(ppm) S o lv e n t

P(Nffie2 ) 3 8 . 8 2 .42 n e a t

p [  N(CH3 ) ( C 6H5 ) ] 3 2 . 8 2 .67 c d c i3

t ra n s -C r (C 0 l2 P (N IY Ie „ ) „
■ ------ - nr 2 J 9 .84 2 ,65

C6H6

c i s -  r f l o ( c o )  2P(r'JIYle2 ) 3 10 .9 2 .6 0
C6HS

c is - f i io  ( CD) 4 2 M ( CH3 ) (CgHg )J 3 9 .2 3 .1 0 C0C1

t r a n s - f i lo ( C O ) , 2PCN(YIs« 1 0 . 1 2 .67
C6 H6

t ra n s -U /(C 0 )  , 2P([\NYIe,J„ 1 0 .4 2 .5 6
C6H6

t  r  a n s -  F e ( C 0) „  2 P ( N (YI e ̂ „ 9 .6 2 .6 7
C6 HS

N i ( C 0 ) 42P(NHflB2 ) 3 9 .3 2 ,4 7
C6H6

c is - P d C l  2P(l\lffle L 9 .7 2 .63
C6 H6

t ra n s -P d I„2 P ( l \ l !Y U O „ 10 .3 2 .4 0 C6 H6

c i s - P t C l 0 2P(Nljle0 ) ,
1 1 jL £. yJ

9 .4 2 .7 3 CH2 C12

t r a n s - P t C 1 . 2 P(Nnl0 „  ) „ 1 0 . 1 2 .83
CH2 C12

t r a n s - P t I „ 2 P ( N IT le „ ) „ 1 0 . 0 2 .8 1
CH2 C12

H gI2 2 P(Nrfie2 ) 3 Broad 2 .8 3 CDClg

0P(M[«b2 )3 9 .3 b 2 .62 ne a t

0p [n (C H 3 )(C  H ) 1  3 
J

1 1 . 0 2 .62



31
P Chemical S h i f t s .

Phosphorus chB m ica l s h i f t s  co v e r  3 w ide range (ca + 250 ppm e . g .

B r^P  (+227 ppm) t o  ca 500 ppm .e .g .  P4 m o lecu le  ( -  450 ppm).

31
V a r io u s  f a c t o r s  c o n t r i b u t e  to  P ch e m ic a l  s h i f t s .  These have made

31e x p la n a t io n s  o f  e x p e r im e n ta l l y  obse rved  P c h e m ica l s h i f t s  n o t  s im p le ,

a l t h o u g h  t h e o r e t i c a l  t re a tm e n ts  a re  a v a i l a b le

(1 4 2 )  71
lY lenu je ther and Le to  v '  f i r s t  s tu d ie d  i n  d e t a i l  P c h e m ic a l  s h i f t s

i n  c o - o r d i n a t i o n  compounds. In  o r d e r  to  r a t i o n a l i z e  th e  lo w e r  f i e l d

s h i f t s  o b se rve d  i n  complexes th e y  c o n s id e re d  s e v e r a l  f a c t o r s  w h ich  in c lu d e d

th e  f o l l o w i n g  *

( a )  th e  p a ra m a g n e t ic  te rm

( b )  th e  e f f e c t  o f  sigma bond fo r m a t io n

( c )  p o s s ib le  *fl -b o n d in g  between th e  s u b s t i t u e n t  and phosphorus

( d )  A r o m a t ic  r i n g  c u r r e n t s  i n  pheny lp h o sp h in e  complexes

( e )  bond r e h y b r i d i z a t i o n  e f f e c t s  because o f  changes i n  phosphorus

bond a n g le s  on complex f o r m a t io n .

( f )  e l e c t r o n e g a t i v i t y  o f  atoms jo i n e d  to  phosphorus

( g )  s t e r i c  e f f e c t s .

Some o f  t h e i r  r e s u l t s  a re  shown i n  Tab le  29.

For th e  t e r t i a r y  phosph ine  complexes th e y  fo u n d  th e  c o - o r d in a t i o n
*

s h i f t ,  / V ,  t o  be c o n s ta n t  and t h e r e f o r e  a t t r i b u t e d  th e  d o w n f ie ld  c o - o r d in a t i o n  

c h e m ic a l  s h i f t s  i n  the  complexes compared to  t h a t  o f  thB f r e e  l i g a n d  to  a

s t r o n g  donor sigma bond from  phosphorus to  n i c k e l  r e s u l t i n g  i n  d e s h ie ld in g

o f  th e  phosphorus  n u c le u s .

F o r th e  t r i a l k y l p h o s p h i t e  complexes a much s m a l le r  low  f i e l d  s h i f t  

was fo u n d  (+  20  ppm) and i n  phosphorus trichloride complexes h ig h  f i e l d  

s h i f t s  were o b s e rv e d .  No d e f i n i t e  c o n c lu s io n  was made as to  th e  im p o r ta n ce
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Table 29

Chem ica l S h i f t s

d i ( p h o s p h in e ) com p lexes ,

S 31
P l i g a n d * 3 1XP N i (C 0 )2 P2 C o - o r d in a t io n

L ig a n d (ppm ) (ppm ) Chem ica l S h i f t ,

A = £  6 *'■ 'complex- 11

P( C6H5>3 - 6 , 6 + 32 ,6 +39.2

P(C6H5 ) 2E t - 1 2 .0 +28.7 +40 .7

P(C6 H5 ) E t 2 - 1 6 .2 +23.2 +39 .4

P ( E t ) 3 - 1 9 .1 +20.7 +39.8

P^C8H17^3
- 3 1 .8 +13.3 +45 .1

P<C4 HB>3
- 3 2 .6 +1 2 . 1 +44.7

P E t2 CH2 PEt2 - 1 9 .3 +29.9 +41 .2

p c i 3 +215 +181 -3 4

PCI Ph +164

PF
3

+ 97

P ( 0 E t )3 +140 +160 +20



125.

o f  th e  p a ra m a g n e t ic  c o n t r i b u t i o n  and the  r e s u l t s  i n  t r i a l k y l p h o s p h i t e  and 

phosph orus  t r i c h l o r i d e  complexes were e x p la in e d  i n  te rm s o f

( i )  a w eaker sigma bond from  phosphorus to  n i c k e l

( i i )  An in c r e a s e  i n  th e  b a c k -d o n a t io n  from  Ni to  P, t o g e th e r  

w i t h  a s t r o n g  d r i f t  o f  e le c t r o n s  from  P to  L where L i s  an 

a l k y l  o r  a r y l  sBb’s t i t  tie h i  on phosphorus .

( i i i )  V a r ia b le  changes i n  th e  LPL bond a n g le s  i n  fo rm in g  th e  

com plexes r e s u l t i n g  i n  l a r g e  r e h y b r i d i z a t i o n  e f f e c t s .

The c o - o r d i n a t i o n  c h e m ic a l  s h i f t ,

A  c  £

s  ^Pcomplex r 31p[jgQnd
31has been fo u n d  g e n e r a l l y  u s e f u l  i n  c o r r e l a t i n g  th e  P c h e m ic a l  s h i f t

o f  th e  f r e e  l i g a n d  t o  those  o f  th e  c o m p le x ( l ^ 3 ) ( l 4 4 ) .  prom th e  c o r r e l a t i o n

e q u a t io n

A  = &  + B

Where A and B a re  c o n s ta n ts ,  the  v a r io u s  A and B v a lu e s  f o r  a s e r ie s  o f

com plexes o f  e l s -  and t r a n s  -  L ^ P d X ^  (X = C l ,  N were com pared. The

r e s u l t s  i n d i c a t e d  t h a t  th e  geom etry o f  the  complexes was more im p o r ta n t

th a n  a n io n  e f f e c t s  f o r  phosph ine  complexes i n  g e n e r a l .  Comparison o f

c o - o r d i n a t i o n  c h e m ic a l  s h i f t s  where s t e r i c  e f f e c t s  ware h e ld  c o n s ta n t  v i z ,

t
f o r  (4 -  ZCJ-l.)prne0 (Z i s  a s u b s t i t u e n t )  o r  v a r ie d  v i z ,  f o r  R„PBM o r  R„PPh 

6 4 2 z z

su g g e s te d  t h a t  e l e c t r o n i c  e f f e c t s  a re  more im p o r ta n t  th a n  s t e r i c  e f f e c t s  

i n  d e te r m in in g
A ( i4 4 \  I t  was co n c lu d e d  t h a t  f o r  phosph ine

com plexes i n  G enera l th e  c o - o r d in a t i o n  c h e m ica l s h i f t  i s  a f f e c t e d  most by 

geom etry  f o l l o w e d  by a n io n  e l e c t r o n i c  e f f e c t s  and l e a s t  by s t e r i c  e f f e c t s .

The 31P c h e m ic a l  s h i f t s  o b ta in e d  frum doub le  resonance e x p e r im e n ts  and 

th e  c o - o r d i n a t i o n  c h e m ic a l  s h i f t s ,  Zk , a re  shown i n  Tab le  26 f o r  the  

compounds i n  the  p re s e n t  s tu d y .  I t  i s  seen t h a t  the  c o - o r d i n a t i o n  chem ica l
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s h i f t s  o f  a l l  th e  complexes e x c e p t  HgCl22P(rJifle ) a re  to  h ig h  f i e l d  

i n d i c a t i n g  in c r e a s e d  s h ie ld in g  o f  the  P n u c le u s .

The u p f i e l d  A  v a lu e s  obse rved  may be a t t r i b u t e d  to  some c o m b in a t io n  o f  

th e  f o l l o w i n g  f a c t o r s  :

( 1 )  In c re a s e d  n i t r o g e n  to  phosphorus  “ ^JT E n d in g  r e s u l t i n g  from

in c r e a s e d  p o s i t i v e  charge on phosphorus on c o - o r d in a t i o n  o f  phosphorus 

t o  a m e ta l  i o n .

(2 )  The p a ra m a g n e t ic  c o n t r i b u t i o n  to  the  s h ie ld in g  c o n s ta n t .

T h is  i s  g iv e n  by an e x p re s s io n  o f  the  form

F£ -  - i  (QP -  Qd)
Ae

where A E i s  th e  average  e l e c t r o n i c  e x c i t a t i o n  energy o f  s t a t e s  P- }P^

x and y b e in g  d i f f e r e n t  p o r b i t a l  d i r e c t i o n s  and Qp and depend on th e

31e le c t r o n  im b a la n ce  i n  th e  v a r io u s  p and d o r b i t a l s  c e n t r e d  on th e  ' P 

n u c le u s .

31
( 3 )  Bond r e h y b r i d i z a t i o n  e f f e c t s  because o f  change i n  bond a n g le s  a t  P 

on com plex  f o r m a t io n  However, s in c e  n . m . r .  s p e c t ra  a re  a lw ays

ru n  i n  s o l u t i o n  bond a n g le  changes i n  l i g a n d  on c o - o r d in a t i o n  a lw ays  rem a in  a n  

unknown q u a n t i t y ,  u n le s s  nem atic  n .m . r .  i s  used.

M  S t e r i c  e f f e c t s  a r i s i n g  from  a b u lk y  group on phosphorus 

depend ing  on th e  s iz e  o f  th e  m e ta l .

HgX22P(Nr/le2 ) 3 (X = C l ,  I )

The lo w  A v a lu e  obse rved  i n  HgCl22 P(Ni:ie2 )3 (T a b le  26) p o s s ib l y

i n d i c a t e  a r e d u c t io n  o f  p re v io u s  u p f i e l d  e f f e c t  because th e  l a t t e r  i s  shared

between two phosphorus a tom s.

No A  v a lu e  was o b ta in e d  f o r  H gI2 2 P( N.de^ ) 3 because c f  i n s t r u m e n t a l

31
d i f f i c u l t i e s  a t  low  te m p e ra tu re ,  P d e c o u p l in g  e x p e r im e n t  on th e  b road

1H resonance  o f  H g I22P(NiTa2 ) 3 (298°K , w id th  a t  1 /2  h e ig h t  = 1 0 .5  Hz)



i n d i c a t e d  th e  absence o f  n u c le a r  s p in  c o u p l in g .

ZnX2 P(fjr,le2 ) 3 , CdCl2 P(NrilG2 ) 3 , and HgCl0 PhP(Nrile2 ^

By co m p a r iso n  o f  the  A  v a lu e s  f o r  th e  ZnX P(Nrf;e0 ) „  s e r ie s  (T a b le  26)
Z  Z  si)

th e  u n s y m m o t r ic a l  s t r u c t u r e  i s  t e n t a t i v e l y  a ss ig n e d  to  th e  component (A ) u j i th

th e  s m a l l e s t  a b s o lu te  v a lu e  o f  A w h i le  th e  o th e r  a b s o lu te  v a lu e s  o f  &

a re  t e n t a t i v e l y  a s s ig n e d  to  th e  c i s  -  o r  t r a n s  -  (3 o r  C) s y m m e t r ic a l

is o m e rs .  The p e rce n ta g e s  o f  the  isom ers  have been c a lc u la t e d  from  the

i n t e g r a t e d  a reas  i n  th e  n .m . r .  I t  i s  r a t h e r  s u r p r i s i n g  on a c c o u n t  o f

th e  b u lk y  n a tu re  o f  the  l ig a n d  t h a t  th e  component (A ) a s s ig n e d  to  the

u n s y m n e t r i c a l  s t r u c t u r e  sh o u ld  be p re s e n t  i n  th e  h ig h e s t  p e rc e n ta g e ,  s in c e

models o f  th e s e  complexes show t h a t  th e re  i s  a h ig h  s t e r i c  c ro w d in g  among

th e  N -m e th y l  g ro u p s .  I t  i s  r e le v a n t  t h a t  th e  a b s o lu te  v a lu e  o f

f o r  th e  main d o u b le t  (A ) i n  ZnC l22 P(Nnie2 ( |A|= 29 .3  ppm) d e te rm in e d

fro m  th e  sp e c tru m  by doub le  resonance i s  v e ry  c lo s e  to  th e  v a lu e  f o r

component (A )  i n  ZnC l2 P(l\lfiie2 )^  (|A| = 32 .9  ppm).

Grim e t  a l  obse rved  two peaks ( = + 7 . 3  and + 19 .4  ppm)

^ 199
o f  un e q u a l i n t e n s i t i e s  (60 : 40) w i t h  the  c o r re s p o n d in g  Hg s a t e l l i t e s

31
i n  m e th y le n e  c h l o r i d e  s o l u t i o n  i n  th e  P n .m . r .  o f  ( B u ^ P ^ ^ * ^ ^ *  T h is

r e s u l t  was i n t e r p r e t e d  to  i n d i c a t e  th e  e x is te n c e  o f  two s t r u c t u r e s  i n

31e q u i l i b r i u m .  The u p f i e l d  peak i n  the  P spec trum  was t e n t a t i v e l y  a s s ig n e d  

to  th e  c i s —s y m m e tr ic a l  isom er o r  the  u n s y m m e tr ic a l  iso rner w h i le  th e  low  f i e l d  

peak was a s s ig n e d  to  th e  t r a n s - s y m m e t r i c a l  s t r u c t u r e .  However, no 

e v id e n c e  was g iv e n  f o r  th e  a ss ig n m e n ts .

The 3 1 P 1 Ĥ  n . m . r .  s p e c t ra  o f  the  ZnX2 P(Mf:ie2 ) 3 complexes each showed

14
a s i n g l e  b ro a d  resonance p o s s ib ly  because o f  b ro a d e n in g  by th e  N quad rup o lo
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Compound " P ppm w id th  a t  1 /2  h e ig h t

___________________________________________________ 1 H2J_____________________

ZnC l2 P(NI71e2 ) 3 8 8 .7  20

Z n I2 P(NrflB2 ) 3 71 .2  60

31I t  i s  n o te d  t h a t  the  P ch e m ica l  s h i f t s  o f  the  m a jo r  components i n

ZnX2 P(NrilB2 ) (X = C l ,  I )  complexes (T a b le  26) a re  the  same ( w i t h i n  e x p e r im e n ta l

31e r r o r )  as th o s e  o b ta in e d  d i r e c t l y  from  th e  P sp e c tru m . I t  i s  i n t e r e s t i n g

t h a t  A  v a lu e  f o r  th e  B s p e c ie s  i n  ZnC l22 P(f\l!?le2 ) 3 ( A = -  94 .8  ppm) i s

v e r y  c lo s e  to  th e  v a lu e  f o r  the  B component i n  ZnC l2 P(Nrfle2 ) 3 ( A  = ~ ^ 3 .9  PPm)

T h is  w i l l  be d is c u s s e d  f u r t h e r  under 

1 n 1
( 1 ) H- P n u c le a r  s p in  c o u p l in g  c o n s ta n ts  (Page 132)

( 2 )  ^ 3 C c h e m ic a l  s h i f t s  (Page 130)

(3 )  1 3 C-3 1 P c o u p l in g  c o n s ta n ts .  (Page 136)

For CdCl P(PJn)e9 ) „  the  c o - o r d in a t i o n  ch e m ica l  s h i f t s  o f  th e  two s p e c ie s  
2 2 3

a re  9 2 .5  and 109 .5  ppm to  h ig h  f i e l d  wh ich  a re  i n  th e  same range as th e  

v a lu e s  o b se rv e d  f o r  th e  B and C isom ers  r e s p e c t i v e l y  i n  ZnX2 P(PJf;:e2 ) 3 

co m p le xe s .

For HgC l2PhP(NMe2 )2 , A i s  10 ppm d o w n f ie ld  o f  th e  f r e e  PhP(NIYIe2 ) 2 .
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199
Hg Chem ical S h i f t s .

199
Hg c h e m ic a l  s h i f t s  v a ry  o ve r  a la r g e  ra n g e .  Some s e le c t e d  examples

(95 }a re  g iv e n  i n  th e  T ab le  below ,

Compound 199
Hg Chemical 

S h i f t *  ppm

(C H ^ ^ H g  ( n e a t  l i q u i d
2 ,4 8 7

i n  5/o benzene)

H g C l / "

( s a t ' d ,  H2 0 ) 1 ,144

H9B r42"

( s a t ’ d, H2 0) 553

h9 i 42 -

(o .s m ,  h2 o ) -9 2 0

H g c i2

( 0 . 25m,e th a n o l ) 895

*  C hem ica l s h i f t s  w i t h  re s p e c t  t o  a 0 .5  ffl s o l u t i o n  o f  Hg (0C0 C H ^ ^  i n

1.05m ch3co2h.

I n c r e a s in g  p o s i t i v e  v a lu e s  c o r re s p o n d  to  d e c re a s in g  s h i e l d i n g .

* 9^Hg c h e m ic a l  s h i f t s  a re  v e ry  much dependent on the  s o lv e n t  and the

te m p e r a tu r e .  However* l i t t l e  i s  known abou t the  r e l a t i o n s h i p s  between 

199s t r u c t u r e  and Hg ch e m ic a l  s h i f t s .
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The m ercu ry  ch e m ica l  s h i f t s  measured i.n t h i s  work a re  shown i n  

T a b le  27. Because o f  th e  l i m i t e d  data no f u r t h e r  d is c u s s io n s  on these  

w i l l  be made.

Chemical S h i f t s .

13
C c h e m ic a l  s h i f t s  v a ry  o ve r  a l a r g e  range o f  ca 200 ppm e . g .  f o r  

t r a n s  (CO) g roup  i n  Ph3 PIY1o(C0 ) 5 S ^ 3  ̂ i s  a t  211 .0  ppm and f o r  c i s  (CO)

i t  i s  a t  20 6 .5  ppm

31 13L ik e  P c h e m ic a l  s h i f t s ,  th e  dom inant c o n t r i b u t i o n  to  most C ch e m ica l

s h i f t s  i s  th e  pa ra m a g n e t ic  te rm .  The pa ram agne t ic  c o n t r i b u t i o n  to  th e

s h i e l d i n g  c o n s ta n t ,  fiT , i s  g iv e n  by

— P a r a

where ( i ) e  i s  th e  e l e c t r o n i c  ch a rg e ,  h P la n c k f s c o n s ta n t  m mass o f  th e  

e l e c t r o n ,  c v e l o c i t y  o f  l i g h t .

( i i ) A  E i s  th e  mean e l e c t r o n i c  e x c i t a t i o n  energy  o f  s t a t e s  P^-> Py 

(x  and y b e in g  d i f f e r e n t  p - o r b i t a l  d i r e c t i o n s ) .  A low  v a lu e  f o r  A  £

causes d e s h ie ld in g 0

, th e  mean v a lu e  o f  th e  in v e r s e  cube o f  the  d is ta n c e

between a 2 P e le c t r o n  and th e  nu c le u s  ( r  i s  the  d is ta n c e  o f  a p e le c t r o n

fro m  th e  *^C n u c le u s ) .  T h is  te rm  depends p r i m a r i l y  on th e  e f f e c t i v e

n u c le a r  charge  a t  C. In c re a s e  in  e f f e c t i v e  n u c lo a i  charge  a t  t i ie
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M—m e th y l  ca rbons  m i l l  c o n t r a c t  the  2 p o r b i t a l s ,  m i th  accompanying decrease 

i n  r .  The a s s o c ia te d  in c re a s e  i n  ^ 2p ^a c t o r  m i l l  r e s u l t  i n

d e s h ie ld in g  o f  th e  l\l-methy.l c a rb o n s .

( i v )  th e  im ba lance  o f  e le c t r o n  d e n s i t i e s  i n  the  v a r io u s  p o r b i t a l s

c e n t r e d  on th e  ca rbon  atom. For an atom o r  io n  i n  a s y m m e t r ic a l  e n v iro n m e n t

Q.... has a minimum v a lu e  o f  z e r o .  The maximum v a lu e  o f  Q„1K1 ((T,,, = 2 )
NN NN v NN max '

o c c u rs  mhen two p o r b i t a l s  a re  f i l l e d  and one i s  empty o r  one f i l l e d  and 

two em pty .

( v )  3"* Q measures the  r e l a t i v e  im p o r ta n ce  o f  sigma v r s  p i  bond c h a r a c te r  

i n  th e  m o le c u la r  o r b i t a l  d e s c r i p t i o n  o f  the  u n e x c i te d  m o le cu le  and i s  ze ro  

i f  p i  bond o r d e r  i s  z e ro .

13 C c h e m ic a l  s h i f t s  a ls o  depend on the  in d u c t i v e  e f f e c t  o f  s u b s t i t u e n t s .  

13T a b le  25 shows C ch e m ica l  s h i f t s  o f  the  com plexes.

13I t  can be seen t h a t  th e re  a re  two d i s t i n c t  C c h e m ic a l  s h i f t  ranges  :

( l )  s h i f t s  to  h ig h  f i e l d  (_ca 3 7 .0  to  37 .9  and 3 4 .9  ppm) r e l a t i v e  t o  th e  

f r e e  P( ) 3  v a lu e  ^ ^ 1 3  ) = ^8*3 PPm)
G

■^C s h i f t s  to  low f i e l d  (_ca 38 .6  ppm)

The obse rve d  s h i f t s  ca nno t be e a s i l y  r a t i o n a l i z e d  s in c e  th e  m agn itude  

o f  th e  v a r io u s  f a c t o r s  o u t l i n e d  e a r l i e r  a re  n o t  known.

Z nC l2 P(Nffle2 ) 3 , ZnC l22 P(Nr:le2 ) 3 and t r a n s - P t C l22P(Nffle2 ) 3

The v a lu e s  f o r  Z nC l2P(Nii1e2 ) 3 , component (E )  ̂ = 3 7 .0  ppm) and

Zn01o2P(Nrile '' comoonent (E) ( S ,  .* = 37 .5  ppm) su g g e s t  s p e c ie s  i n  s o l u t i o n
2 2 j i

i n  w h ich  P(NTe2 ) ^ ’ i s  bonded to  the  m e ta l io n s  s in c e  these  v a lu e s  a re  c lo s e  

t o  th e  range  3 7 . 4  to  3 7 . 9  ppm obse rved  i n  HgX2 P(lM[i:e2 ) 3 and HgX22 P(Nffle2 ) 3 .

The l a t t e r  complexes have been shown i n  t h i s  work t o  c o n ta in  m e ta i—pnosphorus 

bonds ,
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The resonance  a t  3 8 ,6  ppm f o r  Z n C l^ P ^ IY le ^ ( C o m p o n e n t  G) co rre sp o n d s  to  

a s p e c ie s  i n  s o l u t i o n  w i t h  p ro b a b ly  a m e ta l-p h o sp h o ru s  bond s in c e  

t r a n s - P t C l22P(N.fle2 )^  ( S ^ 3  ̂ = 3 8 .9  ppm) has been shown here  and e l s e w h e r e ^ ^ ^
G

to  c o n t a in  a p la t in u m -p h o s p h o ru s  bond,

13
The s i m i l a r i t y  o f  the  C s h i f t s  i n  ZnC l2 P(Nltie2 ) 3 , component (F )

( 6 ( 13 ) = 3 4 .8  ppm) and Z nC l22P(NI71e2 ) 3 , component ( F ) ,  ( 6 ^   ̂ = 34 .9  ppm)
c c

i n d i c a t e  t h a t  th e y  a re  p ro b a b ly  s i m i l a r  s p e c ie s  i n  s o l u t i o n .  These w i l l  be

13 31
d is c u s s e d  f u r t h e r  under C -  P n u c le a r  s p in  c o u p l in g  c o n s ta n ts  (page 136)

I I I *  N u c le a r  S p in  C o u p l in g  C o n s ta n ts .

The Ferm i c o n ta c t  i n t e r a c t i o n  i s  c o n s id e re d  to  be the  main f a c t o r

d e te r m in in g  th e  m agn itude  o f  the  n u c le a r  s p in  c o u p l in g  c o n s ta n t  between

i n t e r a c t i n g  n u c l e i  The m agnitude o f  t h i s  c o u p l in g ,  among o th e r

f a c t o r s ,  i s  p r o p o r t i o n a l  to  the  p ro d u c t  o f  the  e le c t r o n  d e n s i t i e s  i n  th e  

S v a le n c e  o r b i t a l s  o f  th e  i n t e r a c t i n g  n u c l e i .

1 31H -  P N u c le a r  Sp in  C o up l ing  C o n s ta n ts .

The r e s u l t s  o b ta in e d  i n  t h i s  work a re  shown i n  T ab le  21. The range 

1 3 1o f  H -  P n u c le a r  s p in  c o u p l in g  c o n s ta n ts  i n  some phosphorus compounds 

a re  sum m arised  i n  th e  T ab le  be low .
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3 (ph ) Hz

Type o f  Compound Example . __(PH)
h  ■

( P H) ( p h ) Ref

I I I  P -  H

PH3

ISO to

225

179 100

I I Ip -  ch3

p ( c h ) 3

1-5

2 .7 100

I I Ip iXJ- -  0 -  CH3

CH30P(CH3 ) 2

6-15

1 C.9 100

I I Ip111 -  N-CH P(Nf.ls, ) 3

CO•CO
1

70

TO
OP N-C-H 0P(Nme2 ) 3

-------

9 .3 70

Phosphorus c o - o r d in a t i o n  to  groups more e le c t r o n e g a t i v e  th a n  n i t r o g e n  

i n t r o d u c e s  a n e t  p o s i t i v e  charge  on to  the  phospho rus . The in c re a s e  i n  

n i t r o g e n  t o  phosphorus ^ P ^ — >3d j^  bond ing  r e s u l t s  i n  a n e t  p o s i t i v e  charge  

on th e  n i t r o g e n  atom u h ic h  p o la r i z e s  the  e le c t r o n  c lo u d  i n  th e  C—H bond.

Thus th e  e f f e c t i v e  n u c le a r  charge on the  p ro to n  i s  in c re a s e d  and the  C-H 

bond a c q u i r e s  more 5 - c h a r a c te r .  A l t e r n a t i v e l y ,  s in c e  th e  S—c h a r a c te r  o f  an 

atom te n d s  to  c o n c e n t ra te  i n  o r b i t a l s  t h a t  th e  atom uses tow a rds  more 

e l e c t r o p o s i t i v e  groups^  ̂ th e  5—c h a r a c te r  i.n the  P—N bond i s  exp e c te d  to  

i n c r e a s e  on phosphorus c o - o r d in a t i o n  to  a m e ta l .  T h e r e fo r e ,  i f  phosphorus
rr

c o - o r d i n a t i o n  o c c u rs ,  ^p..|vj.-c-H) exPBCts d  to  in c re a s e  i n  a l l  th e  

com p lexes . I t  i s  seen (T a b le  21) t h a t  ^ ^ H ) e ssen t t 3 l l y  in c re a s e s  

i n  a l l  th e  com p lexes . The obse rved  in c re a s e  p ro b a b ly  i n d i c a t e s  t h a t  

th e r e  i s  no n i t r o g e n  c o - o r d in a t i o n  i n  the complexes cjs t h i s  w ou ld  maxe 

3 .  „ 3 „  = q i n  niB0NPrfle0A l E t , / 7 2 ^ ) .  However, o th e r  f a c t o r s
3 (PH) srr,a11 ( ° f  3 (PH) '2



may a ls o  ba in v o lv e d .

In  P(Nffle2 ) 3 and P(N(me)(CgH5 ) ) 3 complexes (T a b le  28) i n  w h ich  th e  

phosphorus  i s  c o - o r d in a t e d  to  m e ta ls  in c re a s e d  va lu e s  o f  3 ^ p ^  o f  between

0 .3  and 1 0 .1  Hz r e l a t i v e  to  th e  f r e e  l i g a n d  v a lu e s  o f  8 . 8  and 2 .8  a re  a ls o  

o b s e rv e d .

ZnX2 P(NIYIe2 ) 3 (X = C l ,  B r , l )

3
The o b s e rv e d  in c re a s e  i n  ^ ( p ^ )  v a lu e s  f ° r  A ,B,C components (T a b le  24) 

i n d i c a t e  t h a t  th e se  s p e c ie s  p ro b a b ly  c o n ta in  m e ta l-p h o s p h o ru s  bonds based 

on th e  e a r l i e r  a rgum ents f o r  phosphorus c o - o r d in a t i o n .

I n  a c o n t r o l  e x p e r im e n t  f o r  Z n I2 P(l\!ltfe2 ) 3 p r e v io u s ly  d e s c r ib e d  (page 102)

3
th e  two d o u b le ts  had '-'(pH) v a lu e s  o f  9 .5  and 11 .3  Hz i n d i c a t i n g  two 

com p lexes  i n  s o l u t i o n  w i t h  m e ta l-p h o s p h o ru s  bonds.

Z n C l22 P(Wle2 ) 3 j

I n  a p r e v io u s  s tu d y  a b road  resonance i n  th e  sp e c tru m  u/as

r e p o r t e d  f o r  Z n C l22P(NF:1e2 ) 3 b u t  th e  s p e c t r a l  w id th  was n o t  g iv e n .  The

low  J /  \ v a lu e  ( 8 . 6Hz) observed  i n  th e  p re s e n t  work c a n n o t  be accoun te d  
(PH)

f o r .

The in c re a s e d  3 3 /rLJN v a lu e s  obse rved  f o r  th e  o th e r  t r i s ( d im e t h y l a m i n o ) -

(81 )p h o sp h in e  complexes (T a b le  21) a re  i n  the  range o f  th o se  obse rved  e a r l i e r
7

f o r  th e s e  com plexes ( 9 .5  to  11 ,6  H z ) .

HgCl2 PhP(Nrne2 )2

3 3 /  i s  1 2 .5  Hz (T a b le  24) compared w i t h  th e  f r e e  l i g a n d  v a lu e  o f  
(PH)
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M e ta l-p h o s p h o ru s  c o u p l in g  C o n s ta n ts ,

The m e ta l-p h o s p h o ru s  c o u p l in g  c o n s ta n ts  o f  the  complexes a re  shown 

i n  T a b le  27 .

I . r .  s t u d ie s  and m o le c u la r  w e ig h t  measurements i n d i c a t e d  t h a t

m e rcu ry  s a l t s  o f  th e  type

RO. 

R 0-

(R = E t ,  X=C1, R=Pr , C=C1, and B r ,  R=Bun , X=C1, and B r )  have th e  d im e r ic  

s t r u c t u r e

p ^ o — - 4 ^ ° - *

X

31 199For th e s e  s e r ie s  o f  compound th e  d i r e c t l y  bonded P -  Hg c o u p l in g  

c o n s ta n ts   ̂ a re  g iv e n  i n  T ab le  30 be low ;

T ab le  30

Va lues f o r  HgX(Et0)^P0 C o m p le x e s ^ ^ ^

X
3 (Hq-P) HZ

ITieC02 12,970

Cl 12 .670

Br 12,240

I 1 ,180

( e t o ) 2 Po n c nnt j u uu

1 g g  7 ]
The o b se rve d  Hg- 'P c o u p l in g  c o n s ta n ts  f o r  the  m ercury  complexes i n

] 99 31
t h i s  work (T a b le  27) a re  a ls o  i n  th e  range o f  d i r e c t l y  bonded "  Hg- P



( 1 ̂ n 'I
c o u p l in g  c o n s ta n ts  observed^ ' ‘  f o r  l^HgX^ and L^H^X^,

(L  = Bu^P» Bu2 PhP, BuPh2 P, e tc *  X '= C l , B r , l )  complexes ^3 / _ q
 ̂ Hg P)

= 3 ,7 2 6  t o  6 ,627  H z ) .

A l th o u g h  13 ^ Hg_31p  ̂ has n o t  been measured i n  HgBr22P(Nffle2 ) 3 i t  i s  

e x p e c te d  t o  be i n  th e  same range as f o r  HgCl22P(l\lffle2 ) 3 .  These r e s u l t s  

(T a b le  27 ) i n d i c a t e  t h a t  HgX2 P(l\]lile2 ) 3 (X = C l ,  B r ,  \  HgX22P(l\](fle2 ) 3 

(X = C l , B r )  c o n ta in  m e ta l-p h o s p h o ru s  bonds.

In  t r a n s  -  P tC l22P(l\llTle2 ) 3 3 ^ i s  3 ,188  Hz i n  agreem ent u j i th

p r e v io u s  m e a s u r e m e n t s ^ " ^  (3 ,1 9 0  H z),

13 31 2
C -  ‘ P C o u p l in g  C ons tan ts  3 ^ 3 3 ^ )

The r e s u l t s  a re  shoun i n  Tab le  25.

2 -j
(1 3 ^  31p^ v a lu e s  i n  a l l  th e  complexes shouj a de c re a se .  I t  i s

r e l e v a n t  t h a t  23 ^ 3 decreases i n  0P(Nfrte2 ) 3 ( 2^ ( p c ) = +  2 * 2 Hz)
C~ P)

2 ( 79 )
r e l a t i v e  to  th e  f r e e  P([\I(Y!e2 ) 3 v a lu e  ( = + 19 .4  H z ) ,  .

The dec rease  obse rved  i n  a l l  the  complexes im p l ie s  t h a t  th e  mean e l e c t r o n i c

e x c i t a t i o n  ene rgy  a p p r o x im a t io n ,  A  E, i n  the  e x p re s s io n  f o r  n u c le a r  s p in

2
c o u p l in g  between bonded atoms does n o t  a p p ly  to  3^23 31 ) ^ es0

C~ P
compounds. T h e re fo re  d e t a i l e d  d is c u s s io n  on th e  obse rved  decrease  canno t 

be made.

HgX2 P(NllflB2 ) 3

The o b se rv e d  ^ ] _ 3  31 ) HgX2 P(l\!Me2 ) 3 com plexes

( 2 n ,  -  + 8 .3  t o  + 7 .4  Hz, Tab le  25) a re  g r e a te r  than  the  observed
(1V 31p) '

v a lu e s  i n  th e  phosphorus ( i ^ )  compounds OPfNffle^ ) 3 ( ^ ^ 3  32 = +2 »2 Hz)
C~ P

and t r a n s - P t C l 22P(NHe9 ) 3 ( 2^^3 31 "  + i n d i c a t i n g  t h a t
C- P
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H gI2 P(NMe2 ) 3 a ls o  c o n ta in s  a Hg-P bond. From th e  INDOR s p e c t r a  (page 110) 

th e se  com p lexes have th e  s k e l e t a l  s t r u c t u r e s

x-'" - x ^ a - x

r
or

X X

HgX92P(Ni/le2 ) 3 and CdCl02P(NIYIe0 )
2 '3

13The s p e c t r a l  w id th  a t  1 /2  h e ig h t  i n  th e  C spec trum  o f  each complex 

i s  shown b e lo w :

Compound W id th  a t  1 /2  h e ig h t  (Hz)

HgCl22P(NfflB2 ) 3 1 2 . 0

HgBr2 2P((W!e2 ) 3 1 0 . 0

H gI2 2P(l\]r/]e2 ) 3 5 .0

CdCl22P(l\ir.1e2 ) 3 1 0 . 0

13The b ro a d  C resonance i n  each o f  these  compounds i s  p ro b a b ly  due to

o
l i g a n d  exchange . The 3 ^  _ 31  ̂ v a lu e s  a re  e xpec ted  i n  th e  range 8 .3

0 P
13 31

to  2 .2  Hz. However, because o f  th e  w id th  o f  the  resonances the  C~ P
2

n u c le a r  s p in  c o u p l in g s  a re  n o t  re s o lv e d ,  ( i e  U13 i s  le s s  than  1 / 2
“  C P

th e  measured l i n e  w id t h ) .
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Z n X 2 P(NIYl©2 ) 3

2 13
The _3 j  ) v a lu e  o f  8 .2  Hz I n  the  C spec trum  o f  ZnC l2 P(Nlie2 ) 3

C P

i s  i n  th e  range  o f  v a lu e s  obse rved  i n  HgX2 P(Nfile2 ) 3 complexes (T a b le  2 5 ) .

T h e re fo r e  t h i s  component i s  t e n t a t i v e l y  a ss ig n e d  e i t h e r  th e  t r a n s - s y m m e t r i c a l

2
o r  th e  c i s - s y m m e t r i c a l  s t r u c t u r e .  S i m i l a r l y ,  th e  3 ^ 3 ^   ̂ v a lu e  o f

C P

6 .2  Hz may a ls o  be t e n t a t i v e l y  a ss ig n e d  e i t h e r  s t r u c t u r e .  The resonance 

a t  3 8 .6  ppm f o r  Z nC l2 P(l\HYlB )^ ( w id th  a t  l / 2  h e ig h t  = 4 ,9  Hz) may be 

t e n t a t i v e l y  a s s ig n e d  the  u n s y m m e tr ic a l  s t r u c t u r e ,

ZnC l22P([\K>le2 ) 3

The D / . „  ryi  \ v a lu e  o f  6 .4  Hz ( 6 / , -  n = 34 .9  ppm) i s  c lo s e  to  one 
t l 3 c - 3 1 p ,  U 3 C ;

v a lu e  i n  Z nC l2 P(Nffle2 ) 3 ( ^ j .3 ) = PPm> ( ^ ( i 3 « 3 i  ) = ant^

t h e r e f o r e  b o th  s p e c ie s  p o s s ib ly  have s i m i l a r  s t r u c t u r e .  I t  i s  n o t  p o s s ib le  

t o  make any s t r u c t u r a l  ass ignm en t f o r  th e  resonance a t  6T̂ 3 = 3 7 .5  ppm
c

( w id t h  a t  1 /2  h e ig h t  = 10 .1  H z ) ,

13No e v id e n c e  i s  o b ta in e d  i n  th e  C spectrum  as to  th e  p resence o f  

f r e e  P(Nrcie2 ) 3 i n  CDC13 s o l u t i o n  o f  ZnC l22 P(NNie2 ) 3 *

The t e n t a t i v e  s t r u c t u r a l  ass ignm en ts  from  n .m . r .  s t u d ie s  a re  summarized 

i n  T a b le  31 .
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Table 31

T e n t a t i v e  S t r u c t u r a l  ass ignm ents  from n .m . r .  s tu d ie s  f o r  some 
P( Compl exes.

Complex ^ ( I 3 c )ppm
2 .

(13C 3 l p )Hz T e n ta t i v e  s t r u c t u r a l  
ass ignm en ts

mX2 P(Nfiie2 ) 3 

ffl = Hg

X= C l ,  B r ,  I .

1

3 7 .4

to

37 .6

8 .3  

to

7 .4

or

>oi
HgX22P(Nme2 

X= C l ,  B r ,  I

3 7 .6

to
3 7 .9

<  6 . 0

to
2 .5 VA

CdX2 2 P(Hni82 ) 3 37 ,5 < - 5 . 0

/

X = C l

!

V
/V .



Tentative Structural assignments from n.ra.r. studies for some 
P(Ni>Ie2)^ Complexes.

Complex ^ ( I 3 c )ppra
2 t

( 1 3 (T 31p )
Hz

T e n t a t i v e  s t r u c t u r a l  
a s s ig n m e n ts

rnx2 P(Nrfe2 ) 3 

m = z n ;

X = C l

38 .6 • s < s ^
X ' '  ' v p

3 7 .0

and

34 .8

8 . 2

and

6 . 2

X "  ^  " X  

and

X > <

rflx22 P(NrflB2 ) 3

ffl = Zn 

X = C l

3 7 .5 unass igned

34 .9 6 .4

or



CHAPTER FOUR

COMPLEXES OF TRIS(2-PYRIDYl_)PH0SPHINE 

AMD TRIS{2-PYRIDYL)PH0SPHINE SULPHIDE.
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I .  EXPERIMENTAL

E x p e r im e n ta l  methods a re  the  sane as i n  Chapter 1 e xc e p t  the  

f o l l o w i n g  :

P r e p a r a t io n  o f  t r i s ( 2 - p y r l d y l  )phosph ine  (^ -54)(155)

The s y n t h e s is  o f  n - b u t y L  l i t h i u m  from  n - b u t y l  c h lo r i d e  and m e t a l l i c  

l i t h i u m  d id  n o t  p roceed  a t  room te m p e ra tu re  as d e s c r ib e d  by -W.ibaut and

A th r e e -n e c k e d  ro u n d -b o t to m e d  f l a s k  was f i t t e d  w i t h  a r e f l u x  conden se r,  

a q u i c k - f i t  d ro p p in g  f u n n e l ,  and a n i t r o g e n  i n l e t  and o u t l e t .  The 

r e a c t i o n  v e s s e l  was p r o te c te d  from  m o is tu re  by c a lc iu m  c h lo r i d e  tu b e s .

Dry a n h yd ro u s  e t h e r  (50 m l)  and f i n e l y  d iv id e d  l i t h i u m  ( l  gm, 0 .1 5  gm atom) 

were i n t r o d u c e d  i n t o  th e  r e a c t i o n  v e s s e l .  W h ile  s t i r r i n g  m a g n e t ic a l l y  

unde r n i t r o g e n ,  a s o l u t i o n  o f  n - b u t y l  c h lo r id e  (7 gm, 0 .076  m o le ) ,  

p r e v i o u s l y  d r i e d  w i t h  c a lc iu m  c h lo r i d e  and r e d i s t i l l e d ,  i n  d ry  e th e r  (20  m l)  

was added . The r e a c t i o n  was hea ted  g e n t l y  from  the  s t a r t  o v e r  a w a te r  

b a th  and a f t e r  ca 3 h r s .  th e  r e a c t io n  was v i r t u a l l y  com p le te  when a l l  th e  

l i t h i u m  had d is s o lv e d .

The r e a c t i o n  m ix tu re  was co o le d  to  room te m p e ra tu re ,  then  to  — 40 C 

(a c e to n e  d r i k o l d - b a t h ) .  A s o l u t i o n  o f  2 -b ro m o p y r id in e  (8  gm, 0 .05  m o le ) 

i n  e t h e r  (20 m l ) .  Cooled to  -  40° was added s lo w ly  d ropw ise  t o  the  

r e a c t i o n  m ix tu r e  w i t h  s t i r r i n g  (15 -20  m in . )  to  y i e l d  a d a r k - r e d  c o lo u re d  

2- l i t h i o  p y r i d i n e .

C o l le g u e s
(1 5 4 )

1 + - C 4 H 9 B r
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The r e a c t i o n  m ix tu r e  was c o o le d  to  -  70° phosphorus t r i c h l o r i d e  ( 2 .3  gm) 

i n  d ry  a n hyd rou s  e th e r  (20  m l ) ,  k e p t  a t  room tem pera tu re^  was added from  

a d r o p p in g  fu n n e l  (30 m in . )  w i t h  s t i r r i n g  under n i t r o g e n .  A f t e r  the  

a d d i t i o n ,  th e  te m p e ra tu re  was m a in ta in e d  a t  -  70° f o r  a f u r t h e r  15 m in u te s .  

The r e a c t i o n  m ix tu r e  was warmed s lo w ly  to  room te m p e ra tu re .  The p ro d u c t  

was e x t r a c t e d  w i t h  s u lp h u r i c  a c id  (10 0  m l . ,  2 Nl) to  g iv e  a dark  re d  p r o d u c t .  

T h is  was made a l k a l i n e  w i t h  sodium h y d ro x id e  (2m) w h ich  on re p e a te d  

v ig o r o u s  s h a k in g  and c o o l in g  under the  ta p  y ie ld e d  brown c r y s t a l s .  These 

when a l lo w e d  to  s e t t l e  o v e r n ig h t  i n  a r e f r i g e r a t o r  were f i l t e r e d  o f f ,  

washed w i t h  d i s t i l l e d  w a te r  and r e c r y s t a l l i z e d  from 1 : 1  MeOH : to  g iv e

t r i s ( 2 - p y r i d y l ) p h o s p h i n e ,  wh ich  was d r ie d  ove r  s i l i c a  g e l  i n  a d e s ic c a to r  

k e p t  a t  a tm o s p h e r ic  p re s s u re .  Y ie ld  1 , 0  gm. Because o f  th e  low y i e l d  

re p e a te d  s y n th e s e s  have to  be made.

The a n a l y t i c a l  r e s u l t s  a re  shewn i n  Tab le  32,

The P— >0 s t r e t c h  i n  Ph3 P0 i s  a t  1195 c i r f1 [\|0 a b s o r p t io n

band i s  o b s e rv e d  i n  t h i s  r e g io n  i n  t r i s ( 2 - p y r id y l ) p h o s p h in e  w h ich  c o u ld  

i n d i c a t e  th e  p resence  o f  phosph ine  o x id e  as an im p u r i t y  i n  th e  l ig a n d  

p re p a re d ,

(157 )
T r i s ( 2 ~ p y r i d y l ) p h o s p h in e  S u lp h id e  

T r i s ( 2 - p y r id y l ) p h o s p h in e  (0 .8 5  gm, 0.0032 m ole) and s u lp h u r  (0 ,0 1  gm, 

0 .0031  m o le )  i n  d ry  benzene (200 CC) were s t i r r e d  under n i t r o g e n  i n  a 

100 m l .  t h r e e —necked f l a s k  u n t i l  a l l  the  r e a c ta n ts  were d is s o lv e d  to  g iv e  a 

s t r a w - c o lo u r e d  s o l u t i o n .  The f l a s k  was immersed i n  an o i l  b a th  and the  

s o l u t i o n  r e f l u x e d  a t  a bou t 88 °  f o r  2 h r s ,  co o le d  to  room te m p e ra tu re  and 

s t o r e d  o v e r n ig h t  i n  a r e f r i g e r a t o r  when n e e d le - l i k e  c o lo u r le s s  c r y s t a l s  

s e p a r a te d .  These were f i l t e r e d  o f f ,  washed w i th  e th e r  and th e  washings 

added to  th e  f i l t r a t e .  T h is  y ie ld e d  f u r t h e r  c r y s t a l s  j hen s to r e d  i n  a 

r e f r i g e r a t o r  f o r  s e v e r a l  days. Y ie ld  0 .43  gm. A n a l y t i c a l  da ta  a re  shown
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i n  T a b le  3 3 ,

P r e p a r a t io n  o f  1 : 1 Complexes o f  t r i s ( 2 - p y r i d y l ) p h o s p h in e  w i t h  

Z n ( l l ) ,  H q ( l l )  H a l i d e s / 8 1 ^

In  a t y p i c a l  r e a c t i o n ,  anhydrous  z in c  c h lo r i d e  (0 .3 4 3 5 ,  0.0025 mole) 

and t r i s ( 2 - p y r i d y l ) phosph ine  (0 .6 6 4 3  gm, 0.0025 m ole) were r e f l u x e d  in  

anhyd rou s  e th a n o l  (750 m l)  u n t i l  a l l  the  r e a c ta n ts  had d is s o lv e d  ( l  h r . )  

to  g iv e  a c l e a r  s o l u t i o n .  A f t e r  r e f l u x i n g  f o r  a f u r t h e r  J  h r .  the  

s o l u t i o n  became s t r a w - c o lo u r e d .  Thus c o lo u r  change d u r in g  r e f l u x i n g  was 

used as a c r i t e r i o n  f o r  complex fo r m a t io n .  The s o l u t i o n  was c o n c e n t ra te d

and th e  com p lex  a l lo w e d  to  c r y s t a l l i z e  s lo w ly  o u t  o f  s o l u t i o n  a t  room

te m p e ra tu r e .  The c rude  p ro d u c t  (1 .0 0 2 7  gm) was r e c r y s t a l l i z e d  from  

e th a n o l  ( Y i e l d  0 ,6684  gm).

P r e p a r a t io n  o f  1 ; 1 Complexes o f  t r i s ( 2 - p y r i d y l ) p h o s o h in g  s u lp h id e  

w i t h  Z n ( l l )  and H q ( l l )  H a l id e s .

I n  a t y p i c a l  r e a c t i o n  m ercury  ( I X )  i o d id e  (0 *5456  gin, 0,(0012  m o le )  

and t r i s ( 2 - p y r i d y l ) p h o s p h i n e  s u lp h id e  (0 .3 5 0 6  gra, 5 .0512 p o le )  aiere 

r e f l u x e d  i n  anhyd rous  e th a n o l  (750 m l)  u n t i l  a l l  tfha rooctan fcs  had d is s o lv e d  

t o  g iv e  a c l e a r  c o lo u r l e s s  s o l u t i o n  (2 h r s . ) .  The s o l u t i o n  raas f i l t e r e d

h o t  and a l lo w e d  to  c o o l  a t  room te m p e ra tu re  when w h i te  f e a t h e r —l i k e

c r y s t a l s  s e p a r a te d .  These were f i l t e r e d  o f f  and d r ie d  o v e r  s i l i c a  g e l  

i n  a d e s s i c a t o r  a t  a tm o s p h e r ic  p re s s u re .  Y ie ld  D.6926 gm.

A n a l y t i c a l  d a ta .

The e le m e n ta l  a n a ly s e s  (T a b le s  32 and 33) show the  m a ta l  to  l i g a n d  r a t i o  

i n  th e  com plexes b u t  do n o t  i n d i c a t e  w he ther they  a re  d im e r ic  o r  monomeric.

lolecjlsr heights.

The t r i s  (.2-pyridyl )phosph ine  complexes v j ish  H g ( l l ;  h a l id e s  ware so lub le  

o n ly  i n  D,ri5 Q~ d^, b u t  insoluble i n  a l l  o th e r  s o lv e n ts  u s e d . ’ ’



I t  was n o t  p o s s ib le  t o  o b ta in  th e  m o le c u la r  w e ig h t  o f  th e  complexes by 

osmometry because o f  t h e i r  low s o l u b i l i t i e s .  A t te m p ts  to  o b ta in  the  

m o le c u la r  w e ig h ts  by mass s p e c t ro m e t ry  were n o t  s u c c e s s fu l  s in c e  th e y  tjave 

no p a r e n t  i o n s .

N .m . r .  S p e c t ra .

The n . m . r .  spec trum  o f  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  was measured as a

5%  s o l u t i o n  i n  d e u te ra te d  d im e th y l  s u lp h o x id e  (DMSO- d,.) on a V a r ia n
6

FT XL -  100 in s t r u m e n t  o p e r a t in g  a t  100 mHz, u s in g  10 mm sample tu b e s .

The ^H c h e m ic a l  s h i f t s  a re  i d e n t i c a l  t o  t h a t  r e p o r te d  p r e v io u s ly ,

To check th e  e f f e c t  o f  s o lv e n t  and c o n c e n t r a t io n  on the  ch e m ica l  s h i f t s  

th e  s p e c t ru m  was a ls o  o b ta in e d  i n  21%  CDCl^. N e g l i g i b l e  changes i n  

c h e m ic a l  s h i f t s  were obse rved .

Because th e  H g ( l l )  and P t ( l l )  complexes a re  s o lu b le  o n ly  i n  DMSO-dg,

1 13 31H, C, P n . m . r ,  o f  th e  complexes were run  as s a tu r a te d  s o lu t i o n s  in

DiYlS0-dr  o p e r a t in g  a t  2 5 ,2  mHz f o r  "^C , 4 0 ,5  mHz f o r  ^P and 100 mHz f o r  ^H.
6

Y e l lo w  c r y s t a l s  s e p a ra te d  from  a s a tu r a te d  s o lu t i o n  o f  P t l ^ P y ^ P ^

i n  DmsO-d,. when a l lo w e d  to  s ta n d  a t  room te m p e ra tu re  f o r  oa two days.
5

The c r y s t a l s  were f i l t e r e d  o f f ,  d r ie d  and a n a lys e d  (Found i^C  : 3 6 .6 ,

H : 2 . 4 ;  N : 3 . 5 ;  P : 6 . 4 ;  H a l : 2 6 .0 ;  Ca lc  : C : 3 6 .8 ;  H : 2 . 5 ;  N : 8 . 6 ;

P : 6 . 3 ;  H a l : 2 5 . 9 ) ,  The a n a l y t i c a l  data i n d i c a t e d  t h a t  th e re  i s

p ro b a b ly  no DmSO-Cornplex w i t h  P t l 2 *

No n . m . r ,  s p e c t r a  were o b ta in e d  f o r  the  t r i s ( 2 —p y r id y l ) p h o s p h in e  s u lp h id e

com plexes s in c e  th e se  were i n s o lu b le  i n  a l l  th e  s o lv e n ts  t e s t e d .

1 13
The ZnX Py P complexes a re  s o lu b le  o n ly  i n  DmS0-dg, b u t  th e  H and C

2 3 ,

S p e c t ra  a re  to o  complex to  be i n t e r p r e t a b l e  a t  the  moment.
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I n f r a r e d  S p e c tra  o f  

t r is (2 ~ fc )y r id y l )p h o s D h in e  and 

t r i s ( 2 - p y r i d y l ) p h o s p h i n e  S u lp h id e  

Complexesp

I n t r o d u c t i o n .

( l 5 9 )  —1
da lYlota e t  a l  s t u d ie d  th e  i . r .  s p e c t ra  (1650-1550 cm"* ) o f

N i ( l l )  com p lexes  u / i th  p y r i d i n e  d e r i v a t i v e s  o f  th e  type

CH

C H

11

-1
Where R^, R^, R^ g re  p ro to n s  o r  v a r io u s  a l k y l  groups#

D a lh o f f  e t  a l  (1 6 0 )  i n v e s t i g a t e d  i . r .  s p e c t ra  (1700-1400 c n f " )  o f  complexes 

o f  th e  ty p e  Id ( l i g a n d )  X2 (Id = Z n ( l l ) .  H g ( l l ) ,  X = C l ,  B r , l )  o i t h  th e  l ig a n d s

M (c H2P Ph2] 2
H e 2 ^ ( e H l p h 2 P )2  a n d

■^N



(1 5 9 ) (1 6 0 )
These u jo rke rs  d is t in Q u is h B d  two o b s o irp t io n  rBQions in  tb s  i #i*#

s p e c t ra  ( N u jo l  m u l l s )  o f  the  complexes and the  f r e e  l i g a n d s .  Band I  

c o r re s p o n d s  t o  th e  h ig h e s t  energy  p y r i d i n e  r i n g  d e fo rm a t io n  mode

(1607*^1587 cm Band I I  (1577-1567 cm th e  n e x t  h ig h e s t  f re q u e n c y

(1 5 9 ) (1 6 0 )  . . .. .mode. They n o te d  t h a t

( l )  Complexes h a v in g  a l l  th e  c o n s t i t u e n t  p y r i d y l  n i t r o g e n  atoms 

c o - o r d in a t e d  showed two s t r o n g  bands between 1650 and 1550 cm” 1 .

Band I  showed an upward s h i f t  (Ca 10-20 cm’"'*') i n  the  complexes 

r e l a t i v e  t o  th e  f r e e  l i g a n d s .

( i i )  Complexes i n  w h ich  a p y r i d y l  group i s  u n c o -o rd in a te d  e x h i b i t  

. th re e  s t r o n g  bands i n  the  r e g io n  1650-1550 cm \  the  m idd le  one 

f a l l i n g  a t  th e  same f re q u e n c y  ( w i t h i n  e x p e r im e n ta l  e r r o r )  as 

Band I  i n  th e  f r e e  l i g a n d .

L e v e r  e t  a l ^ 1^ 1  ̂ d e s c r ib e d  Z n ( l l ) j  and H g ( l l )  Complexes o f  th e  types  

Z n (L S )C l2 , Zn (LE ) C l ^ g  (LS)C12 , Hg2 (LE) C l4 , w i t h  2 - s u b s t i t u t e d  

p y r i d i n e s

s

The o b s e r v a t io n  ^1^ 1  ̂ o f  two bands i n  the  400 cm r e g io n  bo th  o f  wh ich  

were s h i f t e d  (Ca 5 t o  36 cm” 1 ) to  h ig h  f re q u e n c ie s  r e l a t i v e  to  th e  f r e e  

l i g a n d  v a lu e s  was i n t e r p r e t e d  to  mean t h a t  the  two p y r id in e  re s id u e s  were 

c o - o r d in a t e d .  A t h i r d  c la s s  o f  complexes showed th re e  o r  fo u r  bands m  

t h i s  r e g io n  w h ich  were s h i f t e d  (_Ca 4-43  cm ) to  h ig h  f re q u e n c ie s  r e l a t i v e  

to  th e  f r e e  l i g a n d  v a lu e s  and were c o n s id e re d  v ° J' to  a r i s e  from  co­

o r d i n a t i o n  by b o th  p y r i d i n e  re s id u e s  b u t  w i t h  a marked d i t  fe re n ce  in
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c h e m ic a l  n a tu r e  o f  th e  two m e t a l - p y r i d i n e  bonds.

(81 )
In  a p r e v io u s  s tu d y  o f  Z n ( l l )  and H g ( l l )  h a l id e  complexes w i th

t r i s ( 2 - p y r i d y 1 ) p h o s p h in e , th e  e x p e r im e n ta l l y  observed a b s o r p t io n  bands

were a s s ig n e d  by com par ison  w i t h  those  o f  2 - C h lo r o p y r id in e .

Band I  a t  1571 cm 1 i n  th e  f r e e  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  was observed to

s h i f t  (Ca + 10 t o  + 19 cm 1 ) t o  h ig h e r  f re q u e n c ie s  i n  the  ZnX Py ( X = C l , B r , l )
o

com p lexes . These were i n t e r p r e t e d  to  i n d i c a t e  the  c o - o r d in a t io n  o f  a l l  

th re e  p y r i d y l  n i t r o g e n s .  In  th e  HgX2 Py3P s e r ie s  s h i f t s  (Ca- 4 to  6 cm"1 ) 

to  lo w e r  f r e q u e n c ie s  were obse rved  and were in t e r p r e t e d  to  i n d i c a t e  t h a t  

a l l  p y r i d y l  n i t r o g e n s  were u n c o -o rd in a te d .

T r ip h e n y lp h o s p h in e  S u lp h id e  and t r im e th y lp h o s p h in e  S u lp h id e  Complexes.

K ing  e t  a l  s t u d ie d  i . r .  s p e c t ra  ( N u jo l  m u l ls )  o f  t r ip h e n y lp h o s p h in e

s u lp h id e  and t r im e th y lp h o s p h in e  s u lp h id e  complexes w i t h  P t ( l l ) ,  H g ( l l )  and 

Z n ( l l )  h a l i d e s .  The P-S s t r e t c h i n g  f r e q u e n c ie s  i n  t r ip h e n y lp h o s p h in e  

s u lp h id e  and t r im e th y lp h o s p h in e  s u lp h id e  f a l l  by Ca -  45 to  -  48 cm 1 and 

Ca -  27 t o  -  36 cm" 1 r e l a t i v e  to  the  f r e e  l ig a n d  v a lu e s  r e s p e c t i v e l y  on 

c o - o r d i n a t i o n  to  a m e ta l  i o n .  However, they   ̂  ̂ gave no ev idence  f o r

the  a s s ig n e d  P-S s t r e t c h i n g  f r e q u e n c ie s  ("^P -S  i n  Pd^PS = 637 cm ;

^ P - S  i n  Me PS = 565 cm"1 ) .

K ing  e t  a l  ^1 6 2  ̂ a t t r i b u t e d  the  f a l l  i n  the  P-S s t r e t c h in g  f re q u e n c ie s

to  a w eaken ing  o f  th e  seconda ry  3 ( ^ -----------> ^ c'fC bond between th e  s u lp h u r

and th e  phosph orus  atoms by com parison  w ish  s i m i l a r  s h i f t s  to  low

f r e q u e n c ie s  (Ca -  38 t o  -  70 cm- 1 ) observed  i n  t r ip h e n y lp h o s p h in e  o x id e
. . (156 ) (163)

complexes on c o - o r d i n a t i o n  o f  the  p h o s p h o ry l  oxygen to  a m e ta i •

The dec rease  i n  "*P-S  c o u ld  a ls o  be due to  mass e f f e c t s  c o n s id e r in g  

the  S-!Y!etnl as a p o i n t  mass ^1 6 4 ^  D a l z i e l  e t  a l   ̂ a s s ig n e d  *^P-S

in  t r i p h e n y lp h o s p h in e  s u lp h id e  a t  639 cm b u t  gave no ev idence  f o i  the  

a s s ig n m e n t .  S h i f t s  (Ca -  40 to  -  35 cm"1 ) observed  i n  the  i . r .  (N u jo l  mulls)
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of. HgX2 Ph3 PS (X _ C l ,  B r ,  I )  complexes ujere used as d ia g n o s t ic  o f  

m e ta l - s u lp h u r  bond.
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H I *  Summary o f  R e s u l t s .

A summary o f  i . r .  s p e c t r a  (4000-400 cm- 1 ) o f  th e  complexes a re  shorn

in  T a b le  38 ,

Summary o f  Par i n f r a r e d  (400-40 c m " ^  

s Re.9.t r .g>^ ...t r .i s ( l r P y r i d y l ) p h o s p h i n e_ and t r l s ( 2 - p y r i d v l ) p h o s p h in e  

S u lp h id e  com p lexes .

The c r i t e r i a  f o r  th e  d e te r m in a t io n  o f  b r id g in g  m e t a l - h a l o g e n ,

^ b ( i i 1-X  and t e r m i n a l  m e ta l  h a lo g e n ,  ^ t ( H - X ) ,  i n  the  complexes a re  th e  same 

as th o s e  used f o r  s i m i l a r  d e te r m in a t io n s  i n  t r i s ( d im e th y la m in o ) p h o s p h in e  

complexes (C h a p te r  Tujo). A com parison  o f  the  r a t i o s

^ b ( i i l X )  ( d im e r )  (T a b le  be lou j) u j i th  

* O t (  MX) (d im e r )

the v a lu e s  f o r  th e  knoiun d im e r ic  compounds Z n ^ l ^ ,  HggC l^PPhgJg and 

A l2 C lg. s u g g e s t  t h a t  Z n X ^ y ^ P S ,  HgX2 Py3PS and ZnX2 Py3p (X = C l ,  B r ,  I )  a re  

d im e r ic  w i t h  b r i d g i n g  h a lo g e n s .

Range o f  

b ( f i lX )  dim er

Compound  ^ t ( f f l X )  d imer____________________Ref,

ZnX2 Py3 P 0 .6 8  0 .82

ZnX2 Py3 PS 0 .70  to  0 .73

H9x 2 Py 3 pS 0 .60  to  0 .62

Zn C l * 0 .71  128
2 4

A l2C lg 0 .6 8  128

Hg2X4 (PPh3 ) 2 0 ,62 to  0 .70  22



I t  has n o t  been p o s s ib le  t o  make s i m i l a r  ass ignm ents  f o r  

HgX2 Py3 P (x = c l > 0 r » l )  complexes bacause o f  in t e r f e r e n c e  from  l i g a n d  

a b s o r p t io n s .  However, from  th e  s i m i l a r i t y  o f  t h e i r  i . r .  s p e c t ra  i n  the  

r e g io n s  1580-1560  cm ^ and 400 cm ^ w i t h  those  o f  HgX^y^PS i t  can be 

i n f e r r e d  t h a t  HgXgPy P complexes a re  a ls o  p ro b a b ly  d im e r ic  w i t h  b r id g in g  

h a lo g e n s .

Two v e r y  s t r o n g  a b s o r p t io n s  a t  324 cm’*'*' and 300 cm*"^ i n  P tC l_(.Py„P)
z  o z

w i th  P t-X  s t r e t c h e s  f o r  a c i s  P t ( l l )  h a l id e  complex .
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Table 39

Fundam en ta l V i b r a t i o n  f r e q u e n c ie s ,  cm"'*' f o r  P y r id in e  and 

2 - S u b s t i t u t e d  P y r i d i n e . (1665)

A ss ignm ent P y r id in e 2 -C h lo ro

P v r id in e

C-H s t r e t c h , 3080 3080

CH 3054 3057

3035 3080

C-C s t r e t c h i n g 1583 1577

> ) (C -C ) 1572 1568

C-C, C-I\i s t r e t c h i n g 1482 1452

^ ( C - C , C - N ) 1439 1420

1375 1363

C-H i n  p la n e 1288 1288

d e fo rm a t io n  j&(CH) 1218 1150

X S e n s i t i v e 1148 1120

£  (CH) 1085 1083

1068 1048

X S e n s i t i v e 1030 727

Out o f  p la n e  CH

d e fo r m a t io n  'ISCCH')
986

Rino 992 994

O u t - o f - p la n e  CH 942 960

d e fo rm a t io n  *&(CH) 891 881

886 935



Table 39 (Cont)

A ss ignm ent P y r id in e 2 -C h lo ro

P y r id in e

In  p la n e  r i n g

d e fo rm a t io n

o C ( c - c - c )

652 620

X S e n s i t i v e 605 313

405 190

Out o f  p la n e  r i n g  

d e fo rm a t io n  C ^(C -C )

748,600 724,480
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Discussion of Results.

I n f r a r e d . a n d  Raman S pec tra  (4000-400 cm-1 ) o f  t r i s ( 2 - o y r i d v l ) p h o s o h in e  

and t r i s ( 2 - p y r ld y l ) p n o s p h in e  s u lp h id e  com plexes.

I t  has n o t  been p o s s ib le  t o  o b ta in  Raman s p e c t ra  f o r  t r i s ( 2 - p y r i d y l ) p h o s p h in e  

and com p lexes because the  samples b u rn t  up i n  the la s e r  beam, though s e v e ra l  

a t te m p ts  mere made.

Green e t  a l ^ 1 6 6  ̂ p roposed  ass ignm ents  f o r  i . r ,  and Raman v i b r a t i o n a l  

f r e q u e n c ie s  i n  p y r i d i n e  and s u b s t i t u t e d  p y r id in e  by c o r r e l a t i o n  o f  the  

obse rved  a b s o r p t io n  bands u j i th  the  d e u te ra te d  analogues and a ls o  by normal 

c o - o r d in a t e  a n a l y s i s  (T a b le  3 9 ) .

The a s s ig n m e n t  - o f  th e  v i b r a t i o n a l  f re q u e n c ie s  o f  a p o ly p h e n y l  o rgano-

m e t a l l i c  compound Ph M on the  b a s is  o f  ass ignm ents  f o r  the  co rre sp o n d in g
n

(167-171}
monohalogeno PhX (lil and X have s i m i l a r  mass) i s  now w e l l  e s ta b l i s h e d /

Green e t  a l ^ 1 7 2  ̂ used th e  p rocedu re  to  a s s ig n  the v i b r a t i o n a l  f re q u e n c ie s  

i n  t r ip h e n y lp h o s p h in e  by com parison  w i th  those  o f  ch lo roben zene .

On t h i s  b a s is  th e  c o r r e l a t i o n  o f  the  i . r .  a b s o rp t io n  bands in

t r i s ( 2 - p y r i d y l ) p h o s p h in e ,  t r i s ( 2 - p y r id y l ) p h o s p h in e  s u lp h id e  and complexes

^  . . (1 6 6 )
(T a b le s  34 and 35 ) a re  made by com parison w i th  the  r e s u l t s  o f  Green e t  a l

(T a b le  3 9 ) ,  However, wh ich  o f  th e  modes i s  sym m etr ic  o r  a n t is y m m e tr ic

canno t be a s c e r t a in e d .

The most im p o r t a n t  r e g io n s  i n  the  i . r .  s p e c t ra  o f  the  l ig a n d s  and

complexes fro m  p r e v io u s  d is c u s s io n s

(1 )  Reg ion  1600-1570  cm" 1

(2 )  Reg ion  700 -600  cm" 1

(3 )  Reg ion 400 cm 1

These w i l l  now be d is c u s s e d .

(1 5 9 ) (1 6 0 ) (1 6 1 ) (1 6 2 ) (1 6 4 )  g re



R eg ion  1600-1550 cm" 1 C-C s t r e t c h in g  modes.

Fo r t r i s ( 2 - p y r i d y l ) p h o s p h i n e  th e  * in  phase* (C-C) s t r e t c h in g  w i l l  

produce a s i n g l e  mode i o r  th e  h ig h e s t  energy p y r id in e  r i n g  v ib r a t i o n #

However an * o u t  oi phase* c o m b in a t io n  w i l l  produce a doub ly  degenerate  mode#

The m agn itude  o f  th e  r i n g - r i n g  i n t e r a c t i o n  i s  g ive n  by the  s e p a ra t io n  

( i n  cm 1 ) be tw een th e  s i n g l e  mode and th e  doub ly  degenerate  mode. For 

t r i s ( 2 - p y r i d y l ) p h o s p h i n e  th e  h ig h e s t  energy p y r id in e  r i n g  s t r e t c h in g  

v i b r a t i o n  i s  s p l i t  i n t o  two components (1570 and 1568 cm"1 ) .  For Zn/^Py^P 

(T ab le  3 4 )  and HgX2 Py3 P (T a b le  35) complexes, the  h ig h e s t  energy mode i s  

s t i l l  s p l i t .  T h is  i n d i c a t e s  t h a t  the  p y r id in e  r in g s  a re  e q u iv a le n t  i n  the  

Z n ( l l )  and H g ( l l )  com p lexes . S h i f t s  ( ca + 14 to  + 20 cm"1 ) i n  the  f r e e  

l i g a n d  band a t  1570 cm" 1 t o  h ig h e r  f r e q u e n c ie s  i n  the  ZnX^Py^P complexes 

(T a b le  34 )  a re  d ia g n o s t i c  o f  c o - o r d in a t i o n  o f  a l l  p y r i d y l  n i t r o g e n s  to  Z n ( l l )  

w h i le  t h a t  a t  1568 cm" 1 rem a ins  v i r t u a l l y  unchanged c o n s is te n t  w i t h  p re v io u s  

i n v e s t i g a t i o n s  ( 8 1 >, ( 159 ) # s h i f t s  a t  1570 cm" 1 i n  th e  HgX2Py3P (ca 0 t o  6 cm"1 ) 

and PtX7 (P y3 P) 9 (ca + 2 cm"1 ) compounds to  h ig h e r  f re q u e n c ie s  a re  g e n e r a l ly  

s m a l l  compared w i t h  the  c o r re s p o n d in g  s h i f t s  i n  ZnX2 Py3 P complexes (Tab le  34) 

w h i le  th e  1568 cm" 1 band s h i f t s  to  lo w e r  f re q u e n c ie s  (ca -  4 t o  -  8 cm 1 ) 

c o n s i s t e n t  w i t h  th e  o b s e r v a t io n  by D a lh o f f  e t  a l   ̂ ^# These r e s u l t s

i n d i c a t e  u n c o -o r d in a te d  p y r i d y l  groups#

The i . r .  s p e c tru m  o f  HgCl2Py3P i n  011(150-dg showed two s t ro n g  bands a t  

1570 and 1560 cm" 1 c o n s i s t e n t  w i t h  the  s o l i d  s t a t e  spec trum . However, the  

i . r .  s p e c t ru m  o f  Z nC l9 Py3P i n  DIYlSO-dg showed two s t ro n g  bands a t  1572 and 

1560 cm" 1 i n d i c a t i n g  u n c o - o r d in a te d  p y r i d y l  g roups .

The h ig h e s t  e ne rgy  p y r i d i n e  r i n g  s t r e t c h in g  mode *S^(C-C) i-> n o t  s p l i t  

i n  t r i s ( 2 - p y r i d y l ) p h o s p h in e  s u lp h id e .  I t  i s  observed as a v e ry  s t ro n g  

a t  1572 cm "1 . I t  rem a ins  u n s p l i t  i n  Z n X ^ P S  and H g C l ^ P S  complexes



(T ab le  35 )  i n d i c a t i n g  t h a t  the  th re e  p y r id in e  r in g s  rem ain  e q u iv a le n t  i n  

bo th  th e  f r e e  l i g a n d  and th e  com plexes. S h i f t s  to  h ig h e r  f re q u e n c ie s  

(ca + 8 t o  + 12 and + 10 to  + 18 cm"1 ) i n  the  i . r .  and Raman s p e c t ra  

r e s p e c t i v e l y  o f  th e  bands a t  1572 cm" 1 ( i . r . )  and 1576 cm" 1 (Raman) aga in

i n d i c a t e  th e  c o - o r d in a t i o n  o f  a l l  th re e  p y r i d y l  n i t r o g e n s  (Tab le  35) 

w h i le  i n  th e  H gX ^y^P S  n e g l i g i b l e  s h i f t s  ( c £  -2  to  + 2 cm"1 ) i n  th e  i . r .  

and Raman s p e c t r a  i n d i c a t e  t h a t  the  p y r i d y l  n i t r o g e n s  a re  n o t

c o - o r d in a t e d .

R eg ion  700 -  600 cm" 1 

Only one a b s o r p t io n  band i s  observed i n  t h i s  re g io n  (648-620 cm"1 ) 

i n  b o th  th e  f r e e  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  and a l l  the  complexes (Tab le  3 4 ) .

I t  i s  e x p e c te d  t h a t  th e  P—*5 s t r e t c h  i n  t r i s ( 2 - p y r i d y l ) p h o s p h in e  

s u lp h id e  w i l l  be i n  th e  same re g io n  as the  P— >S s t r e t c h  i n  t r ip h e n y lp h o s p h in e  

s u lp h id e  ( " ^ P —»S = 637 cm"1 ) ^ 1^ 2 ^. Two v e ry  s t ro n g  i . r .  bands

(684 cm 1 , 616 cm 1 ) and Raman bands (648 cm 1 , 616 cm 1 ) a re  observed in

t r i s ( 2 - p y r i d y l  )p h o sp h in e  s u lp h id e  (T ab le  3 5 ) .  The band a t  616 cm 1 i s  

Very c lo s e  t o  th e  a b s o r p t io n  a t  620 cm 1 i n  t r i s ( 2 - p y r id y l ) p h o s p h in e «

The v e r y  s t r o n g  a b s o r p t io n  a t  684 cm i n  t r i s ( 2- .p y r id y l )p h o s p h in e  

s u lp h id e  i s  a b s e n t  i n  t r i s ( 2 -p y r id y l ) p h o s p h . in e  and t h e r e fo r e  t h i s  must be 

th e  P—¥ S a b s o r p t io n  band i n  t r i s ( 2- p y r id y l ) p h o s p h in e  s u lp h id e  w h i le  the  

band a t  616 cm" 1 must be i n  th e  p lane  d e fo rm a t io n  mode, <<(0- 0- 0 ), o f  the  

p y r i d i n e  r i n g  i n  t r i s ( 2- p y r id y l ) p h o s o h in e  s u lp h id e .  M oreover, the band 

a t  684 cm" 1 moves to  c .3 630 cm 1 i n  the  H g ( l l )  h a l id e  complexes (T ab le  35) 

w h i le  t h a t  a t  616- cm" 1 rem ains  v i r t u a l l y  unchanged i n  p o s i t i o n  (Tab le  3 5 ) .  

However, th e  616 cm" 1 band moves to  h ig h e r  f re q u e n c ie s  i n  ZnX2 Py3PS 

com p lexes . The v e ry  la r g e  s h i f t s  i n  ^ P - } 3  (ca -  50 to  d6 cm j  may be

used as d ia g n o s t i c  o f  a m e ta l - s u lp h u r  bond i n  the  H g ^ '  X3 98 complexes.



In  ZnX2 Py3 PS com plexes s h i f t s  (c a - 8  t o  -12  cm"1 ) r e l a t i v e  to  the  a b s o rp t io n

a t  684 cm mere obse rve d  i n d i c a t i n g  the  absence o f  m e ta l—s u lp h u r

bonds.

Region 450-380 cm" 1 

Out o f  p la n e  p y r i d i n e  r i n g  d e fo rm a t io n s  c | b ( C -C ).

Trno s t r o n g  i . r ,  a b s o r p t io n s  433 and 405 cm" 1 a re  observed i n

t r i s ( 2 - p y r i d y l ) p h o s p h i n e .  The band a t  405 cm*-1  i s  o f t e n  a t t r i b u t e d  to  the  

o u t  o f  p la n e  p y r i d i n e  r i n g  d e fo rm a t io n  mode. S h i f t s  ( ca + 23 to  + 28 cm"1 ) 

to  h ig h e r  f r e q u e n c ie s  r e l a t i v e  to  the  band a t  405 cm" 1 (T ab le  34) in d ic a te  

c o - o r d i n a t i o n  o f  a l l  t h r e e  p y r i d y l  n i t r o g e n s  i n  th e  Z n X ^ y ^P  complexes.

For H gC ^P y^P  and P t X ^ P y ^ P ^  complexes r e l a t i v e l y  no s h i f t  i s  observed in  

th e  p o s i t i o n  o f  th e  400 cm 1 band, f u r t h e r  i n d i c a t i n g  u n c o -o rd in a te d  

p y r i d y l  g ro u p s .

For t r i s ( 2 - p y r i d y l ) p h o s p h in e  s u lp h id e ,  <^>(C-C) i s  a t  404 cm 1 . A 

s p l i t t i n g  o f  t h i s  band i n t o  trno medium s t ro n g  a b s o rp t io n s  one to  a h igh  

and th e  o t h e r  t o  a lo w  f re q u e n c y  r e l a t i v e  to  th e  f r e e  l i g a n d  a b s o rp t io n  i s  

obse rved  i n  a l l  th e  Z n X ^ y^P S  (T a b le  35) complexes and no c o n c lu s io n  can be 

drauin as to  n i t r o g e n  c o - o r d i n a t i o n  i n  th e  Z n ( l l ) .  complexes i n  t h i s  re g io n .  

There i s  no s i g n i f i c a n t  change i n  th e  p o s i t i o n  o f  the  400 cm band i n  the  

HgX2 Py3 PS com p lexes (T a b le  35 )  i n d i c a t i n g  f u r t h e r  t h a t  th e  p y r i d y l  

n i t r o g e n s  a re  u n c o - o r d in a te d .

In  c o n c lu s io n  th e  i . r .  e v id e n ce  d iscussed  above suggests  t h a t

(1 )  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  i s  a n i t r o g e n  donor m ith  C lass A

m e ta ls  and phosphorus donor m i th  C lass D m e ta ls .

( 2 ) t r i s ( 2 - p y r i d y l ) p h o s p h in e  s u lp h id e  i s  a n i t r o g e n  donor m ith

. i (41)
C lass  A m e ta ls  and s u lp h u r  donor m i th  C lass 8 m e ta ls
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Table 40

T e n t a t i v e  A ss ignm ents  f o r  m e ta l-h a lo g e n  V ib r a t io n s  i n  

t r i s ( 2 ~ p y r id y l ) p h o s p h in e  comolexss (cm"1 ) .

Compound >)t(lY!-X) ^b(nx)
*^b(fflX)

^t(mx)
ZnCl2 Py3 P^ 164 136 0.82

ZnBr2 Py3 P 14D 96 0 .6 8

Z n I2 Py3 P 136 94 0.69

H^Cl2 Py3 P 292

HgBr2 Py3 P 195

HgI2 Py3 P 156

P t c i 2 (Py3 P ) 2 324 ,300

T ab le 41

T e n t a t i v e  ass ignm en ts f o r  IYI-X, i n  t r i s ( 2- p y r id y l ) p h o s p h in e

s u lo h id e  complexes (crrT^-)

»b ( i i !X ) (d im e r)

Compound » t Vb (mx) 9 t( f f lX )  (d im e r )

ZnC l2 Py3 PS 220 , 194 136 0.70

ZnBr Py^PS 176 128 0.73

Z n I2 Py3 PS
172 120 0 .70

HgC12 Py3 PS
192 , 184 116 0 .60

HgBr2 Py3 PS 164 104 0.63



Table 42

A s s ig n m e n ts  f o r  1Y1-N, M-X, V ib r a t io n s  i n  some 

Z n ( l l ) ,  H g ( l l )  h a l i d e  complexes m i th  p y r i d i n e . 

2 - s u b s t i t u t e d  p y r i d i n e  and te rp y r id in e C c r rT '1' )

Compound •^m x C o -o rd in a t io n

Number

Ref.

ZnC l2 Py2 325 218

293 4 12

ZnBr2 Py2 260 219 4 12

254

Z n I2 Py2 210 222 4 12

Zn(PySSPy)C l2 323 161

Hg(PySSPy)C l2 328 225 4 161

Hg2 (PyCH2 CH2 P y ) c i 4 295 245 4 161

Z n ( t e r p ) C l 2 287 244 5 173

278

Z n ( t e r p ) C l 2 287 243 5 173

278 222

Z n ( t e r p ) l 2 187 245 5 173



IV .  Fa r i n f  r a r e  d s p e c t r a  (400 -40  cm” 1 ) o f  t r i s ( 2 - p y r ld y l )p h o s D h in R  

and t r t s ( 2 - p y r i d y l ) p h o s p h in e  s u lp h id e  com plexes.

R e s u l ts  and. D is c u s s io n .

Far i . r .  s p e c t r a  o f  t r i s ( 2 —p y r id y l ) p h o s p h in e  and t r i s ( 2 —p y r i d y l )phosphine 

s u lp h id e  com p lexes  a re  shown i n  T ab les  36 and 37 r e s p e c t i v e l y .

No Raman bands a re  obse rved  i n  t h i s  r e g io n  f o r  t r i s ( 2 - p y r i d y l ) p h o s p h in e  

s u lp h id e  co m p le xe s .  P ro b a b ly  th e y  a re  v e ry  weak and hence no t  re s o lv e d .

Both  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  and t r i s ( 2 - p y r i d y l ) p h o s p h in e  s u lp h id e  absorb 

v e ry  s t r o n g l y  i n  th e  r e g io n  400-40 cm~^. T h e re fo re  the  t e n t a t i v e l y  

a s s ig n e d  m e ta l - h a lo g e n  v i b r a t i o n s  a re  n o t  'p u r e '  v i b r a t i o n s  and p robab ly  

c o n ta in  some l i g a n d  v i b r a t i o n s .

M e ta l - h a lo g e n  s t r e t c h i n g  F re q u e n c ie s ,  ^ f f l - X .

The c r i t e r i a  f o r  th e  a ss ignm en t o f  th e  m e ta l-h a lo g e n  v ib r a t i o n s  a re  the 

same as used f o r  th e se  a ss ignm en ts  f o r  t r is (d im e th y la m in o )p h o s p h in e  

complexes (C h a p te r  2 ) ,  For th e  Z n ( l l )  h a l id e  complexes w i th  Py^P an^

Py3
PS w h ic h  have been shown i n  t h i s  s tu d y  to  be t r i d e n t a t e  th ro u g h  the 

n i t r o g e n  atoms (hence Z n ( l l )  i s  5 - c o - o r d in a te  f o r  a monomeric complex and 

6- c o - o r d i n a t e  f o r  a d im e r ic  com p lex) the  m e ta l-h a lo g e n  s t r e t c h in g  f requenc ie s

have been a s s ig n e d  on th e  p r i n c i p l e  t h a t  ^ t ( f i lX )  i n  5 -  o r  6- c o - o r d in a te

(173)
Z n ( l l )  w i l l  be le s s  th a n  i n  th e  c o r re s p o n d in g  4- c o - o r d in a te  complexes 

i f  s i m i l a r  l i g a n d  ty p e s  a re  in v o lv e d  (T ab les  40, 41 and 4 2 ) ,

Two v e r y  s t r o n g  a b s o r p t io n s  a t  324 cm and 300 cm in  P t C l ^ P y ^ P ^  

are  c o r r e l a t e d  w i t h  P t - C l  s t r e t c h e s  f o r  a square p la n a r  P t ( l l )  complex

' 2 Py2
w i t h  c i s - c h l o r i d & s .  For c i s - P t 0 1 oPy7 , P t -C l  i s  a t  343 and 329 cm ,

c i s  P t l 2 Py2 , * ^ P t - I  i s  a t  17B and 167 cm 1 ( l 65 ) .  The f a r  i . r .  

spec trum  o f  P t l 2 Py2 i s  r a t h e r  poor and no a b s o rp t io n  i s  observed which 

c o u ld  be c o r r e l a t e d  w i t h  P t - I  s t r e t c h e s .  The weak a b s o rp t io n  a t  200 crn



may be a t t r i b u t e d  t o  th e  f r e e  l i g a n d .

The r a t i o  o f  th e  t e r m in a l  m e ta l -h a lo g e n  s t r e t c h in g  v i b r a t i o n ,  ^ t ( lT lX ) ,  

t o  th e  b r i d g i n g  m e ta l - h a lo g e n  s t r e t c h i n g  v i b r a t i o n ,  ^ b ( f f lX ) ,  f o r  the  

com plexes a re  shown i n  T a b le s  40 and 41 . These a re  i n  the  range f o r  

d im e r ic  (X = C l ,  B r , l )  (0 .6 2  to  0 , 7 0 ) ^ ^  i n d i c a t i n g  th a t

Z n ( l l )  and H g ( l l )  com plexes w i t h  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  and 

t r i s ( 2 - p y r i d y l ) p h o s p h i n e  s u lp h id e  a re  d im e r ic  w i t h  b r id g in g  ha logens.

M e t a l - N i t r o g e n  s t r e t c h i n g  F re q u e n c ie s ,  ^ M - N .  

lY Ie ta l - n i t r o g e n  ( p y r i d i n e )  s t r e t c h i n g  f re q u e n c ie s  w i t h  bond o rd e r  o f

—1 f 1 2 8 )
one o c c u r  i n  th e  range 300-200  cm Tab le  42 summarises the  data f o r

m e t a l - n i t r o g e n  v i b r a t i o n s  i n  some Z n ( l l )  and H g ( l l )  com plexes. However, 

i t  has n o t  been p o s s ib le  t o  make ass ig n m e n ts  f o r  ^ i l - N  here because o f  ve ry  

s t r o n g  a b s o r p t io n s  by th e  l ig a n d s  i n  th e  r e g io n  (400-40 cm ^ )  in v e s t ig a te d ,  

M e ta l -p h o s p h o ru s  V ib r a t i o n s  "^ iT-P.

No a b s o r p t io n s  a re  o b se rve d  i n  th e  s p e c t ra  o f  the  HgX^Py^P complexes 

w h ich  a re  in d e p e n d e n t  o f  th e  mass o f  th e  ha logen and which c o u ld  be ass igned 

to  m e ta l -p h o s p h o ru s  v i b r a t i o n s ,  p ro b a b ly  th e y  a re  to o  weak.

O th e r  Bands.

O th e r  bands i n  th e  i . r .  (4 0 0 -4 0  cm ^ )  s p e c t ra  o f  Py^P a n d PygP^ complexes 

f o r  w h ich  no a s s ig n m e n ts  have been made a re  shown i n  Tab les 36 and 31 

r e s p e c t i v e l y .

S t r u c t u r e  o f  T r i s ( 2 - p y r id y l ) p h o s p h in e  and 

T r i s ( 2 - p y r i d y l ) p h o s o h i n e  S u lp h id e  Complexes.

I n  a p r e v io u s  s t u d y ^ 1  ̂ th e  s t r u c t u r e  £ 01 ( Py3 ^ )2  3 ^ 4  J 0)33
proposed  f o r  th e  ZnX^Py^P com plexes on the  b a s is  o f  bands observed a t

280, 128 cm" 1 (X = C l ) ,  195 and 95 c n f 1 (X = B r ) ,  165 and 95 cm "  (X = X)

w h ich  were a t t r i b u t e d  to  i o n s .  An a b s o rp t io n  a t  280 cm io  obser
4
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i n  ZnX^Py^P = C l ,  B r , I ,  T a b le  36) and HgB^Py^P (T ab le  36) complexes. 

For MX^”  io n s  th e  f o l l o u i i n g  a b s o r p t io n s  a re  observed :

cm" 1 Ref

Z nC l4= 277 , 130 174 -  179

ZnBr4 200, 91 174 -  179

Z n l ,4
165, 71 174 -  179

T h e r e fo r e  th e  a b s o r p t io n s  a t  280 cm a re  n o t  due to

ZnX ~ io n s .  The a b s o r o t io n s  o b s e r v e d ^ 1  ̂ f o r  ZnX Py„P a t  128 cm 1 (X = C l) ,  
4 x a
—1 —195 cm ( X = B r ) ,  165 and 65 cm ( X = I )  were n o t  observed i n  the  p re s e n t

s tu d y .  The v e r y  s t r o n g  band a t  196 cm 1 f o r  ZnB^Py^P  a ls o  observed 

as v e ry  s t r o n g  bands 192 cm 1 ( Z n I 2Py3 P ),  anc  ̂ 3-95 cm (BgBr2 Py3 P ); 

t h e r e f o r e  th e s e  a re  a ls o  n o t  due to  ZnX^ io n s ,

I . r .  s p e c t r a  i n  th e  re g io n s  1600-1550 cm \  700-600 cm and i n  the  

r e g io n  400 cm 1 d is c u s s e d  i n  t h i s  work i n d i c a t e  t h a t

(1 )  For ZnX2 Py3P and ZnX2 Py3PS ( r e g io n  1600-1560 cm 1 and 

700-600  cm” 1 ) th e  t h r e e  p y r i d y l  n i t r o g e n  atoms a re  

c o - o r d in a t e d .

(2 )F .o r  HgX2 Py3 P and HgX2 Py3PS th e  phosphorus and s u lp h u r  

atoms a re  c o - o r d in a t e d  r e s p e c t i v e l y .

(3 )  The p y r i d y l  r i n g s  a re  e q u iv a le n t  i n  a l l  the  complexes

as i n  th e  f r e e  l i g a n d s  ( r e g io n  1600-1550 cm ) •

( 4 ) The p y r i d y l  r i n g s  f o r  HgCl2 Py3P a re  i n  the  same

e n v iro n m e n t  i n  b o th  th e  s o l i d  s t a t e  and i n  DITISO-dg

s o l u t i o n  ( r e g io n  1 6 0 0 -1 5 5 0 ) .

(5 )  The Z n ( l l )  and H g ( l l )  complexes a re  p ro b a b ly  d im e r ic

- l v
w i t h  b r i d g i n g  ha loge ns  ( r e g io n  400-40 cm )
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Fig 11 • Structure of tris(2-pyridyl) phosphine

and tris( 2-pyridyl) phosphine sulphide

Complexes.

II
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rig# 11a .  m odel o f  ZnX^Py^PS.

Tho a r o m a t ic  p i  c lo u d s  o re  p o t  shown#

C  o l o u  r C o d e

H W h i t e

C B l a c k

N B l u e

C l
D d r k  g r e e n

P  V i o l e t  

S  D a r k  y e l l o w

2 n ©ray

i  m



Assuming a t r a n s - s y m m e t r i c a l  s t r u c t u r e  f o r  the  complexes

( i )  on s t e r i c  g rounds

( i i )  by c o m p a r is o n  w i t h  th e  c r y s t a l  s t r u c t u r e  o f  Ph„PSeHgCl ^8^
3 2

the s o l i d  s t a t e  s t r u c t u r e s  ( I ,  I I  and ( i l l )  ) a re  proposed ( F i g . 11)

( I )  i s  p r o b a b ly  s i m i l a r  t o  Ph^PHgCl^ th e  c r y s t a l  s t r u c t u r e  which 

was i n t e r p r e t e d  t o  i n d i c a t e  t h a t  th e  b r id g e  i s  a lm os t t o t a l l y  s y m m e tr ica l .  

( I I  ) i s  p r o b a b ly  s i m i l a r  to  P h^P S eH gC l^^^^  the  c r y s t a l  s t r u c t u r e ^ 8^  

which was i n t e r p r e t e d  t o  i n d i c a t e  a le s s  sym m e tr ica l  a rrangement o f  

l ig a n d s  a b o u t  th e  m ercury  a tom s.

I t  i s  n o t  p o s s ib le  t o  i n f e r  from  th e  Raman s p e c tra  o f  rflX2 Py3PS 

complexes w h e th e r  th e  m o le cu le s  have a c e n t re  o f  symmetry o r  n o t  because 

o f  th e  p o s s i b i l i t y  o f  e x is te n c e  o f  Raman bands too  weak to  be re s o lv e d .



CHAPTER FIVE

NUCLEAR MAGNETIC RESONANCE SPECTRA 

OF TRIS(2~PYRIDYL)PH0SPHINE COMPLEXES 

WITH H g ( l l )  AND P t ( l l )  HALIDES.



185.

Table 43.

n . m . r .  p a ra m e te rs  f n r  t r i s ( 2 - p y p . id y l ) p h o s p h in e  and 

d e r i v a t i v e s .  A l l  c h e m ic a l  s h i f t s  a re  i n  p p m ^ c o u p l in g  

c o n s ta n ts  a re  i n  Hz.

Compound Py3 P Py3 P0 ^1 5 8 ') Py3 p3 HgCl2 =>y3p O

Exp Cal
1H

* H 3
7 .4 4 8 .1 9 8 ,2 3 7 .9 3 7 .9 4

7 .7 8 7 .7 8 7 .7 3 7 .9 8 7 .9 8

* H s 7 .2 8 7 .3 5 7 .2 8 7 .5 8 7 .5 8

8 .7 4 8 .7 5 8 .6 5 8 .7 1 8 .7 1

3o
34

7 .5 0 7 .7 4 7 .8 1 7 .4 5 7 .4 0

43
35

1 .3 0 1 .2 9 1 .2 3 1 .4 0 1 .2 0 1 .4 5 1 .3 8

53
36

1 .0 0 0 .9 9 0 .9 7 0 .9 0 0 .85 1 .0 0 0 .81

33 45
7 .5 0 7 .7 3 7 .7 1 7 .3 0 7 .3 0 7 .6 2 7 .9 5

43
46:

1 .8 0 1 .7 2 1 .7 6 1 .8 0 1 .7 0

3_
56

4 .8 0 4 .7 6 4 .7 4 4 ,5 0 4 .5 0 4 .8 4 5 .9 6

33
3

1 .7 3 5 .5 6 6 .3 6 4 .5 0 4 .6 0

43
PH4

2 .0 7 4 .2 2 4 .5 4 4 .2 0 3 .9 0

53
5

1 .1 8 2 .4 0 2 .9 5 2 .8 5 2 .8 0

s PHr6
- 0 . 4 6 - 0 .4 3 - 0 . 7 0 -o.eo - 0 . 8 0
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Tab le  43 (a )

.^H C he m ica l s h i f t s  o f  P t ( l l )  complexes w i t h  

t r i s ( 2 - p y r l d y l ) p h o s p h in e .

-
(ppm)

S h
3 4 ^ H5

S  H
6

p t c i 2 (Py 3 P ) 2 7.75 8.07 7 .31 8.75

P t l 2 (Py 3 P ) 2 8 .06 8.14 7.40 8.36
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o f th e  ty p e

NUCLEAR MAGNETIC RESONflMfT 

SPECTRA OF TRIS(2-PYRIDYL)PH0SPHINE COMPLEXES UJITH 

H q ( l l )  and P t ( l l )  HALIDES.

I n t r o d u c t i o n .

A n a ly s is  o f  the  H s p e c t ra  o f  t r i s ( 2 ~ p y r id y l ) p h o s p h in e  d e r i v a t i v e s

X= lone  p a i r ,  0 , S.or Se

3
i n d ic a te d  t h a t  Dp ^ , ~"3p ^ and ^3p ^ have the sane s ig n  as those  f o r  the

3 4 5
1 1 . .  3

c o r re s p o n d in g  H- H c o u p l in g s  in  p y r id in e .  3. .. i n  p y r id in e  i s  a b s o lu te ly
H H

. . .  (1 8 0 )  _ . 3_ 4_ 5_ _ .
p o s i t i v e  . B u t 3p ^ , 3p ^ , p H are 0 °PPo s l te  s ig n  to

3 ~ 4 *" 5

^3r u , i . e .  ^3  , i s  n e g a t iv e .  Small changes i n  c o u p l in g  c o n s ta n ts
H-H-. H—11-.

6 5

on c o - o r d i n a t i o n  o f  phosphorus mere observed an i n d i c a t i o n  t h a t  the  e le c t r o n  

d e n s i ty  i n  th e  a ro m a t ic  r i n g  changes l i t t l e   ̂ T h e re fo re  in c re a s e s

*7 "I

observed i n  P -----  H c o u p l in g  c o n s ta n ts  were a t t r i b u t e d  to  v a r i a t i o n s  in

phosphorus e l e c t r o n  d e n s i t y  and change -in  h y b r id i z a t io n  on c o - o r d in a t io n

o f  p h o s p h o ru s ^131  No 13C s p e c t ra  o f  t r i s ( 2- p y r id y l ) p h o s p h in a  and

d e r i v a t i v e s  have p r e v io u s ly  been de term ined , Houever, d e te rm in a t io n  o f

. .  13 „
the m ag n itu d e s  o f  s p in - s p in  c o u p l in g  co n s ta n ts  i n v o lv in g  the  a ro m a t ic  

atoms and 3 1 P i n  some h e te ro -a ro m a t ic  phosphines such as t r i s - 2- t h i e n y l -  

phosph ine  ( i )  and d im s t h y l - 2 - th ie n y lp h o s p h in e  s u lp h id e  ( I I )

1
I I



i n d i c a t e d  t h a t  th e  one bond C- P c o u p l in g  co n s ta n ts  13 i n the
C2~3:LP

phosph ine i s  much s m a l le r  than  i n  the  P ( lV )  compound. T h is  has been explained 

in te rm s o f  th e  changes i n  phosphorus h y b r i d i z a t i o n .

! •  Summary o f  R e s u l ts .

3_ 4_ 5_ .
dpu $ PH * '"'PH UJê ‘e l a r g e r  m  the  complexes (Tab le  43) r e l a t i v e

3 4 5

to  th e  c o r r e s p o n d in g  va lu e s  i n  t r i s ( 2 - p y r id y l ) p h o s p h in e  c o n s is t e n t  u j i th  

phosphorus c o - o r d i n a t i o n .

31p c o - o r d i n a t i o n  chem ica l s h i f t s  o f  the complexes (ca_ + 3 8 ,6  to  + 14 .0
o "1

ppm, T a b le  45 )  a re  to  I ouj f i e l d  i n d i c a t i n g  d e s h ie ld in g  o f  th e  P n u c le i .

13 31 1
One bond C- P n u c le a r  s p in  c o u p l in g  co n s ta n ts  J / p x i n  the

'  2 P

H g ( l l )  h a l i d e  complexes u j i th  t r i s ( 2 - p y r i d y l ) p h o s p h in e  ( ca 70 .5  t o  53 .7  Hz) 

in c re a s e d  r e l a t i v e  t o  ^   ̂ i n  the f r e e  l ig a n d  ( - 4 . 7  Hz) d e n o t in g

a s u b s t a n t i a l  change i n  h y b r i d i z a t i o n  a t  phosphorus on c o - o r d in a t io n  and 

hence th e  p resence  o f  a Hg-P bond.

„  x f o r  d i c h lo r o b is  ( t r i s ( 2- p y r i d y l ) p h o s p h i n e ) P t ( I I )
 ̂ P t  P '

( * 3 ,  x = 3 ,870  Hz) i s  c o n s is te n t  w i th ,  the  presence o f  a -Pt-P bond.
t 195pt - 31p)

Re s u l t s  and D is c u s s io n .

The 100 mHz ( 3 43 °K ) 1H spectrum  o f  t r i s ( 2- p y r id y l ) p h o s p h in e  complex

31
w i th  H g ( l l )  c h l o r i d e  was ana lysed  as an ABC DX Spectrum where X = P and

0 i s  H6 u s in g  th e  n . m . r .  s im u la t io n  program SIIYIEQ I I  w r i t t e n  f o r  the  V a r ia n

. (183)
XL-100 FT sys tem  by Dr. C.'JJ.F. K o r t  and Dr. M.3;.A. d.e B ie

The 1H n . m . r .  pa ram eters  are shown in  Table 43. F ig .  12 shows th e  

H s p e c t ru m  of dichloro(tris(2-pyridyl)phosphine) H g ( l l ) .

I t  Mas n o t  p o s s ib le  to  o b ta in  1H-1H and L d L  n u c le a r  s p in  c o u p l in g  c o n s ta n t

va lu e s  f o r  the  P t ( l l )  complexes because o f  the poor r e s o lu t i o n  r e s u l t i n g
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from th e  low  s o l u b i l i t y  o f  the  complex i n  D iilSO-^, the  o n ly  s o lv e n t  i n  

tuhich i t  i s  s o lu b le  t o  some e x te n t .  The chem ica l s h i f t s  f o r  the  P t ( l l )

complexes a re  shown i n  Tab le  43a,

^ ouP-^^n9 Constants

The s ig n s  o f  th e  n u c le a r  s p in  c o u p l in g  c o n s ta n ts  (T ab le  43)

de te rm ined  e x p e r im e n t a l l y  a re  a l l  p o s i t i v e  r e l a t i v e  to  p o s i t i v e  3 3 ,
(H H)

1 1 . .
The H— H n u c le a r  s p in  c o u p l in g  co n s ta n ts  i n  p y r id in e  and p ro to n a te d

p y r id in e  r e l e v a n t  to  th e  d is c u s s io n  are shown in  Table 43. The r i n g  

p ro tons  i n  p y r i d i n e  ( i )  and t r i s ( 2- p y r id y l ) p h o s p h in e  ( I I ) a re  numbered 

c o n v e n t io n a l l y  as

11I

M erry  and G o l d s t e i n ' * ' ^ ^  observed t h a t  the la r g e s t  ^H-^H c o u p l in g  

c o n s ta n t  changes o cc u rs  f o r  3^^ ( A ^ 55=^55  p ro to n a te d  -  3^^ base) on 

p r o to n a t io n  o f  th e  p y r i d y l  n i t r o g e n .  S im i la r  in c re a se s  i n  aS6 have been 

observed f o r  o t h e r  N -p ro to n a te d  hefcerocycles  ̂ The c o n c lu s io n  has

been t h a t  th e s e  changes i n  c o u p l in g  cons tan ts  are g e n e ra l  f o r  h e te ro -a ro m a t ic  

compounds and have been a s s o c ia te d  w i th  the c o - o r d in a t io n  o f  the  n i t r o g e n  

lone  p a i r  and deve lopm ent o f  p o s i t i v e  charge on the  n i t r o g e n  atom. In  

the H g ( l l )  c h l o r i d e  complex w i th  t r i s ( 2 - p y r id y l ) p h o s p h in e ,  35g shows a 

s m a l l  dec rease  r a t h e r  than  an in c re a s e  (Tab le  43) su g g e s t in g  t h a t  th e  

n i t r o g e n  i s  n o t  c o - o r d in a te d .  I t  i s  r e le v a n t  t h a t  356 f o r  

t r i s ( 2 - p y r i d y l ) p h o s ? h i n e  s u lp h id e  a ls o  shows a s m a l l  decrease (T ab le  43)
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-H - -1 P N u c le a r  Sp in  CounH n g  C o n s ta n t .

An in c re a s e  is  ^ s e rv e d  in  the magnitudes o f 33p^ ,  ^  f and e s p e c ia lly

53PH5 in  th e  d ic h lo ro _  ( t r is (2 - p y r id y l) p h o r>ph in e ) H g ( l I )  r e la t iv e  to  the

c o rre sp on d ing  va lu e s  in  the fre e  lig a n d  w h ile  4gpH shows a sm a ll decrease

(T a b le j4 3 ) .  T h is  in c rease  is  c o n s is te n t w ith  the inc rease  in  the  magnitudes 

o f H- P c o u p lin g  co ns ta n ts  fo r  t r is (2 -p y r id y l)p h o s p h in e  oxide and s u lp h id e  P 58 

and th e  P ( lV )  d e r iv a t iv e s  o f  t r is (2 - th ie n y l)p h o s p h in e  and t r i s ( 2 - f u r y l ) -  

phosph ine (1 8 6 ^ 137>.

* * *  Chemicals S h i f t s .

The r e s u l t s  a re  shaun i n  Table 45. The va lue  f o r  P t I  (Py P) i s
2 3 2

o b ta in e d  f ro m  doub le  resonance exper im ents  on the "̂ H spectrum*

Tab le  45

31
P Chem ica l S h i f t s  f o r  some Py^P Complexes

Compound

W id th  a t  
1 /2  h e ig h t  

Hz
8 , i

P(PPtfl)

C o -o rd in a t io n  
Chemical S h i f t  

................ A  ppm

py 3p 3 .0 - 2 .8

HgC12 Py 3P 195.0 + 35.8 + 38 .6

HgBr2 Py 3 P 58 .0 + 28,8 + 31 .6

HQl2 Py3 P 59 .0 + 2 0 .6 + 23 ,4

PtC12 (P y3 P )2
2 0 .0 + 18 .0 + 2 0 .8

ptI2(py3p)2 + 1 1 .2 + 14 .0

Some o f  th e  f a c t o r s  a f f e c t i n g  P chem ica l s h i f t s  and c o - o r d in a t io n  

ch e m ic a l  s h i f t s  have been d iscussed  e a r l i e r  (C hapter Three Page 1 2 3 ) .

The 31p sp e c tru m  in  a l l  the h 'g ( l l )  h a l id e  complexes w i t h  t r i s ( 2- p y r i d y l ). 

phosph ine  each shamed a s in g le  broad resonance and no f i n e  s t r u c t u r e



p r o b a b ly  because o f  b ro a d e n in g  by th e  n i t r o g e n  q u a d ru p o le .  .Phosphorus 

c o - o r d i n a t i o n  i n  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  w i l l  dec rease  th e  s - c h a r a c t e r  

o f  t h e  lo n e  p a i r  -and in c r e a s e  th e  s - c h a r a c t e r  i n  th e  p h o s p h o r u s - p y r id y l  bond . 

T h is  i n  t u r n  u i i l l

( 1 )  i n c r e a s e  th e  m agn itude  o f  th e  RPR bond a n g le s ,  i n  th e  com p lexes  (where

R i s  th e  p y r i d y l  r i n g )  and hence th e  bond h y b r i d i z a t i o n  a t  phosph orus

31
( 2 ) change th e  s t e r i c  c o n t r i b u t i o n  to  th e  ' P c o - o r d i n a t i o n  c h e m ic a l  s h i f t  

depen d ing  on th e  s i z e  o f  th e  m e ta l ,

( 3 )  th e  m a g n itu d e  o f  th e  p a ra m a g n e t ic  te rm .

The c o - o r d i n a t i o n  c h e m ic a l  s h i f t  w i l l  a ls o  depend on th e  s t r e n g t h  o f  th e

m e ta l -p h o s p h o ru s  sigma bond ( i f  s igma b o n d in g  a lo n e  i s  assumed, a l t h o u g h  no

i n f o r m a t i o n  i s  a v a i l a b l e  a b o u t  th e  in v o lv e m e n t  o f  Hg ( X I )  and P t ( i l )  d

o r b i t a l s  i n  p i  b o n d in g  w i t h  t r i s ( 2 - p y r i d y l ) p h o s p h i n e ) . The d o u n f i e l d

c o - o r d i n a t i o n  c h e m ic a l  s h i f t  o b se rve d  i n  th e s e  complexes^ T a b le  45^ p r o b a b ly

a r i s e s  f ro m  some c o m b in a t io n  o f  th e  f a c t o r s  d e s c r ib e d  a b ove .

31 -199
P Hg C o u p l in g  C o n s ta n ts

1 31N e i t h e r  th e  H n o r  th e  P sp e c t ru m  o f  HgX2 Py3 P com p lexes showed any

199 Hg s a t e l l i t e s  p r o b a b ly  because o f  some l i g a n d  exchange phenomena on th e

n . m . r .  t im e  s c a le  and hence i t  has n o t  been p o s s ib le  t o  d e te rm in e  th e  

199 31m a g n itu d e  o f  th e  Hg- P n u c le a r  s p in  c o u p l in g  c o n s t a n t s ,

* ~ ^ ^ P t - 3^P C o u p l in g  C o n s ta n ts .
ry I

The P s p e c tru m  o f  d i c h l o r o b i s ( t r i s ( 2 - p y r i d y l ) p h o s p h i n e ) P t ( l l )
*7 *1

c o n s i s t s  o f  a b ro a d  P resonance  ( w id t h  a t  1 /2  h e ig h t= 2 0  Hz) w i t h  two

193 1s y m m e t r i c a l l y  p la c e d  P t s a t e l l i t e s  o f  s e p a r a t io n  ^ ( ^ 9 5  33 _3870 Hz.

T h is  p ro v e s  th e  p resence  o f  a P t -P  bond i n  th e  co m p le x .  T h is  r e s u l t  can

195 31
be compared w i t h  o t h e r  P t -  P c o u p l in g  c o n s ta n ts  shown be low



^0Complex R L X 195n . 3 1 n ,, R e f
    P t -  P Hz

t r a n s - j ^  P tX 2 (Bu3 P) 2 J  C l 2380 188

Br 2334 189

I  2200 190

C is -  £ p tX 2 (Bu3 P)2 J  C l 3508

B r 3479 189

1 3379 190

C is -  £ p t P h C l ( E t 3 P )2J  4138 188

t r a n s -

[P t ‘ { ( r q ) 2P0] 2L2 ]  Ph Py 3657 191

Ph E t 3 P 3476 191

Ph E t 3AS 3336 191

From th e  v a lu e s  i n  t h e  above T a b le ,  no c o n c lu s io n  can be
( 1 9 5 P t- 3 1 p)

drawn as t o  w h e th e r  P tC l2 ('Py3 P) 2 i s  c i s  o r  t r a n s  i n  DIY1S0 s o l u t i o n .

I t  has n o t  been p o s s ib le  to  o b t a in  a v a lu e  f o r  (195 , 31 ) l n  P t I 2 ^ Py3 P^2
P t — P 

31
because o f  th e  v e r y  low  s o l u b i l i t y  o f  th e  com plex and no P resonance  c o u ld

31
be d e te c te d  i n  th e  P s p e c t ru m ,

IV ,  C hem ica l S h i f t s ,

The r e s u l t s  a re  shown i n  T a b le  4 4 ,  Some o f  th e  f a c t o r s  i n f l u e n c i n g  

C. c h e m ic a l  s h i f t s  have been d is c u s s e d  e a r l i e r  (C h a p te r  Th ree  Page 1 3 0 ) ,

The r i n g  ca rbons  i n  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  ( i )  and t r ip h e n y lp h o s p h in e  

o r  m o n o s u b s t i t u te d  benzene ( I I )  a re  numbered as f o l l o w s
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I I I

Each c h e m ic a l l y  d i s t i n c t  a r o m a t ic  c a r b o n . in  th e  t r i s ( 2 - p y r i d y l ) p h o s p h i n e

com p lex  w i t h  Hg ( I I ) c h l o r i d e  un d e r  c o n d i t i o n s  o f  c o m p le te  ^H d e c o u p l in g

g iv e s  a d o u b le t  ( F i g , 1 3 ) .  The C-5 ca rb o n  o f  t r i s ( 2 - p y r i d y l ) p h o s p h i n e

i t s e l f  and t h a t  o f  Hg ( I I ) b rom ide  and io d id e  com plexes showed s i n g l e

re s o n a n c e s ,  ( th u s  show ing  t o  be s m a l l  ( l e s s  th a n  1 / 2  th e  measured
5~ P

l i n e w i d t h ) .

S u b s t i t u e n t  e f f e c t s  a t  r i n g  Carbons i n

2~ s u b s t i t u t e d  p y r i d i n e s .

The s u b s t i t u e n t  e f f e c t s  a t  r i n g  ca rb o n s  r e l a t i v e  t o  p y r i d i n e  (T a b le  4 4 )

(158
a re  th e  d i f f e r e n c e s  i n  c h e m ic a l  s h i f t s  (ppm) between th e  p a r e n t  p y r i d i n e '  

and

a )  t r i s ( 2 - p y r i d y l ) p h o s p h in e

( 2 ) t r i s ( 2 - p y r id y l , ) p h o s p h in e  s u lp h id e

( 3 )  H g ( l l )  h a l i d e  com plexes w i t h  t r i s ( 2 ~ p y r i d y l ) p h o s p h i n e .

I n  2 - s u b s t i t u t e d  p y r i d i n e s ,  th e  two p o s i t i o n s  C~4 and C- 6  a re  meta

t o  th e  s u b s t i t u e n t s .  I n  th e  p r e s e n t  s tu d y  th e  d o w n f ie ld  s h i f t s  a t 'C - 4 'a n d

C- 6  i n  b o th  th e  f r e e  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  and i n  a l l  th e  P (1V)

d e r i v a t i v e s  a re  v e ry  s m a l l  ( T a b le  4 4 ) .  The e f f e c t  on ca rb o n  s h i e l d i n g s

when th e  hyd rogen  atom i n  th e  2 - p o s i t i o n  i n  p y r i d i n e  i s  r e p la c e d  by a

( 1 9 ^
v a r i e t y  o f  s u b s t i t u e n t s  has been s t u d i e d '  . The most s i g n i f i c a n t  

s u b s t i t u e n t  - e f f e c t s  have been fo u n d  to  be a t  th e  ca rb o n  ms b e a r in g  th e
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substituents, C-2 (Table 46)*

S u b s t i t u e n t  e f f e c t s  a t  C -5 , pa ra  t o  th e  2 - s u b s t i t u e n t  have been fo u n d  to  be

v e r y  s m a l l  and have been e x p la in e d  as due to  th e  dec rease  i n  i n d u c t i v e  o r

m a g n e t ic  a n i s o t r o p i c  e f f e c t s  o f  s u b s t i t u e n t s  w i t h  d is ta n c e  fro m  th e  p a r a -

c a rb o n s *  The s i m i l a r i t y  o f  th e  t r e n d  i n  c a rb o n  s h i e l d i n g s  a t  p a r a - ca rbons

i n  m o n o - s u b s t i t u t e d  benzenes and C-5 ca rb o n s  i n  2 - s u b s t i t u t e d  p y r i d i n e s

has been n o te d  (T a b le  4 6 ) ,  I t  i s  u s e f u l  t o  compare c a rb o n  s h i e l d i n g s  i n

(1 9 3 )
Group V ' t r i p h e n y l s  (T a b le  4 7 )  u j i t h  th o s e  o b s e rv e d  i n  th e  p r e s e n t  ujork

(T a b le  4 4 ) ,

T a b le  47

1 3 n  n  11 t  • 1 ( l 9 3 )C n . m . r .  o f  Group \1 T n p h e n y l s  .

(~̂ C  s h i f t s  r e l a t i v e  t o  e x t e r n a l  TMS).

S u b s t i t u e n t  E f f e c t s  r e l a t i v e  to  Benzene,

Compound c i
C-X

S u b s t .
E f f e c t

C-2
o r t h o

S u b s t .
E f f e c t

C-3
meta

S u b s t .
E f f e c t

C-4
pa ra

S u b s t .
E f f e c t

n H 
w6 6

12 8 ,7

Ph„Pf/lo(C0)l_ 
0 0

136 ,4 - 7 . 7 1 3 3 .7 - 5 . 0 1 29 .3 - 0 , 6 1 3 0 .7 - 2 . 0

Ph3P 138 .3 - 9 . 6 134 .4 - 5 . 7 1 2 9 .2 - 0 . 5 1 2 9 .3 - 0 , 6

Ph^As 140 ,5 - 1 1 .8 134 .3 - 5 . 6 12 9 .3 - 0 . 6 12 9 .0 - 0 . 3

Ph3Sb 1 39 .3 - 1 0 .6 1 3 6 .8 - 8 . 1 129 ,4 - 0 . 7 1 29 .2 - 0 . 5

Ph3 B i 13 1 .1 - 2 . 4 1 3 8 .1 - 9 . 4 1 3 1 .0 - 2 . 3 128 .3 +0.4

As i n  t r i s (2 - p y r i d y I )  p h o s p h in e ,  th e g r e a t e s t s u b s t i t u e n t  e f f e c t  i n  Group \J

t r i p h e n y l s  i s  a t  . the  ca rbon  atoms b e a r in g  th e  s u b s t i t u e n t s .  The 

s u b s t i t u e n t  e f f e c t s  r e l a t i v e  t o  th e  f r e e  p y r i d i n e  (T a b le  4 4 )  i n  t r i s ( 2 - p y r i d y l ) ~  

p h o s p h in e ;  t r i s ( 2 - p y r i d y l ) p h o s p h i n R  s u lp h id e  and i n  th e  H g ( l l )  and P t ( l l )  

h a l i d e  com plexes w i t h  Py^P anc* arG v e r y  s m a l l  g i v i n g  a s i m i l a r



s i t u a t i o n  t o  th e  meta s u b s t i t u e n t  e f f e c t s  i n  Group V t r i p h e n y l s  r e l a t i v e  t o  

benzene (T a b le  4 7 ) .  A ls o  f o r  Py^P and i t s  com plexes th e  n e x t  g r e a t e r  

s u b s t i t u e n t  e f f e c t  i s  fo u n d  a t  C-3 ( o r t h o - c a rb o n )  (T a b le  4 4 )  as i n  th e  

Group \J t r i p h e n y l s  (T a b le  4 7 ) .

As p re s e n te d  i n  C h a p te r  Th ree  th e  p a ra m a g n e t ic  te rm  has been shoiun to  

be dom in a n t f o r  most c h e m ic a l  s h i f t s ^ ^ ^ .  The p r i n c i p a l  f a c t o r s  

a f f e c t i n g  t h i s  te rm  a re  th e  ch a rg e  p o l a r i z a t i o n ,  v a r i a t i o n  i n  bond o r d e r ,  

and a v e ra g e  e x c i t a t i o n  e n e rg y .  For a l l  th e  H g ( l l )  h a l i d e  com p lexes th e  C-2 

re so n a n ce  moves m a rk e d ly  u p f i e l d  ( ca 8 t o  10 ppm) (T a b le  4 4 )  compared to  

t h a t  o f  th e  f r e e  l i g a n d  w h i le  t h a t  o f  th e  C-5 resonance  moves d o w n f ie ld  by 

ca 2 t o  3 ppm. An u p f i e l d  s h i f t  ( ca 5 p p m ) is  a ls o  o b s e rv e d  f o r  th e  C-2 

c a rb o n  f o r  t r i s ( 2 - p y r i d y l ) p h o s p h i n e  s u lp h id e  (T a b le  4 4 ) .  An u p f i e l d  s h i f t  

( ca 2 ppm) f o r  th e  C - l  ca rb o n  i s  a l s o  o b s e rv e d  i n  th e  t r i p h e n y l - p h o s p h in e  

com p lex  w i t h  molybdenum p en ta  c a r b o n y l ( T a b l e  4 7 ) .  S in c e  th e  

h y b r i d i z a t i o n  a t  C-2 i n  th e  Py^P com p lexes  i s  assumed i n v a r i a n t  th e  o b se rv e d  

u p f i e l d  s h i f t  a t  C-2 c o u ld  be a t t r i b u t e d  t o  s e v e r a l  f a c t o r s  w h ich  in c lu d e  

th e  f o l l o w i n g

CD A h ig h e r  mean e l e c t r o n i c  e x c i t a t i o n  e n e rg y ,  A E

( i i )  th e  im b a la n c e  o f  e l e c t r o n  d e n s i t i e s  i n  th e  v a r io u s

p o r b i t a l s  c e n t r e d  on th e  c a rb o n  atom

( i i i )  An in c r e a s e  i n  th e  C a rb o n -p h o s p h o ru s  bond o r d e r

. r e s u l t i n g  from  in c r e a s e d  s c h a r a c t e r  i n  th e  c a rb o n -  

phosphorus  bond due to  r e d u c t i o n  i n  s - c h a r a c t e r  o f  o l d  

lo n e  p a i r ,

However th e  r e l a t i v e  c o n t r i b u t i o n s  o f  th e s e  f a c t o r s  r e s u l t i n g  i n  th e  

u p f i e l d  s h i f t s  a re  n o t  known.
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I n  th e  case o f  P t ( l l )  com plexes weak resonances  ujere o b ta in e d  because

o f  th e  v e r y  low  s o l u b i l i t y  i n  DMSO, Hence th e  resonance  f o r  C-2 ca rb o n s

were  n o t  o b s e rv e d .

In c re a s e d  e l e c t r o n  d e n s i t y  i n  a r o m a t ic  r i n g s  due t o  e l e c t r o n  r e le a s in g

s u b s t i t u e n t s  i s  known t o  e f f e c t  an u p f i e l d  s h i f t  i n  ca rb o n s  pa ra  t o  th e

s u b s t i t u e n t s  w h i l e  e l e c t r o n  w i t h  d ra w in g  s u b s t i t u e n t s  e f f e c t  dec reased

(1 9 3 )s h i e l d i n g  . The s m a l l  d o w n f ie ld  s h i f t  o f  th e  C-5 ca rb o n s  i n d i c a t e s

t h a t  t h e r e  i s  p ro b a b ly  no s i g n i f i c a n t  p i  b o n d in g  between th e  m e ta l  and th e

a r o m a t ic  o r b i t a l s .

1 3 ^ -3 1 p  C o u p l in g  C o n s ta n ts .

13 31 1
The one bond C- P c o u p l in g  c o n s ta n t  3 ^  ^  ) ^ o r  smaH

2 P

( <T 0 .6  H z ) .  " ^ ( p  c )  ^ n c re a se s  f rom a s m a l l  n e g a t iv e  v a lu e  i n  th e  f r e e

l i g a n d  t o  l a r g e  p o s i t i v e  v a lu e s  i n  th e  com p lexes (T a b le  4 4 ) .  T h is

p a r a l l e l s  a s i m i l a r  r e s u l t  i n  Ph3 Prflo(C0 ) 5 where an in c r e a s e  i n  " ^ ^ ^ 3  -3 1  )
C P

(36  Hz, p r o b a b ly  p o s i t i v e )  i n  th e  com p lex  i s  o b se rve d  compared t o  th e  v a lu e

(^3  „  = 21 Hz ( p r o b a b ly  n e g a t i v e )  i n  the  f r e e  l i g a n d ^ 9^ .  An
C P

1 13 31
in c r e a s e  i n  3 ( ^ 3  ^  a l so o b se rv e d  f o r  a l l  o t h e r  lo n g  range  C- P

c o u p l in g s  (T a b le  4 4 ) .  A s i m i l a r  change has been o b s e rv e d  f o r  )
C P

es ha^

( 2 0 0 )

(195 ) 0  9 6 ) ( 1 9 7 - 1 ^ 9 )  
i n  a l k y lp h o s p h in e  d e r i v a t i v e s  . The changes have bean

a t t r i b u t e d  to  th e  c o - o r d i n a t i o n  o f  th e  phosph o rus  lo n e  p a i r

I n  c o n c lu s io n  ^Hg-31p and 13c - 3 1 p n u c le a r  s p in  c o u p l in g  c o n s t a n t s ,  i n

5 1 r \
p a r t i c u l a r  3 ^  ^]_ anci 3 ( Cp ) ,  i n d i c a t e  t h a t  f o r  Py^P com p lexes  w i t h  H g ( l I J

5 P

h a l i d e s  th e  phosphorus  atom i s  c o - o r d in a t e d  t o  th e  m e ta l .

Ths 3 (195 t - 3 1 p ) v a lu e  o f  3 ,3 7 0  Hz o b ta in e d  f o r  P t C l2 (P y 3 P ) 2 i n d i c a t e s  

th e  p re se n ce  o f  a P t -P  bond .
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