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A b s t r a c t

THE SYNTHESIS AND CHARACTERIZATION OF 
POTENTIALLY MESOMORPHIC 

ORGANO-PALLADIUM COMPOUNDS

by

Rose K f a r  Rose

A d v i s e r s :  P r o f e s s o r  B e r n a r d  J .  B u lk in
P r o f e s s o r  A n g e lo  S a n t o r o

Of t h e  s e v e r a l  th o u s a n d s  known o r g a n i c  mesomorphic  

compounds,  o n l y  a  s m a l l  g ro u p  c o n t a i n  m e t a l  a to m s .  Meso­

m o rp h ic  s u b s t a n c e s ,  o r  " l i q u i d  c r y s t a l s "  s h a r e  c e r t a i n  

f e a t u r e s  o f  g e o m e t r i c  a n i s o t r o p y .  T h e i r  m o l e c u l e s  a r e  

e l o n g a t e d  r o d - l i k e  o r  l a t h - l i k e  i n  s h a p e ;  t h e y  c o n t a i n  

g r o u p s  o f  atoms a s s o c i a t e d  w i t h  p e r m a n e n t  d i p o l e  moments;  

a n d  t h e  m o l e c u l e s  t h e m s e l v e s  must  be p o l a r i z a b l e .  The 

i n t e r m o l e c u l a r  f o r c e s  o p e r a t i n g  be tw een  t h e  m o le c u le s  

m u s t  be s t r o n g  enough  t o  h e l p  m a i n t a i n  t h e  p a r a l l e l  a r r a n g e ­

m ent  a f t e r  t h e  c r y s t a l  l a t t i c e  has  m e l t e d .

Based on t h e  m odel  s y s t e m  o f  m esom orph ic  p - n - a l k o x y -  

b e n z o i c  a c i d s ,  two o r g a n o - p a l l a d i u m  s y s t e m s  w e re  i n v e s t i ­

g a t e d  f o r  p o t e n t i a l  mesomorphism.  I t  was  i n t e n d e d  t h a t  t h e  

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

r i g i d i t y  e s s e n t i a l  f o r  mesomorphic  b e h a v i o r .

I n  t h e  f i r s t  p a r t  o f  t h i s  i n v e s t i g a t i o n  two s u b ­

s t i t u t e d  p a l l a d i u m  c a r b o x y l a t e s  w ere  p r e p a r e d .  P a l l a d i u m ( I I ) -
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( p - o c t y l o x y ) - b e n z o a t e  and p a l l a d i u m ( I I ) - ( p - p r o p o x y ) - 

b e n z o a t e  w e r e  p r e p a r e d  by r e a c t i n g  p a l l a d i u m ( I I )  a c e t a t e  

w i t h  t h e  a p p r o p r i a t e  p - a l k o x y  b e n z o i c  a c i d .  These  com­

pounds w e r e  d a r k ,  p ro v e d  d i f f i c u l t  t o  p u r i f y ,  w e re  

p r o b a b l y  p o l y m e r i c  i n  n a t u r e ,  an d  t h e i r  d i f f e r e n t i a l  

t h e r m a l  a n a l y s i s  (DTA) d i d  n o t  i n d i c a t e  m esom orph ic  

b e h a v i o r .

Compounds p r e p a r e d  i n  t h e  seco n d  s y s t e m  w e r e  s u b s t i ­

t u t e d  p a l l a d i u m  b e t a - d i k e t o n a t e s . The ( p - o c t y l o x y ) - 

- 1 - p h e n y l - l , 3 - b u t a n e d i o n e , o r  " l i g a n d "  used,  was s y n t h e s i z e d  

by r e a c t i n g  p - o c t y l o x y - b e n z o y l  c h l o r i d e  w i t h  t h e  so d ium  

s a l t  o f  a c e t y l a c e t o n e , f o l l o w e d  by h y d r o l y s i s  o f  t h e  i n t e r ­

m e d ia t e  f o rm e d .  The s t r u c t u r e  o f  t h e  l i g a n d  was c o n f i r m e d  

by e l e m e n t a l  a n a l y s i s ,  mass s p e c t r u m ,  NMR, i n f r a r e d ,  

u l t r a v i o l e t  and  Raman s p e c t r a .

The l i g a n d  was c o o r d i n a t e d  t o  P d ( I I ) , and  two p r o d u c t s  

w e re  o b t a i n e d ,  h e n c e f o r t h  d e s c r i b e d  as  P d l^  S p e c i e s  I  and  

P d l^  S p e c i e s  I I .  These two compounds r e p r e s e n t  t h e  c i s  and  

t r a n s  i s o m e r s ,  r e s p e c t i v e l y ,  o f  b i s  j ( p - o c t y l o x y ) - 1 - p h e n y l -  

- l , 3 - b u t a n e d i o n a t o ) ] - p a l l a d i u m ( I I )  . These compounds w ere  

c h a r a c t e r i z e d  on t h e  b a s i s  o f  e l e m e n t a l  a n a l y s i s ,  m o l e c u l a r  

w e i g h t s ,  mass  s p e c t r a ,  NMR, i n f r a r e d ,  Raman and u l t r a v i o l e t  

s p e c t r a .

S e l e c t i o n  r u l e s  w ere  d e r i v e d  f o r  t h e  m o t i o n s  i n v o l v ­

i n g  th e  -PdO^-  s u b u n i t  o f  t h e  P d - b e t a - d i k e t o n a t e s  s t u d i e d .
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F a r  i n f r a r e d  s p e c t r a  ( f ro m  50 t o  500 cm~^) a n d  low f r e ­

q u en cy  Raman s p e c t r a  o f  s e v e r a l  compounds w e r e  d e t e r m i n e d  

and co m pared .  I n f r a r e d  an d  Raman s p e c t r a  o f  b i s ( a c e t y l -  

a c e t o n a t o ) - p a l l a d i u m ( I I ) , o r  P d ( a c a c ) 2  as  w e l l  as  t h o s e  

o f  b i s ( l - p h e n y l - - l , 3 - b u t a n e d i o n a t o ) - p a l l a d i u m ( I I )  o r  

P d ( b z a c ) 2  w e re  o b t a i n e d ,  e x t e n d i n g  i n t o  t h e  f a r  i n f r a r e d  

and  low f r e q u e n c y  Raman r e g i o n s .

The bands  due t o  t h e  fu n d a m e n ta l  m e t a l - o x y g e n  modes 

o b s e r v e d  i n  t h e  Raman s p e c t r u m  o f  P d ( a c a c ) 2  w e r e  a s s i g n e d  by 

c o m p a r i s o n  w i t h  t h o s e  p r e v i o u s l y  r e p o r t e d  f o r  t h e  3 modes 

o b s e r v e d  i n  t h e  f a r  i n f r a r e d  s p e c t r u m .  Only  o ne  o f  t h e  

bands  a t t r i b u t e d  t o  t h e  M-0 mode was p r e v i o u s l y  r e p o r t e d  

f o r  P d ( b z a c ) 2 > The o t h e r  i n f r a r e d  and Raman a c t i v e  modes 

a r e  r e p o r t e d  and  a s s i g n e d  h e r e ,  and  t h e y  f o l l o w  s e l e c t i o n  

r u l e s  f o r  D2 ^  symmetry  t o  w h i c h  t h e  t r a n s  P d ( b z a c ) 2  b e l o n g s .

By c o m p a r i s o n  o f  t h e  M-0 f u n d a m e n ta l  modes o b s e r v e d  

a nd  a s s i g n e d  i n  t h e  f a r  IR a n d  Raman s p e c t r a ,  PdL2  S p e c i e s  I I  

was shown t o  be o f  0 2 ^  sym m etry ,  a s  e x p e c t e d  f o r  t h e  t r a n s  

i s o m e r .  P d l^  S p e c i e s  I  was shown t o  be o f  C2 V symm etry ,  as  

e x p e c t e d  f o r  t h e  c i s  i s o m e r .

The DTA thermogram s o f  PdL2 S p e c i e s  I I  i n d i c a t e  t h a t  

t h e  t h e r m a l  b e h a v i o r  a s s o c i a t e d  w i t h  t h e  d e c o m p o s i t i o n  p a t t e r n  

o f  t h e  P d - b e t a - d i k e t o n a t e s  a n d  o t h e r  P d -oxygen  c o o r d i n a t i o n  

compounds,  h a s  b een  m o d i f i e d  by t h e  i n t r o d u c t i o n  o f  t h e  lo n g  

p - o c t y l o x y  c h a i n .  The DTA o f  S p e c i e s  I I  i s  s i m i l a r  t o  t h a t
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o f  a  m e so m o rp h ic  compound, sh o w in g  s e v e r a l  e n d o th e r m s  

p r e c e d i n g  t h e  m e l t i n g  p o i n t ,  t h e n  f o l l o w e d  by d e c o m p o s i t i o n .  

However,  t h e  compound does  n o t  p o s s e s s  t h e  o p t i c a l  a c t i v i t y  

a s s o c i a t e d  w i t h  mesomorphic  compounds.

I t  i s  s u g g e s t e d  t h a t  P d l ^  S p e c i e s  I I  i s  a " p se u d o "  

m esom orphic  compound,  a n d  t h a t  i t s  h i g h  m e l t i n g  p o i n t  

(230°C) makes  i t  d i f f i c u l t  t o  e s t a b l i s h  i t s  p o t e n t i a l  

m esomorphism.  A d e l i c a t e  b a l a n c e  o f  i n t e r m o l e c u l a r  

a t t r a c t i o n s  e x i s t s  i n  m esom orph ic  s y s t e m s .  I t  i s  q u i t e  

l i k e l y  t h a t  t h e  s e l e c t i v e  w e a k e n in g  o f  some o f  t h e  

c o h e s i v e  f o r c e s  does  n o t  o c c u r  u n t i l  h i g h  t e m p e r a t u r e s  

a r e  r e a c h e d .  When t h e  m e l t i n g  p r o c e s s  b e g i n s ,  t h e  t h e r m a l  

v i b r a t i o n s  a r e  to o  g r e a t  t o  m a i n t a i n  t h e  o r d e r e d  a r r a n g e ­

ment e s s e n t i a l  f o r  t h e  e x i s t a n c e  o f  a m e so p h a se .
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1

INTRODUCTION

A t t e m p t s  t o  c o r r e l a t e  m esomorphic  b e h a v i o r  and t h e
1

c h e m i c a l  c o n s t i t u t i o n  o f  a  compound w e re  b egun  by V o r l a e n d e r  

2
and Lehmann soon  a f t e r  t h e  d i s c o v e r y  o f  t h e  f i r s t  m esom orphic

compound i n  1888.  S u b s e q u e n t l y ,  v a r i o u s  i n v e s t i g a t o r s

a t t e m p t e d  t o  f i n d  o u t  why some compounds a r e  mesomorphic

and  some a r e  n o t ,  as  w e l l  a s  t o  e s t a b l i s h  t h e  manner  i n  w h i c h

c h e m i c a l  c o n s t i t u t i o n  o f  a  compound d e t e r m i n e s  w h e t h e r  t h e

mesophase  e x h i b i t e d  w i l l  be  s m e c t i c ,  n e m a t i c  o r  c h o l e s t e r i c .
3 , 4

These f i n d i n g s  a r e  sum m ar ized  i n  s e v e r a l  r e v i e w s  by Gray 

and  by Brown and  Shaw^, a n d  t h e s e  p r o v i d e  some o f  t h e  g u i d e ­

l i n e s  o u t l i n e d  be low f o r  s e l e c t i o n  o f  a  p o t e n t i a l l y  

m esom orph ic  s t r u c t u r e .  P r e d i c t i o n s  a r e  s t i l l  d i f f i c u l t  t o  

make, and  a  g r e a t  d e a l  r e m a i n s  t o  be l e a r n e d  a b o u t  t h e  

r e l a t i o n s h i p  be tw een  mesomorphism and  c h e m i c a l  c o n s t i t u t i o n .

A l t h o u g h  t h e  m e l t i n g  p o i n t  o f  a n  o r g a n i c  compound 

i s  q u i t e  u n p r e d i c t a b l e ,  one  can  g e n e r a l i z e  t h a t  compounds 

o f  h i g h  m o l e c u l a r  w e i g h t ,  o r  t h o s e  t h a t  a r e  h i g h l y  d i p o l a r ,  

w i l l  be h i g h  m e l t i n g .  On t h e  o t h e r  h a n d ,  r e l a t i v e l y  m inor  

changes  i n  m o l e c u l a r  s t r u c t u r e  o r  g e o m e t r y ,  c a n  p ro d u c e  a
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s e r i e s  o f  compounds w i t h  m arked  f l u c t u a t i o n s  among t h e i r
3

r e s p e c t i v e  m e l t i n g  p o i n t s . At t h e  m e l t i n g  p o i n t  o f  an 

o r d i n a r y ,  n o n -m esom orph ic  compound, t h e  t h r e e - d i m e n s i o n a l ,  

o r d e r e d ,  g e o m e t r i c  a r r a n g e m e n t  o f  t h e  m o l e c u l e s  i n  t h e  

s o l i d  p h a s e  c o l l a p s e s  s u d d e n l y ,  and  a d i s o r d e r e d  i s o t r o p i c  

l i q u i d  r e s u l t s .  The t e m p e r a t u r e  o f  t h i s  t r a n s i t i o n  dep en d s  

on t h e  i n t e r m o l e c u l a r  a t t r a c t i v e  f o r c e s  ( i . e .  d i p o l e -  

d i p o l e ,  i n d u c e d  d i p o l e ,  v an  d e r  W a a l ' s )  b e tw e e n  t h e  s i d e s ,  

t h e  m o l e c u l a r  p l a n e s , and  t h e  ends  o f  t h e  m o l e c u l e s . A t  

t h e  m e l t i n g  p o i n t  t h e  l a t e r a l ,  p l a n a r ,  an d  t e r m i n a l  i n t e r ­

m o l e c u l a r  a t t r a c t i o n s  h a v e  b ee n  w eakened .  The s t r e n g t h  o f  

t h e  v a r i o u s  i n t e r m o l e c u l a r  f o r c e s  w i l l  a l s o  depend  on t h e  

p a c k i n g  a r r a n g e m e n t  o f  t h e  m o l e c u l e s  i n  t h e  c r y s t a l  l a t t i c e

The mesom orphic  compound p a s s e s  t h r o u g h  one o r  more 

o r d e r e d  i n t e r m e d i a t e  s t a t e s  - -  o r  m e so p h a se s  - -  b e f o r e  t h e  

i n c r e a s i n g  t h e r m a l  a g i t a t i o n s  p ro d u c e  t h e  i s o t r o p i c  l i q u i d .  

F o r  a  m eso m o rp h ic  compound e a c h  o f  t h e s e  i n t e r m e d i a t e  t r a n s  

t i o n s  i n v o l v e s  a  l e s s e r  d e c r e a s e  i n  t h e  s t a t e  o f  o r d e r  t h a n  

t h a t  o c c u r i n g  a t  t h e  m e l t i n g  p o i n t  o f  an  o r d i n a r y  compound.

I n  t h e  s m e c t i c  m esopha se  t h e  t e r m i n a l  c o h e s i o n s  

be tw een  t h e  m o l e c u l e s  h a v e  b ee n  w eak e n e d ,  a n d  t h e  s t r a t a  o f  

m o l e c u l e s  become f r e e  t o  s l i d e  one o v e r  a n o t h e r .  W i t h i n  

e a c h  p a r t i c u l a r  l a y e r ,  h o w e v e r ,  t h e  ends  o f  t h e  m o l e c u l e s
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3
r e m a i n  a l i g n e d  ( F i g .  1 - b ) . At  t h e  s m e c t i c - n e m a t i c  t r a n s i ­

t i o n ,  t h e  m o l e c u l e s  move i n  t h e  d i r e c t i o n  o f  t h e i r  lo n g  

a x e s ,  o u t  o f  t h e  l a y e r s  o f  t h e  s m e c t i c  m e so p h a se .  I n  t h e  

n e m a t i c  mesophase  ( F i g .  1 - c )  t h e  m o l e c u l e s  rem a in  p a r a l l e l  

t o  one  a n o t h e r ,  b u t  t h e i r  ends  h a v e  moved o u t  o f  a l i g n m e n t  

a n d  i n t o  a  more d i s o r d e r e d  s t a t e .  The s m e c t i c - n e m a t i c  

t r a n s i t i o n  w i l l  o c c u r  a f t e r  t h e  a t t r a c t i o n s  o p e r a t i n g  

b e tw e e n  t h e  s i d e s  a n d  p l a n e s  o f  t h e  e l o n g a t e d  m o l e c u l e s  h a v e  

b e e n  overcome,  a n d  when t h e  m o l e c u l e s  become f r e e  t o  s l i d e  

o u t  o f  t h e  l a y e r s .

B e fo re  t h e  c h a n g e  f rom t h e  n e m a t i c  m e l t  t o  t h e  

i s o t r o p i c  l i q u i d  c a n  t a k e  p l a c e ,  t h e  r e s i d u a l  i n t e r ­

m o l e c u l a r  a t t r a c t i o n s  be tw een  t h e  p l a n e s ,  s i d e s ,  and ends  

o f  t h e  m o le c u le s  m u s t  f u r t h e r  d e c r e a s e .  The m o l e c u l e s  w i l l  

t h e n  b r e a k  away r a p i d l y  from t h e  p a r a l l e l  a r r a n g e m e n t ,  t h e  

m o l e c u l a r  c l u s t e r s  w i l l  d e c r e a s e  i n  s i z e ,  and  t h e  i s o t r o p i c  

l i q u i d  w i l l  r e s u l t  ( F i g .  I d ) .  The a t t r a c t i o n s  be tw een  t h e  

e n d s  o f  t h e  m o l e c u l e s  a r r a n g e d  i n  h e a d - t o - t a i l  f a s h i o n ,  a r e  

p r o b a b l y  v e r y  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  t e m p e r a t u r e  a t  

w h i c h  t h e  f i n a l  b reakdow n  i n  m o l e c u l a r  o r d e r  o f  t h e  n e m a t i c  

m esophase  o c c u r s .
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( a )  ( b )  ( c )  ( d )

F i g u r e  1  ( a ) ,  ( b ) ,  ( c )  and  (d)

The c h a n g e s  i n  m o l e c u l a r  a r r a n g e m e n t  i n v o l v e d  i n  
p a s s i n g  f rom  ( a )  th e  c r y s t a l  t o  (b)  t h e  s m e c t i c  meso-*’ 
p h a s e ,  t o  ( c )  t h e  n e m a t i c  mesophase  and t o  (d )  t h e  
i s o t r o p i c  l i q u i d
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5
The known mesomorphic compounds (’’liquid crystals”) 

can vary considerably in chemical composition, and they 

include many classes of compounds: alkali salts of fatty

acids, alkoxy benzoic acids, alkoxy cinnamic acids, 

benzalamino-cinnamic acid esters, derivatives of benzidines 

and diphenyls, derivatives of stilbenes and similar un­

saturated hydrocarbons, azo compounds, azoxy compounds, 

azine and hydrazones, esters of cholesterins and
o 7phytosterins. * ’ All of these different classes of

compounds possess certain similar features of geometric

anisotropy. Generally, the molecules of a mesomorphic

substance are elongated and rod-like or lath-like in shape.

It is also essential that the intermolecular forces operating

between the molecules be strong enough to help maintain a

parallel arrangement of the molecules after the crystal

lattice has melted. To be a potentially mesomorphic system,

the long and narrow molecules must contain groups of atoms

associated with permanent dipole moments, and the molecule
3itself must be polarizable.

The model system on which our investigations were 

based are the £-n-alkoxy benzoic acids. This homologous 
series is mesomorphic, beginning with the n-propoxy benzoic

O Qacid. 5 The molecular geometry of these compounds satisfies
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t h e  r e q u i r e m e n t s  o u t l i n e d  a b o v e :  t h e y  e x i s t  as  e l o n g a t e d ,

l i n e a r  d im ers  ( F i g .  2 ) ,  w i t h  two a r o m a t i c  r i n g s ,  d i p o l a r  

e t h e r  g r o u p s ,  an d  t h e  p o l a r i z a b l e  C==0 bond.  The i m p o r t a n c e  

o f  com bin ing  a l l  o f  t h e  above  f e a t u r e s  i n  one m o l e c u l e  can  

be b e t t e r  a p p r e c i a t e d  by n o t i n g  t h a t  b e n z o i c  a c i d  i t s e l f ,  

a l t h o u g h  i t  i s  a l s o  d i m e r i c ,  i s  n o t  m esom orph ic ,  s i n c e  i t  

l a c k s  t h e  d i p o l a r  a l k o x y  g r o u p .  S i m i l a r l y ,  e s t e r s  o f  t h e  

a l k o x y  b e n z o ic  a c i d s  a r e  n o t  m e so m o rp h ic ,  a p p a r e n t l y  

b e c a u s e  t h e  monomeric  e s t e r  m o l e c u l e  i s  much s h o r t e r  t h a n  

t h e  c o r r e s p o n d i n g  h y d ro g e n -b o n d e d  d i m e r  o f  t h e  a l k o x y  a c i d .

In  a r o m a t i c  compounds m eso m o rp h ic  b e h a v i o r  i s  

o b s e r v e d  o n l y  i n  t h o s e  w i t h  l i n e a r  m o l e c u l e s  t h a t  can  

m a i n t a i n  a  f a i r l y  r i g i d  m o l e c u l a r  a x i s .  The t r a n s - p - n -  

a l k o x y c i n n a m i c  a c i d s  a r e  mesomorphic,*"® b ec a u s e  t h e y  a r e  

l i n e a r  d i m e r s ,  w i t h  two a r o m a t i c  r i n g s ,  d i p o l a r  e t h e r  g r o u p s ,  

a nd  p o l a r i z a b l e  C— 0 and  C==C b o n d s .  On t h e  o t h e r  h a n d ,  t h e  

d im e rs  formed by t h e  c i s - p - n - a l k o x y c i n n a m i c  a c i d s  a r e  n o t  

l i n e a r ,  and  t h e s e  compounds a r e  n o t  m esom orph ic .  The r e q u i r e ­

ment  f o r  a r e l a t i v e l y  r i g i d  s y s t e m  c an  by u n d e r s t o o d  by 

com par ing  t h e  p - a l k o x y c i n n a m i c  a c i d s  w i t h  t h e  p - a l k o x y - 3 -  

p h e n y l - p r o p i o n i c  a c i d s  w h ic h  a r e  n o t  m esom orph ic .  I n  t h e  

d i m e r i z e d  c i n n a m i c  a c i d s  t h e  a r o m a t i c  r i n g s ,  t h e  o l e f i n i c  

l i n k a g e s , and  t h e  d i m e r i z e d  c a r b o n y l  g r o u p s  w i l l  t e n d  t o  l i e
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MeCOO

ft \  ft \ \ _______  Not mesomorphic—dipolar C = 0  group,
MeCC O J  CO / — . but no t a  linear molecule

MeCOO—^  ^ —CHj—^  O CO-Me mesomorphic—not a  linear molecule

Mesomorphic—the  essentially liner 
A = J ' “  \ = /  culea conta>n tho polarizable C =

linear mole- 
C bond

// it \ \  Mesomorphic therm al stability greater
MeCO O—" v—C = C —v )—O CO Me than for th e  analogous olefin. The m ole­

cule is m ore linear and more polarizable

Dimer
COjH

N ot mesomorphic—the dimeric system is 
no t linear

Dimer

Dimer

Drner R-

RO

£ > - « *

RO - o  CO>H

CO,H

,   ,0  H — O.

V /  V h -ff

Not mesomorphic

Mesomorphic if R =n-propvl or a  longer 
n-alkyl chain—introduction of the dipolar 
group, —OR

Mesomorphic—the mesophases are less 
thermally stable than for the analogous 
ether acids ■which contain the more dipolar 
—OR group

\ - T X -  OR//  \  /  Mesomorphic

RO- T V /
O—R'

Not mesomorphic—the ester group is d i­
polar, b u t does r.ot compensate for the  
shortness of the ester molecule

F i g u r e  2.  S t r u c t u r e s  o f  Some Mesomorphic  and 
Non-m e s o mo rph  i  c C o m p o und s

(.Examples S e l e c t e d  f rom G-..7. G ray ,  R e f e r e n c e  3)
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i n  one p l a n e ,  s o  t h a t  c o n j u g a t i o n  may o c c u r  a s  f a r  as 

p o s s i b l e ,  t o  h e l p  m a i n t a i n  t h e  e n e r g y  o f  t h e  s y s t e m  a t  a  

minimum. However ,  i n  t h e  s a t u r a t e d  m o l e c u l e  o f  t h e  p h e n y l -  

p r o p i o n i c  a c i d s  t h e  d o u b le  m e t h y l e n e  b r i d g e s ,  b e tw e e n  t h e  

p h e n y l  r i n g s  and  t h e  d i m e r i z e d  c a r b o n y l  g r o u p s ,  w i l l  be 

f l e x i b l e  l i k e  a n y  o t h e r  a l k y l  c h a i n .  T h e rm a l  v i b r a t i o n s  

w i l l  c a u s e  t h e  d i m e r i c  m o l e c u l e  o f  t h e  p h e n y l  p r o p i o n i c  

a c i d  t o  a ssum e a  n o n - l i n e a r  an d  n o n - r i g i d  a r r a n g e m e n t .

A f t e r  c a r e f u l  c o n s i d e r a t i o n  o f  some o f  t h e  above 

r e q u i r e m e n t s  o f  m o l e c u l a r  g e o m e t r i c  a n i s o t r o p y ,  we p ro p o se d  

t o  d e s i g n  an d  p r e p a r e  p o t e n t i a l l y  mesom orphic  o r g a n o -  

p a l l a d i u m  com pounds ,  w i t h  P d ( I I )  c o o r d i n a t e d  t o  oxygen-  

b e a r i n g  o r g a n i c  l i g a n d s .  Such  o r g a n o - p a l l a d i u m  compounds 

w ou ld  r e p r e s e n t  a  r a t h e r  u n i q u e  and  i n t e r e s t i n g  example  o f  

mesomorphism,  s i n c e  o f  t h e  s e v e r a l  t h o u s a n d s  known o r g a n i c

compounds w i t h  m esom orphic  b e h a v i o r ,  o n l y  a  s m a l l  g roup

6 11 c o n t a i n e d  m e t a l  a t o m s .  V o r l a e n d e r  i n  1910 a n d  W a l t e r

12i n  1926 showed t h a t  s o d iu m ,  p o t a s s i u m ,  r u b i d i u m  and 

t h a l l i u m  s a l t s  o f  a l i p h a t i c  an d  a r o m a t i c  c a r b o x y l i c  a c i d s  

o f t e n  have  s m e c t i c  p h a s e s .  S e v e r a l  a r o m a t i c  compounds o f  

m e rc u ry  r e l a t e d  t o  S c h i f f  b a s e s ,  w ere  r e p o r t e d  by Urban i n
1 n 1 /

1922 and  by  V o r l a e n d e r  i n  1924 t o  h av e  a  n e m a t i c  p h a s e .  

Eaborn  and  H a r t s h o r n e ^  r e p o r t e d  i n  1955 a  m esom orph ic  p h a s e
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a s s o c i a t e d  w i t h  d i i s o b u t y l s i l a n e d i o l ,  b u t  t h e  p h a se  was

1 fi
n o t  c l a s s i f i e d .  Young e t  a l  r e p o r t e d  i n  1971 s e v e r a l  

m esom orph ic  compounds o f  s i l i c o n e ,  germ anium  and t i n  

w h i c h  w e re  a s e r i e s  o f  S c h i f f  b a s e s  w i t h  t h e  g ro u p s  

c o n t a i n i n g  S i ,  Ge, Sn t e r m i n a l l y  s u b s t i t u t e d .

The o r g a n o p a l l a d i u m  compounds we p r o p o s e d  t o  

i n v e s t i g a t e  w o u ld  h av e  t h e  m e t a l  c e n t r a l l y  s u b s t i t u t e d .

S i n c e  com plexes  o f  P d ( I I )  a r e  known t o  assum e a  s q u a re  

p l a n a r  g e o m e t r y ^ ,  t h e  Pd would  p r o v i d e  t h e  c e n t e r  a round  

w h ic h  t h e  p l a n a r i t y  and  r i g i d i t y  o f  t h e  l o n g  m o le c u le  c o u l d  

be m a i n t a i n e d .

One o f  t h e  s y s t e m s  i n v e s t i g a t e d  i n v o l v e d  t h e  p r e p a ­

r a t i o n  o f  P d ( p - a l k o x y ) b e n z o a t e s , i n  w h ic h  t h e  two m o le c u le s  

o f  p - a l k o x y b e n z o i c  a c i d  c o o r d i n a t e  t o  t h e  Pd I I  v i a  t h e  

c a r b o x y l a t e .  Based on t h e  s t r u c t u r e  r e p o r t e d  f o r  p a l l a d i u m  

( I I )  a c e t a t e  (monomer)1 8 , and  p a l l a d i u m  ( I I )  b e n z o a t e , 1 9  i t  

was assumed t h a t  t h e  P d - ( p - a l k o x y )  b e n z o a t e s  would  have t h e  

n e c e s s a r y  f e a t u r e s  o f  b e i n g  an e l o n g a t e d  r o d - l i k e  sy s tem ,  

w i t h  p o l a r  a l k o x y  g r o u p s  and p o l a r i z a b l e  C==0 bonds .

The o t h e r  p o t e n t i a l l y  m esomorphic  s y s t e m  o f  o r g a n o ­

p a l l a d i u m  compounds i n v o l v e d  t h e  c o o r d i n a t i o n  o f  t h e  P d ( I I )  

t o  a  b e t a - d i k e t o  s y s t e m  d e s i g n e d  t o  i n c o r p o r a t e  some o f  t h e  

e s s e n t i a l  f e a t u r e s  o f  t h e  model  s y s t e m  - -  t h e  p - a l k o x y -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



b e n z o i c  a c i d s .  In  t h e  l a t t e r  s y s te m  we c o o r d i n a t e d  P d ( I I )

t o  t h e  l i g a n d  w h ich  we p r e p a r e d :  ( p - o c t y l o x y ) 1 - p h e n y l -

- 1 , 3 - b u t a n e d i o n e . I n a sm u c h  a s  t h e  X - r a y  s t r u c t u r e  o f  t h e

t r a n s - P d ( 1 - p h e n y l - 1 , 3 - b u t a n e d i o n a t o )  compound had  been

20d e t e r m i n e d  by Hon e t  a l  , we r e a s o n e d  t h a t  t h e  t r a n s  

i so m e r  o f  t h e  d e s i r e d  compound would  hav e  t h e  Pd a t  t h e  

c e n t e r ,  w i t h  t h e  d i k e t o - c h e l a t e  r i n g s  c o o r d i n a t e d  t o  i t ,  

a s  w e l l  a s  t h e  a r o m a t i c  r i n g s , - -  a l l  l y i n g  i n  one p l a n e ;  

and  t h e  l o n g  a x i s  o f  t h e  m o l e c u l e  w ould  be e x t e n d e d  

th r o u g h  t h e  oxygen o f  t h e  a l k o x y  g ro u p s  a t  t h e  e n d s .
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1 1

EXPERIMENTS AND RESULTS

Instruments

I n f r a r e d  S p e c t r o p h o t o m e t e r . I n f r a r e d  s p e c t r a  w ere  

o b t a i n e d  on a P e r k i n  Elmer  Model 521 d u a l  g r a t i n g  s p e c t r o ­

p h o t o m e t e r ,  w i t h  a  r a n g e  o f  4000 cm ^ t o  250 cm ^ • The 

i n s t r u m e n t  was r u n  a t  a  s p e c t r a l  s l i t  w i d t h  o f  a b o u t  1 cm 

The s p e c t r a  w e re  r e c o r d e d  on c h a r t  p a p e r  whose c o o r d i n a t e  

r e p r e s e n t s  p e r c e n t  t r a n s m i s t a n c e , a n d  t h e  a b s c i s s a  i s  l i n e a r  

i n  wave number.  The s o l i d  sam p le s  w e re  e i t h e r  N u j o l  o r  

h e x a c h l o r o b u t a d i e n e  m u l l s , p l a c e d  a s  t h i n  f i l m s  b e tw e e n  NaCl 

p l a t e s .  S o l u t i o n  s p e c t r a  w ere  o b t a i n e d  i n  Beckman d em o u n ta b le  

l i q u i d  c e l l s ,  w i t h  I R t r a n  windows a n d  T e f l o n  s p a c e r s  o f

21a p p r o p r i a t e  t h i c k n e s s .  P o l y e t h y l e n e  f i l m  and w a t e r  v a p o r  

w e re  u s e d  as  c a l i b r a t i o n  s t a n d a r d s .

Fo r  low wave number s p e c t r a  ( f ro m  650 t o  250 cm 

p o l y e t h y l e n e  c e l l s  w e re  u s e d .  Dry n i t r o g e n  gas  was u s e d  t o  

p u r g e  t h e  i n s t r u m e n t  f r e e  o f  w a t e r  v a p o r  f o r  a b o u t  2 0  

m i n u t e s  p r i o r  t o  o p e r a t i o n .  A g e n t l e  s t r e a m  o f  n i t r o g e n  

was m a i n t a i n e d  w h i l e  t h e  s p e c t r a  w e r e  r e c o r d e d .  The g a i n  

was i n c r e a s e d  f ro m  4 . 5  t o  6 . 0 ,  t h e  a t t e n u a t o r  s e t t i n g  r e d u c e d
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f rom  1100 t o  900 ,  and  s p e c t r a  w e re  r e c o r d e d  a t  t h e  s l o w e s t  

s p e e d  p o s s i b l e  ( s c a n  t im e  s e t t i n g  o f  6 4 ) .

F a r  I n f r a r e d  S p e c t r o p h o t o m e t e r . F a r  i n f r a r e d  

s p e c t r a  w e r e  o b t a i n e d  u s i n g  a  B lo c k  E n g i n e e r i n g ,  I n c .  

I n t e r f e r o m e t e r  S p e c t r o p h o t o m e t e r  Model 296,  i n  c o n j u n c t i o n  

w i t h  Type 564 S t o r a g e  O s c i l l o s c o p e  and  D i g i l a b  NOVA FTS-14 

h i g h - s p e e d  D a ta  System  ( s e r i a l  No. 109 1 1 6 ) ,  a n d  a  r e c o r d e r .  

The FTS-14 s y s t e m  i s  d e s i g n e d  s p e c i f i c a l l y  f o r  r e a l - t i m e  

l a b o r a t o r y  F o u r i e r  s p e c t r o s c o p y .  The t h r e e  f u n c t i o n s  o f  

t h e  c o m p u te r  s y s t e m  a r e :  a )  d a t a  a c q u i s i t i o n ,  s i g n a l

a v e r a g i n g  a n d  e x p e r i m e n t  c o n t r o l ;  b)  F o u r i e r  t r a n s f o r m a t i o n  

an d  p h a s e  c o r r e c t i o n ;  c)  r a t i o  d e t e r m i n a t i o n ,  d i s p l a y  and 

d a t a  m a n i p u l a t i o n .  The l a s e r  i s  a  He-Ne u n i t  w i t h  a  l i n e  

a t  6 3 2 . 8nm. The w h i t e  l i g h t  s o u r c e  i s  a m i n i a t u r e  i n c a n ­

d e s c e n t  b u l b ,  and  t h e  a s s o c i a t e d  d e t e c t o r  i s  a  germ anium  

p h o t o d i o d e .  A 3 m ic ro n  m y l a r  f i l m  was u s ed  a s  a  beam 

s p l i t t e r  t o  o b t a i n  s p e c t r a  f ro m  50 t o  450 o r  500 cm

Raman Instrument. Raman spectra were taken with a 

Spex Industries Model 1401 spectrophotometer. The light 

source was a Spectra-Physics Krypton Model 165 or Argon 

Model 164 laser. The exciting lines used were either the

5 1 4 .5  nm line of the Argon laser, or the 5 3 0 .9  nm line of 

the Krypton laser. The power of the laser beam at the 

source ranged from 200 to 300 mw. Spectra were run at
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s p e c t r a l  s l i t  w i d t h s  r a n g i n g  f rom  1 . 0  t o  4 . 0  cm , w i t h  

m os t  o f  t h e  s p e c t r a  o b t a i n e d  a t  s l i t  w i d t h s  o f  4 . 0  cm \

A C o r r i o n  I n s t r u m e n t s  C o rp .  I n t e r f e r e n c e  F i l t e r  was u s e d  

w i t h  t h e  K ry p to n  l a s e r ,  a n d  an E a l i n g  Corp .  I n t e r f e r e n c e  

F i l t e r  w i t h  t h e  Argon l a s e r .

Sam ples  w ere  g e n e r a l l y  c o n t a i n e d  i n  a  c a p i l l a r y  

t u b e ,  a b o u t  8  cm. lo n g  a n d  0 . 5  t o  1 mm i n  d i a m e t e r .  The 

ends o f  t h e  c a p i l l a r y  t u b e  w e re  s e a l e d ,  u s i n g  a  m i c r o b u r n e r .  

Most s p e c t r a  w ere  o b t a i n e d  on s o l i d  s a m p l e s ,  s i n c e  t h e  

s o l u b i l i t y  o f  t h e  o r g a n o - p a l l a d i u m  compounds was t o o  low,  

and t h e  s o l u t i o n s  o f  t h o s e  compounds w e re  v e r y  p h o t o s e n s i t i v e  

Neon l i n e s  w e re  u s e d  t o  c a l i b r a t e  t h e  s p e c t r a  o b t a i n e d .

E a r l y  a t t e m p t s  t o  o b t a i n  s p e c t r a  o f  P d ( b z a c ) 2  i n  

CCl^ a n d  CHClg s o l u t i o n s  p r o v i d e d  o n l y  l i m i t e d  d a t a .  I n  

a d d i t i o n  t o  t h e  low s o l u b i l i t y  and  low i n t e n s i t y  o f  t h e  

s p e c t r a l  l i n e s  p r o d u c e d ,  t h e  compounds i n  s o l u t i o n  w e re  

s u b j e c t  t o  r a p i d  t h e r m a l  and  p h o t o - d e c o m p o s i t i o n .  These  

p ro b le m s  w e r e  even  more a c u t e  w i t h  PdL^ S p e c i e s  I  and  

S p e c i e s  I I .  T h e r e f o r e ,  m o s t  o f  t h e  u s e f u l  d a t a  w ere  

o b t a i n e d  on s o l i d  s a m p l e s .  As a  r e s u l t ,  b a n d s  due t o  c r y s t a l  

l a t t i c e  v i b r a t i o n s  a l s o  a p p e a r  i n  b o t h  t h e  Raman and  t h e  

f a r  i n f r a r e d  s p e c t r a  o f  t h e s e  compounds;  n o r  was i t  p o s s i b l e  

t o  o b t a i n  Raman p o l a r i z a t i o n  d a t a .

The bands  i n  t h e  r e g i o n  below 500 cm w h ich  w ere

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



o f  p a r t i c u l a r  i m p o r t a n c e  i n  e s t a b l i s h i n g  t h e  symmetry  o f  

t h e  -PdO^- s u b u n i t  o f  some o f  t h e  o r g a n o - p a l l a d i u m  

m o l e c u l e s ,  a r e  g e n e r a l l y  much w ea k e r  t h a n  t h o s e  above  

500 cm \  O b s e r v a t i o n s  o f  t h e s e  weak  Raman bands  w e re  

e v e n  f u r t h e r  h a n d i c a p p e d  by t h e r m a l  and  p h o t o - d e c o m p o s i t i o n  

o f  s a m p le s .  Each t i m e  t h e  sam ple  decom posed ,  a  b l a c k  s p o t  

fo rm e d  on t h e  w a l l s  o f  t h e  c a p i l l a r y  sam ple  t u b e .  To 

o b t a i n  b e t t e r  s p e c t r a ,  t h e  weak Raman bands  w e r e  e n h a n c e d  

by t h e  combined u s e  o f  z e r o  s u p p r e s s i o n  and s c a l e  e x p a n s i o n  

t e c h n i q u e s  ( i . e .  Raman s p e c t r a  had  t o  be t a k e n  a t  d i f f e r e n t  

o r d i n a t e  s c a l e  e x p a n s i o n  i n  d i f f e r e n t  r e g i o n s ) .  Some 

s p e c t r a  w ere  o b t a i n e d  by  r u n n in g  s e v e r a l  " s p o t s "  o f  t h e  

s a m p le  tu b e  i n  d i f f e r e n t  s p e c t r a l  r e g i o n s ,  s o  t h a t  a  

c o m p l e t e  s p e c t r u m  m i g h t  be o b t a i n e d  by o v e r l a p p i n g  t h o s e  

r e g i o n s . V i s u a l  e x a m i n a t i o n  o f  t h e  Raman s p e c t r a  was 

g e n e r a l l y  a  good i n d i c a t i o n  as  t o  w h e t h e r  o r  n o t  d e c o m p o s i ­

t i o n  had  t a k e n  p l a c e .  A t t e m p t s  t o  o b t a i n  Raman s p e c t r a  by 

t h e  "co m p u te r  a s s i s t e d  m ethod"  w ere  u n s u c c e s s f u l ,  s i n c e  t h e  

c o m p u te r  c o n t i n u e d  t o  c o l l e c t  d a t a  even  i f  t h e  sa m p le  i n  

t h e  beam had decom posed  and  d a r k e n e d .

U l t r a v i o l e t  S p e c t r o p h o t o m e t e r . A Cary  R e c o r d i n g  

S p e c t r o p h o t o m e t e r  Model  14-R ( S e r i a l  No. 1 2 4 1 ) ,  w i t h  a 

h y d r o g e n  lamp a s  a  l i g h t  s o u r c e ,  was u s e d  t o  r e c o r d  u l t r a -
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v i o l e t  s p e c t r a .  T h i s  i n s t r u m e n t  em ploys  a  d o u b le  mono- 

c h r o m a t o r ,  c o n s i s t i n g  o f  a  30°  f u s e d  s i l i c a  p r i s m  i n  a 

s e r i e s  w i t h  a 600 l i n e /m m  e c h e l e t t e  g r a t i n g ,  each  w i t h  i t s  

own c o l l i m a t i n g  m i r r o r s  and  s l i t  s y s t e m s .  The r e s o l v i n g  

power  o f  t h e  m o n o ch ro m a to r  i s  a b o u t  0 . 1  nm i n  t h e  u l t r a ­

v i o l e t  and  n e a r  v i s i b l e  r a n g e s .  I n  t h e  u l t r a v i o l e t  r a n g e  

t h e  r e m o te  s c a t t e r e d  r a d i a t i o n  (more t h a n  5 . 0  nm d i f f e r e n t  

f rom  t h e  m o n o c h ro m a t ic  r a d i a t i o n )  i s  g e n e r a l l y  l e s s  t h a n  

10 p a r t s  p e r  m i l l i o n .  The n e a r  s c a t t e r e d  r a d i a t i o n  (more 

t h a n  0 . 5  nm d i f f e r e n t  from t h e  m o n o c h r o m a t i c )  i s  l e s s  t h a n  

2 0 0  p a r t s  p e r  m i l l i o n .

The a b s o r b a n c e  s c a l e  on t h i s  i n s t r u m e n t  i s  e f f e c t i v e l y  

20 i n c h e s  f o r  a d e n s i t y  r an g e  o f  0 t o  2 .  A t h r e e - p o s i t i o n  

Range S e l e c t o r  s w i t c h  i s  p r o v i d e d ,  w h i c h  p e r m i t s  o p e r a t i o n  

i n  t h e  0 - 1 , 1 - 2 , o r  ev en  o v e r  t h e  e n t i r e  0 - 2  d e n s i t y  r a n g e .

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

s e l e c t e d  by l i m i t  s w i t c h e s  and r e l a y s ,  w h i c h  a l s o  c o n t r o l  

t h e  1 0 :1  a t t e n u a t o r s  i n  t h e  s l i d e w i r e  c i r c u i t s .  The 

r e c o r d e r  p o i n t e r  a c c u r a c y  l i m i t s  a r e  +  0 . 0 0 2  a b s o r b a n c e  

u n i t  f rom  0 - 1 ,  an d  + 0 .0 0 5  u n i t  n e a r  2 .  R ecorded  a c c u r a c y  

may be s l i g h t l y  l o w e r  th a n  t h e s e  f i g u r e s ,  by a b o u t  0 .0 0 6  

u n i t ,  b e c a u s e  o f  c h a r t  p a p e r  s h r i n k a g e  a n d  s l i p p a g e .

W ith  p r o p e r  sam ple  h a n d l i n g  t e c h n i q u e ,  an  a n a l y t i c a l
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a c c u r a c y  o f  0 . 1% may u s u a l l y  be  o b t a i n e d  on m e a s u re m e n t s  

i n  t h e  opt imum a b s o r b a n c y  r e g i o n  ( a r o u n d  1 ) .  W i t h  t h e  

l i g h t  s o u r c e  p r o p e r l y  f o c u s e d ,  a t  350 nm t h e  s l i t s  s h o u l d  

b a l a n c e  a t  a p p r o x i m a t e l y  .15  mm. I n  t h i s  i n v e s t i g a t i o n  

t h e  s l i t  w i d t h s  w ere  .35mm. Sam ples  w e re  c a r e f u l l y  w e ig h e d  

o u t ,  w i t h  an  a c c u r a c y  o f  + 0 . 0 0 0 0 0 2 g ,  and s t o c k  s o l u t i o n s  

w i t h  c o n c e n t r a t i o n s  0 .005  t o  0.01M p r e p a r e d  i n  v o l u m e t r i c  

f l a s k s .  T h e se  w e re  d i l u t e d  t o  p r o p e r  c o n c e n t r a t i o n s  u s i n g

1 . 0  and 2 . 0  m l .  s t a n d a r d  p i p e t t e s ,  a s  w e l l  a s  5 . 0 0 ,  10 .00  

and  2 5 . 0 0  m l .  v o l u m e t r i c  f l a s k s .  Q u a r t z  s am p le  c e l l s  w ere  

u s u a l l y  1 . 0 cm p a t h - l e n g t h ,  a n d  w e l l  m a tched  c e l l s  w e re  

u s e d  f o r  r e f e r e n c e  ( s o l v e n t )  a n d  s a m p le ,  w i t h  t h e  b a s e l i n e  

o f  t h e  s o l v e n t  s u b t r a c t e d  f ro m  t h e  sam ple  s p e c t r u m .

Differential Thermal Analysis. The studies reported

h e r e  w e re  made w i t h  t h e  d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t e r

c e l l  o f  t h e  Dupont  900 D i f f e r e n t i a l  Thermal  A n a l y z e r .  Th is
22

DSC c e l l  h a d  been  c h a r a c t e r i z e d  by B a x t e r .  Checks  w ere  

made p e r i o d i c a l l y  t o  m o n i t o r  t h e  r a t e  o f  t e m p e r a t u r e  r i s e  

and  t o  a s s u r e  c a l i b r a t i o n  o f  t h e  i n s t r u m e n t  f o r  t r a n s i t i o n  

t e m p e r a t u r e s .  Most  o f  t h e  th e rm o g ram s  i n  t h i s  s t u d y  w ere  

r e c o r d e d  a t  a  h e a t i n g  r a t e  o f  1 0  d e g r e e s  p e r  m i n u t e ,  and 

a t  a maximum s e n s i t i v i t y  o f  0 . 1  t o  0 . 2  d e g r e e s  p e r  i n c h .  

Samples  w e r e  p l a c e d  i n  s m a l l  a lum inum  cups s u p p l i e d  by 

Dupont  ( p a r t  No. 900757) ,  and  t h o s e  w ere  c o v e r e d  a n d  some­
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t im e s  s e a l e d  h e r m e t i c a l l y  w i t h  a s p e c i a l  d i e  p r e s s .  A 

s i m i l a r  a lum inum  c u p ,  f i l l e d  w i t h  g l a s s  b e a d s ,  s e r v e d  as  

r e f e r e n c e .  The h e a t i n g  r a t e  was  programmed,  b u t  t h e  

c o o l i n g  r a t e  was due t o  s lo w  e q u i l i b r a t i o n  w i t h  a m b ie n t  

t e m p e r a t u r e s . Samples  c o u l d  a l s o  be r a p i d l y  c o o l e d  below 

am b ie n t  t e m p e r a t u r e s  by u s e  o f  a c o o l i n g  j a c k e t  w h ic h  was 

f i l l e d  w i t h  l i q u i d  n i t r o g e n .

The t e m p e r a t u r e  p r o g r a m m e r - c o n t r o l l e r  o p e r a t e s  on 

t h e  b a s i s  o f  a  f e e d b a c k  f ro m  a  Chrom el-A lum el  c o n t r o l  

t h e r m o c o u p le .  C o ld  j u n c t i o n  c o m p e n s a t io n  i s  p r o v i d e d  f o r  

sample  and  c o n t r o l  t h e r m o c o u p le s  by im m ers in g  a n o t h e r  

j u n c t i o n  i n  a  s o l i d  i c e - w a t e r  m i x t u r e .  The 900 DTA can 

a n a l y z e  s a m p le s  a s  s m a l l  a s  0 . 1  mg o r  as  l a r g e  a s  1 0 0  mg.

Our s a m p le s  g e n e r a l l y  w e ig h e d  1 .0 0 0  mg t o  4 . 0 0 0  mg. The 

900 DTA c o n t a i n s  a  b a s e l i n e  c o m p e n s a t o r ,  s o  t h a t  i t  can 

accommodate d i f f e r e n c e s  i n  s i z e ,  h e a t  c a p a c i t y  a n d  t h e r m a l  

c o n d u c t i v i t y  b e tw e e n  sam p le  a n d  r e f e r e n c e .

The DTA c o n t a i n s  an  X-Y p l o t t e r ,  w h i c h  i s  c a p a b l e  

o f  s i m u l t a n e o u s  r e c o r d i n g  o f  s a m p le  t e m p e r a t u r e  a n d  t e m p e r a ­

t u r e  d i f f e r e n t i a l  b e tw een  s a m p le  and  r e f e r e n c e .  A f i v e -  

p o s i t i o n  s w i t c h  p e r m i t s  s e l e c t i o n  o f  any  o f  f i v e  X - a x i s  

s c a l e  s e t t i n g s :  10°C, 20°C,  50°C,  100°C a n d  200°C p e r  i n c h .

Most o f  t h e  the rm ogram s  w e r e  o b t a i n e d  u s i n g  t h e  2 0 °  p e r  i n c h
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s e t t i n g .  Th is  s e t t i n g  c o r r e s p o n d e d  t o  t e m p e r a t u r e  c h a n g e s  

r e c o r d e d  be tween  0 °  a n d  200°C w i t h  no s h i f t  o f  s c a l e ;  o r  

f ro m  100°  t o  300°C w i t h  a s h i f t  o f  s c a l e  by minus 5 i n c h e s  .

O th e r  I n s t r u m e n t s . The n u c l e a r  m a g n e t i c  r e s o n a n c e  

s p e c t r a  w e re  o b t a i n e d  a t  60Hz, u s i n g  a  V a r i a n  A s s o c i a t e s  

Model  A-60 A n a l y t i c  NMR S p e c t r o p h o t o m e t e r ,  and peak  p o s i t i o n s  

a r e  e x p r e s s e d  i n  p a r t s  p e r  m i l l i o n  (ppm) a s  d o w n f i e l d  s h i f t s  

f ro m  i n t e r n a l  t e t r a m e t h y l s i l a n e . Mass s p e c t r a l  d a t a  w e r e  

t a k e n  w i t h  a V a r i a n  M- 6 6  c y c l o i d a l  d o u b l e  f o c u s s i n g  mass 

s p e c t r o m e t e r .  M e l t i n g  p o i n t s  w e re  d e t e r m i n e d  e i t h e r  i n  

c a p i l l a r i e s ,  u s i n g  a  Hoover-Thomas m e l t i n g  p o i n t  a p p a r a t u s ;  

o r  on g l a s s  s l i d e s  on a M e t t l e r  F P -2 ,  an d  a r e  u n c o r r e c t e d .

M i c r o a n a l y s e s  w e r e  p e r fo r m e d  by  S c h w a r t z k o p f  M i c r o -  

a n a l y t i c a l  L a b o r a t o r y ,  W oods ide ,  New Y o rk ,  11377. M o l e c u l a r  

w e i g h t s  w ere  d e t e r m i n e d  o s m o m e t r i c a l l y  by  S c h w a r tz k o p f  a t  

3 7 . 5 ° C  on a M e c h ro la b  v a p o r  p r e s s u r e  osm om ete r .

C hem ica ls  U s e d . P a l l a d i u m  s p o n g e  was p u r c h a s e d  f ro m  

K & K L a b o r a t o r i e s ,  I n c .  P a l l a d o u s  c h l o r i d e  and p a l l a d i u m  

a c e t y l a c e t o n a t e  w e r e  o b t a i n e d  f rom  A l f a  I n o r g a n i c s  V e n t r o n  

C orp .  T h io n y l  c h l o r i d e  was f rom  MCB; s o d iu m  h y d r o x id e  

f l a k e s  w e re  f rom F i s h e r  S c i e n t i f i c  C o . ,  a n d  p o t a s s i u m  

h y d r o x i d e  was o b t a i n e d  f rom  J .  T. B a k e r  C hem ica l  Co. The 

EDTA was from F i s h e r  S c i e n t i f i c C o .
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A l l  o f  t h e  a l k o x y - b e n z o i c  a c i d s  u s e d  i n  s y n t h e t i c  

work  and  f o r  c o m p a r i s o n  w i t h  t h e  compounds made, w e re  

p u r c h a s e d  f rom F r i n t o n  L a b o r a t o r i e s . The a c e t y l a c e t o n e  

was o b t a i n e d  f ro m  F i s h e r  S c i e n t i f i c  Co. an d  d i s t i l l e d  

b e f o r e  u s i n g .  B e n z o y l a c e t o n e  was p u r c h a s e d  from A l d r i c h  

C hem ica l  Co. an d  r e c r y s t a l l i z e d  f ro m  e t h a n o l .  The s o l v e n t s  

u s e d  f o r  s p e c t r a l  i n v e s t i g a t i o n s  w e r e  f rom  M a l l i n c r o d t ;  

c h l o r o f o r m  was t h e  n a n o g ra d e  and  CH2 C I 2  was t h e  SpectrAR 

s p e c t r o p h o t o m e t r i c  g r a d e .  A b s o l u t e  e t h a n o l  was o b t a i n e d  

f rom  Commercia l  S o l v e n t s  C o r p o r a t i o n .

A l l  o t h e r  s o l v e n t s  u s e d  i n  t i c  and o t h e r  p u r i f i c a ­

t i o n  p r o c e d u r e s  w e r e  f rom  F i s h e r  S c i e n t i f i c  C o . ,  o f  t h e  

ACS c e r t i f i e d  g r a d e . A l l  o t h e r  o r d i n a r y  c h e m i c a l s  w ere  

p u r c h a s e d  as  r e a g e n t  g r a d e .
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Synonyms and Abbreviations Used
I n  d e s c r i p t i o n  o f  p r o c e d u r e  t h e  f o l l o w i n g  a b b r e v i a ­

t i o n s  w e re  u s e d :  NMR, n u c l e a r  m a g n e t i c  r e s o n a n c e ;  m,

m u l t i p l e t ;  q ,  q u a r t e r ;  t ,  t r i p l e t ;  d ,  d o u b l e t ;  s ,  s i n g l e t ;  

t i c ,  t h i n  l a y e r  c h r o m a t o g r p h y ;  IR ,  i n f r a r e d ;  s h ,  s h o u l d e r ;  

s ,  s h a r p ;  m, medium; w, w e a k ;  vw, v e r y  w eak ;  v s ,  v e r y  s t r o n g ;  

b ,  b r o a d ;  . s y m . , s y m m e t r i c ;  a s 37m. , a s y m m e t r i c ;  UV, u l t r a v i o l e t ;  

mp, m e l t i n g  p o i n t ;  bp ,  b o i l i n g  p o i n t ;  d ,  deco m p o ses ;  DTA, 

d i f f e r e n t i a l  t h e r m a l  a n a l y s i s ;  DSC, d i f f e r e n t i a l  s c a n n i n g  

c a l o r i m e t r y ;  HCBD, h e x a c h l o r o b u t a d i e n e ; TMS, t e t r a m e t h y l s i l a n e .

I n  r e f e r r i n g  t o  c h e m i c a l s u s e d  and  compounds p r e p a r e d  

t h e  f o l l o w i n g  a b b r e v i a t i o n s  and synonyms w e r e  u s e d :  b z a c ,  

b e n z o y l a c e t o n e , o r  1 - p h e n y l - l , 3 - b u t a n e d i o n e ; a c a c ,  

a c e t y l a c e t o n e , o r  2 , 4 - p e n t a n e d i o n e ;  l i g a n d ,  ( p - o c t y l o x y ) - 1 -  

p h e n y l - l , 3 - b u t a n e d i o n e ,  o r  p-OC H - b z a c ;  P d ( a c ) _ ,  p a l l a d i u m
O 1 / ^

( I I )  a c e t a t e ;  P d l ^ j  P d ( l i g a n d ) 2 , o r  b i s -  { ( ( p - o c t y l o x y ^ l -  

p h e n y l - l j S - b u t a n d i o n a t o ] ] ” p a l l a d i u m ;  e t h e r ,  d i e t h y l  e t h e r ;  

a l k o x y  b . a . ,  alkoxy b e n z o i c  a c i d ;  l i g r o i n ,  f r a c t i o n  b o i l i n g  

60 t o  90°C; EDTA, t e t r a s o d i u m  s a l t  o f  e t h y l e n e  d ia m in e  

t e t r a a c e t a t e ;  Ph,  p h e n y l ;  a r o m . , a r o m a t i c ;  0 ,  p h e n y l ;  A r ,  

a r y l .
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S y n t h e t i c  P r o c e d u r e s

P r e p a r a t i o n  o f  P a l l a d i u m ( I I )  A c e t a t e

This  was p r e p a r e d  by f o l l o w i n g  t h e  g e n e r a l  p r o c e d u r e  

19of Stephenson et al , with slight modifications.

Pd + HN03  +  CH3 COOH — * Pd(CH3 COO) 2 + N02 +  H20  (1)

To i n c r e a s e  i t s  r e a c t i v i t y ,  Pd s p o n g e  was p r e t r e a t e d  w i t h  

EDTA. The Pd s p o n g e  was l e f t  o v e r n i g h t  i n  an  a q u e o u s  s o l u ­

t i o n  o f  t h e  so d iu m  s a l t  o f  EDTA. A f t e r  f i l t r a t i o n ,  t h e  m e t a l  

was  washed  t h r e e  t i m e s  w i t h  w a t e r ,  f o l l o w e d  by t h r e e  w ashes  

w i t h  a b s o l u t e  e t h a n o l ,  and f i n a l l y  by t h r e e  w a s h e s  w i t h  

a n h y d r o u s  e t h e r ,  t h e n  a i r  d r i e d .  B e s t  y i e l d s  w e r e  o b t a i n e d  

i n  t h o s e  e x p e r i m e n t s  where  t h e  EDTA p r e t r e a t m e n t  was  u s e d .

I n  a  t y p i c a l  e x p e r i m e n t  3 .2 3  g ( 0 .0 3 0 3 6  m o le s )  p a l l a d i u m  

s p o n g e ,  7 5 .0  ml ( 7 8 . 6 8  g  o r  1 . 3 1  m o l e s )  g l a c i a l  a c e t i c  a c i d ,

3 . 5  m l .  o f  c o n c .  HN03 w ere  r e f l u x e d  f o r  20 h o u r s ,  u n t i l  no 

more brown fumes w e r e  v i s i b l e .  The r e a c t i o n  m i x t u r e  was 

f i l t e r e d  h o t ,  and  1 .9 8  g o f  u n r e a c t e d  p a l l a d i u m  was  r e ­

c o v e r e d .  The h o t  f i l t r a t e  was c o o l e d ,  and  f rom  i t  o b t a i n e d  

2 , 3 2  g o f  c r u d e  p a l l a d i u m  a c e t a t e .  The y i e l d  b a s e d  on t h e  

1 . 2  g ( 0 .0 1 1 2 8  m o l e s )  o f  p a l l a d i u m  u s e d ,  and on t h e  w e i g h t  

o f  t h e  c ru d e  p r o d u c t ,  was 91.57%. The mp o f  t h e  p u r i f i e d  

compound was 2 0 2 - 2 0 4 ° ( d ) ,  l i t e r a t u r e ^  mp 2 0 5 ° ( d )  .

P r o d u c t  i d e n t i f i c a t i o n  was  b a s e d  on t h e  f o l l o w i n g
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d a t a :  IR 1610 s ( a s y m .  C=0 s t r . ) ,  1430 s ( a s y m .  CH3 bend

a n d  sym. CO s t r . ) ;  l i t e r a t u r e " * " ^  IR 1600,  1427 cm"'*'.

UV s p e c t r u m  ( F i g .  3)  i n  d i o x a n e  o r  b e n z e n e  A 3 2 0 ,  and
max

19
400  nm, w i t h  c h a r a c t e r i s t i c  minimum a t  355 nm, l i t e r a t u r e

2 2 b
UV 394 nm. an d  398 nm r e p o r t e d  by Brandon a n d  C l a r i d g e .

E l e m e n t a l  a n a l y s i s :  C a l c d .  f o r  PdC^H^O^ C, 2 1 . 4 ;  H, 2 . 7 ;

P d ,  47 .4%. Found:  C, 2 2 . 0 2 ;  H, 3 , 3 4 ;  P d ,  46 .65%.

Preparation of Palladium (II) Benzoate. For

c o m p a r i s o n  p u r p o s e s  we p r e p a r e d  t h i s  compound on a  s m a l l

19scale, following the directions of Stephenson. The 

palladium benzoate is prepared by an exchange reaction 

between Pd-acetate and benzoic acid.

2 C6 H5 C02H + Pd(CH3 C02 ) 2 — Pd( C6 H5 CC>2 ) 2+

+  2 CH3 C02 H ( 2 )

S t e p h e n s o n ' s  d i r e c t i o n s  s t a t e  " a  b enzene  s o l u t i o n  o f  

p a l l a d i u m  d i a c e t a t e  a n d  b e n z o i c  a c i d  (m o le  r a t i o  1 : 3 )  was 

e v a p o r a t e d  on a  s t e a m - b a t h  and  t h e  r e s i d u e  w a sh e d  w i t h  

a c e t o n e  o r  d i e t h y l  e t h e r  t o  remove b e n z o i c  a c i d .  The p r o ­

d u c t  was r e c r y s t a l l i z e d  f rom  ben zen e  t o  y i e l d  t h e  complex  

a s  a y e l l o w i s h  brown s o l i d ,  mp 2 2 0 ° ( d ) " .

I n  t h i s  l a b o r a t o r y  S t e p h e n s o n ' s  p r o c e d u r e  r e s u l t e d  

i n  t h e  f o r m a t i o n  o f  a  b l a c k  d e c o m p o s i t i o n  p r o d u c t ,  and  o n l y
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a  s m a l l  amount  o f  t h e  d e s i r e d  y e l l o w i s h  p r o d u c t .  The 

p r o c e d u r e  was m o d i f i e d  s u b s e q u e n t l y ,  w i t h  t h e  r e a c t i o n  

m i x t u r e  h e a t e d  i n  an  o i l  b a t h  m a i n t a i n e d  a t  9 0 - 9 5 ° C ,  and  

t h e  b e n z e n e - a c e t i c  a c i d  m i x t u r e  d i s t i l l e d  o f f  by u s i n g  an 

a d j u s t a b l e  r e f l u x  r a t i o  t a k e - o f f  h e a d .  I n  a  t y p i c a l  e x p e r i ­

ment  0 .1 2 9 1  g ( 5 .7 5 3  x 10”^  m o le s )  o f  P d C ac)^ ,  0 . 1 8 5 9  g
_3

( 1 .5 2 3 8  x 10 m o le s )  b e n z o i c  a c i d  i n  10 m l .  o f  b e n z e n e

w ere  u s e d .  The w e i g h t  o f  t h e  c r u d e  p r o d u c t  was e s t i m a t e d

a s  50 mg. o r  c a .  2 5 % y i e l d .  The c r u d e  p r o d u c t  m e l t e d  o v e r

a  b r o a d  r a n g e  2 1 0 - 2 2 0 ° ( d ) ,  l i t e r a t u r e ^  m p 2 2 0 ° (d ) .  The

IR  s p e c t r u m  ( F i g .  4 )  i n d i c a t e d  t h a t  t h e  c o r r e c t  p r o d u c t

was fo rmed i n  t h i s  r e a c t i o n .  IR  b a n d s  in  N u j o l  a t

1570 (asym. C=0 s t r . ) ,  1410 (sym. C=0 s t r . ) ,  710 (C-H o u t -

19o f - p l a n e  o f  a r o m a t i c ,  m o n o s u b s t i t u t e d ) ;  l i t e r a t u r e  IR 

1567,  1404 cm” 1 .

P r e p a r a t i o n  o f  P a l l a d i u m  ( I I )  p - O c t y l o x y  B e n z o a t e .

The compound was p r e p a r e d ,  u s i n g  t h e  m o d i f i c a t i o n  d e s c r i b e d  

2 CgH1 7 0C6 H4 C02H +  Pd(CH3 C02 ) 2 — * Pd(C8 H1 7 0-C 6 H4 -C02 ) 2 +

+  2CH3 C02H (3)

ab o v e  i n  t h e  p r e p a r a t i o n  o f  P d - b e n z o a t e ,  m a i n t a i n i n g  t h e  o i l  

b a t h  t e m p e r a t u r e  a t  94 -97°C .  In  a  t y p i c a l  e x p e r i m e n t  

0 . 5 7 7 3 g ( 2 .573 x 10~^ m o le s )  p a l l a d i u m  a c e t a t e ,  2 . 0 2 6 8  g
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(8 .1 0 7  x 10 ' m o le s )  o f  p - o c t y l o x y  b e n z o ic  a c i d ,  and  20 m l .  

o f  b e n z e n e  w e r e  u s e d .  The r e f l u x  r a t i o  was m a i n t a i n e d  

be tw een  3 : 1  and  5 : 1 ;  t h e  m i x t u r e  was r e f l u x e d  f o r  3 h o u r s ;  

t h e n  t h e  b e n z e n e - a c e t i c  a c i d  m i x t u r e  was a l l o w e d  t o  d i s t i l l  

o f f  v e r y  s l o w l y ,  o v e r  a  p e r i o d  o f  2 h o u r s .  The r e s i d u e  was 

t r i t u r a t e d  w i t h  c o l d  l i g r o i n .  A m i x t u r e  o f  b l a c k  and 

g r a y i s h - w h i t e  r e s i d u e  r e m a i n e d ,  assumed t o  be  u n r e a c t e d  

o c t y l o x y  b . a .  c o n t a m i n a t e d  w i t h  p a l l a d i u m  b l a c k .  The 

g r a y i s h  r e s i d u e  was s e p a r a t e d  f rom  t h e  Pd b l a c k ,  and  i t  

w e ig h ed  1 .0 7 7 2  g .  A t t e m p t s  t o  p u r i f y  t h e  p r o d u c t  o f  t h i s  

r e a c t i o n  by  t i c  w ere  u n s u c c e s s f u l .  T r i a l s  t o  s u b l i m e  t h e  

e x c e s s  u n r e a c t e d  o x t y l o x y  b . a . ,  as  w e l l  a s  t r i a l s  t o  

c r y s t a l l i z e  t h e  P d - ( o c t y l o x y ) - b e n z o a t e  by f r e e z i n g  a  CHCl^ 

s o l u t i o n ,  w e r e  a l s o  u n s u c c e s s f u l .

From e l e m e n t a l  a n a l y s i s  r e s u l t s ,  i t  i s  p o s s i b l e  t o  

e s t i m a t e  t h a t  t h e  p r o d u c t  c o n t a i n s  86.5% P d - ( o c t y l o x y ) -  

b e n z o a t e ,  12.3% P d - a c e t a t e ,  and  1.2% Pd .  The c r u d e  p r o d u c t  

was o b t a i n e d  by e v a p o r a t i o n  o f  t h e  l i g r o i n  s o l u t i o n  and  

w e ig h ed  1 . 1 9 7 1 g .  C o r r e c t i n g  t h i s  w e i g h t  f o r  86.5% o f  

p r o d u c t ,  e s t i m a t e s  t h e  y i e l d  a t  1 .035  g (90%, b a s e d  on t h e
_3

0 .9 4 9 6 g  o r  3 .7 9 8  x 10 m o le s  o f  o c t y l o x y  b . a .  t h a t  r e a c t e d . )  

The p r o d u c t  i s  a  b l a c k i s h - b r o w n ,  g l a s s y ,  n o n - c r y s t a l l i n e  

m a t e r i a l .  DTA and  DSC show an eqjdotherm a t  m inus  3 4 ° .

( F ig .  5 ,  F i g .  6 ) .  P r o d u c t  i d e n t i f i c a t i o n  b a s e d  on IR
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F i g u r e  5 .  DTA therm ogram  o f  P d - ( p - o c t y l o x y ) - b e n z o a t e , 
show ing  e n d o th e r m  a t  -34  C
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F i g u r e  6 „ DSC therm ogram  o f  P d - ( p - o c t y l o x y ) - b e n z o a t e ,
■ s h o w in g  a n  ex o th e rm  a t  236 K ( r3 7  C) on  t o p  

an d  a n  e n d o t h e r a  a t  234 K ( - 3 9  C) on b o t t o m
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( F i g .  7) ( N u j o l  o r  C ^ C lg ) ; 1400s (C==0 sym. s t r . )

UV ( d i o x a n e  o r  b e n z e n e ) ; \  ( b r o a d )  330-380  nm, Ciricix max

(weak)225 nm, c h a r a c t e r i s t i c  minimum 240 nm; ( F i g .  8 ) .

E l e m e n t a l  A n a l y s i s :  C a lc d .  f o r  PdC^QH^Og1 C, 5 9 . 5 ;

H, 7 . 0 ;  P d ,  17.6%; Found: C, 5 4 . 6 ;  H, 6 . 3 8 ;  P d ,  22 .68%

P r e p a r a t i o n  o f  P a l l a d i u m ( I I ) - p - P r o p o x y  B e n z o a t e .

2  C3 H7 0 -C6 H4 -C0 2H + Pd(CH3 C02 ) 2 — * Pd(C3 H7 0 -C6 H4 CC>2 ) 2 +

+  2CH2 C02 H (4)

The p r o c e d u r e  u s e d  was a s  o u t l i n e d  b e f o r e ,  e x c e p t  t h a t  t h e  

r e a c t i o n  m i x t u r e  was m a i n t a i n e d  u n d e r  a  s t r e a m  o f  d r y  

n i t r o g e n  g as  and  a t  room t e m p e r a t u r e ,  t o  m in im iz e  t h e  r a t e  

o f  d e c o m p o s i t i o n  o f  t h e  p r o d u c t .  I n  t h e  p r e p a r a t i o n  0 .3 9 0 8  g 

(1 .7 7  x 1 0 “3 m o l e s )  p a l l a d i u m  a c e t a t e ,  1 .6 3 3 g  ( 9 . 0 4  x 10 ^ 

m o les )  o f  p ro p o x y  b . a .  i n  30 m l .  o f  b e n z e n e ,  p r e v i o u s l y  d r i e d  

o v e r  m o l e c u l a r  s i e v e s  and  d e g a s s e d  u n d e r  n i t r o g e n ,  w e re  u s e d .

The r e a c t i o n  m i x t u r e  was s t i r r e d  m a g n e t i c a l l y  f o r  20 h o u r s  

u n d e r  a  g e n t l e  s t r e a m  o f  n i t r o g e n ,  i n  t h e  a b s e n c e  o f  a i r .

Most o f  t h e  s o l v e n t  h a d  e v a p o r a t e d  by t h a t  t i m e ,  and  t h e  

r e a c t i o n  m i x t u r e  was brown,  w i t h  a  minimum o f  b l a c k  d e ­

c o m p o s i t i o n  p r o d u c t .

The r e s i d u e  was t r i t u r a t e d  w i t h  s m a l l  p o r t i o n s  o f  

d r i e d  l i g r o i n ,  i n  o r d e r  t o  d i s s o l v e  any  u n r e a c t e d  P d - a c e t a t e .  

A l i q u o t s  w e r e  t a k e n  and  a n a l y z e d  by UV. A f t e r  6  t r i t u r a t i o n s ,
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Figure 8. Ultraviolet spectrum of Pd (p-octyloxy)-benzoate 
in dioxane
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t h e  l a s t  l i g r o i n  s o l u t i o n  was no l o n g e r  c o l o r e d ,  a n d  i t s  UV 

s p e c t r u m  i n d i c a t e d  a b s e n c e  o f  P d - a c e t a t e .  The s o l i d  r e s i d u e  

was now t r i t u r a t e d  w i t h  d r i e d  b e n z e n e ,  y i e l d i n g  a  d a r k  

brown s o l u t i o n  an d  a  g r a y i s h  r e s i d u e .  The r e s i d u e  was  w a s h e d ,  

d r i e d ,  and  i d e n t i f i e d  a s  0 .9 0 9 6  g o f  u n r e a c t e d  p r o p o x y  

b e n z o i c  a c i d .

F u r t h e r  p u r i f i c a t i o n  o f  t h e  P d - ( p r o p o x y ) b e n z o a t e  

i n v o l v e d  a  s e r i e s  o f  s u c c e s s i v e  p r e c i p i t a t i o n s  o f  t h e  

r e s i d u a l  u n r e a c t e d  p ro p o x y  b . a .  f ro m  a  m i x t u r e  o f  c a .  2 : 1  

(b y  vo lum e)  o f  b e n z e n e  and l i g r o i n ,  w h i c h  c a u s e d  t h e  p r o p o x y  

b . a .  t o  p r e c i p i t a t e .  I f  no p r e c i p i t a t e  a p p e a r e d  on c o o l i n g  

i n  i c e ,  t h e n  t h e  v o lum e  o f  t h e  s o l u t i o n  was r e d u c e d  t o  o n e -  

h a l f  by e v a p o r a t i o n  u n d e r  a  g e n t l e  s t r e a m  o f  n i t r o g e n  g a s .

The b r o w n i s h - b l a c k  s u p e r n a t a n t  was s e p a r a t e d  from t h e  g r a y i s h  

p r e c i p i t a t e  a f t e r  c e n t r i f u g i n g ,  an d  t h e  t r e a t m e n t  o f  t h e  

s o l u t i o n  was r e p e a t e d  by a d d i t i o n  o f  f u r t h e r  s m a l l  p o r t i o n s  

o f  l i g r o i n .

At  v a r i o u s  i n t e r m e d i a t e  s t a g e s  t h e  s o l i d  m a t e r i a l ,  

o b t a i n e d  by t o t a l  e v a p o r a t i o n  o f  s o l v e n t s , was a n a l y z e d  by 

DTA f o r  t h e  p r e s e n c e  o f  t r a c e s  o f  p r o p o x y  b . a .  G e n e r a l l y ,

4 t o  6 s u c c e s s i v e  " p r e c i p i t a t i o n s "  by l i g r o i n  w ere  s u f f i c i e n t  

t o  p u r i f y  t h e  p r o d u c t  w i t h i n  t h e  c r i t e r i a  u s e d  f o r  p u r i t y  

c h e c k s .  IR s p e c t r a  w e r e  o b t a i n e d  on C^Clg ( h e x a c h l o r o b u t a d i e n e )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



33
m u l l s  as  a  f u r t h e r  t e s t  f o r  p u r i t y  o r  a b s e n c e  o f  p r o p o x y  

b . a .  ( a b s e n c e  o f  a b s o r p t i o n  a t  1675 cm"'*'). UV s p e c t r a  w ere  

u s e d  t o  d i s t i n q u i s h  t h e  P d - ( p r o p o x y ) - b e n z o a t e  f ro m  P d - a c e t a t e ,  

and  t o  d e t e r m i n e  when t h e  p r o d u c t  was f r e e  o f  P d - a c e t a t e .

The y i e l d  o f  p o o l e d  s o l i d  f r a c t i o n s  o f  P d - ( p r o p o x y ) - 

b e n z o a t e  was e s t i m a t e d  a s  400 mg ( c a .  50% y i e l d ) .  DTA 

( F i g .  11) showed an e n d o th e r m  n e a r  50°C, p resum ed t o  be t h e  

m e l t i n g  p o i n t  o f  t h e  s o l i d  d a r k  brown compound w h i c h  a p p e a r e d  

n o n - c r y s t a l l i n e  ( g l a s s y ) .  From e l e m e n t a l  a n a l y s i s  i t  i s  

p o s s i b l e  t o  e s t i m a t e  t h a t  t h e  p r o d u c t  c o n t a i n s  89% o f  

P d - ( p r o p o x y ) -  b e n z o a t e ,  6.7% o f  P d - a c e t a t e ,  and  4 .3%  Pd.

The IR  s p e c t r u m  ( F i g .  9) shows t h e  c h a r a c t e r i s t i c  

bands  a t  1390 (asym . C=0 s t r . )  a n d  1250 cm‘ ^ (C-0  s t r . ) .

F i g .  10 shows t h e  UV s p e c t r u m  w i t h  a  b r o a d  * a t  270 nm.
IllaX

E l e m e n t a l  a n a l y s i s :  C a l c d .  f o r  PdC2 QH2 2 0 g : C, 5 1 . 7 ;  H, 4 . 7 7 ;

P d ,  22.85%. Found :  C, 4 7 . 8 4 ;  H, 4 . 6 1 ;  P d ,  27.77%

Preparation of p-Octyloxy Benzoyl Chloride.

C8H1 7 ° ' C6H4 ' C02 H +  S0C12 C8 H1 7 ° " C6H4 C0C1 +

+  HC1 + SO (5 )

In  a t y p i c a l  e x p e r i m e n t  3 0 . 0  g ( 0 . 1 3  m o le s )  o f  p - o c t y l o x y

b . a .  w ere  m ix ed  w i t h  2 4 . 0  m l .  ( 3 9 . 8 g o r  0 .3 3 5  m o l e s )  o f

t h i o n y l  c h l o r i d e ,  an d  t h e  m i x t u r e  r e f l u x e d  g e n t l y  on a

s te a m  b a t h  f o r  4% h o u r s .  The e x c e s s  u n r e a c t e d  S 0 C l o was ̂ 2
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removed by c o - d i s t i l l i n g  i t  w i t h  s e v e r a l  p o r t i o n s  o f  a d d ed  

b e n z e n e ,  u n d e r  a  w a t e r  a s p i r a t o r  vacuum, w i t h  t h e  s y s t e m  

p r o t e c t e d  f rom  m o i s t u r e  by a  C a C ^ - p a c k e d  d r y i n g  t u b e .

T h re e  s u c c e s s i v e  p o r t i o n s  o f  12 -15  m l .  o f  d r i e d  b e n z e n e  

w e re  u s e d  i n  t h i s  i n i t i a l  p u r i f i c a t i o n .  The r e m a i n i n g  

l i q u i d  was f r e e d  o f  an y  o t h e r  low b o i l i n g  m a t e r i a l s  by 

v i g o r o u s  pumping f o r  a t  l e a s t  one  h o u r  a f t e r  a l l  v i s i b l e  

b u b b l i n g  had  c e a s e d .  The c r u d e  p r o d u c t  w e ig h e d  3 2 . 2  g 

(84.5% y i e l d ) .

The a r o y l  c h l o r i d e  was p u r i f i e d  by vacuum d i s t i l l a ­

t i o n ,  w i t h  t h e  u s e  o f  a  t i p - u p  McLeod gauge  t o  d e t e r m i n e  i t s  

v a p o r  p r e s s u r e  c u r v e .  I t  b o i l e d  a t  1 4 6 -1 4 8 °  a t  a  p r e s s u r e  

o f  0 . 6 0  t o r r ,  a n d  a t  1 6 9 -1 7 1 °  a t  1 .9 5  t o  2 . 0 0  t o r r .  These  

v a p o r  p r e s s u r e  v a l u e s  w e re  c o n s i s t e n t  w i t h  t h o s e  r e p o r t e d

f o r  a s e r i e s  o f  o t h e r  p - a l k o x y - b e n z o y l  c h l o r i d e s  p r e p a r e d

23 24
by M c E l v a i n , e t  a l ,  an d  by P i e r c e  e t  a l  . U s in g  t h e  d a t a

i n  t h e  l i t e r a t u r e ,  and  a p p l y i n g  t h e  Hass-Newton  e q u a t i o n ,  

i t  can  be c a l c u l a t e d  t h a t  t h i s  a r o y l  c h l o r i d e  s h o u l d  b o i l  

a t  335°  u n d e r  760 t o r r  ( s e e  Append ix  I ) .  The y i e l d  o f  t h e  

p u r i f i e d  a c i d  c h l o r i d e  was 2 7 . 0  g (69 .5% b a s e d  on p u r i f i e d  

f r a c t i o n ) ,  and  i t  was a  c o l o r l e s s  l i q u i d .  No e l e m e n t a l  

a n a l y s i s  was o b t a i n e d  on t h i s  p r o d u c t ,  s i n c e  i t s  p r e p a r a ­

t i o n  i n v o l v e d  a  f a i r l y  s t r a i g h t f o r w a r d  and  w e l l - k n o w n  r e ­

a c t i o n .  The p u r i f i e d  a r o y l  c h l o r i d e  was u s e d  i n  s u b s e q u e n t  

s y n t h e s i s .
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P r e p a r a t i o n  o f  ( p - O c t y l o x y ) - l - P h e n y l - l , 3 - B u t a n e d i o n e .

T h is  compound,  w h ic h  i s  a l s o  r e f e r r e d  t o  a s  p - o c t y l o x y - b z a c

o r  " l i g a n d "  was p r e p a r e d  by f o l l o w i n g  t h e  g e n e r a l  p r o c e d u r e

25
u s e d  by S a b n i s  e t  a l  f o r  t h e  p r e p a r a t i o n  o f  p - m e th o x y -  

b z a c .

R O - C ^ - C O C l  +  Na+  "CH C CO C H ^— >  RO-C6 H4 -COCH(COCH3 ) 2 ( 6 )

RO-C,H. -COCH(COCH ) + CaCO. + Ho0 — * RO-C,H. COCH.COCH- +
6 4 3 2 3 2 6  4 2 J

+Ca(CH3 C02 ) 2 (7 )

Whereas i n  S a b n i s '  c a s e  t h e  R - g r o u p  was CH3 , i n  t h i s  p r e p a r a ­

t i o n  t h e  R- g r o u p  was C H *,  I n  a  t y p i c a l  e x p e r i m e n t
o 1 /

1 4 .0  g o f  a c e t y l a c e t o n e ( a c a c )  ( 0 . 1 4  m o le s )  were  c o n v e r t e d

t o  t h e  s o d iu m  s a l t  by s t i r r i n g  f o r  16 h o u r s  a t  room t e m p e r a -
-2

t u r e  w i t h  3 . 9  g ( 8 . 4  x 10 m o l e s )  o f  sod ium  h y d r o x i d e

f l a k e s  i n  7 5  ml.  o f  d r i e d  b e n z e n e ,  u n d e r  a r e f l u x  c o n d e n s e r

e q u ip p e d  w i t h  a d r y i n g  t u b e .  To t h i s  m i x t u r e  was s l o w l y
-2

added  a  s o l u t i o n  o f  2 2 .5  g ( 8 . 4  x 10 m oles)  o f  t h e  

p - o c t y l o x y - b e n z o y l  c h l o r i d e  i n  25 m l .  o f  d r i e d  b e n z e n e ,  

and g e n t l e  s t i r r i n g  was c o n t i n e d  f o r  a n o t h e r  18 h o u r s .

The m i x t u r e  was f r e e d  o f  s o l i d  i n o r g a n i c  m a t e r i a l s  

by f i l t r a t i o n ,  a n d  t h e  f i l t r a t e  c o n c e n t r a t e d  u n d e r  r e d u c e d  

p r e s s u r e .  A p a s t y  mass r e s u l t e d ,  w h ic h  was t h e n  warmed f o r  

30 m i n u t e s  w i t h  an  aqueous  s u s p e n s i o n  o f  c a l c i u m  c a r b o n a t e
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( 5 . 0  g o r  0 . 0 5  m o le s  i n  25 ml.  o f  w a t e r ) .  The m i x t u r e  was 

c o o l e d ,  a n d  s u b s e q u e n t l y  e x t r a c t e d  w i t h  s e v e r a l  (5 o r  6 )

25 m l .  p o r t i o n s  o f  e t h e r .  The p o o l e d  e t h e r  e x t r a c t s  w e re  

y e l l o w .  They w e r e  d r i e d  o v e r n i g h t  o v e r  a n h y d ro u s  magnes ium 

s u l f a t e .  The e t h e r  was t h e n  e v a p o r a t e d  on a r o t a r y  e v a p o r a ­

t o r  u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was an  o i l y  m a t e r i a l ,  

w e i g h i n g  1 6 . 4 g ,  w i t h  a  y i e l d  o f  67% b a s e d  on t h e  a r o y l

c h l o r i d e  u s e d .  I n  a  s i m i l a r  p r e p a r a t i o n  o f  p - m e t h o x y - b z a c ,

o <_ . 25 , , 26
Sabnxs  h ad  r e p o r t e d  a  y i e l d  o f  74%; A n d r i e v s k i i  e t  a l

u s e d  an  a l t e r n a t e  m ethod  t o  p r e p a r e  t h e  p - m e th o x y - b z a c  and

r e p o r t e d  a  y i e l d  o f  o n l y  30%.

I n i t i a l  a t t e m p t s  t o  p u r i f y  o u r  " l i g a n d "  by vacuum

d i s t i l l a t i o n ,  i n d i c a t e d  t h a t  i t  i s  v e r y  h i g h  b o i l i n g  (188°

a t  .70  t o r r ) .  A t t e m p t s  t o  vacuum d i s t i l l  p r o d u c e d  a  g r e a t

d e a l  o f  t a r r y  brown m a t e r i a l s  and  o n l y  a  s m a l l  am oun t  o f

waxy y e l l o w  m a t e r i a l  t h a t  s o l i d i f i e d  i n s i d e  t h e  c o n d e n s e r .

When im p u re ,  t h e  " l i g a n d "  t e n d s  t o  fo rm  o i l s  t h a t  r e s i s t

c r y s t a l l i z a t i o n .  The b e s t  p r o c e d u r e  f o r  p u r i f i c a t i o n

t u r n e d  o u t  t o  be a l t e r n a t e  c r y s t a l l i z a t i o n s  f rom  e t h a n o l

and  c a r b o n  t e t r a c h l o r i d e .  The m o s t  p e r s i s t e n t  c o n t a m i n a n t

i s  t h e  p - o c t y l o x y  b . a . ,  a p p a r e n t l y  fo rm ed  from some

h y d r o l y s i s  o f  t h e  a r o y l  c h l o r i d e .  S i n c e  t h e  a c i d  i s  o n l y

s p a r i n g l y  s o l u b l e  i n  CCl^, t h e  l a t t e r  p rom otes  t h e
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s e p a r a t i o n  o f  t h e  p r o d u c t  f rom t h e  a c i d .  When t h e  e t h a n o l  

s o l u t i o n  i s  r e l a t i v e l y  f r e e  o f  t h e  a c i d ,  c h a n c e s  f o r  t h e  

" l i g a n d "  t o  c r y s t a l l i z e  a r e  much im p ro v e d .  The p u re  l i g a n d  

m e l t s  a t  5 4 -56°C ,  a n d  i s  a  y e l l o w i s h  w h i t e  s o l i d .

On a t r i a l  b a s i s  t h e  " l i g a n d "  was p r e p a r e d  f rom  t h e  

c r u d e  r e s i d u e  o f  p - o c t y l o x y  b e n z o y l  c h l o r i d e .  U s ing  4 . 5 g  

( 0 .0 1 6 8  m o le s )  o f  t h e  a r o y l  c h l o r i d e  w h ic h  had  been f i l t e r e d  

t h r o u g h  g l a s s  w o o l ,  and  2 . 5  ml ( 2 .6 2  g o r  0 .0262  m o le s )  o f  

a c a c ,  0 . 6 8  g ( 0 .0 1 6 8  m o le s )  o f  NaOH f l a k e s  and 15 m l .  o f  

b e n z e n e ,  a  f a i r l y  good  y i e l d  o f  54% o f  t h e  p r o d u c t  was 

o b t a i n e d .  Th is  s u g g e s t s  t h a t  one m i g h t  o m i t  t h e  d i s t i l l a ­

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

t i o n  s t e p  i n  R e a c t i o n  6 .

The f o l l o w i n g  w ere  u s e d  in  t h e  i d e n t i f i c a t i o n  o f  

" l i g a n d " .  The i n f r a r e d  s p e c t r u m  ( F i g .  12) shows t h e  

c h a r a c t e r i s t i c  1630 cm ^ a b s o r p t i o n  due  t o  C=0 s t r e t c h ,

1570m ( a r o m a t i c  r i n g ) ,  1530m ( C - - - - C  r i n g  s t r ,  a r o m . ) }

1200m (C--CH3 s t r .  +  C==C s t r ) ,  1210m (C--H bend +

C==0 s t r . ) ,  1065 w (a ro m .  C--H i n  p l a n e  b e n d ) ,  835m (a rom .

C--H o u t - o f - p l a n e  b en d ,  2 a d j a c e n t  H on r i n g ) ,  790s (C-CH^ s t r  

475s  (0 r i n g  i n  p l a n e  d e f ) ; F i g .  13 ,  t h e  NMR ( i n  CCl^ o r  

CDCl^): d 7 . 9 5 ,  7 . 7 5 ;  7 . 0 ,  6 .9 5  ( tw o d ,  4H, a r o m a t i c ) ,

6 . 1 0 ( s , 1H, CH==C0H), 4 .0 3  ( t ,  2H, CH2 0 ) , 2 . 2 6 ,  2 .1 5
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Figure 12
I n f r a r e d  s p e c t r u m  o f  l i g a n d .  
N u j o l  bands a r e  i n d i c a t e d  by N
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F i g u r e  13 

^H-NMR s p e c t r u m  o f  l i g a n d  i n  CDCl^
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( d ,  4H, CH3 C==OCH), 1 .3 3  m, 12H, CH3 (CH2 ) 6 CH2 0 } 0 . 9 0

( t ,  b r o a d ,  3H, CH^CH^--) .  The mass  s p e c t r u m  ( F i g .  14)

y i e l d s  a  m o l e c u l a r  w e i g h t  290; c a l c u l a t e d  f o r

C , 290.  The mass s p e c t r u m  i s  c o n s i s t e n t  w i t h  
18 26 3

t h e  s t r u c t u r e  a s s i g n e d ,  a s  d e t a i l e d  i n  T a b le  I .  F i g .  15

shows t h e  UV s p e c t r u m  i n  CH0 C10 : X  320 nm, m o l a r^ ^ max ’

a b s o r p t i v i t y  C = 3 5 ,0 0 0 ;  E l e m e n t a l  a n a l y s i s :  C a lc d .  f o r

C18H26°3 * C’ 7 4 *4 5 ; H> 9>0%

Found:  C, 7 4 . 2 6 ,  7 4 . 4 9 ;  H, 9 . 2 3 ,  9.23%

P r e p a r a t i o n  o f  b i s T ( l - P h e n y  1 - 1 , 3 -Butanedionato)~[-  

P a l l a d i u m  ( I I ) . T h i s  compound, a l s o  r e f e r r e d  t o  a s  P d ( b z a c ) 2 ,

was p r e p a r e d  by two s l i g h t l y  d i f f e r e n t  p r o c e d u r e s ,  one o f

20 27
them  o u t l i n e d  by Hon e t  a l ,  and  by C a r m i c h a e l .

2 K+ (C6 H5 C0CHC0CH3 ) + PdCl2  » P d ( C 6 H5 C0CHC0CH3 ) 2 +

+  2KC1 ( 8 )

I n  one  e x p e r i m e n t  a  s o l u t i o n  o f  5 m l .  o f  e t h a n o l ,  c o n t a i n i n g  

0 . 5 1 4 0  g (3 .1 6  x 10""^ m o le s )  o f  1 - p h e n y l - l , 3 - b u t a n e d i o n e  

( o r  b z a c ) , p r e v i o u s l y  r e c r y s t a l l i z e d  f rom  e t h a n o l ,  was made 

s l i g h t l y  a l k a l i n e  by t h e  a d d i t i o n  o f  s e v e r a l  d r o p s  o f  an 

e t h a n o l i c  s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e .

i
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F i g u r e  14 

Mass s p e c t r u m  o f  l i g a n d
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TABLE I
SUMMARY OF MASS SPECTRA INTERPRETATION (LIGAND)

Condensed  S t r u c t u r a l  Mass V a lu e
F o rm u la  o f  P o s s i b l e  E m p i r i c a l  T h e o r e t i c a l  O b s e r v e d  

Io n  F ragm en t  F o rm u la  Mass V a lu e  i n  S p e c t r u m

CgH17OC6H4 COCH2CO C17H23°3

C8H170C6H400 C15H21°2

C4HgOC6H4 COCH2 COCH3 C14H18°3

OC6H4 COCH2COCH3 c 10H9°3

C H COCH COCH C H O
6 4 2 3 10 9 2

o c 6 h4 c o c h 2o c 8 h 6 o3

o c 6 h4 c o c h 2 c 8 h 6 o2

o c 6 h4 co c ? h 4 o 2

275

233

233

177

161

162

136

122

275

233

233

177

161

162

136

122
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Figure 15
U l t r a v i o l e t  s p e c t r u m  o f  

l i g a n d  i n  
c o n c e n t r a t i o n  1 .5 4 3  x 10 M
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To t h i s  was added a  s u s p e n s i o n  o f  0 .1 4 5 0  g ( 8 . 2  x 10"^  m o le s )  

o f  p a l l a d o u s  c h l o r i d e  i n  1 m l .  o f  w a t e r .  The m i x t u r e  was 

s t i r r e d  a t  room t e m p e r a t u r e  f o r  2 \  h o u r s .  The g r a y i s h - g r e e n  

p r o d u c t  was f i l t e r e d ,  w a s h e d  t w i c e  w i t h  s m a l l  p o r t i o n s  o f  

c o l d  e t h a n o l ,  and t h r e e  t i m e s  w i t h  c o l d  w a t e r .  A t t e m p ts  t o

r e c r y s t a l l i z e  t h i s  m a t e r i a l  f rom  e i t h e r  CH^Cl^, as  s u g g e s t e d

27 20by C a r m i c h a e l  o r  f rom  CHCl^ u s e d  by Hon 5 w ere  n o t  v e r y

s u c c e s s f u l .  R e c r y s t a l l i z a t i o n s  y i e l d e d  m a t e r i a l  t h a t  s t i l l

h a d  b r o w n i s h  o r  g r e e n i s h  c o n t a m i n a n t s , due p r o b a b l y  t o  t h e

d e c o m p o s i t i o n  o f  t h i s  m a t e r i a l  when i t  was warmed i n  t h e

r e c r y s t a l l i z a t i o n  s o l v e n t .  The b e s t  p u r i f i c a t i o n  p r o c e d u r e

t h a t  was d e v e l o p e d ,  i n v o l v e d  d i s s o l v i n g  t h e  m a t e r i a l  i n  a

minimum amount o f  CHCl^ a t  room t e m p e r a t u r e ,  f i l t e r i n g  away

a n y  i n s o l u b l e  Pd s o l i d s  an d  P d C ^ ,  t h e n  a d d i n g  c o l d  e t h a n o l

t o  t h e  CHClg s o l u t i o n  t o  c a u s e  t h e  p r e c i p i t a t i o n  o f  t h e

o r g a n o - p a l l a d i u m  co m plex .  The y i e l d ,  b a s e d  on 0 .1860  g o f

c r u d e  p r o d u c t ,  was 547o.

In  t h e  v a r i a t i o n  o f  t h a t  p r o c e d u r e  t h e  bzac was 

d i s s o l v e d  i n  an e t h a n o l i c  s o l u t i o n  c o n t a i n i n g  a w e i g h t  o f  

KOH s t o i c h i o m e t r i c a l l y  e q u i v a l e n t  t o  t h e  w e i g h t  o f  PdCl^ 

u s e d ,  w i t h  t h e  bzac p r e s e n t  i n  l a r g e  e x c e s s .  This  t im e  t h e  

r e a c t i o n  m i x t u r e  was s t i r r e d  a t  s l i g h t l y  e l e v a t e d  t e m p e r a ­

t u r e s  (40 t o  5 0 ° C ) , b u t  i t  was k e p t  w e l l  be low  60°C where
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28G r i n b e r g  and  Simonova n o t e d  d e c o m p o s i t i o n  o f  t h e  

Pd -  0 - d i k e t o n a t e  t h e y  p r e p a r e d ,  i . e .  P d C a c a c ^ .  I n  t h i s  

l a t t e r  e x p e r i m e n t  0 .7 1 0 0 g  ( 4 .0 1 1  x 10 ”^ m o les)  o f  P d C ^ j  

an  e t h a n o l i c  s o l u t i o n  c o n t a i n i n g  0 . 4 5 5  g KOH 

( 8 .1 1 0  x 10 3 m o l e s ) ,  and  2 .4 8 2 0  g ( 1 5 .2 4 2 6  x 1 0 m o l e s )  

o f  bzac  i n  55 ml o f  a b s o l u t e  e t h a n o l  w e r e  u s e d .  The 

f l a s k  was  c o v e r e d  w i t h  aluminum f o i l ,  b e c a u s e  t h e  com plex  

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

o b t a i n e d  a f t e r  2 h o u r s ,  was f i l t e r e d ,  w ashed  w i t h  e t h a n o l  

and  w a t e r ,  t h e n  a i r  d r i e d .  I t  w e i g h e d  1 .4320  g ,  r e ­

p r e s e n t i n g  a  y i e l d  o f  83.3%, b a s e d  on t h e  P d C ^  u s e d .

U n r e a c t e d  bzac  was r e c o v e r e d  i n  s e v e r a l  f r a c t i o n s  f ro m  t h e  

m o th e r  l i q u o r  by p a r t i a l  e v a p o r a t i o n .  A t o t a l  o f  0 . 7 4  g 

o r  607o o f  t h e  e x c e s s  bzac  u s e d  was r e c o v e r e d .

The p r o d u c t  i d e n t i f i c a t i o n  was b a s e d  on IR s p e c t r u m  

( F i g .  1 6 ) ,  w h ic h  showed a b s o r b a n c e s  a t  1590 (C=0 s t r . ) ,

1 5 6 0 s h (P h  r i n g  s t r e t c h ) ,  1540,  1520 (C=C c o u p le d  t o  P h  r i n g ) ,  

1480 (Ph  r i n g  s t r . ) ,  790 cm  ̂ ( c -C H ^  s t r e t c h ) ,  710 cm ^

(C-H o u t - o f - p l a n e ,  m o n o s u b s t i t u t e d  a r o m . ) .  The u l t r a ­

v i o l e t  s p e c t r u m  o f  P d ( b z a c ) 2  i s  shown i n  F i g .  17,  a n d  t h e  

^max v a l ues  a r e  l i s t e d  h e r e ,  w i t h  m o l a r  a b s o r p t i v i t y  C max 

g i v e n  i n  p a r e n t h e s i s :  260 nm ( 3 5 , 9 5 0 ) ,  285 nm ( 2 9 , 5 2 0 ) ,

352 nm ( 1 9 , 6 7 0 ) .  The UV s p e c t r u m  i s  i n  g e n e r a l  a g r e e m e n t
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Figure 16
I n f r a r e d  s p e c t r u m  o f  P d ( b z a c ) 2 . 
N u j o l  bands  a r e  i n d i c a t e d  by N

o
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Figure 17
U ltr a v io le t  spectrum of Pd(bzac)2 in CHCI3, 

concentration 2.10 x 10"%
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F i g u r e  18

^H-NMR s p e c t r u m  o f  P c K b z a c ^  i n  CDCl-j
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29w i t h  t h a t  r e p o r t e d  f o r  P d ( b z a c ) 2  by S i n g h  and  S a h a i .

The NMR s p e c t r u m  o f  P d ( b z a c ) 2  i s  shown i n  F i g .  18.

The d v a l u e s  o f  e a c h  s i g n a l  a r e  l i s t e d  h e r e :  7 . 9 5 ,  7 . 7 5 ,

( b r o a d  d ,2 H ,  a r o m a t i c ) ,  7 . 4 5  t o  7 . 2 5  (m, 3H, a r o m a t i c ) ,

6 .0 5  ( s ,  1H, CH==C0), 2 . 1 1  ( s ,  4H, CHg-CO-CH).

E l e m e n t a l  a n a l y s i s :  C a l c d .  f o r  PdC2 QH-^gO^: C, 5 5 .9 9 ;

H, 4 . 2 3 ;  P d ,  24.81%. F ound :  C, 5 5 . 6 4 ;  H, 4 . 1 0 ;  Pd,  24.32%

M o l e c u l a r  w e i g h t  c a l c u l a t e d  f o r  PdC2 QH^gO^ 4 2 8 . 7 6 ;  found  

o s m o m e t r i c a l l y  ( i n  1 .143% w t / w t  o r  c a .  0 . 0 2 7  m o l a l  s o l u t i o n  

i n  b e n z e n e )  417.

P r e p a r a t i o n  o f  b i s -  f ( p - O c t y l o x y ) - l - P h e n y l - 1 , 3 -  

B u t a n e d i o n a t o J - * P a l l a d i u m ( I I )  . T h is  compound,  a l s o  r e f e r r e d  

t o  a s  PdL2  o r  P d ( l i g a n d ) 2 > was p r e p a r e d  by  t h e  g e n e r a l  

p r o c e d u r e  o u t l i n e d  f o r  t h e  p r e p a r a t i o n  o f  P d ( b z a c ) 2 , u s in g  

o n l y  s e v e r a l  d ro p s  o f  t h e  e t h a n o l i c  KOH s o l u t i o n ,  and k e e p in g  

t h e  r e a c t i o n  m i x t u r e  a t  room t e m p e r a t u r e ,  p r o t e c t e d  from 

l i g h t  by a  c o v e r  o f  a lum inum  f o i l .  From t h i s  r e a c t i o n  two 

p r o d u c t s  w e re  i s o l a t e d ,  w h ic h  w ere  d e s i g n a t e d  S p e c i e s  I  and  

S p e c i e s  I I .  I t  w i l l  be  shown l a t e r  t h a t  t h e s e  two S p e c i e s  

r e p r e s e n t  c i s  and  t r a n s  i s o m e r s  o f  P d l ^ ,  r e s p e c t i v e l y .

2 K+ (C1 8 H2 5 03 ) +  P d C l2   » Pd(C 1 8 H2 5 0 3 ) 2  +  2KC1 (9)
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6 0

_ 3
I n  a t y p i c a l  e x p e r i m e n t  1 .1680  g ( 4 . 0  x 10 m o le s )  

o f  t h e  l i g a n d  w e re  d i s s o l v e d  i n  10 ml.  o f  e t h a n o l .  To t h i s  

w e r e  added  s e v e r a l  d r o p s  o f  e t h a n o l i c  KOH, an d  an  aqueous  

s u s p e n s i o n  o f  0 . 2 4 3 5  g  o f  P d C ^  ( 1 .3 7  x  1 0 “^ m o l e s ) .

S p e c i e s  I  was i s o l a t e d  f ro m  t h e  r e a c t i o n  a f t e r  2% t o  3 

h o u r s . S p e c i e s  I I  w as  o b t a i n e d  f rom t h e  m o th e r  l i q u o r  

a f t e r  s t a n d i n g  i n  t h e  a b s e n c e  o f  l i g h t  f o r  24 t o  72 h o u r s .

The y i e l d  o f  t h e  c r u d e  o r g a n o - p a l l a d i u m  compounds w e r e :

0 . 3 1 3 0  g o f  S p e c i e s  I ,  a n d  0 .3150  g o f  S p e c i e s  I I ,  o r  

a p p r o x i m a t e l y  a  6 6 % o v e r a l l  y i e l d .  In  a d d i t i o n ,  a p p r o x i ­

m a t e l y  0 .1 5 0  g o f  u n r e a c t e d  l i g a n d  was r e c o v e r e d  f rom t h e  

m o t h e r  l i q u o r .  S p e c i e s  I  was found more  s o l u b l e  i n  o r g a n i c  

s o l v e n t s  (CHClg a n d  C^Hg) t h a n  S p e c i e s  I I .

S p e c i e s  I  i s  much more d i f f i c u l t  t o  p u r i f y  t h a n  

S p e c i e s  I I .  I t  i s  f r e q u e n t l y  c o n t a m i n a t e d  w i t h  u n r e a c t e d  

PdCl^  o r  "Pd b l a c k "  t h a t  forms from t h e  d e c o m p o s i t i o n  i n  

t h e  c o u r s e  o f  t h e  r e a c t i o n .  A t te m p ts  t o  p u r i f y  S p e c i e s  I  

by r e c r y s t a l l i z a t i o n  f rom  CHClg o r  CgHg w e r e  u n s a t i s f a c t o r y ,  

s i n c e  t h e y  u s u a l l y  l e a d  t o  a d d i t i o n a l  d e c o m p o s i t i o n  w i t h  t h e  

p r o d u c t i o n  o f  more " P d  b l a c k " .  The b e s t  p r o c e d u r e  d e v e l o p e d  

f o r  p u r i f i c a t i o n ,  i n v o l v e d  d i s s o l v i n g  t h e  s o l i d  i n  a  minimum 

vo lum e o f  benzene  a t  room t e m p e r a t u r e , f i l t e r i n g  away any  

i n s o l u b l e  Pd and P d C ^  s o l i d s , t h e n  a d d i n g  c o l d  e t h a n o l  t o
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t h e  b e n z e n e  s o l u t i o n ,  t o  c a u s e  p r e c i p i t a t i o n  o f  t h e  o r g a n o -  

p a l l a d i u m  compound. The s o l i d  was th e n  q u i c k l y  s e p a r a t e d  

f ro m  t h e  s u p e r n a t a n t ,  w a s h e d  w i t h  c o l d  e t h a n o l ,  d r i e d  

u n d e r  n i t r o g e n ,  and t h e n  vacuum d r i e d .  The s u c c e s s  d ep en d ed  

on how r a p i d l y  t h e  m a t e r i a l  was removed f ro m  c o n t a c t  w i t h  

s o l u t i o n ,  s i n c e  i t  was f a i r l y  s t a b l e  when i t  was d r y .  A d d i ­

t i o n a l  c r o p s  o f  lo w er  p u r i t y  c o u l d  be o b t a i n e d  f rom  t h e  

s u p e r n a t a n t  by a d d i n g  more  e t h a n o l ,  p a r t i a l l y  e v a p o r a t i n g  

t h e  s o l u t i o n ,  and s e p a r a t i n g  and  w a s h in g  t h e  s o l i d ,  as 

d e s c r i b e d .

S p e c i e s  I I  i s  u s u a l l y  o b t a i n e d  i n  much p u r e r  fo rm ,  

i t  i s  l e s s  s o l u b l e  i n  o r g a n i c  s o l v e n t s ,  a n d  i s  more r e s i s t a n t  

t o  d e c o m p o s i t i o n  i n  s o l u t i o n .  I t  i s  f r e q u e n t l y  c o n t a m i n a t e d  

w i t h  e x c e s s  u n r e a c t e d  " l i g a n d ” , and  i t  c an  be f r e e d  o f  t h e  

l i g a n d  by r e p e a t e d  w a s h i n g s  w i t h  e t h a n o l .  S p e c i e s  I  i s  a  

y e l l o w  s o l i d ,  m e l t i n g  a t  1 3 8 . 3 - 1 3 9 . 6°C (d  c a .  160 -  1 7 0 ° ) .

S p e c i e s  I I  i s  a g o l d e n - y e l l o w  s o l i d ,  mp 2 3 5 -2 3 6 °  ( d ) . The 

t h e r m a l  b e h a v i o r  o f  t h e s e  two compounds i s  d i s c u s s e d  i n  

a n o t h e r  s e c t i o n .

P r o d u c t  i d e n t i f i c a t i o n  o f  S p e c i e s  I  was b a s e d  on t h e  

d a t a  t h a t  f o l l o w s .  The i n f r a r e d  s p e c t r u m  ( F i g .  19) shows 

b a n d s  a t  1630 (m a in ly  C=0 s t r . ) ,  1580 ( P h - r i n g  s t r . ) ,

1550 ( m a in ly  C=C s t r e t c h ) ;  1240 (C-0  s t r . ) ;  835 (2 a d j a c e n t
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Figure 19
I n f r a r e d  s p e c t r u m  o f  PdL.2 S p e c i e s  I .  

N u jo l  bands  a r e  i n d i c a t e d  by N
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a r o m a t i c  H ) . The UV s p e c t r u m  ( F i g .  20)  shows a b s o r b a n c e s  

a t  A mQ = 330 nm ( € „ , „  = 1 0 , 5 4 0 )  a n d  a t  290 nm ( 5 2 , 1 1 0 ) .TOclX UldX

The NMR s p e c t r u m  i s  shown i n  F i g .  2 1 ,  w i t h  t h e  f o l l o w i n g  

s h i f t s  d o w n f i e l d  f rom IMS: 3 8 . 0 0 ,  7 . 8 6 ,  7 . 0 3 ,  6 . 8 8  ( two d ,

4H, a r o m a t i c ) ,  4 . 0 5  ( t ,  2H} C ^ O ) , 2 . 0 0  ( s ,  a r e a  l a r g e r  t h a n  

4H, CHC0CH3 ) ,  1 .3 5  t o  1 .5 5  m, 12H, CH3 (CH2 ) 6 CH20 , 0 . 9  ( t ,  

b r o a d ,  3H, C ^ C ^ - - ) .

The mass s p e c t r u m  o f  PdL2 S p e c i e s  I  i s  shown in  

F i g .  2 2 .  I n  o r d e r  t o  o b t a i n  t h a t ,  i t  was n e c e s s a r y  t o  h e a t  

t h e  s a m p le  t o  v e r y  h i g h  t e m p e r a t u r e s  ( a n a l y z e r  150° and 

300°C) , a n d  no peaks  a r e  o b s e r v e d  c o r r e s p o n d i n g  t o  t h e  

p a r e n t  i o n . A p e a k  due t o  t h e  l i g a n d  m o l e c u l a r  i o n  i s  

s e e n  a t  2 9 0 ,  an d  f r a g m e n t s  o f  t h e  l i g a n d  a t  2 33 .  There 

w e re  no  p e a k s  above  mass v a l u e  o f  3 3 0 ,  n o r  ab o v e  mass 550 

up t o  800 t h a t  c o u l d  be a t t r i b u t e d  t o  P d - c o n t a i n i n g  f r a g ­

m en ts  . Due t o  t h e  n a t u r a l  a b u n d a n c e  d i s t r i b u t i o n  o f  Pd 

i s o t o p e s ,  a  c h a r a c t e r i s t i c  p a t t e r n  o f  " t r i p l e t "  l i n e s  o f  

a l m o s t  e q u a l  i n t e n s i t y  c a n  be s e e n  f o r  P d ,  c o r r e s p o n d i n g  

t o  m ass  v a l u e s  o f  105,  106 and  108,  w i t h  s h o r t e r  l i n e s  f o r  

■'■^Pd an d  ^ ® P d .  Th is  c h a r a c t e r i s t i c  Pd p a t t e r n  was s een  

o n l y  a t  318 an d  205 ,  u s i n g  t h e  h i g h e s t  l i n e  a s  c o r r e s p o n d i n g  

t o  ^®®Pd. The f r a g m e n t  a t  318 c o u l d  be due  t o  

COC2 -Pd-CH2 COC-COCgH^ o r  C1 3 Hg03 Pd ,  w h ich  i n  t h e o r y  g i v e s
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Figure 20
U l t r a v i o l e t  s p e c t ru m  o f  P d l ^  S p e c i e s  I  

i n  CH2 CI2 , c o n c e n t r a t i o n  1 .7 0 8  x 10
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Figure 21
1.H-NMR s p e c t r u m  o f  PdL^ S p e c i e s  I  i n  CDCl^
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Figure 22
Mass s p e c t r u m  o f  PdL.2 S p e c i e s  I .  

The u p p e r  c u r v e  s t a r t s  f rom  330 m/e
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318.  The f r a g m e n t  a t  205 c o u l d  be Cl^CO-Pd-COCHCI^ o r

t h e o r e t i c a l  mass o f  205.

M o l e c u l a r  w e i g h t  o f  PdL^ S p e c i e s  I  was d e t e r m i n e d

o s m o m e t r i c a l l y  i n  b en ze n e  (1.406% w t / w t  s o l u t i o n  o r  0 .0 2 0 5

m o la l )  t o  be 705 (% e r r o r  2 . 9 2 ) ;  and  673 i n  CHC13 (0 .492%

w t / w t  s o l u t i o n ,  o r  0 .0 0 7 2  m o l a l )  w i t h  a r e l a t i v e  e r r o r  o f

1.75% f rom  t h e  v a l u e  o f  685 c a l c u l a t e d  f o r  PdCo .H__0^.
36 50 6

E l e m e n t a l  a n a l y s i s :  C a lc d .  C, 6 3 . 1 0 ;  H, 7 . 3 6 ;

Pd,  15.52%. Found: C, 6 2 . 8 1 ;  H, 7 .1 5 ;  P d ,  1 3 .3  by a s h

r e s i d u e  a n d  13.56%by a t o m i c  a b s o r p t i o n .

P r o d u c t  i d e n t i f i c a t i o n  o f  S p e c i e s  I I  was b a s e d  on

t h e  d a t a  t h a t  f o l l o w s .  The i n f r a r e d  s p e c t r u m  ( F i g .  23)

shows b an d s  a t  1620 ( m a i n l y  C=0 s t r e t c h ) , 1590 (Ph r i n g

s t r e t c h ) ,  1550sh  and 1530 ( m a in l y  C=C s t r ) ,  1250 a n d

1220 (C-0  s t r . ) ,  840 (2 a d j a c e n t  a r o m a t i c  H ) , 780 (C-CH^ s t r .

The u l t r a v i o l e t  s p e c t r u m  ( F i g .  24)  shows a b s o r b a n c e s  a t

X = 310 nm (C m = 4 3 , 7 8 0 )  and a t  355 nm ( 3 4 , 7 5 0 ) .  The max max

NMR s p e c t r u m  i s  shown i n  F i g .  25 ,  w i t h  t h e  f o l l o w i n g  s h i f t s  

d o w n f i e l d  f rom  TMS: d 7 . 9 5 ,  7 . 7 5 ,  7 . 4 5 ,  7 . 2 5  ( two d ,  4H, 

a r o m a t i c ) ,  6 .0 3  ( s ,  1H, CH==C0), 4 . 0  ( t ,  2H, C I ^ O ) , 2 . 2 0  

(d ,  4H, CH3 C0CH), 1 .33  m, 12H, C H ^ C H ^ C l ^ O ,  0 . 9 0  ( t ,  

b r o a d ,  3H, CH3 CH2 - ) .

The mass s p e c t r u m  o f  P d l^  S p e c i e s  I I  i s  shown in
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Figure 23
I n f r a r e d  s p e c t r u m  o f  PdL£ S p e c i e s  I I .  

N u j o l  b a n d s  a r e  i n d i c a t e d  by N
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F i g u r e  24

s e t  rum o f  1 
i n  CH2 C I 2 , c o n c e n t r a t i o n  1 .439  x 10
U l t r a v i o l e t  s p e c t r u m  o f  PdL2 S p e c i e s ^ I I
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Figure 25
1.H-NMR s p e c t r u m  o f  P d l^  S p e c i e s  I I  i n  CDClg
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Figure 26
Mass s p e c t r u m  o f  PdL^  S p e c i e s  I I .
The lo w e r  c u r v e  r a n g e s  f ro m  100 m / e ,  
t h e  m i d d l e  c u r v e  f rom  2 5 0 ,  t h e  
u p p e r  c u r v e  f rom 450 m /e
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F i g .  2 6 .  As i n  t h e  c a s e  o f  P d l^  S p e c i e s  I ,  h i g h  t e m p e r a ­

t u r e s  w e re  n e e d e d :  t h e  p r o b e  was h e a t e d  t o  1 9 0 ° ,  w i t h  t h e

a n a l y z e r  a t  150° an d  250°C.  The h i g h e s t  mass v a l u e  p eak  

s e e n  i s  a t  634 ,  b u t  t h i s  one does  n o t  show a n y  c h a r a c t e r i s t i c  

Pd i s o t o p e  " s p l i t t i n g  p a t t e r n " .  T he re  i s  a  p e ak  a t  290 due 

t o  t h e  l i g a n d ,  and  a  p e a k  a t  mass v a l u e  o f  318 t h a t  does 

show t h e  Pd p a t t e r n .  Th is  i s  t h e  same p e a k  o b s e r v e d  i n  t h e  

mass  s p e c t r u m  o f  PdL^ S p e c i e s  I ,  and  i s  p r o b a b l y  a l s o  due t o

a  C1oH ,0 oPd f r a g m e n t  ( t h e o r y  3 1 8 ) .
13  6 3

The m o l e c u l a r  w e i g h t  o f  P d l^  S p e c i e s  I I  was more 

d i f f i c u l t  t o  d e t e r m i n e  t h a n  t h a t  o f  S p e c i e s  I ,  b e c a u s e  o f  

t h e  l o w e r  s o l u b i l i t y  o f  t h i s  compound. A v a l u e  o f  717 was 

fo u n d  ( e r r o r  o f  c a .  5% f rom  c a l c u l a t e d  v a l u e  o f  685) by 

o s m o m e t r i c  method i n  CHClg (0 .4537,  w t / w t  s o l u t i o n  o r  0 .0 0 6 6  

m o l a l )  . The compound was i n s u f f i c i e n t l y  s o l u b l e  i n  benzene  

t o  o b t a i n  r e p r o d u c i b l e  r e s u l t s  i n  t h a t  s o l v e n t .

E l e m e n t a l  a n a l y s i s :  C a l c u l a t e d  f o r  PdCg^H^QOg

C, 6 3 . 1 0 ;  H, 7 . 3 6 ;  P d ,  15.52%. Found:  C, 63.04%, H, 7 . 4 7 ;

P d ,  15.24% by a s h  r e s i d u e ;  P d ,  14.74% by s p e c i f i c  c o l o r i ­

m e t r i c  r e a g e n t .
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P r e p a r a t i o n  o f  D i b e n z o n i t r i l e  P a l l a d o u s  C h l o r i d e .

T h i s  compound was p r e p a r e d ,  f o l l o w i n g  t h e  p r o c e d u r e  d e s c r i b e d  

by K h a r a s h  e t  a l ^  i n  1938.

P d C l2 +  2 C6H5CN   > (C6H5CN)2 -PdCl2 (10)

-3
0 . 7 7 4 0 g  o f  ( ^ - 3 6  x 10 m o l e s ) ,  d i s s o l v e d  in  a

minimum volume o f  b e n z o n i t r i l e  ( u s e d  1 0 m l . ,  i n  e x c e s s  o f  

s t o i c h i o m e t r i c  amount need ed )  a t  8 0 -1 0 0 ° C .  The r e a c t i o n  

m i x t u r e ,  w i t h  a r e f l u x  c o n d e n s e r  a t t a c h e d ,  was h e a t e d  f o r  

one  h o u r  a t  80°C, and  i t  was f i l t e r e d  h o t  t o  remove a  

b l a c k i s h - b r o w n  r e s i d u e .  The f i l t r a t e  was  c o o l e d  in  an i c e -  

w a t e r  b a t h ,  and an o r a n g e - y e l l o w  p r e c i p i t a t e  formed,  w h ic h  

was c o l l e c t e d  by vacuum f i l t r a t i o n .  More p r e c i p i t a t e  was 

a l s o  o b t a i n e d  f rom t h e  f i r s t  m o th e r  l i q u o r  by d i l u t i n g  i t  

w i t h  l o w - b o i l i n g  p e t r o l e u m  e t h e r .  The s o l i d  m a t e r i a l  was 

w ash ed  t h r e e  t im e s  w i t h  5 ml.  p o r t i o n s  o f  c o l d  p e t  e t h e r ,  

t h e n  i t  was a i r  d r i e d ,  and  f i n a l l y  d r i e d  f o r  2 days  i n  a  

vacuum d e s s i c a t o r  o v e r  d r i e r i t e ,  a f t e r  some p r e l i m i n a r y  

pumping t o  remove e x c e s s  s o l v e n t .  The y i e l d  o f  t h e  s o l i d  

p r o d u c t  was 1 .0340  g ,  o r  65% ( l i t e r a t u r e  r e p o r t s  y i e l d s  up 

t o  90%). I n  a p p e a r a n c e  t h e  s o l i d  was  l i k e  t h e  m a t e r i a l  

d e s c r i b e d  by K h a r a s h ,  i . e .  o r a n g e - y e l l o w  and s t a b l e  i n  a i r .
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No e l e m e n t a l  a n a l y s i s  was o b t a i n e d  on t h i s  compound, b u t  

i t  was u s e d  i n  a s u b s e q u e n t  a t t e m p t e d  p r e p a r a t i o n  o f  

P d ( 3 - p h e n y l - a c a c ) 2 .

D e t a i l s  o f  P u r i f i c a t i o n  P r o c e d u r e s  f o r  P d - c a r b o x y l a t e s

The p u r i f i c a t i o n  o f  t h e s e  compounds p ro v e d  d i f f i c u l t  

and  t e d i o u s . I t  was a n t i c i p a t e d  t h a t  t h e  p a l l a d i u m - o x y g e n  

bond i n  t h i s  s e r i e s  o f  compounds w o u ld  be  q u i t e  l a b i l e .  

S t e p h e n s o n  e t  a l  h ad  r e p o r t e d  t h a t  t h e  c a r b o x y l a t e  g r o u p  i n  

P d ( a c ) 2  and  P d ( I I ) - p r o p i o n a t e  c o u l d  be  e a s i l y  r e p l a c e d  by 

v a r i o u s  m ono- ,  b i - ,  and t e t r a d e n t a t e  l i g a n d s .  They fo u n d  

t h a t  t h o s e  p a l l a d i u m  c a r b o x y l a t e s  r e a c t e d ,  even  in  t h e  

c o l d , w i t h  a c e t y l a c e t o n e , w i t h  s a l i c y l a l d e h y d e , and w i t h  

v a r i o u s  n i t r o g e n  d o n o r  l i g a n d s ,  a s  w e l l  a s  w i t h  t r i -  

p h e n y l p h o s p h i n e  an d  t r i p h e n y l a r s i n e . T h e i r  i n v e s t i g a t i o n s  

o f  r e l a t i v e  s t a b i l i t y  o f  t h e  o r g a n o - p a l l a d i u m  compounds 

i n d i c a t e d  t h a t  t h e  most  s t a b l e  ones  w e r e  t h o s e  w i t h  

p a l l a d i u m - n i t r o g e n  b o n d s .  They a l s o  r e p o r t e d  t h a t  t h e  

p a l l a d i u m  c a r b o x y l a t e s  w e re  s t a b l e  i n  a i r  (p re s u m a b ly  i n  

t h e  s o l i d  and  d r y  s t a t e ) .  However ,  t h e  compounds decomposed  

when warmed w i t h  a l c o h o l s  and o t h e r  s o l v e n t s  t o  g i v e

1 1  j  •  ip a l l a d i u m  m e t a l .

I n  ou r  l a b o r a t o r y  a t t e m p t s  t o  r e c r y s t a l l i z e  t h e  

c r u d e  p r o d u c t  i n d i c a t e d  t h a t  t h e  compounds decomposed when
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h e a t e d  t o  p ro d u c e  more  MP d - b l a c k M. S o l v e n t s  t h a t  w e re  

p o t e n t i a l  p r o t o n  d o n o r s  w ere  u n s a t i s f a c t o r y ,  and t h e  

compounds decomposed  even  i n  d i o x a n e  a n d  c h l o r o f o r m .

A t t e m p t s  t o  p u r i f y  t h e  P d - ( p - o c t y l o x y ) - b e n z o a t e  by t h i n  

l a y e r  c h r o m a to g ra p h y  ( t i c )  on s h e e t s  c o a t e d  w i t h  a c t i v a t e d  

a l u m i n a  o r  s i l i c a  g e l  w e re  u n s u c c e s s f u l .  More e x t e n s i v e  

s t u d i e s  w e re  c o n d u c t e d  i n  an e f f o r t  t o  d e v e l o p  p r o p e r  

c o n d i t i o n s  f o r  t i c  p u r i f i c a t i o n  on s h e e t s  c o a t e d  w i t h  

s i l i c a  g e l ,  w i t h  p o l y v i n y l  a l c o h o l  a s  a  b i n d e r  and  

f l u o r e s c e n t  i n d i c a t o r  (Eas tman Chromagram # 6 0 6 0 ) .  The 

f o l l o w i n g  s o l v e n t  s y s t e m  w ere  t r i e d  t o  e f f e c t  t h e  s e p a r a ­

t i o n  o f  t h e  r e a c t i o n  p r o d u c t  f rom  t h e  u n r e a c t e d  P d - a c e t a t e  

a n d  t h e  p - o c t y l o x y - b e n z o i c  a c i d  by t i c  on #6060  s h e e t s :  

l i g r o i n  ( b . p .  r a n g e  6 0 - 9 0 ° C ) , c h l o r o f o r m ,  b e n z e n e ,  e t h y l  

a c e t a t e ,  e t h e r ,  m e t h y l  e t h y l  k e t o n e ,  a n d  v a r i o u s  m i x t u r e s  

o f  t h e s e  s o l v e n t s .  I n  m os t  c a s e s ,  t h e  s o l v e n t  c a u s e d  t h e  

m i g r a t i o n  o f  t h e  a l k o x y - b e n z o i c  a c i d ,  and  some s low  m i g r a ­

t i o n  o f  t h e  P d - a c e t a t e ;  b u t  t h e  d e s i r e d  p r o d u c t  d i d  n o t  

m i g r a t e ,  and  i t  r e m a i n e d  a d s o r b e d  t o  t h e  p l a t e  c o a t i n g .  

S u b s e q u e n t l y ,  l a r g e r  s c a l e  s e p a r a t i o n  was a t t e m p t e d  on 

g l a s s  p l a t e s  c o a t e d  w i t h  0 .2 5  mm a d s o r b e n t  ( p l a t e s  # 5 7 6 5 ) ,  

a n d  a g a i n  o n l y  t h e  p - o c t y l o x y  b e n z o i c  a c i d  h ad  s e p a r a t e d  

f ro m  t h e  c o l o r e d  r e s i d u e .
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The r e s i d u e  was  s c r a p e d  o f f  t h e  g l a s s  t i c  p l a t e s ,  

and  s e p a r a t i o n  o f  t h e  c o l o r e d  m a t e r i a l s  was a t t e m p t e d  by 

t h e  u s e  o f  more p o l a r  s o l v e n t s . The s o l v e n t s  u s e d  in  t h e s e  

t r i a l s  i n c l u d e d  c h l o r o f o r m ,  a c e t o n e ,  GO. C L  and  d i o x a n e ;  

t h e  s o l v e n t s  w e re  t r i e d  a t  room t e m p e r a t u r e ,  as  w e l l  a s  

warmed t o  c a .  50°C. D ioxane  and  CH. C l ^  seemed t o  o f f e r  

some c h a n c e  o f  d i s s o l v i n g  o r  e x t r a c t i n g  t h e  o r g a n o - p a l l a d i u m  

compounds f rom t h e  a d s o r b e n t .  ( F i g .  10 and  2 9 ) .  A t t e m p t s  

t o  u s e  a  c o n t i n u o u s  e x t r a c t i o n  S o x h l e t  a p p a r a t u s ,  w i t h  

d i o x a n e  o r  c h l o r o f o r m  a s  t h e  s o l v e n t s , w e r e  ev e n  l e s s  

s u c c e s s f u l ,  in a sm u c h  a s  t h e  h e a t e d  s o l v e n t s  and  t h e i r  v a p o r s  

seemed t o  s p e e d  up t h e  d e c o m p o s i t i o n  o f  t h e  o r g a n o - p a l l a d i u m  

compounds ,  w i t h  t h e  p r o d u c t i o n  o f  more " P d - b l a c k " .  B e c a u se  

o f  t h e s e  r e s u l t s ,  t h e r e  w e re  no f u r t h e r  a t t e m p t s  t o  s e p a r a t e  

t h e  p r o d u c t s  by c h r o m a t o g r a p h y .

A lo n g  w i t h  t h e  t i c  p u r i f i c a t i o n  a t t e m p t s ,  u l t r a ­

v i o l e t  s p e c t r a  o f  t h e  v a r i o u s  f r a c t i o n s  o f  m a t e r i a l s  w e r e  

d e t e r m i n e d .  The UV s p e c t r a ,  t o g e t h e r  w i t h  i n f r a r e d  s p e c t r a  

o f  t h e  r e a c t i o n  m i x t u r e  and  o f  v a r i o u s  f r a c t i o n s  o b t a i n e d  

d u r i n g  t h e  s t a g e s  o f  p u r i f i c a t i o n ,  w e r e  u s e f u l  i n  f o l l o w i n g  

t h e  c o u r s e  o f  t h e  p r o c e d u r e s .  In  t h e  I R  t h e  p r e s e n c e  o f  

t h e  p - a l k o x y - b e n z o i c  a c i d s  can  be r e a d i l y  d e t e c t e d  by t h e  

band a t  1685 cm ^ f o r  t h e  p - o c t y l o x y - ,  a n d  a t  1675 cm ^ i n
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t h e  p - p r o p o x y - b e n z o i c  a c i d .  The P d C a c ^  a b s o r b s  a t  1600 cm

( a s y m m e t r i c  s t r e t c h )  and  a t  1427 cm ^ ( s y m m e t r i c  s t r e t c h ) ,

19as  r e p o r t e d  by S t e p h e n s o n  e t  a l .  The P d - b e n z o a t e  h a d  

b e en  r e p o r t e d  by th e m  t o  a b s o r b  a t  1567 and  1404 cm

The o r g a n o - p a l l a d i u m  compounds p r e p a r e d  i n  o u r  

l a b o r a t o r y  had  c h a r a c t e r i s t i c  a b s o r p t i o n s  a t  1400 cm ^ 

( P d - p - o c t y l o x y - b e n z o a t e )  and  a t  1390 ( P d - p - p r o p o x y - b e n z o a t e )  

The l a t t e r  bands w e r e  s u f f i c i e n t l y  w e l l  s e p a r a t e d  f ro m  t h e  

sy m m e t r i c  s t r e t c h  o f  P d - a c e t a t e  ( a t  c a .  1 4 3 0 ) ,  t o  be u s e f u l  

i n  d e t e r m i n i n g  t h e  p u r i t y  o f  t h e  m i x t u r e  o f  t h e  two o r g a n o -  

p a l l a d i u m  compounds by f o l l o w i n g  t h e  c h a n g e s  i n  t h e  IR  

s p e c t r u m  ( F i g s .  9 ,  27 and  28 t o  be c o m p a r e d ) .

The a l k o x y - b e n z o i c  a c i d s  a r e  w h i t e  c r y s t a l l i n e  s u b ­

s t a n c e s  t h a t  do n o t  a b s o r b  i n  t h e  v i s i b l e ;  and i n  t h e  UV 

t h e y  a b s o r b  be low  310 nm. The P d - a c e t a t e  i s  o r a n g e - b r o w n ,  

w h i l e  t h e  two P d - ( p - a l k o x y ) - b e n z o a t e s  p r e p a r e d  h e r e  a r e  

b r o w n i s h  b l a c k .  I n  t h e  u l t r a v i o l e t  s p e c t r u m  t h e s e  t h r e e  

compounds can  be d i s t i n g u i s h e d  e v e n  b e t t e r  t h a n  i n  t h e  IR. 

The P d - a c e t a t e  h a s  a  c h a r a c t e r i s t i c  "minimum’1 w here  t h e  

o t h e r  two compounds a b s o r b .  U l t r a v i o l e t  s p e c t r a  c o u l d  be 

o b t a i n e d  i n  d i o x a n e ,  b e n z e n e ,  l i g r o i n  a n d  C I ^ C ^ .

I n  t h e  UV r e g i o n  P d - a c e t a t e  ( F i g .  3 ) a b s o r b s  a t  

400 nm, w i t h  i t s  c h a r a c t e r i s t i c  minimum a t  355 nm, a n d
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a n o t h e r  a b s o r p t i o n  a t  320 nm. The P d - ( p - o c t y l o x y ) - b e n z o a t e  

h a s  a band b e tw ee n  330 and  380 nm, w i t h  a  minimum a t  240 nm 

a n d  a n o t h e r  w e a k e r  a b s o r b a n c e  b an d  a t  225 nm ( F i g .  8 ) .

The P d - ( p - p r o p o x y ) - b e n z o a t e  h a s  a  UV s p e c t r u m  s i m i l a r  t o  

t h a t  o f  t h e  p - o c t y l o x y - a n a l o g u e ,  w i t h  an  a b s o r b a n c e  below 

380 nm. On t h e  b a s i s  o f  d i f f e r e n c e s  i n  UV s p e c t r a ,  i t  was 

p o s s i b l e  t o  d e t e r m i n e  w h e t h e r  t h e  c r u d e  r e a c t i o n  m i x t u r e  

c o n t a i n e d  t h e  d e s i r e d  p r o d u c t ,  and  w h e t h e r  o r  n o t  t h e  

p u r i f i c a t i o n  p r o c e d u r e s  w e re  e f f e c t i n g  any  s e p a r a t i o n  o f  

t h e  m a t e r i a l s .

In  t h e  p u r i f i c a t i o n  p r o c e d u r e  f o r  t h e  P d - ( p r o p o x y ) - 

b e n z o a t e ,  i t  was  p o s s i b l e  t o  t a k e  a d v a n t a g e  o f  t h e  d i f f e r ­

e n c e s  i n  s o l u b i l i t y  o f  t h e  t h r e e  com ponen ts  o f  t h e  r e a c t i o n  

m i x t u r e ,  i . e .  p - p r o p o x y - b e n z o i c  a c i d ,  P d - a c e t a t e  and  

P d - ( p - p r o p o x y ) - b e n z o a t e . The a l k o x y - b e n z o i c  a c i d  was 

e s s e n t i a l l y  i n s o l u b l e  i n  c o l d  l i g r o i n ,  w h i l e  t h e  P d - a c e t a t e  

was  more s o l u b l e  i n  i t  t h a n  t h e  P d - ( p - p r o p o x y ) - b e n z o a t e .

The r e a c t i o n  m i x t u r e  was t r i t u r a t e d  w i t h  c o l d  l i g r o i n ,  and 

t h e  v a r i o u s  l i g r o i n  e x t r a c t s  w e r e  exam ined  in  t h e  u l t r a ­

v i o l e t .  I f  t h e  UV s p e c t r u m  showed a  "minimum" a t  350 nm, 

i t  was j u d g e d  t o  be a  f r a c t i o n  c o n t a i n i n g  m o s t l y  P d - a c e t a t e  

i f  t h e r e  was an  a b s o r p t i o n  a t  350  nm, t h e  s o l u t i o n  was 

deemed t o  c o n t a i n  a l s o  t h e  d e s i r e d  r e a c t i o n  p r o d u c t .  A f t e r
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s i x  s u c c e s s i v e  l i g r o i n  t r i t u r a t i o n s ,  t h e  c o n c e n t r a t i o n  o f  

P d - a c e t a t e  i n  t h e  e x t r a c t  was r e d u c e d  c o n s i d e r a b l y  ( F i g u r e s  

30 ,  31 ,  3 2 ,  3 3 ) ;  t h e  r e m a i n i n g  m i x t u r e  was j u d g e d  e s s e n t i a l l y  

f r e e  o f  P d - a c e t a t e .

The c r u d e  p r o d u c t ,  w h ic h  h a d  been p r e v i o u s l y  s e p a ­

r a t e d  by f i l t r a t i o n  f rom  a n y  e x c e s s  u n r e a c t e d  a l k o x y -  

b e n z o i c  a c i d ,  s t i l l  c o n t a i n e d  a  m i x t u r e  o f  t h e  d e s i r e d  

p r o d u c t  a n d  t h e  a c i d ,  a s  j u d g e d  f rom  t h e  a p p e a r a n c e  o f  t h e  

IR  s p e c t r u m  ( F i g .  32 ,  3 3 ) .  A minimum volum e o f  b e n z e n e ,  

p r e v i o u s l y  d r i e d  o v e r  m o l e c u l a r  s i e v e s ,  was a d d e d  t o  d i s ­

s o l v e  t h e  m a t e r i a l .  S i n c e  b o t h  components  w e r e  known t o  

be s o l u b l e  i n  b e n z e n e ,  some l i g r o i n  was a d d e d  t o  t h e  b e n zen e  

s o l u t i o n ,  s o  t h a t  t h e  s o l v e n t  m i x t u r e  was a p p r o x i m a t e l y  66% 

b en zen e -3 3 %  l i g r o i n ,  by v o lu m e .  I f  no p r o p o x y  b e n z o ic  a c i d  

p r e c i p i t a t e d  on c o o l i n g  ( w h i t e  o r  g r a y i s h  s o l i d ) , t h e  volume 

o f  t h e  s o l u t i o n  was r e d u c e d  t o  o n e - h a l f  u n d e r  a  g e n t l e  s t r e a m  

o f  n i t r o g e n  g a s .  I n  t h e  c o u r s e  o f  t h e  e v a p o r a t i o n ,  more a c i d  

p r e c i p i t a t e d ,  and i t  was s e p a r a t e d  from t h e  s u p e r n a n t a n t  

s o l u t i o n .  The s e p a r a t i o n  s t e p  and  f u r t h e r  p r e c i p i t a t i o n  by 

a d d i t i o n  o f  more l i g r o i n  w e r e  r e p e a t e d  s e v e r a l  more t i m e s ,  

u n t i l  no m ore  p r o p o x y - b e n z o i c  a c i d  s e p a r a t e d  f rom  t h e  m ix ­

t u r e  upon  r e f r i g e r a t i o n .

I n f r a r e d  s p e c t r a  w e r e  u s e d  t o  f o l l o w  t h e  p r o g r e s s  

o f  t h e  p u r i f i c a t i o n  p r o c e d u r e .  At v a r i o u s  i n t e r m e d i a t e
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s t a g e s ,  s m a l l  a l i q u o t s  w e re  t a k e n ,  t h e  s o l v e n t s  e v a p o r a t e d  

t o  d r y n e s s ,  and  t h e  s o l i d  r e s i d u e  a n a l y z e d  by DTA t o  d e t e c t  

any  t r a c e s  o f  t h e  p r o p o x y - b e n z o i c  a c i d .  G e n e r a l l y ,  4 

s u c c e s s i v e  p r e c i p i t a t i o n s  by  a d d i t i o n  o f  l i g r o i n  t o  t h e  

b e n z e n e - l i g r o i n  m i x t u r e ,  y i e l d e d  a  p r o d u c t  deemed s u f f i ­

c i e n t l y  p u r e  on t h e  b a s i s  o f  t h e  com bined  IR ,  UV and DTA 

c r i t e r i a  m e n t i o n e d .  I f  t h e  m a t e r i a l  s t i l l  c o n t a i n e d  some 

p r o p o x y - b e n z o i c  a c i d ,  t h e  DTA th e rm o g ram s  showed one o r  

more e n d o th e r m s  i n  t h e  120 t o  150°C r e g i o n  ( F i g s .  34 ,  3 5 ) ,  

w i t h  d e c o m p o s i t i o n  above  140 due t o  t h e  d e c o m p o s i t i o n  o f  

t h e  o r g a n o - p a l l a d i u m  compound.  The P d - ( p - p r o p o x y ) - b e n z o a t e , 

when s u f f i c i e n t l y  p u r e ,  i s  a  d a r k  n o n - c r y s t a l l i n e  s o l i d .

I f  t h e  s a m p le  i s  f i r s t  c o o l e d  below -40°C  a n d  t h e n  h e a t e d ,  

i t s  DTA the rm ogram  shows one  o r  two c l o s e l y  s p a c e d  e n d o th e rm s  

c a .  43 an d  5 0 ° c ,  w i t h  d e c o m p o s i t i o n  a b o v e  140°C.  O t h e r w i s e ,  

t h e  DTA d o es  n o t  i n d i c a t e  m esom orphic  b e h a v i o r  ( F i g .  11) «

Two sam ples  o f  P d - ( p - p r o p o x y ) - b e n z o a t e  w ere  a n a l y z e d ,  

j u d g e d  t o  be t h e  b e s t  s a m p le s  on t h e  b a s i s  o f  t h e  combined 

UV, IR  a n d  DTA c r i t e r i a .  From t h e  r e s u l t s  o f  t h e  e l e m e n t a l  

a n a l y s i s  i t  was p o s s i b l e  t o  e s t i m a t e  t h a t  t h e  p u r e r  o f  t h e  

two s a m p l e s  c o n t a i n e d  89 .0% o f  P d - ( p r o p o x y ) - b e n z o a t e ,  6.7% 

P d - a c e t a t e  and  4.3% P d .  I t  c an  be c a l c u l a t e d  t h a t  s u c h  a 

m i x t u r e  w o u ld  y i e l d  47 .44% C, 4.43% H and  27.82% Pd.
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DISCUSSION 

D i s c u s s i o n  o f  P d - c a r b o x y l a t o  Complexes

The f i r s t  s y s t e m  o f  p o t e n t i a l l y  m esom orphic  o r g a n o -  

p a l l a d i u m  compounds i n v e s t i g a t e d  i n  t h i s  s t u d y  was t h e  

p a l l a d i u m ( I I ) - c a r b o x y l a t o  s e r i e s .  The more t e d i o u s  p r o c e d u r e  

d e v e l o p e d  f o r  t h e  p u r i f i c a t i o n  o f  P d - ( p - p r o p o x y ) - b e n z o a t e  

y i e l d e d  m a t e r i a l  o f  g e n e r a l l y  h i g h e r  p u r i t y  and  l e s s  P d ( a c ) 2  

c o n t a m i n a t i o n  t h a n  t h e  r e s u l t s  i n  t h e  p r e p a r a t i o n  o f  t h e  

P d - ( p - o c t y l o x y )  a n a l o g u e .  A n a l y s i s  o f  t h e  two s a m p le s  o f  

t h e  p ro p o x y  a n a l o g u e  i n d i c a t e d  t h a t  t h e  p u r e r  s am ple  

c o n t a i n e d  89 .0% o f  t h e  d e s i r e d  p r o d u c t ,  6.77% P d ( a c ) 2  and 

4.3%, Pd as  c o n t a m i n a n t s .  The l e s s  p u r e  s am p le  c o n t a i n e d  

84%, o f  P d - ( p - p r o p o x y ) - b e n z o a t e , 8.0%, P d ( a c ) 2  and  8.0% Pd.

In  c a s e  o f  t h e  o c t y l o x y  a n a l o g u e ,  i t  was e s t i m a t e d  t o  be 

86.5% p u r e ,  w i t h  12.3% P d ( a c ) 2  a n d  1.2% Pd a s  c o n t a m i n a n t s .

DTA d a t a  d i d  n o t  i n d i c a t e  t h a t  e i t h e r  o f  t h e  two 

compounds p r e p a r e d  was  p o t e n t i a l l y  m eso m o rp h ic .  S i n c e  

t h e s e  compounds w e re  a l s o  v e r y  d a r k ,  t h e y  c o u l d  n o t  be 

p r o p e r l y  e x a m in e d  u n d e r  a  p o l a r i z i n g  m i c r o s c o p e ,  so  t h a t  

any  p o t e n t i a l  mesomorphism w ou ld  h a v e  been  v e r y  d i f f i c u l t  

t o  e s t a b l i s h .

The d i f f i c u l t i e s  i n  s y n t h e s i z i n g  and  p u r i f y i n g  

e n c o u n t e r e d  i n  t h i s  e a r l i e r  e n d e a v o r ,  s u g g e s t e d  a  n e e d  

t o  r e - e x a m i n e  t h e  p r o b le m  and  t h e  a p p r o a c h .  In  l i n e  w i t h
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t h e  r e q u i r e m e n t s  f o r  m esom orph ic  b e h a v i o r ,  a s  o u t l i n e d  in  

t h e  I n t r o d u c t i o n ,  t h e  g e o m e t r y  o f  t h e  compounds p r e p a r e d  

i n  o u r  l a b o r a t o r y  h a d  t o  be d e r i v e d  f ro m  t h e  s t r u c t u r e s

r e p o r t e d  f o r  P d - a c e t a t e  a n d  P d - p r o p i o n a t e  by S t e p h e n s o n
19 18

e t  a l  an d  by Morehouse  e t  a l .  Those  s t r u c t u r e s  h ad

been a s s i g n e d  on t h e  b a s i s  o f  m o l e c u l a r  w e i g h t  d e t e r m i n a ­

t i o n s .  E b u l l i o s c o p i c a l l y  i n  benzene  a n d  a c e t o n e ,  P d - a c e t a t e
1 8 ,1 9

and P d - p r o p i o n a t e  w e r e  r e p o r t e d  t o  be m o n o m e r ic ,  y e t

o sm o m e t r ic  m ea su re m e n ts  i n  b enzene  a t  37°C i n d i c a t e d  t h a t

b o t h  o f  t h o s e  compounds w e r e  t r i m e r i c  ( f o u n d  714 i n  benzene

f o r  t h e  a c e t a t e ,  c a l c u l a t e d  f o r  t r i m e r  6 7 5 ;  f o u n d  767 i n

b en zen e  f o r  p r o p i o n a t e ,  c a l c u l a t e d  f o r  t r i m e r  7 5 9 ) .

A l t h o u g h  monomeric  s t r u c t u r e s  w ere  a s s u m e d ,  t h o s e  w ere

a p p a r e n t l y  b a s e d  on e b u l l i o s c o p i c  v a l u e s  i n t e r m e d i a t e

be tw een  monomer and  t r i m e r :  f o r  t h e  P d - a c e t a t e  S t e p h e n s o n
19

e t  a l  f o u n d  253 an d  357 ( c a l c u l a t e d  f o r  monomer 2 2 5 ) ;

f o r  t h e  P d - p r o p i o n a t e  t h e y  found  249 a n d  386 ( c a l c u l a t e d
19

2 5 3 ) .  S t e p h e n s o n  e t  a l  had  s u g g e s t e d  t h a t  t h e  compounds 

e x i s t e d  i n  a  m o n o m e r - t r im e r  e q u i l i b r i u m ,  b u t  a l s o  n o t e d  

t h a t  t h e y  w e r e  u n s u c c e s s f u l  i n  a t t e m p t s  t o  s t u d y  t h a t  

e q u i l i b r i u m  "by  i n f r a r e d ,  a b s o r p t i o n ,  a n d  h i g h - r e s o l u t i o n  

NMR s p e c t r a l  m e a su rem en ts  o v e r  a t e m p e r a t u r e  r a n g e ,  s i n c e  

t h e  s p e c t r a  o f  t h e  two s p e c i e s  a p p e a r  t o  show no f e a t u r e s  

t h a t  a r e  c h a r a c t e r i s t i c  ( s i n g l e  p ea k  o n l y ) " .
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18Morehouse e t  a l  had  assum ed t h a t  i n  t h e  P d - a c e t a t e

a s  w e l l  as  i n  t h e  p r o p i o n a t e ,  t h e  m e t a l  a to m  r e t a i n e d  i t s  

n o rm a l  s q u a r e  p l a n a r  c o o r d i n a t i o n ;  and  t h a t  t h e  t r i m e r -  

monomer s y s t e m  i s  one  t h a t  i n v o l v e d  b o t h  b r i d g i n g  and 

c h e l a t e  g ro u p s  i n  t h e  t r i m e r ,  b u t  o n l y  c h e l a t e  g ro u p s  i n  

t h e  monomer, as  shown be low .

A s i m i l a r  s t r u c t u r e ,  i n v o l v i n g  b o t h  b r i d g i n g  and  

c h e l a t i n g  c a r b o x y l  g r o u p s ,  had  been  r e p o r t e d  by S t e p h e n s o n

been  a s s i g n e d  on t h e  b a s i s  o f  o sm o m e t r i c  and  e b u l l i o s c o p i c  

m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s ,  a s  w e l l  a s  some p r e l i m i n a r y  

X - r a y  d i f f r a c t i o n  r e s u l t s  r e p o r t e d  t o  t h e  a u t h o r s  by Lawton

c h 3 c h 3

31
e t  a l  f o r  Mo(0 -C0 R ) 2 j a s  shown be low .  T h a t  s t r u c t u r e  h a d

R

C

0  0

R
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and Mason.
In addition to postulating a trimer-monomer equi­

librium for the PdCac^ and Pd(II)-propionate, Morehouse 
18e t  a l  r e p o r t e d  t h a t  t h e  t r i m e r s  w e re  r e a d i l y  c l e a v e d  by 

n i t r o g e n ,  p h o s p h o r u s ,  oxygen an d  s u l f u r  d o n o r  l i g a n d s ,  t o  

p ro d u c e  c r y s t a l l i n e  monomeric s p e c i e s ,  s u c h  as  

Pd-(OCOCH3 ) 2 ( 0 ^1 1 5 1 0 2 , o r  P d C a c ^ I ^ .  Such a d d u c t  compounds 

w i t h  t h e  new l i g a n d s ,  i . e .  t h e  P d C a c ^ I ^ ,  h a d  low d i p o l e  

moments ,  i n d i c a t i n g  t h a t  t h e y  h a d  a  t r a n s  c o n f i g u r a t i o n .  

The a d d u c t  compounds a l s o  showed an IR band a t  c a .  1700 cm 

a r i s i n g  f ro m  a s i n g l y  bound c a r b o x y l a t e  g r o u p ,  w h i l e  t h e  

b r i d g e d  o r  c h e l a t e d  c a r b o x y l a t e  g ro u p s  had  a b s o r b e d  a t  c a .  

1600 and 1425 cm

32
S t e p h e n s o n  and W i l k i n s o n  h ad  r e p o r t e d  IR  d a t a  on 

some o t h e r  a d d u c t s  o f  p a l l a d i u m ( I I )  c a r b o x y l a t e s ,  o f  t h e  

g e n e r a l  t y p e  PdCOCOCH^^L 2  w i t h  L b e i n g  Ph^P o r  P h ^ A s .

In those dimeric adducts they reported carboxylate groups 

as both bridging and unidentate ligands. They saw the IR 

bands of the bridging acetate at 1580 and 1410 cm those 

of the unidentate acetate at 1630 and 1314 cm

In case of the compounds prepared and investigated 

in this work, it was essential that the Pd-(p-alkoxy)- 

benzoates be similar in structure to the monomeric,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



102
c h e l a t e d  compound, i f  t h e y  w e r e  t o  e x h i b i t  p o t e n t i a l l y

m esom orph ic  b e h a v i o r .  I n  v i e w  o f  t h e  f a c i l e  d e c o m p o s i t i o n

o f  t h e  compounds p r e p a r e d  h e r e ,  and  f rom t h e  r e p o r t  o f

19S t e p h e n s o n  e t  a l  ab o u t  t h e  d e c o m p o s i t i o n  o f  t h e  o r g a n o -

p a l l a d i u m  compounds on warm ing  i n  v a r i o u s  s o l v e n t s ,  i t

seemed p r o b a b l e  t o  us  t h a t  t h e  e b u l l i o s c o p i c  d a t a  on

m o l e c u l a r  w e i g h t s  w ere  i n c o r r e c t .  Seen from t h a t  p o i n t

o f  v i e w ,  i t  seems l i k e l y  t h a t  t h e  " i n t e r m e d i a t e  v a l u e s "

o f  m o l e c u l a r  w e i g h t s  f rom e b u l l i o s c o p i c  m ea su re m en ts  i n

b e n z e n e  and  a c e t o n e  w e r e ,  i n  f a c t ,  a v e r a g e  v a l u e s  o f  t h e

d e c o m p o s i t i o n  p r o d u c t s .  As m i g h t  be e x p e c t e d ,  t h e  lo w er

m o l e c u l a r  w e i g h t s  i n  benzene  t h a n  i n  a c e t o n e ,  c o u l d  be

due t o  more d e c o m p o s i t i o n  a t  t h e  b o i l i n g  p o i n t  o f  b en z en e

(80°C) t h a n  a t  t h e  b o i l i n g  p o i n t  o f  a c e t o n e  ( 5 6 ° C ) . On

t h e  o t h e r  h a n d ,  t h e  o sm o m et r ic  m easu rem en ts  t a k e n  a t  37°C

p r o b a b l y  r e p r e s e n t e d  t h e  t r u e  m o l e c u l a r  w e i g h t s  o f  t h o s e

compounds,  and  t h o s e  y i e l d e d  d a t a  s u g g e s t i n g  t h a t  P d ( a c ) 2

a n d  P d ( I I ) - p r o p i o n a t e  w ere  t r i m e r s .

We w e re  a l s o  aware o f  t h e  f a c t  t h a t  t h e  c a r b o x y l a t e

l i g a n d  c o u l d  c o o r d i n a t e  t o  a  d i v a l e n t  m e t a l  i n  more  t h a n

one way ,  and  t h a t  some X - ra y  s t r u c t u r e s  had been  r e p o r t e d

33f o r  o t h e r  d i v a l e n t  m e t a l s .  F o r  ex am p le ,  T a lb o t  h ad  

r e p o r t e d  t h a t  a  s t r u c t u r e ,  s c h e m a t i c a l l y  r e p r e s e n t e d  be low ,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



103

M —  CH,

was fo u n d  i n  Z n C a c ) ^ ^ I ^ O ,  i n  w h ic h  t h e  c a r b o x y l a t e  was a 

b i d e n t a t e  l i g a n d ,  and e a c h  l i g a n d  was c o o r d i n a t e d  t o  o n l y  

one m e t a l .  Many a n h y d ro u s  s a l t s ,  s u c h  a s  C rC ac )^  and

Mn(ac)g  a r e  u s u a l l y  c o n s i d e r e d  t o  have  t h a t  s t r u c t u r e  

34a l s o ,  s i n c e  i n  i t  t h e  m e t a l  a t t a i n s  i t s  maximum c o o r d i ­

n a t i o n  number .

A b r i d g i n g  s t r u c t u r e  f o r  t h e  a c e t a t e  i o n ,  a s

drawn be low  h ad  b een  r e p o r t e d  f o r  C r^ C a c )^ * 211^0 by  v a n

35N i e k e r k  and  S c h e o n i n g ,  a s  w e l l  a s  f o r  C ^ C a c ^ ' Z ^ O  by

M—  0 ,

ch3

m  —  cr

36
van  N i e k e r k  a n d  S c h o en in g  i n  1953 .  S i m i l a r l y ,  t h e  

s t r u c t u r e  o f  B e . O ( a c ) -  w i t h  b r i d g i n g  a c e t a t e  l i g a n d s  h ad
H r  0

37
been r e p o r t e d  by Bragg and  Morgan i n  1923;  t h a t  o f

38
Zn^O (ac)^  by Koyama and  S a i t o  i n  1954.

The o r g a n o - p a l l a d i u m  compounds p r e p a r e d  i n  t h i s
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l a b o r a t o r y  showed no IR b an d  i n  t h e  r e g i o n  o f  1700 cm

18w h e r e  M orehouse  e t  a l  h a d  r e p o r t e d  t h e  a b s o r b a n c e  o f  a

u n i d e n t a t e  c a r b o x y l a t e .  Nor  w ere  t h e r e  a b s o r b a n c e s  a t

- 1  321630 a n d  1314 cm , w h ere  S t e p h e n s o n  and  W i l k i n s o n  had

s e e n  t h e  bands  o f  a u n i d e n t a t e  a c e t a t e .  The bands  a t  1600

a n d  1400 cm ^ i n  o u r  compounds s u g g e s t  t h a t  t h e r e  a r e  no

u n i d e n t a t e  c a r b o x y l a t e s ; t h e  l i g a n d s  a r e  p r o b a b l y  b r i d g i n g

o r  c h e l a t i n g ,  o r  b o t h .  I t  i s  a l s o  c o n c e i v a b l e  t h a t  t h e s e

compounds a r e  p o l y m e r i c ,  w h i c h  wou ld  be i n  k e e p i n g  w i t h

t h e i r  low s o l u b i l i t y .  The c a r b o x y l a t e  l i g a n d s  c o u l d  s e r v e

a s  b r i d g i n g  u n i t s  b e tw een  t h e  p a l l a d i u m s  i n  s u c h  a p o l y m e r i c

s p e c i e s .  However ,  t h o s e  p o l y m e r i c  s t r u c t u r e s  would  p r o b a b l y

n o t  h a v e  t h e  g e o m e t ry  n e e d e d  t o  be m e s o m o r p h i c .

I t  s h o u l d  be m e n t i o n e d  f u r t h e r  t h a t  i n  1970,  a f t e r

o u r  i n v e s t i g a t i o n  o f  t h e  P d - c a r b o x y l a t o  s e r i e s  h a d  been i n

p r o g r e s s ,  t h e  X - r a y  s t r u c t u r e  o f  p a l l a d i u m  a c e t a t e  had  b een

39r e p o r t e d  by S k a p s k i  and  S m a r t .  They f o u n d  t h a t  t h e  m o l e c ­

u l a r  f o r m u l a  o f  t h e  compound was 2 P d - ( a c ) , .  ‘H.O. Thej O Z

m o l e c u l e  i s  t r i m e r i c ,  w i t h  o n l y  b r i d g i n g  a c e t a t e  g roups  

u s e d  t o  bond t o  t h e  p a l l a d i u m .  The c r y s t a l  s t r u c t u r e  shows 

t h a t  t h e  m o l e c u l e  c o n s i s t s  o f  a n e a r l y  e q u i l a t e r a l  t r i a n g l e  

o f  Pd a toms t h a t  a r e  a b o u t  3 . 1 5  A a p a r t .  T h e se  a r e  j o i n e d  

t o g e t h e r  by d o u b l e  a c e t a t e  b r i d g e s ,  so  t h a t  t h e  c o o r d i n a t i o n
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a t  t h e  m e t a l  atoms i s  a p p r o x i m a t e l y  s q u a r e - p l a n a r .  The 

r e p o r t e d  Pd-O-C a n g l e s  a r e  127 .8  t o  1 3 3 . 2 ° ;  t h e  O-C-O 

a n g l e s  a r e  124 .8  t o  1 2 8 . 7 ° ;  and  t h e  O - P d - t r a n s - O  a n g l e s  

a r e  1 6 3 . 5  t o  1 6 8 . 9 ° .  S k a p s k i  and  S m ar t  p o i n t  o u t  t h a t  a  

c e r t a i n  amount o f  s t r a i n  i s  i n v o l v e d  i n  s u c h  a  s t r u c t u r e ,  

an d  t h i s  seems t o  them  a  l i k e l y  e x p l a n a t i o n  f o r  t h e  r e l a ­

t i v e l y  low s t a b i l i t y  t h a t  h a d  been r e p o r t e d  f o r  t h e
19

t r i m e r i c  m o l e c u l e  by S t e p h e n s o n  e t  a l .  S k a p s k i  a l s o  r e ­

p o r t e d  t h a t  Mt o  r e l i e v e  some o f  t h e  s t r a i n  t h e  m e t a l  a tom s  

a r e  p u s h e d  o u t  o f  t h e  p l a n e  o f  t h e  o x y g e n s ,  c a .  0 . 2 5  A 

t o w a r d s  t h e  c e n t e r  o f  t h e  t r i a n g l e . "  However ,  t h e y  fo u n d  

no e v i d e n c e  f o r  m e t a l - m e t a l  b o n d in g ,  a n d  r e p o r t e d  a  P d -P d  

d i s t a n c e  r a n g i n g  b e tw e e n  3 . 1 0 5  and  3 . 2 0 3  A. They c o n c l u d e d  

t h a t  t h e  p o s i t i o n  o f  t h e  m e t a l  a toms was a  compromise b e tw e e n  

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

c o o r d i n a t i n g  oxy g en s .

S k a p s k i  a n d  S m ar t  r e p o r t  t h a t ,  a l t h o u g h  t h e  w a t e r  

m o l e c u l e  l i e s  be tw een  two i n d e p e n d e n t  t r i m e r s , i n  a p o t e n ­

t i a l l y  h y d ro g e n  b o n d in g  p o s i t i o n ,  i t s  n e a r e s t  a p p r o a c h  t o

an  a c e t a t e  oxygen i s  3 . 0 8  A. They c o n c l u d e  by s t a t i n g  t h a t
25

" t h e  r o l e  o f  t h e  w a t e r  m o l e c u l e  i s  n o t  c l e a r " .

I n  v iew  o f  t h e  d i f f i c u l t i e s  e n c o u n t e r e d  i n  t h e  

s y n t h e s i s  and  p u r i f i c a t i o n  o f  t h e  P d ( p - a l k o x y ) - b e n z o a t e s ,
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a n d  i n  o r d e r  t o  a v o i d  f u r t h e r  t r i a l s  and  d i f f i c u l t i e s  i n

s y n t h e s i z i n g  compounds whose g e o m e t r y  d i d  n o t  m ee t  t h e

r e q u i r e m e n t s  f o r  p o t e n t i a l  m esom orph ic  b e h a v i o r ,  i t  was

d e c i d e d  t o  r e e x a m in e  t h e  l i t e r a t u r e  and  s e a r c h  o u t  d a t a

a v a i l a b l e  on t h e  X - ray  s t r u c t u r e s  o f  o t h e r  p o t e n t i a l

o r g a n o - p a l l a d i u m  s y s t e m s .  I n  t h e  c o u r s e  o f  t h a t  s e a r c h

i t  was d e c i d e d  t o  u s e  s u b s t i t u t e d  a c e t y l a c e t o n e  l i g a n d s ,

a n d  t o  u s e  t h e  known s t r u c t u r e  o f  P d ( b z a c ) 2  t r a n s  d e s c r i b e d  

20by Hon e t  a l  a s  o u r  s e c o n d  m o d e l  s y s t e m .  The p - o c t y l o x y  

c h a i n  had  t o  be i n t r o d u c e d  i n t o  t h e  b e n z o y l a c e t o n e  l i g a n d  

p r i o r  t o  c o o r d i n a t i o n  w i t h  t h e  p a l l a d i u m ,  and  t h e  r e s u l t s  

o f  t h a t  a t t e m p t  c o n s t i t u t e  t h e  m a j o r  p o r t i o n  o f  t h i s  

i n v e s t i g a t i o n ,  as  d i s c u s s e d  i n  s u b s e q u e n t  s e c t i o n s .
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General Discussion of Vibrational Spectra of $ -Diketones

and Their Metal Chelates

Any d i s c u s s i o n  o f  t h e  v i b r a t i o n a l  s p e c t r a  o f  m e t a l

P - d i k e t o n e s  s h o u l d  s t a r t  w i t h  a  c o n s i d e r a t i o n  o f  t h e  s p e c t r a

and  s t r u c t u r e  o f  t h e  l i g a n d ,  t h e  s i m p l e s t  o f  them b e i n g

a c e t y l a c e t o n e  ( a c a c ) . The re  i s  e x t e n s i v e  l i t e r a t u r e  on th e

s u b j e c t  o f  i n f r a r e d  s p e c t r a ,  i n c l u d i n g  s e v e r a l  e x c e l l e n t

r e v i e w s . The l i t e r a t u r e  r e p o r t s  t h r o u g h  1958 a r e  r e v i e w e d

by C o t to n  i n  t h e  c h a p t e r  on I n f r a r e d  S p e c t r a  o f  T r a n s i t i o n a l

M e ta l  C o m p le x e s , w h ic h  i s  p a r t  o f  Modern C o o r d i n a t i o n

40
C h e m is t ry  by J a c k  Lewis and R. G. W i l k i n s .  N a k a m o to ' s

book ,  I n f r a r e d  S p e c t r a  o f  I n o r g a n i c  and  C o o r d i n a t i o n

C om pounds^  r e v i e w s  t h e  l i t e r a t u r e  up t i l l  1968.  A more

recent book by John R. Ferraro, published in 1971 ,  on Low

Frequency Vibrations of Inorganic and Coordination Compounds,
^  2

i n c l u d e s  r e f e r e n c e s  t o  p a p e r s  p u b l i s h e d  up t o  1969 .  In

43
1971 a  r e v i e w  a r t i c l e  by B. Bock e t  a l  a p p e a r e d ,  w h ich  

d i s c u s s e s  t h e  bond c h a r a c t e r  o f  0 - d i k e t o - m e t a l  c h e l a t e s .

More r e c e n t  l i t e r a t u r e  r e f e r e n c e s  w e re  s e l e c t e d  f o r  t h i s  

d i s c u s s i o n  by t h e  w r i t e r .

A c e t y l a c e t o n e  e x i s t s  i n  t a u t o m e r i c  e q u i l i b r i u m  a t  

o r d i n a r y  t e m p e r a t u r e s ,  w i t h  a t  l e a s t  t h r e e  m o l e c u l a r  forms 

p r e s e n t ,  a s  e v i d e n c e d  by i t s  s p e c t r u m  ( F i g .  3 6 ,  S t r u c t u r e s
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I ,  I I  an d  I I I ) .  I n  a c a c  one s h o u l d  c o n s i d e r  t h e  f o l l o w i n g  

i m p o r t a n t  f e a t u r e s  o f  t h e  s p e c t r u m :  t h e r e  i s  an 0 -H  a b s o r p ­

t i o n  n e a r  2700 cm"'*'; t h e r e  i s  no  C-0 a b s o r p t i o n  a t  a b o u t  

1670 cm” '*' w h i c h  w ou ld  be t y p i c a l  o f  a  c o n j u g a t e d  k e t o n e ;  

t h e r e  i s  an  u n u s u a l l y  i n t e n s e  b r o a d  band  i n  t h e  r a n g e  o f  

1640 t o  1530 cm"*'. A l l  o f  t h e  a b o v e  m e n t io n e d  f e a t u r e s  o f  

t h e  IR s p e c t r u m  a r e  c o n s i s t e n t  w i t h  a  c o n j u g a t e d  c h e l a t e  

s t r u c t u r e ,  t h a t  r e s o n a t e s  b e tw e e n  f rom s  I I I  and  IV i n  F i g .  36 

a s  h a s  been  s u g g e s t e d  by Rasm ussen  e t  a l  i n  1 9 4 9 . ^

Due t o  t h e  e q u i l i b r i u m  b e tw e e n  s t r u c t u r e s  I I I  

a n d  IV,  i n  F i g .  36,  t h e  d o u b l e  bond  c h a r a c t e r  i n  a c a c  i s  

r e d u c e d  be low  t h a t  o f  an o r d i n a r y  a l i p h a t i c  k e t o n e ,  w i t h

a  c o r r e s p o n d i n g  s h i f t  o f  t h e  C=0 b a n d  t o  low er  f r e q u e n c y .

40C o t t o n  a l s o  p o i n t s  o u t  t h a t  t h e  a b s e n c e  o f  an y  o v e r t o n e  

band o f  a  h y d r o g e n  bonded 0 -H  a r o u n d  7000 cm a s  w e l l  a s  

t h e  low f u n d a m e n t a l  0-H a b s o r p t i o n ,  i n d i c a t e  t h a t  a  h y d ro g e n  

b r i d g e  e x i s t s  i n  form I I I  w h i c h  i s  o f  much g r e a t e r  s t r e n g t h  

t h a n  i s  t h e  o r d i n a r y  0 - H . . . 0  b o n d in g .  A s m a l l  a b s o r p t i o n  

band  a t  1720 cm” -*- c o n f i r m s  t h e  p r e s e n c e  o f  a s m a l l  amount  

o f  S t r u c t u r e  I  w h i c h  p o s s e s s e s  n o r m a l  c a r b o n y l  g r o u p s .  The 

a b s e n c e  o f  a  band  n e a r  1675,  t h a t  i s  c h a r a c t e r i s t i c  o f  

c o n j u g a t e d  a l i p h a t i c  k e t o n e s ,  i s  e v i d e n c e  t h a t  f o rm  I I  i s  

n o t  v e r y  p r o b a b l e .  These i n t e r p r e t a t i o n s  o f  t h e  i n f r a r e d
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s p e c t r u m  o f  a c a c  a r e  i n  a g r e e m e n t  w i t h  t h e  NMR s p e c t r u m  o f

45
t h e  p u r e  l i q u i d ,  a s  r e p o r t e d  by J a r r e t t  e t  a l  i n  1953 .

In  a d d i t i o n  t o  t h e  s p e c t r a  o f  g - d i k e t o n e s  r e p o r t e d

by Nakamoto el a l L o w e  and Ferguson^ reported the IR

s p e c t r a  o f  b e n z o y l a c e t o n e  ( b z a c )  a n d  p - m e t h o x y - b e n z o y l a c e t o n e

49(p-OCHg-bzac). Liang et al reported the IR and Raman
spectra of Eu(bzac)^•piperidinium. The IR bands and inter-

48p r e t a t i o n  b y  Lowe an d  F e rg u so n  f o r  bzac  a r e :  3574  w;

3461 ( a s s o c i a t e d  OH); 2520-2460w ( i n t r a m o l e c u l a r  O H.. .O==C);  

1714w (CH3 -C = 0 ) ;  and  1610-1598s  ( C = 0 . . . H - 0 ) .  L i a n g  e t  a l  

l i s t e d  more bands  and  i n c l u d e d  more a s s i g n m e n t s  a t t r i b u t e d  

t o  t h e  b za c  l i g a n d :  1600vs (C=0 s t r e t c h ) ;  1570s (Ph  r i n g

s t r e t c h ) ;  1520vs  (C=C s t r e t c h ) ;  1355m(CH^ s y m m e tr ic  b e n d ) ;

1280vs ( C - C H ^ s t r e t c h  and  C=C s t r e t c h ) ; 1200 m (C-H bend  and 

C=0 s t r e t c h ) ;  1070w (Ph C-H i n - p l a n e  b e n d ) ;  1025m (Ph C-H
/  ft

i n - p l a n e  b e n d ) . F o r  t h e  p-OCH^-bzac Lowe and  F e r g u s o n  

r e p o r t e d  I R  bands  a t  3636w ( f r e e  OH); 3 4 8 4 w (a s s o c .  OH);

2793-2591  w ( i n t r a m o l e c u l a r  O H . . .O = C ) ;  1712w (CH3 C = 0 ) ; and 

1635-1577s  ( b r o a d  C = 0 . . .H-0 a n d  C=C) .

B e l l a m y  an d  B e e c h e r ^  a s s i g n e d  o n l y  t h e  c a r b o n y l

f r e q u e n c i e s  i n  b e n z o y l a c e t o n e  i n  1954.  They h a d  a s s i g n e d
- 1  -1

t h e  1724 cm band t o  t h e  k e t o  a n d  t h e  1600 cm band  t o

t h e  e n o l  f o rm .
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Ill

T a b l e  I I ,  l i s t s  t h e  b a n d s  o b s e r v e d  i n  t h e  IR s p e c t r u m  

o f  o u r  " l i g a n d " - -  t h e  p - o c t y l o x y - b e n z o y l a c e t o n e  ( F i g .  1 2 ) .

The r e l a t i v e  i n t e n s i t i e s  an d  t h e  a s s i g n m e n t s  o f  t h e  more 

i n t e n s e  b a n d s  a r e  i n  g e n e r a l  a g r e e m e n t  w i t h  t h o s e  r e p o r t e d

f o r  bzac  a n d  r e l a t e d  compounds by B e l l a m y ^ ,  L o w e ^ ,  by
49 5 1 ,5 2

L ia n g  , a n d  H o l t z c l a w .  L i g a n d  bands  i n  t h e  IR r e g i o n

below 1700 cm ^ a r e  l i s t e d  h e r e  w i t h  t h e i r  a s s i g n m e n t s :

1660sh  (C=0 a n d  C=C s t r e t c h ) ;  1630s (m a in ly  C=0 s t r e t c h ) ;

1570m ( P h e n y l  r i n g  s t r e t c h ) ;  1530m (m a in ly  C==C s t r e t c h ) ;

1360m (CH^ s y m m et r ic  b e n d ) ; 1280s (C-CH^ s t r e t c h  and C=C

s t r e t c h ) ;  1210m (C-H bend an d  C=0 s t r e t c h ) ;  1065w ( P h e n y l

C-H i n - p l a n e  b e n d ) ; 1030m ( P h e n y l  C-H i n - p l a n e  b e n d ) ;

835s (2 a d j a c e n t  p r o t o n s  o f  p - s u b s t i t u t e d  a r o m a t i c  r i n g ) ;

790s (C-CH^ s t r e t c h ) .

The a b s e n c e  o f  a p p r e c i a b l e  a b s o r p t i o n  bands  i n  t h e

l i g a n d  a t  o r  n e a r  1720 and  1675 cm \  i s  t a k e n  a s  e v i d e n c e

t h a t  t h e  l i g a n d  does  n o t  e x i s t  i n  forms a n a l o g o u s  t o

s t r u c t u r e  I  ( t h e  d i k e t o  form) o r  s t r u c t u r e  I I  ( t r a n s o i d

e n o l )  shown i n  F i g .  36 . Most  l i k e l y  t h e  l i g a n d  forms an

i n t r a m o l e c u l a r  hyd rogen  bonded  s t r u c t u r e ,  r e p r e s e n t e d  by a

h y b r i d  o f  s t r u c t u r e s  a n a l o g o u s  t o  I I I  and  IV. The p o s i t i o n

o f  t h e  C=0 s t r e t c h  a t  1630 cm ^ would  be i n  a c c o r d  w i t h  t h e

53e s t i m a t i o n  by B lo u t  e t  a l  t h a t  c o n j u g a t i o n  o f  a c a r b o n y l
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TABLE II

COMPARISON OF BAND ASSIGNMENTS IN "LIGAND" WITH 
REPORTED BANDS AND ASSIGNMENTS IN Bzac^a '

AND E u ( b z a c )  -PIPERIDINIUm C13)

L ig a n d Bzac E u ( b z a c ) ^ / \
( i n  N u jo l ) ( n e a t ,  1 . ) p i p e r i d A ss ig n m en ts

1660 sh C=0 s t r e t c h
1630 s 1 6 0 4 s ,b 1600 vs m a i n l y  C=0 s t r e t c h
1570 m 1570 s P h - r i n g  s t r e t c h
1530 m 1520 vs m a i n l y  C=C s t r e t c h

( N u j o l  r e g i o n ) 1480 s P h - r i n g  s t r e t c h
1460 v s C-H bend + C=0 s t r .

1360 m 1355 m CH3 sym m etr ic  bend
1320 m 1298m,b 1300 m
1280 s 1280 vs C-CHgStr .  +  C=C s t r .
1 2 1 0  m 1198 b 1 2 0 0  m C-H bend + C=0 s t r .
1185 s 1178 b 1175 w
1140 m 1155 vw
1 1 2 0  w 1082 m 1105 m
1065 w 1065 m 1070 w Ph C-H i n - p l a n e  bend
1030 m 1025 m 1025 m Ph C-H i n - p l a n e  bend

( N u j o l  r e g i o n ) 995 m
960 m,b 945 w complex mode i n v o l v i r

C=0 s t r e t c h
925 vw

870 m 865 vw
835 s 836 m 840 m 2 a d j . arom. H

( p - s u b s t i t . )
790 s C-CEj s t r e t c h

( a )  These  a b s o r b a n c e  bands  r e p o r t e d  by H o l t z c l a w  and 
Collman i n  r e f e r e n c e 51 f o r  b e n z o y l a c e t o n e  l i q u i d ,  n e a t .

(b )  I n f r a r e d  b an d s  r e p o r t e d  by L ian g  e t  a l  i n  r e f e r e n c e  4 9 .
( c )  Most o f  t h e  a s s i g n m e n t s  w ere  made by c o m p a r i so n  w i t h  

t h o s e  o f  L i a n g  e t  a l ,  w h ic h  w ere  b a s e d  on t h e  a p p r o x i m a te  
c o o r d i n a t e  a n a l y s i s  f o r  a  s i n g l e  c h e l a t e  r i n g  in  
E u ( b z a c ) ^ - p i p e r i d i n i u m  and  r e l a t e d  compounds.
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g r o u p  by an a  -  g d o u b l e  bond u s u a l l y  lo w e r s  t h e  f r e q u e n c y

o f  t h a t  c a r b o n y l  a b s o r p t i o n  by a b o u t  20 t o  30 cm F u r t h e r

e v i d e n c e  f o r  t h i s  f r e q u e n c y  s h i f t ,  e s p e c i a l l y  i n  t h e  a r o m a t i c

s e r i e s  o f  c a r b o n y l  compounds,  comes f rom  a  r e p o r t  by

54
H u n s b e rg e r  e t  a l  , who had  e s t a b l i s h e d  t h e  e x i s t e n c e  o f  a 

l i n e a r  r e l a t i o n s h i p  be tw een  t h e  c a r b o n y l  f r e q u e n c y  s h i f t  

and  t h e  d o u b le  bond  c h a r a c t e r  o f  t h e  r i n g  bond t h a t  p l a y s  

a  p a r t  i n  t h e  c h e l a t i o n .

In  a t t e m p t i n g  t o  i n t e r p r e t  t h e  i n f r a r e d  s p e c t r a  o f  

m e t a l  c h e l a t e s  o f  a c a c ,  i . e .  e i t h e r  t h e  b i s  o r  t h e  t r i s  

m e t a l  a c e t y l a c e t o n a t e s , most  i n v e s t i g a t o r s  found  i t  n e c e s ­

s a r y  t o  make t h e  s y m p l i f y i n g  a s s u m p t i o n  t h a t  t h e  two o r

40t h r e e  c h e l a t e  r i n g s  a r e  i n d e p e n d e n t  t o  some e x t e n t .  C o t to n

p o i n t s  o u t  t h a t  s u c h  a  s i m p l i f i c a t i o n  i s  p r o b a b l y  q u i t e

s a t i s f a c t o r y  f o r  t h e  i n t e r p r e t a t i o n  o f  m o s t  C-C, C-0  an d

C-H s t r e t c h e s .  On t h e  o t h e r  h a n d ,  t h e  m e t a l - o x y g e n  bonds

p r o b a b l y  h a v e  t o  be  c o n s i d e r e d  i n  t e r m s  o f  t h e  symmetry  o f

t h e  e n t i r e  m o l e c u l e ,  s i n c e  M-0 s t r e t c h e s  i n  one r i n g  w i l l

be r a t h e r  s t r o n g l y  c o u p l e d  t o  t h o s e  i n  t h e  o t h e r  r i n g s ,

40
t h r o u g h  t h e  common m e t a l  a tom.

In  c o n t r a s t  t o  t h e  numerous  l i t e r a t u r e  r e p o r t s  on 

t h e  IR s p e c t r a  o f  a c e t y l a c e t o n a t e s  a n d  o t h e r  m e t a l - §  -  

d i k e t o n a t e s ,  o n l y  a  h a n d f u l  o f  p e r t i n e n t  Raman s p e c t r a  have
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been  r e p o r t e d .  The Raman s p e c t r a  o f  b e n z o y l - a c e t o n e ,

d i b e n z o y l m e t h a n e ,  B e ( a c a c ) 2  a n d  Z n ( a c a c ) 2  w e r e  r e p o r t e d

by Kahovec a n d  K o h l r a u s c h ^  i n  1940.  D. N S h i g o r i n ^ ’

had  r e p o r t e d  t h e  e x i s t e n c e  o f  two weak bands i n  t h e  Raman

s p e c t r a  o f  Mg, N i ,  Zn and  A l  a c e t y l a c e t o n a t e s  i n  1953.

The Raman s p e c t r a  o f  t h e  t r i s  a c a c  c h e l a t e s  o f  A l ,  Ga and

58
I n  w ere  r e p o r t e d  by H e s t e r  a n d  P l a n e  i n  1964.  The

Raman s p e c t r a  o f  EuCacac)^  * 2 ^ 0  and o f  E u ( b z a c ) ^ ‘p i p e r i d i n i u m

49
s a l t  w ere  r e p o r t e d  by L ia n g  e t  a l  i n  1970. A s s ig n m e n t s

o f  Raman b an d s  a r e  i n c l u d e d  o n l y  i n  t h e  r e p o r t s  by H e s t e r
58 49 - 1

a n d  P l a n e ,  an d  by L ia n g  i n  t h e  r e g i o n  b e lo w  1650 cm

M ost  o f  o u r  d i s c u s s i o n  o f  t h e  p e r t i n e n t  Raman d a t a  

w i l l  be d e f e r r e d  t o  t h e  d i s c u s s i o n  o f  t h e  r e g i o n  below 

500 cm \  I t  w i l l  be shown t h a t  t h e  s e l e c t i o n  r u l e s  b a s e d  

on g ro u p  t h e o r e t i c a l  c o n s i d e r a t i o n s ,  and a c o m p a r i s o n  o f  

i n f r a r e d  a n d  Raman bands  due  t o  t h e  M-0 v i b r a t i o n s , w e re  

e x t r e m e l y  h e l p f u l  i n  t h e  a s s i g n m e n t  o f  m o l e c u l e s  t o  a 

p a r t i c u l a r  symmetry  g r o u p ,  a n d  t h u s  p r o v id e d  a  b a s i s  f o r  

t h e  a s s i g n m e n t  o f  g e o m e t ry  i n  P d ^ z a c ^ ,  ^ ^ 2  S p e c i e s  I ,  

and  PdL2  S p e c i e s  I I .  The d i s c u s s i o n  o f  t h e  i n f r a r e d  s p e c t r a  

o f  m e t a l - a c a c  com plexes  c a n  be c o n v e n i e n t l y  d i v i d e d  i n t o  

s e v e r a l  i m p o r t a n t  r e g i o n s :  ( a )  4000 t o  1650 cm ^  (b )  1650 

t o  1200 cm"1 , ( c )  1200 t o  400  cm"1 . In  a d d i t i o n ,  (d)  i n f r a r e d
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e v i d e n c e  f o r  t h e  p r e s e n c e  o f  a  m e t a l - c a r b o n  bond  w i l l  be
I

d i s c u s s e d ;  i . e .  b o n d in g  b e tw e e n  t h e  m e t a l  and  t h e  "gamma" 

c a rb o n  o f  t h e  c h e l a t e  r i n g .

( a )  C o n s i d e r i n g  f i r s t  t h e  4000 t o  1650 cm ^ r e g i o n  

o f  t h e  IR s p e c t r u m ,  i t  h a s  b e e n  r e p o r t e d  t h a t  t h e  O H . . . . 0  

a b s o r p t i o n  o f  t h e  a c a c  d i s a p p e a r s  upon c h e l a t i o n  w i t h  t h e  

m e t a l  ( S t r u c t u r e  V i n  F i g .  36). The sy m m e t r i c  a n d  a n t i ­

sy m m etr ic  m e t h y l  s t r e t c h i n g  f r e q u e n c i e s  a p p e a r  a r o u n d  2870
40 59

and  2970,  r e s p e c t i v e l y .  C o t t o n  and  Holm r e p o r t e d  t h a t

t h e  C-H s t r e t c h  o f  t h e  " m i d d l e "  o r  "gamma" c a r b o n  o f  t h e

u n c h e l a t e d  a c a c  r i n g  moves t o  s l i g h t l y  h i g h e r  f r e q u e n c i e s

upon c h e l a t i o n .  I t  seems q u i t e  r e a s o n a b l e  t h a t  r e s o n a n c e

i n  t h e  r i n g  c h a n g e s  t h e  e n v i r o n m e n t  o f  t h a t  p r o t o n  f rom

60
an o l e f i n i c  t o  a  p s e u d o - a r o m a t i c  p r o t o n .  C a l v i n  a n d  W ilson 

have  s u g g e s t e d  t h a t  t h e  c o n j u g a t i o n  i s  e x t e n d e d  t h r o u g h  th e  

m e t a l  a to m .  They h av e  u s e d  t h a t  c o n j u g a t i o n  a s  an  e x p l a n a ­

t i o n  o f  t h e  h i g h  s t a b i l i t y  o f  m e t a l - a c a c  c o m p l e x e s .  C o t ton  

59and  Holm f o u n d  t h a t  t h e  "gamma" C-H s t r e t c h i n g  a b s o r p t i o n  

i n  c o m p lex es  o f  F e ( I I I ) ,  C o ( I I I ) ,  M n ( I I I )  and  C r ( I I I )  

o c c u r r e d  a t  a b o u t  3090 cm ^ ( i n  s p e c t r a  o f  CHCl^ s o l u t i o n s  

o f  t h e  c o m p o u n d s ) . I t  s h o u l d  be n o t e d  t h a t  i n  compounds o f

t h e  ty p e  R ' R ' ' 0 = ^ 2  t h e  C-H i n f r a r e d  f r e q u e n c y  i s  a t  3075 -

-1  -13085 cm , w h i l e  i n  b en zen e  a  s i m i l a r  s t r e t c h  i s  a t  3099 cm
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Thus, in the metal-chelated (?-diketonates the C-H infrared 
frequency lies closer to the aromatic frequency.

Inasm uch  a s  t h e  o r g a n o - p a l l a d i u m  compounds i n v e s t i ­

g a t e d  i n  o u r  l a b o r a t o r y  have  a v e r y  l i m i t e d  s o l u b i l i t y  i n  

CCl^, CS2 j CHCI3  a n d  o t h e r  IR s o l v e n t s  t r i e d ,  most  o f  t h e  

IR s p e c t r a  w e re  o b t a i n e d  on N u j o l  m u l l s .  I t  i s  d i f f i c u l t ,  

t h e r e f o r e ,  t o  d i s c u s s  any  changes  i n  e i t h e r  t h e  CH^ o r  C-H 

s t r e t c h i n g  f r e q u e n c i e s  upon c h e l a t i o n ,  s i n c e  t h o s e  r e g i o n s  

o f  t h e  s p e c t r u m  (2800  t o  3100 cm *") show s t r o n g  N u j o l  b a n d s .

It was attempted to compare those regions in the Raman 

spectra of the ligands (bzac, acac, and p-octyloxy-bzac) 

with those of the appropriate palladium chelates.

In the Raman spectra of the acetylacetonato complexes 
Hester and Plane-^ observed a doublet, which they attributed 

to -v)(C-H) Fermi resonance; the stronger line was observed 

around 2930 and the weaker line around 2950 cm"'*'. In Al(acac)^ 

the doublet was seen at 2927 and 2952 cm"*'; in Ga(acac)^ at 

2930 and 2950 cm *"; and in In(acac)g at 2928 and 2950 cm 

Kahovec and Kohlrausch^"* reported a strong Raman band in 

benzoylacetone at 2919 cm"*", with no assignment given. It 

seems likely that in the Raman spectra of those compounds 

the C-H stretching frequency is seen in the region of 2920 

to 2930 cm"*-.
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In  t h e  Raman s p e c t r a  i n v e s t i g a t e d  h e r e  a  b and  was s e en

a t  2920 cm~^ i n  a c a c ,  i n  b z a c ,  a n d  i n  t h e  l i g a n d  ( F i g .  3 7 ) .

I n  t h e  P d - c h e l a t e s  t h i s  band was o b s e r v e d  a t  2930 i n  P d ( a c a c ) 2

( F i g .  3 8 ) ,  i n  P d ( b z a c ) 2  ( F i g .  3 9 ) ,  an d  in  PdL2  S p e c i e s  I I

( F i g .  4 1 - b ) . I n  P d l^  S p e c i e s  I  ( F i g .  40)  t h e  b and  was

o b s e r v e d  a t  2920 cm"-*-. I f  t h e  s h i f t  o f  t h e  C-H b a n d  t o

h i g h e r  f r e q u e n c i e s  upon c h e l a t i o n  i s  t a k e n  as  a  m e a s u r e  o f
59

g r e a t e r  " a r o m a t i c i t y " ,  as  s u g g e s t e d  by C o t to n  a n d  Holm , 

one would  c o n c l u d e  t h a t  PdL2 S p e c i e s  I I  i s  more " a r o m a t i c 1' 

t h a n  PdL2 S p e c i e s  I .

(b) The n e x t  r e g i o n  t o  be c o n s i d e r e d  i n  t h e  IR 

s p e c t r u m  i s  f rom  1650 t o  1200 cm"*-. This  i s  t h e  r e g i o n  

p o t e n t i a l l y  m o s t  i n f o r m a t i v e  a b o u t  t h e  e l e c t r o n i c  d i s t r i b u ­

t i o n  i n  t h e  c h e l a t e  r i n g .  B ecau se  o f  r e s o n a n c e  a l l  t h e  

c a r b o n - c a r b o n  a n d  c a r b o n - o x y g e n  bond o r d e r s  s h o u l d  a v e r a g e

o u t  t o  a b o u t  1 . 5 .  I n  a d d i t i o n ,  a s  p o i n t e d  o u t  by H o l t z c l a w

51and  Collman , i f  t h e r e  i s  more c o n j u g a t i o n  b e tw e e n  t h e  

m e t a l  ion  and  oxygen i n  one a c e t y l a c e t o n a t e  t h a n  i n  a n o t h e r ,  

t h e r e  s h o u ld  be  a l s o  v a r i a t i o n  i n  t h e  C-0 bond o r d e r  and i n  

t h e  C-0 s t r e t c h i n g  f r e q u e n c y .  S e v e r a l  a t t e m p t s  h a v e  been 

made t o  c o r r e l a t e  s t a b i l i t y  c o n s t a n t s  w i t h  v a r i a t i o n s  in  

t h e  f r e q u e n c y  bands  a s s i g n e d  a s  c a r b o n y l  s t r e t c h i n g  

f r e q u e n c i e s .
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Figure 37
Raman s p e c t r u m  o f  s o l i d  sample  o f  l i g a n d .  

R e g io n s  o m i t t e d  showed no Raman s c a t t e r i n g  b a n d s .
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Figure 38
Raman s p e c t r u m  o f  s o l i d  s am ple  o f  P d ( a c a c ) 2 . 

R e g io n s  o m i t t e d  showed 
no Raman s c a t t e r i n g  b a n d s .
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Figure 39
Raman s p e c t r u m  o f  s o l i d  sam ple  o f  P d ( b z a c ) 2
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Figure 40
Raman s p e c t r u m  o f  PdL.2 S p e c i e s  I .

R eg io n s  o m i t t e d  showed no Raman s c a t t e r i n g  b a n d s .
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Figure 41-A
Raman s p e c t r u m  o f  PdL0 S p e c i e s  I I ,

- 1showing r e g i o n  f rom  300 t o  1650 cm
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Figure 41-B
Raman s p e c t r u m  o f  PdL2  S p e c i e s  I I ,  

s h o w in g  r e g i o n  f rom  2750 t o  3500 cm
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The n a t u r e  o f  t h e  1577 and  1529 cm ^ band i n

CuCacac)^  a n d  o t h e r  r e l a t e d  m e t a l  a c e t y l a c e t o n a t e s  has

b een  t h e  s u b j e c t  o f  much c o n t r o v e r s y .  O r i g i n a l l y ,

fil f% 9
Nakamoto a n d  M a r t e l l  i n  a  s e r i e s  o f  p a p e r s  5 a s s i g n e d  

t h e  f o rm e r  band  t o  a  s t r e t c h i n g  a n d  t h e  l a t t e r  t o  a

C 0 s t r e t c h i n g  mode,  i n d i c a t i n g  t h a t  t h e  f i r s t  band had

75% C=C a n d  o n l y  25% C=0 c h a r a c t e r ,  w h i l e  t h e  sec o n d  band 

a r o s e  f rom  t h e  same bonds w i t h  t h e  p r o p o r t i o n s  r e v e r s e d .

T h i s  a s s i g n m e n t  h a s  b e e n  a c c e p t e d  i n  some o f  t h e  r e p o r t s  

t h a t  f o l l o w e d ,  and  c r i t i c i z e d  by o t h e r s .  I t  m ig h t  be 

p o i n t e d  o u t  t h a t  among t h e  p a p e r s  t h a t  c o n t r i b u t e d  t o  t h i s  

c o n t r o v e r s y  a r e  r e p o r t s  by P i n c h a s  e t  a l ^ 3^  Bock e t  a l ^ 3 ,

Musso and  J u n g e ^ ,  Mikami e t  a l ^ 3 , B e l la m y  an d  B r a n c h ^ ,

51 67H o l t z c l a w  an d  Collman , West  and  R i l e y  , Benke and

Na ka mot o^3 a nd  Nakamoto e t  a l . ^ ’^ 5^  W hi le  some o f

t h e  r e p o r t s  a g r e e  w i t h  t h e  o r i g i n a l  a s s i g n m e n t ,  o t h e r s

b e l i e v e d  t h a t  t h e  two a s s i g n m e n t s  s h o u l d  b e  r e v e r s e d .  The

r e s u l t s  o f  r e c e n t  i s o t o p e  s u b s t i t u t i o n  s t u d i e s ,  i n v o l v i n g

13C an d  ^3 0 ,  by P i n c h a s  e t  a l ^ a s  w e l l  a s  Musso and J u n g e ^ ^ ,

s u g g e s t  t h a t  t h e  band  i n  t h e  1580 cm ^ r e g i o n  i s  t h e  Cl i - 0

s t r e t c h i n g  and  t h e  one  i n  t h e  1530 cm ^ r e g i o n  i s  t h e  C - - 1C

s t r e t c h i n g  f r e q u e n c y .  F u r t h e r  c o n f i r m a t i o n  o f  bands a s s i g n e d

i n  m e t a l  a c a c  c o m p l e x e s ,  e s p e c i a l l y  t h o s e  d u e  t o  t h e  m e t a l -
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l i g a n d  v i b r a t i o n s ,  came f ro m  m e t a l  i s o t o p e  s u b s t i t u t i o n
70

s t u d i e s  by Nakamoto e t  a l  i n  p e n t a n e d i o n a t o  com plexes  o f  

F e ( I I I ) , C r ( I I I ) , P d ( I I ) , C u ( I I )  and  N i ( I I ) , w h ich  w e r e  

h i g h l y  e n r i c h e d  i n  t h e  h e a v i e r  m e t a l  i s o t o p e s .

H o l t z c l a w  a n d  C o l l m a n ^ ,  who h ad  u s e d  t h e  h i g h e r  

f r e q u e n c y  b and  a s  t h e  c a r b o n y l ,  and  t h e  s e c o n d  one a s  t h e  

C=C s t r e t c h i n g  v i b r a t i o n ,  a t t e m p t e d  t o  c o r r e l a t e  s t a b i l i t y  

c o n s t a n t s  o f  t h e  c h e l a t e  w i t h  v a r i a t i o n s  i n  t h e  f r e q u e n c y  

o f  t h e  c a r b o n y l  b a n d .  They p o i n t e d  o u t  t h a t  a  r e l a t i o n s h i p  

s h o u l d  e x i s t  b e tw e e n  t h e  s t r e n g t h  o f  t h e  m e t a l - o x y g e n  bond 

a n d  t h e  f r e q u e n c y  o f  t h e  C-0 bond ,  s i n c e  t h e  bond s t r e n g t h  

o f  t h e  C-0 bond s h o u l d  d e c r e a s e  as  t h e  M-0 bond s t r e n g t h e n s .  

U s in g  t h e i r  a s s i g n m e n t s  o f  t h e  c a r b o n y l  f r e q u e n c y ,  H o l t z c l a w  

a n d  Collman o b t a i n e d  good  " q u a l i t a t i v e  c o r r e l a t i o n "  b e tw e e n  

band  p o s i t i o n  an d  t h e  known o r d e r  o f  s t a b i l i t y  c o n s t a n t s  

f o r  t h e  a c a c  co m p le x e s  o f  N a ( I ) , N i ( I I ) ,  M g ( I I ) ,  C d ( I I ) ,

M n ( I I ) , C o ( I I )  , C u ( I I )  and  P d ( I I ) . W i th  t h e  e x c e p t i o n  o f  

n i c k e l  co m p lex es  w h i c h  w ere  o u t  o f  " s e q u e n c e " ,  t h e  f r e q u e n c i e s  

o f  t h e  c a r b o n y l  band  d e c r e a s e d  i n  t h e  o r d e r  g i v e n ,  w h i l e  t h e  

s t a b i l i t y  c o n s t a n t s  o f  t h e  com plexes  a r e  known t o  i n c r e a s e  

i n  t h e  same o r d e r .  The s t a b i l i t y  c o n s t a n t s  o f  t h e  m e t a l  

a c a c  com plexes  h ad  b e en  e s t i m a t e d  f rom  pH v a l u e s  by Van U i t e r t .

Inasm uch  a s  t h e  compounds i n v e s t i g a t e d  h e r e  a r e
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s t r u c t u r a l l y  c l o s e r  t o  P d ( b z a c ) 2  t h a n  t o  P d C a c a c ) ^ ,  one

s h o u l d  e x a m i n e . p r e v i o u s  i n v e s t i g a t i o n s  o f  t h e  e f f e c t  o f

s u b s t i t u t i n g  a  p h e n y l  g roup  ( o r  some o t h e r  g r o u p )  f o r  one

o r  b o t h  o f  t h e  m e t h y l  g roup  i n  t h e  a c a c  c h e l a t e .  Bel lamy 

f\fla n d  Branch  r e p o r t e d  and  com pared  t h e  s p e c t r a  o f  d i l u t e

CHClg s o l u t i o n s  o f  C u C a c a c ^ j  C u ( b z a c ) 2  and C u ( d i b e n z o y l m e t h a n e ) 2 .

The l a t t e r  compounds w i l l  h e n c e f o r t h  be r e f e r r e d  t o  a s

51 52
CuCdbm)^ . H o l t z c l a w  and  Collman 5 r e p o r t e d  t h e  IR  s p e c t r a

o f  a c a c ,  P d C a c a c ^ ,  b z a c ;  t h e  s p e c t r u m  o f  C u C b z a c ^ j  was
72

r e p o r t e d  by H o l t z c l a w  e t  a l .  A l t h o u g h  i n  1959 Nakamoto 

47
e t  a l  i n v e s t i g a t e d  t h e  i n f r a r e d  s p e c t r a  o f  s e v e r a l  s u b ­

s t i t u t e d  m e t a l  3 - d i k e t o n a t e s  o f  C u ( I I ) ,  N i ( I I ) ,  C u ( I I ) ,

P d ( I I )  and  A l ( I I I ) , i n c l u d i n g  C uC acac)^ ,  C u C b z a c ^ ,  P d C a c a c ^  

a n d  P d ( b z a c ) 2 , t h e y  had  r e p o r t e d  o n l y  t h e  m e t a l - o x y g e n

s t r e t c h i n g  f r e q u e n c i e s  i n  t h o s e ,  and  n o t  t h e  c a r b o n y l

73
f r e q u e n c i e s . I n  a 1962 r e p o r t  Nakamoto e t  a l  r e p o r t e d

t h e  s p e c t r a  o f  C u ( I I )  and  N i ( I I )  s u b s t i t u t e d  m e t a l  a c a c

c o m p le x e s ,  w i t h  t h e  CF_ and C,H -  s u b s t i t u e n t s  r e p l a c i n g
3 o 5

o n e ,  o r  b o t h ,  o f  t h e  CH^ g ro u p s  o f  t h e  aca c  r i n g .

73Nakamoto e t  a l  b e l i e v e  t h a t  t h e  i n d u c t i v e  e l e c t r o n -  

w i t h d r a w i n g  e f f e c t  o f  t h e  p h e n y l  s u b s t i t u e n t  ca n  be n e g l e c t e d .

The most  i m p o r t a n t  e l e c t r o n i c  e f f e c t s  o f  t h e  p h e n y l  " l i e  

i n  i t s  m esom er ic  i n t e r a c t i o n  w i t h  t h e  s e m i - a r o m a t i c  m e t a l  

c h e l a t e  r i n g " .  As a  r e s u l t  o f  t h e  l a t t e r  r e s o n a n c e  e f f e c t ,
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t h e  p i - e l e c t r o n s  a r e  s h i f t e d  f rom  t h e  p h e n y l  t o  t h e  c h e l a t e  

r i n g ,  w h ic h  l e a d s  t o  a  g e n e r a l  s t r e n g t h e n i n g  o f  t h e  M-0 

bonds t h r o u g h  an  i n c r e a s e  o f  t h e  n e g a t i v e  c h a r g e  on t h e  

oxygen  atoms,  a s  i n  c o n t r i b u t i n g  r e s o n a n c e  s t r u c t u r e s  B and C 

shown be low .

Tab le  I I I  shows t h e  f r e q u e n c i e s  l i s t e d  by  Nakamoto
70

e t  a l  f o r  t h e  C=C s t r e t c h ,  t h e  C=0 s t r e t c h ,  a s  w e l l  as  

t h e  M-0 s t r e t c h  f o r  t h e  a c a c ,  b za c  and  dbm c o m p le x e s  o f  

C u ( I I )  and N i ( I I )  . A t t e n t i o n  s h o u l d  be c a l l e d ,  h o w e v e r ,  t o  

t h e  a s s i g n m e n t  o f  t h e  u p p e r  f r e q u e n c y  band t o  t h e  c a r b o n y l  

s t r e t c h ,  and  t h e  lo w er  t o  t h e  C=0 s t r e t c h .  I n  v i e w  o f  t h e  

more r e c e n t  r e p o r t s  on t h e  c o n t r o v e r s y  o f  t h e s e  two a s s i g n ­

m en ts  d i s c u s s e d  b e f o r e ,  t h e s e  two bands  s h o u l d  p r o b a b l y  be 

r e v e r s e d .  I t  s h o u l d  a l s o  be p o i n t e d  o u t  t h a t  i n  N akam oto ' s  

r e p o r t  t h e r e  was s a t i s f a c t o r y  a g r e e m e n t  b e tw een  t h e  c a l c u ­

l a t e d  and  o b s e r v e d  bands  f o r  t h e  s y m m e t r i c a l  l i g a n d s , b u t  

t h e r e  w ere  no c a l c u l a t i o n s  f o r  t h e  " u n s y m m e t r i c a l "  

b e n z o y l a c e t o n e  c o m p l e x e s .
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One s h o u l d  be  a b l e  t o  com pare  t h e  s h i f t s  o f  t h e

c a r b o n y l  and  t h e  M-0 bands  due t o  p h e n y l  s u b s t i t u t i o n .

These  bands w e r e  c om pared  by Nakamoto w i t h  t h e  s t a b i l i t y
71

c o n s t a n t s  o f  t h e  c o m p l e x e s ,  a s  c a l c u l a t e d  by Van U i t e r t  

i n  a  75% d i o x a n e - w a t e r  m i x t u r e .  The l o g  K - j^  c a l c u l a t e d  

i n  t h e  C u ( I I )  s e r i e s  h a d  been  r e p o r t e d  as  2 3 .6 6  f o r  t h e  

a c a c  com plex ,  2 3 . 0 1  f o r  t h e  b e n z a c  a n d  2 4 .9 4  f o r  t h e  dbm 

c o m p lex .  I n  t h e  N i ( I I )  s e r i e s ,  t h e  r e s p e c t i v e  v a l u e s  o f  

l o g  K-jK2 w e re  1 7 . 0 8 ,  1 8 .0 0  an d  2 0 . 7 2 .

W hethe r  one  c o n s i d e r s  t h e  u p p e r  bands  o r  t h e  lo w e r  

bands  r e p o r t e d  by Nakamoto t o  r e p r e s e n t  t h e  C=0 s t r e t c h ,  

t h e r e  i s  no r e g u l a r  c o r r e l a t i o n  b e tw e e n  t h e  f r e q u e n c y  s h i f t  

and  t h e  s t a b i l i t y  c o n s t a n t s  o f  t h e  c o m p l e x e s .  Nor i s  t h e r e  

a  p ro n o u n c e d  r e g u l a r  t r e n d  i n  t h e  c h a n g e s  i n  t h e  s t a b i l i t y  

c o n s t a n t s ,  a l t h o u g h  i t  does  a p p e a r  t h a t  i n  t h e  N i ( I I )  s e r i e s  

t h e  i n t r o d u c t i o n  o f  t h e  p h e n y l  r i n g  makes  t h e  complex more 

s t a b l e .  On t h e  o t h e r  h a n d ,  t h e  t r e n d  i n  t h e  M-0 f r e q u e n c y  

s h i f t  seems more r e g u l a r ;  i . e .  t h e  i n t r o d u c t i o n  o f  one  

p h e n y l  s u b s t i t u e n t  s h i f t s  t h e  M-0 f r e q u e n c y  t o  h i g h e r  v a l u e s  

f ro m  455 t o  458 i n  C u ( I I ) ,  a n d  f ro m  452 t o  455 cm~^ i n  N i ( I I )  

i n d i c a t i n g  a  s t r e n g t h e n i n g  o f  t h e  M-0 bond.  T h is  t r e n d  i s  

a l s o  o b s e r v e d  i n  t h e  i n t r o d u c t i o n  o f  a  s e c o n d  p h e n y l  s u b s t i t ­

u e n t ,  s i n c e  t h e  f r e q u e n c i e s  s h i f t  f ro m  458 cm ^ t o  462 cm ^
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i n  C u ( I I )  and  f rom  455 t o  458 cm ^ i n  N i ( I I ) , on g o i n g  

f ro m  M - C b z a c ^  t o  M-Cdbm)^.

I t  i s  n o t  t h e  i n t e n t  o f  t h i s  d i s c u s s i o n  t o  s u g g e s t  

t h a t  t h e  c o m p a r i s o n s  o f  t h e  e f f e c t s  o f  p h e n y l  s u b s t i t u t i o n  

on M-0 s t r e t c h i n g  f r e q u e n c i e s  i n  t h e  compounds i n v e s t i g a t e d  

by Nakamoto c o n s t i t u t e s  a  d e f i n i t e  t r e n d  t o  be e x p e c t e d  i n  

a l l  c a s e s .  I n  f a c t ,  one  s h o u l d  keep  i n  mind t h e  s u g g e s t i o n s  

by H o l t z c l a w  and  Collman^"*’ on t h i s  s u b j e c t .  H ol tzm an 

p o i n t e d  o u t  t h a t  one s h o u l d  e x p e c t  a  q u a l i t a t i v e  c o r r e l a t i o n  

b e tw een  s t a b i l i t y  o f  co m p le x e s  and  t h e  c a r b o n y l  f r e q u e n c y  

s h i f t ,  b u t  o n l y  when c o m p a r in g  a s e r i e s  o f  co m p lex es  o f  

d i f f e r e n t  m e t a l s  w i t h  t h e  same l i g a n d . The p o s i t i o n  o f  

t h e  c a r b o n y l  band  d e p e n d s  l a r g e l y  on t h r e e  f a c t o r s :  ( 1 ) t h e

m a sse s  o f  t h e  g r o u p s  a t t a c h e d  t o  t h e  c a r b o n y l ;  ( 2 ) t h e  

i n t e r a c t i o n  o f  t h e  c a r b o n y l  w i t h  any  n e i g h b o r i n g  JT- o r  

d - o r b i t a l s ; and  (3 )  t h e  r e l a t i v e  e l e c t r o n  d e n s i t y  o f  t h e  

s i g m a - b o n d s ,  w h ic h  i s  l a r g e l y  c o n t r o l l e d  by t h e  e l e c t r o ­

n e g a t i v i t y  o f  t h e  g r o u p s  a t t a c h e d  t o  t h e  c a r b o n  o f  t h e  

c a r b o n y l  g r o u p .

I n  p r a c t i c e  i t  may be d i f f i c u l t  t o  e v a l u a t e  e a c h  

o f  t h e  ab o v e  t h r e e  f a c t o r s  s e p a r a t e l y .  I n  c o m p a r in g  a  s e r i e s  

o f  m e t a l  a c a c  c o m p le x e s ,  a c c o r d i n g  t o  H o l t z c l a w ,  a n y  e f f e c t  

w h ic h  s t r e n g t h e n s  t h e  m e t a l  oxygen bond a l s o  w eakens  t h e
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c a r b o n - o x y g e n  bond .  On t h e  o t h e r  h a n d ,  when c o m p ar in g  a 

s e r i e s  o f  v a r i o u s  g - d i k e t o n a t e s  o f  t h e  same m e t a l , one o r  

more  o f  t h e  t h r e e  e f f e c t s  - -  i . e .  d i f f e r e n c e  i n  m ass ,  i n  

r e s o n a n c e ,  and  i n  i n d u c t i v e  e f f e c t s  - -  must  be  a t t r i b u t e d  

e s s e n t i a l l y  t o  t h e  l i g a n d ,  s i n c e  t h e  m e t a l  r e m a i n s  t h e  same.

The r e l a t i v e  m a g n i tu d e s  o f  t h e s e  t h r e e  e f f e c t s  as  one changes  

f rom  l i g a n d  t o  l i g a n d  n e e d  n o t  be t h e  same,  n o r  a r e  t h e y  

n e c e s s a r i l y  e x p e c t e d  t o  ch ange  i n  t h e  same d i r e c t i o n .  Hence,  

t h e  o v e r a l l  r e l a t i v e  e f f e c t s  on t h e  m e t a l - o x y g e n  bond and 

on t h e  c a r b o n y l  bond n e e d  n o t  be t h e  same.

C o n s i d e r i n g  n e x t  t h e  p o s i t i o n  o f  t h e  c a r b o n y l  band 

a nd  o t h e r  i m p o r t a n t  bands  i n  t h e  1650 t o  1200 cm ^ r e g i o n  

o b s e r v e d  i n  t h e  o r g a n o - p a l l a d i u m  compounds i n  t h i s  i n v e s t i ­

g a t i o n ,  i t  s h o u l d  f i r s t  be p o i n t e d  o u t  t h a t  t h e  c o m p le te  IR 

s p e c t r u m  o f  P d C b z a c ^  h a s  n o t  been p r e v i o u s l y  r e p o r t e d ,  s i n c e

o n l y  t h e  M-0 s t r e t c h i n g  f r e q u e n c y  was l i s t e d  by Nakamoto e t

47 74 75
a l .  I n  1967 an d  1968 S i n g h  and S a h a i  * i n v e s t i g a t e d

t h e  n i t r o - s u b s t i t u t e d  a n a l o g u e s  o f  P d ( a c a c ) 2  a n d  Pd C b zac )^ ,  

w i t h  t h e  -NO2 g ro u p  s u b s t i t u t e d  i n  e a c h  c a s e  f o r  t h e  "gamma" 

p r o t o n  o f  t h e  c h e l a t e  r i n g .  In  t h e  n i t r o - a n a l o g u e  o f  

P d ( a c a c ) 2  S i n g h ^  r e p o r t e d  t h e  c a r b o n y l  band  a t  1560 cm \

o r  a b o u t  1 0  cm lo w er  t h a n  t h e  band in  P d ( a c a c ) 2  r e p o r t e d

61 65by Nakamoto e t  a l  and  by Mikami e t  a l .  The c a r b o n y l
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band  i n  t h e  n i t r o - a n a l o g u e  o f  P d C b z a c ^  was r e p o r t e d  by

S in g h  an d  S a h a i  a t  1550 cm \

The i n f r a r e d  s p e c t r u m  o f  P d ( b z a c ) 2  i s  shown in

F i g .  1 6 .  The u p p e rm o s t  band  i n  t h a t  r e g i o n  i s  s e e n  a t

1590 c m " \  p r o b a b l y  due m a i n l y  t o  t h e  c a r b o n y l  s t r e t c h .

The s h o u l d e r  a t  1560 i s  due  t o  one o f  t h e  p h e n y l  r i n g

s t r e t c h e s ,  t h e  d o u b l e t  a t  1540 a n d  1520 i s  d ue  m a i n l y  t o

t h e  C=C, p r o b a b l y  c o u p l e d  t o  t h e  p h e n y l  r i n g  s t r e t c h ;  t h e

band a t  1480 cm ^ i s  due t o  a n o t h e r  p h e n y l  r i n g  s t r e t c h .

T a b le  IV l i s t s  t h e  a b s o r b a n c e s  i n  t h i s  r e g i o n  o f

t h e  " l i g a n d " ,  and  b o t h  c h e l a t e s ;  i . e .  P d l^  S p e c i e s  I  and

P d l^  S p e c i e s  I I .  I t  can be s e e n  t h a t  t h e  c a r b o n y l  band

a p p e a r s  i n  t h e  l i g a n d  a t  1630,  w i t h  a  s h o u l d e r  a t  1660,

a p p e a r s  i n  S p e c i e s  I  o f  PdL^ a t  1630 cm \  a n d  i n  S p e c i e s  I I

o f  P d l ^  a t  1620 cm The p h e n y l  r i n g  s t r e t c h ,  s e e n  i n  t h e

l i g a n d  a t  1570 cm \  i s  a s s i g n e d  t o  1580 cm *" i n  S p e c i e s  I

and  1590 cm *■ i n  S p e c i e s  I I .  The band a t t r i b u t e d  m a i n l y  t o
- 1

t h e  C=C s t r e t c h  a p p e a r s  i n  t h e  l i g a n d  a t  1530 cm ; a t  

1550 cm” *' i n  S p e c i e s  I ;  a n d  a t  1530 cm"*, w i t h  a  s h o u l d e r  

a t  1550 cm \  i n  S p e c i e s  I I .  No g e n e r a l i z a t i o n  w i l l  be 

a t t e m p t e d  a s  t o  t h e  r e l a t i v e  s t r e n g t h  o f  t h e  C-0 bonds i n  

t h e s e  compounds,  as  j u d g e d  f rom  t h e  f r e q u e n c y  s h i f t  o f  t h e  

c a r b o n y l  band .  ( F i g s .  12 ,  19 ,  2 3 )
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TABLE IV

COMPARISON OF INFRARED STRETCHING FREQUENCIES 
OF LIGAND, SPECIES I  AND SPECIES I I  

IN CARBONYL REGION

L ig a n d  P d L ^ , S p e c i e s  I  PdL„ , S p e c i e s  I I  A s s ig n m e n t

1660sh
1630

1570

1530

1630

1580

1550

1620

1590

1550 s h  
a n d  1530

m a i n l y  C=0 s t r e t c h

P h - r i n g  s t r e t c h

m a i n l y  C=C 
s t r e t c h
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( c )  The r e g i o n  f rom 1200 t o  400 cm ^ w i l l  be c o n s i d e r e d  

n e x t .  As p o i n t e d  o u t  by C o t to n ^ ® ,  t h e  a s s i g n m e n t  o f  a b s o r p ­

t i o n  bands  i n  t h i s  r e g i o n  i s  e x t r e m e l y  d i f f i c u l t  a n d  "h as  

n o t  o f t e n  b e e n  a t t e m p t e d  i n  a n y  s y s t e m a t i c  w a y " .  T h i s  i s  

t h e  r e g i o n  i n  w h ic h  C-H d e f o r m a t i o n s ,  r i n g  d e f o r m a t i o n s  and 

m e t a l - o x y g e n  b o n d in g  and  s t r e t c h i n g  modes may be e x p e c t e d ,  

p r o b a b l y  w i t h  c o n s i d e r a b l e  c o u p l i n g  be tween  t h o s e  modes .

The m o s t  i m p o r t a n t  a s s i g n m e n t s  i n  t h i s  r e g i o n  a r e  

f o r  t h e  M-0 s t r e t c h i n g  f r e q u e n c i e s ,  and t h e s e  s h o u l d  be 

e x t e n d e d  i n t o  t h e  f a r  IR .  I n  1959 Nakamoto e t  a l ^  m e a s u re d  

t h e  s p e c t r a  o f  32 compounds i n  t h e  1700 t o  300 cm ^ r e g i o n ,  

u s i n g  o p t i c a l  components  o f  s o d iu m  c h l o r i d e ,  p o t a s s i u m  

brom ide  a n d  c e s iu m  b ro m id e .  I n  t h e i r  r e p o r t  o f  t h e  M-0 

band f r e q u e n c i e s  i n  t h e  420 t o  480 cm  ̂ r e g i o n ,  t h e y  p o i n t  

o u t  t h a t  t h e  bands  s h i f t  t o  h i g h e r  f r e q u e n c i e s  a n d  i n c r e a s e  

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

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

m e t a l s  i n v e s t i g a t e d :

C o ( I I )  <  N i ( I I )  <  C u ( I I )  <  P d ( I I )

I n  t h e  a c e t y l a c e t o n a t o  co m p le x e s  t h e  M-0 bands  s h i f t ,  

r e s p e c t i v e l y ,  f rom  420 cm ^ i n  C o ( a c a c ) 2 t o  4 5 3 ,  4 5 5 ,  and  

t o  465 i n  P d C a c a c ^ .  I n  c a s e  o f  t h e  bzac  c o m p l e x e s ,  t h e  

bands a r e  a s  f o l l o w s :  423 i n  C o ( b z a c ) 2 , 455 i n  N i ( b z a c ) 2 >

458 i n  C u ( b z a c ) 2  and  478 i n  P d ( b z a c ) 2 «
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I n  t h e  compounds i n v e s t i g a t e d  i n  t h i s  l a b o r a t o r y ,  

t h e  m e t a l - o x y g e n  bands h a v e  been  a s s i g n e d ,  i n  t h e  f a r  IR 

r e g i o n  a n d  i n  t h e  Raman, a s  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .

The m e t a l - o x y g e n  modes w e r e  a s s i g n e d  i n  P d C b z a c ^ ,  PdL^

S p e c i e s  I  a n d  PdL^ S p e c i e s  I I  by c o m p a r i s o n  w i t h  t h o s e  

p r e v i o u s l y  a s s i g n e d  by N a k a m o t o ^ a n d  M i k a m i ^  and by 

c o m p a r i s o n  w i t h  t h e  a p p r o p r i a t e  Raman b a n d s ,  a s  p r e d i c t e d  

by s e l e c t i o n  r u l e s .  H e re  o n l y  one o f  t h e  s t r o n g e s t  bands  

i n  t h e  f a r  IR r e g i o n  a r o u n d  450 cm \  i n  a l l  f o u r  Pd- 

- d i k e t o n a t e s , w i l l  be c o n s i d e r e d ,  w i t h  i t s  symmetry 

r e p r e s e n t a t i o n  g i v e n .

The band w h ich  i s  s e e n  i n  P d ( a c a c ) 2  a t  464 cm 

a p p e a r s  a t  480 cm” '*' ) i n  P d C b z a c ^ ;  a t  469 cm ^ ( I ^ )  i n

PdL„ S p e c i e s  I ,  and  a t  448 cm ^ (B. ) i n  PdL. S p e c i e s  I I .
2 lu  2

From t h e  t r e n d  i n  t h e  f r e q u e n c y  o f  t h a t  s i n g l e  m e t a l - o x y g e n  

band ,  w h i c h  i s  due t o  a  f u n d a m e n t a l  a n g l e  d e f o r m a t i o n  mode 

o ne  m i g h t  c o n c l u d e  t h a t  t h e  P d -0  bond i n  b o t h  PdL^ 

compounds p r e p a r e d  i s  w e a k e r  t h a n  t h e  c o r r e s p o n d i n g  bond i n  

P d ( b z a c ) 2 * However ,  t h i s  l o w e r i n g  o f  t h e  f r e q u e n c y  o f  t h e  

M-0 bond may be s im p l y  due  t o  t h e  g r e a t e r  mass  o f  t h e  l i g a n d  

e m p l o y e d ,a n d  need  n o t  r e p r e s e n t  a  change  i n  bond s t r e n g t h .  

Comparing o n l y  t h e  two PdL^ compounds,  S p e c i e s  I  and I I ,  i n  

w h ich  t h e  mass  o f  t h e  l i g a n d  i s  i d e n t i c a l ,  i t  a p p e a r s  t h a t
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t h e  P d - 0  bond i s  w eak e r  i n  S p e c i e s  I I  (448 cm t h a n  i n

S p e c i e s  I  (470 cm .

(d )  Collman e t  a l ^  d i s c u s s  some i n f r a r e d  c r i t e r i a

f o r  t h e  p r e s e n c e  o f  t h e  s o - c a l l e d  "gamma" p r o t o n  o f  t h e

c h e l a t e  r i n g .  These  co m p lex es  t h a t  do h ave  a  p r o t o n  on t h e

c e n t r a l  c a r b o n  o f  t h e  c h e l a t e ,  show two i n f r a r e d  b a n d s :  a

d o u b l e t  i n  t h e  1500 t o  1600 cm r e g i o n .  However ,  s u b s t i t u t e d

m e t a l  a c a c  c o m p lex es ,  show o n l y  a  s i n g l e  b a n d  a t  a b o u t

1550 cm \  This  f e a t u r e  o f  t h e  s p e c t r u m  was  a l ,so  r e p o r t e d

78
by Dryden an d  W ins ton  i n  1958 ,  and  t h e y  a t t r i b u t e d  t h e

u p p e r  f r e q u e n c y  band t o  t h e  d o u b l e t  o f  t h e  c h e l a t e d  c a r b o n y l

g r o u p ;  t h e  lo w er  band h a d  b e e n  a s s i g n e d  t o  t h e  p a r t i a l

d o u b le  bond o f  t h e  c h e l a t e  r i n g .  This  l o w e r  f r e q u e n c y  band

was t h o u g h t  t o  d i s a p p e a r  upon s u b s t i t u t i o n  o f  a n o t h e r  g r o u p

i n  t h e  "gamma" p o s i t i o n ,  due  t o  a mass e f f e c t .
79

I n  1974 Baba e t  a l  r e a c t e d  b i s ( a c e t y l a c e t o n a t o ) - 

p a l l a d i u m ( I I )  w i t h  t r i p h e n y l p h o s p h i n e  and  n i t r o g e n  b a s e s  

s u c h  a s  p y r i d i n e ,  d i e t h y l a m i n e , and  N - m e t h y l b e n z y l a m i n e .

They fo u n d  t h a t  one o f  t h e  c h e l a t i n g  a c a c  l i g a n d s  was t r a n s ­

formed i n t o  a c a r b o n - b o n d e d  l i g a n d ,  w i t h  t h e  b a s e  L o c c u p y i n g  

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

co m p lex es  o f  t h e  t y p e  P d ^ c a c ^ L  w ere  c h a r a c t e r i z e d  by t h e i r  

IR and  NMR s p e c t r a .  I n  c a s e  o f  t h e  o x y g e n -b o n d e d  a c a c  l i g a n d
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Baba r e p o r t e d  b a n d s ,  a s s i g n e d  t o  t h e  (C==0) and V  (C==C)

i n  t h e  1500 t o  1600 cm ^ r e g i o n .  I n  t h e  c a r b o n -b o n d e d

l i g a n d  t h e  ) )  (C==0) v i b r a t i o n  was s e e n  i n  t h e  1600 t o  
- 1

1700 cm . I n  a d d i t i o n ,  s t r o n g  b a n d s  w ere  o b s e rv e d  i n  t h e  

500 t o  550 cm"'*' r e g i o n ,  a t t r i b u t e d  t o  t h e  (Pd-C) v i b r a t i o n .

The Pd-C v i b r a t i o n  was o b s e r v e d  a t  518 ,  519 ,  524 and

540 cm"'*', t h e  p o s i t i o n  o f  t h a t  b an d  d i f f e r i n g  s l i g h t l y  w i t h

t h e  d i f f e r i n g  b a s e s  u s e d  as  t h e  L g r o u p .

The compounds in  t h i s  i n v e s t i g a t i o n  have no bands  

i n  t h e  Pd-C r e g i o n ,  so  one can  e l i m i n a t e  from c o n s i d e r a t i o n  

s t r u c t u r e s  i n v o l v i n g  p a l l a d i u m - c a r b o n  bonded i s o m e r s .
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E x p e r i m e n t a l  E v i d e n c e  f o r  S t r u c t u r e  A s s ig n m e n ts

The m o s t  i m p o r t a n t  e v i d e n c e  f o r  t h e  a s s i g n m e n t  o f

s t r u c t u r e s  and  d i s t i n q u i s h i n g  b e tw e e n  S p e c i e s  I  a n d

S p e c i e s  I I  o f  t h e  PdL^ compounds p r e p a r e d ,  comes f ro m  t h e

c o m p a r i so n  o f  t h e  Raman and i n f r a r e d  s p e c t r a  o f  t h e  two

compounds. I n  t h i s  c o n n e c t i o n ,  t h e  m o s t  r e l e v a n t  m o t io n s

t o  be exam ined  a n d  a n a l y z e d  a r e  t h o s e  d i r e c t l y  i n v o l v i n g

t h e  - P d O ^ - s u b u n i t  o f  t h e  m o l e c u l e ,  s i n c e  t h o s e  modes w i l l

be most  d i r e c t l y  a f f e c t e d  by c h a n g e s  i n  t h e  g e o m e t r y  o f

t h e  m o l e c u l e .  I n  t h i s  i n v e s t i g a t i o n  we d e r i v e d  t h e  s e l e c t i o n

r u l e s  p r e d i c t e d  by  g ro u p  t h e o r e t i c a l  c o n s i d e r a t i o n s ,  a s  w e l l

a s  compared o u r  b a n d  a s s i g n m e n t s  w i t h  t h o s e  r e p o r t e d  i n  t h e

l i t e r a t u r e  f o r  s i m i l a r  s y s t e m s ,  w h e r e  a s s i g n m e n t s  h a d  been

6  Xmade f rom  f o r c e  c o n s t a n t  c a l c u l a t i o n s  and  m e t a l  i s o t o p e
4 6 , 7 0

e f f e c t s  on c e r t a i n  v i b r a t i o n s .

F o r  a g e n e r a l  N-atom m o l e c u l e ,  o r  i n  o u r  c a s e  a 

s u b u n i t  o f  t h e  m o l e c u l e  c o n t a i n i n g  N a t o m s , t h e  number  o f  

n o rm a l  v i b r a t i o n s  i s  o n l y  3N - 6 , s i n c e  s i x  c o o r d i n a t e s  a r e  

r e q u i r e d  t o  d e s c r i b e  t h e  t r a n s l a t i o n a l  and  r o t a t i o n a l  m ot ion  

o f  t h e  m o l e c u l e  a s  a  w h o le .  U s in g  g r o u p  t h e o r y  i t  i s  p o s s i b l e  

t o  f i n d  t h e  number  o f  norm a l  v i b r a t i o n s  b e l o n g i n g  t o  e a c h  

s p e c i e s .  The p r i n c i p l e  o f  t h e  m e th o d  i s  t h a t  a l l  r e p r e s e n t a ­

t i o n s  a r e  i r r e d u c i b l e  i f  normal  c o o r d i n a t e s  a r e  u s e d  a s  t h e  

b a s i s  f o r  t h e  r e p r e s e n t a t i o n s .
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S e l e c t i o n  r u l e s  f o r  i n f r a r e d  and  Raman s p e c t r a  a r e  

b a s e d  on quan tu m  m e c h a n i c s . The s e l e c t i o n  r u l e  f o r  t h e  

i n f r a r e d  s p e c t r u m  i s  d e t e r m i n e d  by t h e  i n t e g r a l :

I n  e q u a t i o n  11 ^ i s  t h e  d i p o l e  moment i n  t h e  e l e c t r o n i c  

g r o u n d  s t a t e ,  ^  i s  t h e  v i b r a t i o n a l  e i g e n f u n c t i o n ,  and 

y 1 and V ' 1 a r e  t h e  v i b r a t i o n a l  quantum numbers  b e f o r e  

and  a f t e r  t h e  t r a n s i t i o n ,  r e s p e c t i v e l y .  The a c t i v i t y  o f  

t h e  n o rm a l  v i b r a t i o n  w i t h  n o r m a l  c o o r d i n a t e  Q i s  b e i n g
a

d e t e r m i n e d .  By r e s o l v i n g  t h e  d i p o l e  moment i n t o  t h e  t h r e e  

com ponents  i n  t h e  x ,  y and  z d i r e c t i o n ,  t h e  s e l e c t i o n  r u l e  

ca n  be r e s t a t e d  i n  t e rm s  o f  t h o s e  c o o r d i n a t e s .  Thus ,  a 

f u n d a m e n t a l  mode w i l l  be i n f r a r e d  a c t i v e ,  i . e .  i t  w i l l  g i v e  

r i s e  t o  an  a b s o r p t i o n  b a n d ,  i f  t h e  n o rm a l  mode b e l o n g s  t o  

t h e  same r e p r e s e n t a t i o n  a s  a n y  one  o f  t h e  C a r t e s i a n  

c o o r d i n a t e s  . ^

S i m i l a r l y ,  t h e  s e l e c t i o n  r u l e  f o r  t h e  Raman s p e c t r u m  

i s  d e t e r m i n e d  by t h e  i n t e g r a l :

y  V ' ' f  (V  y i i ( Q a ) dQa  (12)

( 11)

E q u a t i o n  12 may be r e s o l v e d  i n t o  s i x  c o m p o n e n t s ;  ^  ^

o I f  one  o f  t h e s e  i n t e g r a l s  i s  n o t
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z e r o ,  t h e  n o rm a l  v i b r a t i o n  a s s o c i a t e d  w i t h  Q i s  Ramana

a c t i v e .  I f  a l l  t h e  i n t e g r a l s  a r e  z e r o ,  t h e  v i b r a t i o n  i s  

Raman i n a c t i v e .  I n  p r a c t i c e  i t  i s  p o s s i b l e  t o  d e c i d e  

w h e t h e r  o r  n o t  t h e  i n t e g r a l s  a r e  z e r o  o r  n o n z e r o  f rom  a 

c o n s i d e r a t i o n  o f  sy m m e try .  T h e r e f o r e ,  a  f u n d a m e n ta l  

t r a n s i t i o n  w i l l  be Raman a c t i v e  i f  t h e  n o r m a l  mode i n v o l v e d  

b e l o n g s  t o  t h e  same r e p r e s e n t a t i o n  a s  o ne  o r  more o f  t h e
80

com ponen ts  o f  t h e  p o l a r i z a b i l i t y  t e n s o r  o f  t h e  m o l e c u l e .

A t r u l y  s q u a r e - p l a n a r  m o l e c u l e  o f  t h e  ty p e  MX^, i n  

w h ic h  a l l  t h e  M—X bonds  a r e  o f  e q u a l  l e n g t h ,  would  be o f  

sym m etry .  The f u n d a m e n t a l  modes o f  s u c h  a  s y s t e m  a r e  

shown i n  F i g . 42 .

F o r  a  g r o u p  o f  f i v e  atoms t h e  number  o f  f u n d a m e n t a l  

v i b r a t i o n s  w o u ld  be 3N - 6  o r  n i n e .  I n  a c t u a l i t y ,  a s  s e e n  

i n  F i g .  4 2 ,  t h e r e  a r e  two d o u b ly  d e g e n e r a t e  s t r e t c h i n g  modes 

( 1^6 anc* ^ 7 )* s e v e n  fu n d a m e n ta l  modes d i v i d e  t h e m s e l v e s

i n  t h e  f o l l o w i n g  m a n n e r :  i ^ i g ^  t *ae s ymmetr:i-c a l

s t r e t c h ;  ) /  ^  ( A ^ [) i s  a  d e f o r m a t i o n  mode;  ^Blg^ iS S

d e f o r m a t i o n  mode; ^ l u ^  ^n a c t ^v e  b o t h  Raman and

IR s e l e c t i o n  r u l e s ;  >> _ (B. ) i s  t h e  a s y m m e t r i c  s t r e t c h ;
5 2 g

1/  ,  and  1/  _ a r e  t h e  ab o v e  m e n t io n e d  d o u b l y  d e g e n e r a t e  modes 
6 7

o f  Eu symm etry .

C h a r a c t e r  t a b l e s  f o r  t h e  D., g r o u p  (Appendix  I I )  can4h
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Normal modes of a square planar MX^ molecule (D^) 
(From Adams, reference 81, p. 30)

Figure 42
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be u s e d  t o  d e t e r m i n e  t h e  s e l e c t i o n  r u l e s .  T h u s ,  t h e  y  ,

1

1̂ 3 , a n d  1^5 modes s h o u l d  be  Raman a c t i v e ,  w h i l e  t h e

l )  ,  an d  y _  s h o u ld  be IR  a c t i v e ,  w i t h  "0 b e i n g  i n a c t i v e  i n  0 7 4

Raman and  IR ,  a s  m e n t i o n e d  b e f o r e .  In  symmetry one

w ou ld  e x p e c t  no c o i n c i d e n c e s  be tween Raman an d  IR a c t i v e

b a n d s ,  and  o n l y  6 bands  s h o u l d  be o b s e r v e d .

I n  t h e  - -P d O ^ - -  s u b u n i t  o f  any  o f  t h e  m o l e c u l a r

s y s te m s  t h a t  w i l l  be c o n s i d e r e d  h e r e  t h e  f o u r  P d -0  bonds

a r e  n o t  i d e n t i c a l ;  t h e  symmetry  o f  t h e  s y s t e m  i s  r e d u c e d .

We u s e d  c o r r e l a t i o n  t a b l e s  t o  work  o u t  s e l e c t i o n s  r u l e s

81f o r  t h e  lo w er  symmetry m o l e c u l e s .  F o r  e x a m p le ,  t h e  

s i m p l e s t  o f  t h e  P d - b e t a - d i k e t o n a t e s , t h e  P d ( a c a c ) 2  m o l e c u l e ,

has  been  i n v e s t i g a t e d  a n d  d e s c r i b e d  by Nakamoto e t  a l  i n
61 65

1961 and  by Mikami e t  a l  i n  1967. B o th  o f  t h o s e  r e p o r t s

c o n t a i n  c a r e f u l  a s s i g n m e n t s  o f  t h e  i n f r a r e d  b a n d s ,  b a s e d  on

c a l c u l a t i o n s .  P d ( a c a c )  h a d  been a n a l y z e d  by Mikami and

61 65
a s s i g n e d  t o  t h e  D2 ^  symmetry  g r o u p .  Nakamoto  and  Mikami

had  r e p o r t e d  t h e  IR  and  f a r  IR s p e c t r a  o f  P d ( a c a c ) 2 , b u t  

no Raman s p e c t r a  w e re  r e p o r t e d  by e i t h e r  o f  t h o s e  i n v e s t i g a ­

t o r s  .

Of t h e  modes t h a t  i n v o l v e  t h e  M --0  s t r e t c h i n g  o r  

d e f o r m a t i o n s , o r  modes t h a t  a r e  c o u p le d  w i t h  e i t h e r  o f  t h e  

a b o v e ,  Nakamoto c a l c u l a t e d  t h a t  t h e  M--0 s t r e t c h  ( 17^) s h o u l d
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a p p e a r  a t  472 cm- '*' ( o b s e r v e d  a t  4 6 4 ) ,  an d  t h e  r i n g  d e f o r m a t i o n  

M--0 s t r e t c h  was c a l c u l a t e d  a t  648 cm ^ a n d  o b s e r v e d

a t  676 cm M ik a m i ' s  r e p o r t  i n c l u d e d  o b s e r v a t i o n s  o f  bands  

i n  t h e  l o w e r  cm"'*' a n d  i n t o  t h e  f a r  IR r e g i o n .  The a c t u a l

modes t h a t  a r e  o f  i n t e r e s t  f o r  p u r p o s e s  o f  c o m p a r i s o n  i n

t h e  p r e s e n t  r e s e a r c h  a r e  shown on F i g .  4 3 .  F o r  t h e  e n t i r e  

m o le c u le  t h e  Mikami modes a r e  shown i n  h i s  a r t i c l e ,  and 

h e r e  o n l y  t h e  t h r e e  modes o f  i n t e r e s t :  ^  ^ l u ^  w*1^c *1

i s  l i k e  t h e  >7^ mode p r e v i o u s l y  d e s c r i b e d  i n  a h y p o ­

t h e t i c a l  MX^ o r  -PdO^- s u b u n i t ;  t h e  i7 ^  (®2 u^ moc*e t h a t  i s  

s i m i l a r  t o  t h e  v'y mode i n  symmetry;  a n d  t h e  i7 ^
65

mode w h ic h  i s  s i m i l a r  t o  t h e  ) )  r  mode i n  D.,  , Mikami had
6 4h

c a l c u l a t e d  t h a t  t h e  >7 ^  s h o u l d  a p p e a r  a t  456 cm , and

o b s e r v e d  i t  a t  463 cm ■*"; ( w i t h i n  t h e  e x p e r i m e n t a l  e r r o r

l i m i t s  i n  good a g r e e m e n t  w i t h  N akam oto) .  The ^ 2 5  moc^e
- 1

Mikami c a l c u l a t e d  t o  be a t  302 cm and  o b s e r v e d  a t

294 cm 'S  a n d  t h e  )7 ^2 mo<̂ e was c a l c u l a t e d  f o r  263 cm

and o b s e r v e d  a t  259 cm . I n  a d d i t i o n ,  Mikami a l s o  

o b s e r v e d  s e v e r a l  bands  i n  t h e  f a r  IR a t  2 2 0 ,  174,  105 and 

94 cm ; t h e s e  he  c a l c u l a t e d  t o  c o r r e s p o n d  t o  a t

2 2 1 , t h e  1;  (B3 u ) a t  1 8 1 ,  j 7 3 4  ( B ^ )  a t  103 cm 1 , r e s p e c ­

t i v e l y .  These  t h r e e  c a l c u l a t e d  a b s o r p t i o n s  a p p e a r  i n  f a i r l y  

good a g r e e m e n t  w i t h  t h e  w eak  bands  o b s e r v e d .  Mikami a l s o
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'WB2u) '^32(B3u)

F i g u r e  43

S c h e m a t i c s  o f  v i b r a t i o n a l  modes f o r  P d C acac )^

( S e l e c t e d  f rom modes shown i n  r e f e r e n c e  65 by Mikami e t  a l )

i
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c a l c u l a t e d  a  ,  (B. ) a t  6 8  cm \  and  a p oc (B0 )  a t  

26 2u 35 3u
- 1

5 3  cm , w i t h  no c l e a r  a s s i g n m e n t  o f  any o f  t h e  l a t t e r  band .

T a b le  V sum m ar izes  t h e  d a t a  on th e  f a r  i n f r a r e d  

s p e c t r u m  o f  P d C a c a c ^ ,  c o m p a r in g  t h e  bands o b s e r v e d  i n  t h i s

l a b o r a t o r y  and  t h e i r  a s s i g n m e n t s ,  w i t h  t h e  d a t a  f rom

65 61Mikami and  Nakamoto . F o r  e a s y  co m p a r i so n  t h e  bands  ( F i g .  44)

a s s i g n e d  t o  t h e  M-0 modes h a v e  b e e n  u n d e r l i n e d ,  an d  t h e y

a r e  s e e n  a t  265 cm ^ ( b ) ,  a t  295 cm ^ (B ) ,  a n d  a t
3u 2u

464 cm (B ) .  I t  s h o u l d  a l s o  be p o i n t e d  o u t  t h a t  t h e s e  
l u

a r e  g e n e r a l l y  c o n s i s t e n t  w i t h  t h e  a s s i g n m e n t s  o f  t h e  M-0

49 -1
bands  i n  E u ( a c a c ) ^  by L ia n g  e t  a l  a t  200,  225 and  410 cm

I n  t h i s  i n v e s t i g a t i o n  t h e  Raman s p e c t r u m  o f  P d ( a c a c ) ^

i s  b e i n g  r e p o r t e d  ( F i g .  4 5 ) .  The bands  o b s e r v e d  i n  t h e

Raman s p e c t r u m  h a v e  been a s s i g n e d  i n  a c c o r d  w i t h  g r o u p

t h e o r e t i c a l  s e l e c t i o n  r u l e s  f o r  0 2 ^  symmetry. C o r r e l a t i o n

T a b le  VI shows how t h e  symmetry  s p e c i e s  o f  D t r a n s f o r m  i n

t h e  c a s e  o f  D2 ^  symmetry .  I n  a d d i t i o n ,  s i n c e  one  o f  t h e

compounds t o  be d i s c u s s e d  l a t e r  (PdL2  S p e c i e s  I )  w i l l  be

shown t o  be o f  C2V sym m etry ,  t h i s  i s  a l s o  i n c l u d e d  i n  t h e

t a b l e .

As can  be s e e n  f rom  t h e  c o r r e l a t i o n  T a b le  VI,  i n  D2 h

symmetry  t o  w h i c h  P d ( a c a c ) 2  h a d  b een  p r e v i o u s l y  a s s i g n e d  

65by Mikami,  t h e  Raman a c t i v e  modes b e lo n g  t o  A , A .,
S g
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TABLE V
COMPARISON OF FAR INFRARED DATA FOR P d ( a c a c ) 2

R e l a t i v e  5 5  6 1
O b s e rv .  I n t e n s i t y  Mikami D a ta  Nakamoto D a ta
(cm"-*-)______ ( 1 - 1 0 ) _______ A s s i g n e d _______ R e p t ' d  C a l c ' d  A s s i g n e d  R e p t ' d  C a l c ' d  A s s i g n e d

60 4
V35

53

(70 ) 2
^ 2 6

6 8 v>2 6 (B2u )

95 94

(105) 103 ^ 3 4 (B3u>

1 2 0 1 .5 l a t t i c e

152 2 C-CHg t o r t i o n

170b 1 .5 C-CH^ t o r t i o n (174) 181 ^ 3 3 ^ B3u^
186 >7 r i n g  

d e fo rm .

225 2 r i n g  d e f o r m .* ( 2 2 0 ) 2 2 1

265 8 M-0 mode Vi
32

263 259 ^ 3 2 (B3u>
268 t> C-CH 

bend

295 6 M-0 mode ) )
25

294 302
, / 2 5 (B2u)

( T a b l e c o n t i n u e d on n e x t p a g e )

317 V , ,  M-0 14 s t r e
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TABLE V (CONTINUED)

COMPARISON OF FAR INFRARED DATA FOR P d ( a c a c ) ,

O b s e rv .
(cm"-*-)

R e l a t i v e
I n t e n s i t y

( 1- 10 ) A s s i g n e d

65
Mikami D a ta 61

Nakamoto  D a ta
R e p t ' d  C a l c ' d  A s s i g n e d  R e p t ' d  C a l c ' d A s s i g n e d

440

464

4 i J  (Bo )
24 2 u

10 M-0 s t r .  ) )
11

441 432 j/ , ( B  ) 442
24 2 u

463 456 o  (B ) 464
  1 1  l u  -----

373

472

13
r i n g
d e fo rm ,  

o u t - o f - p l a n e

i )  M-0 s t r e t c h

The bands  a s s i g n e d  t o  t h e  M-0 modes h a v e  b ee n  u n d e r l i n e d .  The r e l a t i v e  i n t e n s i t y  
o f  t h e  o b s e r v e d  b an d s  h a s  b een  e x p r e s s e d  on a  s c a l e  o f  1 t o  1 0 .

*  The r i n g  d e f o r m a t i o n  modes h a v e  b ee n  a s s i g n e d  by a n a l o g y  w i t h  P t ( a c a c ) 2 > a s  
a s s i g n e d  by Benke and  Nakamoto i n  1967 i n  r e f e r e n c e s  6 8  a n d  69.
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Figure 44
F a r  i n f r a r e d  s p e c t r u m  o f  P d ( a c a c ) 2 > N u j o l  m u l l
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Figure 44
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Figure 45
Low f r e q u e n c y  Raman s p e c t r u m  o f  P d C a c a c ^ .  

Dashed l i n e s  i n d i c a t e  c h a n g e s  
i n  o r d i n a t e  s c a l e  e x p a n s i o n .
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TABLE VI

CORRELATION TABLE FOR SYMMETRY GROUPS D., , D0, a n d  C0
4h 2h 2v

Group D4h Group D2h Group C2v

Mode Symmetry
S p e c i e s
( A c t i v i t y )

Symmetry
S p e c i e s
( A c t i v i t y )

Symmetry
S p e c i e s
( A c t i v i t y )

h
Ai (Raman) Ag (Raman) A i ( I R  +  Raman)

a2u( i r ) Bl u  ( IR )
B2 (IR  +  Raman)

^3 B-^g (Raman Ag (Raman) Ai ( IR  + Raman)

A
B^u ( i n a c t i v e ) A^ ( i n a c t i v e ) A2 (Raman)

\ k ^2 g (^aman) Big (Raman) Bi ( IR  +  Raman)

Eu d R ) B2u (IR)

B3u ( IR )

Bi ( IR  +  Raman) 

A i  ( IR  + Raman)

^7 Eu ( IR ) h n  <IR >

B . , ( IR )

Bi  ( IR  + Raman) 

A ( IR  +  Raman)
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a nd B-^g, c o r r e s p o n d i n g  t o  t h e  \ )  ^ ( sy m m e t r i c  s t r e t c h ) ,  V  3  

( d e f o r m a t i o n  mode) an d  ( a s s y m e t r i c  s t r e t c h )  d e p i c t e d  i n  

t h e  h y p o t h e t i c a l  c a s e  o f  MX^. The d i s c u s s i o n  on how t h e  

c o r r e l a t i o n  t a b l e  i s  u s e d  t o  d i s t i n q u i s h  b e tw e e n  p o s s i b l e  

c i s  a n d  t r a n s  i s o m e r s  w i l l  be d e f e r r e d  t o  t h e  c o n s i d e r a t i o n  

o f  P d ( b z a c ) 2  and  PdL2 S p e c i e s  I  and  S p e c i e s  I I .  I t  can  

a l s o  be  s e e n  t h a t  i n  symmetry  t h e  s e l e c t i o n  r u l e s  

p r e d i c t  t h r e e  IR a c t i v e  b a n d s ,  t h r e e  Raman a c t i v e  b a n d s ,  

and  no c o i n c i d e n c e s  be tw een  t h o s e  b a n d s .

T a b le  V II  shows o u r  d a t a  on t h e  f a r  IR  s p e c t r a  and

Raman s p e c t r a  o f  P d ( a c a c ) 2 , w i t h  r e l a t i v e  i n t e n s i t i e s  o f  t h e

b a n d s ,  a n d  t h e  a s s i g n m e n t s  g i v e n  t o  a l l  t h e  bands  below

500 cm- 1 . ( F i g s .  44 and  45 ) •  As i n  T a b le  V, r e l a t i v e

i n t e n s i t i e s  a r e  e x p r e s s e d  on a s c a l e  o f  1 t o  10.  As

p r e d i c t e d  by s e l e c t i o n  r u l e s  f o r  D sy m m etry ,  t h e r e  a r e
2 h

t h r e e  bands  o b s e r v e d  i n  t h e  f a r  IR,  s e e n  a t  2 6 5 ,  295 and  

464 cm "S a n d  t h r e e  Raman a c t i v e  bands  a t  2 0 3 ,  227 and 

462 cm T he re  a r e  no c o i n c i d e n c e s  b e tw ee n  t h e  o b s e rv e d  

Raman a n d  i n f r a r e d  b a n d s . I n  a d d i t i o n  t o  t h e  fu n d a m e n ta l  

b a n d s ,  t h e  t a b l e  shows w h i c h  bands h a v e  b e e n  a s s i g n e d  as  

o v e r t o n e  o r  c o m b in a t io n  b a n d s .

T a b le  V I I I c o m p a r e s  o u r  a s s i g n m e n t s  o f  t h e  Raman 

bands  i n  P d ( a c a c ) 2  w i t h  a s s i g n m e n t s  p r e v i o u s l y  r e p o r t e d  f o r
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TABLE VII

COMPARISON OF FAR IR  AND RAMAN BANDS OF P d ( a c a c ) 2  

F a r  I n f r a r e d  Bands Raman Bands
- 1 - 1

cm I n t e n s . A s s ig n m e n t cm I n t e n s . A s s i g n m e n t

60 4 ^ 3 5  (V*
7 0 ( s h ) 2 V 26 < B 2 u > *

1 1 2 1 0 + l a t t i c e  mode

1 2 0 1 .5 l a t t i c e  mode 123 6 l a t t i c e  mode

152 2 C-CHg t o r s i o n 168 3 C-CH^ t o r s i o n .

170b 1 .5 C-CH^ t o r s i o n . 182 3 C-CHg t o r s i o n .

225 2 r i n g  d e f o rm . 203 8 M-0 f u n d .  (A )
g

227 4 M-0 f u n d .  (B-j^g

2 3 3 ( s h ) 1 comb. 112+123

265 8 M-0 f u n d . ( B g u ) 259 1 o v e r t o n e  ( 2 x 1 2 !

295 6 M-0 f u n d . ( B „  ) 
2 u

288 2 comb. 168+123

440 4 ^ 2 4  ( B 2 u > *

464 1 0 M-0 fund .(B-^u ) 462 1 0 M-0 f u n d .  (Ag)

65
* These  a s s i g n m e n t s  f o l l o w  Mikami s p r e v i o u s  a s s i g n m e n t s .

The f u n d a m e n t a l  M-0 b an d s  have  been  u n d e r l i n e d  f o r  e a s i e r  
c o m p a r i s o n .
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TABLE VIII
COMPARISON OF RAMAN DATA FOR P d C a c a c ^ ,  G a ( a c a c ) g  a n d  I n ( a c a c ) ^  

D a ta  f o r  P d ( a c a c ) a

O b s e r v . 
(cm- '*-)

A s s i g n e d

D a ta  f o r  G a ( a c a c ) g  D a ta  f o r  I n C a c a c ) ^
(cm“ l )  (cm"-*-)

A s s i g n e d

1 1 2 l a t t i c e  mode
123 l a t t i c e  mode
168 C-CHg t o r s i o n .
182 C-CHg t o r s i o n .
203 M-0 f u n d .  (Ag) 208 vw, dp 230 w ,d p i n - p l a n e  r i n g  d e fo rm .

227 M-0 f u n d .  (B^g)
233sh comb. 112+123
259
288

o v e r t o n e  (2x123)  
comb. 168+123

283 vw, dp C-CHo d e fo rm .3

420 vw, dp 410 vw ,dp i n - p l a n e  r i n g  d e fo rm .
462 M-0 f u n d .  (A )

g
4 6 0 s , dp 444 m, p M-0 s y m m e tr ic
525 wv, dp 
570 w, dp

M-0 a s y m m e t r i c  
C-CH3  wag570 w, dp

685 m, dp 675 mw, dp M-0 +  r i n g  d e fo rm .

D a ta  an d  a s s i g n m e n t  f o r  G a ( a c a c ) g  and  I n ( a c a c ) g  a r e  f rom  H e s t e r  and  P l a n e ,  i n  
r e f e r e n c e  58.
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58G a ( a c a c > 3 a n d  f o r  I n ( a c a c >3  by  H e s t e r  and  P l a n e .  I n

49a d d i t i o n ,  L i a n g  e t  a l  had  r e p o r t e d  t h e  Raman s p e c t r u m  

o f  E u ( a c a c ) ^  • 2 ^ 0 ,  b u t  t h e  o n l y  band o b s e r v e d  i n  t h a t  

r e g i o n  a n d  a t t r i b u t e d  t o  a  p o s s i b l e  M-0 mode was a t  410 cm \  

a s s i g n e d  t o  a  " c o m p l i c a t e d  mode i n v o l v i n g  E u -0  s t r e t c h . "  One 

s h o u l d  n o t  e x p e c t  v e r y  c l o s e  c o r r e l a t i o n s  i n  t h e  M-0 band 

f r e q u e n c i e s  o f  v a r i o u s  m e t a l s ,  due t o  t h e  d i f f e r e n c e s  i n  t h e  

mass e f f e c t  o f  e ac h  m e t a l  (Pd = 1 0 6 . 4 ;  Eu = 1 5 1 . 9 6 ;  I n  = 1 1 4 .8 2 ;  

Ga = 69.72).  F u r t h e r m o r e ,  d i f f e r e n c e s  i n  e l e c t r o n e g a t i v i t y  

would  d e f i n i t e l y  a f f e c t  t h e  s t r e n g t h  o f  t h e  M-0 bond and i t s  

f r e q u e n c y .  I t  i s  o b v i o u s ,  h o w e v e r ,  t h a t  i n  e a c h  c a s e  a band 

a t t r i b u t e d  t o  one o f  t h e  M-0 modes i s  s e e n  i n  t h e  Raman 

s p e c t r u m  i n  t h e  r e g i o n  f rom  400 t o  480 cm

The n e x t  p a l l a d i u m  / ? - d i k e t o n a t e  t o  be c o n s i d e r e d  

i s  P d ( b z a c ) 2 . Because  b e n z o y l a c e t o n e  ( b z a c )  i s  n o t  a  s y m m e t r i c a l  

l i g a n d ,  t h e  c h e l a t e  P d C b z a c ^  c a n  e x i s t  i n  t h e  fo rm  o f  two 

g e o m e t r i c  i s o m e r s ,  c i s  and  t r a n s , as  shown b e lo w .

c's trans

An a l t e r n a t i v e  p r e s e n t a t i o n  o f  t h e  c o r r e l a t i o n  

d ia g ra m  i s  shown i n  T a b le  IX A and  B. Here  t h e  fu n d a m e n ta l
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TABLE IX
CORRELATION DIAGRAM AND SELECTION RULES FOR D4 h , D2h and  C2v

A. S t r e t c h i n g  Modes, T h e i r  A ss ig n m e n t s  a n d  A c t i v i t y

MX4  (D4^ )  MX2 Y2 t r a n s  (D2^)  MX2 Y2 c i s  (C2 Vj w i t h  0"^)

sym. s t r .  (A^g) — > A^ (Raman)  > A ( IR  and Raman)

(Raman a c t i v e )

^  asym. s t r .  (B2 g ) ------» B-̂  (Ram an)  ^  B-̂  ( IR  an d  Raman)

(Raman a c t i v e )

B2u ( IR) -> B^ ( IR  and Raman)

asym. s t r .  (Eu ) 
( IR  a c t i v e )

B3 u (IR)  ------- > A i  ( IR  and  Raman)

/ i  B9l ( IR)  ------> B, ( IR  and Raman)
V 1 asym. s t r .  (Eu )

( IR  a c t i v e )  \
B^u (IR) ------^ A ( IR  and Raman)

B. D e f o r m a t i o n  Modes, T h e i r  A ss ig n m e n t s  a n d  A c t i v i t y

MX4  MX2 Y2 t r a n s  (®2 h)  MX2 Y2c i s  ( ^ 2v^

B- û (IR)  > B2 ( IR  and  Raman)a n g l e  d e f . ( A 0 ) —
2 ( IR  a c t i v e )  2u

d e f o r m a t i o n  (B, ) — * A (Raman)  *  A-, ( IR  and  Raman)
(Raman a c t i v e )

^ 4  d e f o r m a t i o n  (B^u ) —^  Au ( i n n a c t i v e )  >  A2 (Raman)
( i n a c t i v e )
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M-0 modes have  b e e n  s e p a r a t e d  i n t o  two g r o u p s :  t h e  s t r e t c h i n g

modes and  t h e  a n g l e  d e f o r m a t i o n  m o d e s . A c o m p a r i so n  o f

T a b le  IX w i t h  c h a r a c t e r  t a b l e s  (A ppend ix  I I )  shows w h i c h

symmetry  r e p r e s e n t a t i o n s  a r e  sp a n n e d  by C a r t e s i a n  c o o r d i n a t e s

( a n d  w h ic h  s h o u l d  be IR a c t i v e ) , a s  w e l l  a s  t h o s e  modes t h a t

b e lo n g  t o  t h e  same r e p r e s e n t a t i o n  a s  t h e  p o l a r i z a b i l i t y

t e n s o r  (and  s h o u l d  be Raman a c t i v e ) .

I n  sym m etry  o f  t h e  h y p o t h e t i c a l  MX^ m o l e c u l e  t h e

C a r t e s i a n  c o o r d i n a t e s  sp an  A2 U and  r e p r e s e n t a t i o n s ,  and

t h e  p o l a r i z a b i l i t y  t e n s o r  s p a n s  ^ g ’ E^. I n

symmetry ,  t o  w h i c h  a h y p o t h e t i c a l  MX2 Y2 t r a n s  i so m e r  w o u ld

b e l o n g ,  t h e  C a r t e s i a n  c o o r d i n a t e s  s p a n  B^u  B2 U Bgu - The

p o l a r i z a b i l i t y  t e n s o r  i n  symmetry  sp an s  A^ B B^^ ^3 g ‘

F i n a l l y ,  i n  C^  sym m etry ,  t o  w h ic h  t h e  h y p o t h e t i c a l

MX2 Y2 cds i s o m e r  b e l o n g s ,  t h e  C a r t e s i a n  c o o r d i n a t e s  s p a n

A^ B^ B^: t h e  p o l a r i z a b i l i t y  t e n s o r  s p a n s  A-  ̂ A2 B-̂  B2  •

Thus ,  t h e  s e l e c t i o n  r u l e s  p r e d i c t  t h a t  i n  t h e  t r a n s  i s o m e r

t h e  s t r e t c h i n g  modes w i l l  a p p e a r  i n  t h e  IR a n d ® 2u^’ a n ^

i n  t h e  Raman (A and  B. ) ,  w i t h  no c o i n c i d e n t a l  l i n e s . The 
g l g

b e n d in g  o r  d e f o r m a t i o n  modes i n  t h e  t r a n s  i so m er  w i l l  be B^u

( IR  a c t i v e ) ,  A (Raman a c t i v e )  an d  Au  ( i n a c t i v e ) .  As 
g

i n d i c a t e d  b e f o r e ,  i n  D2 j1 symmetry - -  t o  w h ic h  P d ( a c a c ) 2  

P d ( b z a c ) 2 t r a n s  a n d  PdL2  t r a n s  b e l o n g  - -  a  t o t a l  o f  s i x  bands
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c o r r e s p o n d i n g  t o  t h e  P d -0  f u n d a m e n t a l  modes s h o u l d  be o b s e r v e d :

t h r e e  i n  t h e  IR and  t h r e e  i n  t h e  Raman, w i t h  no c o i n c i d e n c e s .

R e g a r d i n g  t h e  P dC bzac )^  s y s t e m ,  o r  t h e  more g e n e r a l

M (b z a c )n s y s t e m ,  o n l y  l i m i t e d  f a r  i n f r a r e d  and  Raman d a t a

ca n  be f o u n d  i n  t h e  l i t e r a t u r e .  The C u ( b z a c ) 2  an d  N i ( b z a c ) 2

73
w e r e  i n v e s t i g a t e d  by Nakamoto e t  a l ,  and  i n  t h e  f a r  IR

r e g i o n  o n l y  one M-0 s t r e t c h i n g  mode was r e p o r t e d  and  a s s i g n e d :

a t  458 cm ^ i n  C u ( b z a c ) 2  an d  a t  455 cm *■ i n  N i ( b z a c ) 2 » As

was p o i n t e d  o u t  b e f o r e ,  t h e  c a l c u l a t i o n s  by Nakamoto i n v o l v e d

o n l y  t h e  s y m m e t r i c a l  ^ - d i k e t o  l i g a n d s ,  so  no o t h e r  f a r  IR

bands  w e re  c a l c u l a t e d  o r  r e c o r d e d  f o r  t h e  b e n z o y l a c e t o n e

co m p lex es  o f  C u ( I I )  and  N i ( I I ) . Fo r  t h e  d ib e n z o y l m e t h a n e

73
co m p lex es  o f  t h e s e  two d i v a l e n t  m e t a l s  Nakamoto a l s o

c a l c u l a t e d  a n d  r e p o r t e d  a  r i n g  d e f o r m a t i o n  mode i n  t h e  f a r

i n f r a r e d  r e g i o n :  i t  was o b s e r v e d  a t  337 cm"'*' f o r  Cu(dbm) 2

( c a l c u l a t e d  3 7 3 ) ,  and  a t  337 cm *" i n  Ni(dmb ) 2  ( c a l c u l a t e d

47
3 7 3 ) .  F o r  P d ( b z a c ) 2  Nakamoto e t  a l  r e p o r t e d  o n l y  one

m e t a l  o x y g en  s t r e t c h i n g  f r e q u e n c y  a t  478 cm They a l s o  

47
r e p o r t e d  t h e  M-0 s t r e t c h i n g  f r e q u e n c y  f o r  C o ( b z a c ) 2  a t

423 cm"*', a n d  f o r  A l ( b z a c ) g  a t  470 cm"*'. H o l t z c l a w  and

Collman r e p o r t e d  t h e  s p e c t r a  o f  b e n z o y l a c e t o n e  and 

51 52
C u ( b z a c ) 2  * , b u t  t h e  l o w e s t  f r e q u e n c y  band r e p o r t e d  by

them  was i n  t h e  680 cm- -*- r e g i o n ,  and  no a s s i g n m e n t s  w ere  

made f o r  a n y  bands  below 1420 cm
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The o n l y  Raman d a t a  f o r  a  M (b z a c )n t y p e  compound 

was i n c l u d e d  i n  t h e  r e p o r t  by L i a n g  e t  a l ^  f o r  

E u ( b z a c ) ^ * p i p e r i d i n i u m ,  a l o n g  w i t h  t h e  i n f r a r e d  d a t a .

In  t h e  f a r  IR r e g i o n  L i a n g  r e p o r t s  f o u r  b a n d s :

440m, 400m, 300 vw, a n d  270 vw,  w i t h  o n l y  two a s s i g n m e n t s ;  

t h e  band a t  400 cm"-*- a s s i g n e d  t o  a  c o m p l i c a t e d  mode i n v o l v i n g  

t h e  Eu-0 s t r e t c h ,  an d  a t  270 cm"-*-, t o  t h e  C-CHg b e n d i n g  

mode.

Only  one  medium i n t e n s i t y  band  i s  r e p o r t e d  i n  t h e  

Raman low f r e q u e n c y  r e g i o n :  a t  460 cm” -*, w i t h  no a s s i g n ­

ment g i v e n .  P r e s u m a b l y ,  t h i s  Raman band  may be due  t o  one 

o f  t h e  m e t a l - o x y g e n  modes .  I t  s h o u l d  be p o i n t e d  o u t ,

how ever ,  t h a t  i n  t h e  E u ( b z a c ) ^ . • p i p e r i d i n i u m  one  i s  d e a l i n g
+

w i t h  a p o s i t i v e  i o n  o f  E u ( b z a c ) ^  o f  E u ( I I I ) , a n d  n o t  w i t h

a n e u t r a l  M (b z a c )^  s y s t e m ,  a s  was w i t h  t h e  c o m p le x e s  o f  Cu,

N i ,  Pd ,  Co a n d  Al  i n v e s t i g a t e d  by Nakamoto.

B e f o r e  p r e s e n t i n g  t h e  f a r  i n f r a r e d  and  Raman d a t a

f o r  P d ( b z a c ) 2 , one s h o u l d  c o n s i d e r  t h e  l i t e r a t u r e  r e p o r t s

on t h e  e x i s t e n c e  o f  two i s o m e r s  o f  t h a t  s p e c i e s :  t r a n s  and

20c i s .  In  1967 Hon e t  a l  r e p o r t e d  t h e  c r y s t a l  s t r u c t u r e  o f  

t h e  t r a n s  fo rm .  They d ed u ced  t h a t  t h e  p a l l a d i u m ,  an d  t h e  

f o u r  oxygens w h i c h  fo rm  a p a r a l l e l o g r a m  c e n t e r e d  on t h e  Pd,  

a r e  c o m p l e t e l y  p l a n a r ,  g i v i n g  r i s e  t o  a  c e n t e r  o f  symmetry
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a t  t h e  Pd a to m .  The p a t t e r n  o f  bond l e n g t h s  a ro u n d  t h e

c h e l a t e  r i n g  f o l l o w s  an a l t e r n a t i n g  s i n g l e  and  d o u b le  bond

a r r a n g e m e n t .  These  i n v e s t i g a t o r s  p o i n t  o u t ,  however ,  t h a t

t h e  d i f f e r e n c e s  b e tw een  t h e  two m e t a l - o x y g e n  bond l e n g t h s

i n  P d ( b z a c ) 2  a r e  s m a l l e r  t h a n  i n  t h e  c o p p e r  c h e l a t e  t h e y

82h a d  p r e v i o u s l y  i n v e s t i g a t e d ,  an d  e v e n  l e s s  p ro n o u n c ed

t h a n  t h e  d i f f e r e n c e s  t h e y  h ad  o b s e r v e d  i n  t h e  v a n a d y l

83c h e l a t e  o f  b e n z o y l a c e t o n e .

Hon e t  a l  r e p o r t  t h a t  t h e  p h e n y l  g ro u p  i n  t h e  

t r a n s  P d ( b z a c ) 2  i s  j o i n e d  t o  t h e  c h e l a t e  r i n g  by a some­

w h a t  s h o r t e r  bond t h a n  t h e  u s u a l  c a r b o n - c a r b o n  s i n g l e  

b o n d ,  and  t h a t  t h e  p h e n y l  g ro u p  i s  r o t a t e d  a b o u t  t h i s  

l i n k a g e  by an  a n g l e  w h ic h  i s  n o t  l a r g e  enough  t o  d e s t r o y  

e f f e c t i v e  c o n j u g a t i o n  be tw een  p h e n y l  an d  c h e l a t e  r i n g s  

( a n g l e  o f  2 3 ° ) .  They r e p o r t e d  t h a t  t h e  P d - - 0  d i s t a n c e s  

a r e  1 .9 6 5  A and  1 .9 7 6  A, w i t h  t h e  s h o r t e r  d i s t a n c e  b e i n g  

t o  t h e  oxygen  c l o s e s t  t o  t h e  p h e n y l  s u b s t i t u e n t ,  and t h e  

s h o r t e r  P d - - 0  d i s t a n c e  t o  t h e  oxygen  c l o s e s t  t o  t h e  m e t h y l  

s u b s t i t u e n t  o f  t h e  c h e l a t e  r i n g .

I t  s h o u l d  a l s o  be m e n t i o n e d  t h a t  t h e  p a c k in g  i n

t h e  c r y s t a l  f o rm  o f  P d ( b z a c ) 2  was r e p o r t e d  by Hon e t  a l
82

t o  be d i f f e r e n t  f rom t h e  p a c k i n g  i n  t h e  C u ( b z a c ) 2 *

They fo und  t h a t  i n  t h e  t r a n s  P d ( b z a c ) 2  t h e r e  a r e  two
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m o l e c u l e s  p e r  u n i t  c e l l ,  and " t h e  m e t a l  o f  one m o l e c u l e  

i n  t h e  u n i t  c e l l  i s  i n  c o n t a c t  ( 3 . 7 5  A) w i t h  a m e th y l  

g r o u p  o f  t h e  o t h e r  m o l e c u l e " .  The m o l e c u l e s  so  c o n n e c t e d  

" f o r m  a  c r i n k l e d  s h e e t  i n  t h e  (100)  p l a n e .  The s h e e t s  

a r e  j o i n e d  by v an  d e r  Waals c o n t a c t s  b e tw een  t h e  p r o j e c t i n g  

p h e n y l  s i d e  g r o u p s . "  In  s p i t e  o f  t h e  d i f f e r e n c e s  i n  

p a c k i n g  be tween  t h e  C u (b z ac ) 2  and  P d ^ z a c ^ ,  Hon e t  a l  

" e m p h a s i z e  t h a t  t h e  g e o m e t r i e s  o f  t h e  two c h e l a t e  r i n g s  

a r e ,  w i t h i n  e x p e r i m e n t a l  e r r o r ,  i d e n t i c a l " .

The Hon e t  a l  r e p o r t  makes no m e t i o n  o f  an y  c i s

i s o m e r  o f  t h e  P d ( b z a c ) 2 . However,  Shugam e t  a l  r e p o r t e d

84i n  1966,  i n  t h e  R u s s i a n  Z h u rn a l  S t r u c t u r n o i  K h im i i ,  

c r y s t a l l o g r a p h i c  d a t a  on s e v e r a l  " i n n e r  c o m p lex es"  o f  

b e t a - d i k e t o n e s . I n c l u d e d  i n  t h a t  r e p o r t  a r e  d a t a  f o r  a  

c i s  P d ( b z a c ) 2  compound. The R u s s i a n  i n v e s t i g a t o r s  do n o t  

d e s c r i b e  any  d e t a i l s  o f  t h e i r  m e thod  o f  p r e p a r a t i o n ,  n o r  

do t h e y  g i v e  any  o t h e r  s p e c t r o g r a p h i c  d a t a  o r  p h y s i c a l  

m e a s u re m e n t s .  They fo u n d  t h a t  t h e  P d ( b z a c ) 2  was n o t  

c e n t r o s y m m e t r i c , w i t h  t h e  m o le c u le  l o c a t e d  i n  t h e  c r y s t a l  

on t w o - f o l d  r o t a t i o n  a x e s .  They a l s o  p o i n t  o u t  t h a t  

o n l y  i n  t h e  c a s e  o f  s y m m e t r i c a l  l i g a n d s  ( f . e .  a c e t y l a c e t o n e  

and  d i b e n z o y l m e t h a n e ) , a r e  t h e  c o p p e r  a n d  p a l l a d i u m
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c h e l a t e s  i s o m o r p h o u s .  However,  i n  t h e  c a s e  o f  t h e  un -  

s y m m e t r i c a l  b e n z o y l a c e t o n e  l i g a n d ,  t h e  c o p p e r  c h e l a t e  has  

a t r a n s  s t r u c t u r e ,  w h i l e  t h e  p a l l a d i u m  c h e l a t e  i s  c i s .

The c e l l  p a r a m e t e r s  r e p o r t e d  a r e  a n o t h e r  d i r e c t

d i f f e r e n c e  b e tw e e n  t h e  r e s u l t s  o f  Hon e t  a l^ ®  an d  t h o s e

84o f  Shugam e t  a l .  Hon e t  a l  d e s c r i b e d  a  d i a m o n d - s h a p e d  

c r y s t a l ,  r o t a t i n g  a l o n g  one o f  t h e  d i a g o n a l  a x e s ,  w i t h  

m o n o c l i n i c  p a r a m e t e r s ,  as  f o l l o w s :  a = 9 . 3 6 7  A, b =

1 0 .5 1 8  A, c = 9 . 4 5 4  A, 1 0 8 . 0 ° .  The R u s s i a n  i n v e s t i ­

g a t o r s ,  on t h e  o t h e r  h a n d ,  r e p o r t  t h e i r  c e l l  p a r a m e t e r s  

as  a  = 1 0 .4 4  A + 0 . 0 4  A; b = 1 1 . 1 0 + 0 . 0 3  A; 

c = 15 .07  +  0 . 0 4  A; and  N = 4 .  The d e n s i t i e s  o f  t h e  

compounds a r e  i d e n t i c a l .  As d e s c r i b e d  by Hon e t  a l ,  

and  d e t e r m i n e d  by f l o t a t i o n  i n  p o t a s s i u m  i o d i d e  s o l u t i o n ,  

t h e  d e n s i t y  was 1 .6 0 9  g / m l .  Shugam e t  a l  r e p o r t  d = 1 . 6 1 ,  

and g i v e  no d e t a i l s  on t h e  m e thod  o f  d e t e r m i n a t i o n .

N e i t h e r  o f  t h e  i n v e s t i g a t o r s  who d e t e r m i n e d  t h e  

c r y s t a l  s t r u c t u r e s ,  r e p o r t e d  any  i n f r a r e d  o r  u l t r a v i o l e t  

s p e c t r a ,  n o r  d i d  t h e y  r e p o r t  any  NMR d a t a .  The e l e c t r o n i c  

s p e c t r o s c o p i c  d a t a  p e r t i n e n t  t o  t h e  P d ( b z a c ) 2  compound o r  

compounds a r e  i n  a  s e r i e s  o f  p a p e r s  by S in g h  a n d  S a h a i . ^ ’ ^ ’
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T h o se  r e p o r t s  i n c l u d e  UV d a t a  on P d ( a c a c ) 2 > P d ( b z a c ) 2  and 

P d - d i b e n z o y l m e t h a n e ,  a s  w e l l  a s  a  c o m p a r i s o n  o f  t h e s e  

" p a r e n t ” compounds w i t h  s e v e r a l  i n  w h ich  t h e  "gamma" 

h y d r o g e n  o f  t h e  c h e l a t e  r i n g  h a s  been  s u b s t i t u t e d  by C l ,

B r ,  NO2  o r  SCN. As d i s c u s s e d  i n  a  p r e v i o u s  s e c t i o n ,  t h e  

IR d a t a  i n  t h o s e  r e p o r t s  a r e  o n l y  f o r  t h e  g a m m a - s u b s t i t u t e d  

com pounds ,  w i t h  no IR d a t a  f o r  PdCbzac)^  i t s e l f .

The r e s u l t s  show t h a t  t h e  compound we hav e  p r e p a r e d ,
86

a s  w e l l  a s  t h e  one i n v e s t i g a t e d  by S in g h  a n d  S a h a i ,  i s  

t h e  t r a n s  i s o m e r  o f  P d C b z a c ^ .  The c o m p a r i s o n  o f  o u r  UV 

s p e c t r a  w i t h  t h o s e  o f  S in g h  w i l l  be d i s c u s s e d  i n  a n o t h e r  

s e c t i o n .  A t  t h i s  p o i n t  i n  t h e  d i s c u s s i o n  i t  c an  be s t a t e d  

t h a t  o u r  UV s p e c t r a  a r e  i n  g e n e r a l  a g r e e m e n t  w i t h  t h o s e  o f  

S i n g h  a s  f a r  a s  t h e  p o s i t i o n  o f  t h e  a b s o r p t i o n  maxima,  b u t  

d i f f e r  o n l y  i n  t h e  c a l c u l a t e d  v a l u e s  o f  t h e  e x t i n c t i o n  

c o e f f i c i e n t s .  ( I n c i d e n t a l l y ,  t h o s e  can  be a t t r i b u t e d  t o  

d i f f e r e n c e s  i n  s l i t  w i d t h s  b e tw e e n  o u r  i n s t r u m e n t  and  t h a t  

u s e d  by t h e  I n d i a n  a u t h o r s . )

I n  o u r  r e s e a r c h  t h e  a s s i g n m e n t  o f  s t r u c t u r e  i n  t h e

c a s e  o f  t h e  P d ( b z a c ) 2 , w h i c h  was p r e p a r e d  i n  a c c o r d a n c e
20

w i t h  t h e  p r o c e d u r e  b r i e f l y  o u t l i n e d  by Hon e t  a l  - -  i s  

b a s e d  on t h e  co m p a r i so n  o f  Raman and  f a r  IR  s p e c t r a  and  t h e  

a p p l i c a t i o n  o f  t h e  a p p r o p r i a t e  s e l e c t i o n  r u l e s .  As d i s c u s s e d  

b e f o r e ,  i f  t h e  P d ( b z a c ) 2  i s  t r a n s ,  i t  b e l o n g s  t o  t h e  D2 ^
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symmetry ,  a n d  s e l e c t i o n  r u l e s  p r e d i c t  two s t r e t c h i n g  modes 

and  one b e n d i n g  mode i n  t h e  i n f r a r e d ,  and  two s t r e t c h i n g  

modes and  o n e  b e n d i n g  mode i n  t h e  Raman, w i t h  no c o i n c i d e n t a l  

l i n e s .  F i g .  46 shows t h e  f a r  IR  s p e c t r u m  o f  P d C b z a c ^ ,  and 

t h e  low f r e q u e n c y  Raman r e g i o n  i s  shown i n  F i g .  4 7 .  Our 

a s s i g n m e n t s  o f  t h e  bands  i n v o l v i n g  t h e  M-0 modes o f  t h e  

-PdO^- s u b u n i t  a r e  d e t a i l e d  i n  T a b l e  X. I t  c an  be s e e n  

t h a t  t h e  a p p r o p r i a t e  M-0 bands  f o l l o w  t h e  s e l e c t i o n  r u l e s  

f o r  a t r a n s  m o l e c u l e  o f  D2 h  sym m etry .

I n  t h e  f a r  IR we fo u n d  f u n d a m e n t a l  modes a t  265 cm ^ 

( a s s i g n e d  t o  B3 U) 3 a t  280 cm’ -*- ( ^ u ^  ant* a t  480 cm"-*- (B^u ) .

The l a t t e r  b a n d  i s  i n  a g r e e m e n t  w i t h  t h e  one r e p o r t e d  a t  

478 cm"-*- by  Nakamoto i n  1 9 6 9 ,^ ^  w i t h i n  t h e  e x p e r i m e n t a l  

e r r o r .  The Raman a c t i v e  bands  d ue  t o  t h e  a p p r o p r i a t e  

f u n d a m e n t a l  modes a r e  a t  210 cm” '*' ( a s s i g n e d  t o  A ) ,  a t
o

273 cm” '*' (B, ) , an d  a t  430 cm’ *- (A ) . T he re  a r e  no 
l g  g

c o i n c i d e n t a l  l i n e s ,  as  p r e d i c t e d  by  s e l e c t i o n  r u l e s .

The d a t a  p e r t i n e n t  t o  t h e  a s s i g n m e n t  o f  s t r u c t u r e  

f o r  S p e c i e s  I  a n d  S p e c i e s  I I  o f  t h e  compounds p r e p a r e d

h e r e  ( w i t h  L = p - o c t y l o x y - l - p h e n y l - l , 3 - b u t a n e d i o n e ) , a r e  

summarized  i n  T a b le s  XI a n d  X I I ,  r e s p e c t i v e l y .  The f u n d a ­

m e n t a l  modes w e r e  g e n e r a l l y  a s s i g n e d  t o  t h e  m os t  i n t e n s e
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Figure 46
F a r  i n f r a r e d  s p e c t r u m  o f  P d ( b z a c ) 2 > N u jo l  m u l l
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Figure 47
Low f r e q u e n c y  Raman s p e c t r u m  o f  P d ( b z a c ) 2 « 

Dashed l i n e s  i n d i c a t e  c h a n g e s  
i n  o r d i n a t e  s c a l e  e x p a n s i o n .
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TABLE X

COMPARISON OF FAR IR AND RAMAN BANDS OF P d ( b z a c ) 2

- 1cm
70

105
120
150

220
240
265
280

390

450
465

F a r  I n f r a r e d  Bands
I n t e n s . 

2 
1 

1

1 .5

2
1 .5  
5
6 . 5

3
3 . 5

A s s ig n m e n t  
C-Ph t o r s i o n . *  
l a t t i c e  mode 
l a t t i c e  mode 
C-CH3  t o r s i o n .

comb. 150+70 
O v e r t o n e (2x120) 
M-0 f u n d .  (Bgu ) 
M-0 f u n d .  (B2 u )

Raman 
I n t e n s .

480** 10

(280+105 o r  
comb. (265+120

c o m b i n a t i o n
(280+105+70=455)
u n a s s i g n e d
M-0 f u n d .  (B ) 

l u

cm 

110 

172

185
210
245
273

( 2 8 7 ) s h
322
346
360
374

430

10+

8 . 5

10+
10

5
2 . 5

Bands
A s s ig n m e n t

l a t t i c e  mode

c o m b i n a t i o n  ( l a t t i c e  
+  C-Ph t o r s i o n

C-CH^ t o r t .
M-0 f u n d .  (A )
comb. 172+70S
M-0 f u n d .  (B^ )
comb. 110+1728
comb. 2 1 0 + 1 1 0

comb. 245+110
com b. 245+110
o v e r t o n e (2x185)

M-0 f u n d .  (A )

The f u n d a m e n t a l  M-0 b an d s  h ave  been  u n d e r l i n e d  f o r  e a s i e r  
c o m p a r i s o n .

* D e t a i l s  o f  e s t i m a t i o n  o f  t h e  C - p h e n y l  t o r s i o n a l  mode a r e  
g i v e n  i n  s u b s e q u e n t  d i s c u s s i o n .

1
* * T h i s  i s  i n  a g r e e m e n t  w i t h  band r e p o r t e d  by Nakamoto e t  a l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



b a n d s ,  and  by c o m p a r iso n  w i t h  t h e  r e g i o n  a s s i g n e d  t o  t h e

fu n d a m e n ta l  modes t h a t  w ere  o b s e r v e d  and  c a l c u l a t e d  by

6 S filM ikami a n d  Nakamoto f o r  P d C a c a c ^ ,  a s  w e l l  a s  t h e  band

r e p o r t e d  by Nakamoto e t  a l ^  a n d t h o s e  a s s i g n e d  by us  f o r

P d ( b z a c ) 2 * A l l  o f  t h e  bands o b s e r v e d  in  th e  f a r  IR  an d

Raman s p e c t r a  below  500 cm""^ h a v e  been  a s s i g n e d ,  i n c l u d i n g

c r y s t a l  l a t t i c e  v i b r a t i o n s ,  o v e r t o n e s  and c o m b in a t io n  modes.

I n  a d d i t i o n ,  t h e  p o s i t i o n  o f  t h e  C -p h e n y l  t o r s i o n a l  mode

an d  t h e  " a c c o r d i o n  mode" o f  t h e  p - o c t y l o x y  c h a in  h a v e  been

e s t i m a t e d  a n d  a s s i g n e d ,  a s  d e t a i l e d  l a t e r .

In  T a b le  XI i t  can  be s e e n  t h a t  S p e c ie s  I ,  a s s i g n e d  

a s  t h e  c i s  i s o m e r  o f  C2 V sy m m etry ,  h as  f a r  IR  a n d  Raman 

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

fu n d a m e n ta l  modes and  t h e i r  a s s ig n m e n t s  in  t h e  f a r  IR  a r e  

a t  225 cm_ 1 (A ^ ) ;  a t  305 cm’ l ( A ^ ) ;  a t  395 c m " l ( B ^ ) ; a t  

422 cm_ ^-(B^); a t  433 cm” -*-(B^) a n d  a t  470 cm"^(B2 ) . T here  

a r e  s i x  a b s o r p t i o n s  in  t h e  Raman s p e c t ru m ,  c o i n c i d e n t a l  w i t h  

t h e  f a r  IR b a n d s  and o f  th e  same sym m etry : a t  223 cm "^, a t

308 cm 397 cm'^-, 424 cm 435 cm- -*- and 469 cm The 

s m a l l  d i f f e r e n c e s  a r e  w i t h i n  t h e  e x p e r im e n ta l  e r r o r  o f  

+  1 cm ^ i n v o l v e d  in  c a l i b r a t i o n  o f  t h e  l i n e s .  I n  a d d i t i o n ,  

i n  a c c o r d a n c e  w i t h  th e  s e l e c t i o n  r u l e s ,  a  s e v e n t h  mode, 

p r e d i c t e d  t o  be o n ly  Raman a c t i v e ,  i s  s e e n  a t  355 cm ^ 

( a s s i g n e d  t o  A2 ; b e n d in g  m ode) .  ( S e e  F i g s .  48 a n d  4 9 . )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



178

TABLE XI
COMPARISON OF FAR IR AND RAMAN BANDS OF PdL2 Sp. I ,  c i s

F a r  I n f r a r e d  Bands Raman Bands

cm ^ I n t e n s . A ssignm ent cm" 1 I n t e n s . A ss ig n m en t

75 2 .5 C-Ph t o r s i o n 115 1 0 + l a t t i c e  mode

105b 2 .5 l a t t i c e  mode 125 1 0 + l a t t i c e  mode

153 2 .5 C-CH3  t o r s i o n . 155 1 0 + C-CH3  t o r s i o n .

175 1 .5 C-CHg t o r s i o n 190 1 0 + comb. 125+C-Ph 
t o r s i o n .

225 2 M-0 fu n d .  (A^) 223 10 M-0 f u n d .  (A-^)

268 1 .5 comb. 153+105 240 3 a c c o r d i o n  mode*

280 2 comb. 175+105 2 7 3 sh 1 comb. 155+115

305 2 M-0 fu n d .  (A-^) 308 1 M-0 f u n d .  (A-^)

325 1 comb. 225+105 355 1 M-0 f u n d .  (A2 ) 
Raman o n ly )

395 3 M-0 fu n d .  (B-^) 397 1 M-0 f u n d .  (B^)

422 2 M-0 fu n d .  (B-^) 424 1 M-0 f u n d .  (B^)

433 1 M-0 fu n d .  (B^) 435 1 M-0 f u n d .  (B^)

470 1 0 M-0 f u n d .  (B2 ) 469 5 M-0 f u n d .  (B2 )

The fu n d a m e n ta l  M-0 bands hav e  been  u n d e r l i n e d  f o r  e a s i e r  
c o m p a r i s o n .

* D e t a i l s  o f  e s t i m a t i o n  o f  t h e  Raman a c t i v e  a c c o r d io n  mode 
a r e  g iv e n  i n  s u b s e q u e n t  d i s c u s s i o n .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



179

Figure 48
F a r  i n f r a r e d  s p e c t ru m  o f  P d l^  

S p e c i e s  I ,  N u jo l  m u l l
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Figure 49
Low f r e q u e n c y  Raman s p e c t r u m  o f  PdL£ S p e c ie s  I .  

D ash ed  l i n e s  i n d i c a t e  ch an g es  
i n  o r d i n a t e  s c a l e  e x p a n s io n .
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T a b le  X II  su m m arizes  t h e  d a t a  and  b an d  a s s ig n m e n ts

f o r  S p e c i e s  I I  o f  P d l ^ ,  shown t o  be th e  t r a n s  i s o m e r .  The

f u n d a m e n ta l  modes i n  t h e  f a r  IR  a r e  a t  255 cm- 1  ( a s s ig n e d

t o  B3 u ) ; a t  288 cm ^ (B2 U) and  a t  448 cm ^ (B-^u ) . In  th e

Raman s p e c t r u m  t h e  fu n d a m e n ta l  modes can  be s e e n  a t

211 cm” -*- ( a s s i g n e d  t o  Ag) , 266 cm” -*- (B-^g) a n d  a t  441 cm” -*-

(A ) .  I n  a g re e m e n t  w i t h  s e l e c t i o n  r u l e s  f o r  a  t r a n s  iso m er  
©

o f  D2 k sym m etry ,  t h e r e  a r e  no c o i n c i d e n t a l  l i n e s  i n  th e  f a r  

i n f r a r e d  a n d  Raman s p e c t r a .  (S ee  F ig u r e s  50 a n d  51)

F i g u r e s  52 a n d  53 sum m arize th e  f u n d a m e n ta l  modes 

a s s i g n e d  h e r e  t o  t h e  m o t io n s  o f  th e  -PdO^- s u b u n i t s  in  each  

o f  t h e  f o u r  compounds ex am in ed :  53 f o r  P d ( a c a c ) 2 , 52 f o r

P d ( b z a c ) 2  t r a n s ,  52 f o r  P d l^  S p e c ie s  I I  t r a n s ,  and  53 f o r  

P d l^  S p e c i e s  I  c i s .  As w o u ld  be e x p e c te d  f ro m  s i m i l a r i t i e s  

i n  s t r u c t u r e s ,  F i g .  52 shows t h a t  th e  a s s ig n m e n t s  o f  th e  

f u n d a m e n ta l  modes a r e  f a i r l y  s i m i l a r  in  P d ( b z a c ) 2  t r a n s  and 

PdL^ S p e c i e s  I I  t r a n s .

D e t a i l s  o f  e s t i m a t i o n  o f  t h e  C -p h e n y l  t o r s i o n a l  

mode ( h e n c e f o r t h  a b b r e v i a t e d  a s  C-Ph) f o l l o w .  The C-CHg 

t o r s i o n a l  mode g e n e r a l l y  a p p e a r s  a t  a b o u t  150 cm 

A c c o rd in g  t o  t h e  v i b r a t i o n a l  e q u a t io n  f o r  a  h a rm o n ic  

o s c i l l a t o r  (Equn. 13) s u b s t i t u t i o n  by a  h e a v i e r  g ro u p

y  - JZ E I  d3) 
2 Tf M m
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Figure 50
F a r  i n f r a r e d  s p e c t r a  o f  PdL£ S p e c ie s  I I .
The r e g i o n  from 50 t o  350 cm"-*-, shown i n  A, 
was d e t e r m in e d  on t h e  f a r  i n f r a r e d  s p e c t r o ­
p h o to m e te r .  The r e g i o n  f ro m  275 t o  700 cm” l  
was d e t e r m in e d  on t h e  P e r k i n  Elm er Model 521 
s p e c t r o p h o t o m e t e r ,  an d  i s  shown i n  B. Bands 
due t o  N u jo l  a n d /o r  p o l y e t h y l e n e  a r e  
i n d i c a t e d  by N.
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Figure 51
Low f r e q u e n c y  Raman s p e c t ru m  o f  PdL£ S p e c i e s  I I .  

Dashed l i n e s  i n d i c a t e  c h a n g e s  
i n  o r d i n a t e  s c a l e  e x p a n s io n .
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TABLE XII
COMPARISON OF FAR IR AND RAMAN BANDS OF PdL2 S p .  I I  t r a n s

F a r  I n f r a r e d  Bands Raman Bands

cm ^ I n t e n s  . A ss ig n m e n t cm ^ I n t e n s . A ssignm en t

65 6 C-Ph t o r s i o n 1 2 0 1 0 + l a t t i c e  mode

150 4 .5 C-CHg t o r s i o n 147 8 l a t t i c e  mode

170 3 C-CHg t o r s i o n 172 1 0 + C-CHg t o r s i o n

187 1 0 C-CHg t o r s i o n

2 1 1 1 0 M-0 fu n d . (A )
g

225 2 .5 comb. 170+65 235 1 .5 o v e r to n e ( 2 x 1 2 0 )

255 1 0 M-0 f u n d .  (B2 u ) 243 3 a c c o r d io n mode*

288 5 M-0 f u n d .  (B2 u ) 266 2 M-0 fu n d . (V
320 2 .5 comb. 170+150

340 1 .5 o v e r to n e  (2 x 1 7 0 ) 342 1 o v e r to n e (2x172)

422 1 o v e r to n e ( 2 x 2 1 1 )

448 6 M-0 f u n d .  (Bl u ) 441 1 M-0 fu n d . <V
467 1 o v e r to n e (2x235)

The f u n d a m e n ta l  M-0 bands h a v e  been u n d e r l i n e d  f o r  e a s i e r  
c o m p a r i s o n .

^ D e t a i l s  o f  e s t i m a t i o n  o f  t h e  Raman a c t i v e  a c c o r d i o n  mode 
a r e  g iv e n  i n  s u b s e q u e n t  d i s c u s s i o n .
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Figure 52
C om parison  o f  fu n d a m e n ta l  M-0 f r e q u e n c i e s  
and t h e i r  a s s ig n m e n ts  i n  P d ( b z a c ) 2  t r a n s  
(u p p e r  c h a r t )  an d  PdL2 S p e c ie s  I I  t r a n s  
( lo w e r  c h a r t ) .
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Figure 53
C om parison  o f  fu n d a m e n ta l  M-0 f r e q u e n c i e s  
a n d  t h e i r  a s s ig n m e n t s  in  P d ( a c a c ) 2  ( u p p e r  
c h a r t )  and  PdL^ S p e c ie s  I  c i s  ( lo w e r  c h a r t )
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leads to a displacement of the absorption band to longer 

wavelength and lower frequency, since the reduced mass of 

the vibrating group of atoms appears in the denominator 

in the square root. If a CH^ group, with a mass of 15 amu 

is replaced by CgH^ or Ph with a mass of 77 amu, the band 

will move to lower frequency. Since 7 7 /1 5  = 5 .1 3 ,  and the 

square root of 5 .1 3  = 2 .2 6 5 ,  it is easily calculated that if 

the CH^ torsional appears at 150 cm"'*', the corresponding 
C-Ph torsional mode absorbance should be seen at about 

1 5 0 /2 .2 6 5  = 6 6  cm \  or slightly higher, probably around 

70 to 75 cm ^ .

The C-Ph torsional bands were generally observed 

in the far IR, but they were difficult to observe in the 

Raman spectra, due to main line interference. However, 

some combination bands were attributed in the Raman to 

coupling with the C-Ph torsional mode.
The so-called ’’accordion mode” had been first in­

vestigated in finite polymethylene chains by Mizushima and
87Shimanouchi in 1949 , and by Schaufele and Shimanouchi in

88 
1967. T h is  mode, a l s o  c a l l e d  th e  l o n g i t u d i n a l  a c o u s t i c a l

(LA) accordion mode, reproduced below, as it was shown by
88Schaufele and Shimanouchi.
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It
W A V v W

LA a c c o r d i o n  mode o f  h y d ro c a rb o n  c h a in

89In  1973 J .  M. S c h n u r  i n v e s t i g a t e d  t h e  Raman s p e c t r a  

o f  hom ologous a lk o x y - a z o b e n z e n e s  (AAB), an d  t h e  c h a n g e s  i n  

t h o s e  s p e c t r a  a s  a  f u n c t i o n  o f  t h e  a lk o x y  c h a in  l e n g t h ,  a s  

w e l l  a s  a  f u n c t i o n  o f  t e m p e r a t u r e .  He a n a ly z e d  t h e  d a t a  

known a b o u t  t h e  g ro u p  f r e q u e n c i e s  o f  n - a l k a n e s , w i t h  p a r t i c u l a r  

d i s c u s s i o n  o f  t h e  no rm al v i b r a t i o n  known a s  t h e  " a c c o r d i o n

88m ode". I t  h ad  been  e s t a b l i s h e d  by S c h a u f e l e  a n d  S h im anouch i

t h a t  t h i s  mode i s  c h a r a c t e r i s t i c  o f  th e  m o t io n  o f  t h e  c h a in

b a c k b o n e ,  and  i t s  f r e q u e n c y  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  th e

l e n g t h  o f  t h e  p o ly m e th y le n e  c h a i n .  In  a lk a n e s  t h i s  band i s

89o n ly  Raman a c t i v e .  S ch n u r  fo u n d  t h a t  t h e  m o t io n  o f  e ach  

a lk o x y  c h a in  ca n  be  a p p ro x im a te d  by an  a lk a n e  " a c c o r d i o n "  

w i t h  one f r e e  and  one f i x e d  e n d .  U s in g  t h i s  m o d e l ,  S ch n u r  

fo u n d  good a g re e m e n t  b e tw een  th e  p r e d i c t e d  a n d  o b s e rv e d  

bands  i n  th e  d ia lk o x y a z o b e n z e n e s  ( d i a lk o x y  AB) i n v e s t i g a t e d .

I n  t h e  AAB s e r i e s  S ch n u r  t r e a t e d  t h e  oxy g en  o f  th e  

a lk o x y  c h a in  a s  i f  i t  w e re  a  c a r b o n  t h a t  p a r t i c i p a t e d  in  

t h e  a c c o r d io n  mode. He fo u n d  t h a t  t h e  f r e q u e n c y  o f  t h e
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a c c o r d i o n  mode bands in  t h e  AAB compounds e x h i b i t e d  th e

i n v e r s e  f r e q u e n c y  s h i f t  w i t h  c a rb o n  num ber, s i m i l a r  t o

t h a t  p r e v i o u s l y  d e s c r i b e d  a n d  a n a ly z e d  by S c h a u fe l®  and 

88S h im a n o u c h i .  F ig .  54 i s  r e p r o d u c e d  fro m  S c h n u r ' s  

a r t i c l e .  As can  be s e e n ,  t h e  o r i g i n a l  i n c l u d e s  d a t a  from  

n=5 ( i . e .  c o r r e s p o n d in g  t o  t h e  d ib u to x y  AB) t o  n = 8  ( f o r  

d i h e p t y l o x y  A B).

S c h n u r 's  p l o t  o f  f r e q u e n c y  s h i f t  v e r s u s  c h a in  l e n g t h  

i n c l u d e s  t h r e e  c u r v e s .  The lo w e s t  one i s  t h e  c a l c u l a t e d  

c u r v e ,  b a s e d  on a m odel o f  an  a lk a n e  w i t h  one  f r e e  and  one 

f i x e d  e n d .  The to p  c u r v e  shows t h e  o b s e rv e d  a c c o r d i o n  mode 

in  a l k a n e s . S c h n u r 's  m id d le  c u r v e ,  w h ich  d o e s  f o l lo w  th e  

i n v e r s e  f r e q u e n c y  s h i f t  w i t h  c a rb o n  num ber, i s  o f  i n t e r e s t  

in  t h e  a s s ig n m e n t s  o f  a c c o r d i o n  mode t o  t h e  p - o c t y l o x y  c h a i n .  

H ow ever, t h i s  c u rv e  w o u ld  have t o  be e x t r a p o l a t e d  t o  n = 9 ,  

so  t h a t  i t  c o u ld  be a p p l i e d  t o  e s t i m a t e  t h e  p o s i t i o n  o f  t h e  

a c c o r d i o n  mode i n  b o th  s p e c i e s  o f  P d l ^ .

F o r  n = 6 S c h n u r  o b s e rv e d  th e  a c c o r d i o n  mode a t  a b o u t  

310 cm "^; f o r  n = 7 a t  285 cm and  f o r  n = 8  a t  a b o u t  

265 cm''*'. E x t r a p o l a t i n g  t h o s e  v a l u e s  f o r  t h e  a lk o x y  c h a i n ,  

one w o u ld  e s t i m a t e  t h a t  t h e  a c c o r d io n  mode f o r  t h e  n - o c t y l o x y  

c h a i n ,  w h e re  n = 9 ,  s h o u ld  be s e e n  a ro u n d  245 cm *■ + 5 cm 

In  t h e  Raman s p e c t r a  o f  PdL^ S p e c ie s  I  t h e  a c c o r d i o n  mode
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l/n
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F ig u r e  5 4 .  P r e d i c t e d  and  o b s e rv e d  f r e q u e n c i e s  f o r  th e  
a c c o r d i o n  mode.

The c u rv e  f o r  th e  o b s e r v e d  band i n  t h e  hom ologous s e r i e s  
o f  a lk o x y  azoxy  b e n z e n e s  r e p o r t e d  i n  S c h n u r ’s  a r t i c l e  
( r e f e r e n c e  8 9 ) was e x t r a p o l a t e d  t o  n= 9 > a s  shown by th e  
d a sh e d  l i n e .  I n  t h i s  c u rv e  n i s  th e  num ber o f  c a rb o n s  
i n  t h e  a lk o x y  t a i l  p l u s  one ( f o r  t h e  o x y g e n )
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h a s  been  t e n t a t i v e l y  a s s i g n e d  t o  240 cm"-*-. I n  t h e  Raman 

s p e c t r u m  o f  P d l^  S p e c ie s  I I  t h i s  mode h as  b e e n  a s s i g n e d  t o  

243 cm
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D is c u s s io n  o f  U l t r a v i o l e t  S p e c t r a

The u l t r a v i o l e t  s p e c t r u m  o f  th e  ( p - o c t y l o x y ) - 1 -

p h e n y l - l , 3 - b u t a n e d i o n e ( " l i g a n d " )  i s  shown in  F i g .  15. I t

shows an  a b s o rb a n c e  a t  320 nm, w i t h  a  (5 v a l u e  o f  3 5 ,0 0 0 .

The UV s p e c t r u m  o f  P d l^  S p e c i e s  I ,  c i s , i s  shown in  F ig .  20*

Two a b s o r b a n c e s  ca n  be s e e n :  one a t  330 nm, w i t h  a £

v a lu e  o f  1 0 ,5 4 0  and  a n o t h e r  a t  290 nm, w i t h  an  £  v a lu e  o f

5 2 ,1 1 0 .  The UV s p e c t ru m  o f  P d l^  S p e c ie s  I I ,  t r a n s ,  i s

shown i n  F i g .  24 ; t h i s  shows two a b s o r b a n c e s :  a t  310 nm,

w i t h  an £  v a l u e  o f  4 3 ,7 8 0 ,  a n d  a n o t h e r  a t  355 nm, w i t h  an

£  v a lu e  o f  3 4 ,7 5 0 .

The d i s c u s s i o n  o f  t h e s e  s p e c t r a  w i l l  i n v o l v e  an

e x a m in a t io n  o f  t h e  e f f e c t  o f  s u b s t i t u t i o n  o f  a  p h e n y l  r i n g

f o r  a  m e th y l  g ro u p  i n  t h e  m e t a l  a c e t y l a c e t o n a t o  com plexes

o f  s e v e r a l  known com pounds. S in c e  one o f  t h e  im p o r t a n t

r e f e r e n c e  compounds t o  be c o n s i d e r e d  i s  P d ( b z a c ) 2 , i t  seems

im p o r t a n t  t o  d i s c u s s  f i r s t  t h e  d i f f e r e n c e s  b e tw e e n  th e  v a l u e s

o f  e x t i n c t i o n  c o e f f i c i e n t s  c a l c u l a t e d  f o r  t h a t  compound from

29
o u r  r e s u l t s  , and  t h o s e  r e p o r t e d  by S in g h  and  S a h a i  , a s

m e n tio n e d  i n  a p r e c e d in g  s e c t i o n  o f  th e  d i s c u s s i o n  o f

s p e c t r o s c o p i c  band  a s s i g n m e n t s .
29

S in g h  and  S a h a i  r e p o r t e d  th e  UV s p e c t r a  o f  P d ( a c a c ) 2 , 

P d ( b z a c ) 2 , a s  w e l l  a s  a  s e r i e s  o f  compounds i n  w h ic h  th e
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"gamma” p r o to n  o f  t h e  c h e l a t e  r i n g  was r e p l a c e d  by g ro u p s

s u c h  a s  C l ,  B r ,  NO2 and  SCN. S i m i l a r l y ,  t h e y  r e p o r t e d

s p e c t r a  f o r  a n a lo g o u s  compounds o f  Cu an d  A l .  T h e i r

e x t i n c t i o n  c o e f f i c i e n t s  a r e  r e p o r t e d  in  t h e  fo rm  o f  lo g  £,

and  i n  o r d e r  t o  com pare t h e i r  r e s u l t s  w i t h  o u r  d a t a ,  i t

was n e c e s s a r y  t o  c o n v e r t  S i n g h 's  r e p o r t e d  v a l u e s  t o  th e

a n t i l o g s . The d a t a  r e p o r t e d  by S in g h  a r e  com pared  w i th
90

t h o s e  r e p o r t e d  by a n o t h e r  i n v e s t i g a t o r ,  Gubin  e t  a l .

As ca n  be s e e n  in  T a b le  X I I I ,  t h e  v a l u e s  r e p o r t e d  f o r

P d ( a c a c ) 2  by Gubin a r e  c o n s i d e r a b l y  lo w er  (b y  a b o u t  50%)
90

th a n  t h o s e  r e p o r t e d  by S in g h .  I t  c an  be s e e n  t h a t  Gubin 

r e p o r t e d  f o u r  a b s o r b a n c e s ;  a t  2 0 8 .5 ,  2 2 5 ,  250 and  328 nm.

S in g h  r e p o r t s  band I  a t  2 5 0 ;  a  s h o u ld e r  a t  260 -  270, 

a t t r i b u t e d  t o  band I I ,  band  I I I - a t  330 , and  a  s h o u ld e r  a t  

400 nm a s s i g n e d  t o  band IV . T a b le  X I I I  l i s t s  o n ly  th o s e  

bands  f o r  w h ic h  v a l u e s  w ere  r e p o r t e d  by e i t h e r  Gubin

o r  S in g h .

In  v ie w  o f  t h i s  d i s c r e p a n c y  b e tw een  R v a l u e s  r e p o r t e d

by G ubin  a n d  by S in g h ,  we d e te r m in e d  th e  UV s p e c t ru m  in

CHCl^ o f  P d ( a c a c ) 2  p u r c h a s e d  from  A lpha  I n o r g a n i c s  ( F ig .  5 5 ) .

We f i n d  a b s o r p t i o n  bands a t  328 nm, w i t h  £  o f  1 2 ,0 8 0 ,  a n d  r  rnax

a t  250 nm w i t h  ^ ax = 1 5 ,1 6 0 .  Our v a l u e s ,  when com pared w i t h  

t h o s e  i n  T a b le  X I I I ,  seem  t o  be c l o s e r  t o  t h o s e  r e p o r t e d  by
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TABLE XIII
COMPARISON OF GUBIN'S DATA AND SINGH'S DATA ON P d ( a c a c ) ,

Our G. s e
max R e c a l c u l a t i o n  R a t i o

( i n  nm) G u b in 's  €: S i n g h 's  l o g €  o f  S i n g h 's  e  ^

2 0 8 .5 4 2 ,8 0 0 n o t r e p o r t e d

225 3 5 ,4 0 0 n o t r e p o r t e d

250 1 6 ,3 0 0 lo g = 4 .5 3 3 3 ,9 0 0
1 .6 3
3 .3 9 = .481

328+2 1 2 ,7 0 0 lo g = 4 .3 8 2 4 ,0 0 0
1 .2 7
2 .4 0 = .529

400 n o t  re p tc l lo g = 2 .4 7
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Figure 55. Ultraviolet spectrum of Pd(acac ) 2  in CHCI3 , 
concentration 3.892 x 10"^M
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G ubin . We c o n c lu d e  from  t h i s  c o m p a r iso n  t h a t  t h e  s l i t  

w id th  u s e d  i n  o u r  i n s t r u m e n t  i s  p r o b a b ly  much c l o s e r  to  

t h a t  u s e d  by G u b in ,  and  q u i t e  d i f f e r e n t  f rom  t h e  s l i t  

w id th  a p p a r e n t l y  u s e d  by S in g h  a n d  S a h a i .  P r o b a b ly  S in g h  

u se d  a  n a r r o w e r  s l i t  w i d t h  t o  o b t a i n  t h e  h i g h e r  a b s o r b a n c e .

T h is  c o n c l u s i o n  i s  f u r t h e r  s u p p o r t e d  by a c o m p a r is o n  o f  UV 

d a t a  f o r  two m ore com pounds: a  P d ( a c a c ) 2  a n a l o g  w i t h  -C l

s u b s t i t u t e d  f o r  t h e  "gamma" p r o t o n ,  and one w i t h  -B r

s u b s t i t u t e d  i n  t h a t  p o s i t i o n .  B o th  compounds w e re  s t u d i e d

90 85by Gubin an d  by S in g h .  F o r  t h e  c h l o r o - s u b s t i t u t e d

compound, t h e  r a t i o  o f  G u b in ’ s t o  S i n g h 's  ^ nax v a l u e s

( a f t e r  r e c a l c u l a t i o n  o f  a n t i l o g )  i s  6 . 7 0 / 1 2 . 3  = 0 .5 4 5 ;

f o r  t h e  b ro m o -a n a lo g  t h e  r a t i o  i s  6 . 9 / 8 . 7  = 0 . 7 9 .

We s i m i l a r l y  com pared  o u r  v a l u e s  f o r  PdC bzac)^

w i t h  t h o s e  r e p o r t e d  by S in g h  an d  S a h a i .  The d a t a  a r e  shown

i n  T ab le  XIV.

In a sm u c h  a s  d a t a  f ro m  c h e m ic a l  a n a l y s i s  an d  m o le c u la r

w e ig h t  d e t e r m i n a t i o n s  i n d i c a t e  t h a t  o u r  P d ( b z a c ) 2  i s  p u r e ,

we f e e l  j u s t i f i e d  i n  a t t r i b u t i n g  t h e  d i s c r e p a n c y  be tw een  o u r
86

^-max v a ^u e s  anc* th o s e  r e p o r t e d  by S in g h  t o  d i f f e r e n c e s  in  

s l i t  w i d t h .  N e i t h e r  G ubin  n o r  S in g h  r e p o r t e d  t h e  s l i t  w id th  

u s e d ,  b u t  S i n g h ' s  v a l u e s  on t h e  PdC acac)^  seem  much more o u t  

o f  l i n e  w i t h  o u r s  th a n  t h o s e  o f  G u b in . S in g h  r e p o r t e d  u s in g
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TABLE XIV
COMPARISON OF OUR DATA AND SINGH'S FOR P d ( b z a c ) 2

Our c a l c u l .  Qur £
Xmax( l n  nm) 0 u r g max S i n g h 's  lo g  €  o f  S i n g h 's  G R a t i o  s i n g e s  £

3 .5 9 5
-  0 .7 1 7260 (b an d  I ) 3 5 ,9 5 0 lo g  = 4 .7 0 5 0 ,1 2 0 5 .0 1 2

285 (b a n d  I I ) 2 9 ,5 2 0 l o g  = 4 .6 9 4 8 ,9 8 0
2 .9 5 2

4 .8 9 8
= 0 .6 0 3

352 (b an d  I I I ) 1 9 ,6 7 0 l o g  = 4 .4 9 3 0 ,9 0 0
1 .9 6 7
3 .0 9 0

= 0 .6 3 7
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a  C ary  14R s p e c t r o p h o t o m e t e r ,  and  e s t i m a t e d  t h a t  t h e i r  £  

v a l u e s  w e re  g e n e r a l l y  r e p r o d u c i b l e  w i t h i n  5%.

F o r  c o m p ar iso n  we a l s o  d e te r m in e d  t h e  UV s p e c t ru m  

o f  b z a c  w h ic h  had  been r e c r y s t a l l i z e d  f ro m  e t h a n o l .  The
_3

s p e c t r u m  f o r  a  8 .5 0 8  x 10 M s o l u t i o n  o f  b z a c  i n  CHCl^ i s  

shown i n  F i g .  56A. The b and  a t  310 nm c o r r e s p o n d s  t o  an  

v a l u e  o f  1 6 ,9 3 0 ;  t h e  one a t  250 nm h a s  an  ^ ax v a lu e  

o f  5 4 ,0 7 0 .  The UV s p e c t r u m  o f  bzac  was r e p o r t e d  by Lowe 

and  F e r g u s o n ^ ,  w i t h  a b and  a t  307 nm, = 3 8 ,0 0 0  i n

h e p t a n e ;  o r  a  band a t  307 nm, w i t h  <kax "  1 5 - 8 0 0  l n  

i s o p r o p y l  a l c o h o l .  Or R v a l u e  i s  in  good a g re e m e n t  w i t h  

t h e  one r e p o r t e d  i n  i s o p r o p y l  a l c o h o l ,  and  we w o u ld  e x p e c t  

i t  t o  d i f f e r  from  th e  one i n  t h e  n o n - p o la r  h e p t a n e .

Lowe and  F e rg u so n  d i s c u s s  th e  p o s i t i o n s  o f  X__„ i nIuaX

b e n z o y la c e to n e  p - m e th o x y - b e n z o y la c e to n e  an d  C u ( b z a c ) 2 > and

com pare  them  w i t h  t h o s e  o b s e r v e d  in  a l i p h a t i c  b e t a - d i k e t o n e s .

They p o i n t  o u t  t h a t  a l l  r e p o r t e d  v a l u e s  o f  ^ max f o r  e n o ls

and  t h e i r  m e th y l  e t h e r s ,  o f  t h e  ty p e  R-C0-CH==C(0H)-R and

R-C0 -CH==C(0 CH2 ) - R, (w h ere  R i s  an a l k y l  g ro u p )  a r e  below

300 nm. T h is  i s  t r u e  e v e n  f o r  t h e  m e th y l  e t h e r s  o f  t h e  two

p o s s i b l e  e n o l s  o f  b e n z o y la c e to n e  i n v e s t i g a t e d  by E i s t e r t  and  

91M e rk e l .  On th e  o t h e r  h a n d ,  t h e  a r y l  s u b s t i t u t e d  ch rom ophore  

h a s  "Xmax a ^ove 300 nm, w h e n e v e r  th e  s t e r i c  r e q u i r e m e n t s  do
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ABSORBANCE

F i g u r e  56A. U l t r a v i o l e t  sp ec t ru m  o f  b z a c  i n  CHC1,,
- 3c o n c e n t r a t i o n  8 . 5 0 8  x  1 0  M
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n o t  p r e v e n t  c o p l a n a r i t y  o f  t h e  a r o m a t i c  and c h e l a t e d  e n o l  

r i n g s ,  i n  t h e  s t r u c t u r e  shown:

OH...........0
I II

A r — C==CH— C—

Lowe and F e r g u s o n ^  c o n c l u d e  t h a t  A „ v a l u e s  
0  max

l a r g e r  t h a n  300 nm s h o u l d  be t a k e n  a s  e v i d e n c e  f o r  t h e  

d i r e c t i o n  o f  e n o l i z a t i o n  o f  a r y l - a l k y l  b e t a  d i k e t o n e s ,  and  

i n  f a v o r  o f  t h e  e x i s t e n c e s  o f  forms 2 and 3 i n  t h e  m i x t u r e .

li

c y c l i c  s t r u c t u r e

Ar

(3)

n o n - c h e l a t e d  t r a n s  fo rm

I n  a d d i t i o n ,  t h e  e f f e c t  o f  c h an g e s  o f  s o l v e n t s  on t h e

s h i f t  o f  x i s  c o n s i s t e n t  w i t h  t h e  d i r e c t i o n  e x p e c t e d  f o r  max

a  t r a n s i t i o n  i n  w h i c h  a b s o r p t i o n  l e a d s  t o  a  more p o l a r  e x c i t e d  

s t a t e .  ( S p e c t r a  com pared  i n  n - h e p t a n e  and i n  i s o p r o p y l  

a l c o h o l . )

O H  0 O H .......................0 *
/ = \  I I f  — h v  - , , / Z A  |  I
\ \  / ^ C t = = C H   C — R -K )=C--------C H = = C  —  R
v y '=='
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I n  t u r n i n g  t o  t h e  e x a m i n a t i o n  o f  t h e  e f f e c t  o f  p h e n y l  

s u b s t i t u e n t s  on t h e  UV s p e c t r a  o f  s u b s t i t u t e d  m e t a l  a c e t y l -  

a c e t o n a t e s , i t  s h o u l d  be n o t e d  t h a t  two o p p o s i t e  e f f e c t s  

m us t  be c o n s i d e r e d .  I t  h a s  b e e n  w e l l  e s t a b l i s h e d  t h a t  t h e  

p h e n y l  r i n g  can  w i th d ra w  e l e c t r o n s  by an  i n d u c t i v e  e f f e c t ,  

b u t  i t  c a n  a l s o  d o n a t e  e l e c t r o n s  by a  r e s o n a n c e  e f f e c t ,  

p r o v i d e d  t h e  p h e n y l  r i n g  i s  c o p l a n a r  w i t h  t h e  c h e l a t e  r i n g  

a t t a c h e d  t o  t h e  m e t a l .  I n  e x a m i n i n g  t h i s  e f f e c t  we w i l l  

c o n s i d e r  band  I I I ,  f o r  w h ich  d a t a  h a v e  b een  c o l l e c t e d  on a  

s e r i e s  o f  c o m p o u n d s . Th is  band  Gubin  a n d  S in g h  r e p o r t  a s
Q £

m ost  s e n s i t i v e  t o  s u b s t i t u t i o n .  S i n g h  and  S a h a i  r e p o r t e d  

t h a t  i n  t h e  Cu, Pd and A1 compounds s t u d i e d ,  r e p l a c i n g  a  

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

i n  a s h i f t  o f  a l l  a b s o r p t i o n  b a n d s  i n  t h e  UV and  v i s i b l e  

to w a r d s  l o w e r  e n e r g y  ( l o n g e r  w a v e l e n g t h s )  i n  a l l  t r a n s i t i o n s .  

They b e l i e v e  t h a t  t h i s  i n d i c a t e s  t h e  dom inance  o f  t h e  

r e s o n a n c e  e f f e c t  o v e r  t h e  w eak  i n d u c t i v e  e f f e c t  o f  t h e  p h e n y l  

r i n g .  S h i f t s  t o  lo w e r  e n e r g y  f o r  t h e  P d ( I I ) , C u ( I I )  a n d  

A l ( I I I )  b e t a - d i k e t o n a t e s  a r e  o f  t h e  o r d e r  

M ( a c a c ) n >  M (b zac )n >  M(dbm)n

w i t h  t h e  M (a c a c )  a b s o r b i n g  a t  t h e  s h o r t e s t  w a v e l e n g t h s  and
n

t h e  M(dbm)n a b s o r b i n g  a t  t h e  l o n g e s t  w a v e l e n g t h s .  (dbm =

92d i b e n z o y l m e t h a n e ) . S i m i l a r  s h i f t s  w e r e  n o t e d  by S a s a k i  e t  a l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



208

when t h e  m e t h y l  g ro u p  i n  m e t a l  a c e t y l a c e t o n a t e s  was r e p l a c e d

by a  f u r o y l  r i n g .

I t  i s  t h e  p u r p o s e  o f  t h e  d i s c u s s i o n  t o  show n e x t

t h a t  w h i l e  t h e  weak i n d u c t i v e  e f f e c t  r em a in s  c o n s t a n t ,  t h e

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

The e x t e n t  o f  t h e  s h i f t  i n  t h e  UV s p e c t ru m  a t t r i b u t e d  t o  t h a t

r e s o n a n c e  e f f e c t  i s  a l s o  d e p e n d e n t  on t h e  a n g l e  , w h i c h  i s

t h e  o u t - o f - p l a n e  t w i s t  o f  t h e  p h e n y l  r i n g  w i t h  r e s p e c t  t o

t h e  c h e l a t e  r i n g  p l a n e .  The r e s o n a n c e  i n t e r a c t i o n  be tw een

two p - 7T o r b i t a l s  depends  on t h e  c o s  o f  t h e  a n g l e  <T', o r  on 

9 t *  20 93t h e  c o s z i . 5 T h e r e f o r e ,  t h e  r e l a t i v e  r e s o n a n c e  i n t e r ­

a c t i o n s  i n  two m o l e c u l a r  s y s t e m s  ca n  be com pared  i n  t e r m s
2

o f  t h e  c o s  o r  co s  . C o m p a r i so n s  c o u l d  be  made by us  

o n l y  f o r  t h o s e  compounds f o r  w h i c h  u l t r a v i o l e t  a n d / o r  

v i s i b l e  s p e c t r a  w ere  known, a n d  f o r  w h ich  c r y s t a l  s t r u c t u r e  

d a t a  on t h e  a n g l e  T  w ere  a l s o  a v a i l a b l e .

P r i o r  t o  d i s c u s s i n g  t h e  o r g a n o m e t a l l i c  compounds,  

i t  m ig h t  be  p o i n t e d  o u t  t h a t  a  s i m i l a r  q u a l i t a t i v e  t r e a t ­

ment o f  t h e  e f f e c t  o f  t w i s t i n g  a  " s i n g l e ” bond i n  a c o n j u ­

g a t e d  s y s t e m  h a d  been  d i s c u s s e d  by  Ing raham  i n  a  r e v i e w  on

85a.S t e r i c  E f f e c t s  on C e r t a i n  P h y s i c a l  P r o p e r t i e s .  In  a

c o n j u g a t e d  s y s t e m  t h e  s i n g l e  bond  w i l l  have  some d o u b l e  

bond c h a r a c t e r ,  and  t h e  s t r e n g t h  o f  t h a t  bond w i l l  be
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m axim al  when a l l  a tom s a t t a c h e d  t o  t h a t  bond l i e  i n  t h e  

same p l a n e .  Such a  p l a n a r  a r r a n g e m e n t  a l l o w s  f o r  maximum 

o v e r l a p  o f  t h e  p - o r b i t a l S  a c r o s s  t h e  bond .

The c h a n g es  i n  t h e  e l e c t r o n i c  s p e c t r a  due t o  s t e r i c  

e f f e c t s  h a v e  been  i n v e s t i g a t e d  i n  b i p h e n y l s  and o t h e r  

p o l y - p h e n y l  s y s t e m s .  The a d d i t i o n a l  r e s o n a n c e  o f  t h e  

b i p h e n y l s  o v e r  two i s o l a t e d  b en z e n e  r i n g s  was p l o t t e d  by
Q C L  O

Dewar a s  a  f u n c t i o n  o f  t h e  cos  o f  t h e  a n g l e  o f  t w i s t .
2

The c u r v e  f o r  t h a t  co s  d e p e n d e n c e  shows t h a t  f o r  t w i s t

a n g l e s  a s  l a r g e  a s  4 5 ° ,  t h e r e  i s  s t i l l  50% r e s o n a n c e

e n e r g y ;  a n d  t h a t  t h e  r e s o n a n c e  e n e r g y  becomes n e g l i g i b l e  a s

t h e  a n g l e  o f  t w i s t  a p p r o a c h e s  9 0 ° .  I n  some r e s p e c t  t h e

e x p e r i m e n t a l  s t u d i e s  on s p e c t r a  o f  t h e  b i p h e n y l  sy s te m s

c o u l d  s e r v e  a s  a  m odel  f o r  t h e  o r g a n o m e t a l l i c  compounds t o

be d i s c u s s e d ,  w h ere  t h e  p h e n y l  r i n g  i s  a t t a c h e d  t o  t h e

" q u a s i - a r o m a t i c "  a c a c  c h e l a t e  r i n g .
85c

I n  1951 T u r n e r  an d  V o i t l e  p o i n t e d  o u t  t h a t  

t w i s t i n g  a  s i n g l e  bond away from c o p l a n a r i t y  i n  a  c o n j u ­

g a t e d  s y s t e m  may p r o d u c e  t h r e e  e f f e c t s  on t h e  s p e c t r u m .

(1 )  R e l a t i v e l y  s m a l l  t w i s t  a n g l e s  w i l l  r e s u l t  i n  no c h a n g e  

i n  t h e  w a v e l e n g t h  o f  maximum a b s o r p t i o n ,  b u t  w i l l  c a u s e  a  

d e c r e a s e  i n  t h e  a b s o r p t i o n  i n t e n s i t y .  (2 )  L a rg e r  t w i s t s  

s h i f t  t h e  a b s o r p t i o n  maximum t o  s h o r t e r  w a v e l e n g t h s ,  i n
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a d d i t i o n  t o  d e c r e a s e d  i n t e n s i t y .  (3)  When t h e  t w i s t  i s  

l a r g e  enough  a l m o s t  t o  e l i m i n a t e  i n t e r a c t i o n  b e tw e e n  t h e  

two p o r t i o n s  o f  t h e  m o l e c u l e ,  t h e  s p e c t r u m  i s  s i m i l a r  t o  

t h e  sum o f  t h e  s p e c t r a  o f  "com ponen t  p a r t s "  on e i t h e r  

s i d e  o f  t h e  t w i s t e d  bond.

Our c o m p a r i so n s  f o c u s  on band I I I ,  w h i c h  h a d  been  

a t t r i b u t e d  by S in g h  and  S a h a i  t o  a 7 f ^  t o  7 f  t r a n s i t i o n ,

b a se d  on t h e  H u c k e l  LCAO-MO c a l c u l a t i o n s  c a r r i e d  o u t  by

94 9 5 ,9 6
Barnum and  by F a c k l e r  e t  a l .  Th is  band  h a s  been

s e l e c t e d ,  b e c a u s e  most  o f  t h e  compounds i n c l u d e  d a t a  on

t h i s  band ,  w h i l e  bands I ,  I I ,  a n d  IV a r e  a b s e n t  f ro m

s e v e r a l  com p o u n d s .
, 29

I n  t h e  C u - b e t a - d i k e t o n a t e  s e r i e s ,  S in g h  an d  S a h a i

had  r e p o r t e d  t h e  UV s p e c t r a  o f  C u (a c a c ) 2  an d  C u ( b z a c ) 2  in

m e t h a n o l .  I n  t h e  C u (a c a c ) 2  b a n d  I I I  a p p e a r s  a t  294 nm,

w i t h  £ =  a n t i l o g  4 . 4 0  = 2 5 , 1 2 0 .  In  t h e  C u (b z a c ) 2  band I I I

a p p e a r s  a t  320 nm, w i t h  £ =  a n t i l o g  4 .3 2 2  = 2 1 , 0 0 0 .  The

b a th o c h r o m ic  s h i f t  ( t o  l o n g e r  w a v e l e n g t h s  an d  lo w e r  e n e r g y )

i s  26 nm, a n d  i t  can  be a t t r i b u t e d  to  t h e  r e s o n a n c e  e f f e c t

82
o f  t h e  p h e n y l  g r o u p .  Hon e t  a l  r e p o r t e d  t h a t  i n  C u (b z a c ) 2

t h e  o u t - o f - p l a n e  t w i s t  a n g l e  X  w^s 1 4 . 3 ° .  S i n c e  cos  X  i s  
o

0 .9 6 9  (cos  i s  0 . 9 3 9 ) ,  i t  c a n  be  e s t i m a t e d  t h a t  t h e  r e s o n a n c e  

i n t e r a c t i o n  i s  97% (94%). H e re  one would  c e r t a i n l y  e x p e c t
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t h e  r e s o n a n c e  e f f e c t  o f  t h e  p h e n y l  g ro u p  t o  d o m in a t e  o v e r  

t h e  i n d u c t i v e  e f f e c t .

E x t e n d i n g  t h i s  a p p r o a c h  c o n s i d e r  n e x t  t h e  

C u ( d i b e n z o m e th a n e ) 2  o r  Cu(dbm)2 > w h ich  two p h e n y l  r i n g s  

w e re  s u b s t i t u t e d  f o r  t h e  two m e t h y l  g roups  o f  t h e  a c a c .

I t s  c r y s t a l  s t r u c t u r e  h as  b e e n  r e p o r t e d  by M. B la c k s  to n e  

e t  a l ^  w i t h  * Y  a n g l e s  o f  9 . 3 °  and  4 . 6 ° .  I n  t h i s  c a s e  the  

cos  " Y  v a l u e s  a r e  .987 and  .9 9 7  ( co s^  a r e  .904  and  . 9 9 4 ) ,

r e s p e c t i v e l y ,  and  t h e  r e s o n a n c e  i n t e r a c t i o n  i s  even  h i g h e r

t h a n  i n  CuC bzac)^ .  S i n c e  t h e r e  a r e  two p h e n y l  g r o u p s ,  

e a c h  o f  them  c a p a b l e  o f  c o n t r i b u t i n g  e l e c t r o n  d e n s i t y ,  one 

w ou ld  e x p e c t  t h e  band I I I  i n  Cu(dbm) 2  t o  a p p e a r  a t  c o n s i d e r ­

a b l y  l o w e r  e n e r g y  ( l o n g e r  w a v e l e n g t h )  t h a n  e i t h e r  CuCacac)^

o r  C u ( b z a c ) 2 * In  f a c t ,  S i n g h  r e p o r t s  band I I I  a t  350 nm,

o r  56 nm h i g h e r  th a n  band I I I  i n  C u ( a c a c ) 2 j an d  w i t h  a 

h i g h e r  ^ nax v a l u e  f o r  t h e  Cu(dbm)2 , o r  a v a l u e  e q u a l  t o  

a n t i l o g  4 . 5 8  w h ich  i s  3 8 , 0 2 0 ,  a s  would  be e x p e c t e d  f rom  

t h i s  d i s c u s s i o n .

I n  t h e  p a l l a d i u m  b e t a - d i k e t o n a t e s , u l t r a v i o l e t  and 

c r y s t a l  s t r u c t u r a l  d a t a  a r e  a v a i l a b l e  o n l y  f o r  P d C b z a c ^ j  

w i t h  some l i m i t e d  d a t a  a v a i l a b l e  on t h e  P d ( 3 - 0 - a c a c ) 2  com­

pound .  F i r s t ,  one s h o u ld  com pare  t h e  UV s p e c t r a  o f  P d ( a c a c ) 2  

and P d ( b z a c ) 2 * I t  s h o u ld  be n o t e d  t h a t  t h e  a n g l e  " Y  r e p o r t e d
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f o r  P d ( b z a c ) 2  i s  2 3 ° ,  and  t h a t  cos  23° i s  0 . 9 2 1  ( c o s^  i s  

0 . 8 4 7 ) .  One w o u ld  a n t i c i p a t e  r e s o n a n c e  i n t e r a c t i o n  o f  92% 

(85%), w h i c h  i s  s l i g h t l y  l e s s  t h a n  i n  t h e  a n a l o g o u s  c o p p e r  

compound. C o n s i d e r i n g  t h e  UV s p e c t r a  o f  P d ( a c a c ) 2  and 

P d ( b z a c ) 2 , we o b s e r v e d  a  b a t h o c h r o m ic  s h i f t  o f  24 nm i n  t h e  

P d ( b z a c ) 2  f rom  328 nm f o r  P d ( a c a c ) 2  up t o  352 nm in  

P d ( b z a c ) 2 * The i n t e n s i t y  o f  t h e  band i n  t h e  P d ( b z a c ) 2  i s  

g r e a t e r ,  a s  m e a s u re d  by a  h i g h e r  o f  1 9 , 6 7 0  i n  P d ( b z a c ) 2

and o n l y  1 2 ,0 8 0  i n  P d C a c a c ^ *  These  c h a n g e s  a r e  c o n s i s t e n t  

w i t h  t h e  e s t i m a t i o n  o f  r e s o n a n c e  i n t e r a c t i o n  f ro m  cos r
2  Q O

( c o s - ■ * n  d e p e n d e n c e .  F u r t h e r m o r e ,  t h e  b a t h o c h r o m i c  s h i f t  

i s  s l i g h t l y  l e s s  i n  t h e  Pd compounds (24 nm) t h a n  i n  t h e  

a n a lo g o u s  Cu compounds (26 n m ) , a l s o  c o n s i s t e n t  w i t h  t h e  

lower  p e r c e n t a g e  i n  r e s o n a n c e  i n t e r a c t i o n  (92% f o r  Pd v s .

97% f o r  Cu b a s e d  on cos  v a l u e s ,  o r  85% v s .  94% b a s e d  on 

cos^  v a l u e s ,  r e s p e c t i v e l y ) .

A f u r t h e r  i n d i c a t i o n  o f  t h e  r e l a t i o n s h i p  be tw een  

t h e  m a g n i t u d e  o f  t h e  T a n g l e  a n d  t h e  s h i f t  i n  band  I I I  o f  

t h e  UV s p e c t r u m ,  c a n  be f o u n d  by com par ing  t h e  ’' l i m i t e d "  

d a t a  on t h e  e f f e c t  due t o  s u b s t i t u e n t s  on t h e  "gamma" ca rb o n

o f  t h e  c h e l a t e  r i n g  o f  P d ( a c a c ) 2 * F or  e x a m p l e ,  P d ( 3 - 0 - a c a c )

98 27
had  been p r e p a r e d  by Nesmeyanov e t  a l  a n d  by  C a rm ic h a e l .

A l th o u g h  i t s  c r y s t a l  s t r u c t u r e  h a s  n o t  b e en  r e p o r t e d ,  t h a t
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o f  t h e  Cu(3 - 0 - a c a c ) 2  h ad  been d e t e r m i n e d  by C a rm ic h a e l  e t  a l . ^ 9

I n  t h e  C u ( 3 - 0 - a c a c ) 2  m o l e c u l e  t h e  p h e n y l  r i n g  i s

t w i s t e d  70°  f ro m  t h e  p l a n e  o f  t h e  c h e l a t e  r i n g ,  p r o b a b l y  due

t o  s t e r i c  c r o w d i n g .  I f  we assum e t h a t  t h e  a n g l e  o f  t w i s t  i n

P d ( 3 - 0 - a c a c ) 2  i s  a l s o  l a r g e ,  and  o f  t h e  same o r d e r  o f  m a g n i t u d e
_ 2

a s  i n  t h e  Cu a n a l o g u e ,  and  u s i n g  t h e  c o s  T  (cos  ) d e p e n d e n c e

t o  e s t i m a t e  t h e  r e s o n a n c e  i n t e r a c t i o n ,  we c o n c lu d e  t h a t  i t  i s

r e d u c e d  t o  o n l y  3 4 % ( o r  1170 u s i n g  c o s  ) .  T h e r e f o r e ,  i n  t h e

P d ( 3 - 0 - a c a c ) 2  one  w o u ld  e x p e c t  a  n e g l i g i b l e  r e s o n a n c e  e f f e c t ,

a nd  one m ig h t  e x p e c t  t h a t  t h e  i n d u c t i v e  e l e c t r o n  w i t h d r a w i n g

e f f e c t  o f  t h e  p h e n y l  c o u l d  p r e d o m i n a t e .

90Gubin e t  a l  h a d  r e p o r t e d  t h e  UV s p e c t r a  o f  

P d ( 3 - 0 - a c a c ) 2  a s  w e l l  as  t h a t  o f  P d ( 3 - m e t h y l - a c a c ) 2 > a n d  i t  

i s  u s e f u l  t o  com pare  t h o s e  w i t h  t h e  UV s p e c t r u m  o f  P d ( a c a c ) 2  

i t s e l f .  I n  c a s e  o f  t h e  m e th y l  s u b s t i t u e n t ,  i t  can  o n l y  d o n a t e  

e l e c t r o n s  i n d u c t i v e l y ,  so  i t s  e f f e c t  w ou ld  be  t o  lo w e r  t h e  

e n e r g y .  I n  t h e  m e t h y l - s u b s t i t u t e d  compound band I I I  i s  o b ­

s e r v e d  a t  344 nm, o r  a b a t h o c h r o m ic  s h i f t  o f  16 nm f ro m  t h e  

a b s o r b a n c e  a t  328 o f  P d ( a c a c ) 2 * S i n c e  t h e  r e s o n a n c e  i n t e r ­

a c t i o n  i n  t h e  P d ( 3 - 0 - a c a c ) 2  was e s t i m a t e d  a s  n e g l i g i b l e ,  one 

w o u ld  e x p e c t  t h e  p h e n y l  r i n g ' s  i n d u c t i v e  e l e c t r o n  w i t h d r a w i n g  

e f f e c t  t o  be much more  i m p o r t a n t  t h a n  i n  t h e  o t h e r  compounds 

d i s c u s s e d .  T h e r e f o r e ,  i f  a  b a t h o c h r o m i c  s h i f t  i s  t o  be
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o b s e r v e d ,  i t s  m a g n i t u d e  s h o u ld  be q u i t e  s m a l l .  I n d e e d ,  t h e  

band s e e n  i n  P d ( a c a c ) 2  a t  328 ,  i s  o b s e r v e d  i n  P d ( 3 - 0 - a c a c ) 2  

a t  340 ,  o r  a t  a  b a th o c h r o m ic  s h i f t  o f  o n ly  12 nm. T h is  

c o m p a r i so n  o f  t h e  u l t r a v i o l e t  band  p o s i t i o n s  o f  P d ( a c a c ) 2 > 

P d ( 3 - m e - a c a c ) 2  and  P d ( 3 - 0 - a c a c ) 2  seems t o  l e n d  f u r t h e r  

v a l i d i t y  t o  t h e  q u a l i t a t i v e  r e l a t i o n s h i p  we s u g g e s t  between 

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

t i l t  a n g l e  , and  t h e  b a th o c h r o m ic  s h i f t .

P r o c e e d i n g  now t o  t h e  d i s c u s s i o n  o f  t h e  UV s p e c t r a  

o f  PdL2  S p e c i e s  I  a n d  PdL^ S p e c i e s  I I ,  i t  m u s t  be n o t e d  

t h a t  no d a t a  a r e  a v a i l a b l e  on t h e  c r y s t a l  s t r u c t u r e  and 

a n g l e  *T f o r  t h e s e  compounds. Some o f  t h e  d i s c u s s i o n  i s ,  

t h e r e f o r e ,  s p e c u l a t i v e ,  b u t  i t  i s  q u a l i t a t i v e l y  r e l a t e d  t o  

t h e  a r g u m e n t s  o u t l i n e d  above .  We s h a l l  f o c u s  on band I I I ,  

and compare  t h e  UV s p e c t r a  o f  P d ( b z a c ) 2 , P d l^  S p e c i e s  I  ( c i s )  

and PdL2  S p e c i e s  I I  ( t r a n s ) . ( F i g s .  17, 20 ,  24)

I t  w i l l  be assumed t h a t  t h e  c r y s t a l  s t r u c t u r e  o f  

t h e  t r a n s  i s o m e r ,  PdL^ S p e c i e s  I I ,  i s  s i m i l a r  t o  t h a t  o f  

P d ( b z a c ) 2  t r a n s .  I t  i s  e x p e c t e d  t h a t  t h e  e f f e c t  o f  t h e  

p - o c t y l o x y  s u b s t i t u e n t  i s  s m a l l .  However,  s i n c e  t h e  a l k o x y  

group i s  a n  e l e c t r o n  donor  on a  p h e n y l  r i n g ,  we w o u ld  e x p e c t  

band I I I  t o  be s h i f t e d  t o  lo w e r  e n e r g y  ( l o n g e r  w a v e l e n g t h )  

t h a n  i t s  c o u n t e r p a r t  i n  P d ( b z a c ) 2 « C o n s i s t e n t  w i t h  t h i s
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e x p e c t a t i o n ,  t h e  a b s o r b a n c e  i s  a t  355  nm, o r  3 nm h i g h e r

t h a n  i n  P d ( b z a c ) 2 , w i t h  an C v a l u e  o f  3 4 ,7 5 0 .  I t  s h o u l d

be em phas ized  t h a t  t h i s  v a l u e  i s  h i g h e r  th a n  t h e  C^ax  o f

1 9 ,6 7 0  we found  f o r  P d ( b z a c ) 2  o r  t h a t  o f  3 0 ,9 0 0  r e p o r t e d  by

29S in g h  and S a h a i .  T h e r e f o r e ,  t h i s  s m a l l  b a t h o c h r o m ic

s h i f t ,  and t h e  g e n e r a l  s i m i l a r i t y  i n  a p p e a r a n c e  o f  t h e  UV

s p e c t r a  o f  P d ( b z a c ) 2  t r a n s  and PdL2  S p e c i e s  I I  a r e  c o n s i s t e n t

w i t h  o u r  a s s i g n m e n t  o f  t r a n s  s t r u c t u r e  t o  P d l^  S p e c i e s  I I .

Comparing t h e  r e l a t i v e  i n t e n s i t i e s  o f  band I I I  an d  I I  i n  b o th

compounds: i n  P d ( b z a c ) 2  t h e  i n t e n s i t y  o f  band I I I  i s  6 6 % o f

t h a t  o f  band I I ;  i n  P d l ^  S p e c i e s  I I  t h e  r e l a t i v e  i n t e n s i t y

o f  band I I I  i s  79% o f  band I I .

On t h e  o t h e r  h a n d ,  t h e  UV s p e c t r u m  o f  P d l ^  S p e c i e s  I

i s  c o n s i d e r a b l y  d i f f e r e n t  f rom t h a t  o f  P d ( b z a c ) 2 * I n  te rm s

o f  r e l a t i v e  i n t e n s i t i e s  o f  bands  I I I  an d  I I ,  i n  PdL^ S p e c i e s  I

t h e  i n t e n s i t y  o f  band  I I I  i s  o n l y  20% o f  t h e  i n t e n s i t y  o f

band  I I .  I t  s h o u l d  be n o t e d  t h a t  i n  a  c i s  c o n f i g u r a t i o n ,

b o t h  b u lk y  p h e n y l  r i n g s  w i t h  t h e i r  p - a l k o x y  s u b s t i t u e n t s ,

would  be on t h e  same s i d e .  We m i g h t  s p e c u l a t e  t h a t  s t e r i c

c ro w d in g  w ou ld  t i l t  t h e  p - s u b s t i t u t e d  p h e n y l  r i n g s  f a r t h e r

f rom  t h e  p l a n e  o f  t h e  c h e l a t e  r i n g s ,  much beyond  t h e  23°

20
a n g l e  r e p o r t e d  f o r  t h e  t r a n s  P d ( b z a c ) 2 * Such an i n c r e a s e d  

t i l t  would  r e d u c e  e f f e c t i v e  c o n j u g a t i o n  be tween t h e  p h e n y l
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and c h e l a t e  r i n g s ,  and  t h e  i n d u c t i v e  e l e c t r o n  w i t h d r a w i n g  

e f f e c t  o f  t h e  p h e n y l  g ro u p  m ig h t  become d o m in a n t .  I f  t h o s e  

a s s u m p t i o n s  a r e  c o r r e c t ,  t h e  c i s  i s o m e r  o f  PdL2  w ou ld  a b s o r b  

a t  a  h i g h e r  e n e r g y  ( o r  s h o r t e r  w a v e l e n g t h )  t h a n  t h e  t r a n s  

i s o m e r ,  w i t h  a  c o r r e s p o n d i n g  l o w e r i n g  i n  t h e  i n t e n s i t y .  I n  

f a c t ,  P d l ^  S p e c i e s  I  a b s o r b s  a t  330 nm, a t  c o n s i d e r a b l y  

s h o r t e r  w a v e l e n g t h  ( h i g h e r  e n e r g y )  t h a n  e i t h e r  t h e  PdL2 t r a n s  

o r  t h e  P d ( b z a c ) 2 t r a n s .  I n c i d e n t a l l y ,  t h i s  i s  t h e  a p p r o x i m a te  

p o s i t i o n  o f  t h e  a b s o r p t i o n  o f  P d ( a c a c ) 2 » p e r h a p s  s u g g e s t i n g  

t h a t  t h e  r e s o n a n c e  e f f e c t  and  t h e  o p p o s i n g  i n d u c t i v e  e f f e c t s  

o f  t h e  p h e n y l  g r o u p  a r e  a lm o s t  e q u a l i z e d  i n  t h i s  compound.

An a l t e r n a t i v e  e x p l a n a t i o n  m ig h t  a ssum e  t h a t  a s  i n  t h e  c a s e  

o f  t h e  b i p h e n y l s  d i s c u s s e d  by T u r n e r  a n d  V o i t l e ,  t h e  a n g l e  

o f  t w i s t  i s  l a r g e  en ough  t o  e l i m i n a t e  t h e  i n t e r a c t i o n  b e tw e e n  

t h e  P d ( a c a c ) 2 s u b u n i t  o f  t h e  m o l e c u l e  and  t h e  a t t a c h e d  

p - a l k o x y - p h e n y l  s u b s t i t u e n t .

The f a c t  t h a t  t h e  r e l a t i v e  i n t e n s i t y  o f  band I I I  i n  

PdL2 S p e c i e s  I - c i s  i s  c o n s i d e r a b l y  l o w e r  ( o n l y  20% o f  t h e  

i n t e n s i t y  o f  band I I )  t h a n  th e  a p p r o p r i a t e  r e l a t i v e  i n t e n s i t y  

o f  band I I I  i n  S p e c i e s  I I ,  i s  a n o t h e r  i n d i c a t i o n  t h a t  t h e  

p h e n y l  r i n g  i n  S p e c i e s  I  i s  p r o b a b l y  c o n s i d e r a b l y  t w i s t e d  

o u t  o f  t h e  p l a n e  o f  t h e  a ca c  r i n g .  As d i s c u s s e d  i n  t h e  c a s e  

o f  t h e  b i p h e n y l s ,  even  r e l a t i v e l y  s m a l l  t w i s t  a n g l e s  l e a d  t o
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c o n s i d e r a b l e  d e c r e a s e s  i n  t h e  a b s o r p t i o n  i n t e n s i t y .

C o n c e i v a b l y ,  one o f  t h e  p h e n y l  r i n g s  m ig h t  be t w i s t e d  t o

a  g r e a t e r  e x t e n t  t h a n  t h e  o t h e r ,  a s  was found  i n  t h e  X - r a y

s t r u c t u r e  o f  t h e  c i s  fo rm  o f  v a n a d y l - b e n z a c , VO(CgH^COCHCOCH3 ) 2 9

83d e t e r m i n e d  by  Hon e t  a l .  I n  t h e  c i s  fo rm  o f  t h a t  compound

one o f  t h e  p h e n y l  r i n g s  was t w i s t e d  by 13° more t h a n  t h e  o t h e r .  

84Shugam e t  a l  , who r e p o r t e d  t h e  X - r a y  s t r u c t u r e  a s s i g n e d  t o  

t h e  c i s  f o rm  o f  P d ( b z a c ) 2  d i d  n o t  r e p o r t  t h e  a n g l e  o f  t w i s t  

be tween t h e  p h e n y l  r i n g  and t h e  a c a c  p l a n e .

W h i l e  no d a t a  i s  a v a i l a b l e  on t h e  t w i s t  o f  t h e  p h en y l  

r i n g s  i n  compounds P d l ^  S p e c i e s  I  a n d  P d l^  S p e c i e s  I I ,  t h e  

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

e s p e c i a l l y  i n  t e r m s  o f  t h e  s h i f t s  i n  t h e  p o s i t i o n  o f  maximum 

a b s o r b a n c e  a n d  t h e  c h an g e s  i n  i n t e n s i t y  i n  band I I I ,  i s  

c o n s i s t e n t  w i t h  and  l e n d s  f u r t h e r  s u p p o r t  t o  t h e  a s s i g n m e n t s  

o f  c i s  and  t r a n s  fo rm  t o  P d l^  S p e c i e s  I  and  P d l^  S p e c i e s  I I ,  

r e s p e c t i v e l y .
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D i s c u s s i o n  o f  NMR S p e c t r a

The d i s c u s s i o n  o f  our  NMR d a t a  w i l l  b e g i n  w i t h  a 

b r i e f  s u r v e y  o f  t h e  i n f o r m a t i o n  a n d  d a t a  i n  t h e  l i t e r a t u r e  

on a n a lo g o u s  com p o u n d s . An a t t e m p t  w i l l  be made t o  show 

how o t h e r  i n v e s t i g a t o r s  u sed  t h e  NMR d a t a  t o  d e d u c e  t h e  

s t r u c t u r e  o f  b e t a - d i k e t o n e s  and  t h e i r  m e t a l  c h e l a t e s ,  as  

w e l l  as  t o  p o i n t  o u t  some o f  t h e  l i m i t a t i o n s  o f  NMR, and  

some o f  t h e  ways i n  w h ich  NMR com plem en ts  o r  r e i n f o r c e s  

d a t a  o b t a i n e d  f ro m  v i b r a t i o n a l  s p e c t r o s c o p y .  L i t e r a t u r e  

d a t a  f rom i n v e s t i g a t i o n s  o f  t h e  e x t e n t  o f  a n i s o t r o p y  o f  t h e  

c h e l a t e  r i n g  w i l l  a l s o  be i n c l u d e d .

B e f o r e  d i s c u s s i n g  t h e  d a t a  o b t a i n e d  i n  t h i s  w ork ,  

i t  i s  n e c e s s a r y  t o  r e v i e w  some o f  t h e  NMR d a t a  and  i n t e r p r e ­

t a t i o n s  i n  t h e  l i t e r a t u r e .  Lowe e t  a l " ^  r e p o r t e d  t h e  

f o l l o w i n g  NMR s p e c t r u m  ( i n  T ") f o r  b e n z o y l a c e t o n e :

7 .8 7  ( e n o ^ - C H ^ ) ;  7 . 8 4  ( k e t o  - C H ^ ) ; 6 .0 9  ( C ^ ) ; 3 . 9 2  ( v i n y l ) ;  

m u l t i p l e t  w i t h  c e n t e r  a t  2 . 3 4  ( a r o m a t i c ) ,  and  m inus  6 .0 2  (OH). 

F o r  t h e  p -m e th o x y  b e n z o y l a c e t o n e  L o w e 's  NMR d a t a  a r e  ( i n  

T " v a l u e s ) : 7 . 9 2  ( e n o l  -CH3 ) ; 7 . 8 4  ( k e t o  -CH3 ) ;  6 . 2 3  (CH3 O ) ;

4 .0 3  ( v i n y l ) ;  2 . 7 1  a r o m a t i c  q u a r t e t  ( J  = 9 c p s ) ; m inus  

6 .1 6  (OH).

I t  i s  known t h a t  i n  p e n t a n e d i o n e  ( a c a c )  t h e  e q u i l i b r i u m  

be tween  t h e  k e t o  and  e n o l  forms ( 1  and  2 be low )  i s  e s t a b l i s h e d
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s o  s lo w ly  a t  room t e m p e r a t u r e  t h a t  t h e  two forms can be 

e a s i l y  d e t e c t e d  i n  e a c h  o t h e r ' s  p r e s e n c e  by t h e i r  NMR 

s p e c t r a .  R e e v e s r e p o r t e d  t h a t  t h e  two m e t h y l  g ro u p s  

o f  t h e  e n o l  f o rm  g i v e  o n l y  one s h a r p  s i g n a l  i n  t h e  ^H-NMR 

s p e c t r u m ,  even  t h o u g h  t h e i r  e n v i r o n m e n t s  a r e  d i f f e r e n t  i n  

t h e  u s u a l  n o t a t i o n ,  and  i t  i s  v e r y  u n l i k e l y  t h a t  t h e  s i g n a l s  

c o i n c i d e  by a c c i d e n t .  I t  has  been s u g g e s t e d  t h a t  e i t h e r  

t h e  i n t e r c o n v e r s i o n  o f  t h e  two t a u t o m e r s  ( 2 a  an d  2 b) w i t h  

e q u a l  e n e r g y  i s  v e r y  f a s t  even a t  low t e m p e r a t u r e s ;  o r  t h e  

m o l e c u l e  h a s  a  s y m m e t r i c a l  s t r u c t u r e  ( s t r u c t u r e  3 ) ,  i n  

w h ic h  t h e  bonds  b e tw e e n  t h e  a c i d i c  e n o l i c  p r o t o n  and t h e  

two oxygen a toms a r e  o f  e x a c t l y  t h e  same l e n g t h .

2 , 4 - P e n t a n e d i o n e  o r  a c a c  r e a c t s  w i t h  many m e t a l  i o n s  

t o  form c o m p l e x e s .  Some o f  t h o s e  c h e l a t e s  a r e  so  s t a b l e  t h a t  

t h e  m e th in e  p r o t o n  b e h a v e s  a l m o s t  l i k e  an a r o m a t i c  p r o t o n ,  

a n d  i t  c a n  be s u b s t i t u t e d  by s e v e r a l  r e a g e n t s  ( i . e .  B r ,  C l ,  

NO2 , e t c . )  I n  1945 M. C a l v i n ' ^  f i r s t  t r i e d  t o  e x p l a i n  t h e  

s t a b i l i t y  o f  t h e s e  c h e l a t e s  by a  b e n z e n o i d  r e s o n a n c e .  I t  

s h o u l d  be p o i n t e d  o u t  t h a t  w h i l e  i n  t h e  k e t o  fo rm  o f  a c a c
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( S t r u c t u r e  1) t h e  a c e t y l  g ro u p s  c a n  r o t a t e  a b o u t  t h e  bond 

j o i n i n g  them t o  t h e  c e n t r a l  c a r b o n  a tom ,  t h e  e n o l  fo rm  i s  

f i x e d  i n  a  p l a n a r  o r  n e a r l y  p l a n a r  s t r u c t u r e  i n  t h e  c i s  

c o n f i g u r a t i o n ,  b e c a u s e  o f  t h e  h y d r o g e n  bond formed ( s t r u c t u r e s  

2 a ,  2 b ) .  X - r a y  s t r u c t u r e s  h ave  shown d i f f e r e n t  l e n g t h s  f o r  

t h e  C - - 0  and  C--C  bonds i n  some o f  t h e  b e t a  d i k e t o n e s  i n ­

v e s t i g a t e d  ( l , 3 - p h e n y l - l , 3 - p r o p a n e d i o n e ) , as  r e p o r t e d  by

102W i l l i a m s  i n  1966 a s  w e l l  a s  i n  C u ( a c a c ) 2 , as  r e p o r t e d  by 

Shugam i n  1 9 5 2 . However ,  i n  t h e  m a j o r i t y  o f  t h e  c h e l a t e s  

o f  a c a c  w i t h  a  w id e  v a r i e t y  o f  m e t a l s  r e v ie w e d  i n  B o c k ' s
/ Q

a r t i c l e ,  t h e  X - r a y  s t r u c t u r a l  a n a l y s e s  i n d i c a t e  a  sym­

m e t r i c a l  e l e c t r o n  d i s t r i b u t i o n  i n  t h e  c h e l a t e  r i n g .  An 

a v e r a g e  v a l u e s  o f  1 .27  A f o r  t h e  C - - 0  d i s t a n c e  and  1 .3 9  A 

f o r  t h e  C--C d i s t a n c e  was r e p o r t e d  by L i n g a f e l t e r  and  

Braw n.

Bock p o i n t s  o u t ,  h o w e v e r ,  t h a t  r e s u l t s  o f  X - r a y  

a n a l y s e s  r e f e r  t o  t h e  c r y s t a l ,  i n  w h ic h  t h e  s t r u c t u r e  may 

be  d i f f e r e n t  f ro m  t h a t  i n  s o l u t i o n  on w h ic h  NMR s t u d i e s  a r e  

c a r r i e d  o u t ;  t h a t  d i f f e r e n c e  due p o s s i b l y  t o  i n t e r a c t i o n s  

w i t h  n e i g h b o r i n g  g ro u p s  i n  t h e  c r y s t a l  l a t t i c e .  I n  a d d i t i o n ,  

t h e  X - r a y  a n a l y s i s  y i e l d s  o n l y  d i s t a n c e s ,  and p r o v i d e s  no 

d i r e c t  i n f o r m a t i o n  a s  t o  w h e t h e r  t h e  c o n j u g a t i o n  i n  t h e  

c h e l a t e  r i n g  p a s s e s  c y c l i c a l l y  t h r o u g h  t h e  m e t a l  i o n ,  even
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t h o u g h  t h e  a v e r a g e  C--C d i s t a n c e  i s  1 .3 9  A, a s  i n  b e n ze n e .

A t t e m p t s  h a v e  been  made t o  u s e  NMR s p e c t r o s c o p y  t o  d e t e c t

t h e  two t a u t o m e r s  s e p a r a t e l y ,  b u t  w i t h i n  t h e  t im e  s c a l e  o f

NMR s p e c t r o s c o p y  t h i s  h as  n o t  been d e t e c t e d .  Bock e m p h a s iz e s

t h a t  v i b r a t i o n a l  s p e c t r o s c o p y  i s  more p r o m i s i n g ,  b e c a u s e

-12s t r u c t u r e s  w i t h  l i f e t i m e s  a s  low as  1 0  s e c o n d s  s h o u l d

s t i l l  be r e c o g n i z a b l e  i n  t h e  r e g i o n  o f  C— C, C—0 an d  0— H

s t r e t c h i n g  v i b r a t i o n s .

Some NMR c r i t e r i a  f o r  d i s t i n q u i s h i n g  b e tw een  an open

e n o l a t e ,  a c h e l a t e ,  and  a  C-bonded s t r u c t u r e  i n  t h e  m e t a l

c o m p le x e s  o f  b e t a - d i k e t o n e s , a r e  sum m ar ized  i n  t h e  r e v i e w
/ 1

a r t i c l e  by Bock e t  a l .  The a u t h o r s  p o i n t  o u t  t h a t  t h e s e  

t h r e e  p o s s i b l e  s t r u c t u r e s  c a n  be a d e q u a t e l y  d i s t i n q u i s h e d  

on t h e  b a s i s  o f  t h e  v i b r a t i o n a l  s p e c t ru m .  I n  d i s c u s s i n g  t h e  

bond c h a r a c t e r  o f  t h e  m e t a l  c h e l a t e s  o f  t h e  b e t a - d i k e t o n e s , 

t h e  a u t h o r s  em p h a s iz e  t h a t  t h e  bond ing  i n  t h e  c h e l a t e  i s  n o t  

t h e  same a s  i t  i s  i n  t h e  a r o m a t i c  b e n z en e  r i n g ,  even  th o u g h  

t h e  m e t a l - o x y g e n  bond s h o u l d  have  some p i  c h a r a c t e r .

The m a g n e t i c  a n i s o t r o p y  o f  t h e  c h e l a t e  r i n g  i s  

com pared  w i t h  t h a t  o f  t h e  b e n z e n e ,  a s  shown b e low .  P r o to n s

7\\
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i n  t h e  p l a n e  o f  t h e  a r o m a t i c  r i n g  a r e  s h i f t e d  d o w n f i e l d ,

and  p r o t o n s  above  and be low  t h i s  p l a n e  a r e  s h i f t e d  t o

h i g h e r  f i e l d s . A t t e m p t s  t o  deduce  t h e  a r o m a t i c  c h a r a c t e r

o f  t h e  m e t a l  c h e l a t e s  o f  a c a c ,  a s  r e l a t e d  t o  t h e  c h e m i c a l

s h i f t ,  h a d  been  i n t e r p r e t e d  i n  d i f f e r e n t  ways by v a r i o u s

a u t h o r s .  W hi le  some a r g u e d  i n  f a v o r  o f  a r o m a t i c i t y ,  o t h e r s

a r g u e d  a g a i n s t  i t .  I t  h a s  been shown t h a t  t h e  p o s i t i o n  o f

t h e s e  p r o t o n s  i s  i n f l u e n c e d  by p o l a r  e f f e c t s ,  and  a d d i t i o n a l

e v i d e n c e  f o r  t h i s  i d e a  came from c a l c u l a t i o n s  on t h e  s h i f t

o f  t h e  C-H s i g n a l  and o f  t h e  C—H c o u p l i n g  w i t h  t h e  a i d  o f

t h e  e l e c t r i c  f i e l d  i n  t h e  p l a n e  o f  t h e  r i n g  by Hammet

e t  a l ^0 5 3 "10515

As a f u r t h e r  t e s t  f o r  t h e  " a r o m a t i c i t y ” o f  t h e  s i x

e l e c t r o n  s y s t e m  by c y c l i c  c o n j u g a t i o n  v i a  t h e  m e t a l  a tom,

t h e  e x t e n t  o f  m a g n e t i c  a n i s o t r o p y  was e s t i m a t e d  and compared

w i t h  b e n z e n o i d  s y s t e m s .  F o r  t h i s  p u rp o se  Kuhr and Musso

p r e p a r e d  p e n t a n e d i o n a t e s  i n  w h ich  p r o t o n s  w e r e  s i t u a t e d

1 06above  a n d  below t h e  p l a n e  o f  t h e  c h e l a t e  r i n g .  These 

p e n t a n e d i o n a t o  compounds w e r e  compared  w i t h  model  a r o m a t i c  

compounds t o  d e t e r m i n e  t h e  m a g n i tu d e  o f  t h e  s h i f t s  f o r  s u c h  

p r o t o n s  i n  a r o m a t i c  s y s t e m s .  Kuhr d e t e r m i n e d  t h e  d i f f e r e n c e  

i n  c h a n g e s  i n  3  i n  t h e  s h i f t s  o f  t h e  o -  a n d  p - m e th y l  g r o u p s  

i n  t h e  NMR s p e c t r a  o f  p h e n y l m e s i t y l e n e , b i m e s i t y l ,  9 -  m e s i t y l
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a n t r a c e n e  and s e v e r a l  o t h e r  compounds o f  t h i s  t y p e .  (S ee  

s t r u c t u r e s  b e l o w . )

A n t h r y l - d e r i v a t i v eM e s i t y 1 - d e r i v a t i v e

Kuhr  a n d  Musso h a d  shown t h a t  t h e  d i f f e r e n c e  was 

a b o u t  0 . 5  ppm i f  t h e  s y s t e m  i s  t r u l y  a r o m a t i c .  The r a n g e  

o f  d i f f e r e n c e s  was 0 . 3 0  t o  1 .06  ppm, an d  t h e  v a r i a t i o n  was 

a t t r i b u t e d  p a r t l y  t o  t h e  d i f f e r e n t  a v e r a g e  t w i s t i n g  a n g l e s  

o f  t h e  two a r o m a t i c  s y s t e m s  in  r e l a t i o n  t o  e a c h  o t h e r ,  and  

p a r t l y  t o  t h e  f a c t  t h a t  t h e  1 , 8 - a n t h r y l  h y d r o g e n  atoms a r e  

more f i r m l y  f i x e d  ab o v e  t h e  o t h e r  r i n g  t h a n  t h e  p r o t o n s  o f  

t h e  r a p i d l y  r o t a t i n g  m e t h y l  g r o u p s . The o b s e r v e d  s h i f t s  

a g r e e d  w i t h  v a l u e s  c a l c u l a t e d ,  t a k i n g  i n t o  a c c o u n t  t h e  l o c a l  

c o n t r i b u t i o n s  o f  t h e  a tom s t o  t h e  t o t a l  a n i s o t r o p y .

The NMR s p e c t r a  o f  t h e  c o r r e s p o n d i n g  m e s i t y l -  an d  

a n t h r y l - s u b s t i t u t e d  a c e t y l a c e t o n e s  a n d  t h e i r  m e t a l  c h e l a t e s  

w e re  d e t e r m i n e d  by Kuhr and  Musso.

The s h i f t  d i f f e r e n c e s  f o r  t h e  p r o t o n ,  shown a b o v e ,  

i n  t h e  s u b s t i t u t e d  a c a c  compounds w e r e  o n l y  0 . 2 0  f o r  t h e
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m e s i t y l - s u b s t i t u t e d  ones  a n d  0 . 0 5  f o r  t h e  a n t h r y l - s u b s t i ­

t u t e d  com pounds . In  c a s e  o f  t h e  Pd c h e l a t e s  i n  CDClg, t h e  

c h a n g e  i n  d was 0 . 2 2  ppm f o r  t h e  m e s i t y l -  a n d  0 . 0 8  f o r  th e  

a n t h r y l - s u b s t i t u t e d  c h e l a t e .  I t  i s  p o i n t e d  o u t  t h a t  t h e  

s h i f t  d i f f e r e n c e s  a r e  e s s e n t i a l l y  t h e  same f o r  t h e  m e t a l  

c h e l a t e s ,  f o r  t h e  f r e e  e n o l i c  a c i d  f o rm s ,  a n d  f o r  t h e  

a l k a l i  m e t a l  s a l t s .  W ith  i n c r e a s i n g  s t a b i l i t y  o f  t h e  m e t a l  

c h e l a t e s ,  a s  i n  g o i n g  f rom  Be, A l ,  Co t o  Pd compounds ,  

t h e r e  i s  no a d d i t i o n a l  s h i f t  o f  t h e  p r o t o n s  a b o v e  t h e  p la n e  

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

d e r i v a t i v e s  a r e  s m a l l e r  i n s t e a d  o f  g r e a t e r  t h a n  t h o s e  f o r  

t h e  m e s i t y l  compounds.  Kuhr and  Musso h a v e  c o n c l u d e d  from 

t h e s e  r e s u l t s  a t  t h e  a n g u l a r  C— C— C p a r t  o f  t h e  c h e l a t e  

r i n g  has  no m a g n e t i c  a n i s o t r o p y  c o m p a ra b le  w i t h  t h a t  o f  t h e  

b e n z e n e .

NMR s p e c t r a  o f  m e t a l  c h e l a t e s  o f  b e t a - d i k e t o n e s  can 

a l s o  be a n a l y z e d  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e r e  i s  any 

m e t a l - c a r b o n  b o n d i n g .  T h i s  p o s s i b i l i t y  was c o n s i d e r e d  and 

i n v e s t i g a t e d  by Baba e t  a l ^  w i t h  Pd as  t h e  m e t a l ,  by Lewis 

and  Oldham'*'^ f o r  compounds o f  P t .  Baba and  c o w o r k e r s  i n ­

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

w i t h  t r i p h e n y l p h o s p h i n e  a n d  o t h e r  n i t r o g e n  b a s e s  ( p y r i d i n e ,  

d i e t h y l a m i n e , N - m e t h y l b e n z y l a m i n e ) . One o f  t h e  c h e l a t i n g
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a c a c  l i g a n d s  o f  t h e  P d ( a c a c ) 2  was t r a n s f o r m e d  i n  t h e  c o u r s e  

o f  t h e  r e a c t i o n  i n t o  a P d - c a r b o n  bonded u n i t ,  and  t h e  f o u r t h  

c o o r d i n a t i o n  s i t e  o f  t h e  p a l l a d i u m  was t a k e n  up by t h e  b a s e ,  

f h e  p a l l a d i u m  was bonded t o  t h e  gamma c a r b o n  o f  t h e  un­

c h e l a t e d  a c e t y l a c e t o n e ,  a n d  a  m e th in e  p r o t o n  was a l s o  p r e s e n t  

on t h a t  c a r b o n .  ( S t r u c t u r e s  and r e a c t i o n  shown b e lo w .)

-d(C==0) a n d  •\}(C==C) b a n d s  o f  t h e  c h e l a t i n g  a c a c  l i g a n d

w h ic h  c o u l d  be a s s i g n e d  t o  t h e  >)(C==0) o f  t h e  ca rb o n  

bonded a c a c  l i g a n d .  In  a d d i t i o n  a  s t r o n g  b a n d ,  o b s e rv ed  

f o r  S t r u c t u r e  I I  i n  t h e  5 0 0 -5 5 0  cm ^ r e g i o n ,  was a t t r i b u t e d  

t o  t h e  -\?(Pd-C) v i b r a t i o n .

and  one c a r b o n - b o n d e d  l i g a n d  was r e v e a l e d  a l s o  by p r o to n  NMR 

s p e c t r a .  I n  compound I I  t h e  m e th in e  p r o t o n  on t h e  ca rb o n

+  L

3
O

I II

79Baba e t  a l  d e t e r m i n e d  t h a t  in  s t r u c t u r e  I  th e

a p p e a r  i n  t h e  1500 t o  1600 cm"l  r e g i o n .  I n  s t r u c t u r e  I I  

new bands  w e re  o b s e r v e d  i n  t h e  1600 t o  1700 cm ^ r e g i o n ,

The c o e x i s t e n c e  o f  one o x y g e n - c h e l a t i n g  a cac  l i g a n d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



bonded t o  t h e  p a l l a d i u m  a p p e a r s  a t  t h e  f o l l o w i n g  v a l u e s  

r e l a t i v e  t o  i n t e r n a l  TMS ( i n  CDClg s o l u t i o n ) :  a t  6 . 4 6  when

t h e  L ( l i g a n d )  i s  ( t r i p h e n y l  p h o s p h i n e ) , a t  5 . 7 6  w i t h  

p y r i d i n e  a s  t h e  L g r o u p  and a t  5 . 5 0  w i t h  N H tCEpci^CgH ^ 

( N - m e t h y l b e n z y l a m i n e ) . A l l  o f  t h e  above  s i g n a l s  a p p e a r  as  

s i n g l e t s ,  e x c e p t  i n  t h e  p h o s p in e  c o m p le x ,  w h e re  t h e  s i g n a l  

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

n u c l e u s .  As i n  t h e  c a s e  o f  s i m i l a r  p l a t i n u m  co m p lex es  i n ­

v e s t i g a t e d  by Lewis  e t  a l " ^  t h e  m e t h i n e  p r o t o n  o f  t h e  

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

c o m p a r i so n  w i t h  t h a t  o f  t h e  c h e l a t i n g  a c a c .

NMR d a t a  on some P d - b e t a  d i k e t o n e s  and  compounds

r e l a t e d  t o  them  a r e  a l s o  i n c l u d e d  i n  t h e  r e p o r t  by  A. N.

98Nesmeyanov e t  a l  , who p r e p a r e d  P d ( a c a c ) 2 > P d ( 3 - m e - a c a c ) 2  

an d  P d ( 3 - 0 - a c a c ) 2 , a s  w e l l  as  f i v e  o t h e r  h a l o -  and c y a n o -  

g a m m a - s u b s t i t u t e d  p a l l a d i u m  b i s a c e t y l a c e t o n a t e s . I n  P d ( a c a c )  

t h e y  r e p o r t e d  t h e  c h e m i c a l  s h i f t s  o f  t h e  c h e l a t e  p r o t o n s  a t  

2 . 0 0  ppm f o r  t h e  m e t h y l  g ro u p s  an d  a t  5 . 4  ppm f o r  t h e  gamma 

p r o t o n .  In  P d ( 3 - m e t h y l - a c a c ) 2  t h e  s i g n a l s  o f  t h e  m e t h y l  

g ro u p s  o f  t h e  c h e l a t e  r i n g  w e re  s e e n  a t  2 . 1 0  ppm, w h i l e  t h e  

p r o t o n s  o f  t h e  g a m m a - s u b s t i t u t e d  m e t h y l  g ro u p s  s i g n a l s  

a p p e a r e d  a t  1 . 8 5  ppm.

T ab le  XV summarizes  t h e  p o s i t i o n  o f  t h e  NMR s i g n a l s  

f o r  t h e  compounds t h a t  had been  d e s c r i b e d  b e f o r e ^ >^8,98
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TABLE XV. CHEMICAL SHIFTS IN THE NMR SPECTRA OF PERTINENT COMPOUNDS

b z acb
P-OCH3 - PdL2 PdL2

Compounds a c a c 3  

1°H,
- b z a c  b L ig a n d P d ( a c a c ) 2c P d ( b z a c ) 2 Sp.  I I Sp.  I

a l k y l  c h a i n  ------
2°H,

. . . . 0 . 9 0 0 . 9 0 . 9

a l k y l  c h a i n  ------
CO-CH3 ,

. . . . . . . . 1 .3 3 1 .33 1 . 3 4 - 1

d
e n o l  fo rm  2 . 0 2 . 1 2 2 . 0 8 2 . 1 5 2 . 0 0 2 . 1 1 2 . 2 0 2 . 0 0

COCH3 ,
k e t o  fo rm  2 . 2 2 . 1 6 2 . 1 6 2 . 2 6 ------- -  -  -  —

CO-CH2 ,
k e t o  fo rm  3 . 5 3 . 9 1 ------ ------ ------ — ---- - -  ----

0CH2 o r  OCH3
( e t h e r )  ------
C==C-H,

3 .77 4 .0 3
6 .0 5

4 . 0 0 4 . 0 5

" v i n y l i c "  H 5 .4 8 6 .0 8 5 . 9 7 6 . 1 0 5 . 4 0 6 .0 8 6 .0 3 6

a r o m a t i c  ------ 7 .6 6 7 . 2 9
( J= 9 )

6 .9 5
7 .0 0

7 .2 5
7 .4 5

6 .7 9
6 .9 6

6 . 8 8
7 .0 3

a r o m a t i c  ------- ------  ------  7 .7 5  --------  7 .7 5
7 .9 5  7 .9 5

( a )  NMR d a t a  a r e  f rom  J a r r e t t  e t  a l ^ Aft(b )  NMR d a t a  a r e  f rom  Lowe an d  Ferguson^®
( c )  NMR d a t a  a r e  f rom  Nesmeyanor  e t  a l .
(d )  V ery  s t r o n g  s i g n a l ;  a r e a  l a r g e r  t h a n  e x p e c t e d  f o r  4H
( e )  No s i g n a l  w h e re  " v i n y l i c "  m e t h i n e  s e e n  i n  o t h e r  compounds

7 .7 8
7 .9 5

7 .8 6
8 . 0 0
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a n d  w i t h  w h ic h  o u r  d a t a  s h o u l d  be c o m p ared .

S e v e r a l  p o i n t s  n e e d  t o  be made c o n c e r n i n g  t h e  d a t a  

shown i n  T a b le  XV. I t  c an  be s e e n  f ro m  t h e  summary and 

c o m p a r i s o n  o f  c h e m i c a l  s h i f t s  i n  t h e  NMR s p e c t r a  o f  ou r  

compounds and  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  t h a t  t h e  

a s s i g n m e n t s  a r e  g e n e r a l l y  c o n s i s t e n t .  The " l i g a n d "  —  

p - o c t y l o x y - b e n z o y l a c e t o n e  ( F i g .  13) — s h o u l d  be compared 

w i t h  b o t h  P d l^  com pounds ,  S p e c i e s  I  c i s  ( F i g .  18) and 

S p e c i e s  I I  t r a n s  ( F i g .  2 1 ) .

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

i n  t h e  NMR s p e c t r u m  o f  t h e  l i g a n d  c o r r e s p o n d  t o  t h e  a s s i g n ­

m e n t s  o f  e a c h  s e t  o f  p r o t o n s  i n  t h e  compound.  The s i g n a l s ,  

w i t h  t h e i r  d v a l u e  p o s i t i o n ,  m u l t i p l i c i t y  and  a r e a ,  as  w e l l  

a s  a s s i g n m e n t s ,  a r e  l i s t e d  be low :  0 . 9 0  ( t ,  b r o a d ,  3H, C H ^ C l ^ - - ) ;

1 .3 3  (m, 12H,C-CH2 OH2 - ,  f o r  6 CH2  g r o u p s ) ;  2 . 1 5 ,  2 .2 6  

( d ,  4H, CH3 COCH); 4 . 0 3  ( t ,  2H, CH2 0 ) ; 6 . 1 0  ( s , 1H, CH==C0H);

6 . 9 5 ,  7 . 0 0 ;  7 . 7 5 ,  7 . 9 2  ( two d o u b l e t s ,  4H, a r o m a t i c ) .  The NMR

48s p e c t r u m  o f  o u r  l i g a n d  i s  g e n e r a l l y  s i m i l a r  t o  t h a t  r e p o r t e d  

f o r  t h e  p - m e t h o x y - b e n z y o l a c e t o n e ,  e x c e p t  t h a t  t h e  l i g a n d  a l s o  

h a s  t h e  s i g n a l s  d ue  t o  s e c o n d a r y  m e t h y l e n e  g r o u p s  i n  t h e  

l a r g e r  a l k y l  c h a i n .

The a b s e n c e  o f  an y  s i g n a l  f ro m  t h e  CO-CH3 o r  C0-CH2 

p r o t o n s  i n  t h e  l i g a n d  p r e p a r e d ,  i s  e v i d e n c e  t h a t  i t  e x i s t s
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c o m p l e t e l y  i n  t h e  e n o l  fo rm .  The s i g n a l  due t o  t h e  k e t o

fo rm  i n  t h e  c a s e  o f  a ca c  (Ref .  4 5 )  i n d i c a t e s  t h a t  o n l y

15% i s  p r e s e n t  i n  t h e  k e t o  fo rm ,  a s  j u d g e d  by t h e  i n t e g r a t e d

i n t e n s i t i e s  o f  t h e  s i g n a l s .  Lowe a n d  F e r g u s o n ^  had  r e p o r t e d

t h a t  i n  b e n z o y l a c e t o n e  94.5% was p r e s e n t  i n  t h e  e n o l  fo rm ;

i n  p - m e t h y l - b e n z o y l - a c e t o n e  t h e  p e r c e n t a g e  o f  e n o l  was 9 5 . 7 ;

an d  i n  p - m e t h o x y - b e n z o y l a c e t o n e  t h e  e n o l  was p r e s e n t  i n  94.770.

48They a l s o  r e p o r t e d  t h a t  when t h e  p a r a  p o s i t i o n  o f  

b e n z o y l a c e t o n e  was s u b s t i t u t e d  by a  s t r o n g l y  e l e c t r o - n e g a t i v e  

g r o u p ,  i . e .  -B r  o r  “NC^, t h e  e n o l  f o r m  a c c o u n t e d  f o r  100% o f  

t h e  compound. I n  Low e 's  r e p o r t ^  t h e  r a t i o s  o f  e n o l  w e r e  

b a s e d  on i n t e g r a t e d  i n t e n s i t i e s  o f  v i n y l  and  m e t h y l e n e  s i g n a l s  

i n  t h e  NMR.

The NMR s p e c t r u m  o f  P d ( b z a c ) 2  i s  s i m i l a r  t o  t h a t  o f

t h e  u n c h e l a t e d  b e n z o y l a c e t o n e  ( F i g .  1 8 ) .  In  t h e  o r g a n o -

p a l l a d i u m  compound t h e r e  i s  no s i g n a l  due  t o  t h e  k e t o  fo rm ,

and  t h e  s i g n a l  d ue  t o  t h e  "gamma" o r  " v i n y l i c "  m e t h i n e

a p p e a r s  a s  a  d o u b l e t  w i t h  a  v e r y  s m a l l  c o u p l i n g  c o n s t a n t  o f

0 . 0 5  ppm. I n  a l l  l i k e l i h o o d  t h i s  s p l i t t i n g  i s  due t o  s e c o n d

o r d e r  p e r t u r b a t i o n s .  One o f  t h e  i s o t o p e s  o f  p a l l a d i u m ,

^■*Pd,  w i t h  a  n a t u r a l  ab u ndance  o f  2 2 . 6 %, has  a  n u c l e a r  s p i n  

108moment o f  5 / 2 .  S i n c e  t h e  "gamma" m e t h i n e  p r o t o n s  o f  b o t h

t r a n s  c h e l a t e  r i n g s  i n  P d ( b z a c ) 2  a r e  c l o s e s t  t o  t h e  c e n t r a l
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Pd atom, t h e y  w o u ld  be s u b j e c t  t o  second  o r d e r  p e r t u r b a t i o n s .

I t  s h o u ld  be n o t e d  t h a t  Baba e t  a l  r e p o r t e d  t h a t  i n  t h e i r  

S t r u c t u r e  I I ,  t h e  m e t h i n e  p r o t o n  o f  t h e  P d - c a r b o n  bonded 

a c a c  l i g a n d  a p p e a r e d  a s  a  d o u b l e t ,  when t h e  b a s e  u s e d  was 

t r i p h e n y l  p h o s p h i n e ;  t h i s  d o u b l e t ,  w i t h  ^P-H = 6 . 3  Hz, was 

a t t r i b u t e d  t o  c o u p l i n g  w i t h  t h e  p h o sp h o ru s  n u c l e u s  w h ic h  

h a s  a  n u c l e a r  s p i n  o f

The NMR s p e c t r u m  o f  P d l ^  S p e c i e s  I I  ( F i g .  25)  i s  

s i m i l a r  t o  t h a t  o f  t h e  u n c h e l a t e d  l i g a n d .  The a r e a s  and 

m u l t i p l i c i t i e s  a r e  a s  e x p e c t e d .  The m e th y l  g r o u p  ( e n o l  form) 

i s  s h i f t e d  s l i g h t l y  d o w n f i e l d  ( 2 . 2 0  vs  2 .1 5  i n  t h e  l i g a n d ) ,  

a n d  t h e  gamma o r  " v i n y l "  p r o t o n  i s  s h i f t e d  s l i g h t l y  u p f i e l d  

( 6 .0 3  v s .  6 . 1 0  i n  t h e  l i g a n d ) .  There  i s  a l s o  a  d o w n f i e l d  

s h i f t  i n  one o f  t h e  a r o m a t i c  p r o t o n s  ( 6 .7 9  i n  S p e c i e s  I I  

v s .  6 .9 5  i n  t h e  l i g a n d ) .

The s p e c t r u m  o f  P d l^  S p e c i e s  I ( F i g .  21)  shows more 

c h a n g es  when com pared  w i t h  t h e  NMR s p e c t ru m  o f  t h e  l i g a n d .

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

( 2 . 0 0  v s .  2 . 1 5  i n  t h e  l i g a n d ) ,  a n d  t h e  s i g n a l  i n  t h i s  a r e a  

i s  v e r y  s t r o n g ,  w i t h  an  a r e a  t h a t  i s  l a r g e r  t h a n  f o u r  p r o t o n s . 

The a r o m a t i c  p r o t o n s  a r e  a l s o  s h i f t e d ,  and t h e i r  c o u p l i n g  

c o n s t a n t s  a r e  g r e a t e r  ( f ro m  6 . 8 8  t o  8 . 0 0 ,  v s .  6 . 9 5  t o  7 .95  

i n  t h e  l i g a n d  f o r  t h e  f o u r  s i g n a l s  i n  t h e  a r o m a t i c  r e g i o n ) .
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F u r t h e r m o r e ,  t h e  s i g n a l  d ue  t o  t h e  "gamma" o r  " v i n y l i c "  

p r o t o n  i s  n o t  s e e n  in  t h e  u s u a l  5 . 4  t o  6 . 1  r e g i o n .  I t  

a p p e a r s  f rom  t h e  s p e c t r u m  t h a t  t h e  gamma p r o t o n  h a s  s h i f t e d  

c o n s i d e r a b l y  u p f i e l d ,  a n d  i t s  s i g n a l  c o i n c i d e s  w i t h  t h a t  o f  

t h e  m e t h y l  g r o u p .  I t  i s  t e m p t i n g  t o  s p e c u l a t e  on t h e  n a t u r e  

o f  t h i s  s h i f t  and  t o  r e l a t e  i t  t o  t h e  s t r u c t u r e  o f  th e  

compound.

T h is  s h i f t  c o u l d  be  due t o  a p s e u d o c o n t a c t  mechanism

109s i m i l a r  t o  t h a t  c a u s e d  by NMR s h i f t  r e a g e n t s .  Those

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

t h e  g e n e r a l  s t r u c t u r e  shown be low ,  w i t h  Ln t h e  symbol  f o r  

a  l a n t h a n i d e .

R 1

0  —  /
Ln/o  * C-H
\ 3 . ^ /0 ----- c

The NMR s h i f t  r e a g e n t s  can  a s s o c i a t e  w i t h  a  wide 

v a r i e t y  o f  s u b s t r a t e s ,  by r e a d i l y  e x p a n d in g  t h e i r  c o o r d i n a ­

t i o n  number beyond s i x .  S i n c e  s h i f t  r e a g e n t s  w e r e  f i r s t  

i n t r o d u c e d  i n  1969 by H i n c k l e y , t h e y  h ave  b e e n  u s ed  to  

m a g n i fy  c h e m i c a l  s h i f t  d i f f e r e n c e s  o f  n o n e q u i v a l e n t  p r o t o n s .

Most o f  t h o s e  r e a g e n t s  a r e  complexes  o f  Eu, P r  a n d  Ho, su ch  

a s  Eu(dpm)g i n  w h ich  R = R '  = t - b u t y l  i n  t h e  s t r u c t u r e  shown
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a b o v e ;  o r  E u ( f o d )^  i n  w h i c h  R = t - b u t y l  a n d  R' = p e r f l u o r o -  

p r o p y l .

The eu rop ium  s h i f t  r e a g e n t s  g e n e r a l l y  p r o d u c e  down- 

f i e l d  s h i f t s ,  b u t  u p f i e l d  s h i f t s  can  be  a f f e c t e d  by t h e  u s e  

o f  d i a m a g n e t i c  s h i f t  r e a g e n t s ,  s u c h  a s  com plexes  o f  

p ro m e th iu m  ( P r ) . ^ ^ - T.  J .  Marks e t  a l ^ ^  r e v i e w e d  t h e  

e f f e c t  o f  s h i f t  r e a g e n t s  on v a r i o u s  o r g a n o m e t a l l i c  compounds,  

a n d  t h e y  em p h as ized  t h a t  t h e  e f f e c t i v e n e s s  o f  a  g i v e n  s h i f t  

r e a g e n t  s y s te m  i s  a  co m p lex  f u n c t i o n  o f  t h e  m a g n e t i c  a n i s o t r o p y ,  

e l e c t r o n  s p i n  r e l a x a t i o n  t i m e ,  s o l u b i l i t y ,  and s u b s t r a t e  

a f f i n i t y .  They found  t h a t  when t h e  o r g a n o m e t a l l i c  s u b s t r a t e  

was (CgH^FeCCO^CN a n d  t h e  l a n t h a n i d e  m e t a l  io n s  u s e d  i n  t h e  

s h i f t  r e a g e n t s  w ere  Ho o r  P r ,  t h e  s h i f t s  w e re  u p f i e l d  ( f r o m

u s e d  as  s t a n d a r d  f o r  c o m p a r i s o n ) . When Ho c h e l a t e s  w e r e  

u s e d , t h e  o b s e r v e d  s h i f t s  w e re  a f u n c t i o n  o f  l a n t h a n i d e  t o  

s u b s t r a t e  r a t i o .  The s h i f t s  r a n g e d  i n  m a g n i tu d e  f rom  4 . 0  ppm 

w i t h  a  low r a t i o  o f  s h i f t  r e a g e n t  t o  s u b s t r a t e ,  t o  1 8 . 9  ppm 

f o r  a  1 :2  r a t i o ,  and f i n a l l y  t o  3 4 . 1  ppm f o r  a 1 :1  r a t i o  o f  

s h i f t  r e a g e n t  t o  s u b s t r a t e .  In  c a s e  o f  P r  s h i f t  r e a g e n t s ,  

t h e  m a g n i tu d e  o f  s h i f t  r a n g e d  f rom  4 . 0  ppm f o r  v e r y  low r a t i o ,  

t o  a b o u t  8 . 5  ppm f o r  a  1 : 1  r a t i o  o f  r e a g e n t  t o  s u b s t r a t e .

I f  one assum es  t h a t  i n  s o l u t i o n  t h e r e  a r e  i n t e r a c t i o n s  

b e tw e e n  a d j a c e n t  m o l e c u l e s  o f  P d l^  c i s ,  t h e n  one m o l e c u l e
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c o u l d  a c t  a s  a  p s e u d o  " s h i f t  r e a g e n t "  on a n o t h e r  m o l e c u l e  

w i t h i n  t h e  same m o l e c u l a r  a g g r e g a t e .  In  t h e  c a s e  o f  t h e  

t r a n s  i s o m e r  o f  P d l ^ j  how ever ,  t h e  b u l k y  p h e n y l  g r o u p s  w i t h  

t h e i r  l a r g e  p - o c t y l o x y  c h a i n s ,  p r e v e n t  c l o s e  c o n t a c t  b e tw een  

two a d j a c e n t  m o l e c u l e s .  On t h e  o t h e r  h a n d ,  i n  t h e  c i s  

i s o m e r  b o t h  p h e n y l  g r o u p s  a r e  on on e  s i d e  o f  t h e  P d - c h e l a t e  

p l a n e ,  an d  t h e  o t h e r  s i d e  i s  f r e e  t o  i n t e r a c t  w i t h  a n  

a d j a c e n t  m o l e c u l e .  I t  seems l i k e l y  t h a t  a n y  p se u d o  c o n t a c t  

s h i f t s  w o u ld  be n o t e d  i n  t h e  c i s  i s o m e r  o f  P d l ^ ,  b u t  n o t  i n  

t h e  t r a n s .

In  a d d i t i o n  t o  t h e  s h i f t s  o f  t h e  s i g n a l s  t h a t  hav e

a p p a r e n t l y  t a k e n  p l a c e  i n  P d l ^  c i s ,  t h e  en h an cem en t  o f  t h e

s i g n a l  a t  d 2 . 0 0  m u s t  be a c c o u n t e d  f o r .  The l a t t e r  c o u l d

be due  t o  n u c l e a r  O v e r h a u s e r  e f f e c t  (NOE) t h a t  o c c u r r e d

a c c i d e n t a l l y  o r  s p o n t a n e o u s l y ,  a s  a  r e s u l t  o f  c o u p l i n g

b e tw ee n  two n u c l e i  t h r o u g h  s p a c e  i n s t e a d  o f  t h r o u g h  b o n d in g

e l e c t r o n s .  E x p e r i m e n t a l l y  t h e  NOE e f f e c t s  hav e  b e e n  u s e d

t o  g a i n  i n f o r m a t i o n  a b o u t  t h e  s p a t i a l  a r r a n g e m e n t  o f  n u c l e i

i n  a  m o l e c u l e .  The NOE i s  a  ch an g e  i n  t h e  i n t e g r a t e d  NMR

a b s o r p t i o n  i n t e n s i t y  o f  a  n u c l e a r  s p i n  when t h e  NMR a b s o r p -

113t i o n  o f  a n o t h e r  s p i n  i s  s a t u r a t e d .

In  c a s e  o f  PdL^ S p e c i e s  I  i t  i s  b e l i e v e d  t h a t  due

t o  i n t e r m o l e c u l a r  i n t e r a c t i o n  i n v o l v i n g  t h e  Pd n u c l e u s
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w i t h  s p i n  5 / 2 ,  t h e  r e l a x a t i o n  t im e  o f  t h e  m e t h i n e  p r o t o n  

was s h o r t e n e d ,  l e a d i n g  t o  an  en h ancem en t  o f  i t s  s i g n a l .

E x p e r i m e n t s  can  be  s u g g e s t e d  t o  c o n f i r m  o r  m o d i fy  

t h e  two p r o p o s e d  e f f e c t s  t h a t  c o u l d  a c c o u n t  f o r  t h e  NMR 

s p e c t r u m  o f  S p e c i e s  I .  In a sm u c h  as  t h e  p s e u d o - c o n t a c t  

s h i f t  o b s e r v e d  f o r  t h e  m e t h i n e  p r o t o n  i s  u p f i e l d ,  one 

s h o u l d  c h o o s e  a  s h i f t  r e a g e n t ,  i . e .  a  com plex  o f  e u ro p iu m ,  

t h a t  i s  known t o  p ro d u c e  a  d o w n f i e l d  s h i f t .  I f  a d d in g  

s u c h  a  s h i f t  r e a g e n t  t o  S p e c i e s  I  would  s h i f t  some o f  t h e  

s i g n a l  a t  d = 2 .0  d o w n f i e l d  f rom  TMS, t h e  e x p e r i m e n t  would  

s e r v e  t o  v e r i f y  t h e  p r o p o s e d  p s e u d o - c o n t a c t  o b s e r v e d .  In  

an  a l t e r n a t i v e  e x p e r i m e n t  one  m ig h t  a c t u a l l y  i n v e s t i g a t e  

S p e c i e s  I  a s  s h i f t  r e a g e n t  f o r  o t h e r  s u b s t r a t e s .

The d e s i g n  o f  e x p e r i m e n t a l  c o n d i t i o n s  t o  c o n f i r m  

t h e  i n t e r m o l e c u l a r  i n t e r a c t i o n s  l e a d i n g  t o  t h e  enhancem ent  

o f  t h e  s i g n a l ,  i s  more c o m p l i c a t e d .  T h is  e f f e c t —'•a ty p e  

o f  n u c l e a r  O v e r h a u s e r  e f f e c t  —  i s  due t o  i n t e r m o l e c u l a r  

i n t e r a c t i o n s  l e a d i n g  t o  e n c h a n c e m e n t  o f  t h e  s i g n a l .  In  

o r d i n a r y  NOE e x p e r i m e n t s  one i s  l a r g e l y  i n t e r e s t e d  i n  

i n t r a m o l e c u l a r  NOE and  i n  t h e  e l i m i n a t i o n  o f  i n t e r m o l e c u l a r  

NOE e f f e c t s .

122I n  1965 K a i s e r  h a d  o b s e r v e d  i n t e r m o l e c u l a r  NOE 

be tw een  p r o t o n s  o f  c y c l o h e x a n e  and  c h l o r o f o r m .  He had
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s u g g e s t e d  t h a t  s u c h  e x p e r i m e n t s  s h o u ld  be o f  i n t e r e s t  i n

s t u d y i n g  t h e  s t r u c t u r e  o f  l i q u i d  and  i n t e r m o l e c u l a r  f o r c e s .

In  a  r e v i e w  o f  c h e m ic a l  a p p l i c a t i o n s  o f  NOE s t u d i e s  Noggle  

123and S c h i r m e r  s u g g e s t  t h a t  s u c h  i n v e s t i g a t i o n s  o f  i n t e r ­

m o l e c u l a r  NOE e f f e c t s  s h o u l d  be u s e f u l  i n  s t u d y i n g  a s s o c i a ­

t i o n  an d  s o l v a t i o n  phenomena.  They p o i n t  o u t ,  how ever ,  t h a t  

t h e  l a c k  o f  s u c h  s t u d i e s  may be due t o  t h e  t h e o r e t i c a l  

d i f f i c u l t i e s  i n  t r e a t i n g  b o t h  i n t e r m o l e c u l a r  r e l a x a t i o n  an d  

t h e  t h e o r y  o f  l i q u i d  m i x t u r e s .

The r e l a x a t i o n  r a t e  i s  p r o p o r t i o n a l  t o  s e v e r a l  

f a c t o r s . I t  i s  i m p o r t a n t  t o  n o t e  h e r e  t h a t  i t  i s  p r o p o r ­

t i o n a l  t o  t h e  s p i n s  c a u s i n g  t h e  r e l a x a t i o n ,  i s  s m a l l e r  a t

h i g h e r  t e m p e r a t u r e s , and  i s  l a r g e r  i n  a  more  v i s c o u s  

123s o l v e n t .  I n  o r d i n a r y  NOE e x p e r i m e n t s  t h e  sam ple  c o n ­

c e n t r a t i o n  m us t  be k e p t  low ,  s o  t h a t  i n t e r m o l e c u l a r  

c o n t r i b u t i o n s  a r e  s m a l l  com pared  t o  i n t r a m o l e c u l a r  e f f e c t s .

S i n c e  t h e  p o s t u l a t e d  e n h a n ce m e n t  o f  t h e  s i g n a l  i s  b e l i e v e d  

t o  be  c a u s e d  by i n t e r m o l e c u l a r  e f f e c t s , t h e  p r o p o s e d  

e x p e r i m e n t s  s h o u l d  be d e s i g n e d  t o  m axim ize  i n t e r m o l e c u l a r  

i n t e r a c t i o n s .  S u i t a b l e  s o l v e n t s  would  h a v e  t o  be s e l e c t e d  

and i n v e s t i g a t e d ,  and  t h e  NMR s p e c t r u m  o f  S p e c i e s  I  

i n v e s t i g a t e d  i n  a s e r i e s  o f  d i f f e r e n t  d i l u t i o n s .  I f  t h e  

s i g n a l  en h an ce m e n t  p r o v e s  g r e a t e r  a t  h i g h e r  c o n c e n t r a t i o n s ,  

i t  w o u ld  i n d i c a t e  t h a t  t h e  p r o p o s e d  e f f e c t  i s  i n t e r m o l e c u l a r .
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I n  v ie w  o f  t h e  l i m i t e d  s o l u b i l i t y  o f  P d l ^  S p e c i e s  I ,

t h e  s e l e c t i o n  o f  s u i t a b l e  s o l v e n t s  a n d  s t u d i e s  a t  v a r y i n g

c o n c e n t r a t i o n s  i n v o l v e  p ro b le m s  t h a t  w ere  c o n s i d e r e d  beyond

t h e  s c o p e  o f  t h i s  i n v e s t i g a t i o n .  I n  a d d i t i o n ,  a s  p o i n t e d

123o u t  by Noggle  a n d  S c h i r m e r ,  t h e  t h e o r e t i c a l  t r e a t m e n t  

o f  t h e  e f f e c t s  o b s e r v e d  w o u ld  p r o v e  q u i t e  d i f f i c u l t .

Two a l t e r n a t i v e  s t r u c t u r e s  m ig h t  be c o n s i d e r e d  f o r  

P d l .2 S p e c i e s  I ,  t h a t  c o u l d  a c c o u n t  f o r  i t s  an o m alo u s  NMR 

s p e c t r u m .  I n  e a c h  o f  t h o s e  two s t r u c t u r e s  t h e  l i g a n d  

c o o r d i n a t e d  t o  t h e  p a l l a d i u m  i n  S p e c i e s  I  i s  d i f f e r e n t  

f rom  t h e  l i g a n d  c o o r d i n a t e d  i n  S p e c i e s  I I .  Such a l i g a n d  

i s  p resum ed t o  h a v e  formed d u r i n g  t h e  r e a c t i o n  o f  t h e  

o r i g i n a l  l i g a n d  w i t h  P d C ^ j b y  a  r e t r o g r a d e  C l a i s e n  c o n d e n ­

s a t i o n .  I n  b o t h  o f  t h e  a l t e r n a t i v e  s t r u c t u r e s  t h e  m o l e c u l a r  

f o r m u l a  o f  t h e  p a l l a d i u m  complex  w o u ld  c o r r e s p o n d  t o  

PdC^QHc^Og, and  n o t  t o  t h e  PdCg^H^QOg found i n  P d l ^

S p e c i e s  I I .  C e r t a i n  a s p e c t s  common t o  b o t h  s t r u c t u r e s  can  

be d i s c u s s e d  t o g e t h e r ,  t h e n  e a c h  s t r u c t u r e  w i l l  be c o n s i d e r e d  

s e p a r a t e l y .

The e l e m e n t a l  a n a l y s i s  o b t a i n e d  on t h e  p u r e s t  sam ple  

o f  S p e c i e s  I ,  a s  j u d g e d  by DTA c r i t e r i a ,  showed 62.81% 

c a r b o n ,  7.15% h y d r o g e n  and  13.3% p a l l a d i u m  by a s h  r e s i d u e ,  

o r  13.56% by a t o m i c  a b s o r p t i o n .  C a l c u l a t i o n s  b a s e d  on
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* ^ 3 6 ^ 5 0 ^ 6  woul d  r e q u i r e  63.10% C, 7.36% H and  15.527,  Pd ,  

w h i l e  c a l c u l a t i o n s  b a s e d  on PdC^QH^Og w ou ld  r e q u i r e  62.45% C, 

7.08% H a n d  13.83% P d .  The e x p e r i m e n t a l  f i n d i n g s  o f  t h e  

p e r c e n t a g e s  o f  c a rb o n  and h y d r o g e n  c o u l d  f i t  e i t h e r  f o r m u l a ,  

b u t  t h e  p e r c e n t  o f  p a l l a d i u m  seems t o  be c l o s e r  t o  t h a t  

c a l c u l a t e d  f o r  t h e  h e a v i e r  m o l e c u l e .

On t h e  o t h e r  h a n d ,  t h e  PdC^QH^Og m o l e c u l e  w o u ld  

have  a  m o l e c u l a r  w e i g h t  o f  7 6 9 . 3 ,  w h i l e  t h e  m o l e c u l a r  

w e i g h t  o f  PdCggH;j()0g c o r r e s p o n d s  t o  6 8 4 . 8 .  O s m o m e t r i c a l l y  

d e t e r m i n e d  m o l e c u l a r  w e i g h t s  o f  S p e c i e s  I  y i e l d e d  v a l u e s  o f  

705 i n  b e n z e n e  and  673 i n  c h l o r o f o r m ,  w i t h  an a v e r a g e  v a l u e  

o f  689,  a n d  a  r e l a t i v e  d e v i a t i o n  o f  e a c h  e x p e r i m e n t a l  v a l u e  

o f  1.7% a n d  2.9% f rom  t h e  c a l c u l a t e d  v a l u e  o f  6 8 4 . 8 .  A 

m o l e c u l a r  w e i g h t  o f  7 6 9 .3  w o u ld  r e q u i r e  a  r e l a t i v e  e r r o r  

o f  12.6% o r  9.2% on t h e  r e s p e c t i v e  e x p e r i m e n t a l  v a l u e s ,  

w h ich  i s  n o t  c o n s i d e r e d  l i k e l y .  Thus ,  w h i l e  t h e  e x p e r i m e n t a l  

low p e r c e n t a g e  o f  Pd s u p p o r t s  f o rm u la  PdC4oH5^0g, t h e  two 

m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  s u p p o r t

As shown i n  F i g u r e  5 6 - B , s t r u c t u r e  X  w o u ld  be a  

h i g h l y  s y m m e t r i c a l  s t r u c t u r e .  A l l  t h e  m e t h y l  g r o u p s  w ou ld  

be c h e m i c a l l y  and m a g n e t i c a l l y  e q u i v a l e n t ,  and  a l l  w o u ld  

show t h e  same s i g n a l  i n  t h e  NMR s p e c t r u m .  T h is  s t r u c t u r e  

c o u l d  a c c o u n t  f o r  t h e  a b s e n c e  o f  t h e  s i g n a l  a r o u n d  d = 6 . 0 ,
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a s  w e l l  a s  t h e  s i n g l e  s t r o n g  s i g n a l  a t  3 = 2 . 0 .  However,  

l i k e  P d ( a c a c ) 2 > t h i s  s t r u c t u r e  w o u ld  be o f  o v e r a l l  D2 ^ 

sy m m et ry ,  w i t h  some l o c a l  symmetry  a r o u n d  t h e  -PdO^-

s u b u n i t  o f  t h e  m o l e c u l e .  As d i s c u s s e d  i n  a  p r e v i o u s  

s e c t i o n ,  t h e  c o m p a r i s o n s  o f  f a r  IR and  low f r e q u e n c y  Raman 

P d - 0  f u n d a m e n t a l  bands  s u g g e s t  t h a t  S p e c i e s  I  has  

sym m etry .

S t r u c t u r e  Y w o u ld  c o r r e s p o n d  t o  a c i s  c o n f i g u r a t i o n  

an d  be o f  C£v  symm etry .  However,  i t  seems u n l i k e l y  t h a t  t h e  

NMR s i g n a l  o f  t h e  a c e t y l  g r o u p s  ( p r o t o n s  l a b e l e d  a )  w o u ld  

c o i n c i d e  w i t h  t h e  s i g n a l s  o f  t h e  m e t h y l  g r o u p s  s u b s t i t u t e d  

on t h e  c h e l a t e  r i n g  ( p r o t o n s  l a b e l e d  b ) . On ly  one s i g n a l  

i s  s e e n  a t  d = 2 .0  i n  t h e  NMR s p e c t r u m ,  w h i c h  makes s t r u c t u r e  Y 

a l s o  an u n l i k e l y  a l t e r n a t i v e .

A f u r t h e r  e x p e r i m e n t a l  way o f  d i s t i n q u i s h i n g  b e t w e e n

t h e  t h r e e  a l t e r n a t i v e  s t r u c t u r e s  f o r  S p e c i e s  I ,  w ould

i n v o l v e  s y n t h e s i s  o f  t h e  l i g a n d  p r o p o s e d  f o r  com plexes  w i t h

s t r u c t u r e  X and  Y. Such  a  l i g a n d  - -  i . e .  t h e  ( p - o c t y l o x y ) -

- l - p h e n y l - 2 - a c e t o - l , 3 - b u t a n e d i o n e  - -  c o u l d  t h e n  be d i r e c t l y

+2c o o r d i n a t e d  t o  t h e  Pd , a n d  t h e  p r o p e r t i e s  o f  t h e  com plex  

fo rm ed  c o u l d  be com pared  w i t h  t h o s e  o f  P d l ^  S p e c i e s  I .

Each  o f  t h e  s t r u c t u r e s  c o n s i d e r e d  a s  a l t e r n a t i v e s  

f i t s  b e t t e r  w i t h  some d a t a ,  b u t  i s  n o t  s u p p o r t e d  by a l l  

t h e  d a t a . I t  s h o u ld  p r o b a b l y  be p o i n t e d  o u t  t h a t  PdL^
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S p e c i e s  I  was t h e  more d i f f i c u l t  t o  p u r i f y ,  and  showed

l e s s  p o t e n t i a l  f o r  mesomorphic  b e h a v i o r  t h a n  S p e c i e s  I I .

I t  was f e l t ,  t h e r e f o r e ,  t h a t  an  e x t e n s i v e  i n v e s t i g a t i o n

t o  d i s t i n q u i s h  b e tw e e n  t h e  t h r e e  a l t e r n a t i v e  s t r u c t u r e s

s u g g e s t e d  f o r  S p e c i e s  I  was n o t  j u s t i f i e d .  A l t h o u g h  t h e

e v i d e n c e  i s  n o t  c o m p l e t e l y  c o n c l u s i v e  f o r  e i t h e r  o f  t h e

s t r u c t u r e s  p r o p o s e d  f o r  S p e c i e s  I ,  t h e  w e i g h t  o f  t h e

combined e v i d e n c e  seems t o  f a v o r  t h e  i d e a  t h a t  S p e c i e s  I

i s  t h e  c i s  i s o m e r  o f  S p e c i e s  I I .

F i n a l l y ,  i t  s h o u l d  be p o i n t e d  o u t  t h a t  t h e  NMR

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

s u b j e c t  o f  t h i s  i n v e s t i g a t i o n ,  show no s i g n a l  i n  t h e  r e g i o n

79o f  3 .5  t o  4 . 5 0 ,  w h e re  Baba e t  a l  had  r e p o r t e d  t h e  m e t h i n e  

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

i n f r a r e d  s p e c t r a  o f  t h e s e  compounds show no e v i d e n c e  o f  Pd-  

c a r b o n  bonds e i t h e r ,  we f e e l  q u i t e  c o n f i d e n t  t h a t  t h e s e  

compounds do n o t  c o n t a i n  any p a l l a d i u m - c a r b o n  bonded 

l i g a n d s .
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D i s c u s s i o n  o f  DTA D a ta  and  P o t e n t i a l  Mesomorphism

Very i n t e r e s t i n g  d a t a ,  o b t a i n e d  by d i f f e r e n t i a l

t h e r m a l  a n a l y s i s  (DTA), can  be u s e d  t o  compare t h e  b e h a v i o r

o f  t h e  P d l^  compounds w i t h  o t h e r  o r g a n o - p a l l a d i u m  com pounds .

The DTA thermogram s o f  most  o r d i n a r y  compounds show en d o th e rm s

d u r i n g  p h a s e  c h a n g e s  t h a t  c o r r e s p o n d  t o  t h e  m e l t i n g  p o i n t

o r  b o i l i n g  p o i n t  ( F i g .  5 7 ) .  M esomorphic  compounds ( F i g s .  34 ,

58)  w h i c h  a r e  a l s o  c a l l e d  ’’l i q u i d  c r y s t a l i n e "  s u b s t a n c e s ,

p r o d u c e  DTA th e rm ogram s  w i t h  a d d i t i o n a l  endo the rm s  due  t o

a n y  s o l i d - s m e c t i c  a n d / o r  s m e c t i c - n e m a t i c  a n d / o r  n e m a t i c

i s o t r o p i c  phase  t r a n s i t i o n s .  F o r  e x a m p le ,  t h e  p - n - o c t y l o x y
9

b e n z o i c  a c i d  ( F i g .  58) has  been r e p o r t e d  t o  u n d e rg o  a 

s o l i d - s o l i d  t r a n s i t i o n  a t  75°C, a  s o l i d - s m e c t i c  t r a n s i t i o n  

a t  101°C,  a  s m e c t i c - n e m a t i c  t r a n s i t i o n  a t  108°C, and  

f i n a l l y  a  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  a t  146°C. The 

c h a n g e s  i n  m o l e c u l a r  a r r a n g e m e n t s  i n  e a c h  o f  t h e s e  m eso -  

p h a s e s  have  b een  d i s c u s s e d  i n  t h e  I n t r o d u c t i o n .  Upon 

c o o l i n g ,  mesomorphic  s u b s t a n c e s  show t h e  c o r r e s p o n d i n g  

e x o t h e r m s , w i t h  some s u p e r c o o l i n g .  F i g u r e  58 

shows t h e  e x o th e rm s  o f  p - o c t y l o x y  b e n z o i c  a c i d .  The 

p - o c t y l o x y - b e n z o y l a c e t o n e  p r e p a r e d  i n  t h i s  l a b o r a t o r y  

and  i d e n t i f i e d  a s  ’’L i g a n d ” o r  L i s  n o t  a  mesomorphic 

compound. The DTA o f  t h e  l i g a n d  ( F i g .  57) shows l i g a n d
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Figure 57
DTA th e rm o g ram  o f  l i g a n d .  and  A2 r e p r e s e n t  
two p a r t s  o f  a  h e a t i n g  c u r v e ,  a t  d i f f e r e n t  
t e m p e r a t u r e  s c a l e  s h i f t s .  and  B2 r e p r e s e n t  

two p a r t s  o f  a  c o o l i n g  c u r v e ,  w i t h  s c a l e  s h i f t s .
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Figure 58
DTA th e rm o g ra m  o f  p - o c t y l o x y - b e n z o i c  a c i d .
The l o w e r  c u r v e  A i s  t h e  h e a t i n g  c u r v e ,  
w h i l e  t h e  u p p e r  c u r v e  B i s  t h e  c o o l i n g  c u r v e .
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e n d o th e r m  a t  54-56°C due  t o  t h e  s o l i d - l i q u i d  t r a n s i t i o n ;

and  upon c o o l i n g  t h e  e x o t h e r m  i s  s e en  a t  40  o r  45°C,  due

t o  s u p e r c o o l i n g .

DTA thermogram s c a n  a l s o  be u s e d  t o  d e t e c t  t h e

d e c o m p o s i t i o n  o f  com pounds:  a l i n e  w i t h  a  p o s i t i v e  s l o p e

i n d i c a t e s  d e c o m p o s i t i o n .  Most  o r g a n o - p a l l a d i u m  compounds

c o n t a i n i n g  a  P d -0  bond o r  b o n d s ,  m e l t  w i t h  d e c o m p o s i t i o n .

The DTA thermogram s o f  t h o s e  compounds do n o t  show an

e n d o th e r m ;  i n s t e a d ,  a  g r a d u a l l y  r i s i n g  c u r v e  i s  s e e n  a t

and  a b o v e  t h e  d e c o m p o s i t i o n  t e m p e r a t u r e .  F i g .  59-C i s

t h e  DTA o f  p a l l a d i u m  a c e t a t e  w i t h  a  d e c o m p o s i t i o n  t e m p e r -

19a t u r e  o f  200°C ( r e p o r t e d  m .p .  205° w i t h  d e c o m p o s i t i o n ) .

F i g .  59-B shows t h e  DTA o f  P d C a c a c ^ ,  w i t h  d e c o m p o s i t i o n

a t  200°C.  I t s  m e l t i n g  p o i n t  c a n n o t  be d e t e r m i n e d ,  b u t  i t

28h as  been  r e p o r t e d  by G r i n b e r g  and  Simonova t o  decompose 

w i t h  c h a r r i n g  when h e a t e d  above  180°C. F i g .  59-A i s  t h e  

DTA o f  P d ( b z a c ) 2  p r e p a r e d  i n  t h i s  l a b o r a t o r y ,  w i t h  d e ­

c o m p o s i t i o n  a ro u n d  220°C.  The m e l t i n g  p o i n t  o f  P d ( b z a c ) 2

20
has  n o t  b een  r e p o r t e d  by Hon e t  a l  , n o r  by any  o f  t h e

84 74
o t h e r  i n v e s t i g a t o r s  who s t u d i e d  P d C b z a c ^ .  5 Nesmeyanov

98
e t  a l  h av e  r e p o r t e d  t h a t  P d p - p h e n y l - a c a c ^  m e l t s  w i t h

o
d e c o m p o s i t i o n  a t  2 1 3 -2 1 6  C. As can be s e e n  f rom  t h e  DTA 

the rm ogram s  o f  some o f  t h e  compounds m e n t i o n e d  ab o v e ,  none
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DTA th e rm o g ra m s  o f  t h r e e  o r g a n o  
Curve A i s  t h e  h e a t i n g  c u r v e
Curve B i s  t h e  h e a t i n g  c u r v e
Curve C i s  t h e  h e a t i n g  c u r v e

p a l l a d i u m  com pounds . 
o f  P d ( b z a c ) 2  

o f  P d ( a c a c ) 2  

o f  P d ( a c e t a t e ) 2
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o f  them show an  e n d o th e r m  p r i o r  t o  d e c o m p o s i t i o n .

I t  i s  v e r y  i n t e r e s t i n g  t o  o b s e r v e  t h a t  t h e  i n t r o ­

d u c t i o n  o f  t h e  lo n g  p - o c t y l o x y  c h a i n  i n t o  b e n z o y l a c e t o n e  

w h ic h  i s  c o o r d i n a t e d  t o  p a l l a d i u m ,  has  a p p a r e n t l y  a l t e r e d  

t h e  b a l a n c e  o f  i n t e r m o l e c u l a r  f o r c e s  o p e r a t i n g  in  t h e  

s o l i d  o r g a n o - p a l l a d i u m  c o m p o u n d s . I t  s h o u l d  b e  p o i n t e d  

o u t  t h a t  t h e  DTA o f  compounds  PdL^, S p e c i e s  I  c i s  a s  w e l l  

a s  S p e c i e s  I I  t r a n s ,  show a  d e f i n i t e  e n d o t h e r m  p r i o r  t o  

t h e i r  r e s p e c t i v e  d e c o m p o s i t i o n  t e m p e r a t u r e s . F i g .  60 

shows t h e  DTA o f  S p e c i e s  I ,  w i t h  an e n d o t h e r m  a t  c a .

135°C, a n d  w i t h  d e c o m p o s i t i o n  s t a r t i n g  ab o v e  170°C.  When 

t h e  m e l t i n g  p o i n t  o f  S p e c i e s  I  i s  d e t e r m i n e d  i n  a c a p i l l a r y  

t u b e ,  o r  u s i n g  t h e  h e a t e d  s t a g e  o f  a  M e t t l e r  F P -2 1  a p p a r a t u s  

w i t h  o b s e r v a t i o n s  t h r o u g h  a  m i c r o s c o p e ,  i t  c a n  be c l e a r l y  

s e e n  t h a t  t h e  y e l l o w  compound can  be m e l t e d ,  t h e n  a l l o w e d  

t o  c o o l  a n d  c r y s t a l l i z e ,  a n d  i t  can  be r e h e a t e d  t o  i t s  

no rm a l  m e l t i n g  p o i n t .  T h i s  r e v e r s i b l e  p r o c e s s  can  be 

r e p e a t e d  s e v e r a l  t im e s  w i t h  t h e  t e m p e r a t u r e  m a i n t a i n e d  

below 1 4 5 ° .  S p e c i e s  I  c i s  b e g i n s  t o  d a r k e n  c a .  150°C,  

t h e n  decom poses  c a .  165°C.

The t h e r m a l  p r o p e r t i e s  o f  S p e c i e s  I I  t r a n s ,  a s  

j u d g e d  by i t s  DTA p a t t e r n ,  d i f f e r  even  more m a r k e d l y  f rom 

t h o s e  o f  t h e  " u n s u b s t i t u t e d "  p a l l a d i u m - o x y g e n  c o o r d i n a t i o n
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F i g u r e  60

DTA the rm ogram  o f  PdL2  S p e c i e s  I ,  c i s .  
Curve  A i s  t h e  f i r s t  h e a t i n g  c u r v e ,  
Curve B i s  t h e  f i r s t  c o o l i n g  c u r v e ,  
Curve C, shown i n  two s e c t i o n s  w i t h  a 
t e m p e r a t u r e  s c a l e  s h i f t ,  i s  t h e  f i n a l  
h e a t i n g  c u r v e .
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com pounds ,  e s p e c i a l l y  t h o s e  d i s c u s s e d  b e f o r e .  The DTA 

o f  S p e c i e s  I I  i s  s i m i l a r  i n  a p p e a r a n c e  t o  t h a t  o f  mesomorphic 

compounds .  F i g .  61 shows two s m a l l  e n d o th e r m s  a t  180°C and 

195°C,  w h ic h  p r e c e d e  t h e  main e n d o th e rm  a t  225°C ,  w i t h  

d e c o m p o s i t i o n  f o l l o w i n g  above  250 o r  260°C.  However,  i f  

t h e  compound h a s  been h e a t e d  above  220°C,  t h e  changes  a r e  

no l o n g e r  r e v e r s i b l e .

F i g u r e s  61 a n d  62 show w h a t  h a p p e n s  when S p e c i e s  I I  

i s  h e a t e d  o n l y  t o  200°C ,  t h e n  a l l o w e d  t o  c o o l ,  and th e n  

r e h e a t e d  a g a i n .  The r e g i o n  above  150° w i l l  be  c o n s i d e r e d  

f i r s t .  In  F i g u r e  61 c u r v e  A r e p r e s e n t s  t h e  f i r s t  h e a t i n g ,  

c u r v e  B i s  t h e  c o o l i n g  c u r v e ,  and  c u r v e  C shows t h e  sec o n d  

h e a t i n g .  The two e n d o th e rm s  a b o u t  180 and 195°C i n  c u r v e  A 

h ave  m erg ed  i n t o  one e n d o th e r m  a b o u t  182° i n  c u r v e  C, th e n  

t h e  m a in  en d o th e rm  i s  s e e n  a t  2 2 5 ° ,  w i t h  d e c o m p o s i t i o n  

f o l l o w i n g .

I n  F i g u r e  62 ,  w i t h  a  s m a l l e r  s am p le  o f  S p e c i e s  I I ,  

t h e  h e a t i n g  and  c o o l i n g  p r o c e s s e s  w ere  r e p e a t e d .  Curves  

A^ a n d  A^  a r e  two s e c t i o n s  o f  t h e  f i r s t  h e a t i n g  c u r v e ;  

c u r v e  B i s  t h e  f i r s t  c o o l i n g  c u r v e ;  c u r v e s  C-  ̂ and  r e p r e ­

s e n t  t h e  s e c o n d  h e a t i n g ;  c u r v e s  D - -  t h e  s e c o n d  c o o l i n g ,  

and  c u r v e s  E-̂  and  E2  t h e  f i n a l  h e a t i n g .  I n  e a c h  c a s e  t h e r e  

was a  s h i f t  o f  t h e  t e m p e r a t u r e  s c a l e  b e tw e e n  A^ and A£
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Figure 61
DTA th e rm o g ra m  o f  Pd l .2 S p e c i e s  I I ,  t r a n s .  
Curve A i s  t h e  f i r s t  h e a t i n g  c u r v e .
Curve B i s  t h e  c o o l i n g  c u r v e .
Curve C, shown i n  two s e c t i o n s  w i t h  a  
t e m p e r a t u r e  s c a l e  s h i f t ,  i s  t h e  s e c o n d  
h e a t i n g  c u r v e .
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Figure 62
DTA the rm ogram  o f  PdL2 S p e c i e s  I I ,  t r a n s ,  
sh o w in g  s e v e r a l  h e a t i n g  and  c o o l i n g  c u r v e s .
C urves  and  A£ r e p r e s e n t  t h e  f i r s t  h e a t i n g .
Curve  B i s  t h e  f i r s t  c o o l i n g  c u r v e .
C u rv es  C^ and C2 r e p r e s e n t  t h e  s e c o n d  h e a t i n g .
C u rv es  and D2 r e p r e s e n t  t h e  s e c o n d  c o o l i n g .
C u rv es  E^ and E2 r e p r e s e n t  t h e  t h i r d  a n d

f i n a l  h e a t i n g .
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between C-̂  a n d  C2  and  b e tw e e n  and  E2 f rom  lo w e r  t o  

h i g h e r  t e m p e r a t u r e s ,  r e s p e c t i v e l y .  C o o l in g  c u r v e  D-̂  i s  

on t h e  h i g h e r  s c a l e ,  f o l l o w e d  by D2  on t h e  lo w e r  t e m p e r ­

a t u r e  s c a l e .

As c an  be s e e n  i n  F i g u r e  62 ,  t h e  f i r s t  h e a t i n g

c u r v e  A2  shows t h e  two e n d o th e r m s  a r o u n d  180 a n d  195°C,

an d  t h e  f i r s t  c o o l i n g  c u r v e  B shows an e x o th e r m  a b o u t  166°C.

The s e c o n d  h e a t i n g  c u r v e  C2 shows two c l o s e l y  s p a c e d  e n d o ­

therm s  a t  178°  and  185° ,  w i t h  a  c o r r e s p o n d i n g  e x o th e r m  

a t  160° s e e n  i n  c o o l i n g  c u r v e  D^. In  t h e  f i n a l  h e a t i n g  

c u rv e  E2 one  l a r g e r  ’'m erged"  e n d o th e rm  i s  s e e n  a t  185°C, 

f o l l o w e d  by t h e  f i n a l  " m e l t i n g ” e n d o th e rm  a t  2 2 6 ° ,  and  

d e c o m p o s i t i o n  above  2 4 0 ° .

An i n t e r e s t i n g  c h a n g e  i n  t h e  DTA p a t t e r n  i s  a l s o

o b s e r v e d  i n  t h e  r e g i o n  a r o u n d  60°C.  I n  F i g u r e  62 o n l y  a

s m a l l  e n d o t h e r m  i s  n o t e d  i n  c u r v e  A^ a r o u n d  5 8 ° ,  b u t  i t  

becomes much more p ro n o u n c e d  d u r i n g  t h e  s e c o n d  h e a t i n g .

Curve C-̂  shows a  l a r g e  e n d o t h e r m  a t  5 3 ° ,  w i t h  a  c o r r e ­

s p o n d in g  e x o t h e r m  a t  50° s e e n  i n  c o o l i n g  c u r v e  D2 * The 

f i n a l  h e a t i n g  c u r v e  E-  ̂ shows t h a t  same e n d o th e r m ,  e s s e n ­

t i a l l y  i d e n t i c a l  t o  t h a t  s e e n  i n  C p  i n  b o t h  a r e a  an d  

t e m p e r a t u r e .

One m ig h t  s p e c u l a t e  t h a t  t h e  low t e m p e r a t u r e  e n d o -
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t h e r m  i s  a  s o l i d - s o l i d  t r a n s i t i o n ,  s i m i l a r  t o  t h a t  

o b s e r v e d  i n  t h e  p - o c t y l o x y - b e n z o i c  a c i d  a t  75°C.  H e r b e r t ^  

h a s  s u g g e s t e d  t h a t  i n  t h e  p - a l k o x y - b e n z o i c  a c i d  s e r i e s  

some a p p a r e n t l y  anomalous  e f f e c t s  i n  m a g n i tu d e  o f  t r a n s i ­

t i o n  e n e r g i e s ,  c o u l d  be e x p l a i n e d  by a s su m in g  s e v e r a l  

c h a n g e s  t h a t  c o u l d  t a k e  p l a c e  i n  compounds w i t h  l o n g e r  

a l k o x y  c h a i n s .  He s u g g e s t e d  t h a t  t h e s e  ch a n g e s  c o u l d  

i n v o l v e  t h e  o n s e t  o f  c h a i n  r o t a t i o n ,  o r  a  ch a n g e  i n  t h e  

a n g l e  o f  t i l t  w i t h i n  t h e  p l a n e s  o f  t h e  m o l e c u l e .  I t  i s  

c o n c e i v a b l e  t h a t  s u c h  chan g es  c a n  a l s o  o c c u r  i n  PdL^

S p e c i e s  I I  t r a n s ,  and  t h a t  t h e s e  a r e  r e s p o n s i b l e  f o r  

t h e  e n d o th e r m s  a r o u n d  60°C. S i n c e  t h e  t h e r m a l  e n e r g y  i s  

s t i l l  f a i r l y  low d u r i n g  t h e  f i r s t  h e a t i n g ,  t h e  c h a n g e s  

a r e  n o t  c o m p l e t e  u n t i l  t h e  s e c o n d  h e a t i n g ,  a n d  t h i s  i n i t i a l  

" d i s o r g a n i z a t i o n "  i n  t h e  a l k o x y  c h a i n  p e r s i s t  t h r o u g h  

s u b s e q u e n t  c o o l i n g  and  h e a t i n g .

The DTA thermograms o f  P d ]^  S p e c i e s  I I  s u g g e s t e d

t h a t  t h e  compound may be m e so m o rp h ic .  Based on t h e  c r y s t a l

20s t r u c t u r e  r e p o r t e d  by Hon e t  a l  f o r  P d ( b z a c ) 2  t r a n s ,  i t  

was e x p e c t e d  t h a t  o n l y  t h e  t r a n s  i so m e r  o f  P d l ^  w o u ld  have 

t h e  p r o p e r  g e o m e t r y  a s s o c i a t e d  w i t h  t h e  d im e r  o f  t h e  model 

s y s t e m  o f  a l k o x y - b e n z o i c  a c i d s ;  i . e .  i t  w ou ld  h a v e  t h e  

d i p o l a r  a l k o x y  g ro u p s  l o c a t e d  a t  o p p o s i t e  ends  o f  t h e
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l o n g e s t  m o l e c u l a r  a x i s .  The p o t e n t i a l l y  m esom orphic  n a t u r e

o f  S p e c i e s  I I  had  t o  be i n v e s t i g a t e d  by o t h e r  methods t h a t

w o u ld  e i t h e r  complement  a n d  r e i n f o r c e ,  o r  d i s p r o v e  t h e  d a t a

f ro m  d i f f e r e n t i a l  t h e r m a l  a n a l y s i s .

I n v e s t i g a t i o n s  o f  S p e c i e s  I I ,  by m e a s u r i n g  ch a n g es

i n  l i g h t  s c a t t e r i n g  a s  a  f u n c t i o n  o f  t e m p e r a t u r e ,  were

i n c o n c l u s i v e .  I n  t h i s  a t t e m p t  t h e  M e t t l e r  FP-11  a p p a r a t u s ,

114
d e s c r i b e d  by  S a n t o r o  an d  E s p o s i t o  i n  1974 ,  was u s e d .

S i n c e  t h e  sa m p le  d a r k e n e d  c o n s i d e r a b l y  upon  h e a t i n g ,  t h e

l i g h t  i t  m i g h t  have  s c a t t e r e d  was n o t  e a s i l y  d e t e c t a b l e .

E f f o r t s  t o  d e t e c t  m esom orph ic  b e h a v i o r  o f  t h i n  f i l m s  by

r e f l e c t e d  l i g h t  w ere  a l s o  u n s u c c e s s f u l .  M easurem ents  o f

c h a n g e s  i n  v i s c o s i t y  h ad  been  c o n s i d e r e d  a s  a  p o s s i b l e

t e c h n i q u e .  The anom alous  s u d d e n  c h a n g es  i n  v i s c o s i t y  a t

t h e  m e so p h a se  had  been  r e p o r t e d  by O s tw a ld  i n  1933 in  h i s

1 1 5 ,1 1 6  7T
s t u d y  o f  mesom orphic  m e l t s .  However ,  a t t e m p t s  t o

d e t e r m i n e  v i s c o s i t y  c h a n g e s  i n  S p e c i e s  I I  o v e r  t h e  e n t i r e  

r a n g e  o f  t e m p e r a t u r e s  f rom  180° t o  240°  p r e s e n t e d  e x p e r i ­

m e n t a l  d i f f i c u l t i e s  t h a t  w e r e  c o n s i d e r e d  o u t s i d e  t h e  s c o p e  

o f  t h i s  i n v e s t i g a t i o n .

The two t e c h n i q u e s  t h a t  f i n a l l y  p r o v e d  m ost  h e l p f u l  

w e r e  o b s e r v a t i o n s  o f  t h e  sa m p le  b e i n g  h e a t e d  i n  a  c a p i l l a r y  

t u b e ,  and  t h e  e x a m i n a t i o n  o f  v e r y  t h i n  f i l m s  h e a t e d  on t h e
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s t a g e  o f  a  p o l a r i z i n g  m i c r o s c o p e .  The changes  o b s e r v e d  in

S p e c i e s  I I  i n  a  c a p i l l a r y  t u b e  s u g g e s t e d  t h a t  t h e  compound

may be c h a n g i n g  f rom  a  s o l i d  i n t o  a  m esophase .  B u t  t h e s e

c h a n g e s  w e re  n o t  a s  c l e a r  c u t  a s  ch an g es  o b s e r v e d  w i t h

known " l i q u i d  c r y s t a l s " .  The c h a n g e s  i n  S p e c i e s  I I  c o u l d

a l s o  be i n t e r p r e t e d  as  ch an g es  i n  c r y s t a l  s t r u c t u r e  f rom  an

opaque  s o l i d  t o  one  t h a t  i s  more  t r a n s l u c e n t ,  r a t h e r  t h a n

f ro m  an opaque  s o l i d  t o  a m e s o p h a s e .

Thin  f i l m s  o f  P d l^  S p e c i e s  I I  t r a n s  w ere  c a r e f u l l y

exam ined  o v e r  t h e  t e m p e r a t u r e  r a n g e  f rom a m b ie n t  t o  280°C.

A p o l a r i z i n g  m i c r o s c o p e  w i t h  an  i l l u m i n a t e d  s t a g e  ( R i c h a r d s

Model L B - 4 6 ) , a t t a c h e d  t o  t h e  F P -2 1  h e a t e d  s t a g e  o f  M e t t l e r

FP-21  a p p a r a t u s ,  was u s e d .  By t h i s  t e c h n i q u e  c h a n g e s  i n

S p e c i e s  I I  w e r e  compared  w i t h  t h o s e  o b s e rv e d  on h e a t i n g

f i l m s  o f  known m esom orphic  s u b s t a n c e s  t h a t  a l s o  u n d e r g o

s o l i d - s o l i d  t r a n s i t i o n s ,  i n  o r d e r  t o  be a b l e  t o  d i s t i n q u i s h

t h e  s o l i d - s o l i d  ch a n g e s  f rom m esom orph ic  c h a n g e s . I n

p a r t i c u l a r  S p e c i e s  I I  was com pared  w i t h  p - o c t y l o x y - b e n z o i c

a c i d  (w hich  g o e s  t h r o u g h  a  s o l i d - s o l i d ,  s o l i d - s m e c t i c ,

s m e c t i c - n e m a t i c  a n d  n e m a t i c  i s o t r o p i c  t r a n s i t i o n ) ,  w i t h

p - h e p t y l o x y - b e n z o i c  a c i d  ( s m e c t i c ,  n e m a t i c  and i s o t r o p i c  
9

t r a n s i t i o n s ) ,  a n d  w i t h  p - p r o p o x y - b e n z o i c  a c i d  ( s o l i d -
9

s o l i d ,  s o l i d - n e m a t i c ,  n e m a t i c - i s o t r o p i c  t r a n s i t i o n s ) .
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O ur  PdL^ S p e c i e s  I I  d i d  n o t  show t h e  o p t i c a l  

a n i s o t r o p y  e x p e c t e d  o f  a  m esom orph ic  compound. I t  must  

be c o n c l u d e d  e i t h e r  t h a t  P d l ^  S p e c i e s  I I  d o e s  n o t  e x i s t  i n  

t h e  " i s o t r o p i c  fo rm " ;  o r  t h a t  i t s  i s o t r o p i c  fo rm  c o u l d  n o t  

be d e t e c t e d ,  b e c au se  t h e  compound became d a r k e r  on h e a t i n g  

and  e v e n t u a l l y  decomposed .  The e n do the rm s  o b s e r v e d  i n  t h e  

DTA th e rm o g ram s  o f  S p e c i e s  I I  j u s t  p r i o r  t o  t h e  f i n a l  

e n d o th e r m  a t  225° c o u l d  be a t t r i b u t e d  t o  some t y p e  o f  

s o l i d - s o l i d  t r a n s i t i o n s  o r  " p s e u d o "  m e s o p h a s e s . From t h e  

combined  s t u d i e s  and  e v i d e n c e  c o m p i l e d  i n  o u r  l a b o r a t o r y  

i t  seems c l e a r ,  how ever ,  t h a t  i n  s y n t h e s i z i n g  t h e  

P d ( p - o c t y l o x y - l , 3 - b u t a n e d i o n a t o )  complex we d i d  s u c c e e d  i n  

m o d i f y i n g  t h e  t h e r m a l  b e h a v i o r  a s s o c i a t e d  w i t h  P d - b e t a -  

d i k e t o n e s  an d  o t h e r  P d -o x y g en  c o o r d i n a t i o n  compounds which  

decompose a t  t h e i r  m e l t i n g  p o i n t .

I n  e v a l u a t i n g  o u r  a t t e m p t s  t o  s y n t h e s i z e  a  new c l a s s  

o f  o r g a n o m e t a l l i c  m esom orph ic  compounds,  a n d  i n  a t t e m p t i n g  

t o  a s s e s s  t h e  m e r i t s  o f  t h i s  a p p r o a c h  t o  t h e  p r o b le m ,  

s e v e r a l  f a c t o r s  must  be d i s c u s s e d  and e v a l u a t e d .  One o f  

t h e  i m p o r t a n t  f a c t o r s  t o  be  c o n s i d e r e d  i s  t h e  s t r e n g t h  o f  

i n t e r m o l e c u l a r  a t t r a c t i o n s  t h a t  o p e r a t e  i n  t h e  s y s t e m .

I n  g e n e r a l ,  i n t e r m o l e c u l a r  a t t r a c t i v e  f o r c e s  can 

be c l a s s i f i e d  as  one o f  t h e  f o l l o w i n g  t h r e e :
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(a )  d i p o l e - d i p o l e  a t t r a c t i o n s ,  w h ich  a r e  t h e  

d i r e c t  i n t e r a c t i o n s  be tween  p e rm a n e n t  d i p o l e s  i n  t h e  

m o l e c u l e s ;

(b)  i n d u c e d  d i p o l e  a t t r a c t i o n s  a r i s i n g  f rom  t h e  

m u t u a l  p o l a r i z a t i o n  o f  t h e  m o l e c u l e s  by t h e i r  p e r m a n e n t  

d i p o l e  m oments ;

( c )  d i s p e r s i o n  f o r c e s ,  w h i c h  a r e  t h e  a t t r a c t i o n s  

b e tw een  i n s t a n t e n o u s  d i p o l e s  p r o d u c e d  by s p o n ta n e o u s  

o s c i l l a t i o n s  o f  t h e  e l e c t r o n  c l o u d s  o f  t h e  m o l e c u l e s .

I t  i s  n o t  t h e  p u rp o se  o f  t h i s  d i s c u s s i o n  t o  exam ine  

e a c h  o f  t h e  above  c l a s s e s  o f  i n t e r m o l e c u l a r  f o r c e s ,  b u t  

r a t h e r  t o  show how t h e  i n t e r p l a y  and  b a l a n c e  o f  t h e s e  

f o r c e s  i s  a f f e c t e d  by t h e  f a c t o r s  o f  m o l e c u l a r  s t r u c t u r e .

T h i s  can b e s t  be done  by com par ing  t h e  e f f e c t s  on m e so ­

m o rp h ic  b e h a v i o r  due  t o  s m a l l  ch a n g e s  i n  t h e  m o l e c u l a r  

s t r u c t u r e ,  a s  w i t h i n  an homologous s e r i e s  o f  compounds.

I t  w i l l  be shown t h a t  one o f  t h e  i m p o r t a n t  c o n s i d e r a t i o n s  

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

A n o th e r  i m p o r t a n t  f a c t o r  i s  t h e  m e l t i n g  p o i n t  o f  t h e  

compound,  w h ic h  i s  a f f e c t e d  by s e v e r a l  f a c t o r s ,  i n c l u d i n g  

some u n p r e d i c t a b l e  a s p e c t s  o f  t h e  p a c k i n g  o f  t h e  m o l e c u l e s  

i n  t h e  c r y s t a l  l a t t i c e  and t h e  c r y s t a l  l a t t i c e  a d o p t e d  by 

t h e  p a r t i c u l a r  s o l i d  m a t e r i a l  i n v e s t i g a t e d .
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The r e v i e w  by Gray  p r o v i d e s  some g u i d e l i n e s  on 

t h e  i m p o r t a n c e  o f  t h e  f a c t o r s  t o  be c o n s i d e r e d ,  and  t h e i r  

r e l a t i o n s h i p  t o  e a c h  o t h e r .  I n  t r y i n g  t o  a s s e s s  t h e  

e f f e c t  o f  m o l e c u l a r  l e n g t h  on m esom orphic  t h e r m a l  s t a b i l ­

i t i e s ,  t h e  p - n - a l k o x y - b e n z o i c  a c i d s  a r e  com pared  w i t h  

t h o s e  o f  t h e i r  " a r o m a t i c  h o m o lo g u e s " ,  t h e  4 ' - n - a l k o x y -  

b i p h e n y l - 4 - c a r b o x y l i c  a c i d s .  The m esom orphic  t h e r m a l  

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

t h o s e  o f  t h e  b e n z o ic  a c i d s .  I t  s h o u l d  be n o t e d  t h a t  in  

t h e  b i p h e n y l  compounds t h e r e ,  a r e  f o u r  a r o m a t i c  r i n g s  p e r  

d i m e r i c  m o l e c u l e ,  w h i l e  i n  t h e  b e n z o i c  a c i d  a n a l o g u e s  

t h e r e  a r e  o n l y  two a r o m a t i c  r i n g s  p e r  m o l e c u l e .  Gray 

e m p h a s i z e s ,  h ow ever ,  t h a t  t h e  e n h a n c e d  s m e c t i c  and  n e m a t i c  

t h e r m a l  s t a b i l i t i e s  i n  t h e  b i p h e n y l s  a r e  n o t  s im p l y  a  

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

m o l e c u l e s , b u t  a r e  a l s o  due  t o  t h e  g r e a t e r  p o l a r i z a b i l i t y  

o f  t h e  two a d d i t i o n a l  a r o m a t i c  r i n g s .

The i n t r o d u c t i o n  o f  a  l a r g e  a to m ,  o r  g ro u p s  o f  

atoms i n t o  a m o l e c u l e ,  w i l l  i n c r e a s e  t h e  p o l a r i z a b i l i t y  

o f  t h e  s y s t e m .  G e n e r a l l y ,  t h e  m esomorphic  p o t e n t i a l ,  o r  

t h e  m esom orph ic  t h e r m a l  s t a b i l i t y  o f  t h e  compound w i l l  be 

r e d u c e d .  Th is  e f f e c t  c a n  be u n d e r s t o o d  i f  one  remembers 

t h a t  a n y  b u lk y  a tom o r  g r o u p ,  i n t r o d u c e d  i n t o  t h e  " i n t e r i o r "
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s e c t i o n  o f  t h e  m o l e c u l e  ( i . e .  i n  some p o s i t i o n  o t h e r  t h a n  

t h e  end  o f  t h e  m o l e c u l e ) ,  w i l l  b ro ad en  t h e  r o d - l i k e  

m o l e c u l e  a p p r e c i a b l y .  As a  r e s u l t  o f  t h i s  b r o a d e n i n g ,  

t h e  m o l e c u l e s  w h ic h  a r e  o r i e n t e d  p a r a l l e l  t o  one  a n o t h e r ,  

a r e  f o r c e d  a p a r t  f u r t h e r .

The i n t e r a c t i o n  e n e r g y  a s s o c i a t e d  w i t h  a l l  t h r e e  

t y p e s  o f  i n t e r m o l e c u l a r  a t t r a c t i o n s  m e n t i o n e d  b e f o r e ,  i s  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  y  power o f  r ,  w h e r e  x  i-s 

t h e  d i s t a n c e  b e tw een  t h e  a t t r a c t i n g  c e n t e r s ,  an d  £ = 6  

f o r  t h e  g a s  p h a s e .

1
I n t e r a c t i o n  e n e r g y  > ^y (14)

As i s  a p p a r e n t  f rom  t h e  ab o v e  e q u a t i o n ,  t h e  i n t e r a c t i o n  

e n e r g y  w i l l  f a l l  o f f  r a p i d l y  w i t h  an i n c r e a s e  i n  r_, and 

t h i s  e f f e c t  i s  l i k e l y  t o  c o u n t e r b a l a n c e  t h e  i n c r e a s e  in  

t h e  e n e r g y  o f  a t t r a c t i o n  a r i s i n g  from t h e  i n c r e a s e d  

p o l a r i z a b i l i t y  due t o  t h e  i n t r o d u c t i o n  o f  t h e  l a r g e  atom 

o r  g ro u p  i n t o  t h e  " i n t e r i o r "  p o r t i o n  o f  t h e  m o l e c u l e .

I t  s h o u l d  be r e e m p h a s i z e d  i n  t h i s  d i s c u s s i o n ,  t h a t  

t h e  b a s i c  r e q u i r e m e n t  o f  an  e s s e n t i a l l y  l i n e a r  m o l e c u l e ,  

c o u p l e d  w i t h  t h e  p r e s e n c e  o f  g ro u p s  t h a t  w i l l  p r o d u c e  

s u i t a b l y  h i g h  i n t e r m o l e c u l a r  a t t r a c t i o n s ,  a r e  m o s t  

i m p o r t a n t  f a c t o r s  i n  d e t e r m i n i n g  p o t e n t i a l l y  mesomorphic
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b e h a v i o r .  However ,  a n y  i n c r e a s e  i n  t h e  m o l e c u l a r  b r e a d t h  

w i l l  r e d u c e  t h e  l e n g t h - t o - b r e a d t h  r a t i o ,  a n d  t h e  r o d - l i k e  

m o l e c u l e  w i l l  become t r a n s f o r m e d  i n t o  one t h a t  i s  more 

s p h e r i c a l  t h a n  r o d - l i k e .  Such a " b r o a d e n e d "  m o le c u le  

w o u ld  no l o n g e r  be a  p o t e n t i a l l y  m esom orph ic  s t r u c t u r e .

I n  a  g e n e r a l  s e n s e ,  t h e  t h e r m a l  s t a b i l i t i e s  o f  t h e  m eso ­

p h a s e  i n  a  l i q u i d  c r y s t a l l i n e  m a t e r i a l  a r e  l i k e l y  t o  be 

h i g h  i f  t h e  d i p o l a r  o r  p o l a r i z a b l e  g r o u p s  o c c u r  t e r m i n a l l y  

(Y i n  t h e  f i g u r e  shown b e l o w ) ,  o r  c e n t r a l l y  (X i n  t h e  

f i g u r e )  i n  t h e  r o d - l i k e  m o l e c u l e .  The t h e r m a l ,  s t a b i l i t y  

and  t h e  l i k e l i h o o d  o f  m esom orph ic  b e h a v i o r  wou ld  be low ,  

i f  t h e  d i p o l a r  g ro u p s  o c c u r  a l o n g  t h e  s i d e  o f  t h e  m o l e c u l e  

and  s i g n i f i c a n t l y  i n c r e a s e  t h e  m o l e c u l a r  b r e a d t h .

Y- 1 -x -i I-*

To be a b l e  t o  com pare  t h e  v a r i o u s  f a c t o r s  a f f e c t i n g  

m esom orphic  o r  p o t e n t i a l l y  mesomorphic  b e h a v i o r  i n  t e r m s  o f  

t h e  o r g a n o - p a l l a d i u m  compounds ,  i t  i s  n e c e s s a r y  t o  e s t i m a t e  

t h e  l e n g t h - t o - b r e a d t h  r a t i o  o f  t h e  model  s y s t e m  we c o n s i d e r e d  

( t h e  p - a l k o x y - b e n z o i c  a c i d s ) ,  a s  w e l l  as  t h e  r a t i o  o f  t h e  

l e n g t h / b r e a d t h  i n  t h e  t r a n s  i so m e r  o f  t h e  P d l^  ( S p e c i e s  I I ) , 

and  t h e  c i s  i so m er  o f  ( S p e c i e s  I ) . B ased  on q u a l i t a t i v e

c o n s i d e r a t i o n s  o f  t h e  s t r u c t u r e s  o f  t h e  c i s  and  t r a n s  i s o m e r s
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o f  PdL^, one w o u ld  e x p e c t  t h e  t r a n s  i s o m e r ,  t o  h a v e  t h e

h i g h e r  l e n g t h - t o - b r e a d t h  r a t i o ,  and  t o  be t h e  one t h a t  i s

more l i k e l y  t o  be p o t e n t i a l l y  m esom orph ic .

R e g a r d i n g  t h e  l e n g t h - t o - b r e a d t h  r a t i o  i n  p - o c t y l o x y -

b e n z o i c  a c i d  w h ic h  i s  m e so m o rp h ic , some a p p r o x i m a t i o n s  a r e
9

a v a i l a b l e  i n  H e r b e r t  s d i s c u s s i o n  o f  t h e  r e l a t i o n s h i p

be tw een  l i q u i d  c r y s t a l l i n e  b e h a v i o r  o f  t h e  s e v e r a l  p - a l k o x y

b e n z o i c  a c i d  d im e r s  and  t h e i r  m o l e c u l a r  s t r u c t u r e .  D i f f e r e n t

p a r t s  o f  t h e  m o l e c u l e  a f f e c t  d i f f e r e n t  r e g i o n s  o f  mesomorphic

b e h a v i o r .  H e r b e r t  p o i n t s  o u t  t h a t  when t h e  l e n g t h  o f  t h e

m o l e c u l e  i s  s i m i l a r  t o  i t s  w i d t h ,  a s  f o r  exam ple  i n  p - e t h o x y -

b e n z o i c  a c i d ,  t h e r e  a r e  no m esomorphic  p r o p e r t i e s .  W i th  t h e

a d d i t i o n  o f  — u n i t s  t o  t h e  a l k o x y  c h a i n ,  up  t o  t h e

p o i n t  where  t h e  p h y s i c a l  l e n g t h  o f  t h e  b e n t  a l k o x y  c h a i n  i s

c o m p arab le  t o  t h e  l e n g t h  o f  t h e  - o x y b e n z o i c  a c i d  s e g m e n t ,

l a r g e l y  n e m a t i c  p r o p e r t i e s  a r e  o b s e r v e d .  When t h e  l e n g t h

o f  t h e  a l k y l  c h a i n  becomes t h e  d o m in a n t  p o r t i o n  o f  t h e

l e n g t h  o f  t h e  m o l e c u l e ,  p u re  s m e c t i c  p r o p e r t i e s  a r e

o b s e r v e d .  H e r b e r t  a l s o  p o i n t s  o u t  t h a t  s m e c t i c  p r o p e r t i e s

i n  t h e  a c i d s  o f  t h e  even -num bered  s e r i e s  a r e  f i r s t  n o t i c e d

i n  t h e  p - n - o c t y l o x y  b e n z o i c  a c i d ,  i n  w h ic h  t h e  Ma l k y l

c h a i n  i s  a l m o s t  e x a c t l y  h a l f  t h e  l e n g t h  o f  t h e  w h o le  
9

m o l e c u l e " .
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In  G r a y ' s  d i s c u s s i o n  o f  t h e  s i g n i f i c a n c e  o f  t h e  

l e n g t h  o f  t h e  g e o m e t r i c a l l y  a n i s o t r o p i c  m o l e c u l e  upon 

mesom orphic  b e h a v i o r ,  t h e  a u t h o r  e m p h a s iz e s  t h a t  t h e  e f f e c t  

o f  s t r u c t u r a l  c h a n g e s  must  be c a r e f u l l y  e v a l u a t e d .  The 

e f f e c t  on t h e  m esom orph ic  t h e r m a l  s t a b i l i t y  w i l l  depend 

on t h e  n a t u r e  o f  t h e  m e so p h a se ,  a s  w e l l  a s  on t h e  e f f e c t  

o f  t h e  s t r u c t u r a l  m o d i f i c a t i o n  on t h e  a v e r a g e  i n t e r m o l e c u l a r  

a t t r a c t i v e  f o r c e s .  F o r  exam ple ,  one c o u l d  compare t h e  

e f f e c t  o f  a d d in g  an a r o m a t i c  r i n g  w i t h  t h e  a d d i t i o n  o f  f o u r  

m e t h y l e n e  g r o u p s .  I n  te rm s  o f  m o l e c u l a r  l e n g t h ,  b o th  o f  

t h e s e  s t r u c t u r a l  m o d i f i c a t i o n s  a r e  a p p r o x i m a t e l y  e q u a l .

However,  i n  c a s e  o f  t h e  a r o m a t i c  r i n g ,  t h e  l e n g t h  o f  t h e  

m o l e c u l e  i s  i n c r e a s e d  by a u n i t  w h ic h  c o n t r i b u t e s  s t r o n g l y  

t o  i n t e r m o l e c u l a r  a t t r a c t i o n s .  The f o u r  m e th y le n e  g r o u p s ,  

on t h e  o t h e r  h a n d ,  w i l l  c o n t r i b u t e  much l e s s  t o  i n t e r ­

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

c l e a r  i n  w h a t  way a  g i v e n  s u b s t i t u e n t  . . .  w i l l  a f f e c t  t h e  

o v e r a l l  i n t e r m o l e c u l a r  a t t r a c t i o n s ,  i t  i s  u n w ise  t o  make

p r e d i c t i o n s  a b o u t  ( i t s )  e f f e c t  on t h e  m esom orphic  t h e r m a l
3

s t a b i l i t y  o f  a compound".

S in c e  i n  a l l  mesomorphic  s y s t e m s  one i s  d e a l i n g  

w i t h  a  d e l i c a t e  b a l a n c e  be tw een  t h e  i n t e r m o l e c u l a r  a t t r a c ­

t i o n s  t h a t  e x i s t  b e tw ee n  t h e  p l a n e s ,  t h e  s i d e s ,  and ends
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o f  t h e  m o l e c u l e s ,  s p e c i f i c  c h an g es  i n  t h e  l e n g t h ,  i n  t h e  

b r e a d t h ,  e t c .  o f  t h e  m o l e c u l e  w i l l  e x e r t  s p e c i f i c  e f f e c t s  

on e i t h e r  t h e  s m e c t i c  o r  t h e  n e m a t i c  t h e r m a l  s t a b i l i t i e s ,  

o r  on t h e  t h e r m a l  s t a b i l i t i e s  o f  b o th  m e s o p h a s e s .  W hile  

one i s  t e m p t e d  t o  make g e n e r a l i z a t i o n s  c o n c e r n i n g  t h e  

r e l a t i o n s h i p  be tw een  mesomorphism and c h e m i c a l  c o n s t i t u ­

t i o n ,  we f o u n d  t h a t  i t  i s  n o t  a lw a y s  p o s s i b l e  t o  make 

p r e d i c t i o n s  a b o u t  m esom orph ic  o r  p o t e n t i a l l y  mesomorphic  

b e h a v i o r .  We s u g g e s t  t h a t  t h e  m o d i f i c a t i o n s  i n  t h e  t h e r m a l  

b e h a v i o r  o f  t h e  o r g a n o - p a l l a d i u m  compounds a s  a  r e s u l t  o f  

t h e  i n t r o d u c t i o n  o f  t h e  p - a l k o x y  g ro u p  i n t o  t h e  m o l e c u l e ,  

j u s t i f y  t h e  m e r i t  o f  s u c h  a t t e m p t e d  g e n e r a l i z a t i o n s .  T h is  

d i f f e r e n c e  i n  t h e r m a l  b e h a v i o r  can  b e s t  be a p p r e c i a t e d  by 

c o m p a r i s o n  o f  DTA d a t a  o f  PdL2 t r a n s  w i t h  o t h e r  u n s u b s t i ­

t u t e d  p a l l a d i u m - b e t a - d i k e t o n a t e s , l i k e  P d ( a c a c ) 2  and  

P d ^ z a c ^ ;  a s  w e l l  a s  o t h e r  o r g a n o - p a l l a d i u m  compounds i n  

w h ic h  t h e  Pd i s  c o o r d i n a t e d  t o  o xygen ,  l i k e  P d ( a c e t a t e ) 2 •

We m i g h t  s p e c u l a t e  t h a t  o u r  P d l^  s y s t e m  i s  p o t e n ­

t i a l l y  m eso m o rp h ic ,  b u t  we a r e  u n a b l e  t o  d e t e c t  i t s  meso­

m o rp h ic  b e h a v i o r  b e c a u s e  o f  t h e  h i g h  m e l t i n g  p o i n t .  I t
3

h a s  been r e c o g n i z e d  t h a t  t h e  m e l t i n g  p o i n t  o f  t h e  s o l i d  

m a t e r i a l  i s  one more d i f f i c u l t  f a c t o r  t o  be  c o n s i d e r e d  i n  

m aking  p r e d i c t i o n s  a b o u t  mesom orphic  b e h a v i o r .  A p o t e n ­

t i a l l y  m esom orphic  s y s t e m ,  made up o f  m o l e c u l e s  t h a t  a r e
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l o n g ,  n a r ro w  an d  l i n e a r ,  w i t h  t h e  a p p r o p r i a t e  d i p o l a r  g r o u p s ,

m i g h t  be one i n  w h i c h  s t r o n g  i n t e r m o l e c u l a r  a t t r a c t i o n s  w o u ld

be e x p e c t e d .  " I f ,  h o w ever ,  t h e s e  i n t e r m o l e c u l a r  a t t r a c t i o n s

a r e  t o o  s t r o n g ,  s e l e c t i v e  w e a k e n in g  o f  t h e  c o h e s i v e  f o r c e s

may n o t  o c c u r  u n t i l  h i g h  t e m p e r a t u r e s  a r e  r e a c h e d ;  a n d

when t h e  m e l t i n g  p r o c e s s  does  b e g i n ,  t h e  t h e r m a l  v i b r a t i o n s

may be t o o  g r e a t  t o  a l l o w  an  o r d e r e d  a r r a n g e m e n t  o f  t h e
3

m o l e c u l e s  t o  p e r s i s t " .  One o f  t h e  r e a l  d i f f i c u l t i e s  i n  

m ak in g  p r e d i c t i o n s  a b o u t  m esom orph ic  b e h a v i o r  seems t o  be 

t h e  u n p r e d i c t a b l e  n a t u r e  o f  t h e  m e l t i n g  p o i n t  o f  t h e  com­

po u n d .  I n  o u r  c a s e ,  t h e  h i g h  m e l t i n g  p o i n t  o f  t r a n s  P d ] ^ ,  

( S p e c i e s  I I ) ,  w h i c h  i s  f o l l o w e d  by d e c o m p o s i t i o n ,  c e r t a i n l y  

p r e s e n t e d  r e a l  d i f f i c u l t i e s  i n  a t t e m p t s  t o  d e t e c t  o r  p r o v e  

m esom orph ic  b e h a v i o r .

S e v e r a l  e x a m p le s  a r e  c i t e d  by G ray  i n  c o n n e c t i o n  

w i t h  t h e  d i s c u s s i o n  o f  t h e  e f f e c t  o f  t h e  h i g h  m e l t i n g  

p o i n t :  ( 1 ) p - e t h o x y b e n z o i c  a c i d  ( n o t  m e so m o rp h ic ) ,  w h i c h

s h o u l d  be com pared  w i t h  t h e  o t h e r  members o f  t h i s  hom ologous  

s e r i e s ,  e s p e c i a l l y  t h e  p - n - p r o p y l o x y - b e n z o i c  a c i d .  The 

m e l t i n g  p o i n t  o f  t h e  e th o x y  b . a .  i s  h i g h e r  t h a n  t h e  n e m a t i c -  

i s o t r o p i c  t r a n s i t i o n  t e m p e r a t u r e  p r e d i c t e d  f rom t h e  sm oo th  

c u r v e  r e l a t i o n s h i p  f o r  m esomorphic  t r a n s i t i o n  t e m p e r a t u r e s  

f o r  t h i s  hom ologous  s e r i e s .  I n  t h i s  c a s e  t h e  i s o t r o p i c
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l i q u i d  does  n o t  s u p e r c o o l  s u f f i c i e n t l y  f o r  a  m o n o t r o p i c  

n e m a t i c  m eso p h a se  t o  be o b t a i n e d  o r  o b s e r v e d .

(2 )  The 4 - a c e t a m i d o - 4 " - n i t r o - p - t e r p h e n y l  compound 

i s  compared  w i t h  t h e  3 - 4 " - d i n i t r o ~ p - t e r p h e n y l  compound 

( s t r u c t u r e s  shown b e l o w ) .  The d i n i t r o  compound i s  m eso m o rp h ic ,  

w i t h  a  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  a t  2 2 8 ° .  A t  f i r s t  

c o n s i d e r a t i o n ,  we w ou ld  e x p e c t  t h e  m o n o - n i t r o  a n a l o g u e  t o  

be even more  s u i t a b l e  f o r  m esom orph ic  b e h a v i o r ,  s i n c e  t h e r e

v-O-O-O-""—
4 - a c e t a m i d o - 4 M- n i t r o - p - t e r p h e n y l

4 - a c e t a m i d o - 3 , 4 M- d i n i t r o - p - t e r p h e n y l

i s  no 3 - n i t r o  g r o u p  t o  b r o a d e n  t h e  m o l e c u l e .  I n  f a c t ,  t h e  

4 " - n i t r o - c o m p o u n d  m e l t s  much h i g h e r  t h a n  t h e  d i n i t r o  com­

pound ,  a t  3 3 3 ° ,  and  i t  i s  n o t  m esom orphic .  I n  G r a y ' s  

d i s c u s s i o n  t h i s  l a s t  exam ple  i s  p r o b a b l y  t h e  c l e a r e s t  

i l l u s t r a t i o n  o f  t h e  p r i n c i p l e  t h a t  t h e  h i g h  m e l t i n g  p o i n t  

o f  t h e  compound i s  r e s p o n s i b l e  f o r  t h e  a b s e n c e  o f  meso­

m o rp h ic  p r o p e r t i e s .
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In  su m m a r iz in g  t h e  c o n c l u s i o n s  a b o u t  t h e  i n t e r ­

m o l e c u l a r  f o r c e s  and  t h e i r  r e l a t i o n s h i p  t o  mesomorphic  

p r o p e r t i e s ,  i t  s h o u l d  be  s t r e s s e d  t h a t  t h e s e  f o r c e s  m u s t  

be s u i t a b l y  b a l a n c e d .  They c a n n o t  be t o o  w eak ,  o r  t h e  

o r d e r e d  a r r a n g e m e n t  o f  t h e  mo’l e c u l e s  w i l l  n o t  p e r s i s t  a f t e r  

m e l t i n g  ( a s  i s  t h e  c a s e  i n  o r d i n a r y  m o l e c u l e s  w hich  h a v e  

no g e o m e t r i c  a n i s o t r o p y ) . Nor s h o u l d  t h o s e  f o r c e s  be t o o  

s t r o n g ,  o r  t h e  c r y s t a l  l a t t i c e  w i l l  p e r s i s t  up  t o  t h e  

t e m p e r a t u r e s  t h a t  a r e  t o o  h i g h  f o r  r e t e n t i o n  o f  t h e  m e so ­

m o rp h ic  m o l e c u l a r  o r i e n t a t i o n .

I n  o u r  P d l^  t r a n s  compound i t  i s  p r o b a b l y  t r u e  

t h a t  t h e  i n t e r m o l e c u l a r  f o r c e s  a r e  t o o  s t r o n g ,  and t h a t  

t h e  c r y s t a l  l a t t i c e  p e r s i s t s  up t o  t h e  " d e c o m p o s i t i o n "  

t e m p e r a t u r e s .  I t  i s  p o s s i b l e  t h a t  some o f  t h e  i n t e r m o l e c u l a r  

f o r c e s  a l s o  i n v o l v e  some weak i n t e r m e t a l l i c  i n t e r a c t i o n s  

b e tw e e n  Pd atoms o f  d i f f e r e n t  m o l e c u l e s . At p r e s e n t  one 

c a n  o n l y  s p e c u l a t e  a b o u t  su ch  i n t e r m e t a l l i c  i n t e r a c t i o n s ;  

t h e i r  e x i s t e n c e  c o u l d  be  e s t a b l i s h e d  by f i n d i n g s  o f  a

s h o r t e n e d  Pd-Pd d i s t a n c e  i n  t h e  c r y s t a l  s t r u c t u r e  o f  t h e

,  1 1 7 , 1 1 8 ,1 1 9 , 1 2 0  ,  .
compound.  I n t e r m e t a l l i c  i n t e r a c t i o n s  c o u l d

a l s o  be e s t a b l i s h e d  by e v i d e n c e  o f  m e t a l - m e t a l  v i b r a t i o n s  i n

-1  121t h e  100 t o  250 cm r e g i o n .  However ,  we d i d  n o t  o b s e r v e  

a n y  b an d s  i n  t h o s e  r e g i o n s  o f  t h e  Raman o r  IR s p e c t r a  t h a t
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w e re  i n t e n s e  en ough  t o  be a s s i g n e d  t o  m e t a l - m e t a l  f u n d a ­

m e n t a l  v i b r a t i o n s .

20The X - r a y  c r y s t a l l o g r a p h i c  r e s u l t s  o f  Hon e t  a l  

on P d ( b z a c ) 2  t r a n s  show t h a t  t h e  m e t a l  a tom o f  one m o l e c u l e  

i n  t h e  u n i t  c e l l  i s  i n  c o n t a c t  w i t h  a m e th y l  g r o u p s  o f  t h e  

o t h e r  m o le c u le  ( a  d i s t a n c e  o f  3 . 7 5  A) .  Hon e t  a l  a l s o  

p o i n t  o u t  t h a t  t h e r e  a r e  v an  d e r  Waals  c o n t a c t s  b e tw e en  t h e  

p h e n y l  r i n g s  t h a t  p r o j e c t  on t h e  s i d e s .  I f  one a s su m es  

t h a t  P d l^  S p e c i e s  I I  t r a n s  c r y s t a l l i z e s  i n  a p a t t e r n  s i m i l a r  

t o  t h e  P d ( b z a c ) 2  t r a n s  a n a l o g u e ,  s u c h  v an  d e r  Waals  i n t e r ­

a c t i o n s  be tw een  p h e n y l  g ro u p s  and t h e  i n t e r a c t i o n s  b e tw een  

m e t a l  and  m e t h y l  g r o u p s  o f  a d j a c e n t  m o le c u le s  m ig h t  be 

among t h e  f o r c e s  t h a t  h e l p  m a i n t a i n  t h e  c r y s t a l  l a t t i c e ,  

an d  i n t e r f e r e  w i t h  a t t e m p t s  t o  e s t a b l i s h  p o t e n t i a l l y  memo- 

m o rp h ic  b e h a v i o r .  I n  more g e n e r a l  t e r m s ,  t h e s e  t y p e s  o f  

i n t e r a c t i o n s  a r e  o n l y  some o f  t h e  exam ples  o f  i n t e r a c t i o n s  

t h a t  a f f e c t  t h e  d e l i c a t e  b a l a n c e  o f  i n t e r m o l e c u l a r  f o r c e s ,  

a nd  m ig h t  a c c o u n t  f o r  t h e  h i g h  m e l t i n g  p o i n t  o f  PdL2 

S p e c i e s  I I .
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APPENDIX I .  C o r r e c t i o n  o f  b . p .  t o  S t a n d a r d  P r e s s u r e

T h i s  c o r r e c t i o n  ca n  be c a l c u l a t e d  by u s i n g  t h e  

e q u a t i o n  o f  H. B. Hass and  R. F .  Newton:

A t  = ( 2 7 3 . 1  + t )  ( 2 .8 8 0 8  - l o g  p )
0 + 0 . 1 5  (2 .8 8 0 8  -  l o g  p)

where  A t  = d e g r e s s  C t o  be a d d e d  t o  t h e  o b s e r v e d  
b o i l i n g  p o i n t  

t  = o b s e r v e d  b o i l i n g  p o i n t  
p = o b s e r v e d  p r e s s u r e  i n  t o r r s  
0 = t h e  e n t h r o p y  o f  v a p o r i z a t i o n  a t  760 t o r r

The v a l u e  o f  0 may be e s t i m a t e d  f rom g r a p h s  and  

108t a b l e s ,  a c c o r d i n g  t o  t h e  g r o u p  o f  compounds w i t h  c l o s e  

p h y s i c a l  o r  s t r u c t u r a l  r e s e m b l a n c e .  The 0 v a l u e s  u s e d  

f o r  t h e  c a l c u l a t i o n s  on p - o c t y l o x y - b e n z o y l  c h l o r i d e  w e r e  

6 .3  ( f i r s t  a p p r o x i m a t i o n ) ,  a n d  6 .5

From t h e  d a t a  r e p o r t e d  by P i e r c e  e t  a l ^  f o r  t h e  

p - 2 - o c t y l o x y - b e n z o y l  c h l o r i d e  ( b . p .  2 2 4 -2 2 9 °  a t  40 t o r r ) ,  

i t  was e s t i m a t e d  t h a t  t h e  p - n - o c t y l o x y - b e n z o y l  c h l o r i d e  

s h o u l d  b o i l  a t  240°  a t  40 t o r r .  U s in g  t h e  H ass -N ew ton  

e q u a t i o n ,  t h e  A t  c o r r e c t i o n  was c a l c u l a t e d  t o  be 9 8 ° ,  o r  

t h e  b . p .  a t  s t a n d a r d  p r e s s u r e  e s t i m a t e d  a r o u n d  338°C .

S i m i l a r l y ,  t h e  H ass-N ew ton  e q u a t i o n  was u s e d  on 

t h e  d a t a  o b s e r v e d  i n  t h e  l a b o r a t o r y .  The a r o y l  c h l o r i d e  

p r e p a r e d  b o i l e d  a t  147°C a t  0 . 6 0  t o r r .  The c a l c u l a t e d  

A t  was 1 8 6 ° ,  o r  t h e  e s t i m a t e d  b . p .  a t  s t a n d a r d  p r e s s u r e
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was 147 + 186 = 333°C.

U s i n g  t h e  o t h e r  s e t  o f  c o n d i t i o n s ,  t h e  b . p .  o f  

170° a t  2 . 0  t o r r ,  and  t h e  H ass-N ew ton  e q u a t i o n ,  A t  was 

c a l c u l a t e d  t o  be 1 6 5 . 6 ° ,  and  t h e  b . p .  170 + 1 6 5 .6  = 3 3 5 . 6 °C.
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* C i-+ C 2’ C i ' - C i ' ' C t' C t' C t’ Ci"

Du Dm Did C411 C4,, 0 , f t Du, Cd Sd D t D t
Alg A i A i A i A L Ag Ag Ag A A A A
A 2g A2 A i A 2 A 2 Ag Big Big A A B i B i
Big Bi BX B2 B i Bg Ag Big B B A B i
Big Bi Bz Bi B i Bg Big Ag D B Bi A
Eg E E E E  Eg Big f  Big Big+Big E E Bt- ■ Bi B i + B i
A iu A i Bi Bi A 2 A,i A u Au A B A A
A tu A i Bz B2 A 1 A u Biu Biu A B B i Bi
B  i u Bi Ai A2 B i Bu Au Biu B A A Bi
Bzu B i A i A i B i Bu Biu Au B A Bi A
E u E  E E E  Eu B2u-\- Biu Biu A- Biu E E B2 + B2 B2+B3

* * •
Dm, C i , cv Cg, Od C i' Ci" C2 C t' C t" C t Cz' Ct"

(cont.) Civ C2, Civ Civ Cth Cm Cm C t c 2 C2
Alg A i Ai A i A 1 Ag Ag Ag A A A
Aig A 2 A i B 1 B i Ag Bg Bg A B B
Big A i A i A i B i Ag Ag Bg A A B
Big A 2 A i Bi A i Ag Bg Ag A B A
Eg B i+ B t B i - Bz A2 + B2 A i \ - B i  2 Bg Ag+Bg Ag+B, 2 B A +  3 A + B
A iu A i As A i A 2 Au Au Au A A A
A iu A i A i B i B i Au Bu Bu A B B
Biu A2 A i A i B i Au Au B u A A B
Biu A i A 2 B i A t A u Bu Au A B A
Eu B1 + B2 R1 + B2 A1 + B1 A i - tB i  2 BuAu + Bu A u 'rB U 2 B A +  B A-i-B

* ’ ** D4 h ’ D2h  and C2 v subSr o u Ps u s e d  h e r e

C h a r a c t e r  T a b le s  f o r  and Cgv ttyrmnetry Groups

i ) « / 2 C 4(z) < v .  c ; 2C j 2Cg <’h 2i/„ 2d u 2 .S', S i -r i

A i, +  1 -1-1 +1 +  1 +  1 +  1 +  1 +  1 +  1 +  1 <*.« 4- <*„.<*■>
A t, .  + 1 +  1 +1 +  1 + 1 - 1 — 1 - 1 — ] - 1
A u +  1 +  1 + 1 - 1 - I +  1 — 1 - 1 +  1 4-1 R,
A i , + 1 +  1 + 1 - 1 - I - 1 +  1 +  1 — 1 - 1 z.
Bi. +  1 — 1 +1 +  1 - 1 +  1 +  1 - 1 — 1 +  1 ~  a“
B t. +  1 — 1 -1-1 +  1 - 1 - 1 — 1 +  1 +  1 - 1
B u +  1 — 1 +1 - I +  1 H-l — 1 4-1 — I -1-1 “ «r
B u 4-1 — 1 -1-1 - I •}-1 - 1 -11 - 1 -1-1 - 1
E, -F2 0 - 2 0 0 - 2 0 0 0 + 2 ( R . J Q ( 3 „ .  3 ..)
E. + 2 0 - 2 0 0 -1-2 0 0 0 - 2 ( x , y )

M.
>111*“4
Q

1 o(xy) ct(x z ) o(yz) i G O ) GOO G O )

A , +  1 -11 +  1 4-1 -FI +  1 +  1 +  1
A . +  1 - 1 - 1 - 1 - 1 -1-1 -1-1 ' -F 1
B i. 4 1 I I - I - I -I-1 - I I -  I - 1 R,
B u -1-1 — I - -1-1 -1 1 - 1 -1-1 - 1 - 1 z
B u -M -I •II — 1 1 1 1 1 - I R,
B u +  1 -1-1 - 1 +  1 - 1 — 1 -FI -1 y
B u -FI - 1 - 1 -M -1-1 — 1 - I -1-1 R. 0,1
B u +  1 -FI +  1 — 1 - 1 — 1 - - I -FI X

— !

Ci, E ct <r,(xz) a 'ly z )

A t 1 1 1 1 2 v 2, z2
A 2 1 r - 1 - 1 R, xy /
B i 1 - 1 1 - 1 X ,  Ry xz
B 2 1 - 1 - 1 1 v , R z y*
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