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ABSTRACT

PART ONE

PYRIDINE COMPLEXES OF Z IN C (I I ) ,  CADMIUM(II),

AND MERCURY(II) NITRATES

PART TWO

PRELIMINARY INVESTIGATION OF SOME OXIDATION AND COMPLEXATION 

REACTIONS OF GROUP V-B METALS IN NONAQUEOUS SOLVENTS

BY

THOMAS JAMES OUELLETTE

T h is  t h e s i s  I s  d i v i d e d  I n t o  two p a r t s .  P a r t  I  d e a l s  

w i th  p y r i d i n e  com plexes o f  z l n c ( I I ) ,  c a d m iu m (I I ) ,  and  m er­

c u ry  ( I I ) ,  w hich  were p r e p a r e d  by t h e  r e a c t i o n  o f  t h e  a n h y ­

d ro u s  m e ta l  n i t r a t e s  w i th  p y r i d i n e  i n  n onaqueous s o l u t i o n .  

A d d i t i o n a l  p y r i d i n e - n i t r a t e  com plexes  o f  t h e  g ro u p  I I - B  m e ta l  

n i t r a t e s  were s y n t h e s i z e d  by th e r m a l  d e c o m p o s i t io n  r e a c t i o n s .  

The com plexes w hich  w ere c h a r a c t e r i z e d  i n  t h i s  s tu d y  i n c l u d e i  

[Z n (p y )  ^ (N 0 ^)2 j , [ Z n ( p y ) 2 (N03 ) 2 ] ,  [Z n (p y )  ^ ( N O ^ ]  • 3py. 

[C d (p y )^ (N 0 ^ )2 ] ,  [Cd2 (py)^(N O ^)i4>] ,  [ C d ( p y ) (NO^)g ]  • 3py. 

[H g (p y )2 (NO^)2 ] ,  and  [H g (p y )2 (NO^Jg] • 3py. C h a r a c t e r i z a t i o n  

o f  th e  com plexes by means o f  d t a ,  t g a ,  c o n d u c ta n c e ,  m a g n e t ic  

s u s c e p t i b i l i t y ,  m o le c u la r  w e ig h t ,  X - ra y  d i f f r a c t i o n ,  u l t r a ­

v i o l e t  a n d  v i s i b l e  s p e c t r o s c o p y ,  and  r e g u l a r  an d  f a r - i n f r a r e d  

s p e c t r o s c o p y  l e d  t o  t e n t a t i v e  s t r u c t u r a l  a s s ig n m e n t s .  I t  was 

c o n c lu d e d  t h a t  t h e  t r i s ( p y r i d i n e )  com plex o f  z i n c ( I I )  had  a



t r i g o n a l  b ip y r a m id a l  o r  d i s t o r t e d  o c t a h e d r a l  g e o m e try ,  t h a t  

t h e  b i s ( p y r i d i n e )  com plexes o f  z i n c ( I I )  and  m e r c u r y ( I I )  had 

a  p s e u d o t e t r a h e d r a l  g e o m e try ,  t h a t  t h e  t r i s ( p y r i d i n e )  and 

t e t r a n i t r a t o  com plexes o f  c ad m iu m (II)  had  a  p o l jn n e r ic  d i s ­

t o r t e d  o c t a h e d r a l  g e o m e try ,  and  t h a t  t h e  t h r e e  t r i s o l v a t e s  

had  a  g e o m e try  a n a lo g o u s  t o  t h e i r  p a r e n t  co m p lex es , b u t  w i th  

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

P a r t  I I  o f  t h i s  t h e s i s  d e a l s  w i t h  a  s t u d y  o f  t h e  o x i ­

d a t i o n  o f  t h e  g ro u p  V-B m e t a l s  by s i l v e r  n i t r a t e  and  brom ine  

i n  nonaqueous s o l v e n t s ,  an d  com plex in g  o f  t h e  o x i d i z e d  m e ta l s  

w i th  ammonium f l u o r i d e  and  p y r i d i n e .  I t  was fo u n d  t h a t  th e  

g ro u p  V-B m e ta l s  c o u ld  be o x i d i z e d  i n  1 , 2 - d im e th o x y e th a n e ,  

d io x a n e ,  a n d  fo rm am ide , and  i n  many c a s e s  ammonium f l u o r i d e  

a n d  p y r i d i n e  com plexes c o u ld  be i s o l a t e d .  The o x i d a t i o n  r e ­

a c t i o n s  w ere  g e n e r a l l y  c o m p l ic a te d  by s o l v e n t  I n t e r a c t i o n ,  

and  t h e  com plexes o b t a i n e d  from  t h e  o x i d i z e d  m e ta l  s o l u t i o n s  

w ere  m o s t ly  m ix t u r e s ,  w h ich  c o u ld  n o t  be  a d e q u a te ly  p u r i f i e d .
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PART ONE

PYRIDINE COMPLEXES OF Z IN C ( I I ) ,  CADMIUM(II), 

AND MERCURY(II) NITRATES



I . INTBODUCTION

P y r i d i n e  com plexes o f  t h e  t r a n s i t i o n  and  p o s t - t r a n s i -  

t i o n  m e ta l s  have  b e e n  s t u d i e d  i n  g r e a t  d e t a i l  by a  l a r g e  

number o f  w o r k e r s .1 - 1 ^ Two somewhat u n iq u e  c h a r a c t e r i s t i c s  

o f  p y r i d i n e  com plexes a r e  t h e  e x h i b i t i o n  o f  a  w ide v a r i a t i o n  

i n  th e r m a l  s t a b i l i t y , 1^ and  t h e  p r e p a r a t i o n  o f  more t h a n  one 

p y r i d i n e  complex from  th e  same m e ta l  s a l t . 1 '’ S u r p r i s i n g l y ,  

v e ry  l i t t l e  work h a s  b e en  r e p o r t e d  o n  com plexes o f  an h y d ro u s  

m e ta l  n i t r a t e s . i n  t h i s  work, t h e  r e s u l t s  o f  s t u d i e s  

on t h e  p y r i d i n e  com plexes o f  an h y d ro u s  m e ta l  n i t r a t e s  o f  

z i n c ( I I ) ,  c a d m iu m (I I ) ,  and  m e r c u r y ( I I )  a r e  r e p o r t e d .

I n  d e s i g n i n g  t h i s  p ro b lem  t h e r e  were b a s i c a l l y  two 

p r im a ry  o b j e c t i v e s .  The f i r s t  o f  t h e s e  was to  a s c e r t a i n  w hich  

p y r i d i n e  com plexes o f  z i n c ( I I ) ,  cadmium(I I ) ,  and  m e r c u r y ( I I )  

c o u ld  be p r e p a r e d .  G r o s s m a n ^  has r e p o r t e d  t h e  s y n t h e s i s  o f  

Z n (p y )2 (N0^)2 *2H20 an d  C d (p y )2 (N0^)2 *2H20, b u t  t h e  o n ly  an h y ­

d ro u s  p y r i d i n e - n i t r a t e  com plexes o f  th e  g roup  I I - B  m e ta l s  

which have b e e n  r e p o r t e d  a r e  Z n tp y J ^ N O -^ g 11 and ^ g ^ P y ^ ( NO3 ) 2 • ^  

and i n  b o th  c a s e s  o n l y  m eager i n f o r m a t i o n  was g iv e n  on  t h e s e  

com pounds.

The se co n d  o b j e c t i v e  i n  t h i s  p r o j e c t  was t o  s tu d y  th e  

p h y s i c a l  and c h e m ic a l  p r o p e r t i e s  o f  t h e  p y r i d i n e - n i t r a t e  com­

p le x e s  o f  t h e  g ro u p  I I - B  m e t a l s  w i th  th e  em p h asis  d i r e c t e d  

tow ard  e l u c i d a t i n g  t h e i r  s t e r e o c h e m ic a l  p r o p e r t i e s .  The g e o ­

m e t r i e s  o f  a  l a r g e  number o f  z i n c ( I I ) ,  cadm iu m (II)  and  m e rc u ry -  

( I I )  com plexes have been  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 x h i b i t  

c o n s i d e r a b le  v a r i e t y .  Z i n c ( I I )  com plexes a r e  m ost commonly

- 1 -
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t e t r a h e d r a l  o r  p s e u d o t e t r a h e d r a l , b u t  com plexes e x h i b i t i n g  

o t h e r  g e o m e t r i e s  a r e  f r e q u e n t l y  e n c o u n t e r e d . ^  Cadm ium (II) 

com plexes a r e  g e n e r a l l y  o c t a h e d r a l ,  b u t  once  a g a i n  numerous 

o t h e r  g e o m e t r i e s  have  a l s o  b e e n  o b s e r v e d . ? ’20 M e r c u ry ( I I )  

com plexes seem to  f a v o r  t e t r a h e d r a l  an d  o c t a h e d r a l  g e o m e t r i e s ,  

and  f r e q u e n t l y  p o ly m e r ic  com plexes w i th  b o th  o f  t h e s e  g e o m e tr i e s  

a r e  f o u n d .1 ^ ’1 ^

S in c e  t h i s  s tu d y  encom passes  n i t r a t e  com p lexes , d i f ­

f e r e n t  t y p e s  o f  c o o r d i n a t e  b ond ing  a r e  p o s s i b l e .  N i t r a t e  

g ro u p s  can  f u n c t i o n  a s  i o n i c ,  m o n o d e n ta te ,  b i d e n t a t e ,  and  

b r i d g i n g  l i g a n d s .3 ^ .3 6

The s y n t h e t i c  and  s t r u c t u r a l  a s p e c t s  i n  t h i s  work r e ­

q u i r e d  t h e  u se  o f  d i f f e r e n t i a l  th e rm a l  a n a l y s i s ,  t h e r m o g r a v i -  

m e t r l c  a n a l y s i s ,  mass s p e c t r o m e t r y ,  m o le c u la r  w e ig h t  m ea su re ­

m en ts ,  m a g n e tic  m easu rem en ts ,  X -ra y  pow der d i f f r a c t i o n  

m easu rem en ts ,  i n f r a r e d  s p e c t r o s c o p y ,  c o n d u c t i v i t y  m easu rem en ts ,  

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

copy . _

P a r t  I  o f  t h i s  t h e s i s  i s  d i v id e d  i n t o  f o u r  m ajo r  

s e c t i o n s .  S e c t i o n  I  i s  t h e  i n t r o d u c t i o n ,  and I n c lu d e s  a 

b r i e f  d i s c u s s i o n  o f  th e  p u rp o se  and  sco p e  o f  t h i s  work. S e c ­

t i o n  I I  c o n s i s t s  o f  t h e  e x p e r im e n ta l  a s p e c t s  o f  t h i s  work, 

g i v in g  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  s y n t h e s i s  an d  e x p e r im e n ta l  

t e c h n iq u e s  u se d  i n  c h a r a c t e r i z i n g  th.e com plexes . S e c t i o n  I I I  

p r e s e n t s  th e  r e s u l t s  o f  t h e  work, an d  a  d i s c u s s i o n  o f  t h e  

c o n c l u s i o n s .  S e c t i o n  IV sum m arizes b r i e f l y  t h e  r e s u l t s  o f  

t h i s  i n v e s t i g a t i o n .  F o l lo w in g  S e c t i o n  IV i s  a  l i s t  o f  

r e f e r e n c e s .
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I I . EXPERIMENTAL

A. S t a r t i n g  M a t e r i a l s .

R e ag e n t  g r a d e  m e th a n o l  ( F i s h e r )  was d r i e d  by d i s t i l ­

l a t i o n  from  magnesium a c t i v a t e d  w i th  i o d i n e .  R eag en t  g ra d e  

p y r i d i n e  ( F i s h e r )  was d r i e d  by d i s t i l l a t i o n  from  p o ta s s iu m  

h y d ro x id e  p e l l e t s  and s t o r e d  o v e r  b a r iu m  o x id e  u n t i l  u se d .  

P r a c t i c a l  g ra d e  2 ,2  '-d im e th o x y p ro p a n e  (Eastm an) was u se d  w i t h ­

o u t  f u r t h e r  p u r i f i c a t i o n .  A l l  o t h e r  c h e m ic a ls  were o f  r e a g e n t  

g ra d e  and  i n c l u d e i  a n h y d ro u s  d i e t h y l  e t h e r  ( F i s h e r ) ,  N , N '- d i -  

m ethy lfo rm am id e  (E as tm an ) ,  c h lo ro fo rm  ( F i s h e r ) ,  s i l v e r  n i t r a t e  

( F i s h e r ) ,  b ism u th  ( J .  T. B aker ,  p o w d e r) ,  z in c  ( J .  T. B ak er ,

20 m esh), cadmium ( F i s h e r ,  m ossy, s t i c k s ) ,  z i n c ( I I )  n i t r a t e  

h e x a h y d r a te  ( F i s h e r ) ,  c ad m iu m (II)  n i t r a t e  t e t r a h y d r a t e  ( F i s h e r ) ,  

m e r c u r y ( I I )  n i t r a t e  m onohydra te  ( F i s h e r ) ,  and m e r c u r y ( I I )  o x id e  

( F i s h e r ,  y e l lo w ) ,  w hich  were u se d  w i th o u t  f u r t h e r  p u r i f i c a t i o n .

B. P r e p a r a t i o n  o f  t h e  Z in c  C om plexes.

P r e c u r s o r s  to  t h e  s y n t h e s i s  o f  some o f  t h e  com plexes 

were t h e  d i f f e r e n t i a l  th e r m a l  a n a l y s i s  ( d t a )  and  th e r m o g r a v i -  

m e t r i c  a n a l y s i s  ( t g a )  o f  d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) . An 

o u t l i n e  o f  t h i s  work i s  fo u n d  i n  s u b s e c t i o n s  F and  G.

1 .  P r e p a r a t i o n  o f  D i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) .

[Z n (p y )^ (N 0 ^ ) g ] ,  from  Z in c  M e ta l .

G ra n u la r  z in c  ( 7 .5  S. 0 .1 5  m ole) was a d d ed  t o  a  mag­

n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  3^ g (0 .2 1  m ole) o f  s i l v e r  

n i t r a t e  i n  100 ml o f  d r y  m e th a n o l .  F o r  t h e  f i r s t  h o u r  th e
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m ix tu re  was cooled, i n  a n  i c e  b a t h  b e c a u s e  th e  r e a c t i o n  was 

h i g h l y  e x o th e rm ic .  A f t e r  s t i r r i n g  f o r  a  t o t a l  o f  32 h r ,  t h e  

m ix tu r e  gave a  n e g a t i v e  t e s t  f o r  t h e  p r e s e n c e  o f  Ag+ , u s i n g  

6 M h y d r o c h l o r i c  a c i d .  The r e a c t i o n  m ix tu r e  was f i l t e r e d  to  

remove su sp en d e d  s o l i d s ,  and  25 ml (0 .3 2  m ole) o f  d r y  p y r i d i n e  

was ad d ed  to  t h e  warm f i l t r a t e .  The s o l u t i o n  was c o n c e n t r a t e d  

o v e r  a n  i n f r a r e d  lamp to  a  f i n a l  volume o f  40 ml and  p la c e d  

i n  a  r e f r i g e r a t o r  a t  0° t o  in d u c e  c r y s t a l l i z a t i o n .  At t h e  

end o f  12 h r  a  c o p io u s  am ount o f  w h i te  c r y s t a l l i n e  m a t e r i a l  

was p r e s e n t  i n  t h e  f l a s k .  The p r o d u c t  was c o l l e c t e d  on a  

s l n t e r e d - g l a s s  f i l t e r  and washed tw ic e  w i th  d r y  m e th an o l  f o l ­

lowed by two w a sh in g s  w i th  a n h y d ro u s  e t h e r .  The p r o d u c t  was 

r e c r y s t a l l i z e d  by d i s s o l v i n g  i t  i n  a  m in im al amount o f  b o i l i n g  

m e th an o l  to  w hich  was added  10 ml o f  p y r i d i n e .  A f t e r  s t a n d i n g  

f o r  12 h r  a t  room t e m p e r a tu r e ,  th e  m ix tu r e  was f i l t e r e d  th r o u g h  

a  s i n t e r e d - g l a s s  f i l t e r  and  th e  s o l i d  was washed s u c c e s s i v e l y  

w i th  two 20-m l p o r t i o n s  o f  m e th an o l  and  two 20-m l p o r t i o n s  o f  

a n h y d ro u s  e t h e r .  The compound was f r e e d  o f  r e m a in in g  s o l v e n t  

by s t o r a g e  i n  a n  e v a c u a te d  d e s i c c a t o r  o v e r  s i l i c a  g e l  f o r  6 

h r .

A n a l . C a lcd  f o r  [ Z n C p y ^ N O ^ ] i  Zn, 15 .32*  N, 1 6 .4 2 ;  

C, 4 2 .22*  H, 3 -5 4 .  Pound* Zn, 15-53* N, 16 .53* C, 41 .76*

H, 3 .4 7 .

2 . P r e p a r a t i o n  o f  D i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) .

[Z n (p y )^ (N 0 ^ ) P], from  Z l n c ( I I )  N i t r a t e  H e x a h y d ra te .

Z i n c ( I I )  n i t r a t e  h e x a h y d ra te  (2 9 .8  g, 0.U0 m ole) was 

added  to  100 ml o f  2 , 2 ' -d im e th o x y p ro p a n e  i n  a  2 5 0 -m l s i n g l e ­

n eck ed , ro u n d -b o t to m e d  f l a s k  f i t t e d  w i th  a  r e f l u x  c o n d e n se r .
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The m ix tu re  was r e f l u x e d  f o r  14 h r ,  y i e l d i n g  a  p a l e  y e l lo w  

s o l u t i o n .  The c o n d e n se r  was rem oved and t h e  b o i l i n g  c o n t in u e d  

t o  a  f i n a l  volum e o f  40 m l. The r e a c t i o n  m ix tu r e  was f i l t e r e d  

t o  remove a n y  su sp en d e d  s o l i d s ,  a n d  24 ml (0 .3 1  m ole) o f  d r y  

p y r i d i n e  was added  t o  t h e  warm f i l t r a t e .  No im m ed ia te  p r e c i ­

p i t a t i o n  o c c u r r e d ,  b u t  a f t e r  s t a n d i n g  f o r  24 h r  a t  room tem ­

p e r a t u r e  a  l a r g e  q u a n t i t y  o f  t r a n s p a r e n t ,  c r y s t a l l i n e  m a te r ia l^  

was p r e s e n t  i n  t h e  f l a s k .  The p r o d u c t  was c o l l e c t e d  on a  

s i n t e r e d - g l a s s  f i l t e r  and  washed w i th  a n h y d ro u s  e t h e r .  The 

p r o d u c t  was r e c r y s t a l l i z e d  by d i s s o l v i n g  i t  i n  a  m in im al amount 

o f  m e th an o l  t o  w hich  was t h e n  a d d ed  10 ml o f  p y r i d i n e .  A f t e r  

s t a n d i n g  a t  room te m p e r a tu r e  f o r  18 h r ,  t r a n s p a r e n t  c r y s t a l s  

had form ed i n  t h e  f l a s k .  The p r o d u c t  was c o l l e c t e d  on  a  s i n ­

t e r e d - g l a s s  f i l t e r  and washed s u c c e s s i v e l y  w i th  two 20-m l 

p o r t i o n s  o f  m e th an o l  and  two 20-m l p o r t i o n s  o f  an h y d ro u s  e t h e r .  

The p r o d u c t  was f i n a l l y  d r i e d  f o r  6 h r  i n  a n  e v a c u a te d  d e s i c ­

c a t o r  o v e r  s i l i c a  g e l .

A n a l . C a lcd  f o r  [ Z n ( p y ) 3 (N03 ) 2] » Zn, 15-32} N, 16 .42?  

C, 4 2 .2 2 ;  H, 3 .5 4 .  Pound 1 Zn, 15-54} N, l 6 . 4 l ;  C, 42 .12}

H, 3 -4 3 .

3- P r e p a r a t i o n  o f  D i n l t r a t o b i s ( p y r i d i n e ) z i n c ( I I ) .

[ Z n ( p y ) 9 (N0^) ? ] .

A w eighed  sam ple  o f  d i n l t r a t o t r i s ( p y r i d l n e ) z i n c ( I I )  

was f i n e l y  g ro und  an d  p l a c e d  i n  a  p o r c e l a i n  c r u c i b l e .  The 

c r u c i b l e  was p l a c e d  i n  a  H osk ins  c o m b u s tio n  f u r n a c e ,  w hich 

was h e a te d  t o  115°  and th ro u g h  w hich  a  s lo w  s t r e a m  o f  d ry  n i ­

t r o g e n  gas was p a s s e d .  The sam ple  was rem oved from  t h e  f u r ­

n a c e ,  w eighed , and re g ro u n d  s e v e r a l  t im e s  o v e r  a  p e r i o d  o f
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9 . 5  h r .  At th e  end  o f  t h i s  t im e  no f u r t h e r  change  I n  w e ig h t  

was o b s e r v e d .  The sam ple  had  l o s t  1 8 .8 3 #  o f  i t s  o r i g i n a l  

w e ig h t ,  w hich  com pares f a v o r a b l y  w i th  a  t h e o r e t i c a l  w e ig h t  

l o s s  o f  1 8 .5 ^ #  f o r  t h e  f o r m a t io n  o f  th e  b i s ( p y r i d i n e )  com plex . 

The f i n a l  p r o d u c t  was a  v e r y  p a l e  p in k  s o l i d ;  t h e  t o t a l  change 

i n  w e ig h t ,  t h e r e f o r e ,  c o r r e s p o n d e d  to  t h e  l o s s  o f  one m ole o f  

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

f o r e  i

115°
[ Z n ( p y ) 3 (NO^)2]  ------------ > [Z n ( p y ) 2 (N 0^)2]  + py. (1)

N2

A n a l . C a lcd  f o r  [ Z n (p y ) 2 ( N O ^ ]  i Zn, 1 8 .8 1 ;  N, 1 6 .1 1 ;

G, 3 ^ .5 3 ?  H, 2 .8 8 .  Found; Zn, 1 8 .9 8 ;  N, 1 6 .2 6 ;  C, 3^ .13?

H, 2 .8 6 .

4 .  P r e p a r a t i o n  o f  D i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) T r lp y -  

r l d l n e ,  [ Z n ( p y ) ^ (N 0^)g] - 3 p y .

A w eighed  sam ple o f  d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I )  

was f i n e l y  g round  and t r a n s f e r r e d  to  a  p o r c e l a i n  e v a p o r a t i n g  

d i s h .  The sam ple was p l a c e d  i n  a  d e s i c c a t o r  o v e r  p y r i d i n e  

f o r  n i n e  days a t  room t e m p e r a t u r e .  D u r in g  t h i s  t im e  t h e  s t a r t ­

in g  m a t e r i a l  added  t h r e e  m oles o f  p y r i d i n e .  The sam ple was 

th e n  p l a c e d  i n  a  d e s i c c a t o r  a t  60 mm p r e s s u r e  and  r e v e r t e d  to  

i t s  o r i g i n a l  u n s o l v a t e d  w e ig h t ,  t h u s  I n d i c a t i n g  t h e  r e v e r s i ­

b i l i t y  o f  t h e  s o l v a t i o n  p r o c e s s .  The o r i g i n a l  sam ple  an d  th e  

t r i s o l v a t e  have u n iq u e  powder p a t t e r n s .  The i n f r a r e d  sp e c t ru m  

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

r i d i n e ,  The r e a c t i o n  i s  g iv e n  on  t h e  f o l lo w in g  p a g e .
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25° .

[Z n (p y )  (N O .),,] + 3py < -------------— [ Z n ( p y M N O J , J * 3 p y  (2 )
3 3 2 25° ,  60 mm * ^

A n a l . C a lcd  f o r  [Z n (p y )^ (N O ^)2 ]*3py» Zn, 9 .8 5 .  Foundi 

Zn, 1 0 .2 9 .

5 . D e c o m p o s i t io n  P r o d u c ts  from  D i n i t r a t o t r i s ( p y r i d i n e ) -

z l n c d l ) .

A sam ple  o f  d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I )  was g r a ­

d u a l l y  h e a t e d  t o  t e m p e r a tu r e s  i n  e x c e s s  o f  250°  w i th  f r e q u e n t  

w e ig h in g .  Beyond 130° t h e  sam ple  l o s t  w e ig h t  v e ry  r a p i d l y  

and  th e  f i n a l  p r o d u c t  was i d e n t i f i e d  a s  z i n c ( I I )  o x id e  by i t s  

powder p a t t e r n .  No s t a b l e  i n t e r m e d i a t e  compounds w i th  a  lo w e r  

p y r i d i n e  c o n te n t  t h a n  d i n l t r a t o b i s ( p y r i d i n e ) z i n c ( I I )  c o u ld  

be i s o l a t e d .  W hether h e a te d  i n  a i r  o r  i n  a  d r y  n i t r o g e n  a t ­

m osphere , t h e  same p r o d u c t  was i s o l a t e d .  The r e a c t i o n  i s  

t h e r e f o r e  1

130° d e c o m p o s i t io n
[Z n (p y ) 2 (N O ^ ^ ]  ----------- ^ ZnO + p r o d u c t s  ( 3 )

C. P r e p a r a t i o n  o f  Cadmium C om plexes.

The s y n t h e s i s  o f  some o f  th e  cadmium com plexes r e s u l t e d  

from  i n f o r m a t i o n  o b t a i n e d  from  d i f f e r e n t i a l  t h e rm a l  a n a l y s i s  

( d t a )  and  th e r m o g r a v lm e t r ic  a n a l y s i s  ( t g a )  o f  d i n i t r a t o t r i s -  

( p y r i d i n e ) cadmium( I I ) .  An o u t l i n e  o f  t h e  d t a  an d  t g a  work 

i s  fo u n d  i n  s u b s e c t i o n s  F and  G.

1 . P r e p a r a t i o n  o f  D i n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I ) .

[G d (p y )3 (N03 ) ? ] ,  from  Cadmium M e ta l .

An i n d i r e c t  m ethod o f  o x i d i z i n g  cadmium i n  m ethano l
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was s e l e c t e d  f o r  two r e a s o n s .  The o x i d a t i o n  o f  cadmium by 

s i l v e r  n i t r a t e  i s  v e r y  s lo w , and  i t  was n o t  p o s s i b l e  t o  o b ­

t a i n  i n  m e th an o l  a  cadmium n i t r a t e  s o l u t i o n  t h a t  was f r e e  o f  

s i l v e r  io n .

G r a n u la r  b ism u th  (15 g , 0 .0 7 2  m ole) was added  t o  a  

m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  3^ g (0 .2 1  m ole) o f  s i l v e r  

n i t r a t e  i n  100 ml o f  d r y  m e th a n o l .  The m ix tu re  was s t i r r e d  

a t  room t e m p e r a tu r e  f o r  30 h r  and  f i l t e r e d  to  remove su sp e n d e d  

s o l i d s .  The f i l t r a t e  gave  a  n e g a t iv e  Ag+ t e s t  w i th  6 M h y d ro ­

c h l o r i c  a c i d .  Cadmium ( f i l i n g s )  (12 g , 0 .1 1  m ole) was ad ded  

to  t h e  b i s m u t h ( I I I )  s o l u t i o n ;  th e  m ix tu r e  was s t i r r e d  f o r  30 

h r  and f i l t e r e d  to  remove su sp en d e d  s o l i d s .  The f i l t r a t e  

gave a  n e g a t iv e  b i s m u t h ( I I I )  t e s t  w i th  s ta n n o u s  c h l o r i d e .  

P y r i d i n e  (24 ml, 0 .3 1  mole) was added  to  th e  cadm ium (II)  s o l u ­

t i o n ,  and  th e  m ix tu re  was c o n c e n t r a t e d  o v e r  an  i n f r a r e d  lamp 

to  a  f i n a l  volume o f  40 ml. The m ix tu r e  was p l a c e d  i n  a  r e ­

f r i g e r a t o r  a t  0° f o r  12 h r  t o  in d u c e  c r y s t a l l i z a t i o n .  The 

w h i te  c r y s t a l l i n e  m a t e r i a l  was f i l t e r e d  and  washed tw ic e  w i th  

a n h y d ro u s  e t h e r .  The p r o d u c t  was r e c r y s t a l l i z e d  by d i s s o l v i n g  

i t  i n  a  m in im al am ount o f  b o i l i n g  m e th a n o l  and a d d in g  10 ml 

o f  p y r i d i n e  to  t h e  b o i l i n g  m ix tu r e .  P r e c i p i t a t i o n  d id  n o t  

o c c u r  im m e d ia te ly ,  b u t  a f t e r  s t a n d in g  f o r  14 h r  a t  room tem ­

p e r a t u r e  l a r g e  t r a n s p a r e n t  c r y s t a l s  were fo rm ed . The p r o d u c t  

was c o l l e c t e d  o n  a  s i n t e r e d - g l a s s  f i l t e r ,  and  w ashed s u c c e s ­

s i v e l y  w i t h  two 20-m l p o r t i o n s  o f  m e th a n o l  and  two 20-ml 

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

i n  an  e v a c u a te d  d e s i c c a t o r  o v e r  s i l i c a  g e l  f o r  4 h r .

A n a l . C a lcd  f o r  [ C d ( p y ) 3 (N03 ) 2] t  Cd, 2 3 .7 2 ;  N, 1 4 .7 8 ;
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C, 3 8 .0 3 ;  H, 3 .1 9 .  Poundi Cd, 2 4 .1 8 ;  N, 1 4 .8 4 ;  C, 37 .73*

H, 3 .1 0 .

2 . P r e p a r a t i o n  o f  D l n l t r a t o t r l s ( p y r i d i n e ) o a d m lu m (II ) . 

[CdCpyj^CNO^) ^ ] ,  from  C adm lum (II) N i t r a t e  T e t r a -  

h y d r a t e .

C adm ium (II) n i t r a t e  t e t r a h y d r a t e  (30 g , 0 .1 0  m ole) 

was added  t o  100 ml o f  2 , 2 '-d im e th o x y p ro p a n e  i n  a  2 50 -ml 

s i n g l e - n e c k e d ,  ro u n d -b o t to m e d  f l a s k  f i t t e d  w i th  a  r e f l u x  

c o n d e n s e r .  The m ix tu r e  was r e f l u x e d  f o r  22 h r ,  y i e l d i n g  an  

o r a n g e - y e l lo w  s o l u t i o n .  The m ix tu r e  was f i l t e r e d  t o  remove 

su sp en d e d  s o l i d s ,  an d  24 ml (0 .3 1  m ole) o f  d r y  p y r i d i n e  was 

add ed  t o  t h e  warm m ix t u r e .  The m ix tu r e  was c o n c e n t r a t e d  o v e r  

a n  i n f r a r e d  lam p t o  a  f i n a l  volum e o f  60 ml an d  c o o le d  to  

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

l a r g e  q u a n t i t y  o f  w h i te  c r y s t a l l i n e  m a t e r i a l .  The r e a c t i o n  

m ix tu r e  was f i l t e r e d  and  th e  s o l i d  washed tw ic e  w i th  a n h y d ro u s  

e t h e r .  The p r o d u c t  was r e c r y s t a l l i z e d  tw ic e  u s i n g  25-m l p o r ­

t i o n s  o f  p y r i d i n e  a n d  s u f f i c i e n t  m e th an o l  t o  j u s t  d i s s o l v e  

t h e  s o l i d .  The p r o d u c t  was f i n a l l y  d r i e d  f o r  4 h r  i n  a n  e v a ­

c u a te d  d e s i c c a t o r  o v e r  s i l i c a  g e l .

A n a l . C alcd  f o r  [ C d ( p y ) 3 (N03 ) 2] * Gd, 2 3 .7 2 ;  N, 1 4 .7 8 ;

C, 3 8 .0 3 ;  H, 3 .1 9 .  Found; Cd, 2 4 .0 9 ;  N, 1 4 .7 6 ;  G, 3 7 .7 7 ;

H, 3 .0 5 .

3. P r e p a r a t i o n  o f  T e t r a n l t r a t o t r l s ( p y r l d i n e ) d l c a d m i u m ( I I ) . 

[Cd9 (p y )3 (N03 ) Zlt] ,  from  D l n l t r a t o t r l s  ( p y r i d in e ) c a d m i u m ( I I ) . 

A w eighed  sam p le  o f  d l n l t r a t o t r l s ( p y r i d i n e ) c a d m i u m ( I I )

was f i n e l y  g round  an d  p l a c e d  i n  a  p o r c e l a i n  c r u c i b l e .  The
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The c r u c i b l e  was p la c e d  I n  a  H osk ins  c o m b u s tio n  f u r n a c e ,  w hich  

was h e a t e d  to  115° and  th r o u g h  w hich  a  s lo w  s t r e a m  o f  d r y  n i ­

t r o g e n  g as  was p a s s e d .  The sam ple was removed from  t h e  f u r ­

n a c e ,  w e ighed , and  re g ro u n d  u n t i l  no f u r t h e r  change  I n  w e ig h t  

was o b s e rv e d .  The t o t a l  t im e  i n  t h e  f u r n a c e  was 24 h r .  The 

p r o d u c t  was a n  e x t r e m e ly  h y g r o s c o p ic ,  w h i te  s o l i d  w hich  had 

t o  be k e p t  u n d e r  a n  a tm o sp h e re  o f  n i t r o g e n .  The t o t a l  w e ig h t  

change o f  2 4 .5 8 #  from s t a r t i n g  m a t e r i a l  t o  f i n a l  p r o d u c t  c o r ­

r e s p o n d e d  to  t h e  l o s s  o f  1 .5  m oles o f  p y r i d i n e  p e r  mole o f  

t h e  s t a r t i n g  m a t e r i a l  ( t h e o r e t i c a l  w e ig h t  l o s s  2 5 .0 4 # ) .  The 

i n f r a r e d  sp e c t ru m  and X -ra y  powder p a t t e r n  o f  t h e  f i n a l  p r o d u c t  

c o n f i rm e d  t h a t  t h e  p r o d u c t  was a  u n iq u e  compound. The r e a c t i o n  

i s  t h e r e f o r e ?

115°
2 [C d (p y )3 (N03 ) 2 ]  ---------------> [Cd2 ( p y ) 3 (N03 )4 ]  + 3py. (4)

N2

A n a l . G alcd f o r  [Cd2 ( p y ) ^ N O ^ ] i Cd, 31 .66?  N. 1 3 .8 0 .  

Found? Cd, 31 .62?  N, 1 3 -8 5 .

4 . P r e p a r a t i o n  o f  D l n l t r a t o t r l s ( p y r i d i n e ) c a d m l u m ( l l )  T r l -  

p y r l d l n e ,  [ C d (p y ) 3 (N03 ),J « 3 p y .

A w eighed  sam ple  o f  f i n e l y  g ro u n d  d l n l t r a t o t r l s ( p y r i ­

d i n e )  cadmium ( I I  ) was t r a n s f e r r e d  to  a  p o r c e l a i n  e v a p o r a t i n g  

d i s h .  The sam ple  was t h e n  p l a c e d  i n  a  d e s i c c a t o r  o v e r  p y r i d i n e  

f o r  n in e  day s  a t  room t e m p e r a tu r e ,  D u r in g  t h i s  t im e  t h e  s t a r t ­

in g  m a t e r i a l  ad ded  t h r e e  m o les  o f  p y r i d i n e .  The sam ple  was 

t h e n  p l a c e d  i n  a  d e s i c c a t o r  a t  60 mm p r e s s u r e  and  r e v e r t e d  

t o  i t s  o r i g i n a l  u n s o l v a t e d  w e ig h t ,  t h u s  i n d i c a t i n g  t h e  r e v e r s i ­

b i l i t y  o f  th e  s o l v a t i o n  p r o c e s s .  The i n f r a r e d  sp e c t ru m  and
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X -ra y  powder p a t t e r n  o f  t h e  p r o d u c t  I n d i c a t e d  t h a t  t h e  t r i s o l ­

v a t e  was a  u n iq u e  compound. The r e a c t i o n  i s  t h e r e f o r e i

25°
[ C d ( p y ) 3 (N03 ) 2 ]  + 3py <--- —  [ C d ( p y ) g (N03 ) 2] -3 P y  (5)

J 25®, 60 mm

A n a l . C a lcd  f o r  [C d (p y ) 3 (NC>3 ) 2 ]*3py» Cd, 1 5 .8 1 .

Pound 1 Cd, 1 6 .2 6 .

5 .  D e c o m p o s i t io n  P r o d u c t s  from  D l n l t r a t o t r l s ( p y r i d i n e ) -  

c a d m iu m (I I ) .

A sam ple  o f  d l n l t r a t o t r l s ( p y r i d i n e ) c a d m i u m ( I I ) was 

s lo w ly  h e a t e d  t o  300° w i th  f r e q u e n t  w e ig h in g .  Beyond t h e  p l a ­

t e a u  a t  115°  t h e  sam ple g r a d u a l l y  l o s t  w e ig h t ,  b u t  no p u re  

i n t e r m e d i a t e  c o u ld  be i s o l a t e d  b e tw een  th e  t e t r a n i t r a t o t r i s -  

( p y r id in e ) d ic a d m iu m ( I I )  an d  th e  f i n a l  p r o d u c t ,  w hich was 

cadm iu m (II)  o x id e .  The r e a c t i o n  i s  t h e r e f o r e  1

170°  d e c o m p o s i t io n
[Cd2 ( p y ) 3 (NO^)^] ----------- » CdO + p r o d u c t s  (6 )

A n a l . C a lcd  f o r  CdOi Cd, 4 7 .5 6 .  Pound 1 Cd, 4 7 .1 1 .

D. P r e p a r a t i o n  o f  M e r c u r y ( I I )  C om plexes.

Some o f  t h e  s y n t h e t i c  work f o r  th e  m e r c u r y ( I I )  com plexes 

was s u g g e s t e d  by t h e  r e s u l t s  o f  t h e  d i f f e r e n t i a l  th e rm a l  a n a l y ­

s i s  ( d t a )  and  th e r m o g r a v im e t r ic  a n a l y s i s  ( t g a )  o f  d i n i t r a t o -  

b i s ( p y r i d i n e ) m e r c u r y ( I I ) .  An o u t l i n e  o f  th e  d t a  and t g a  work 

i s  fo u n d  i n  s u b s e c t i o n s  F and  G.

1 .  P r e p a r a t i o n  o f  D l n l t r a t o b l s ( p y r i d i n e )m e r c u r y ( I I ) . 

[H g(py)2 (N03 ) 2 ] ,  f rom  M e r c u r y ( I I )  O x id e .

S e v e r a l  a t t e m p t s  were made to  s y n t h e s i z e  t h e  m e r c u r y ( I I )
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com plexes  from  m e r c u r y ( I I )  n i t r a t e  m o n o h y d ra te ,  b u t  t h e s e  

e f f o r t s  were u n s u c c e s s f u l  b e c a u se  t h e  m onohy dra te  would n o t  

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

m e r c u r y ( I I )  was f i n a l l y  p r e p a r e d  u s i n g  t h e  m ethod o f  B u l lo c k  

and T u ck .^1

M e rc u ry ( I I )  o x id e  (17 S. 0 .0 8 0  m ole) was added  to  a  

m ix tu r e  o f  40 ml o f  a n h y d ro u s  e t h a n o l ,  80 ml o f  10 M n i t r i c  

a c i d ,  and  80 ml o f  d r y  p y r i d i n e  i n  a  250 -ml s i n g l e - n e c k e d ,  

ro u n d -b o t to m e d  f l a s k  f i t t e d  w i th  a  r e f l u x  c o n d e n s e r ,  The 

m ix tu r e  was r e f l u x e d  f o r  one  h o u r ,  r e s u l t i n g  i n  a  p a l e  y e l lo w  

s o l u t i o n .  The warm m ix tu r e  was f i l t e r e d  to  remove su sp en d e d  

s o l i d ,  t h e n  s lo w ly  c o o le d  t o  room t e m p e r a t u r e .  A f t e r  s t a n d ­

in g  a t  room t e m p e r a t u r e  f o r  12 h r ,  a  l a r g e  q u a n t i t y  o f  t r a n s ­

p a r e n t ,  c r y s t a l l i n e  m a t e r i a l  had c o l l e c t e d  i n  t h e  b o t to m  o f  

th e  f l a s k .  The r e a c t i o n  m ix tu r e  was f i l t e r e d  th ro u g h  a  

s i n t e r e d - g l a s s  f i l t e r  and  t h e  s o l i d  was washed s u c c e s s i v e l y  

w i th  two 25 -m l p o r t i o n s  o f  m e th an o l  and  t h r e e  2 5 -ml p o r t i o n s  

o f  a n h y d ro u s  e t h e r .  The p r o d u c t  was r e c r y s t a l l i z e d  by d i s ­

s o l v i n g  i t  i n  a  m in im al am ount o f  a n h y d ro u s  m e th an o l  to  which 

was t h e n  add ed  10 ml o f  p y r i d i n e .  Upon c o o l i n g  t o  room tem ­

p e r a t u r e  and s t a n d i n g  f o r  12  h r ,  w h i t e  c r y s t a l s  p r e c i p i t a t e d  

from t h e  s o l u t i o n .  The p r o d u c t  was c o l l e c t e d  on  a  s i n t e r e d -  

g l a s s  f i l t e r  and  was washed a s  b e f o r e .

A n a l . C alcd  f o r  [H g (p y )2 (N03 )2 ] 1 Hg, 4 1 .5 4 ;  N, 1 1 .6 1 ;  

C, 2 4 .8 ? ;  H, 2 .0 9 .  Found: Hg, 4 1 .4 6 ;  N, 1 1 .5 6 ;  C, 2 4 .8 6 ;

H, 2 .0 4 .
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2 . P r e p a r a t i o n  o f  D l n i t r a t o b l s  ( p y r ld ln e ) m e r c u r .v ( I I )  

T r l p y r l d l n e , [ H s ( p y )o (N0^ ) o] - 3 p y .

A w eighed  sam p le  o f  d l n i t r a t o b l s ( p y r i d i n e ) m e r c u r y ( I I ) 

was f i n e l y  g round  and  t r a n s f e r r e d  to  a  p o r c e l a i n  e v a p o r a t i n g  

d i s h .  The sam ple was p la c e d  I n  a  d e s i c c a t o r  o v e r  p y r i d i n e  

f o r  n in e  d a y s .  D u r in g  t h i s  t im e  th e  s t a r t i n g  m a t e r i a l  added 

t h r e e  m oles o f  p y r i d i n e .  The sam ple  was p la c e d  i n  a  d e s i c ­

c a t o r  a t  60 mm p r e s s u r e  and  r e v e r t e d  t o  i t s  o r i g i n a l  u n s o l ­

v a te d  w e ig h t ,  t h u s  i n d i c a t i n g  t h e  r e v e r s i b i l i t y  o f  t h e  s o l v a t i o n  

p r o c e s s .  The i n f r a r e d  sp e c t ru m  and X -ra y  powder p a t t e r n  o f  

t h e  p ro d u c t  i n d i c a t e d  t h a t  th e  t r i s o l v a t e  was a  u n iq u e  com­

pound . The r e a c t i o n  i s  t h e r e f o r e  1

25°
[H g(py) (NO ) ]  + 3py * -  [H g (p y ) (NO ) ] • 3py (? )

2 3 2  25° .  60 mm 2 3 2

A n a l . Calcd f o r  [H g (p y )2 (N0^)2 ] • 3 p y 1 Hg, 2 7 .8 6 .

Foundi Hg, 2 7 .2 8 .

3. D e co m p o s it io n  P ro d u c ts  from D l n i t r a t o b l s ( p y r i d i n e ) -  

m e r c u r y ( I I ) .

A sam ple  o f  d l n i t r a t o b l s ( p y r i d i n e ) m e r c u r y ( I I )  was 

s lo w ly  h e a t e d  to  256° w i th  f r e q u e n t  w e ig h in g .  The complex 

b e g a n  t o  l o s e  w e ig h t  s lo w ly  a t  190° ,  b u t  ev en  a f t e r  s e v e r a l  

h o u r s  th e  t o t a l  w e ig h t  l o s s  was v e ry  s m a l l .  At 258° th e  com­

pound underw en t a n  e x t r e m e ly  v i o l e n t  r e a c t i o n ,  w hich r e s u l t e d  

i n  t h e  c o m p le te  d e c o m p o s i t io n  o f  t h e  com plex . The f i n a l  p r o ­

d u c t  c o n s i s t e d  o f  a  m ix tu r e  o f  m erc u ry  m e ta l  and o t h e r  decom­

p o s i t i o n  p r o d u c t s .  D u r in g  th e  d e c o m p o s i t io n  a t  256 ° , g a se s  

w ere  ev o lv e d  w hich had t h e  o d o r  o f  n i t r o g e n  o x id e s  and  p y r i d i n e .
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A p p a re n t ly  t h e  d e c o m p o s i t io n  i s  a n  e x t r e m e ly  complex s e t  o f  

r e d o x  r e a c t i o n s  I n v o lv in g  th e  m e t a l ,  p y r i d i n e ,  and n i t r a t e  

g r o u p s .  The r e a c t i o n  i s  t h e r e f o r e *

256°  d e c o m p o s i t io n
[H g (p y )2 (N03 ) 2 ]  ------------» Hg + p r o d u c t s  ( 8 )

E. A n a l y t i c a l  P r o c e d u r e s .

1 .  Z i n c ( I I )  D e t e r m in a t io n .

Z i n c ( I I )  was d e te rm in e d  by th e  m ethod o f  W elcher.

The sam ple ( 0 .3  t o  0 .5  g) was d i s s o l v e d  i n  ^0 ml o f  w a te r ,  and 

c o n c e n t r a t e d  ammonia added  to  t h e  s o l u t i o n  u n t i l  a l l  o f  th e  

z i n c ( I I )  was d i s s o l v e d .  The sam ple  was t i t r a t e d  w i th  0 ,5  H 

d iso d iu m  e th y le n e d ia m in e  t e t r a a c e t a t e  (EDTA) u s i n g  E rioch rom e 

B la c k  T powder a s  a n  i n d i c a t o r ,  g i v i n g  a  p u r p l e  t o  b lu e  end 

p o i n t .

2 .  Cadm ium (II) D e t e r m in a t io n .

Cadmium was a l s o  d e te rm in e d  by th e  method o f  W e l c h e r , ^  

b u t  PAN i n d i c a t o r  was u se d  i n  p l a c e  o f  E rioch rom e  B lack  T pow­

d e r .  The s o l u t i o n  was i n i t i a l l y  p in k ,  and i t  was t i t r a t e d  

t o  a  y e l lo w  end p o i n t .

3 . M e rc u ry ( I I )  D e t e r m in a t io n .

M e r c u r y ( I I )  was d e te rm in e d  u s in g  a  m o d i f i c a t i o n  o f  th e  

m ethod  o f  W elche r .  Because  m e r c u r y ( I I )  p r e c i p i t a t e s  i n  b a s i c  

s o l u t i o n ,  t h e  sam ple  was d i s s o l v e d  i n  4>0 ml o f  w a te r  fo l lo w e d  

by t h e  a d d i t i o n  o f  2 ml o f  6 M h y d r o c h l o r i c  a c i d .  An e x c e s s  

o f  EDTA was added  to  t h e  s o l u t i o n  to  complex a l l  o f  th e  m e ta l ,  

and  10 ml o f  c o n c e n t r a t e d  ammonia was added  t o  th e  s o l u t i o n .

The e x c e s s  EDTA was b a c k - t i t r a t e d  w i th  s t a n d a r d  z i n c ( I I )  s u l f a t e
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s o l u t i o n  u s i n g  E r io c h ro m e  B lac k  T pow der a s  a n  i n d i c a t o r .  A 

b l u e  t o  p u r p l e  c o l o r  change  i n d i c a t e d  t h e  end  p o i n t .

4 .  P y r i d i n e  D e t e r m in a t io n .

An a t t e m p t  was made to  d e te r m in e  p y r i d i n e  by t h e  

m ethod o f  F r i t z  an d  Hammond. ^  T h is  m ethod i n v o lv e s  t h e  p o -  

t e n t i o m e t r i c  t i t r a t i o n  o f  p y r i d i n e  i n  g l a c i a l  a c e t i c  a c i d  

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

a c i d .  None o f  t h e  com plexes gave  a  s h a r p  b r e a k  i n  th e  m i l l i ­

v o l t  vs  volume c u r v e s ,  so t h e  m ethod was ab an d o n ed .

5• C arbon. H ydrogen. N i t r o g e n  D e t e r m i n a t i o n .

The c a rb o n ,  h y d ro g e n , n i t r o g e n  a n a l y s e s  were p e rfo rm e d  

by Mr. In g o  H artm ann u s i n g  t h e  F & M Corp. Model 185 Carbon, 

H ydrogen, N i t r o g e n  A n a ly z e r .  O th e r  n i t r o g e n  a n a l y s e s  w ere  

made w i th  a  Coleman Model 29 N i t r o g e n  A n a ly z e r .

F. D i f f e r e n t i a l  Therm al A n a ly se s  ( d t a ) .

The 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 e s  w ere  r u n  u s i n g  a  

F i s h e r  Model 360 L in e a r  T em p era tu re  Program m er i n  c o n ju n c t i o n  

w i th  a  F i s h e r  Model 260 F u rn a c e .  B oth  t e m p e r a tu r e  and d i f ­

f e r e n t i a l  t e m p e r a tu r e  w ere  m o n ito re d  u s i n g  Texas I n s t r u m e n t s '  

S e r v o - r i t e r  r e c o r d e r s  w i th  one m i l l i v o l t  f u l l - s c a l e  d e f l e c t i o n .  

V a r io u s  c o m b in a t io n s  o f  h e a t i n g  r a t e  and  c h a r t  sp e ed  were t r i e d ,  

and  a  h e a t i n g  r a t e  o f  10° /m ln  w i th  a  c h a r t  sp e e d  o f  0 . 5  i n /m in  

was fo un d  t o  g iv e  t h e  b e s t  r e p r o d u c i b i l i t y .  A n a ly se s  were 

made b o th  ■under a tm o s p h e r ic  c o n d i t i o n s  and u n d e r  a  s t r e a m  o f  

n i t r o g e n ;  b o th  c o n d i t i o n s  gave e s s e n t i a l l y  t h e  same c u r v e s .  

F ig u r e  1 shows t h e  d i f f e r e n t i a l  th e r m a l  a n a l y s i s  f o r  t h e  com­

p le x  d i n l t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) , w hich  i s  r e p r e s e n t a t i v e
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F i g u r e  1 . D i f f e r e n t i a l  T herm al A n a ly s i s  Curve o f  

D i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) ,  [ Z n ( p y ) ^ ( NO^) £ ] .
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o f  a l l  t h e  c u r v e s .  T a b le  I  sum m arizes  t h e  d a t a  o n  t h e  d t a  

r u n s  f o r  a l l  o f  t h e  com plexes s t u d i e d .

T ab le  I

D i f f e r e n t i a l  T herm al A n a ly s i s  D ata  f o r  

P y r i d i n e - N i t r a t e  Complexes

Compound T e m p e r a tu r e . °C8,• ^  Peak  C h a r a c t e r i s t i c s 0

[Z n (p y )^ (N 0 ^ )2 ] 121 endo; s h p ;  vs

1^2 _ endo; b ;  w

3^2 e x o ; s h p ; vs

[ C d ( p y ) 3 (N03 ) 2 ] 180 e n d o ; s h p ; vs

313 exo ; b 1 vs

[H g (p y )2 (N03 ) 2 ] 179 e n d o ; b ; w

256 e x o ; s h p ; vs

Q V
te m p e r a tu r e  t a k e n  a t  maximum o f  p e a k .  o n ly  m a jo r  p e ak s  a r e  

r e p o r t e d .  cendo, e n d o th e rm ic ;  exo , e x o th e rm ic ;  sh p ,  s h a r p ;  

b , b ro a d ;  v s ,  v e ry  s t r o n g ;  w, weak.

G. T h e rm o g ra v lm e tr lc  A n a ly s e s .

The th e r m a l  b a la n c e  u se d  was t h a t  c o n s t r u c t e d  by King
6k 6^s t o n ,  b a se d  on a  m odel d e s c r i b e d  by W endlandt, ^ The tem ­

p e r a t u r e  was m o n i to re d  u s i n g  a  L eeds and N o r th ru p  Speedomax 

r e c o r d e r  w i th  an  l r o n - c o n s t a n t a n  th e rm o c o u p le .  T em p era tu re  

was m a n u a lly  p rogram ed  u s i n g  a  P o w e r s ta t ,  I t  was fo u n d  t h a t  

a n  i n c r e a s e  o f  one P o w e r s ta t  s c a l e  u n i t  p e r  f i v e  m in u te s  gave 

a  r e l a t i v e l y  l i n e a r  i n c r e a s e  i n  t e m p e r a tu r e  o v e r  t h e  i n t e r v a l
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s t u d i e d .  A l l  ru n s  w ere  made u n d e r  a  s low  s t r e a m  o f  n i t r o g e n .  

S e n s i t i v i t y  o f  th e  b a la n c e  a p p e a re d  r e l a t i v e l y  c o n s t a n t  when 

t h e  w e ig h t  o f  th e  sam ple  In  t h e  p an  was k e p t  be tw een  10 and  

65 mg. F ig u re  2 shows th e  c u rv e s  f o r  t h e  com plexes s t u d i e d  

by t h i s  m ethod. The z i n c ( I I )  complex showed a  p l a t e a u  a t  a  

p e r  c e n t  l o s s  i n  w e ig h t  o f  1 8 . 8 3 . T h is  l o s s  I n  w e ig h t  c o r ­

re s p o n d s  to  t h e  l o s s  o f  one mole o f  p y r i d i n e  p e r  m ole o f  t h e  

s t a r t i n g  m a t e r i a l  ( t h e o r e t i c a l  w e ig h t  l o s s  = 1 8 . 5 ^ ) .  The 

cadm ium (II)  complex showed a  p l a t e a u  a t  a  p e r  c e n t  w e ig h t  l o s s  

o f  2^ . 5 8 . T h is  l o s s  i n  w e igh t c o r re s p o n d s  to  th e  l o s s  o f  1 .5  

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

c a l  w e ig h t  l o s s  = 2 5 . 0^ ) .

H. Mass S p e c t r a l  A n a ly s e s .

The mass s p e c t r a  were t a k e n  by Miss Ta-Yuen Li on  a  

H i t a c h i - P e r k in - E lm e r  Model RMU-6F mass s p e c t r o m e te r .  S p e c t r a  

were ru n  a t  a  co m bus tion  te m p e r a tu re  o f  I 3O -I600 w i th  an  i o n i ­

z a t i o n  p o t e n t i a l  o f  1500 v . One sam ple o f  d l n i t r a t o b l s ( p y r i ­

d in e )  m ercu ry  ( I I )  was a l s o  ru n  a t  a  co m bu s tion  t e m p e r a tu re  o f  

230° ,  and one sam ple o f  d l n l t r a t o t r l s ( p y r i d i n e ) c a d m i u m ( I I )  

was ru n  a t  a  co m bus tion  t e m p e ra tu re  o f  63° .  I n  b o th  c a se s  

t h e  s p e c t r a  were i d e n t i c a l  w i th  th o s e  r e p o r t e d  w i th  com bustion  

t e m p e r a tu r e s  o f  130 - I 6O0 . The r e s u l t s  o f  t h e  mass s p e c t r a l  

work a r e  summarized i n  T ab le  I I .
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T able I I

Mass S p e c t r a l  D a ta  f o r  M e t a l - P y r i d i n e - N l t r a t e s

[Z n (p y )^ (N 0 ^ )2]

R e l a t i v e  Abundance m /e R e l a t i v e  Abundance

4 . 4  44 2 . 6

2 . 4  48 2 . 4

5 .5  49 7 . 9

1 5 .2  50 3 4 .7

2 . 4  51 5 0 . 8

2 1 . 2  52 9 2 . 9

8 . 8  53 1 2 .4

6 7 .9  55 2 . 8

2 .9  65 2 .9

2 .1  75 2 .9

2 1 . 2  76 2 . 9

1 .7  77 2 .9

5 .5  78 1 4 .0

6 .7  79 10 0 .0

1 6 .9  80 6 . 2

2 . 6  91 1 7 . 9

3 .6  139 0 .7

2 . 1  146 4 .8

con tin u ed
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Table I I .  con td .

[C d ( p y ) 3 (N03 ) 2 ]

“ Ze R e l a t i v e  Abundance m/e

13 4 .6 49

14 2 .8 50

15 5 .6 51

16 1 0 .2 52

17 5 1 .9 53

25 2 .8 55

26 23 .2 56

27 1 3 .9 57

28 5 0 .0 65

29 1 3 .9 74

31 1 .9 75

32 9 .3 76

36 4 .6 77

37 6 .5 78

38 8 .3 79

39 1 6 .7 80

4o 2 .8 93

41 3 .7 104

42 1 .9 105

43 3 .7 149

44 5 .6 150

48 1 .9

R e l a t i v e  Abundance

8 .3  

4 4 .4

5 7 .^

100 .0

13 .0

5 .6

1 0 . 2  

11.1

4 .6

1 .9  

2 . 8  

9 -3

5 .6  

17 . 6

100 .0

6 .5

2 . 8

7 .4  

2 . 8

6 6 .7

6 .5

con tin u ed
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Table I I .  c o n td .-

[H g (p y )2 (N03 ) 2 ]

m /e R e l a t i v e  Abundance m /e R e l a t i v e  Abundance

25 3 .1 52 1 0 0 .0

26 2 2 .3 53 1 0 .4

27 7 -3 55 3 .9

28 3 0 .1 56 3 .5

29 0 .8 57 5 .0

30 1 1 .2 69 2 .3

31 0 .8 71 2 .3

32 2 .3 74 1 .2

36 0 .8 75 3 .1

37 6 .2 76 1 .2

38 6 .9 77 0 .8

39 1 5 .4 78 1 1 .9

4-0 1 .5 79 1 0 0 .0

4 l 2 .3 80 6 .5

42 0 .8 148 5 .0

^3 3 -9 198 0 .8

44 5 .8 199 1 .5

48 1 .2 200 1 .5

49 8 .5 201 1 .2

50 3 5 .3 202 1 .9

51 4 9 .8

con tin u ed
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T ab le I I .  c o n t d . -

[ Z n (p y ) 2 ( no3 ) 2 ]

m/e. R e l a t i v e  Abundance SZS.

12 2 .3 48

13 1 .9 49

14 2 .3 50

15 1 .5 51

16 0 .8 52

17 1 .2 53

2b 1 .9 54

25 1 8 .9 55

26 7 3 .1 56

27 2 8 .1 61

28 38 .5 62

29 2 .7 63

35 4 .6 73

36 1 8 .5 74

37 2 1 .2 75

38 4 6 .2 78

39 5 .0 79

40 2 .7 81

42 1 .2 8b

43 1 .1 86

47 4 .2 100

R e l a t i v e  Abundance

2 8 .1  

1 00 .0  

1 00 .0  

1 00 .0

4 3 .3

1 .9  

1.2
1 . 2

1 .5

1.2
1 .5

1 .9

1 .5

3 .9

3 .9

1 6 . 2

1 0 0 . 0

6 .9

3 .5

1 .5

1 .9

co n tin u ed



24

T able I I .  c o n td .-

m /e R e l a t i v e  Abundance

102  1 . 5

103 1 .9

104 1 .5

130  2 .3

m/e R e l a t i v e  Abundance

134 1 .5

140 2 .7

146 1 . 2

14? 1 4 .2

O *k
r a t i o  o f  mass t o  c h a r g e .  a  r e l a t i v e  s c a l e  b a se d  upon a

v a lu e  o f  1 0 0 , a s s i g n e d  t o  th e  p a r e n t  p y r i d i n e  p e ak  a t  79 amu.

I . M ag ne tic  S u s c e p t i b i l i t y .

The m a g n e tic  s u s c e p t i b i l i t i e s  o f  t h e  z i n c ( I I ) ,  c ad -

m iu m (I I ) ,  and  m e r c u r y ( I I )  com plexes were d e te rm in e d  by th e
66Gouy Method. The a p p a r a t u s  c o n s i s t e d  o f  a  sem im icro  b a l ­

a n c e  ( M e t t i e r  H l6 ) m ounted above  a  V a r ia n  Model V-4084 E le c ­

t r o m a g n e t .  The m agnet was pow ered  by a  V a r ia n  Model 2300A 

Power S u p p ly  and  th e  c u r r e n t  was r e g u l a t e d  w i th  a  V a r ia n  Model 

2301A C u r re n t  R e g u la to r .  The sam ple  was c o n ta in e d  i n  a  d o u b le -  

ended  Gouy tu b e ,  w hich  was su sp e n d e d  b e tw ee n  th e  p o l e s  o f  t h e  

e le c t r o m a g n e t  (1 - i n  g ap ) by means o f  a  f i n e  g o ld  c h a in  a t t a c h e d  

t o  th e  b a la n c e  p a n .  A m a g n e t ic  c u r r e n t  o f  1 .8  A was u se d ,  

w h ich  p ro d u c e d  a  f i e l d  s t r e n g t h  o f  8 . 6  k l l o g a u s s .  The tu b e  

c o n s t a n t  was o b t a i n e d  u s in g  m e r c u r y ( I I )  t e t r a t h i o c y a n a t o c o b a l -  

t a t e ( I I )  a s  th e  s t a n d a r d .  The tu b e  c o n s t a n t  was c a l c u l a t e d  

u s i n g  th e  e q u a t io n *

R = 4820 • S « 10 ~6
AW • T
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w here S I s  t h e  w e ig h t  o f  t h e  sam ple  w i th  t h e  m agnet o f f ,  AW 

i s  t h e  d i f f e r e n c e  i n  w e ig h t  o f  t h e  sam ple  w i th  t h e  m agnet on 

and  o f f ,  and  T i s  th e  t e m p e r a tu r e  i n  d e g re e s  K e lv in .  The 

tu b e  c o n s t a n t  was c a l c u l a t e d  to  be 2 .^ 8 7 5  x 1 0 “^  p e r  gram .

The mole s u s c e p t i b i l i t i e s  o f  th e  com plexes w ere  c a l c u l a t e d  

u s i n g  t h e  e q u a t i o n j

'V  -  R • AW * M 
S

where M i s  t h e  m o le c u la r  w e ig h t .  The mole s u s c e p t i b i l i t i e s  

o f  t h e  com plexes w ere  c o r r e c t e d  f o r  t h e  d ia m a g n e t ic  c o n t r i ­

b u t io n s  o f  t h e  l i g a n d s  u s i n g  th e  e q u a t i o n :

'X'M ='Xh+XM(1lsand)
The d ia m a g n e t ic  s u s c e p t i b i l i t i e s  f o r  th e  l i g a n d s  were*

- 1 8 .9  x 1 0 “ 6 /  g -a to m  f o r  t h e  n i t r a t e  g r o u p , ^  -^9 *3  x 1 0 ”^ / -  

g -a to m  f o r  th e  p y r i d i n e  m o le c u l e , ^  - 1 5 .0  x 1 0 "^  /  g -a to m  f o r  

z i n c ( I I ) ,  - 2 0 .2  x 1 0 “^ /  g -a to m  f o r  c a d m iu m (I I ) ,  and  

-^•0.0 x 1 0 " 6 /  g -a to m  f o r  m e r c u r y ( I I ) . ^ ^  The m a g n e tic  

moments w ere  c a l c u l a t e d  from  t h e  e q u a t io n !

p e f f  = 2.81K T )4

f
where p  i s  th e  m a g n e t ic  moment i n  Bohr M agnetons , *s t h e  

c o r r e c t e d  m ole s u s c e p t i b i l i t y ,  and  T i s  t h e  a b s o l u t e  te m p e ra ­

t u r e .  The r e s u l t s  o f  t h e  m a g n e t ic  work a r e  sum m arized i n  

T ab le  I I I .
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T able I I I

M agnetic  D a ta  f o r  t h e  M e t a l - P y r i d i n e - N i t r a t e  Complexes

Compound 106 X m E e f f ,  B* M*

[Z n (p y )^ (N 0 ^ )2 ] - 2 1 .6 as0 ,0

[C d ( p y ) 3 (N03 ) 2 ] -  ^ .6 « o . 0

[H g (p y )2 (N03 ) 2 ] -  2. 7 f«0.0

[Cd2 ( p y ) 3 (N03 ) ^ ] -  5 . 9 ft}0 .  0 -

[ Z n (p y ) 2 (N03 )2 ] 1 8 .0 0 .2 1

J .  U l t r a v i o l e t  a n d  V i s i b l e  S p e c t r a .

U l t r a v i o l e t  and  v i s i b l e  s p e c t r a  o f  t h e  z l n c ( I I ) ,  

c a d m iu m (I I ) ,  and m e r c u r y ( I I )  com plexes I n  th e  r e g i o n  6500- 

2000 1  were ru n  i n  m e th an o l  s o l u t i o n  on  a  Cary 14 R e c o rd in g  

S p e c t r o p h o to m e te r .  The sa m p le s  w ere  c o n ta in e d  i n  1-cm s i l i c a  

c e l l s .  The s p e c t r a  were r u n  a t  a  s c a n n in g  s p e e d  o f  2 .5  1 / s e c .  

B ecause  o f  th e  l a r g e  v a r i a t i o n  i n  e x t i n c t i o n  c o e f f i c i e n t s  

be tw een  n i t r a t e  a n d  p y r i d i n e ,  i t  was n e c e s s a r y  t o  ru n  t h e  

s p e c t r a  th ro u g h  a  s e r i e s  o f  s u c c e s s i v e  d i l u t i o n s .  A l l  o f  th e  

compounds have e s s e n t i a l l y  t h e  same s p e c t r a ,  b u t  t h e  e x t i n c ­

t i o n s  v a ry  from  one compound t o  a n o t h e r .  Two p e a k s  were 

a s s i g n e d  to  n i t r a t e  a b s o r p t i o n s ,  an d  t h e  r e m a in in g  f i v e  peak s  

were a s s i g n e d  t o  p y r i d i n e  a b s o r p t i o n s .  None o f  t h e  compounds 

had  an y  a b s o r p t i o n  i n  t h e  v i s i b l e  r e g i o n  o f  t h e  sp e c t ru m . A 

r e p r e s e n t a t i v e  sp e c t ru m , t h a t  o f  d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) ,



2?

i s  shown i n  F ig u r e  3. a n d  a  summary o f  t h e  s p e c t r a l  d a t a  on 

a l l  o f  t h e  compounds i s  g iv e n  i n  T a b le  IV.

T a b le  IV

U l t r a v i o l e t  A b s o r p t io n  D a ta  on  th e M e ta l - P y r id in e - - N i t r a t e s

Compound X, mp € l o g  £

[ Z n ( p y ) 3 (N03 ) 2 ] 1 9 9 .8 30560 4 ,4 8 5

23 9 .0 4250 3 .6 2 8

24-5.0 5670 3.754-

250 .6 7350 3 .8 6 7

2 5 6 .5 7960 3 .901

26 2 .5 5250 3 .720

2 9 8 .0 1 0 .9 1 .0 3 5

[C d(py )„ (N O ^)2 ] 2 0 0 .3 30950 4 .4 9 1

2 3 8 .8 4100 3 .6 1 3

2 4 5 .4 5600 3 .748

250 .6 7460 3 .8 73

2 5 6 .5 8200 3 .9 1 4

2 6 1 .5 5560 3. 74-5

296 .6 1 0 .6 1 .0 2 5

[H g (p y )2 (N03 ) 2 ] 2 0 0 .4 30880 4 .4 90

2 3 9 .4 5180 3.714-

2 4 5 .9 6300 3 .7 9 9

2 5 0 .9 754-0 3 .8 7 7

c o n t in u e d



T a b le  IV. c o n td .  

Compound

[ Z n (p y ) 2 (NO^)2]

[Cd2 (p y )3 (N03 )^ ]

1> m

256.5

2 6 2 .5

2 9 7 .5

1 9 9 .5

2 2 9 .0

2 3 5 .0

2 4 0 .0  

24-8.0

2 5 2 .0

2 9 5 .0

2 0 1 .5  

2 2 8 .8

2 3 2 .7

2 3 9 .8  

24-5.8 

2 5 0 . 2

2 9 7 .0

€

7885

5200

1 7 .7

24-000

3120

4-060

5000

5500

3200

1 0 .9

54-000

6500

7560

8560

8250

5150

19.8

28

l o g  € 

3 .8 9 7  

3 .7 1 6  

1 .2 4 8

4 .3 8 0  

3.4-94 

3 .608  

3 .6 9 9  

3 .7 4 0  

3 .5 06  

1 .0 3 7

4 .7 3 2

3 .8 1 3

3 .878

3 .9 3 1

3 .91 6

3 .712

1 .2 9 7
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—  N i t r a t e  p e ak s  n o t  shown.

240 250

Wa v e l e n g t  h , mp 

F ig u r e  3. U l t r a v i o l e t  S p ec tru m  o f  D i n i t r a t o -  

t r l s ( p y r i d i n e ) z i n c ( I I )  i n  M eth an o l,  (1 x  1 0 "^  M).

260
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K. C o n d u c t iv i ty  M easu rem en ts .

The c o n d u c t i v i t i e s  o f  t h e  com plexes w ere  m easu red  a t  

25° u s i n g  a  c o n v e n t io n a l  W h ea ts to n e  b r i d g e  c i r c u i t  w i th  an  

o s c i l l o s c o p e  t o  d e t e c t  t h e  n u l l  p o i n t .  The com ponents o f  

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

The H ea th  C o., Model AG-8; t r a n s f o r m e r ,  G e n e ra l  R adio  C o., 

578 -A j r e s i s t o r ( R 1 ) , L eeds an d  N o r th ru p  C o . ; d e ca d e  r e s i s -  

t o r ( R 2 ) ,  Leeds and  N o r th ru p  C o., 4-750; d e ca d e  r e s i s t o r  (R ^ ) , 

H e a th - K i t ,  DR-1; and  o s c i l l o s c o p e ,  The H eath  Co. The con­

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

t a n c e  s y s te m s .  The c o n d u c t i v i t y  c e l l  was c a l i b r a t e d  u s i n g  

0 .0 2  M p o ta s s iu m  c h l o r i d e  i n  a q u eo u s  s o l u t i o n .  The c a l c u l a t e d  

c e l l  c o n s t a n t  was 0 = 0.04-973 M olar c o n d u c t i v i t i e s

were d e te rm in e d  i n  b o th  d im e th y lfo rm am id e  and m e th a n o l .  M olar 

c o n d u c t i v i t i e s  o f  t h e  1 x 10"3 ^ s o l u t i o n s  a r e  sum m arized i n  

T a b le  V. M olar c o n d u c t i v i t i e s  a s  a  f u n c t i o n  o f  c o n c e n t r a t i o n  

were a l s o  s t u d i e d  i n  o r d e r  t o  a s c e r t a i n  w h e th e r  th e  com plexes 

behaved  a s  weak e l e c t r o l y t e s  i n  d im e th y lfo rm a m id e  and m e th a n o l .  

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  shown i n  F ig u r e s  4- and

5.
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T able V

C o n d u c t iv i ty  D a ta  i n  D im ethy lfo rm am ide  and  M ethanol a ,  b

Compound 

[Z n (p y )^ (N O ^)2 

[ Z n (p y ) 3 (N03 ) 2 

[ C d ( p y ) 3 (N03 )2 

[C d (p y )3 (N03 )2 

[H g (p y )2 (NO ) 2 

[H g (p y )2 (N03 )2 

[ Zn(py )2 (N03 )2 

[Cd2 ( p y ) 3 (N03 )jiJ,] 

1 :1  E l e c t r o l y t e s ^  

1 :2  E l e c t r o l y t e s ^  

1 :1  E l e c t r o l y t e s 8 

1 :2  E l e c t r o l y t e s 8

S o lv e n t

D im ethy lfo rm am ide

M ethanol

D im ethy lfo rm am ide

M ethanol

D im ethy lfo rm am ide

M ethanol

M ethanol

M ethanol

D im ethy lfo rm am ide

D im ethy lfo rm am ide

M ethanol

M ethanol

M olar C o n d u c tan ce0 

152 

l6Uf 

111 

123 

98 

156 

167 

207 

7 0 -90  

135-175  

100 

180

a a l l  s o l u t i o n s  were 1 x 10"3  M. ^ c o n d u c t i v i t i e s  m easured  a t  

25° .  ° i n  u n i t s  o f  ohm"*1 cm2 m o l"1 , R e f e r e n c e  ^3- R e f e r ­

e n c e s  68 and 6 9 .
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100

0 .300 .2 50 . 2 00.10
( C o n c e n t r a t i o n ) ^

F ig u r e  M olar C o n d u c t iv i ty  vs  S q u a re  Root o f  C o n c e n t r a t i o n  f o r  

t h e  Z i n c ( I I ) ,  C a d m lu m (II) , and  M e r c u ry ( I I )  Complexes i n  M eth an o l.
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[aKpy^OJOjjJ

200

100

0 .0 5 0.10 0 .1 5 0.20 0 . 2 5 0 . 3 0 0 .3 5
( C o n c e n t r a t i o n ) ^

F ig u r e  5. M olar C o n d u c t iv i ty  v s  S q u a re  R oot o f  C o n c e n t r a t i o n  f o r  t h e  ^

Z i n c ( I I ) , C adm ium (II) ,  and  M e rc u ry ( I I )  Complexes i n  D im ethy lfo rm am ide . ^

)
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L. M o le c u la r  W eight M e asu rem en ts .

A t te m p ts  were made t o  d e te r m in e  t h e  m o le c u l a r  w e ig h ts  

o f  t h e  z i n c ( I I ) ,  c a d m iu m (I I ) ,  an d  m e r c u r y ( I I )  co m p lex es . The 

I n s t r u m e n t  u se d  f o r  t h e s e  d e t e r m i n a t i o n s  was t h e  M echro lab  

Model 301-A V a p o r - P r e s s u r e  Osmometer. The d e t e r m i n a t i o n s  

w ere  made on  0 .1  M s o l u t i o n s  o f  th e  com plexes I n  d i m e t h y l -  

fo rm am ide . The a c c u r a c y  o f  t h e s e  m o le c u l a r  w e ig h ts  I s  some­

w hat q u e s t i o n a b l e  due t o  t h e  i n s t a b i l i t y  o f  th e  i n s t r u m e n t  

w i t h  d im e th y lfo rm a m id e . I t  would have b e en  h i g h l y  d e s i r a b l e  

t o  o b t a i n  t h e  m o le c u l a r  w e ig h ts  i n  some o t h e r  s o l v e n t  o r  by 

a  d i f f e r e n t  m ethod . U n f o r t u n a t e ly ,  a l l  su c h  a t t e m p t s  were 

u n s u c c e s s f u l  b e c a u se  t h e  com plexes e i t h e r  decom posed o r  w ere  

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

m e a su re m e n ts .

T a b le  VI

M o le c u la r  W eights  o f  t h e  Z i n c ( I I ) ,  Cadmium( I I ), 

a n d  M e rc u r y ( I I )  Complexes i n  D im eth y lfo rm am id e .

Compound

[ Z n ( p y ) 3 (N03 ) 2]

[ C d (p y ) 3 (N03 ) 2 ]

[H g (p y )2 (N03 ) 2 ]

S o lv e n t

D im ethy lfo rm am ide

D im ethy lfo rm am ide

D im ethy lfo rm am ide

M o le c u la r  W eight

C alcd  f o r  Mono- 
Found m e r ic  Complexes

478  427

7640 474

129 483
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M. X-Ray Powder D i f f r a c t i o n  P h o to g r a p h s .

I n  most c a s e s  pow der p a t t e r n s  were o b t a i n e d  on f i n e l y  

g rou nd  sam p le s  m ounted i n  0 . 3  mm g l a s s  c a p i l l a r i e s .  The p h o to ­

g ra p h s  w ere  t a k e n  w i th  e i t h e r  a  5 7 .3  o r  a  115 mm P h i l i p s  cam era 

u s i n g  c o p p e r  (X = 1 .5 ^ 1 8  A) o r  i r o n  (X = 1 .9 3 7 3  1 )  r a d i a t i o n .

The powder p a t t e r n s  o f  th e  t h r e e  t r i s o l v a t e s  were t a k e n  on 

sam p le s  m ounted i n  0 .3  mm c a p i l l a r i e s  t h a t  a l s o  c o n ta in e d  some 

f r e e  p y r i d i n e .  The powder p a t t e r n s  f o r  d i n i  t r a t o t r i s ( p y r i d i n e ) -  

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

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

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

a r e  r e p o r t e d  i n  T a b le s  V II-XIV . The v a lu e s  f o r  th e  i n t e r p l a n a r

s p a c in g s  (d. , _) were o b t a i n e d  from  t h e  26 v a lu e s  u s i n g  h k i  c o rn
t h e  X -ra y  d i f f r a c t i o n  t a b l e s  o f  Fang and B i o s s . T h e  r e l a ­

t i v e  i n t e n s i t i e s  were e s t im a t e d  v i s u a l l y ,  and a r e  r e p o r t e d  

i n  th e  f o l lo w in g  t a b l e s  a s  1 v e ry  v e ry  s t r o n g  ( w s ) ,  v e ry  

s t r o n g  ( v s ) ,  s t r o n g  ( s ) ,  weak (w ) , v e ry  weak (v w ), and  v e ry  

v e ry  weak (w w ) .
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T a b le  V II  

X-Ray Powder D i f f r a c t i o n  D a ta  f o r  

Di n i  t r a t o  t r 1s (p y r 1d i  n e ) z 1n c (1 1 ) ,  

[ Z n (p y ) 3 (N03 ) 2 ]

ihlcl ^ I n t e n s i t y

8 .3 9 6 w w 2 .8 3 2

7 .6 7  6 v s 2 .7 8 9

7 .1 8 3 w s 2 .7 3 1

6 .5 1 5 w w 2 .6 8 2

6 .1 8 9 vs 2 .6 3 1

5 .9 1 2 v s 2 .512

5 .6 3 1 s 2 .4 6 6

4 .8 4 4 s 2 .4 3 4

4 .6 4 6 s 2 .3 8 8

4 .4 2 8 w s 2 .3 4 6

4 .1 1 6 w 2 .2 1 7

3 .9  65 w w 2 .1 8 3

3 .8 3 3 w s 2 .1 2 0

3 .7 5 7 w 1 .9 9 1

3 .6 5 6 s 1 .9 2 6

3 .4 1 7 vw 1 .7 8 0

3 .3 2 8 s (b )a 1 .7 1 4

3 .1 52 w 1 .6 8 3

2 .9 7 2

a ( b ) ,  b r o a d .

I n t e n s i t y

vw

vw

vw

vw

w w

w

vw

vw

vw

vw

vw

w

w

w w

w w

w w

w w

w w
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T ab le  V I I I  

X-Ray Powder D i f f r a c t i o n  D a ta  f o r  

D l n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I ) , 

[ C d (p y ) 3 (N03 ) 2 ]

I n t e n s i t y - h k l i —A

8 .1 3 3 w w 3 .3 2 5

7 .7 9 3 vs 3 .0 2 4

7 .2 3 9 w s 2 .7 8 4

6 .230 w s 2 .701

5 .8 8 7 s 2 .6 5 1

5 .5 9 5 s 2 .600

4 .9 1 1 vw 2 .508

4 .7 1 7 s 2 .4  57

4 .5 1 1 s 2 .4 0 8

4 .1 4 9 vw 2 .3 36

4 .0 4 5 w w 2 .226

3 .8 2 9 vs 2 .0 9 7

3 .6 9 3 w 1 .7 4 0

3 .612 vw 1 . 710

3 .4 4 9 w w

I n t e n s i t y

v s

w w

vw

vw

w w

w w

vw

w w

w w

w w

w w

w w

w w

w w
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£hklJ-J*

9 .5 9 3

8 .6 9 0

6.328

6 .1 3 8

5 .1 2 0

b . 6 2 7

k . ok z

3 .8 9 8

3 .7 6 3

3.621

3 .5 7 1

3 .0 7 ^

2 .9 2 7

T able IX

X-Ray Powder D i f f r a c t io n  Data f o r

D in lt r a to b is (p y r id in e )m e r c u r y ( I I ) ,

[H g (p y )2 (N03 ) 2 ]

I n t e n s i t y  ^ h ld  * ^  I n t e n s i t y

w w  2 ,8 0 5  w

w s  2 .6 6 6  vw

vs  2 .6 1 6  vw

v s  2 .5 5 8  vw

v s  2.4-91 w w

s 2 .^ 2 1  w

s 2 . 36O w

s 2 .3 1 3  vvw

vw 2 .2 9 3  w w

s 2 .2 2 3  vw

s 2 .1 8 5  vw

vw 2 .1 4 0  vw

vw 2 .0 8 0  w w
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T able X

X-Ray Powder D i f f r a c t io n  Data f o r

D in l t r a t o b l s ( p y r i d i n e ) z i n c ( I I ) ,

[Z n (p y )2 (N0^)2 ]

I n t e n s i t y

8 .3 5 4 s 2 .72 3

7 .5 0 6 w s 2 .67 2

6 .8 8 9 w s 2 .5 16

6 .1 9 4 w s 2 .482

5 -7 5 4 w w 2 .4 3 7

4 .8 7 2 s 2 .3 50

4 .6 8 1 vs 2 .3 0 4

4 .4 3 7 s 2 .1 8 3

4 .2 7 9 w 2 .0 6 9

3 .9 75 w s 1 .9 2 7

3 .8 55 w 1 .8 3 4

3 .7 3 4 v s 1 .6 5 8

3 .56 6 w 1 .5 3 6

3 .4 6 4 w 1 .5 0 9

3 .3 7 3 w 1 .4 4 7

3 .2 22 vw 1 .4 0 1

2 .8 8 7 w 1 .3 2 3

2 .8 2 4 w

I n t e n s i t y

w

vw

w

vw

w

w

w

vw

vw

vw

vw

w w

vvw

w w

w w

w w

w w
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T able XI

X-Bay Powder D i f f r a c t io n  D ata fo r

T e t r a n i t r a t o t r i s  (p y r id in e  )d i  cadmium ( I I ) ,

CCd2 (p y )3 (N03 )Zf]

I n t e n s i t y ih k i - t - A I n t e n s i t y

8 .5 2 2 TVS 2 .7 8 7 vw

6 .5 8 8 VTS 2 .6 7 6 s

6 .0 7 1 WW 2 .6 3 1 vw

5 .3 7 6 s 2 .5 5 ^ s

5 .0 6 8 vs 2 .37 8 w

4 .6 1 1 vs 2 .3 1 1 vw

4 .2 6 0 w 2 .0 8 7 vw

3 .8  57 s 2 .0 2 1 vw

3 .676 s 1 .9 9 6 vw

3 .^ 6 5 s 1 .7 3 2 vw

3 .2 30 w 1 .6 7 3 w w

3 .162 w 1 .6 0 9 w w

3 .0 7 7 w 1 .5 8 9 w w

3 .016 vw 1 .4 8 4 w w

2 .87 8 vw



T a b le  X II 

X-Ray Powder D i f f r a c t i o n  D a ta  f o r  

D i n i t r a t o t r l s ( p y r i d i n e ) z i n c ( I I ) T r i p y r i d i n e ,  

[Zn(py)3(N03)2]-3py

9a
^hk l-» -£ I n te n s !

7 .6 8 1 vs

7 .1 4 9 w s

6 .1 8 1 w s

5 .9 3 4 vs

5 .6 3 4 s

4 .8 6 4 s

4 .6 3 7 s

4 .4 4 2 w s

4 .1 0 7 w

3 .8 3 4 w s

3 .66 3 vs

3 .4 1 4 w w

3 .3 3 9 s

3 .1 5 2 vw

2 . 9 6 3 - vw

2 .7 8 7 vw

2 .6 8 1 w w

2 .5 0 3 vw

2 .3 4 5 vw

2 .2 1 5 vw

2 .1 8 4 w

2 .1 1 8 vw

p a t t e r n  c o n ta in s  many more v e ry  weak l i n e s .
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T a b le  X I I I  

X-Ray Powder D i f f r a c t i o n  D a ta  f o r  

D i n l t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I ) T r i p y r i d i n e , 

[Cd(py)3 (NO^)2]-3py

—hlcl**—— I n t e n s i t y I n t e n s i t y

7 .8 3 0 vs 2 .7 8 1 w

7 .2 2 5 w s 2 .7 0 2 w

6 .2 5 4 w s 2 .5 0 8 w

5 .9 0 2 s 2 .4 6 2 w

5 .5 7 0 s 2 .3 6 7 w

4 .9 0 9 vw 2 .2 6 4 vw

4 .6 9 0 vs 2 .1 8 8 w

4 .2 9 7 vs 2 .1 0 0 vw

4 .1 3 9 w 2 .0 2 0 vw

4 .0 4 6 vw 1 .9 5 2 vw

3 .8 1 3 vs 1 .9 0 2 vw

3 .6 8 8 s 1 .7 3 7 vw

3 .6 0 7 vw 1 .7 0 7 vw

3 .4 4 3 w 1 .5 1 0 w w

3 .3 2 3 vs 1 .4 0 6 vvw

3 .0 0 9 w
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T a b le  XIV 

X-Hay Powder D i f f r a c t i o n  D a ta  f o r  

D i n i t r a t o b i s ( p y r i d i n e  ) m e r c u r y ( I I ) T r i p y r i d i n e  

[Hg(py)2(No3)2]-3py

I n t e n s i t y I h k l i - ^ I n t e n s i t y

8 . 087b w s 2 .8 5 1 w

7 . 602b w s 2 .7 6 8 s

6 .8 8 9 w s 2 .7 2 3 s

6 .3 2 6 v s 2 .6 0 8 w

5 .8 1 0 w w 2 .5 2 2 w

5 .4 3 8 v s 2 .3 5 0 w

5 .2 1 5 w s 2 .27 0 s

4 .5 8 7 w s 2 .1 9 4 vw

4 .4 4 8 vs 2 .1 3 9 vw

4. 208 vw 2 .0 8 5 vw

4 .1 1 2 vw 2 .0 4 0 vw

3 .9 7 4 w 1 .9 4 1 w w

3 .7 6 7 w 1 .7 9 3 vw

3 .6 5 2 w 1 .7 2 2 vw

3 .4 3 1 w 1 .6 6 0 vvw

3 .3 2 4 w w 1 .6 2 0 vvw

3 .2 3 4 vs 1 .5 6 8 w w

3 .1 1 8 s 1 .3 4 2 w w

2 .9 1 4 s 1 .2 0 0 vvw

a p a t t e r n c o n ta in s  many more v e ry  weak l i n e s . bt h e s e  l i n e s

m ig h t  n o t  be due t o  t h e  compound.
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N. I n f r a r e d  S p e c t r a .

The i n f r a r e d  s p e c t r a  o f  t h e  s o l i d  com plexes i n  t h e  

*1-000-300 cm"1 r a n g e  w ere  o b t a i n e d  a s  m u lls  i n  N u jo l  an d  H a lo -  

c a rb o n  o i l  i n  p o ta s s iu m  b rom ide  c e l l s .  Most s p e c t r a  w ere  r u n  

u s i n g  a  Beckman IR -12  R e c o rd in g  S p e c t r o p h o to m e te r .  S u rv e y  

s p e c t r a  on  some o f  t h e  com plexes were r u n  u s i n g  a  P e r k i n -  

E lm er Model 337 G r a t in g  I n f r a r e d  S p e c t r o p h o to m e te r .

The i n f r a r e d  s p e c t ru m  o f  c o o r d i n a t e d  p y r i d i n e  can  

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

The m a jo r  v a r i a t i o n s  o c c u r  i n  t h e  i n - p l a n e  b e n d in g  mode [ 6 ( a ) ]  

an d  i n  t h e  o u t - o f - p l a n e  b e n d in g  mode [ 1 6 ( b ) ]  o f  th e  r i n g . ' ’2 

B oth  t h e  i n - p l a n e  b e n d in g  mode (602 cm"1 ) and  t h e  o u t - o f ­

p l a n e  b e n d in g  mode (4-0*1- cm"1 ) a r e  s h i f t e d  to  h ig h e r  e n e rg y  

upon c o m p le x a t io n  o f  t h e  p y r i d i n e .  T ab le  XV l i s t s  t h e s e  two 

v i b r a t i o n s  f o r  t h e  com plexes u n d e r  i n v e s t i g a t i o n .  The p e ak s  

i n d i c a t i n g  u n c o o r d in a te d  p y r i d i n e  i n  th e  t r i s o l v a t e s  a r e  a l s o  

l i s t e d .  The r e m a in in g  p y r i d i n e  a b s o r p t i o n  p e ak s  i n  t h e  com­

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

w i th  t h e  a s s ig n m e n ts  o f  o t h e r  w o r k e r s ? 1 "73

The n i t r a t e  a b s o r p t i o n  p e a k s  f o r  t h e  com plexes a r e  

a l s o  sum m arized i n  T a b le  XV. The n i t r a t e  a b s o r p t i o n s  a r e  

c o n s i s t e n t  w i th  t h e  p r e s e n c e  o f  c o o r d i n a te d  n i t r a t e  i n  t h e  

co m p lex es . The a s s ig n m e n ts  a r e  b a s e d  upon t h e  r e p o r t e d  a b ­

s o r p t i o n  s p e c t r a  f o r  c o v a l e n t  n i t r a t e  g ro u p s .  T hese a s s i g j -  

m en ts  have b e e n  v e ry  w e l l  docum ented  by a  l a r g e  number o f  

w o rk e rs ,  and t h e  a s s ig n m e n ts  i n  T a b le  XV a r e  b a sed  upon  t h e i r  
results .23-52.5^,56,7^,75



T a b le  XV

I n f r a r e d  A b s o r p t io n  D a ta  f o r  t h e  M e t a l - P y r i d i n e - N I t r a t e s a

(0 X) (0 2 ) < v <*6 > 6 ( a ) b l 6 ( b ) b

Compound
N0? sym. 

s t r .
NO

s t r .
N0 9 asym. 

s t r .
n o n p la n a r

d e f .
i n - p l a n e

bend
o u t - o f - p l a :

bend

[Z n (p y )^ (N 0 ^ )2 ] 1300° 1031 1456 818 634 4 4 2 ,4 2 8d

[C d (py )^ (N O ^)2] 1280° 1030 1468 820 632 4 2 0 ,4 1 3 d

[H g (p y )2 (N03 ) 2 ] 1305° 1030 1459 824 658 4 2 ? ,4 2 2 d

[ Z n (p y ) 2 (N03 ) 2 ] 1300° 1024 1^50 813 6 4 8 ,6 3 5 d 4 2 8 ,4 2 1

[Cd2 ( p y ) 3 (N03 ) Jlji] 1300° 1038 1448 820 6 3 8 ,6 3 3 d 4 3 9 .434d

[ Z n ( p y ) 3 (N03 ) 2 ] '3 p y 1300° 1029 1459 818 6 3 4 , 605e 4 2 1 ,4 0 3 e

[ C d (p y )3 (N03 ) 2 ]*3py 1280° 1030 1465 818 6 3 2 , 607e 4 l 9 , 4 l 2 d
4o4e

[H g (p y )2 (N03 ) 2 ]*3py 1290° 1030 1^53 819 6 4 5 ,6 0 3 e 4 2 0 ,4 lO d 
402e

a sym, sy m m e tr ic ;  asym, a sy m m e tr ic ;  s t r ,  s t r e t c h ;  d e f ,  d e f o r m a t io n ;  a l l  a b s o r p t i o n s  i n  

cm ^ p y r i d i n e  p e a k s .  cb r o a d .  ^ d o u b le t .  ep e ak s  from  u n c o o r d in a te d  p y r i d i n e .



46

0 . F a r - I n f r a r e d .  S p e c t r a .

The f a r - i n f r a r e d ,  s p e c t r a  o f  t h e  s o l i d  com plexes i n  

t h e  4 00-33  cm "l r a n g e  w ere  o b t a i n e d  a s  m u l l s  i n  N u jo l  be tw een  

h ig h  d e n s i t y  p o l y e t h y l e n e  p l a t e s .  The s p e c t r a  were r e c o r d e d  

u s i n g  a  Beckman IB -11  R e c o rd in g  S p e c t r o p h o to m e te r  a t  a  d i s ­

p e r s i o n  o f  20 cm*’̂ / i n .  T a b le  XVI sum m arizes t h e  r e s u l t s  

o b t a i n e d .  F ig u r e s  6 and  7 a r e  a p p ro x im a te  r e p r o d u c t i o n s  o f  

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

tru m .



T a b le  XVI

F a r - I n f r a r e d .  A b s o r p t io n  Bands f o r  t h e  M e t a l - P y r i d l n e - N i t r a t e s  

Compound l) M-0^ ^  M-N O th e r  Bands

[ Z n (p y ) 3 (N03 ) 2]  210 ( s , b ) 2 200 ( s , b )  150 (w)

[CcL(py)3 (N03 ) 2]  190 ( s ) 3  160 ( s , b )  100 (w)
72 (w ,b)

[H g (p y )p (N 0 -)? ]  303 (w) 220 (w)^ 130 ( s , b )
J  2^8 (w) 165 (m) 110 ( s , b )

[ Z n (p y ) ? (NOo)pH 305 ( s . s h p )  250 (w ,b) 160 (m ,b)
^ 285 ( s . s h p )  210 ( s , b )  90 -130  (m ,b)

[ O M p y M N O o K ]  250 (m) 205 ( s , b) 160 ( s , b)
J J 90 (m .b)

1a l l  a b s o r p t i o n s  r e p o r t e d  i n  cm- 1 . 2w, weak? m, medium; s ,  s t r o n g ;  b , b ro a d ,

^ b ro ad  band  b e tw ee n  210 and  200 w hich  i s  s p l i t  i n t o  d o u b l e t .  S peaks a t  160 and  

190 a r e  a  b ro a d  d o u b l e t .
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F ig u r e  6 .  I n f r a r e d  S p e c t r a  o f  D i n i t r a t o t r i s ( p y r i d i n e ) -  

z i n c ( I I ) ,  D i n i t r a t o t r i s ( p y r i d i n e ) c a d m iu m ( I I ) , and D i -  

n i t r a t o b l s ( p y r i d i n e ) m e r c u r y ( I I ) .
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F i g u r e  7 . I n f r a r e d  S p e c t r a  o f  D i n i t r a t o b l s ( p y r i d i n e ) -  

z l n c ( I I )  and  T e t r a n i t r a t o t r i s ( p y r i d i n e J d i c a d m i u m ( I I ) .
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I I I .  RESULTS AND DISCUSSION

A. P y r i d i n e  Complexes Found I n  t h i s  Work.

1 .  Z l n o ( I I )  N i t r a t e  C om plexes .

The z i n c ( I I )  n i t r a t e  com plexes ffh lch  h ave  b e e n  p r e ­

p a r e d  i n  t h i s  work i n c l u d e i

[Z n (p y )^ (N 0 ^ )2 ] ,  d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) j  

[ Z n (p y ) 2 (N0^)2 ] ,  d i n i t r a t o b l s ( p y r i d i n e ) z l n c ( I I ) *

[Z n (p y )^ (N 0 ^ )2 ]* 3 p y , d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I )  t r i p y r i d i n e .

The t h r e e  com plexes a r e  i n t e r r e l a t e d  th ro u g h  t h e  a d ­

d i t i o n  o r  l o s s  o f  p y r i d i n e .  R e a c t io n s  (1 ) ,  ( 2 ) ,  and ( 3 ) ,

( c f .  pp 6 ,7 )  s u p p o r t  t h e  f o l lo w in g  r e a c t i o n  sch em e»

25° ,  py
[Z n (p y )  (NO ) ] -3 p y  - - -  [Z n (p y )  (NO ) ]

-> J  d  25° ,  60 mm 3 3 2

115° N2
>130°

d e c o m p o s i t io n  ZnO k    [Z n (p y )  (NO ) ]
p r o d u c t s  2 ^ 2

A lth o u g h  t h e  l i t e r a t u r e  c o n t a i n s  num erous r e p o r t s  

o f  z i n c ( I I )  com plexes w i th  a  w ide  v a r i e t y  o f  a n io n s  an d  o r ­

g a n ic  l i g a n d s ,  v e r y  l i t t l e  work h as  b e e n  r e p o r t e d  on z i n c ( I I )

n i t r a t e  co m plexes . Z i n c ( I I )  n i t r a t e  com plexes w i th  a n i l i n e
POand  s u b s t i t u t e d  a n i l i n e s ,  , t r i m e t h y l -  and  t r ip h e n y lp h o s p h i n e  

o x id e ,  t r i p h e n y l a r s i n e  o x i d e , 2 1 *22 2 - p l - e o l in e ,  q u i n o l i n e ,  

i s o q u i n o l i n e , 2^ a c e t o n i t r i l e , 2^  o - p h e n a n t h r o l i n e , 2^ s u b s t i ­

t u t e d  p y r i d i n e s , 2 ® p i c o l i n l c  a m i d e s ,2 ? a n d  d im e th y l  s u l f o x i d e 2® 

h av e  b e e n  r e p o r t e d .  A s id e  from  t h e  above  co m plexes , t h e  o n ly  

o t h e r  z i n c ( I I )  n i t r a t e  com plexes found  i n  th e  l i t e r a t u r e  were
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Z n ( p y ) 0 (N0o ) • 2EU0 r e p o r t e d  by Grossm an^2 an d  d i n i t r a t o t r i s -
2 ;  2 ^

( p y r i d i n e ) z i n c ( I I )  r e p o r t e d  by P ra n k  and R o g e r s . ^

I n  t h i s  work d i n l t r a t o t r i s ( p y r i d i n e ) z i n c ( I I )  was 

p r e p a r e d  by two d i f f e r e n t  m eth o d s . The p r o d u c t s  from  b o t h  

s y n t h e s e s  had  i d e n t i c a l  pow der p a t t e r n s  an d  e le m e n ta l  a n a l y s e s .

The compound was v e ry  s t a b l e  a t  room te m p e r a tu r e  and  d i d  n o t  

a p p e a r  t o  be h y g r o s c o p ic .  I t  s h o u ld  be n o te d ,  how ever, t h a t  

when t h i s  com plex  was c r y s t a l l i z e d  f ro m  e i t h e r  m e th a n o l  o r  

c h lo ro f o rm ,  t h e  c r y s t a l s  i n  s o l u t i o n  were t r a n s p a r e n t .  When 

t h e  com plex was f i l t e r e d  and  d r i e d ,  t h e  c r y s t a l s  became c lo u d y .

No e x p l a n a t i o n  f o r  t h i s  change  i s  a p p a r e n t ,  b u t  X -ra y  pow der 

p a t t e r n s  and e l e m e n ta l  a n a l y s e s  o f  b o th  t h e  t r a n s p a r e n t  and  

c lo u d y  c r y s t a l s  were i d e n t i c a l .

B i a g e t t i ^ ’^  h as  shown t h a t  c e r t a i n  c o p p e r ( I I ) ,  n i c k e l ( I I ) ,  

and  c o b a l t ( I I )  p y r i d i n e - n i t r a t e  co m plexes , which c o n t a i n  c r y ­

s t a l  p y r i d i n e ,  c an  be  p r e p a r e d .  A s i m i l a r  s i t u a t i o n  was fo und  

t o  o c c u r  w i th  d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) . When t h i s  

complex was p l a c e d  i n  an  a tm o sp h e re  o f  p y r i d i n e  a t  25° ,  th e  

compound added  t h r e e  m oles o f  p y r i d i n e .  The new complex was 

n o t  a n  e x c e p t i o n a l l y  s t a b l e  s p e c i e s ,  s i n c e  i t  r e a d i l y  l o s t  

th e  t h r e e  m oles  o f  p y r i d i n e  a t  room t e m p e r a tu r e  an d  a t  a  p r e s ­

s u r e  o f  60 mm. The f a c t  t h a t  t h i s  was in d e e d  a  u n iq u e  com­

pound was s t r o n g l y  I n f e r r e d  by th e  o b s e r v a t i o n  t h a t  th e  

d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I )  c o n s i s t e n t l y  p i c k e d  up e x a c t l y  

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

s h ip  i s  g e n e r a l l y  a  good i n d i c a t i o n  t h a t  a d s o r p t i o n ,  w hich  

was t h e  o t h e r  p o s s i b l e  e x p l a n a t i o n  f o r  th e  a d d i t i o n  o f  t h r e e  

m oles o f  p y r i d i n e ,  d o e s  n o t  o c c u r .  F u r th e rm o re ,  t h e  X -ra y
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pow der p h o to g ra p h s  o f  t h e  t r i s o l v a t e  an d  t h e  p a r e n t  compound 

were s u f f i c i e n t l y  u n iq u e  t o  i n d i c a t e  t h a t  th e  two compounds 

were d i f f e r e n t .  The i n f r a r e d  a l s o  i n d i c a t e d  t h a t  th e  h e x a -  

p y r i d i n e  complex c o n ta in e d  b o th  c o o r d i n a te d  an d  u n c o o r d in a te d  

b a s e .

D i n i t r a t o b l s ( p y r i d i n e ) z i n c ( I I )  was p r e p a r e d  by t h e  

th e rm a l  d e c o m p o s i t io n  o f  d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I )  a t  

115° i n  a  n i t r o g e n  a tm o s p h e re .  The f a c t  t h a t  t h i s  compound 

sh o u ld  e x i s t  was i n d i c a t e d  by b o th  t h e  d t a  an d  t g a  o f  t h e  

t r i s ( p y r i d i n e )  com plex . I t  s h o u ld  be m en tio n ed  t h a t  th e  decom­

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

com plex, b e c a u se  a t  a  t e m p e r a tu r e  o f  130°  t h e  com plex b e g an  

decom posing  t o  z i n c ( I I )  o x i d e .  The i n t e g r i t y  o f  t h i s  com plex 

was e s t a b l i s h e d  u s i n g  a  v a r i e t y  o f  t e c h n i q u e s ,  w hich  w i l l  be 

d i s c u s s e d  l a t e r  i n  t h e  t h e s i s .  The b i s ( p y r i d i n e ) complex was 

r a t h e r  u n iq u e  f o r  a  z i n c ( I I )  complex i n  t h a t  i t  was p a l e  p in k .  

The f i r s t  i n c l i n a t i o n  was to  a s c r i b e  t h e  c o l o r  t o  some t r a c e  

c o n ta m in a t io n .  T h is  e x p l a n a t i o n ,  how ever, was n o t  a c c e p t a b l e  

i n  v iew  o f  th e  f a c t  t h a t  s e v e r a l  d i f f e r e n t  sa m p le s  o f  d i n i -  

t r a t o b i s ( p y r i d i n e ) z i n c ( I I )  p r e p a r e d  from  b o th  z i n c ( I I )  n i t r a t e  

h e x a h y d r a te  and  z in c  m e ta l  w ere  u se d  t o  s y n t h e s i z e  t h e  b i s -  

( p y r i d i n e )  com plex, a n d  e a c h  t im e  th e  same p a l e  p in k  complex 

was o b t a i n e d .  V i s i b l e  and u l t r a v i o l e t  s p e c t r a  o f  t h e  complex 

were o f  no h e lp  i n  c l a r i f y i n g  th e  s i t u a t i o n .

The d e c o m p o s i t io n  o f  d i n i t r a t o b l s ( p y r i d i n e ) z i n c ( I I )  

was found  t o  o c c u r  v e ry  r a p i d l y  w i th  no s t a b l e  i n t e r m e d i a t e  

compounds fo rm ed . The d e c o m p o s i t io n  was no d o u b t  a  complex 

s e t  o f  r e d o x  r e a c t i o n s  i n v o l v i n g  a l l  t h r e e  com ponents o f  t h e
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com plex . The o n ly  p r o d u c t  i d e n t i f i e d  fro m  th e  d e c o m p o s i t io n  

was z i n c ( I I )  o x id e ,  w hich  was i d e n t i f i e d  by i t s  X -ra y  powder 

p a t t e r n .

2 . Cadm lum (II) N i t r a t e  C om plexes.

The cadm ium (II)  n i t r a t e  com plexes w hich have b e en  

s y n t h e s i z e d  i n  t h i s  work i n c l u d e i

[C d (p y ) _ (N0_)o] , d i n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I ) j  

[Cd2 (py )^ (N 0 ^ ) ^ ] ,  t e t r a n i t r a t o t r i s ( p y r i d i n e ) d i c a d m i u m ( I I ) j 

[Cd2 (py )^ (N 0 ^ ) 2 ]* 3 p y . d i n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I )  t r i ­

p y r i d i n e .

The t h r e e  com plexes a r e  i n t e r r e l a t e d  t h r o u g h  t h e  a d ­

d i t i o n  o r  l o s s  o f  p y r i d i n e .  R e a c t io n s  ( 4 ) ,  ( 5 ) ,  and (6)

( c f .  pp 1 0 , 1 1 ) g i v e  th e  f o l l o w i n g  r e a c t i o n  schem ei

/ 2 5 ° .  py
[C d (p y )_ (N 0 _ )? ] .3 p y  V - -—......... > [C d(py) (NO ) ]

J J * 25° ,  60 mm 5 5 ^

115°

> 170 °  *
d e c o m p o s i t io n  + CdO ^ ------------------- Ccd2 (py) 3 (^0 0 ) ^ ]

p r o d u c t s

As i n  t h e  c a s e  o f  z i n c ( I I )  n i t r a t e ,  t h e  number o f  

o r g a n i c  cadm iu m (II)  n i t r a t e  com plexes w hich  have  been  r e p o r t e d  

i n  t h e  l i t e r a t u r e  i s  v e r y  s m a l l .  The v a r io u s  com plexes which 

have b e e n  r e p o r t e d  in c l u d e  th o s e  w i th  t h e  l i g a n d s  a n i l i n e  

and  s u b s t i t u t e d  a n i l i n e s , ^ ®  t h i o u r e a , o - p h e n a n t h r o l i n e , 

a c e t o n i t r i l e , ^  and  t h e  complex C d ^ y Jg fN O ^ g 'Z H g O "^  No 

a n h y d ro u s  p y r i d i n e  complex o f  cad m iu m (II)  n i t r a t e  was found  

i n  t h e  l i t e r a t u r e .

D i n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I )  was p r e p a r e d  by
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two in d e p e n d e n t  r o u t e s .  The p r o d u c t s  o b t a i n e d  by b o th  m ethods 

had  i d e n t i c a l  pow der p a t t e r n s  and  t h e  same e le m e n ta l  a n a l y s e s .

The t r i s ( p y r i d i n e )  complex was v e ry  s t a b l e  a t  room te m p e ra ­

t u r e  and  d i d  n o t  a p p e a r  t o  be  h y g r o s c o p ic .  The complex was 

s o l u b l e  i n  w a te r  and  m ost p o l a r  o r g a n i c  s o l v e n t s , b u t  was i n ­

s o l u b l e  i n  w eak ly  p o l a r  an d  n o n p o la r  s o l v e n t s .  I n  most c a s e s ,  

how ever, t h e  so lu t io n s  o f  t h e  complex had a  s t r o n g  o d o r  o f  

p y r i d i n e ,  w h ich  i n d i c a t e d  t h a t  s o l v o l y s i s  had t a k e n  p l a c e .

The t r i s ( p y r i d i n e )  cadmium"^ complex was s i m i l a r  t o  i t s  z l n c ( I I )  

a n a lo g u e  i n  t h a t  t h e  t r a n s p a r e n t  c r y s t a l s  o b t a i n e d  by c r y s t a l ­

l i z a t i o n  from  e i t h e r  m e th an o l  o r  c h lo ro fo rm  became c lo u d y  

upon rem o v a l  from  s o l u t i o n .

When d i n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I )  was p l a c e d  

i n  a  p y r i d i n e  a tm o sp h e re ,  t h e  com plex added  t h r e e  m oles o f  

p y r i d i n e .  As i n  t h e  c a se  o f  th e  z i n c ( I I )  com plex, t h e  g a in  

and  l o s s  o f  t h e  p y r i d i n e  was found  to  o c c u r  r e v e r s i b l y ,  and  

a lw ay s  w i th  t h e  same s t o i c h i o m e t r y  o f  t h r e e  m oles o f  p y r i d i n e  

to  one mole o f  t h e  p a r e n t  compound. The X - ra y  powder p a t t e r n s  

o f  t h e  t r i s  and  h e x a k i s p y r i d i n e  com plexes were s u f f i c i e n t l y  

d i f f e r e n t  t o  i n d i c a t e  t h a t  t h e  h e x a k i s p y r i d i n e  complex was 

i n  f a c t  a  u n iq u e  compound, a s  opposed  to  b e in g  s im p ly  th e  

p a r e n t  compound w i th  t h r e e  m oles o f  a d s o rb e d  p y r i d i n e .  The 

i n f r a r e d  a l s o  i n d i c a t e d  t h a t  th e  h e x a k i s p y r i d i n e  complex co n ­

t a i n e d  b o th  c o o r d i n a te d  and  u n c o o r d in a te d  b a s e .

T e t r a n i t r a t o t r i s (p y r i d in e ) d ic a d m i u m ( I I )  was p r e p a r e d  

by t h e  th e rm a l  d e c o m p o s i t io n  o f  d i n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I )  

a t  115° i n  a  s lo w  s t r e a m  o f  d r y  n i t r o g e n .  The s t o i c h i o m e t r y  

o f  t h i s  complex was r a t h e r  u n u s u a l ,  b u t  n o t  c o m p le te ly
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s u r p r i s i n g .  O th e r  w o rk e rs  have fo u n d  s i m i l a r  s t o i c h i o m e t r i e s  

f o r  cad m ium (II)  c o m p le x e s .? ’ 2 ® The compound was v e r y  h y g r o ­

s c o p i c ,  so any  m a n i p u l a t io n s  w i th  t h e  s o l i d  w ere  done i n  a  

n i t r o g e n  a tm o s p h e re .  The f a r - i n f r a r e d ,  d t a ,  t g a ,  and  X - ra y  

powder p a t t e r n  a l l  c o n f i rm e d  th e  e x i s t e n c e  o f  t h i s  complex 

a s  a  u n iq u e  compound.

3. Mercury( I I )  N itrate  Complexes.

Two p y r i d i n e  com plexes  o f  m e r c u r y ( I I )  w ere  found  i n  

t h i s  i n v e s t i g a t i o n .  They a r e  d i n i t r a t o b l s ( p y r i d i n e ) m e r c u r y ( I I ) ,  

[H g (p y )2 (N0^)2 ] , and  d i n i t r a t o b i s ( p y r i d i n e ) m e r c u r y ( I I )  t r l p y -  

r i d i n e ,  [H g (p y )2 (NO^)23 *3 P y • As i n  t h e  c a s e s  o f  t h e  z i n c ( I I )  

and cadm ium (II)  com p lex es , t h e  t r i p y r i d i n e  compound was o b ­

t a i n e d  by  th e  r e a c t i o n  o f  th e  b i s ( p y r i d i n e )  compound i n  a n  

a tm o sp h e re  o f  p y r i d i n e .  A c o m b in a t io n  o f  r e a c t i o n s  (7) and 

(8) ( c f .  pp 1 3 ,1 ^ )  l e d  t o  th e  f o l l o w in g  r e a c t i o n  schem ei

25®, py
[Hg(py)? (NOJ?].3py   > [Hg(py) (NO ) ]

* * 25° ,  60 mm 2 3 2

256 °

si/
Hg + d e c o m p o s i t io n  

p r o d u c t s

A lth o u g h  th e  c o o r d i n a t i o n  c h e m is t r y  o f  m e r c u r y ( I I )  

com plexes h a s  b e e n  e x t e n s i v e l y  s t u d i e d ,  p r a c t i c a l l y  n o th in g  

i s  known a b o u t  m e r c u r y ( I I )  n i t r a t e  com plexes w i th  o r g a n i c  

l i g a n d s .  R e p o r ts  o f  o n ly  two su c h  com plexes were fo u n d  i n  

t h e  l i t e r a t u r e .  The f i r s t  o f  t h e s e  was p r e p a r e d  by Grossm an^2 

and  h as  t h e  fo rm u la  H g(py )2 (ND ) 2 *2H20, b u t  he d i d  e s s e n t i a l l y  

n o th in g  w i th  t h e  compound. The seco n d  was t h e  same
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b i s ( p y r i d i n e )  complex p r e p a r e d  i n  t h i s  w ork , and  i n  t h i s  

c a s e ^  o n ly  t h e  i n f r a r e d  s p e c t ru m  o f  t h e  compound was g iv e n .

D i n i t r a t o b l s ( p y r i d i n e ) m e r c u r y ( I I )  was a n  e x t r e m e ly  

s t a b l e  s p e c i e s  i n  t h e  s o l i d  s t a t e ,  Even up t o  a  t e m p e r a tu r e  

o f  180° t h e  compound rem a in e d  e s s e n t i a l l y  i n t a c t .  I t  was 

m arked ly  l e s s  s o l u b l e  t h a n  i t s  z i n c ( I I )  and  cadm iu m (II)  

c o u n t e r p a r t s  i n  b o th  w a te r  and  p o l a r  o r g a n i c  s o l v e n t s ,  and 

was v i r t u a l l y  i n s o l u b l e  i n  n o n p o la r  s o l v e n t s .  I t  h a s  been  

w e l l  e s t a b l i s h e d  t h a t  m e r c u r y ( I I )  fo rm s e x c e p t i o n a l l y  s t r o n g
pQ

c o v a l e n t  b o n d s ,  w h ich  a c c o u n ts  f o r  t h e  d i f f e r e n c e s  i n  t h e r ­

mal s t a b i l i t y  and  s o l u b i l i t y  b e tw ee n  t h e  m e r c u r y ( I I ) complex 

and t h e  z i n c ( I I )  and  c ad m iu m (II)  co m plexes .

S i m i l a r  t o  t h e  z i n c ( I l )  and  c ad m iu m (II)  com plexes , 

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

m e t r i c a l l y  added  and  l i b e r a t e d  t h r e e  m o le s  o f  p y r i d i n e  a t  

room t e m p e r a t u r e .  The X -ra y  powder p a t t e r n  f o r  t h e  t r i s o l v a t e  

was once  a g a i n  q u i t e  d i f f e r e n t  from i t s  p a r e n t  compound, w hich  

i n d i c a t e d  t h a t  t h e  t r i s o l v a t e  was a  u n iq u e  compound and  n o t  

s im p ly  th e  p a r e n t  compound w i t h  a d s o rb e d  p y r i d i n e .

C o n s i s t e n t  w i th  B u l l o c k ' s  r e p o r t , ^  d i n i t r a t o b l s ( p y ­

r i d i n e )  m erc u ry  ( I I )  decom posed e x p l o s i v e l y  a t  2 5 6 ° .  The f i n a l  

p r o d u c t s  from  t h i s  r e a c t i o n  c o n s i s t e d  o f  m ercu ry  m e ta l  p lu s  

o t h e r  d e c o m p o s i t io n  p r o d u c t s .  The f a c t  t h a t  m e r c u r y ( I I )  was 

re d u c e d  t o  m ercu ry  m e ta l  im m e d ia te ly  s u g g e s te d  t h e  i n t e r a c ­

t i o n  o f  p y r i d i n e  i n  th e  re d o x  sy s te m , f o r  i t  i s  h i g h l y  u n l i k e l y  

t h a t  t h e  n i t r a t e  g ro u p  would f u n c t i o n  a s  a  r e d u c in g  a g e n t .
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B. D i f f e r e n t i a l  T herm al a n d  T h e rm o g ra v lm e t r lc  A n a l y s e s .

B ecause  d t a  and  t g a  w ere  u s e d  i n  c o n j u n c t i o n  w i th  

one a n o t h e r ,  they w i l l  be d i s c u s s e d  t o g e t h e r .  The 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  d a t a  a r e  sum m arized  i n  F ig u r e  1 (p 16) and  

T a b le  I  (p 1 7 ) .  The th e r m o g r a v lm e t r i c  a n a l y s i s  d a t a  a r e  

shown i n  F ig u r e  2 (p  1 9 ) .  T hese two t e c h n iq u e s  a r e  e x t r e m e ly  

u s e f u l  t o o l s  w hich , when u s e d  i n  c o n j u n c t i o n  w i th  one  a n o t h e r ,  

c an  p r o v id e  a  g r e a t  d e a l  o f  i n f o r m a t i o n  c o n c e r n in g  t h e  p a t h ­

way by  w h ich  a  th e rm a l  d e c o m p o s i t io n  o c c u r s .  Beech and  Mor- 
2

t i m e r  have  r e p o r t e d  a  whole s e r i e s  o f  su c h  i n v e s t i g a t i o n s  

on  t r a n s i t i o n  m e ta l  h a l i d e  com p lexes , and  W e n d la n d t^  has  

s t u d i e d  a n  e x t e n s i v e  s e r i e s  o f  com plexes o f  t h e  fo rm u la s  

M(py)^X2 and  M(pyi^Xg, w here t h e  d i v a l e n t  m e ta l s  M in c lu d e d  

Co, N i, Cd, Cu, Zn, Mn, and  X was SCN", I " ,  B r“ , C l" ,  o r  

i  ’ However, l i t t l e  work h a s  b e e n  r e p o r t e d  on  t h e  d e ­

c o m p o s i t io n  o f  m e t a l - n i t r a t e  com p lex es .

The d t a  o f  d i n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) showed 

two e n d o th e rm ic  p e a k s ,  a t  121° and  14 2° , and  one e x o th e rm ic  

p e a k  a t  3 ^ 2 ° .  The t g a  o f  t h e  same complex showed two w e l l -  

d e f i n e d  b r e a k s  i n  t h e  c u rv e .  The f i r s t  o f  t h e s e  o c c u r r e d  

a t  a b o u t  120° and  c o r r e s p o n d e d  t o  a  w e ig h t  l o s s  o f  one  mole 

o f  p y r i d i n e  p e r  m ole o f  t h e  s t a r t i n g  m a t e r i a l .  T h e r e f o r e ,  

t h e  f i r s t  p e a k  i n  b o t h  th e  d t a  and t g a  c o r r e s p o n d e d  to  th e  

f o r m a t io n  o f  d i n l t r a t o b i s ( p y r i d i n e ) z i n c ( I I ) .  The se c o n d  peak  

i n  t h e  d t a  c o r r e s p o n d e d  to  t h e  s lo w  l o s s  o f  th e  se c o n d  two 

m oles  o f  p y r i d i n e .  T h is ,  o n ce  a g a i n ,  was c o n s i s t e n t  w i th  

t h e  t g a ,  w h ich  showed t h a t  no s t a b l e  i n t e r m e d i a t e  complex 

was form ed a f t e r  t h e  b i s ( p y r i d i n e )  complex and  b e f o r e  t h e
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f i n a l  decom position  p ro d u c ts .  The t h i r d  break i n  the  d ta  

in d ic a te d  th e  fo rm atio n  o f  th e  m eta l ox ide , which a lso  

agreed  w ith  th e  r e s u l t s  from th e  tg a .  The peak a t  1*4-2°, 

which had no c o u n te rp a r t  i n  th e  tg a ,  was p robab ly  due to  

e i t h e r  a c r y s t a l  m o d if ic a t io n  o r  v o l a t i l i z a t i o n  o f  th e  f re e d  

p y r id in e .

The tg a  o f  d in i t r a to t r i s ( p y r id in e ) c a d m iu m ( I I )  i n d i ­

ca ted  t h a t  perhaps two s t a b le  In term ediates should be p re s e n t .  

I t  was found, however, t h a t  a t  tem p era tu res  i n  excess o f  170° 

decom position  le a d in g  to  cadmium oxide o ccu rred . The break  

in  th e  tg a  curve a t  1 6 0 ° corresponds to  a p e r  ce n t  weight 

lo s s  o f  24 .58 , and in d ic a t e s  th e  l i b e r a t i o n  o f  1 . 5  moles o f  

p y r id in e  p e r  mole o f  th e  s t a r t i n g  m a te r ia l  ( t h e o r e t i c a l  weight 

lo s s  = 25 .04$ ). This w eight change ag rees  w ith  th e  fo rm ation  

of t e t r a n i t r a t o t r i s ( p y r i d i n e ) d i c a d m i u m ( I I ) .  Because cad- 

mium(II) ox ide  i s  formed a t  tem pera tu res  i n  excess o f  170°, 

th e  second d e f l e c t io n  i n  th e  tg a  curve i s  no t in d i c a t i v e  of 

any pure i s o l a t a b l e  compound. The d ta  and tg a  curves o f  

d i n i t r a t o t r i s ( p y r i d i n e ) cadmium(II) a re  q u a l i t a t i v e l y  in  a g re e ­

ment w ith  one a n o th e r .  The endotherm lc and exotherm ic peaks 

a r e  a s s ig n e d  to  th e  l i b e r a t i o n  and v o l a t i l i z a t i o n  o f  p y r id in e  

and th e  fo rm a tio n  o f  cadmlum(II) ox ide , r e s p e c t iv e ly .

D in i t r a to b ls ( p y r id in e ) m e r c u r y ( I I )  showed two peaks 

in  th e  d ta .  There was an endotherm lc peak a t  179° and an 

exotherm ic peak a t  256° .  The endotherm lc peak a t  179° was 

in  agreement w ith  th e  tg a  curve, which in d ic a te d  th e  i n i t i a l  

lo s s  o f  p y r id in e  a t  t h i s  te m p era tu re .  The very  s t r o n g ly  

exotherm ic peak a t  2 56° i n  th e  d ta  corresponded to  an
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e x c e e d i n g ly  r a p i d  d e c o m p o s i t io n  r e a c t i o n ,  w hich  r e s u l t e d  i n  

t h e  f o r m a t io n  o f  m erc u ry  m e ta l  an d  o t h e r  d e c o m p o s i t io n  p r o ­

d u c t s ,  T h is  was i n  a g re e m e n t  w i t h  t h e  t g a ,  w hich  i n d i c a t e d  

t h a t  a lm o s t  t h e  e n t i r e  sam ple  was v o l a t i l i z e d  a t  2 5 6 ° .  The 

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

w e ig h t  l o s s  and  t h e  f i n a l  p r o d u c t  was v e ry  s t e e p ,  w h ich  i n d i ­

c a t e d  t h a t  t h e  d e c o m p o s i t io n  was q u i t e  r a p i d .  The f a c t  t h a t  

t h e r e  were no p l a t e a u s  i n  t h e  t g a  i n d i c a t e d  t h a t  no s t a b l e  

I n t e r m e d i a t e  compounds were p r e s e n t .  T h is  a l s o  was i n  a g r e e ­

m ent w i th  t h e  f a i l u r e  t o  i s o l a t e  e i t h e r  t h e  m o n o p y r id in e  com­

p l e x  o r  a n h y d ro u s  m e r c u r y ( I I )  n i t r a t e .

C. Mass S p e c t r a l  A n a l y s e s .

The d a t a  on t h e  mass s p e c t r a  o f  t h e  com plexes a r e  sum­

m a r iz e d  i n  T a b le  I I  (p 2 0 ) .  I t  was i n i t i a l l y  hoped t h a t  t h e  

m ass s p e c t r a  m ig h t  e i t h e r  p r o v id e  i n s i g h t  i n t o  th e  m echanism  

by w hich th e r m a l  d e c o m p o s i t io n  o c c u r s  o r  p r o v id e  a n  e x t r e m e ly  

a c c u r a t e  way o f  d e te r m i n i n g  t h e  m o le c u la r  w e ig h ts  o f  t h e  com­

p l e x e s  .

The mass s p e c t r a  f o r  a l l  o f  t h e  com plexes showed t h e  

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

s e t s  o f  p e a k s  c e n t e r e d  a ro u n d  79 amu and  55 amu a r e  c h a r a c ­

t e r i s t i c  o f  p y r i d i n e .  The p e a k  a t  55 amu c o r r e s p o n d s  t o  t h e  

l o s s  o f  HGN from  t h e  p y r i d i n e  m o l e c u l e . ^  A l l  o f  t h e  s p e c t r a  

had  a  peak  w hich  c o u ld  be a s s i g n e d  to  t h e  m e ta l  i n  t h e  2+ 

o x i d a t i o n  s t a t e .  P eaks  a s s i g n a b l e  t o  t h e  m o le c u la r  io n s  were 

a b s e n t  i n  e v e r y  c a s e .  D r a s t i c  chang es  i n  b o th  t h e  c o m b u s tio n  

t e m p e r a t u r e  and i o n i z a t i o n  p o t e n t i a l  seemed t o  have no n o t i c e ­

a b l e  e f f e c t  on  t h e  s p e c t r a .
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O th e r  p e a k s  w hich  were somewhat d i a g n o s t i c  o f  t h e  

means by  w hich  d e c o m p o s i t io n  o c c u r r e d  w ere a s s i g n a b l e  t o  N0+ , 

NgO*, N2+ , and  C0+ ( e i t h e r  o r  b o th  o f  t h e  l a t t e r  tw o ) .  The 

mass s p e c t r a  p ro v e d  to  be  o n ly  m o d e ra te ly  u s e f u l  i n  d e t e r ­

m in in g  d e c o m p o s i t io n  p a th w a y s .  The d a t a  i n d i c a t e d  t h a t  

c o m p le te  d e c o m p o s i t io n  o f  t h e  m o le c u le s  o c c u r r e d  i n  th e  

e l e c t r o n  beam, an d  t h a t  t h e  r e a c t i o n s  In v o lv e d  r e d u c t i o n  

o f  th e  n i t r a t e  g ro u p s .

I t  was i n t e r e s t i n g  t o  n o te  t h a t  no p e a k s  c o u ld  be 

found  t h a t  c o r re s p o n d e d  t o  t h e  m e ta l  o x id e s .  T h is  m eant 

t h a t  one  o f  two t h i n g s  o c c u r r e d .  E i t h e r  t h e  m e ta l  o x id e s  

were n o t  form ed o r  any  m e ta l  o x id e s  fo rm ed  i n  t h e  c o m b u s tio n  

chamber w ere  n o t  s u f f i c i e n t l y  v o l a t i l e  t o  r e a c h  th e  i o n i z a ­

t i o n  cham ber.

D. M ag n e tic  S u s c e p t i b i l i t y  M easurem ents on  t h e  C om plexes.

The m a g n e t ic  moments o f  t h e  com plexes w ere  m easu red  

i n  o r d e r  t o  e n s u re  t h a t  a l l  o f  th e  com plexes c o n ta in e d  m e ta l  

io n s  i n  t h e  2+ s t a t e ?  i_. e.  , o u t e r  e l e c t r o n i c  c o n f i g u r a t i o n s  

o f  d1 0 .

D a ta  on t h e  m a g n e tic  moments o f  th e  z i n c ( I I ) ,  c a d -  

m iu m (I I ) ,  and  m e r c u r y ( I I )  com plexes a r e  sum m arized  i n  T a b le  

I I I  (p 2 6 ) .

W ith in  e x p e r i m e n t a l  e r r o r ,  t h e  m a g n e t ic  moments were 

a l l  z e r o ,  I n d i c a t i v e  o f  t h e  e x p e c te d  d ia m a g n e t ic  d^® sy s te m .

E , U l t r a v i o l e t  an d  V i s i b l e  S p e c t r a .

B ecause  a l l  o f  t h e  com plexes s t u d i e d  i n  t h i s  work 

w ere  d ia m a g n e t ic ,  d 10 s p e c i e s ,  t h e  v i s i b l e  r e g i o n  o f  th e
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sp e c t ru m  was e x p e c te d  uo be n o n d e s c r i p t .  T h is  e x p e c t a t i o n  

was s u b s t a n t i a t e d  by  th e  s p e c t r a  o f  t h e  compounds. F ig u r e  

3 (p 29) and  T a b le  IV (p 27) sum m arize t h e  d a t a  on  t h e  u l t r a ­

v i o l e t  s p e c t r a  o f  t h e  com plexes .

The p y r i d i n e  a b s o r p t i o n  bands i n  b o th  t h e  f r e e  and 

t h e  com plexed s t a t e  have  b e en  d i s c u s s e d  r a t h e r  e x t e n s i v e ­

l y . ^ " ^  J ^ r g e n s e n ^ 0 has s a i d  t h a t  t h e  i n t e r n a l  p y r i d i n e  

t r a n s i t i o n  h a s  a  v i b r a t i o n a l  s t r u c t u r e  c o n s i s t i n g  o f  f i v e  

com ponen ts . When p y r i d i n e  becom es com plexed , some o f  t h e  

v i b r a t i o n a l  f i n e  s t r u c t u r e  i s  som etim es l o s t  due to  s i g n i ­

f i c a n t  ch an g e s  i n  t h e  tt e l e c t r o n  s y s te m  o f  p y r i d i n e ,  b u t  

f r e q u e n t l y  t h e  f i v e  bands r e m a in  e s s e n t i a l l y  unch an g ed .

I n  each  o f  t h e  com plexes th e  f i v e  bands l o c a t e d  a t  

a p p ro x im a te ly  2 3 9 . 2^6 , 251, 2 5 6 , and  262 mp were t h e r e f o r e  

a s s i g n e d  to  th e  v i b r a t l o n a l l y  e x c i t e d  i n t e r n a l  e l e c t r o n i c

t r a n s i t i o n s  o f  p y r i d i n e .  Changes i n  X and  £ were n o tmax
s u f f i c i e n t l y  l a r g e  t o  be s i g n i f i c a n t .

The two o t h e r  bands i n  each  o f  th e  com plexes were
op

a s s i g n e d  to  n i t r a t e  a b s o r p t i o n s .  A d d iso n  and S u t t o n  have 

d i s c u s s e d  t h e  n i t r a t e  g roup  t r a n s i t i o n s  and  a s s i g n e d  th e  weak 

band a t  302 mu (£ = 7 .2 )  t o  a  tt*— n  t r a n s i t i o n ,  and  t h e  i n -
I. ^

t e n s e  band a t  200 mp (€ = 10 ) to  a  tt«— tt t r a n s i t i o n .  F o r  

t h e  z i n c ( I I ) ,  c a d m iu m (I I ) ,  a n d  m e r c u r y ( I I )  co m plexes , th e  

bands w hich  w ere l o c a t e d  i n  a p p r o x im a te ly  t h e s e  p o s i t i o n s  

were t h e r e f o r e  a s s i g n e d  to  t h e s e  two n i t r a t e  t r a n s i t i o n s .  

A gain  t h e r e  c o u ld  be no s i g n i f i c a n c e  a t t a c h e d  to  t h e  s l i g h t  

v a r i a t i o n s  i n  Xmax o r  i n  t h e  v a lu e  o f  th e  m o la r  e x t i n c t i o n  

c o e f f i c i e n t s .
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F. C onductance  M easu rem en ts .

C on duc tance  m easu rem en ts  w ere  made o n  t h e  co m plexes , 

and  a  summary o f  t h e s e  d a t a  i s  fo u n d  i n  F i g u r e s  4 and  5 (PP 32, 

33) and  i n  T a b le  V (p 3 1 ) .  B ecause  o f  t h e  l i m i t e d  s o l u b i l i t y  

o f  t h e  co m plexes , r e l a t i v e l y  p o l a r  s o l v e n t s  had t o  be  u se d  

f o r  t h e s e  m ea su re m e n ts .  I t  would have b e e n  more d e s i r a b l e  

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

m en ts  made t h i s  I m p o s s ib l e .

B ecause  t h e  i n f r a r e d  i n d i c a t e d  t h a t  th e  n i t r a t e  g ro u p s  

were c o o r d i n a te d  i n  t h e s e  com plexes , i t  was e x p e c te d  t h a t  t h e  

com plexes would behave  a s  n o n e l e c t r o l y t e s . ^  The conduc­

t i v i t y  r e s u l t s  i n  d im e th y lfo rm a m id e  I n d i c a t e d  t h a t  i n  

1 x 1 0 “^ ft s o l u t i o n  d l n i t r a t o t r l s ( p y r i d i n e ) z i n c ( I I )  was a  

1 :2  e l e c t r o l y t e  and  t h a t  t h e  d i n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I )  

an d  d i n i t r a t o b i s ( p y r i d i n e ) m e r c u r y ( I I )  w ere  a p p r o x im a te ly  1 :1  

e l e c t r o l y t e s .  S in c e  d im e th y lfo rm am id e  i s  su c h  a  good p o l a r  

s o l v e n t  U  = 37) w i th  a  h ig h  c o o r d i n a t i n g  a b i l i t y ,  t h e s e  

r e s u l t s  w ere  n o t  t o t a l l y  s u r p r i s i n g .  Such  b e h a v io r  h a s  b e en  

o b s e rv e d  p r e v i o u s l y  f o r  c o p p e r ( I I )  n i t r a t e  com p lexes , where 

t h e  n i t r a t e s  were known t o  be c o o r d in a te d  i n  t h e  s o l i d  s t a t e . ^

B ecause  m e th an o l  i s  known to  be a  much p o o r e r  c o o r d i ­

n a t i n g  m o le c u le  t h a n  d im e th y lfo rm am id e  and  y e t  h a s  a  h ig h  

d i e l e c t r i c  c o n s t a n t  (6 = 3 2 . 7 ) , ^  c o n d u c ta n c e  m easu rem en ts  

were  ru n  i n  t h i s  s o l v e n t .  I n  a l l  c a s e s  e x c e p t  t e t r a n i t r a t o -  

t r i s ( p y r i d i n e ) d i c a d m i u m ( I I ) , t h e  m o la r  c o n d u c ta n c e s  ra n g e d  

be tw een  t h e  v a lu e s  f o r  a  t y p i c a l  1 :1  and  1 :2  e l e c t r o l y t e .

I n  t h e  fo rm e r  c a se  t h e  v a lu e  was g r e a t e r  t h a n  t h a t  f o r  a  1 :2  

e l e c t r o l y t e .  T h is  was n o t  a c t u a l l y  anom alous b e h a v io r  b e c a u se
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t h e  m o le c u la r  f o r m u l a t i o n  f o r  t h i s  compound was t h a t  o f  a  

d i m e r ic  s p e c i e s i  h en ce  i f  t h e  m o le c u le  c o m p le te ly  d i s s o c i a t e d  

i n  t h e  s o l v e n t ,  t h e  m o la r  c o n d u c ta n c e  would t h e o r e t i c a l l y  

be c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  f o r  a  1»2 e l e c t r o l y t e .

B ecau se  i n  many c a s e s  t h e  m o la r  c o n d u c ta n c e s  a p p e a re d  

t o  be i n t e r m e d i a t e  i n  v a lu e  b e tw ee n  l i l  and  I i 2  e l e c t r o l y t i c  

b e h a v io r ,  i t  was f e l t  t h a t  t h e  compounds m ig h t  i n  f a c t  be  

b e h a v in g  a s  weak e l e c t r o l y t e s .  To ch eck  on  t h i s  p o s s i b i l i t y ,  

t h e  m o la r  c o n d u c ta n c e s  were d e te r m in e d  a s  a  f u n c t i o n  o f  c o n ­

c e n t r a t i o n .  The r e s u l t s  o f  t h i s  s tu d y  a r e  sum m arized i n  

F ig u r e s  ^  and  5«

F o r  t y p i c a l  s t r o n g  e l e c t r o l y t e s  a  p l o t  o f  m o la r  co n ­

d u c ta n c e  vs t h e  s q u a r e  r o o t  o f  c o n c e n t r a t i o n  s h o u ld  g iv e  a n  

a p p ro x im a te ly  l i n e a r  c u rv e ,  an d  a  s i m i l a r  p l o t  f o r  a  weak 

e l e c t r o l y t e  shows a  r a p i d  i n c r e a s e  i n  m o la r  c o n d u c ta n c e  a t
h,n

h i g h e r  c o n c e n t r a t i o n s .  1 The p l o t s  o f  m o la r  c o n d u c ta n c e  f o r  

a l l  o f  t h e  com plexes i n  b o th  m e th an o l  and  d im e th y lfo rm am id e  

i n d i c a t e d  t h a t  in d e e d  a l l  o f  t h e  com plexes behave  a s  t y p i c a l  

weak e l e c t r o l y t e s .

The weak e l e c t r o l y t i c  b e h a v io r  was a  good i n d i c a t i o n  

t h a t  t h e  com plexes i n  t h e  s o l i d  s t a t e  c o n t a i n  m e t a l - n i t r a t e  

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

p le x e s  a r e  a  f a r  b e t t e r  a p p r o x im a t io n  t o  t h e i r  s o l i d  s t a t e  

c o n f i g u r a t i o n  th a n  a r e  d i l u t e  s o l u t i o n s .

G. M o le c u la r  W eight D e t e r m i n a t i o n s .

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  w ere  r u n  on  0 .1  M 

s o l u t i o n s  o f  d l n i t r a t o t r i s ( p y r i d i n e ) z i n c ( I I ) ,  d i n i t r a t o t r i s -
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(p y r id in e ) c a d m iu m (I I ) ,  and  d i n i t r a t o b i s ( p y r i d i n e ) m e r c u r y ( I I )  

i n  d im e thy lfo rm am ide .-  The r e s u l t s  o b t a i n e d  a r e  sum m arized 

i n  T a b le  VI (p 3b ) .

The m o le c u la r  w e ig h t  o f  t h e  z i n c ( I I )  complex was found

to  be  478, w h ich  i s  i n  good a g re e m e n t  w i th  t h e  f o r m u l a t i o n

o f  t h e  com plex a s  a  monomeric s p e c i e s .  The m o le c u la r  w e ig h t

o f  t h e  cadm lu m (II)  com plex  was d e te r m in e d  t o  be  7640, w hich

i n d i c a t e s  t h a t  t h e  com plex i s  u n d o u b te d ly  p o ly m e r ic .  P o ly -
7 1 6m e r ic  cadm lu m (II)  com plexes  a r e  v e r y  common, ' so t h i s  

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

The m o le c u la r  w e ig h t  o f  t h e  m e r c u r y ( I I )  complex was 

d e te rm in e d  t o  be 129 ( t h e o r .  mol wt = 483 f o r  a  m onom er).

T h is  v a lu e  i s  v e ry  low  and  t h e r e f o r e  d e s e r v e s  some comment.

An o b s e rv e d  m o le c u la r  w e ig h t  o f  129 i n d i c a t e d  t h a t  t h e  com­

p le x  had  d i s s o c i a t e d  i n t o  a b o u t  f o u r  s p e c i e s .  S in c e  con du c­

t i v i t y  m easu rem en ts  i n d i c a t e d  t h a t  t h e  complex i s  a  weak 

e l e c t r o l y t e  i n  d im e th y lfo rm a m id e ,  t h e  d i s s o c i a t i o n  p r o b a b ly  

in v o lv e d  c le a v a g e  o f  a l l  t h e  m e t a l - p y r i d i n e  bonds and  c le a v a g e  

o f  h a l f  o f  t h e  m e t a l - n i t r a t e  b o n d s .  C leavage  o f  th e  m e t a l -  

p y r i d i n e  bonds seemed somewhat s u r p r i s i n g  i n  l i g h t  o f  t h e  

h ig h  th e rm a l  s t a b i l i t y  o f  t h e  com plex, a l t h o u g h  th e r m a l  s t a ­

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

The low  m o le c u la r  w e ig h t  a l s o  i n d i c a t e d  t h a t  t h e  complex was 

p r o b a b ly  n o t  p o ly m e r ic ,  b e c a u se  w ere  th e  m o le c u le  p o ly m e r ic ,  

t h e  m o le c u la r  w e ig h t  s h o u ld  have b e e n  much h i g h e r  ev en  i f  

p y r i d i n e  were r e l e a s e d  from  th e  com plex .
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H. X-Ray Pow der P a t t e r n  P h o to g ra p h s .

X-Ray pow der p a t t e r n  d a ta  o n  a l l  o f  th e  com plexes a r e  

sum m arized  I n  T a b le s  V II-X IV  (pp 3 6 -^ 3 ) .  B ecause o f  th e  com­

p l e x i t y  o f  t h e  pow der p h o to g ra p h s , no a t t e m p t  was made to  

d e te rm in e  th e  u n i t  c e l l  f o r  any  o f  th e  m o le c u le s .

The pow der d i f f r a c t i o n  p a t t e r n s  f o r  d i n i t r a t o t r i s -  

( p y r i d i n e ) z i n c ( I I ) ,  d i n i t r a t o t r i s ( p y r i d i n e ) c a d m i u m ( I I ) ,  and  

d i n i t r a t o b i s ( p y r i d i n e ) m e r c u r y ( I I )  s u g g e s te d  t h a t  t h e  com plexes 

m ig h t w e l l  be m o n o c l in ic .  A m o n o c lin ic  s t r u c t u r e  w ould n o t  

be u n re a s o n a b le  f o r  th e  g ro u p  I I - B  m e ta l co m p lex es , s in c e  su c h  

s t r u c t u r e s  have b e e n  p r e v io u s ly  r e p o r t e d . ^

The X -ra y  pow der p a t t e r n s  o f  d i n i t r a t o b i s ( p y r i d i n e ) -  

z i n c ( I I )  and  t e t r a n i t r a t o t r i s ( p y r i d i n e ) d l c a d m i u m ( I I ) were 

v e ry  d i f f e r e n t  from  th o s e  o f  t h e i r  p a r e n t  com pounds. T h is  

l e n t  f u r t h e r  s u p p o r t  t o  t h e  c o n te n t io n  t h a t  th e s e  w ere  u n iq u e  

com pounds,

The pow der p a t t e r n s  o f  t h e  t r i s o l v a t e s  o f  z i n c ( I I ) ,  

c a d m iu m (II) , and  m e r c u r y ( l l )  co m p lex es, a l th o u g h  q u i t e  s i m i l a r  

to  th o s e  o f  t h e i r  p a r e n t  com pounds, w ere s u f f i c i e n t l y  d i f f e r e n t  

to  c o n c lu d e  t h a t  th e  t r i s o l v a t e s  w ere  u n iq u e .  B a s ic  changes 

i n  th e  pow der p a t t e r n s  w ould  n o t  have b e e n  e x p e c te d  f o r  com­

p le x e s  c o n ta in in g  o n ly  a d so rb e d  p y r i d in e ,  an d  so t h i s  p o s s i ­

b i l i t y  i s  r u l e d  o u t .

I . I n f r a r e d  A n a ly se s  (^-000-400 o m "^).

G i l l  e t  a l . ^ °  fo u n d  t h a t  a  m a jo r i ty  o f  t h e  a b s o r p t io n s  

a t t r i b u t e d  to  com plexed p y r id in e  w ere n e a r l y  th e  sam e a s  th o s e  

o f  th e  f r e e  b a s e , th e  e x c e p t io n s  b e in g  th e  v i b r a t i o n s  6 ( a ) ,
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1 6 ( b ) ,  a n d  8 ( a ) .  The two m ost d i a g n o s t i c  o f  t h e s e  a r e  th e  

i n - p la n e  d e fo rm a tio n  mode, 6 ( a ) ,  and  th e  o u t - o f - p l a n e  d e f o r ­

m a tio n  mode, 1 6 ( b ) ,  o f  t h e  a ro m a tic  r i n g .

I n  th e  f r e e  b a s e  t h e s e  p eak s  show up a t  602 a n d  ^04-
—Xcm , r e s p e c t i v e l y .  When th e  b a s e  i s  com plexed , th e  two p e ak s  

a r e  b o th  s h i f t e d  t o  h ig h e r  e n e rg y . T h is  phenom enon I s  q u i t e  

c h a r a c t e r i s t i c  o f  c o o rd in a te d  p y r i d i n e ,  and h a s  b een  w e l l  

docum ented  by v a r io u s  w o rk e r s . 8 »9»51

T a b le  XV (p ^5) l i s t s  th e  i n - p la n e  an d  o u t - o f - p l a n e  

d e fo rm a tio n  f r e q u e n c ie s  f o r  th e  co m p lex es . I n  e v e ry  c a s e  b o th  

o f  th e  a b s o r p t io n s  a r e  s h i f t e d  to  a  c o n s id e r a b ly  h ig h e r  f r e ­

qu en cy . Only i n  t h e  c a s e  o f  th e  t r i s o l v a t e d  com plexes w ere 

a b s o r p t io n s  due t o  th e  f r e e  b a se  o b s e rv e d  i n  t h e  s p e c t r a .

I n  t h e s e  c a s e s  b o th  p e a k s  w ere m o d e ra te ly  s t r o n g  and  i n d i c a t e d  

t h a t  two u n iq u e  ty p e s  o f  p y r id in e  a r e  p r e s e n t  i n  th e  co m p lex es . 

Thus i t  was l o g i c a l  to  c o n c lu d e  t h a t  w i th  th e  e x c e p t io n  o f  

th e  t r i s o l v a t e s ,  a l l  o f  th e  o t h e r  m o le c u le s  c o n ta in  o n ly  

c o o rd in a te d  p y r i d in e ,  an d  i n  t h e  c a se  o f  th e  t r i s o l v a t e s  b o th  

c o o r d in a te d  and u n c o o rd in a te d  p y r id in e  a r e  p r e s e n t .

A seco n d  s e t  o f  b an d s i n  th e  com plexes a r e  th o s e  

a s c r i b a b l e  to  t h e  n i t r a t e  g ro u p s . G a teh o u se  ejfc a l . ^  an d  

num erous o th e r  w o r k e r s ^ ’^  have shown t h a t  i t  i s  p o s s ib l e  to  

d i s t i n g u i s h  b e tw ee n  i o n i c  and  c o o rd in a te d  n i t r a t e  g ro u p s  by 

th e  i n f r a r e d  a b s o r p t io n  s p e c t r a  o f  t h e  n i t r a t e  g ro u p s .

I n  g o in g  from  a n  i o n i c  n i t r a t e  g roup  t o  a  c o o rd in a te d  

n i t r a t e  g ro u p , t h e  sym m etry i s  re d u c e d  from  D_, to  C0 . T h is
j h  t v

d e c r e a s e  i n  sym m etry i s  acco m p an ied  by a  l o s s  i n  th e  d e g e n e ra c y  

o f  t h e O ^  a n d O ^  b an d s o f  th e  i o n i c  n i t r a t e .  G a te h o u s e ^  h a s
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s tu d i e d  th e  s p e c t r a  o f  a  num ber o f  t r a n s i t i o n  m e ta l  n i t r a t e s ,  

and  h as made th e  f o l lo w in g  a s s ig n m e n ts  f o r  ’i o n ic  and  c o v a le n t  

n i t r a t e  g ro u p s i

I o n ic  N i t r a t e s

NO s t r e t c h ,  1050 cm”1 

n o n p la n a r  d e fo rm a tio n ,  831 cm”1 

NO2 s t r e t c h ,  1390 cm-1  

N0 £ b en d , 720 cm 1

C o v a le n t N i t r a t e s

NO2 sy m m etric  s t r e t c h ,  1290-1253  cm“l  

NO s t r e t c h ,  103^-970  cm”1 

NO2 sy m m etric  bend , n o t  o b se rv e d  

N0 2 a sy m m e tric  s t r e t c h ,  1531 - 1^81 cm-1  

NO2 a sy m m e tric  bend , n o t  o b se rv e d  

n o n p la n a r  d e fo rm a tio n ,  800-781  cm”1

The m ost d e f i n i t i v e  change i n  g o in g  from  a n  i o n i c  to  

a  c o v a l e n t ly  bonded n i t r a t e  g ro u p  i s  th e  s p l i t t i n g  o f  th e  N02 

s t r e t c h i n g  band (0 ^) i n t o  two a b s o r p t io n  bands (0 ^ a n d O ^ ) .  

F u r th e rm o re , th e  NO s t r e t c h i n g  and  n o n p la n a r  d e fo rm a tio n  b ands 

a r e  s h i f t e d  to  lo w e r  wave num ber. I t  s h o u ld  be n o te d  h e re  

t h a t  w h e th e r  th e  n i t r a t e  i s  m o n o d e n ta te , b l d e n t a t e ,  o r  b r i d g ­

in g ,  th e  p o i n t  g ro u p  sym m etry re m a in s  th e  sam e.

I t  i s  t h e r e f o r e  n o t  p o s s ib l e  to  d i s t i n g u i s h  b e tw een  

th e s e  t h r e e  modes o f  b o n d in g  u s in g  o n ly  i n f r a r e d  s p e c t ro s c o p y .

^  1 

 ̂ 2

^ 3 
0 ^
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B u l l o c k ^  an d  C u r t i s - ^  have fo u n d  I t  p o s s ib l e  t o  d i s t i n g u i s h  

b e tw ee n  m o n o d en ta te  an d  b i d e n t a t e  b o n d in g  u s in g  c o m b in a tio n  

b a n d s , b u t  t h i s  m ethod i s  n o t  p r a c t i c a l  w i th  p y r id in e  com plexes 

b e c a u se  th e  s p e c t r a  a r e  to o  com plex . An a l t e r n a t e  m ethod o f  

r e s o l v i n g  t h i s  p ro b lem  was fo u n d  i n  th e  s im u lta n e o u s  u se  o f  

i n f r a r e d  an d  Raman s p e c t r o s c o p y .  U sin g  t h i s  m ethod , A dd ison  

a n d  cow crrkers-^  have  fo u n d  i t  p o s s ib l e  t o  d i s t i n g u i s h  b e tw ee n  

m o n o d en ta te  an d  b i d e n t a t e  g ro u p s  i n  t in ( I V )  n i t r a t e ,  t i t a n iu m ( I V )  

n i t r a t e ,  and  vanadium (V ) o x id e  t r i n i t r a t e .

The n i t r a t e  g ro u p  a b s o r p t io n s  f o r  th e  z i n c ( I I ) ,  c a d -  

m iu m (II ) ,  and  m e r c u r y ( I I )  com plexes a r e  sum m arized  i n  T ab le  

XV. The a s s ig n m e n ts  a r e  a l l  c o n s i s t e n t  w i th  c o o rd in a te d  n i ­

t r a t e  g ro u p s . The m ag n itu d e  o f  th e  s p l i t t i n g  b e t w e e n a n d  

0 ^  i s  som ewhat s m a l l e r  th a n  t h a t  s u g g e s te d  by G a t e h o u s e ,  

b u t  th e  m ag n itu d e  o f  th e  s p l i t t i n g  i s  c o n s i s t e n t  w i th  v a lu e s  

r e p o r t e d  by o t h e r  w o r k e r s . 57 The p o s i t i o n s  o f  th e  n on ­

p l a n a r  d e fo rm a tio n s  (813-820  cm”1 ) som ewhat e x ce ed  th e  u p p e r  

l i m i t  s u g g e s te d  by G a te h o u s e ,^ 2 b u t  t h e  p o s i t i o n s  a r e  c o n s i s ­

t e n t  w ith  th e  v a lu e s  r e p o r t e d  by o t h e r  w o rk e rs .

F e r r a r o ^  h a s  s u g g e s te d  t h a t  th e  m ag n itu d e  o f  th e  

s p l i t t i n g  b e tw een  0 ^  a n d O ^  m ig h t be  a n  I n d i c a t i o n  o f  th e  

d e g re e  o f  c o v a le n t  c h a r a c t e r  o f  th e  n i t r a t e  bond . I n  m e th y l 

n i t r a t e ,  w here t h e  c a rb o n -o x y g e n  bond s h o u ld  be  e s s e n t i a l l y  

c o v a le n t ,  th e  s p l i t t i n g  b e tw e e n 0 ^  andO  1 i s  385 cm- 1 . I n  

th e  z i n c ( I I ) ,  c a d m iu m (II) , an d  m e r c u r y ( I I )  com plexes th e  

s p l i t t i n g  ra n g e d  b e tw ee n  1^8 and  188 cm"1 , w hich  s u g g e s te d  

t h a t  th e  d e g re e  o f  c o v a le n t  c h a r a c t e r  v a r i e d  som ewhat w ith  

th e  m e ta l  io n .  O th e r  f a c t o r s  w ould hav e  to  be c o n s id e re d
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b e f o r e  a n y  q u a n t i t a t i v e  i n t e r p r e t a t i o n  c o u ld  be  a p p l i e d  to  

t h e s e  r e s u l t s .

I n  summary, i t  was fo u n d  t h a t  a l l  o f  th e  z i n c ( I I ) ,  

c a d m iu m (II) , an d  m e r c u r y ( I I )  com p lexes c o n ta in  c o v a l e n t ly  

bound p y r i d i n e j  an d , i n  a d d i t i o n ,  th e  t r i s o l v a t e d  m o le c u le s  

e x h i b i t e d  a b s o r p t io n  c h a r a c t e r i s t i c  o f  u n c o o rd in a te d  p y r i d in e ,  

A l l  o f  t h e  com plexes a l s o  c o n ta in e d  c o o rd in a te d  n i t r a t e  g ro u p s , 

a s  i n d i c a t e d  by  th e  a b s o r p t io n  s p e c t r a  c h a r a c t e r i s t i c  o f  C2v 

sym m etry . I t  was n o t  p o s s i b l e  t o  d i f f e r e n t i a t e  b e tw e e n  mono­

d e n t a t e ,  b i d e n t a t e ,  an d  b r id g in g  n i t r a t e  g ro u p s  u s in g  th e  

i n f r a r e d  d a ta .

J .  F a r - I n f r a r e d  A n a ly se s  (*f00-33 cm "^ ).

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

t r o s c o p y  a s  a  means o f  a s c e r t a i n i n g  s t e r e o c h e m is t r y  was q u i t e  

l i m i t e d .  R e c e n tly ,  com m erc ia l f a r - i n f r a r e d  in s t r u m e n ts  have 

become more r e a d i l y  a v a i l a b l e ,  an d  w i th  t h i s  a v a i l a b i l i t y  

a  c o n c o m ita n t r i s e  i n  t h e i r  u se  h a s  o c c u r r e d .

M eta l h a l id e  com plexes have  r e c e iv e d  th e  g r e a t e s t  

am ount o f  a t t e n t i o n .  C la rk  and  c o w o rk e rs1 ^ ’ 33 We r e  th e  t o r c h -  

b e a r e r s  i n  t h i s  a r e a .  Some o f  t h e i r  w ork h a s  in c lu d e d  a s s i g n ­

m en ts  f o r  th e  t 2 s t r e t c h i n g  v i b r a t i o n s  o f  th e  MXĵ n_ s e r i e s  

o f  a n io n s  (M = Mn, F e , Co, N i, Cu, Zn) and e x te n s iv e  s t u d i e s  

o f  com plexes o f  th e  ty p e  M X ^^, w here L i s  a  n e u t r a l  e l e c t r o n -  

d o n o r  l ig a n d .

M e ta l - p y r id in e  com plexes o f  th e  g e n e r a l  fo rm u la  MXmLn , 

(X = h a lo g e n )  a r e  among th e  m ost e x te n s iv e  s e r i e s  known. They 

in c lu d e  exam ples o f  com plexes w i th  th e  fo l lo w in g  g e o m e tr ie s  t
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t e t r a h e d r a l  (MX2 * 2p y ) , o c ta h e d r a l  (MX^typy, MX^*3P y . and 

MX2(,*2p y , f o r  a l l  o f  w h ich  e l s  an d  t r a n s  Iso m e rs  a r e  know n), 

p o ly m e r ic  o c ta h e d r a l  an d  d i s t o r t e d  o c ta h e d r a l  (MX2 *2py,. b o th  

o f  w hich  c o n ta in  h a lo g e n  b r i d g e s ) ,  and  e l s  an d  t r a n s  p la n a r  

(MX2 *2py ) . 13
O

F e r r a r o  an d  co w o rk ers  have  a s s ig n e d  t h e  b an d s  o f  t h e  

f a r - i n f r a r e d  s p e c t r a  o f  Z n (p y )2X2 , Z n (b ip y )X 2 , an d  Z n ( te rp y )X 2 

(X = C l, B r, I )  an d  c o n c lu d e d  t h a t  t h e  p y r id in e  an d  b i p y r l d y l  

com plexes a r e  t e t r a h e d r a l ,  an d  t h a t  t h e  t e r p y r i d y l  com plexes 

a r e  t r i g o n a l  b ip y ra m id a l .  The l a t t e r  a s s ig n m e n t i s  i n  a g r e e ­

m ent w i th  t h a t  o f  C o r b r i d g e . 5 9  s h a r p  an d  c o w o rk e rs^*?’10 h ave  

s tu d i e d  a  w ide v a r i e t y  o f  z i n c ( I I )  h a l i d e ,  p e r c h l o r a t e ,  and  

t e t r a f l u o r o b o r a t e  com plexes w ith  p y r i d in e ,  t r ip h e n y lp h o s p h ln e ,  

Y - p ic o l in e ,  and  q u in o l in e .  I n  a lm o s t  a l l  c a s e s ,  w here  i t  was 

p o s s ib l e  t o  a s s i g n  a  s t e r e o c h e m is t r y  t o  th e  m o le c u le s ,  th e y  

fo u n d  t h a t  th e  com plexes e x h ib i t e d  a  t e t r a h e d r a l  o r  p se u d o -  

t e t r a h e d r a l  g e o m e try . G raddon and  c o w o r k e r s ^  have  p u b l is h e d  

a  s e r i e s  o f  p a p e r s  o n  th e  s t e r e o c h e m is t r y  o f  z i n c ( I I )  com pounds. 

T h e i r  c o n c lu s io n s ,  a f t e r  e x am in in g  a  l a r g e  num ber o f  com plexes 

c o n ta in in g  l a r g e  o r g a n ic  l i g a n d s ,  w ere  t h a t  th e  s t e r e o c h e m is t r y  

o f  z i n c ( I I )  a p p e a re d  t o  be d e te rm in e d  s o l e l y  by s t e r l c  e f f e c t s .  

They fo u n d  t h a t  when t h e  l ig a n d  was su ch  t h a t  ^ - c o o r d i n a t i o n  

c o u ld  be  p ro d u c e d , th e n  f u r t h e r  c o o r d in a t io n ,  w h ich  would a l t e r  

t h e  t e t r a h e d r a l  s t e r e o c h e m is t r y ,  d id  n o t  o c c u r .  When, how­

e v e r ,  ^ - c o o r d i n a t i o n  c o u ld  n o t  p ro d u c e  a  t e t r a h e d r a l  e n v ir o n ­

m ent a ro u n d  th e  z i n c ( I I )  io n ,  th e n  5 - c o o r d i n a t i o n  a lw ay s 

o c c u r r e d .  I n  g e n e r a l  i t  can  be s a i d  t h a t  th e  s t e r e o c h e m is t r y  

o f  z i n c ( I I )  com plexes i s  d o m in a te d  by  a  t e t r a h e d r a l  o r
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p s e u d o te t r a h e d r a l  a r ra n g e m e n t o f  t h e  l ig a n d s  a ro u n d  th e  m e ta l  

I o n . When, how ever, t e t r a h e d r a l  g e o m e try  I s  n o t  p o s s ib l e  o r  

when I t  s im p ly  I s  n o t  p r e s e n t ,  t h e n  f i v e - c o o r d i n a t i o n  seem s 

t o  be t h e  n e x t  m ost f a v o re d  g eo m e try  f o r  z i n c ( I I ) .

I n  c o n t r a s t  to  z l n c ( I I ) ,  t h e  s t e r e o c h e m is t r y  o f  c a d -  

m iu m (II) com plexes i s  p re d o m in a n tly  o c ta h e d r a l  o r  p se u d o -  

o c t a h e d r a l .  Cl a rk -1-3 h as  fo u n d  t h a t  CdCl2 *2py and  CdBr2 *2py 

a r e  d i s t o r t e d  o c ta h e d r a l  p o ly m e rs . S h a rp  an d  co w o rk e rs?  f e l t  

t h a t  t h e r e  was s t r o n g  e v id e n c e  f o r  C d ^ (p y )2 C l^, C d(py)B r2 , 

C d (p -p ic )C l2 , C d(3 - p i c ) B r 2 and  C d (Y -p ic )^ C l2 a l l  b e in g  o c t a ­

h e d r a l .  C oa tes a n d  B id le y 1 ^ i n v e s t i g a t e d  a  l a r g e  num ber o f  

cad m iu m (II)  com plexes o f  t h e  fo rm u la  L2 CdX2 (X = C l, B r) and  

fo u n d  i n  e v e ry  c a s e  t h a t  th e  m e ta l  was i n  a  p o ly m e r ic  o c t a ­

h e d r a l  e n v iro n m e n t. F u r th e rm o re , S h a rp  and  cow orkers^®  p r e ­

p a re d  a  s e r i e s  o f  a n i l i n e  an d  s u b s t i t u t e d  a n i l i n e  d e r i v a t i v e s  

o f  cad m iu m (II) n i t r a t e  and  s u l f a t e ,  and  c o n c lu d e d  t h a t  th e  

m e ta l  p ro b a b ly  had  a n  o c ta h e d r a l  c o o r d in a t io n .

M e rc u ry ( I I )  co m p lex es , a l th o u g h  l e s s  w e l l  s tu d ie d  and  

c h a r a c t e r i z e d  t h a n  th e  z i n c ( I I )  an d  cad m iu m (II) compounds, 

te n d  to  f a v o r  t e t r a h e d r a l  and  o c ta h e d r a l  g e o m e tr ie s .  C la rk " ^  

h a s  show n t h a t  HgCl2 *2py a n d  HgBr2 *.2py a r e  d i s t o r t e d  p o ly m e r ic  

o c ta h e d r a l  com pounds. C o a t e s ^  fo u n d  t h a t  many m e rc u ry ( I I )  

com plexes a r e  t e t r a h e d r a l ,  and  t h a t  t h i s  f r e q u e n t ly  o c c u rs  

th ro u g h  d i m e r iz a t i o n .  M is ra  e t. a l .^ 1 have  shown t h a t  f o r  a  

s e r i e s  o f  a n i l i n e  an d  d i s u b s t i t u t e d  a n i l i n e  com plexes o f  m er­

c u ry  ( I I )  c h lo r id e ,  t h e  s t e r e o c h e m is t r y  i s  p ro b a b ly  p se u d o ­

t e t r a h e d r a l ,  a l th o u g h  th e y  c o u ld  n o t  r u l e  o u t  t h e  p o s s i b i l i t y  

o f^ p o ly m e r ic  s u b s ta n c e s .
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T a b le  XVI an d  F ig u re s  6 and  7 sum m arize t h e  r e s u l t s  

o f  t h e  f a r - i n f r a r e d  i n v e s t i g a t i o n  o f  t h e  z i n c ( I I ) ,  cadm ium (I I ) ,  

and  m e r c u r y ( I I )  co m p lex es.

I n  a t t e m p t in g  to  a n a ly z e  th e  f a r - i n f r a r e d  s p e c t r a ,  i t  

i s  b e s t  to  c o n s id e r  f i r s t  w hat w ould b e  th e  m ost r e a s o n a b le  

g e o m e tr ie s  f o r  th e  m o le c u le s  I n  q u e s t io n ,  f o r  i t  i s  th ro u g h  

a  know ledge o f  th e  g e o m e try  t h a t  some id e a  o f  th e  p o in t  g ro u p  

sym m etry o f  t h e  m o le c u le  i s  o b ta in e d .  Knowing th e  p o in t  g ro u p , 

i t  i s  p o s s ib l e  to  p r e d i c t  t h e o r e t i c a l l y  th e  f a r - i n f r a r e d  s p e c ­

trum  o f  th e  m o le c u le .

P re v io u s  d a ta  i n d i c a t e d  t h a t  th e  d i n i t r a t o t r i s ( p y r i ­

d in e )  z in c  ( I I )  was a  monomer i n  th e  s o l i d  s t a t e .  A l l  o f  th e  

p y r id in e  was c o o rd in a te d  to  th e  m e ta l  and  th e  same was t r u e  

o f  th e  n i t r a t e  g ro u p s . S in c e  th e  n i t r a t e  g ro u p s  c o u ld  f u n c ­

t i o n  a s  m o n o d e n ta te , b i d e n t a t e ,  o r  b r id g in g  l i g a n d s ,  th e  f o l ­

lo w in g  p o s s i b i l i t i e s  seem ed m ost r e a s o n a b le *  t r i g o n a l  b ip y -  

r a m id a l ,  o c ta h e d r a l  w i th  one n i t r a t e  f u n c t io n in g  a s  a  b i d e n t a t e  

l ig a n d ,  p o ly m e r ic  o c ta h e d r a l  w i th  b r id g in g  n i t r a t e s ,  and s q u a re  

p y ra m id a l .  F ra n k  an d  R o g e rs^1 have p r e v io u s ly  r e p o r t e d  th e  

sp e c tru m  o f  t h i s  com plex and  a s s ig n e d  th e  b an d s  a t  220 an d  

204 cm“^ to  t h e  m e t a - n i t r a t e  an d  m e ta l - p y r id in e  a b s o r p t io n s ,  

r e s p e c t i v e l y .  The p r e s e n t  s tu d y  has fo u n d  t h e  same p e a k s  and 

a s s ig n e d  them  i n  an  a n a lo g o u s  m anner. I n  sy s te m s  a n a lo g o u s  

to  t h i s ,  m e t a l - n i t r a t e  p e a k s  have  g e n e r a l l y  b e e n  fo u n d  i n  th e  

ra n g e  324-220 cm"-*-, and  th e  m e ta l - p y r id in e  p e a k s  g e n e r a l l y  

a p p e a r  be low  250 cm"-*-. P eak s  be low  150 cm"-*- a r e  u s u a l ly  o n ly  

t e n t a t i v e l y  a s s ig n e d  to  d e fo rm a tio n  f r e q u e n c ie s ,  b e c a u se  m o le ­

c u la r  l a t t i c e  v i b r a t i o n s  a l s o  o c c u r  i n  t h i s  r e g io n  and  i t  i s



73

u s u a l l y  q u i t e  d i f f i c u l t  to  a s c r i b e  a n y  p a r t i c u l a r  p e ak  to  a  

d e f i n i t e  mode. I n  th e  t r i s ( p y r i d i n e )  com plex u n d e r  p r e s e n t  

d i s c u s s i o n  th e  p e a k  a t  200  cm”1  h a s  b e e n  a s s ig n e d  to  th e  

m e ta l - p y r id in e  s t r e t c h ,  b u t  t h i s  p e a k  i s  so  b ro a d  t h a t  i t  i s  

d i f f i c u l t  to  d e te rm in e  w h e th e r  o r  n o t  o t h e r  p e a k s  w ere h id d e n  

o r  m asked by  t h i s  b ro a d  b a n d . The a p p e a ra n c e  o f  j u s t  one M-0 

s t r e t c h  and  one M-N s t r e t c h  d o e s  n o t  a l lo w  f o r  an y  ty p e  o f  

d e f i n i t i v e  a s s ig n m e n t o f  s t e r e o c h e m is t r y  to  th e  com plex . I t  

c an  be s a i d ,  how ever, t h a t  t h e  a p p e a ra n c e  o f  o n ly  two p e a k s  

commonly o c c u rs  f o r  b o th  o c ta h e d r a l  an d  t r i g o n a l  b ip y ra m id a l  

m o le c u le s .  T h e r e fo r e ,  th e  m o st t h a t  c a n  be  c o n c lu d e d  from  

th e  f a r - i n f r a r e d  d a t a  f o r  t h i s  m o le c u le  i s  t h a t  th e  sp e c tru m  

i s  n o t  i n c o n s i s t e n t  w ith  e i t h e r  o c ta h e d r a l  o r  t r i g o n a l  b ip y ­

ra m id a l  g e o m e try . C o n s id e r in g  th e  p r e v io u s  d i s c u s s i o n ,  th e  

m ost r e a s o n a b le  s t r u c t u r a l  a s s ig n m e n t f o r  t h i s  m o le cu le  w ould 

be e i t h e r  t r i g o n a l  b ip y ra m id a l ,  o r  o c ta h e d r a l  w i th  a  b i d e n t a t e  

n i t r a t e  g ro u p . S q u a re  p y ra m id a l i s  r u l e d  o u t  b e c a u se  t h i s  

s t r u c t u r e  h a s  b e e n  fo u n d  o n ly  i n  sy s te m s  i n  w hich  th e  o r g a n ic  

l ig a n d  f o r c e s  t h e  g e o m e try i p o ly m e r ic  o c ta h e d r a l  i s  r u l e d  o u t  

b e c a u se  s u c h  a  s t r u c t u r e  w ould  be i n c o n s i s t e n t  w i th  th e  m o le ­

c u l a r  w e ig h t and  c o n d u c t iv i t y  m easu rem en ts . The t r i g o n a l  

b ip y ra m id a l  and  o c ta h e d r a l  s t r u c t u r e s  a r e  b o th  c o n s i s t e n t  w ith  

a l l  o t h e r  a v a i l a b l e  d a ta ,  b u t  i t  i s  n o t  p o s s ib l e  t o  d i s t i n g u i s h  

b e tw een  t h e s e  two p o s s i b i l i t i e s .

D i n i t r a to t r i s ( p y r i d in e ) c a d m iu m ( I I )  shows two m ajo r 

p eak s  i n  th e  f a r - i n f r a r e d .  The h ig h e r  o f  t h e s e  a t  190 cm”1 

was t e n t a t i v e l y  a s s ig n e d  to  t h e  m e t a l - n i t r a t e  . s t r e t c h ,  and  

th e  p e ak  a t  160  cm”1 was a s s ig n e d  to  t h e  m e ta l - p y r id in e
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s t r e t c h .  I n  b o th  c a s e s  t h e s e  p e a k s  a p p e a r  v e ry  low  f o r  t h e  

a b s o r p t io n s  to  w h ich  th e y  have  b e e n  a s s ig n e d .  F r e q u e n t ly ,  

m e t a l - n i t r o g e n  s t r e t c h i n g  f r e q u e n c ie s  c a n n o t b e  fo u n d  I n  t h e  

f a r - i n f r a r e d  b e c a u s e  th e y  a r e  l o c a te d  to o  low . F o r  th e s e  

r e a s o n s  i t  was f e l t  t h a t  t h e s e  two p e a k s  c o u ld  g iv e  l i t t l e  

u n e q u iv o c a l  I n fo r m a t io n .  The o n ly  two r e a s o n a b le  g e o m e tr ie s  

f o r  t h i s  compound a r e  o c ta h e d r a l  and  p o ly m e r ic  o c ta h e d r a l .

T h is  I s  b a se d  upon  b o th  t h e  h i s t o r y  o f  cad m iu m (II) com plexes 

and  th e  in f o r m a t io n  w hich  h as  b e e n  o b ta in e d  on  th e  m o le c u le  

i n  t h i s  w ork . The m o le c u la r  w e ig h t d e te r m in a t io n  i n d ic a t e d  

t h a t  th e  m o le cu le  i s  p o ly m e r ic ,  and  th e  s to ic h io m e t r y  a l s o  

s u g g e s ts  a n  o c ta h e d r a l  g e o m e try . S in c e  a  m onom eric o c ta h e d r a l  

g eo m e try  c an  th u s  be  f a i r l y  w e l l  e l im in a te d ,  t h i s  l e a v e s  o n ly  

a  p o ly m e r ic  o c ta h e d r a l  g e o m e try  f o r  th e  m o le c u le . T hese same 

a rg u m e n ts  a l s o  h o ld  t r u e  f o r  th e  t e t r a n i t r a t o t r i s ( p y r i d i n e ) -  

d icadm ium (I I ) .  I t  i s  t h e r e f o r e  s u g g e s te d  t h a t  b o th  d i n i t r a t o -  

t r i s ( p y r id in e ) c a d m iu m ( I I )  and  t e t r a n i t r a t o t r i s ( p y r i d i n e ) d i -  

c ad m iu m (II) a r e  d i s t o r t e d  o c ta h e d r a l  p o ly m e rs , w here b r id g in g  

o c c u rs  by  means o f  t h e  n i t r a t e  g ro u p s .

As h a s  b e e n  p r e v io u s ly  d i s c u s s e d ,  th e  p r e f e r r e d  s t e r e o ­

c h e m is try  f o r  z i n c ( I I )  and  m e r c u r y ( I I )  com plexes i s  t e t r a h e d r a l .  

F o r  a  t e t r a h e d r a l  m o le c u le  o f  th e  g e n e r a l  fo rm u la  MX2t 2 th e  

p o i n t  g ro u p  i s  C2 v . A m o le c u le  c o n ta in in g  t h i s  sym m etry 

s h o u ld  have  two M-X s t r e t c h i n g  f r e q u e n c ie s  (a^  and b ^ ) and  

two M-L s t r e t c h e s  (a^  and  t>2 ) ,  and  th e  re m a in in g  f i v e  v i b r a ­

t i o n s  sh o u ld  in v o lv e  X-M-X an d  L-M-L b en d s and  d e fo r m a t io n s .^  

The s p e c t r a  f o r  d i n i t r a t o b i s ( p y r i d i n e ) z i n c ( I I )  showed p e ak s  

a t  305 an d  285 cm- 1 , w hich  w ere a s s ig n e d  to  th e  M-0 s t r e t c h i n g
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m odes. The p e a k s  a t  250 an d  210 om“^ w ere a s s ig n e d  to  th e  

M-N s t r e t c h i n g  m odes. A lth o u g h  h ig h ly  t e n t a t i v e ,  th e  p o o r ly  

r e s o lv e d  p e a k  b e tw ee n  190  and  160  cm"^ c o u ld  be  a s s ig n e d  t o  

th e  m e ta l-o x y g e n  an d  m e ta l - p y r id in e  d e fo r m a tio n s .  I n  d i n i ­

t r a t o b i s  ( p y r id in e )  m ercu ry  ( I I )  t h e  p e a k s  a t  303 an d  2^8 cm“ -̂ 

w ere a s s ig n e d  to  t h e  M-0 s t r e t c h i n g  v i b r a t i o n s , and  th e  p e a k s  

a t  220  and 165  cm"-*- w ere a s s ig n e d  to  th e  m e ta l - p y r id in e  s t r e t ­

c h e s .  The p eak s  a t  130 an d  110 cm-1  w ere t e n t a t i v e l y  a s s ig n e d  

to  m e ta l - p y r id in e  and  m e t a l - n i t r a t e  d e fo rm a tio n s  r e s p e c t i v e l y .

The a s s ig n m e n ts  j u s t  d i s c u s s e d  a r e  c o n s i s t e n t  w ith  

th e  a s s ig n m e n ts  o f  p re v io u s  w o rk e rs  f o r  m e ta l  p y r id in e  com­

p le x e s  o f  C2v  sym m etry . The a s s ig n m e n ts  a r e  a l s o  i n  ag re em e n t 

w ith  th e  e x p e c te d  g eo m e try  f o r  z i n c ( I I )  and m e r c u r y ( I I )  com­

p le x e s  o f  th e  fo rm u la  ML2X2< I t  i s  c o n c lu d e d , t h e r e f o r e ,  t h a t  

th e  z i n c ( I I )  and  cad m iu m (II) b i s ( p y r i d i n e )  com plexes a r e  mono­

m e r ic ,  p s e u d o te t r a h e d r a l  m o le c u le s  w ith  C^Y sym m etry .

K. S t r u c tu r e  o f  th e  C om plexes.

I m p l i c i t  i n  th e  f o r m u la t io n  o f  a  com plex i n  b r a c k e t s  

( [  ] )  i s  th e  f a c t  t h a t  a l l  l ig a n d s  c o n ta in e d  t h e r e i n  a r e  c o -  

o r d i n a t e l y  bonded  t o  th e  m e ta l .  T h ro u g h o u t t h i s  m a n u s c r ip t  

th e  com plexes s tu d i e d  i n  t h i s  w ork have  b e e n  r e p r e s e n te d  w ith  

b r a c k e t s .  The r e a s o n s  f o r  su c h  f o r m u la t io n s  w i l l  now be p r e ­

s e n te d ,  m aking l i b e r a l  u s e  o f  th e  c o n c lu s io n s  a r r i v e d  a t  from  

th e  e x p e r im e n ta l  d a ta .

1 * D l n l t r a t o t r l s ( p y r i d i n e ) z i n c ( I I ) .

The I n f r a r e d  an d  f a r - i n f r a r e d  s p e c t r a  o f  t h i s  com plex 

i n d ic a t e d  t h a t  a l l  o f  t h e  p y r id in e  i n  th e  m o le c u le  was c o o r -
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d i n a t i v e l y  b o n d ed , an d  t h a t  th e  n i t r a t e  g ro u p s  w ere a l s o .

The m o le c u la r  w e ig h t and  c o n d u c ta n c e  d a ta  i n d i c a t e d  t h a t  th e  

com plex was a  monomer i n  th e  s o l i d  s t a t e .  Prom th e s e  d a ta  

i t  was n o t  p o s s ib l e  t o  d i s t i n g u i s h  b e tw ee n  f iv e - a n d  s i x - c o o r ­

d i n a t i o n .  T h e re fo r e ,  t h e  s t r u c t u r a l  p o s s i b i l i t i e s  f o r  a  

z i n c ( I I )  com plex c o n ta in in g  f i v e  l ig a n d s  an d  th e  p o s s i b i l i t y  

f o r  b i d e n t a t e  b o n d in g  w ere  c o n s id e r e d .  Knowing th e  s t r u c t u r a l  

h i s t o r y  o f  z i n c ( I I ) ,  t h e  c o n c lu s io n  was draw n t h a t  t h e  com­

p le x  was e i t h e r  t r i g o n a l  b ip y ra m id a l ,  o r  o c ta h e d r a l  th ro u g h  

a  b r id g in g  n i t r a t e  g ro u p , s in c e  t h e s e  a r e  t h e  p r e f e r r e d  s t e r e o ­

c h e m is t r i e s  f o r  su c h  a  com plex .

2 . D l n l t r a t o b l s ( p y r l d l n e ) z l n c ( I I )  and  D i n i t r a t o b i s ( p y r i d i n e )  

m e r c u r y ( I I ) .

The i n f r a r e d  and  c o n d u c ta n c e  d a t a  on  th e s e  com plexes 

i n d i c a t e d  t h a t  b o th  t h e  p y r id in e  an d  n i t r a t e  g ro u p s  w ere co ­

o r d i n a t e d  to  th e  m e ta l io n .  F a r - i n f r a r e d  d a t a  i n d i c a t e d  t h a t  

t h e  com plexes w ere p s e u d o te t r a h e d r a l  and  b e lo n g e d  to  t h e  C2v 

p o i n t  g ro u p . The com plexes w ere t h e r e f o r e  a s s ig n e d  a  p se u d o -  

t e t r a h e d r a l  g eo m e try  w i th  b o th  t h e  p y r id in e  and  n i t r a t e  g roups 

f u n c t io n in g  a s  m o n o d en ta te  l i g a n d s .

3 . D l n l t r a to t r l s ( p y r i d in e ) c a d m iu m ( I I )  and  T e t r a n i t r a t o ­

t r i s  ( p y r id in e ) d lc a d m iu m ( I I ) .

The i n f r a r e d  s p e c t r a  o f  t h e s e  compounds i n d i c a t e d  t h a t  

b o th  th e  p y r id in e  and n i t r a t e  g ro u p s  w ere c o o rd in a te d  to  th e  

c e n t r a l  m e ta l  io n .  The c o n d u c ta n c e  and  m o le c u la r  w e ig h t d a ta  

i n d i c a t e d  t h a t  th e  d i n i t r a t o  com plex was p o ly m e r ic . The f a r -  

i n f r a r e d  d a ta  s u g g e s te d  t h a t  t h e  com plexes m ig h t be o c ta h e d r a l .  

The X -ra y  pow der p a t t e r n  o f  th e  t e t r a n i t r a t o  com plex was
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c o m p le te ly  d i f f e r e n t  from  t h a t  o f  t h e  p a r e n t  compound, w hich  

l e n t  s u p p o r t  t o  th e  c o n te n t io n  t h a t  th e  compound was a  u n iq u e  

e n t i t y .  B ased  upon t h e s e  d a ta  and  t h e  f a c t  t h a t  cadmium f r e ­

q u e n t ly  fo rm s p o ly m e r ic  o c ta h e d r a l  com pounds, th e  m o le c u le s  

w ere  a s s ig n e d  a  p o ly m e r ic  d i s t o r t e d  o c ta h e d r a l  g eo m etry  w ith  

b r id g in g  th ro u g h  n i t r a t e  g ro u p s .

The T r i s o lv a t e  C om plexes.

The i n f r a r e d  s p e c t r a  o f  th e s e  compounds I n d i c a te d  t h a t  

t h e  n i t r a t e  g ro u p s  w ere c o o r d in a te d .  The i n f r a r e d  a l s o  i n d i ­

c a te d  th e  p re s e n c e  o f  b o th  c o o rd in a te d  and  u n c o o rd in a te d  p y ­

r i d i n e .  The e a s e  and s t o i c h i o m e t r i c  m anner i n  w hich  t h r e e  

m o les o f  p y r i d in e  w ere  l o s t  from  th e s e  com plexes i n d i c a t e d  

t h a t  th e  t h r e e  p y r id in e s  w ere e q u iv a le n t  and  u n c o o rd in a te d ,  

n o t  s im p ly  a d s o rb e d  s u r f a c e  p y r i d in e .  The X -ra y  pow der p a t ­

t e r n s  o f  t h e  com plexes i n d ic a t e d  t h a t  t h e i r  s t r u c t u r e s  w ere 

d i f f e r e n t  from  th o s e  o f  t h e i r  p a r e n t  com pounds. T h is  a l s o  

l e n t  s u p p o r t  to  th e  c o n te n t io n  t h a t  th e  t h r e e  m oles o f  p y r i ­

d in e  w ere n o t  s im p ly  a d s o rb e d  s u r f a c e  p y r i d in e ,  b u t  i n s t e a d  

w ere  a n  I n t im a te  p a r t  o f  th e  l a t t i c e  s t r u c t u r e s .  The s t e r e o ­

c h e m is t r i e s  o f  th e  m o le c u le s  w ere  t h e r e f o r e  a n a lo g o u s  to  th o s e  

o f  t h e i r  p a r e n t  com pounds, b u t  w ith  a n  a d d i t i o n a l  t h r e e  m oles 

o f  c r y s t a l  p y r i d in e .
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IV . SUMMARY

The p r e s e n t  s tu d y  h a s  b e e n  a n  i n v e s t i g a t i o n  o f  th e  

com plexes form ed b e tw ee n  p y r i d in e  an d  th e  a n h y d ro u s  m e ta l  

n i t r a t e s  o f  z i n c ( I I ) ,  c a d m iu m (II) , an d  m e r c u r y ( I I ) .  P y r id in e  

com plexes c o n ta in in g  2 , 3 . an d  6 m o le c u le s  o f  th e  b a se  w ere  

p r e p a re d  f o r  z i n c ( I I )  n i t r a t e .  Com plexes c o n ta in in g  1 .5 ,  3 , 

an d  6 m o le c u le s  o f  p y r id in e  w ere p r e p a re d  w ith  cad m ium (II) 

n i t r a t e ,  an d  compounds c o n ta in in g  2 an d  5 m o le c u le s  o f  p y r i ­

d in e  w ere p re p a re d  w ith  m e rc u ry ( I I )  n i t r a t e .

The m o le c u le s  w ere s t u d i e d  u s in g  d i f f e r e n t i a l  th e rm a l 

a n a l y s i s ,  th e rm o g ra v im e tr ic  a n a l y s i s ,  m ass s p e c t r o m e tr y ,  m o le ­

c u l a r  w e ig h t m easu rem en ts , m a g n e tic  m easu rem en ts , u l t r a v i o l e t  

and  v i s i b l e  s p e c t ro s c o p y ,  c o n d u c ta n c e  m easu rem en ts , X -ra y  

d i f f r a c t i o n ,  and  i n f r a r e d  s p e c t r o s c o p y .  A c o m b in a tio n  o f  

t h e  d a t a  from  t h e s e  a n a ly s e s  l e d  to  th e  f o l lo w in g  s t o i c h i o ­

m e tr ie s  and  t e n t a t i v e  s t r u c t u r e  a s s ig n m e n ts  f o r  th e  compounds 

i n  th e  s o l i d  s t a t e t

[Z n (p y )^ (N O ^ )^ ]» A com plex h a v in g  e i t h e r  t r i g o n a l  b ip y ra m id a l  

o r  o c ta h e d r a l  g e o m e try  w ith  one n i t r a t e  g ro u p  m o n o d en ta te  and  

th e  se c o n d  e i t h e r  mono- o r  b i d e n t a t e .

[Z n (p y )2 (N O ^)^]* A com plex h a v in g  t e t r a h e d r a l  g eo m etry  w ith  

m o n o d en ta te  p y r id in e  an d  n i t r a t e  g ro u p s .

C Z n(py )^(N 0^)2 ]* 3 p y i A com plex h a v in g  e i t h e r  t r i g o n a l  b ip y r a ­

m id a l o r  o c ta h e d r a l  g eo m etry  w i th  a n  a d d i t i o n a l  th re e ^ m o le s  

o f  c r y s t a l  p y r i d in e .

[C d (p y )^ (N 0 ^ )2] j A p o ly m e r ic , d i s t o r t e d  o c ta h e d r a l  com plex 

h a v in g  b r id g in g  n i t r a t e  g ro u p s .
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[C d2 (p y )3 (1*0 3 )^ ]*  A p o ly m e r ic ,  d i s t o r t e d  o c ta h e d r a l  com plex 

h a v in g  b r id g in g  n i t r a t e  g ro u p s .

[C!d(py)^(N O ^)23 -3 p y * A p o ly m e r ic ,  d i s t o r t e d  o c ta h e d r a l  com plex 

h a v in g  b r id g in g  n i t r a t e  g ro u p s  an d  a n  a d d i t i o n a l  t h r e e  m oles 

o f  c r y s t a l  p y r i d in e .

[H g (p y )2 (NC^Jg] * A Ps e u d o te 'b r a h e d r a l  com plex h a v in g  m o n o d en ta te  

n i t r a t e  and  p y r id in e  g ro u p s .

[Hgfpy^fNO^Jg] * 3py * A pseudo  t e t r a h e d r a l  com plex h a v in g  mono­

d e n ta te  n i t r a t e  g ro u p s  and  t h r e e  m oles o f  c r y s t a l  p y r id in e .
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I .  INTRODUCTION

I t  h a s  h e e n  known f o r  s e v e r a l  d e c a d e s  t h a t  m e ta ls  

c o u ld  b e  o x id iz e d  I n  o r g a n ic  s o l v e n t s . 1 "** The m ost s i g n i f i ­

c a n t  f e a t u r e  o f  t h i s  te c h n iq u e  I s  t h a t  th e  e n t i r e  sy s te m  c a n  

be k e p t  w a t e r - f r e e ,  and  a n h y d ro u s  c o o r d in a t io n  compounds c a n  

be  p re p a re d  fro m  th e  o x id iz e d  m e ta l  s o l u t i o n s .

I t  h a s  b e e n  shown I n  t h i s  l a b o r a t o r y  t h a t  a  w ide 

v a r i e t y  o f  m e ta ls  a r e  s u s c e p t i b l e  t o  s u c h  a n  o x id a t io n ,  

b u t  I n  m ost c a s e s  s o lv e n t  i n t e r a c t i o n  i n  th e  r e a c t i o n  makes 

th e  sy s te m s  e x tre m e ly  c o m p lic a te d .

The o b j e c t i v e  o f  th e  p r e s e n t  s tu d y  was tw o fo ld  i n  

n a tu r e .  The f i r s t  o b j e c t i v e  was to  f i n d  s u i t a b l e  s o lv e n ts  

f o r  th e  o x i d a t i o n  o f  th e  g ro u p  V-B m e ta ls  w h e re in  s o lv e n t  

i n t e r a c t i o n  w ould be p r e c lu d e d .  The g ro u p  V-B m e ta ls  i n  

t h e i r  h ig h e r  o x i d a t i o n  s t a t e s  te n d  to  fo rm  oxy c a t io n s ,  r a t h e r  

th a n  s im p le  c a t i o n s , and  oxy com plexes a r e  i n e v i t a b l y  o b ­

t a in e d  from  c e r t a i n  o x y g e n -c o n ta in in g ,  o rg a n ic  s o l v e n t s .  I t  

seem ed d e s i r a b l e  t o  f i n d  a  s o l v e n t ( s )  from  w hich non-oxy  com­

p le x e s  c o u ld  be i s o l a t e d .  The o n ly  com plexes o f  th e  g ro u p  

V-B m e ta ls  w hich have b e e n  i s o l a t e d  from  o x id iz e d  m e ta ls  i n  

a n  o r g a n ic  s o lv e n t  have  b e e n  i s o l a t e d  from  m e th a n o l, and  i n  

t h i s  c a s e  th e  oxy o r  d io x y  com plexes have  a lw ays b e e n  o b ­

t a in e d  . 6 •9 ,1 0

The o x id iz in g  a g e n ts  s e l e c t e d  f o r  t h i s  i n v e s t i g a t i o n  

w ere b rom ine  and  s i l v e r  n i t r a t e .  The s o lv e n ts  s e l e c t e d  f o r  

i n v e s t i g a t i o n  w ere m e th a n o l, 1 ,2 -d im e th o x y e th a n e , d io x a n e , 

t e t r a h y d r o f u r a n ,  an d  b e n z e n e . I t  was f e l t  t h a t  t h i s  g ro u p
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o f  s o lv e n t s  w ould  I n c lu d e  a  w ide v a r i a t i o n  o f  m e ta l  h a l i d e  

o r  m e ta l  n i t r a t e  s o l u b i l i t y ,  a c i d i t y ,  and  c o o r d in a t in g  a b i l i t y .

The se c o n d  o b j e c t i v e  i n  t h i s  s tu d y  was t h e  i s o l a t i o n  

o f  com plexes from  th e  o x id iz e d  m e ta l  s o l u t i o n s .  The two 

co m p lex in g  a g e n ts  s e l e c t e d  w ere ammonium f l u o r i d e  and  p y r i ­

d in e .  T h e ir  s e l e c t i o n  was b a se d  u p o n  th e  f a c t s  t h a t  th e y  a r e  

known to  form  com plexes w i th  th e  g ro u p  V-B m e ta ls -* 19 .1 1 ,1 3  

and  t h a t  c h a r a c t e r i z a t i o n  o f  th e s e  com plexes w ould  be  m oder­

a t e l y  s im p le .

P a r t  I I  o f  t h i s  t h e s i s  i s  d iv id e d  i n to  f i v e  m a jo r  

s e c t i o n s .  S e c t io n  I  i s  th e  i n t r o d u c t i o n ,  i n  w hich  th e  sco p e  

and  p u rp o se  o f  t h i s  w ork a r e  d i s c u s s e d .  S e c t io n  I I  i s  a  d e ­

s c r i p t i o n  o f  t h e  a c t u a l  w ork . T h is  s e c t i o n  in c lu d e s  a d e t a i l e d  

d e s c r i p t i o n  o f  th e  s y n th e s e s ,  e le m e n ta l  a n a l y s e s ,  and  i n s t r u ­

m e n ta l a n a ly s e s  o f  th e  com pounds. S e c t io n  I I I  p r e s e n t s  th e  

r e s u l t s ,  d i s c u s s i o n  o f  th e  e x p e r im e n ta l  w ork , and  c o n c lu s io n s  

o b ta in e d  from  th e  w ork . S e c t io n s  IV  and V, r e s p e c t i v e l y ,  a r e  

a  summary o f  t h e  r e s u l t s  o b ta in e d  a n d  a  b ib l io g r a p h y .
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I I . EXPERIMENTAL

A. S t a r t i n g  M a t e r i a l s .

R eag en t g ra d e  m e th an o l ( F i s h e r )  was d r i e d  by  d i s t i l ­

l a t i o n  from  m agnesium  a c t i v a t e d  w ith  i o d in e .  R e ag e n t g ra d e  

p y r id in e  ( F i s h e r )  was d r i e d  by d i s t i l l a t i o n  from  p o ta s s iu m  

h y d ro x id e  and  s to r e d  o v e r  b a riu m  o x id e .  D loxane  was d r i e d  

by r e f l u x i n g  o v e r  c a lc iu m  h y d r id e  f o r  12 h r  and th e n  d i s t i l ­

l i n g .  The f r a c t i o n  com ing o v e r  a t  1 0 0 -1 0 2 ° was c o l l e c t e d .  

Form am ide ( F i s h e r ) ,  1 , 2 -d im e th o x y e th a n e  (E as tm an ), an h y d ro u s  

d i e t h y l  e t h e r  ( F i s h e r ) ,  ammonium f l u o r i d e  ( F i s h e r ) ,  vanadium  

(A. D. Mackay, 20 m esh ), n io b iu m  (A. D. Mackay, 20 m esh;

A lfa  I n o r g a n ic s ,  I n c . ,  p o w d er), ta n ta lu m  (A. D. Mackay, 20 

m esh; A lfa  I n o r g a n ic s ,  I n c . ,  p o w d er), u ran iu m  (A. E . C . , 

c h ip s ) ,  and  b ism u th  ( J .  T. B a k e r , pow der) w ere u se d  w ith o u t  

f u r t h e r  p u r i f i c a t i o n .

B. B ro m in a tio n  o f  th e  Group V-B M eta ls  i n  1 . 2 -D im e th o x y e th a n e .

T a b le  I  l i s t s  th e  q u a n t i t i e s  o f  r e a c t a n t s ,  d u r a t i o n  

o f  r e f l u x ,  a n d  th e  c o lo r  o f  th e  r e s u l t a n t  b ro m in a te d  s o l u t i o n s .

The m e ta l  was su sp en d e d  i n  75 nil o f  1 ,2 -d im e th o x y -  

o th a n e  i n  a  250 -m l th r e e - n e c k e d ,  ro u n d -b o tto m e d  f l a s k  f i t t e d  

w ith  a  r e f l u x  c o n d e n se r  and a n  a d d i t i o n  f u n n e l .  A s o l u t i o n  

c o n ta in in g  25 ml o f  1 , 2 -d im e th o x y e th a n e  and  th e  q u a n t i t y  o f  

b ro m in e  i n d i c a t e d  i n  T a b le  I  was added  d ro p w ise . T h ro u g h o u t 

th e  b ro m in a t io n  th e  s o l u t i o n  was m a g n e t ic a l ly  s t i r r e d .  A f t e r  

a l l  o f  th e  b rom ine  s o l u t i o n  had  b e e n  a d d ed , th e  m ix tu re  was 

r e f lu x e d  f o r  t h e  l e n g t h  o f  t im e  i n d i c a t e d  i n  T ab le  I .  Upon
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T able I

C o n d itio n s  Used i n  th e  B ro m in a tio n s  i n  1 , 2 -D im eth o x y e th an e

Q u a n t i ty  o f  Q u a n t i ty  o f  L en g th  o f  C o lo r  o f  
M eta l M eta l Used Brom ine Used H eflu x  B ro m in a ted
B ro m in a ted  (m ole)_______ (m ole)______  ( h o u r s ) S o lu t io n

Vanadium
(pow der)

0 .0 2 0 .1 4 20 y e llo w -b ro w n

N iobium
(pow der)

0 . 0 2 0 .1 5 20 p a le  o ra n g e

T an ta lu m
(pow der)

0 .0 1 0 .0 7 0 20 p a le  y e llo w

U ranium
(c h ip s )

0 .0 0 4 0 .0 7 0 14 p a le  y e llo w

r e f l u x i n g ,  th e  d i s t i l l a t e  g r a d u a l ly  becam e l i g h t e r  o ra n g e , 

i n d i c a t i n g  t h a t  th e  b rom ine  was b e in g  u se d  up .

Upon c o m p le tio n  o f  th e  r e f l u x i n g ,  d ry  n i t r o g e n  g as  

was b u b b le d  i n t o  th e  h e a te d  r e a c t i o n  m ix tu re  th ro u g h  a  g as  

d i s p e r s i o n  tu b e  u n t i l  a l l  o f  th e  e x c e s s  b rom ine  had  b e e n  r e ­

moved. The s o l u t i o n  was t h e n  c o o le d  and f i l t e r e d  i n  a  d ry  

a tm o sp h e re  to  rem ove any  s o l i d  r e s i d u e .

C. B ro m in a tio n  o f  th e  Group V-B M e ta ls  i n  Form am lde.

T a b le  I I  l i s t s  th e  q u a n t i t i e s  o f  r e a c t a n t s ,  t o t a l  

r e a c t i o n  t im e , and  th e  c o lo r  o f  th e  r e s u l t a n t  b ro m in a te d  me­

t a l s  i n  fo rm am ide .

The m e ta l  was su sp en d e d  i n  100 ml o f  form am lde i n  a  

25 0 -m l th r e e - n e c k e d ,  ro u n d -b o tto m e d  f l a s k  f i t t e d  w ith  a  r e f l u x  

c o n d e n se r  and  a n  a d d i t i o n  f u n n e l .  A s o l u t i o n  c o n ta in in g  25 ml
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T a b le  I I

C o n d itio n s  Used i n  t h e  B ro m in a tio n  i n  Form amlde

Q u a n t i ty  o f  Q u a n t i ty  o f  T o ta l  R e- C o lo r  o f  
M e ta l M eta l Used B rom ine Used a c t i o n  Time B ro m in a ted
B ro m in a ted  (m ole) (m ole B r) (h o u rs )  S o lu t io n

Vanadium
(pow der)

0 .0 2 0 .1 4 10 d eep  g re e n

Niobium
(pow der)

0.01 0 .1 4 18 y e llo w

T an ta lu m
(pow der)

0 . 00 7 0 .1 4 20 o ran g e

U ranium
( c h ip s )

0 .0 0 5 0 .1 4 20 d eep  o ra n g e

o f  form am lde and  th e  q u a n t i t y  o f  b rom ine i n d i c a t e d  i n  T a b le  I I  

was added  d ro p w is e . The m ix tu re  was h e a te d  to  5 0 -7 0 °  and mag­

n e t i c a l l y  s t i r r e d  f o r  th e  d u r a t i o n  i n d i c a t e d  i n  T a b le  I I .

A f t e r  th e  r e a c t i o n  was c o m p le te d , th e  m ix tu re  was h e a te d  

to  1 0 0 ° , and  d ry  n i t r o g e n  g as was b u b b le d  i n t o  th e  m ix tu re  

th ro u g h  a  g a s  d i s p e r s i o n  tu b e  to  e x p e l an y  u n r e a c te d  b ro m in e .

The s o l u t i o n  was th e n  c o o le d  an d  f i l t e r e d  i n  a  d ry  a tm o sp h e re .

I t  s h o u ld  b e  n o te d  t h a t  n o t  a l l  o f  th e s e  r e a c t i o n s  p ro c e e d e d  

to  th e  same e x t e n t .  I n  th e  c a s e s  o f  n io b iu m , t a n ta lu m , and  

u ran iu m , a p p r e c i a b le  q u a n t i t i e s  o f  u n r e a c te d  m e ta l w ere  r e ­

c o v e re d  from  th e  r e a c t i o n  m ix tu r e .  S m a ll q u a n t i t i e s  o f  o t h e r  

s o l i d s  w ere a l s o  o b ta in e d ,  b u t  t h e s e  m a t e r i a l s  w ere nob a n a ly z e d .

D. B ro m in a tio n  o f  t h e  G roup V-B M eta ls  i n  D lo x a n e .

T a b le  I I I  l i s t s  th e  q u a n t i t i e s  o f  r e a c t a n t s ,  t o t a l
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r e a c t i o n  t im e , and t h e  c o lo r  o f  t h e  r e s u l t a n t  b ro m in a te d  m e ta l 

s o l u t i o n  I n  d io x a n e .

T a b le  I I I

C o n d itio n s  U sed i n  th e  B ro m in a tio n  i n  D ioxane

M etal
B ro m in a ted

Vanadium
(pow der)

Q u a n t i ty  o f  
M eta l Used 

(m ole)

0 .0 4

Q u a n t i ty  o f  
B rom ine Used 

(m ole)

0 .2 8

T o ta l  Re­
a c t i o n  Time 

(h o u rs )

12

C o lo r o f
B ro m in a ted
S o lu t io n

d a rk  brow n

Niobium  0 .0 2  0 .2 8  12 o ra n g e
(pow der)

T an ta lu m  0 .0 1  0 .4 0  12 y e llo w
(pow der)

Uranium  0 .0 0 4  0 .2 8  14 y e llo w
( c h ip s )

The m e ta l was su sp en d e d  i n  100 ml o f  d ry  d io x a n e  i n  

a  250 -m l th r e e - n e c k e d ,  ro u n d -b o tto m e d  f l a s k  f i t t e d  w ith  a  r e ­

f l u x  c o n d e n s e r  and  a n  a d d i t i o n  f u n n e l .  The c o n c e n tr a te d  b r o ­

m ine was ad d ed  d ro p w ise  th ro u g h  th e  a d d i t i o n  f u n n e l .  T h rough ­

o u t  th e  b ro m in a tio n  th e  r e a c t i o n  m ix tu re  was m a g n e t ic a l ly  

s t i r r e d .  A f te r  a l l  o f  th e  b rom ine  had  b e en  a d d ed , th e  m ix tu re  

was h e a te d  to  8 0 -1 0 0 °  f o r  t h e  d u r a t i o n  i n d ic a t e d  i n  T a b le  I I I .

A f te r  th e  r e a c t i o n  was c o m p le te d , d r y  n i t r o g e n  g a s  

was b u b b le d  i n t o  t h e  m ix tu re  th ro u g h  a  g as d i s p e r s i o n  tu b e  to  

e x p e l an y  u n r e a c te d  b ro m in e . The s o l u t i o n  was t h e n  c o o le d  

an d  f i l t e r e d  i n  a  d r y  a tm o sp h e re . The b ro m in a t io n  o f  vanadium  

p ro c e e d s  e s s e n t i a l l y  to  c o m p le tio n , b u t  t h e  o t h e r  t h r e e  m e ta ls
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r e a c t  t o  a  l e s s e r  e x t e n t .  I n  t h e  b ro m in a t io n  o f  a l l  f o u r  m e ta ls  

a  l a r g e  e x c e s s  o f  b rom ine  was u s e d . The r e a s o n  f o r  t h i s  s tem s 

from  th e  f a c t  t h a t  a  c o m p e t i t io n  b e tw ee n  th e  m e ta l  and  th e  s o l ­

v e n t  f o r  t h e  b ro m in e  i s  p r e s e n t .  When b rom ine  i s  added  to  

d io x a n e , a  b r i g h t  o ra n g e  s o l i d  im m e d ia te ly  fo rm s , w hich  q u ic k ly  

d i s s o l v e s  i n  t h e  b u lk  o f  th e  s o l u t i o n .  T h is compound i s  p ro b ­

a b ly  a n  a d d i t i o n  compound b e tw e e n  th e  s o lv e n t  an d  b ro m in e . 

F u r th e rm o re , t h e  s o l u t i o n  s lo w ly  d e c o lo r i z e s  a t  room te m p e ra ­

t u r e ,  i n d i c a t i n g  t h a t  b ro m in a t io n  o f  th e  s o lv e n t  o c c u r s .

E, O x id a t io n  o f  Vanadium U sin g  V a r io u s ^ S o lv e n ts  and  O x id iz in g  

A g e n ts .

I n  o r d e r  to  f i n d  a  s u i t a b l e  sy s te m  i n  w h ich  th e  o x i ­

d a t i o n  o f  vanadium  w ould l e a d  t o  a  s i n g l e  vanad ium  s p e c i e s  i n  

s o l u t i o n ,  and  fro m  w hich  p u re  com plexes o f  vanadium  c o u ld  be  

o b ta in e d ,  v a r io u s  c o m b in a tio n s  o f  o x id iz in g  a g e n t  and  s o lv e n t  

w ere i n v e s t i g a t e d .

1 . R e a c t io n  o f  Vanadium w i th  S i l v e r  N i t r a t e  i n  M e th a n o l.

I n  a  100-m l s in g le - n e c k e d ,  ro u n d -b o tto m e d  f l a s k  f i t t e d  

w ith  a  s i l i c a  g e l  d r y ln g - tu b e  75 ml o f  d ry  m e th an o l was com­

b in e d  w i th  0 .8 1  g ( 0 .0 1 6  m ole) o f  vanadium  pow der and 5*3  g 

(0 .0 3 1  m ole) o f  s i l v e r  n i t r a t e .  The m ix tu re  was m a g n e t ic a l ly  

s t i r r e d  a t  room te m p e ra tu re  f o r  19  h r  a f t e r  w hich  th e  w a l ls  

o f  th e  f l a s k  w ere c o v e re d  by a  s i l v e r  m ir r o r  and  n e e d le s  o f  

s i l v e r  m e ta l  w ere p r e s e n t  i n  th e  b o tto m  o f  th e  f l a s k .  The 

m ix tu re  was f i l t e r e d  i n  a  d ry  a tm o sp h e re . The b r i g h t  y e llo w  

f i l t r a t e  t e s t e d  p o s i t i v e l y  f o r  t h e  p r e s e n c e  o f  s i l v e r  io n .

S e v e ra l  a d d i t i o n a l  r e a c t i o n s  s i m i l a r  to  th e  one  above
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w ere  i n v e s t i g a t e d ,  w h e re in  th e  m o la r  r a t i o  o f  vanadium  to  s i l v e r  

n i t r a t e  was v a r i e d  fro m  l i l  to  l i 4 .  I n  each  r e a c t i o n  th e  o x i ­

d a t i o n  a p p a r e n t ly  p ro c e e d e d  th ro u g h  th e  same s e r i e s  o f  s t e p s .

The o r i g i n a l l y  c o l o r l e s s  s o l u t i o n  changed  to  d eep  g r e e n ,  th e n  

to  d eep  brown an d  f i n a l l y  to  b r i g h t  o ra n g e . I n  e a c h  c a se  th e  

f i n a l  s o l u t i o n  s t i l l  g av e  a  p o s i t i v e  s i l v e r  io n  t e s t  w ith  h y ­

d r o c h l o r i c  a c i d .

2 . B ro m in a tio n  o f  Vanadium  i n  M e th an o l.

I n  a  250-m l th r e e - n e c k e d ,  ro u n d -b o tto m e d  f l a s k  f i t t e d  

w i th  a  r e f l u x  c o n d e n se r  and  a d d i t i o n  f u n n e l ,  100 ml o f  d ry  

m e th a n o l and  1 , 0  g  (0 . 0 2  m ole) o f  vanadium  pow der w ere com­

b in e d .  W hile m a g n e t ic a l ly  s t i r r i n g ,  an d  c o o l in g  th e  s o l u t i o n  

by means o f  a n  i c e  b a th ,  2k g (0 .1 5  m ole) o f  b rom ine  was ad d ed  

d ro p w ise  th ro u g h  th e  a d d i t i o n  f u n n e l .  The m ix tu re  was th e n  

r e f l u x e d  f o r  12 h r ,  p ro d u c in g  a  d a rk  y e llo w -b ro w n  s o l u t i o n .

D ry n i t r o g e n  was th e n  b u b b le d  i n t o  th e  h e a te d  r e a c t i o n  m ix tu re  

th ro u g h  a  g as d i s p e r s i o n  tu b e  to  e x p e l  any  u n r e a c te d  b ro m in e .

The m ix tu re  was c o o le d  and  f i l t e r e d  i n  a  d ry  a tm o sp h e re  and 

y ie ld e d  a  d a rk  y e llo w -b ro w n  f i l t r a t e .

3 . B ro m in a tio n  o f  Vanadium  i n  T e t r a h y d r o f u r a n .

I n  a  500-m l th r e e - n e c k e d ,  ro u n d -b o tto m e d  f l a s k  f i t t e d  

w i th  a  r e f l u x  c o n d e n se r  and a n  a d d i t i o n  f u n n e l ,  200 ml o f  

t e t r a h y d r o f u r a n  and  8 . 1  g (0 . 1 6  m ole) o f  vanadium  pow der w ere  

com bined . W hile m a g n e t ic a l ly  s t i r r i n g ,  and  c o o l in g  th e  m ix­

t u r e  i n  a n  i c e  b a th ,  115  g ( 0 .7 2 0  m ole) o f  b rom ine was added  

d ro p w ise  th ro u g h  th e  a d d i t i o n  f u n n e l .  The m ix tu re  was th e n  

r e f lu x e d  f o r  5 h r .  S u b s e q u e n tly ,  th e  m ix tu re  was c o o le d  an d  

f i l t e r e d  y i e l d i n g  a  d a rk  y e llo w -b ro w n  f i l t r a t e  and a  sm a ll
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q u a n t i t y  o f  u n r e a c te d  m e ta l .

4 . I o d l n a t l o n  o f  Vanadium I n  M e th a n o l.

I n  a  250-m l th r e e - n e c k e d ,  ro u n d -b o tto m e d  f l a s k  114 g 

( 0 .9 0 0  m o le) o f  io d in e  was com bined w i th  1 . 3  S (0 .0 2 5  m ole) 

o f  vanadium  powder I n  150 ml o f  d ry  m e th a n o l. A f t e r  m a g n e ti­

c a l l y  s t i r r i n g  th e  m ix tu re  f o r  t h r e e  d ay s  a t  room te m p e r a tu r e ,  

no a p p a r e n t  r e a c t i o n  had  ta k e n  p la c e .  The m ix tu re  was th e n  

r e f lu x e d  f o r  48 h r ,  w h ich  c a u se d  th e  f o r m a t io n  o f  a  s m a ll  

q u a n t i t y  o f  d a rk  brow n s o l i d  i n  th e  b o tto m  o f  th e  f l a s k .  How­

e v e r ,  m ost o f  th e  m e ta l  re m a in e d  u n r e a c te d .  I f  vanad ium  c an  

be  o x id iz e d  by io d in e  i n  m e th a n o l, th e  r e a c t i o n  m ust r e q u i r e  

more d r a s t i c  c o n d i t i o n s .

5 . B ro m in a tio n  o f  Vanadium  i n  B en zen e .

I n  a  250-m l s in g le - n e c k e d  f l a s k  150 ml o f  d ry  b en zen e  

a n d  1 .5  g (0 .0 3 0  m ole) o f  vanad ium  pow der w ere p la c e d .  T hrough  

a n  a d d i t i o n  f u n n e l  1 .5  6 (0 . 094 m ole) o f  l i q u i d  b rom ine  was 

ad d ed  d ro p w ise  to  t h e  s t i r r e d  b en zen e  s o l u t i o n .  A r e f l u x  c o n ­

d e n s e r  was a t t a c h e d  t o  th e  f l a s k  and th e  m ix tu re  r e f lu x e d  f o r  

24 h r .  The m ix tu re  was i n i t i a l l y  o ra n g e -b ro w n  an d  th e  c o n d en ­

s a t e  deep  y e llo w . As th e  r e f l u x i n g  p ro c e e d e d , th e  c o n d e n sa te  

g r a d u a l ly  became l i g h t e r  y e llo w  w ith  c o n c u r r e n t  e v o lu t io n  o f  

a  w h ite  g a s .  At th e  end o f  24 h r  th e  m ix tu re  was f i l t e r e d  and  

a  n e a r ly  q u a n t i t a t i v e  y i e l d  o f  u n r e a c te d  m e ta l  was r e c o v e re d .

The f i l t r a t e  was y e llo w , and when w a te r  was ad d ed  to  th e  f i l ­

t r a t e  th e  y e llo w  c o lo r  re m a in e d  c o m p le te ly  i n  th e  b en zen e  l a y e r .  

The c o n c lu s io n  was t h a t  vanad ium  c an n o t be  b ro m in a te d  i n  b e n ­

z e n e , and  t h a t  th e  b rom ine  m ust have  r e a c t e d  w ith  th e  s o lv e n t  

o r  v o l a t i l i z e d .
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6 . I n d i r e c t  O x id a t io n  o f  Vanadium  I n  M ethano l U sing

B l s m u t h ( I I I ) .

S in c e  th e  o x i d a t i o n  o f  vanadium  i n  m e th an o l w ith  s i l v e r  

n i t r a t e  c o n s i s t e n t l y  y i e l d s  a  s o l u t i o n  w h ich  s t i l l  c o n ta in s  

s i l v e r  i o n s ,  a n  i n d i r e c t  o x i d a t i o n  o f  vanad ium  by b i s m u th ( I I I )  

was a t te m p te d .

I n  a  250-m l E rle n m e y e r  f l a s k  c o n ta in in g  150 ml o f  d ry  

m e th a n o l, 15 g  (0 .0 7 0  m ole) o f  b ism u th  pow der and  Jk  g (0 .2 0  

m ole) o f  s i l v e r  n i t r a t e  w ere com bined . The m ix tu re  was mag­

n e t i c a l l y  s t i r r e d  f o r  1 .5  h r  a t  room te m p e r a tu r e .  The m ix tu re  

was f i l t e r e d  to  rem ove th e  s i l v e r  m eta l, an d  th e  f i l t r a t e  gave  

a  n e g a t iv e  t e s t  f o r  s i l v e r  io n .

I n  a  250-m l s in g le - n e c k e d ,  ro u n d -b o tto m e d  f l a s k  f i t t e d  

w ith  a  r e f l u x  c o n d e n se r  th e  b i s m u th ( I I I )  s o l u t i o n  was com bined 

w ith  2 .3  g (0 .0 4 5  m ole) o f  vanad ium  pow der. The m ix tu re  was 

r e f lu x e d  o v e r  an  i n f r a r e d  lam p f o r  20 h r ,  r e s u l t i n g  i n  a  b r i g h t  

y e llo w  s o l u t i o n  c o n ta in in g  a  c o p io u s  am ount o f  b ism u th  m e ta l .  

The m ix tu re  was f i l t e r e d  i n  a  d ry  a tm o sp h e re . The y e llo w  f i l ­

t r a t e  gave  a  p o s i t i v e  t e s t  f o r  th e  p re s e n c e  o f  b i s m u t h ( I I I ) , 

so  a d d i t i o n a l  q u a n t i t i e s  o f  vanad ium  m e ta l  w ere s u c c e s s iv e ly  

ad d ed  to  t h e  m ix tu re ,  and  th e  m ix tu re  was h e a te d  o v e r  a n  i n f r a ­

r e d  lam p. B e fo re  e a c h  a d d i t i o n  o f  m e ta l ,  th e  f i l t r a t e  gave a  

p o s i t i v e  b i s m u th ( I I I )  t e s t .  A t o t a l  o f  17 g (O.33  m ole) o f  

vanadium  was added  to  th e  r e a c t i o n  m ix tu r e ,  and  s t i l l  th e  s o l u ­

t i o n  gave a  p o s i t i v e  b i s m u th ( I I I )  t e s t .  I t  i s  o b v io u s  t h a t  

t h e r e  was some s t r o n g e r  o x id iz in g  a g e n t  th a n  th e  b i s m u th ( I I I )  

p r e s e n t  i n  th e  s o l u t i o n ,  and  so  i t  was im p o s s ib le  t o  o b ta in  

a  p u re  vanad ium  n i t r a t e  s o l u t i o n  by  t h i s  m ethod .
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P . Ammonium F lu o r id e  Com plexes P re p a re d  fro m  G roup V-B M e ta ls

B ro m in a te d  I n  1 . 2 -D lm e th o x y e th a n e .

F o r  t h e  s a k e  o f  b r e v i t y ,  m e ta l  b ro m id e  s o l u t i o n s  I n

1 , 2 -d im e th o x y e th a n e  w i l l  b e  a b b r e v ia t e d  a s  M-DMOE-Br.

1 . R e a c t io n  o f  V-DMOE-Br w i th  Ammonium F l u o r i d e .

Ammonium f l u o r i d e  (32 g , 0 .8 9  m o le ) was a d d e d  to  100

ml o f  1 , 2 -d im e th o x y e th a n e  i n  a  250-m l E rle n m e y e r  f l a s k .  The 

s o l u t i o n  was p la c e d  o n  a  s t i r r e r - h o t - p l a t e  a n d  h e a te d  to  70° .  

T h rough  a n  a d d i t i o n  f u n n e l ,  100 ml o f  a  V-DMOE-Br s o l u t i o n  

c o n ta in in g  1 g  (0 . 0 2  m ole) o f  vanad ium  was added  d ro p w ise  to  

t h e  ammonium f l u o r i d e  s o l u t i o n .  A d d i t io n  o f  th e  V-DMOE-Br 

s o l u t i o n  r e s u l t e d  i n  th e  im m e d ia te  f o r m a t io n  o f  a  m in t - g r e e n  

s o l i d  an d  th e  s o l u t i o n  i t s e l f  tu r n e d  b r i g h t  y e llo w . A f te r  

c o m p le t io n  o f  th e  a d d i t i o n  o f  V-DMOE-Br, t h e  m ix tu re  was 

s t i r r e d  a t  70° f o r  20 h r .  The m ix tu re  was th e n  c o o le d  and  

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

t i o n .  The s o l i d  was w ashed w i th  1 , 2 -d lm e th o x y e th a n e  and e t h e r  

an d  p la c e d  i n  a n  o v en  a t  115°  f o r  two h o u r s .

A n a l . F ound i F , 1 8 .5 6 ;  NH^, 2 4 .5 8 ;  B r, 4 2 .6 .

2 . R e a c t io n  o f  Nb-DMOE-Br w i th  Ammonium F l u o r i d e .

I n  a  250-m l E rle n m e y e r  f l a s k  11 g (0 .3 0  m o le ) o f  am­

monium f l u o r i d e  w ere  su sp e n d e d  i n  75 ml o f  1 , 2 -d im e th o x y e th a n e . 

The s o l u t i o n  was h e a te d  to  7 0 ° . T hrough  a n  a d d i t i o n  fu n n e l  

100 ml o f  a  Nb-DMOE-Br s o l u t i o n  c o n ta in in g  2 g  (0 .0 2  m ole) 

o f  n io b iu m  was ad d ed  d ro p w ise  w i th  c o n c u r r e n t  s t i r r i n g  to  t h e  

ammonium f l u o r i d e  s u s p e n s io n .  No im m e d ia te  r e a c t i o n  was a p ­

p a r e n t ,  so  th e  m ix tu re  was h e a te d  and  s t i r r e d  f o r  12  h r .  A f t e r  

12  h r  th e  r e a c t i o n  m ix tu re  c o n ta in e d  a  s m a ll  am ount o f  s o l i d .
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The m ix tu re  was f i l t e r e d  th ro u g h  a  s i n t e r e d - g l a s s  f i l t e r  u n d e r  

a s p i r a t o r  s u c t io n .  The s o l i d  was w ashed w ith  1 , 2 -d im e th o x y -  

e th a n e  a n d  th e n  e t h e r ,  and  was f i n a l l y  d r i e d  I n  a n  o v en  a t  

110° f o r  ^8 h r .  The p ro d u c t  was a  p a le  g re y  pow der. No a n a ­

l y t i c a l  w ork was do n e  on  th e  compound.

3 . H e a c t lo n  o f  Ta-DMOE-Br w i th  Ammonium F l u o r i d e .

I n  a  250-m l E rle n m e y e r f l a s k  11 g  (0.030 m ole) o f  

ammonium f l u o r i d e  was su sp en d e d  i n  50 ml o f  1 , 2 -d im e th o x y -  

e th a n e .  The s o l u t i o n  was h e a te d  to  7 0 ° . T hrough a n  a d d i t i o n  

f u n n e l  100 ml o f  a  Ta-DMOE-Br s o l u t i o n  c o n ta in in g  2 g (0 .0 1  

m ole) o f  ta n ta lu m  was added  d ro p w ise  to  t h e  ammonium f l u o r i d e  

s u s p e n s io n .  No Im m ed ia te  r e a c t i o n  was a p p a r e n t ,  so  th e  h e a t ­

in g  and  s t i r r i n g  w ere c o n tin u e d  f o r  16 h r .  A f t e r  16 h r  t h e  -> 

r e a c t i o n  m ix tu re  c o n ta in e d  a  s m a ll  q u a n t i t y  o f  w h ite  s o l i d .

The m ix tu re  was f i l t e r e d  th ro u g h  a  s i n t e r e d - g l a s s  f i l t e r  u n d e r  

a s p i r a t o r  s u c t io n .  The s o l i d  a p p e a re d  to  be u n r e a c te d  ammonium 

f l u o r i d e ,  so  u n d e r  th e  c o n d i t io n s  d e s c r ib e d  h e r e ,  no ammonium 

f l u o r i d e  com plex o f  ta n ta lu m  was i s o l a t e d .

R e a c t io n  o f  U-DMOE-Br w i th  Ammonium F l u o r i d e .

To 75 nil o f  a  s a t u r a t e d  s o l u t i o n  o f  ammonium f l u o r i d e  

i n  fo rm am lde was a d d ed  d ro p w ise  50 ml o f  a  U-DMOE-Br s o l u t i o n  

c o n ta in in g  0 .5  S (0 .0 0 2  m ole) o f  u ra n iu m . The m ix tu re  tu rn e d  

d a rk  brow n w ith  no i n d i c a t i o n  o f  p r e c i p i t a t e  f o r m a t io n .  The 

m ix tu re  was s t i r r e d  a t  room te m p e ra tu re  f o r  12 h r .  A t th e  end 

o f  12 h r  a  f i n e ,  l i g h t  y e l lo w -g re e n  p r e c i p i t a t e  was p r e s e n t  

i n  th e  f l a s k .  The m ix tu re  was f i l t e r e d  th ro u g h  a  s l n t e r e d -  

g l a s s  f i l t e r  u n d e r a s p i r a t o r  s u c t io n ,  a n d  th e  s o l i d  was w ashed 

w ith  m e th an o l and  e t h e r .  The l i g h t  y e l lo w -g r e e n  s o l i d  was
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d r i e d  I n  a  vacuum d e s i c c a t o r  o v e r  s i l i c a  g e l .  No a n a l y t i c a l  

work was done  o n  th e  compound.

G. Ammonium F lu o r id e  Com plexes o f  V anadium . T an ta lu m , and  

U ranium  P re p a re d  from  S o lu t io n s  o f  t h e  B ro m in a ted  M eta ls  

I n  Form am lde.

F o r  th e  sa k e  o f  b r e v i t y ,  m e ta l b rom ide  s o l u t i o n s  I n  

form am lde w i l l  be  a b b r e v ia t e d  M-HCONHg-Br.

1 .  R e a c t io n  o f  V-HCONIU-Br w i th  Ammonium F l u o r i d e .

To 50 ml o f  V-HCONHg-Br s o l u t i o n  c o n ta in in g  0 ,5  g

(0 . 0 1  m ole) o f  vanad ium  was added  50 ml o f  a  s a t u r a t e d  s o l u ­

t io n  o f  ammonium f l u o r i d e  i n  fo rm am lde. A p a le  g re e n  p r e c i ­

p i t a t e  fo rm ed im m e d ia te ly  i n  th e  f l a s k .  The f l a s k  was p la c e d  

on  a  s t i r r e r - h o t - p l a t e ,  and  h e a te d  to  70°  w ith  s lo w  s t i r r i n g .  

A f t e r  12 h r  th e  m ix tu re  was f i l t e r e d  th ro u g h  a  s i n t e r e d - g l a s s  

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

w ashed w ith  m e th an o l and  e t h e r , and  was d r i e d  i n  a n  e v a c u a te d  

d e s i c c a t o r  o v e r  s i l i c a  g e l .

A n a l. C alcd  f o r  (N H ^V O F ^i V, 2 3 . 5 8 s NH^, 2 5 .0 5 ;

F, ^ 3 .9 7 .  Found 1 V, 2 1 .6 9 ;  NH^, 2 7 .9 0 ; F, W .7 .

2 . R e a c t io n  o f  Ta-HCONH^-Br w ith  Ammonium F l u o r i d e .

To a  Ta-HCONHg-Br s o l u t i o n  c o n ta in in g  1 .3  S (0 .0 0 7 0  

m ole) o f  ta n ta lu m  was added  3 . 6  g  ( 0 .1 0  m ole) o f  f i n e l y  g round  

ammonium f l u o r i d e .  No im m ed ia te  r e a c t i o n  was a p p a r e n t ,  so 

th e  m ix tu re  was h e a te d  to  2 1 0 ° . A f te r  h e a t in g  f o r  12 h r  th e  

m ix tu re  was c o o le d . The m ix tu re  s t i l l  c o n ta in e d  no s o l i d ,  

so 50 ml o f  d ry  m e th a n o l was ad d ed  to  th e  s o l u t i o n  to  in d u c e  

p r e c i p i t a t i o n .  A s o l i d  s e t t l e d  o u t  o f  s o l u t i o n .  The m ix tu re
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was f i l t e r e d  th ro u g h  a  s i n t e r e d - g l a s s  f i l t e r  and  th e  s o l i d
a*

was w ashed w i th  e t h e r ,  The l i g h t  g re y  s o l i d  was p la c e d  i n  

a n  e v a c u a te d  d e s i c c a t o r  o v e r  s i l i c a  g e l  t o  c o m p le te  t h e  d r y in g .  

No a n a l y s i s  was p e rfo rm e d  on  th e  compound.

3 . R e a c t io n  o f  U-HCONH^-Br w ith  Ammonium F l u o r i d e .

To a  U-HCONHg-Br s o l u t i o n  c o n ta in in g  1 .2  g (0 .0 0 5 0  

mole) o f  u ran iu m  was added  3. 6  g (0 .1 0  m ole) o f  f i n e l y  g round  

ammonium f l u o r i d e .  The m ix tu re  was h e a te d  to  110° and  s t i r r e d  

m a g n e t ic a l ly  f o r  6 h r .  The m ix tu re  c o n ta in in g  a  s m a ll  am ount 

o f  y e llo w  s o l i d  was f i l t e r e d  th ro u g h  a  d ln b e re d -g la s s  f i l t e r  

u n d e r  a s p i r a t o r  s u c t io n ,  and  th e  s o l i d  was w ashed w ith  e t h e r .

The p r e c i p i t a t e  was d r i e d  i n  a n  e v a c u a te d  d e s i c c a t o r  o v e r  s i l i c a  

g e l .  No a n a l y t i c a l  d a t a  was o b ta in e d  f o r  th e  compound.

H. Ammonium F lu o r id e  Complex o f  Vanadium P re p a re d  from  a  

S o lu t io n  o f  Vanadium  B ro m in a ted  i n  D io x a n e .

To 100 ml o f  a  b ro m in a te d  vanadium  s o lu t io n  c o n ta in in g  

2 g  (0 . 0^  m ole) o f  m e ta l  was ad d ed  10 g  (0 .3 0  m ole) o f  f i n e l y  

g ro u n d  ammonium f l u o r i d e .  A p a l e  g re e n  p r e c i p i t a t e  fo rm ed . 

S t i r r i n g  was c o n tin u e d  a t  room te m p e ra tu re  f o r  6 h r ,  The m ix ­

t u r e  was f i l t e r e d  th ro u g h  a  s i n t e r e d - g l a s s  f i l t e r  u n d e r  a s p i r a ­

t o r  s u c t io n ,  and  th e  p a le  g r e e n  s o l i d  was w ashed w i th  e t h e r .

The s o l i d  was p la c e d  i n  a n  ov en  a t  110° f o r  2 h r  t o  co m p le te  

t h e  d r y in g .  No a n a l y t i c a l  d a t a  was o b ta in e d  f o r  th e  compound.

I . Ammonium F lu o r id e  Complex o f  Vanadium P re p a re d  fro m  a  

M ethanol S o lu t io n  o f  th e  M eta l O x id iz e d  by S i l v e r  N i t r a t e .

I n  a n  a d d i t i o n  f u n n e l  was p la c e d  100 ml o f  a  m e th an o l 

s o l u t i o n  c o n ta in in g  0 . 8  g (0 .0 1 6  m ole) o f  vanadium  o x id iz e d
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by  s i l v e r  n i t r a t e .  The vanadium  s o l u t i o n  was ad d ed  d ro p w ise  

t o  180 ml o f  a  s a t u r a t e d  s o l u t i o n  o f  ammonium f l u o r i d e  i n  

m e th a n o l. The m ix tu re  was s t i r r e d  an d  a s  th e  a d d i t i o n  c o n ­

t i n u e d ,  a  b r i g h t  y e llo w  s o l i d  p r e c i p i t a t e d  from  th e  s o l u t i o n .  

The m ix tu re  was r e f r i g e r a t e d  a t  0 °  f o r  12 h r  t o  c o m p le te  th e  

p r e c i p i t a t i o n .  A f te r  12 h r  th e  m ix tu re  was f i l t e r e d  th ro u g h  

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

f i l l e d  d ry -b o x . The s o l i d  was w ashed w ith  e t h e r  and  d r i e d  i n  

a n  e v a c u a te d  d e s i c c a t o r  o v e r  s i l i c a  g e l .  The f i n a l  p ro d u c t  

was a  g o ld  pow der.

A n a l. P o u n d » V, 2 6 .6 l j  F , 3 6 .0 9 ; NH^, 3 0 .1 5 .

J .  Ammonium F lu o r id e  Complex o f  Vanadium P re p a re d  from  a  

S o lu t io n  o f  t h e  B ro m in a ted  M eta l i n  M e th a n o l.

A s o l u t i o n  c o n ta in in g  2 .6  g (0 .0 5 0  m ole) o f  vanadium  

b ro m in a te d  i n  100 ml o f  m e th an o l was added  to  715 ml o f  s a ­

t u r a t e d  ammonium f l u o r i d e  i n  m e th a n o l. The ammonium f l u o r i d e  

s o l u t i o n  was s t i r r e d  d u r in g  th e  a d d i t i o n .  As th e  a d d i t i o n  

p ro c e e d e d , c o p io u s  am ounts o f  a  l i g h t  g re e n  s o l i d  p r e c i p i t a t e d  

fro m  th e  s o l u t i o n .  A f t e r  a l l  o f  t h e  m e ta l  s o l u t i o n  had b een  

a d d e d , th e  l i q u i d  was d e c a n te d  and  an  a d d i t i o n a l  400 ml o f  

s a t u r a t e d  ammonium f l u o r i d e  i n  m e th an o l was ad d ed  to  th e  s o l i d .  

The m ix tu re  was d ig e s te d  a t  50° f o r  48 -h r. The m ix tu re  was 

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

t i o n .  A p a le  b lu e ,  g e la t i n o u s  s o l i d  was o b ta in e d ,  w hich  was 

w ashed f o u r  t im e s  w ith  m e th an o l fo l lo w e d  by f o u r  w a sh in g s  w ith  

e t h e r .  The s o l i d  was p la c e d  i n  a n  e v a c u a te d  d e s i c c a t o r  ovei* 

s i l i c a  g e l  to  d r y .  The f i n a l  p r o d u c t  was a  m in t-g r e e n  pow der.

A n a l. Foundi V, 2 0 .6 6 ;  F , 4 1 .7 0 ;  NH^, 1 9 .4 1 .
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K. P y r id in e  Com plexes o f  t h e  Group V-B M e ta ls  P re p a re d  from  

S o lu t io n s  o f  th e  B ro m in a ted  M e ta ls  I n  D io x a n e .

T a b le  IV l i s t s  t h e  q u a n t i t i e s  o f  r e a c t a n t s  and  c o lo r s  

o f  t h e  p y r id in e  a d d u c ts  p r e c i p i t a t e d  from  d io x a n e  s o l u t io n s  

o f  th e  b ro m in a te d  g roup  V-B m e ta ls .

T a b le  IV

C o n d itio n s  Used I n  t h e  F o rm a tio n  o f  P y r id in e  Com plexes 

o f  th e  Group V-3 M etal B rom ides i n  D ioxane

M eta l
Used

Vanadium

Q u a n t i ty  o f  
M eta l Used 

(m ole)

0 .0 4

Q u a n t i ty  o f  
P y r id in e  Used 

(m ole)

0 . 2 0

C o lo r o f  
Complex

d a rk  g re e n  
( o i ly )

N iobium O .O i- 0 .1 0 y e llo w

T an ta lu m  0 .0 1  0 .1 0  y e llo w -b ro w n

U ranium  0 .0 0 2  0 .1 0  y e llo w

Dry p y r i d in e ,  i n  t h e  am ount i n d ic a t e d  i n  T ab le  IV, 

was ad d ed  d ro p w ise  to  a  s t i r r e d  s o l u t i o n  o f  th e  m e ta l b rom ide 

i n  d io x a n e . The q u a n t i t y  o f  b ro m in a te d  m e ta l  i s  a l s o  i n d ic a t e d  

i n  T a b le  IV . The volum e o f  s o lv e n t  ra n g e d  b e tw ee n  50 an d  100 

m l, d ep en d in g  upon  th e  p a r t i c u l a r  m e ta l  u s e d . A d d i t io n  o f  th e  

p y r id in e  r e s u l t e d  i n  im m ed ia te  p r e c i p i t a t i o n  f o r  e ac h  o f  th e  

m e ta l  s o l u t i o n s .  S t i r r i n g  was c o n tin u e d  f o r  b e tw een  one and 

t h r e e  h o u rs  a f t e r  a l l  o f  t h e  p y r id in e  had b e en  ad d ed . The
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m ix tu re  was f i l t e r e d  th r o u g h  a  s i n t e r e d - g l a s s  f i l t e r  u n d e r  

a s p i r a t o r  vacuum , and  t h e  s o l i d  was w ashed w i th  m e th a n o l an d - 

e t h e r .

The vanad ium  com plex  was o b ta in e d  a s  a n  o i l y  s o l i d  a t  

t h i s  p o i n t ,  an d  a t t e m p ts  t o  r e c r y s t a l l l z e  th e  com plex  met w i th  

no s u c c e s s .  The o t h e r  t h r e e  com plexes w ere o b ta in e d  a s  f i n e  

p ow ders an d  a t t e m p t s  to  r e c r y s t a l l l z e  them  fro m  a  l a r g e  v a r i e t y  

o f  s o l v e n t s  w ere  u n s u c c e s s f u l .  I n  e v e ry  c a s e  t h e  co m p lex es w ere 

e i t h e r  i n s u f f i c i e n t l y  s o l u b l e  i n  th e  s o lv e n t  o r  u n d e rw e n t d e ­

c o m p o s i t io n .  No a t t e m p t  was made t o  a n a ly z e  th e  compounds b e ­

c a u se  t h e i r  p u r i t y  was b e l i e v e d  to  be  q u i t e  lo w .

L. P y r id in e  Complex o f  Vanadium  from  a  S o lu t io n  o f  Vanadium  

O x id iz e d  by S i l v e r  N i t r a t e .

T hrough  a n  a d d i t i o n  f u n n e l  g (0 .3 0  m ole) o f  d r y  

p y r i d in e  was a d d ed  d ro p w ise  t o  a  s t i r r e d  s o l u t i o n  c o n ta in in g  

2 . 7  g (0 .0 5 2  m o le ) o f  vanad ium  ( o x id iz e d  by s i l v e r  n i t r a t e )  

i n  190 ml o f  m e th a n o l. A t t h e  end o f  th e  a d d i t i o n  t h e  m ix tu re  

was d e ep  o ra n g e , b u t  no p r e c i p i t a t e  was p r e s e n t .  E th e r  was 

s lo w ly  ad d ed  to  th e  m ix tu re  u n t i l  th e  s o l u t i o n  becam e c lo u d y .

The m ix tu re  was r e f r i g e r a t e d  a t  0 °  f o r  12 h r .  A t t h e  end o f  

t h i s  t im e  a  r u s t  pow der had  s e t t l e d  t o  th e  b o tto m  o f  th e  f l a s k .  

The m ix tu re  was f i l t e r e d  th ro u g h  a  s i n t e r e d - g l a s s  f i l t e r  u n d e r  

a s p i r a t o r  s u c t io n  i n  a  d r y  a tm o s p h e re . The p r e c i p i t a t e  was 

w ashed f o u r  t im e s  w ith  e t h e r ,  and  p la c e d  i n  a n  e v a c u a te d  d e s i c ­

c a t o r  o v e r  s i l i c a  g e l .  The f i n a l  p ro d u c t  was a  r u s t - y e l l o w  

pow der. A tte m p ts  to  r e c r y s t a l l l z e  t h e  p ro d u c t  w ere u n s u c c e s s f u l  

an d  no a n a l y t i c a l  d a t a  f o r  th e  compound w ere o b ta in e d .
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M. A n a l y t i c a l  P r o c e d u r e s .

1 . Vanadium  D e te r m in a t io n .

Vanadium  was d e te rm in e d  v o l u m e t r l c a l l y  by t i t r a t i o n  

o f  a  d i l u t e  s u l f u r i c  a c i d  s o l u t i o n  o f  th e  sam ple  w i th  perm an­

g a n a t e . ^  P r i o r  t o ’th e  t i t r a t i o n ,  th e  s u l f u r i c  a c i d  s o l u t i o n  

o f  th e  sam p le  was h e a te d  to  b o i l i n g  and  s u l f u r  d io x id e  b u b b le d  

i n t o  t h e  s o l u t i o n  th ro u g h  a  g a s  d i s p e r s i o n  tu b e  f o r  f i v e  m in u te s .  

N i t ro g e n  was b u b b le d  th ro u g h  th e  s o l u t i o n  f o r  t h i r t y  m in u te s  

t o  rem ove a n y  e x c e s s  s u l f u r  d io x id e .  The p u rp o se  o f  t h i s  s t e p  

was to  r e d u c e  a l l  o f  t h e  vanadium  t o  th e  o x i d a t i o n  s t a t e .  

A d d i t io n  o f  sod ium  f l u o r i d e  and  c o p p e r  s u l f a t e  seem ed to  g iv e  

a  s h a r p e r  end p o i n t .

2 . F lu o r id e  D e te r m in a t io n .

F lu o r id e  was d e te rm in e d  by th e  m ethod o f  G ra n t and 

H a e n d le r ^  w here f l u o r o s i l i c i c  a c id  i s  s t e a m - d i s t i l l e d  from  

th e  sam ple  and  t i t r a t e d  o s c i l l o m e t r i c a l l y  w i th  s t a n d a r d  th o r iu m  

n i t r a t e  s o l u t i o n ,

3 . Ammonia D e te r m in a t io n .

The sam p le  was p la c e d  i n  c o n c e n tr a te d  sodium  h y d ro x id e  

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

a c i d  s o l u t i o n  and  was t i t r a t e d  w i th  s ta n d a r d  0 .1  N h y d r o c h lo r ic  

a c i d  u s in g  m e th y l p u r p le  a s  i n d i c a t o r . ^

I n  some c a s e s  n i t r o g e n  was d e te rm in e d  m ic r o a n a l y t i c a l l y  

u s in g  a  Colem an Model 29 N itro g e n  A n a ly z e r .

B rom ide D e te r m in a t io n .

B rom ide was d e te rm in e d  g r a v i m e t r l c a l l y  a s  s i l v e r  b r o ­

m ide .
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N. X-Ray Pow der D i f f r a c t i o n  P h o to  g r a p h s .

Pow der p a t t e r n s  w ere o b ta in e d  o n  f i n e l y  g ro u n d  sam p les  

i n  0 .3  mm g l a s s  c a p i l l a r i e s .  The p a t t e r n s  w ere ta k e n  w ith  a  

5 7 .3  mm P h i l i p s  cam era u s in g  c o p p e r  r a d i a t i o n  (X *= 1 .5 4 1 8  1 ) .  

The l n t e r p l a n a r  s p a c in g s  (d^ ^ ) w ere r e a d  from  a  N ies  c h a r t .  

The r e l a t i v e  i n t e n s i t i e s  w ere e s t im a te d  v i s u a l l y .  The pow der 

p a t t e r n  f o r  t h e  ammonium f l u o r i d e  com plex p r e p a re d  fro m  a  

b ro m in a te d  vanadium  s o l u t i o n  i n  1 , 2 -d im e th o x y e th a n e  a g re e d  

w e l l  w i th  th e  p a t t e r n  r e p o r t e d  by B aker^  f o r  ammonium p e n ta -  

f lu o r o x y v a n a d a te ( I V ) . Pow der p a t t e r n s  from  a l l  o t h e r  compounds 

w ere f e l t  t o  be in c o n c lu s iv e  b e c a u se  th e  compounds w ere im p u re .

0 . I n f r a r e d  S p e c t r a .

The s p e c t r a  o f  t h e  s o l i d  com plexes i n  th e  4000-500  cm"1 

ra n g e  w ere o b ta in e d  a s  m u lls  i n  N u jo l an d  H a lo ca rb o n  o i l  u s in g  

a  P e rk in -E lm e r  337 G r a t in g  S p e c tro p h o to m e te r .  The s p e c t r a  o f  

th e  com plexes a r e  n o t  re p ro d u c e d  i n  th e  t h e s i s  b e c a u se  none 

o f  th e  com plexes a n a ly z e d  a s  a n a l y t i c a l l y  p u re .  A l l  o f  th e  

ammonium f l u o r i d e  co m p lex es, how ever, c o n ta in e d  a b s o r p t io n s  

c h a r a c t e r i s t i c  o f  th e  ammonium io n ,  and p e a k s  i n  t h e  r e g io n  

1000  t o  480 cm”1 , w h ich  a r e  p ro b a b ly  m e t a l - f l u o r id e  a b s o r p ­

t i o n s .  The p y r id in e  com plex o f  vanadium  p re p a re d  from  a  s o l u ­

t i o n  o f  vanadium  b ro m in a te d  i n  d io x a n e  showed s h i f t s  C h arac ­

t e r i s t i c  o f  c o o rd in a te d  p y r id in e  i n  th e  p y r id in e  a b s o r p t io n  

p e a k s .
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I I I .  RESULTS AND DISCUSSION

A. G e n e ra l  C o n s id e r a t io n s  o n  th e  O x id a t io n  o f  M e ta ls  I n

O rg a n ic  S o l v e n t s .

F o r many y e a r s  i t  h a s  b e e n  known t h a t  m e ta ls  c o u ld  be  

o x id iz e d  i n  o r g a n ic  s o l v e n t s .

O s th o f f  an d  W e s t - * - 9  s y n th e s iz e d  a  l a r g e  v a r i e t y  o f  

m e ta l  c h lo r i d e s  i n  o r g a n ic  d o n o r  s o l v e n t s  an d  p o s t u l a t e d  t h a t  

c o o r d in a t io n  o f  th e  d o n o r  s o lv e n t  t o  th e  m e ta l  c h lo r id e  p la y s  

a n  i n t e g r a l  p a r t  i n  th e  o x id a t iv e  p r o c e s s .  D u c e l l ie z  and  R ay- 

naud-1' p r e p a r e d  m e ta l  b ro m id e s  o f  th e  g e n e r a l  fo rm u la  MBr2 

(M = Co, N i, Mn, Zn, Mg) by b r o m in a t io n  o f  th e  m e ta ls  i n  d i ­

e t h y l  e t h e r  a t  room te m p e r a tu r e .  The in te r m e d ia t e s  MBr2 *Et20 

w ere i s o l a t e d  i n  e a c h  c a s e .  A lso , Raynaud*- was a b le  to  i s o l a t e  

a n t im o n y ( I I I )  and  an tim o n y (V ) b rom ide  from  th e  b ro m in a tio n  

o f  a n tim o n y  i n  d i e t h y l  e t h e r .  I n  a n o th e r  a r t i c l e  Raynaud-^ 

d i s c u s s e s  th e  b r o m in a t io n  o f  z in c  i n  s e v e r a l  p o l a r ,  o rg a n ic  

s o l v e n t s .  From t h i s  I n v e s t i g a t i o n  he c o n c lu d e d  t h a t  th e  s o l ­

v e n t  p ro m o te s  b ro m in a t io n  o f  th e  m e ta l  o n ly  i f  th e  s o lv e n t  

d i s s o l v e s  b o th  b rom ine  and  th e  m e ta l  b rom ide  w hich i s  fo rm ed ; 

and  th e n  o n ly  i f  th e  s o lv e n t  fo rm s a  com plex w ith  th e  m e ta l 

b ro m id e . He p ro p o s e s  a  m echanism  i n  w hldfathe b rom ine  a t t a c k s  

th e  s o lv e n t  w i th  c o n c o m ita n t p r o d u c t io n  o f  h y d ro g en  b ro m id e , 

w h ich  i s  th e  a c t i v e  a g e n t  i n  b ro m in a tln g  th e  m e ta l .

S e v e ra l  i n v e s t i g a t o r s  i n  t h i s  l a b o r a t o r y  have  s tu d ie d

th e  b ro m in a t io n  o f  t r a n s i t i o n  and  p o s t - t r a n s i t i o n  m e ta ls  i n  
9 10 20- 2^m e th a n o l .7 ' ' A lth o u g h  l a r g e  am ounts o f  e x p e r im e n ta l

d a t a  have  b e e n  o b ta in e d  on  th e  b ro m in a t io n  p r o c e s s ,  t h e
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m echanism  i s  s t i l l  n o t  w e ll  u n d e rs to o d . I n  a n  e x c e l l e n t  d i s ­

c u s s io n  o f  t h e  b ro m in a t io n s  i n  m e th an o l B a k e r^ ,2 5 c o n c lu d e s  

t h a t  f u r t h e r  w ork i s  n eed ed  b e f o r e  an y  d e f i n i t i v e  s ta te m e n ts  

c a n  b e  m ade. B ecause  no new d a t a  c o n c e rn in g  th e  m echanism  o f  

b ro m in a t io n  have b e e n  o b ta in e d  by t h i s  a u th o r ,  t h e  r e a d e r  i s  

r e f e r r e d  t o  r e f e r e n c e  25 f o r  f u r t h e r  in f o r m a t io n  c o n c e rn in g  

t h i s  v e ry  com plex sy s te m .

A se co n d  o x id iz in g  a g e n t  w hich  may be u s e d  i n  o r g a n ic  

s o lv e n t s  i s  s i l v e r  n i t r a t e .  B o t t j e r ^ ’^ i n v e s t i g a t e d  th e  r e a c ­

t i o n s  o f  a  l a r g e  num ber o f  m e ta ls  w i th  s i l v e r  n i t r a t e  i n  

m e th a n o l. He fo u n d  t h a t  a n tim o n y , a r s e n i c ,  b ism u th , cadmium, 

c o b a l t ,  c o p p e r , i o d in e ,  l e a d ,  m anganese, n i c k e l ,  s e le n iu m , 

t h a l l iu m ,  t i n ,  t u n g s te n ,  and  z in c  c l e a r l y  r e a c t  w i th  s i l v e r  

n i t r a t e ,  b u t  th e  e a se  o f  o x i d a t i o n  v a r i e s  w ith  th e  d i f f e r e n t  

m e ta ls .

The o x i d a t i o n  o f  m e ta ls  i n  m e th an o l by s i l v e r  n i t r a t e  

i s  by  no means a  s im p le  re d o x  r e a c t i o n .  A lth o u g h  s i l v e r  m e ta l  

i s  a lw ay s  one  o f  th e  p r o d u c ts ,  num erous o t h e r  p ro d u c ts  have  

a l s o  b een  o b s e rv e d . B o t t j e r ^  r e p o r t s  t h a t  th e  i n f r a r e d  s p e c ­

tru m  o f  t h e  g a se o u s  p ro d u c ts  from  th e  o x id a t io n  o f  c o b a l t  by 

s i l v e r  n i t r a t e  i n  m e th an o l c o n ta in e d  c a rb o n  d io x id e ,  n i t r o u s  

o x id e ,  n i t r o g e n  d io x id e ,  m e th y l n i t r i t e ,  and  p o s s ib ly  fo rm ic  

a c id .  F u r th e rm o re , when ammonium f l u o r i d e  was added  to  m eth ­

a n o l  s o l u t i o n s  o f  th e  g ro u p  V-B m e t a l s , oxy com plexes w ere 

o b ta in e d ,  w hich  a l s o  i n d i c a t e d  t h a t  some o t h e r  s p e c ie s  b e s id e s  

s i l v e r ( I )  c au se d  th e  o x i d a t i o n  o f  t h e  m e ta ls .  F o r  f u r t h e r  

d i s c u s s i o n  o f  t h e  s i l v e r  n i t r a t e - m e t h a n o l  sy s te m , th e  r e a d e r  

i s  r e f e r r e d  to  th e  work o f  B o t t j e r ^ ’^ .
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O th e r  o r g a n ic  s o l v e n t s  i n  w h ich  s i l v e r  n i t r a t e  has 

b e e n  u se d  a s  th e  o x id iz in g  a g e n t  in c lu d e  e t h a n o l , 2^ a c e t o n e ,2? 

b e n z o n i t r i l e , 2 ? a c e t o n i t r i l e , 2® n i t r o m e th a n e ,-* and  e th y l  a c e ­

ta te . - *  I t  s h o u ld  be  n o te d  t h a t  i n  c a rb o n  t e t r a c h l o r i d e ,  a  

p u r e ly  n o n p o la r  s o l v e n t ,  none o f  th e  m e ta ls  t r i e d  by B o t t j e r ^  

c o u ld  be o x id iz e d .

B. O x id a t io n  o f  t h e  Group V-B M eta ls  i n  V a rio u s  O rg a n ic  

S o lv e n ts  w i th  Brom ine an d  S i l v e r  N i t r a t e .

B ecause  o f  th e  c o m p le x ity  o f  t h e  b ro m in a tio n  o f  m e ta ls  

i n  m e th a n o l, s e v e r a l  o t h e r  s o lv e n ts  w ere  i n v e s t i g a t e d .  I t  

was f e l t  t h a t  a  s o lv e n t  c o n ta in in g  no a c i d i c  p ro to n s  m ig h t 

r e s u l t  i n  d i f f e r e n t  o x id a t io n  s t a t e s  f o r  th e  m e ta ls  from  th o s e  

o b ta in e d  i n  m e th a n o l. B ro m in a tlo n s  o f  th e  g ro u p  V-B m e ta ls  

i n  1 , 2 -d im e th o x y e th a n e  p ro c e e d e d  to  v a ry in g  e x t e n t s .  The 

b ro m in a t io n  o f  vanadium  was c o m p le te , b u t  th e  b r o m in a t io n  o f  

n io b iu m , ta n ta lu m , and u ran iu m  p ro c e e d e d  to  a  l e s s e r  e x t e n t .  

T here  a p p e a re d  to  be no s t o i c h i o m e t r i c  r e l a t i o n s h i p  b e tw ee n  

th e  q u a n t i t y  o f  b rom ine  u s e d  and  th e  am ount o f  m e ta l  o x id iz e d .

As in  t h e  c a se  o f  m e th a n o l ,^  th e  o x id a t io n  a p p e a r s  to  in v o lv e  

a  com plex s e r i e s  o f  o x i d a t i o n - r e d u c t i o n  r e a c t i o n s .  When brom ine 

a lo n e  i s  added  to  1 , 2 -d im e th o x y e th a n e , th e  s o l u t i o n  s lo w ly  d e ­

c o lo r i z e s  a t  room te m p e ra tu re ,  and  d e c o l o r i z a t i o n  o c c u rs  r a ­

p i d ly  a t  h ig h e r  t e m p e r a tu r e s .  T h is  i n d i c a t e s  t h a t  b ro m in a tio n  

o f  th e  s o lv e n t  o c c u r s .  F u r th e rm o re , hyd ro g en  b rom ide  g as  i s  

e v o lv e d  when th e  m e ta ls  a r e  b ro m in a te d .

Formamlde a p p e a rs  t o  be a  f a r  b e t t e r  s o lv e n t  f o r  t h e  

b ro m in a tlo n s  th a n  1 , 2 -d im e th o x y e th a n e , T h is  i s  p ro b a b ly  due
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I n  p a r t  t o  th e  f a c t  t h a t  form am lde I s  a n  e x c e l l e n t  c o o r d in a t ­

in g  a g e n t .  The b ro m in a t io n  o f  vanadium , n io b iu m , an d  u ran ium  

p ro c e e d  e s s e n t i a l l y  t o  c o m p le tio n  i n  fo rm am lde , andr th e  b r o ­

m in a t io n  o f  ta n ta lu m  t o  a  l e s s e r  e x t e n t .  Once a g a in ,  th e  

q u a n t i t y  o f  b ro m in e  n e c e s s a r y  t o  b r in g  a b o u t  co m p le te  o x id a ­

t i o n  o f  th e  m e ta ls  f a r  e x ceed ed  th e  am ount n e c e s s a r y  f o r  

s im p le  b ro m in a t io n  o f  t h e  m e ta l .  A lth o u g h  no g a s e s  w ere o b ­

s e rv e d  i n  t h e s e  b ro m in a t lo n s ,  th e  s o lv e n t  m ust p la y  a n  in t im a te  

r o l e  i n  th e  b ro m in a t io n .

The e x t e n t  o f  b ro m in a t io n  o f  th e  g ro u p  V-B m e ta ls  i n  

d io x a n e  d e c r e a s e d  in  g o in g  down th e  g ro u p . The o x id a t io n  o f  

vanad ium  goes e s s e n t i a l l y  to  c o m p le tio n , w h ile  th e  a n a lo g o u s  

u ran iu m  r e a c t i o n  p ro c e e d s  to  o n ly  a  v e ry  l i m i t e d  e x t e n t .  Once 

a g a in ,  th e  b ro m in a t io n  i s  c o m p lic a te d  by th e  f a c t  t h a t  d io x a n e  

i t s e l f  a p p e a rs  t o  be in v o lv e d  i n  th e  r e a c t i o n .

The b ro m in a t io n  o f  vanadium  in  m e th an o l and th e  o x i ­

d a t i o n  o f  vanad ium  by s i l v e r  n i t r a t e  i n  m e th a n o l have  b o th  

b e en  p r e v io u s ly  d is c u s s e d ;5 # 1 9  hence  no f u r t h e r  d i s c u s s i o n  o f  

t h e s e  r e a c t i o n s  w i l l  b e  p r e s e n te d  h e r e .  An a t te m p te d  i o d in a -  

t i o n  o f  vanadium  i n  m e th an o l i n d i c a t e d  t h a t  io d in e  i s  n o t  a  

s u f f i c i e n t l y  p o w e rfu l o x id iz in g  a g e n t  in  m e th an o l t o  r e a l i z e  

th e  o x id a t io n .  Vanadium can be  b ro m in a te d  i n  t e t r a h y d r o f u r a n ,  

b u t  th e  r e a c t i o n  a p p e a rs  to  in v o lv e  p a r t i c i p a t i o n  o f  th e  s o l ­

v e n t .  The i n d i r e c t  o x id a t io n  o f  vanadium  i n  m e th an o l by 

b i s m u th ( I I I )  i n d i c a t e d  t h a t  t h e  n i t r a t e  i o n  and  th e  s o lv e n t  

m ust b e  i n  p a r t  r e s p o n s ib l e  f o r  th e  o x id a t io n  o f  th e  m e ta l .  

L a rg e  q u a n t i t i e s  o f  t h e  m e ta l i n  e x c e s s  o f  th e  s to i c h i o m e t r i c  

q u a n t i t y  w hich  s h o u ld  hav e  b e e n  o x id iz e d  by th e  b i s m u th ( I I I )
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w ere ad d ed  to  th e  s o l u t i o n ,  and  co m p le te  o x i d a t i o n  o f  th e  m e ta l  

o c c u r r e d ,  b u t  th e  s o l u t i o n  s t i l l  c o n ta in e d  b i s m u t h ( I I I ) .  V ana­

dium  c o u ld  n o t  be  b ro m in a te d  i n  b e n z e n e j t h i s  i s  p ro b a b ly  due 

t o  t h e  f a c t  t h a t  b en zen e  i s  a  n o n p o la r ,  n o n a c id ie  s o l v e n t .

C. Ammonium F lu o r id e  Com plexes P re p a re d  fro m  S o lu t io n s  o f  

t h e  Group V-B M e ta ls  i n  V a r io u s  S o l v e n t s .

The o b j e c t i v e  o f  t h i s  a u th o r  i n  o x i d i z i n g  t h e  group  

V-B m e ta ls  i n  v a r io u s  s o lv e n ts  was to  a s c e r t a i n  w h e th e r  new 

com plexes c o u ld  be o b ta in e d  from  th e s e  s o l v e n t s .  Vanadium 

i s  known to  fo rm  a  w ide v a r i e t y  o f  co m p lex es. The m ost com-
p i

m only e n c o u n te re d  com plexes in v o lv e  th e  v a n a d y l (VO ) and 

p e rv a n a d y l  (V0^+ ) i o n s .  F o r a  g e n e r a l  s u rv e y  o f  th e  c o o rd in a ­

t i o n  c h e m is try  o f  vanad ium , th e  r e a d e r  i s  r e f e r r e d  to  th e  

re v ie w  a r t i c l e s  o f  S e lb in ^  an d  N ic h o l l s .^ ^

-  B a k e r ^  was a b le  to  p r e p a r e  ammonium o x y p e n ta f lu o r o -  

v a n a d a te ( I V ) , ammonium h e x a f lu o r o x y n io b a te ( V ) , ammonium 

h e x a f l u o r o x y ta n t a l a t e ( V I ) , and  ammonium d io x y p e n ta f lu o r o -  

u ran a te (V I) by th e  a d d i t i o n  o f  ammonium f l u o r i d e  to  t h e  b ro ­

m in a te d  m e ta ls  i n  m e th a n o l. When s i l v e r  n i t r a t e  i n s t e a d  o f  

b rom ine  was u s e d  as t h e  o x id iz in g  a g e n t ,  B o t t j e r  was a b le  to  

o b t a i n  a  n io b iu m  compound a n a lo g o u s  to  t h a t  o b ta in e d  by  B aker?

b u t  ammonium o x y p e n ta f lu o ro v a n a d a te (V )  i n s t e a d  o f  th e  vanadium
o  1 3

p ro d u c t  o b ta in e d  by B ak er. Jo h n so n  found  t h a t  u s in g  s i l v e r  

n i t r a t e  a s  th e  o x id iz in g  a g e n t  f o r  u ran iu m  r e s u l t e d  i n  th e  

i s o l a t i o n  o f  a n  ammonium f l u o r i d e  com plex a n a lo g o u s  t o  t h a t  

o b ta in e d  from  th e  b ro m in a tio n  o f  th e  m e ta l i n  m e th a n o l.

Numerous ammonium f l u o r i d e  com plexes w ere  p re p a re d  i n
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t h e  p r e s e n t  I n v e s t i g a t i o n .  However, th e  p u r i t y  o f  th e s e  com­

p le x e s  was h ig h ly  q u e s t io n a b le .  F o r  t h i s  r e a s o n  o n ly  s p e c u la ­

t i v e  c o n c lu s io n s  c o n c e rn in g  th e s e  com plexes c a n  be  d i s c u s s e d .

The ammonium f l u o r i d e  com plex p re p a re d  from  1 , 2 - d i -  

m e th o x y e th an e  was im p u re , b u t  th e  a n a l y s i s  and  X -ra y  pow der 

p a t t e r n  i n d i c a t e d  t h a t  th e  com plex was c o n ta m in a te d  ammonium 

o x y p e n ta f lu o r o v a n a d a te ( I V ) . The ammonium f l u o r i d e  com plex 

o f  n io b iu m  p re p a re d  from  1 , 2 -d im e th o x y e th a n e  was n o t  a n a ly z e d  

b e c a u se  i t  a p p e a re d  to  be  a  m ix tu re  w hich  d e f i e d  p u r i f i c a t i o n .

No ta n ta lu m  com plex c o u ld  b e  i s o l a t e d  from  1 ,2 -d im e th o x y e th a n e .

The s i t u a t i o n  f o r  u ran iu m  was a n a lo g o u s  to  t h a t  f o r  n io b iu m .

A com plex was i s o l a t e d ,  b u t  p u r i f i c a t i o n  p ro v ed  f u t i l e .

The ammonium f l u o r i d e  com plex o f  vanadium  p re p a re d  

from  form am ide a p p e a re d  to  be  ammonium o x y p e n ta f lu o r o v a n a d a te ( I V ) . 

A gain , t h e  f a c t  t h a t  th e  p ro d u c t  i s  a  v a n a d y l compound i n d i ­

c a te s  t h a t  s o lv e n t  p a r t i c i p a t i o n  i n  th e  b ro m in a t io n  i s  p r e s e n t .

The u ran iu m  com plex i s o l a t e d  from  form am ide a p p e a re d  to  be a  

m ix tu r e ,  so  no c o n c lu s io n s  c a n  be draw n c o n c e rn in g  t h i s  compound.

The ammonium f l u o r i d e  com plexes p r e p a re d  from  b ro m in a te d  

s o l u t i o n s  o f  vanad ium  i n  b o th  d io x a n e  an d  m e th an o l a p p e a re d  

to  be th e  ammonium o x y p e n ta f lu o r o v a n a d a te ( I V ) . The ammonium 

f l u o r i d e  com plex p re p a re d  from  vanadium  o x id iz e d  by s i l v e r  

n i t r a t e ,  a l th o u g h  im p u re , a p p e a re d  to  be  ammonium o x y p e n ta ­

f lu o r o v a n a d a te  (V ).

D. P y r id in e  Com plexes o f  th e  Group V-B M e ta ls .

The q u a n t i t y  o f  e x p e r im e n ta l  d a ta  on p y r id in e  com plexes

o f  th e  g roup  V-B m e ta l  h a l i d e s  and n i t r a t e s  i s  r a t h e r  m ea— 
^ . 1 1 - 1 3 , 3 0 - 3 3
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The m a jo r  p ro b lem  seem s t o  be  t h a t  p u r i f i c a t i o n  o f  th e  a d d i t i o n  

p r o d u c ts  l e a d s  t o  d e c o m p o s it io n  o f  t h e  a d d u c t s . ^

I n  th e  p r e s e n t  i n v e s t i g a t i o n  num erous a t te m p ts  w ere 

made to  p u r i f y  th e  p ro d u c ts  r e s u l t i n g  from  th e  a d d i t i o n  o f  

p y r id in e  to  m e ta l  b rom ide  and  n i t r a t e  s o l u t i o n s .  The a d d i t i o n  

o f  p y r i d in e  to  d io x a n e  s o l u t i o n s  o f  a l l  f o u r  m e ta l  h a l i d e s  

r e s u l t e d  i n  th e  I s o l a t i o n  o f  a d d i t i o n  p r o d u c ts ,  b u t  a t te m p ts  

to  p u r i f y  th e  p ro d u c ts  w ere u n s u c c e s s f u l .  The same s i t u a t i o n  

was fo u n d  t r u e  f o r  th e  a d d u c t  i s o l a t e d  from  a  m e th an o l s o l u ­

t i o n  o f  vanadium  w hich  had b e en  o x id iz e d  by s i l v e r  n i t r a t e .

E. X-Ray Pow der D i f f r a c t i o n  D a ta .

B ecause  th e  com plexes form ed i n  t h i s  w ork w ere n o t  

p u re ,  X -ra y  d a t a  w ere u se d  to  o n ly  a  l i m i t e d  e x t e n t .  The pow­

d e r  p a t t e r n  f o r  th e  ammonium f l u o r i d e  com plex p re p a re d  from

a  b ro m in a te d  vanad ium  s o l u t i o n  i n  1 , 2 -d im e th o x y e th a n e  a g re e d
o

w ith  th e  p a t t e r n  r e p o r t e d  by B aker^  f o r  ammonium o x y p e n ta ­

f lu o r o v a n a d a te  ( I V ) .

F . I n f r a r e d  A n a ly se s  o f  Ammonium F lu o r id e  an d  p y r id in e  Com­

p le x e s  o f  th e  Group V-B M e ta ls .

I n f r a r e d  a n a l y s i s  was u se d  p r i m a r i l y  a s  a  t o o l  to  

i n d i c a t e  th e  p u r i t y  o f  co m p lex es . I n  e v e ry  c a s e ,  com plexes 

i s o l a t e d  from  form am ide s o l u t i o n s  had  p eak s  c h a r a c t e r i s t i c  

o f  t h e  s o l v e n t .  T h is  I n d i c a t e d  t h a t  e i t h e r  th e  com plexes were 

c o n ta m in a te d  by s o lv e n t  o r  t h a t  form am ide was c o o rd in a te d  to  

th e  m e t a l s . A l l  o f  th e  vanadium  com plexes had a  p eak  b e tw een  

950 and  1000 cm“^ .  T h is  p e a k  has b e e n  a s s ig n e d  by s e v e r a l



w o rk e rs  t o  th e  v an ad lu m -o x y g en  s t r e t c h i n g  f r e q u e n c y . ^

The ammonium com plexes had  p e a k s  c h a r a c t e r i s t i c  o f  t h e  am­

monium io n ,  b u t  f r e q u e n t l y  had  a d d i t i o n a l  p e a k s  c h a r a c t e r i s t i c  

o f  ammonium f l u o r i d e .  The p y r id in e  com plexes o f  vanad ium , 

p r e p a r e d  from  a  s o l u t i o n  o f  b ro m in a te d  vanad ium  i n  d io x a n e , 

show ed s h i f t s  i n  th e  p y r i d in e  a b s o r p t io n  w h ich  w ere c h a r a c ­

t e r i s t i c  o f  c o o r d in a te d  p y r i d i n e . 37-^0
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IV . Summary

A p r e l i m i n a r y  s tu d y  I n to  t h e  p o s s i b i l i t y  o f  b ro m in a t in g  

th e  g ro u p  V-B m e ta ls  i n  1 , 2 -d im e th o x y e th a n e , fo rm am id e , and 

d io x a n e  was c o n d u c te d . I n  m ost c a s e s  th e  b ro m ln a t io n  was s u c ­

c e s s f u l ,  b u t  s o l v e n t  p a r t i c i p a t i o n  i n  t h e  r e a c t i o n s  c o m p lic a te d  

m ost o f  th e  s y s te m s .

The o x i d a t i o n  o f  vanad ium  i n  s e v e r a l  a d d i t i o n a l  sy s te m s 

was a l s o  i n v e s t i g a t e d .  The o x i d a t i o n  o f  vanad ium  i n  m e th a n o l 

by s i l v e r  n i t r a t e ,  a l th o u g h  a  v e ry -c o m p le x  r e a c t i o n ,  l e d  to  

a  s o l u t i o n  fro m  w hich  p e rv a n a d y l  (V0^+ ) com plexes c o u ld  be 

i s o l a t e d .  The b r o m ln a t io n  o f  v anad ium  i n  m e th a n o l l e d  t o  a
p .

s o l u t i o n  from  w h ich  v a n a d y l (VO ) com plexes c o u ld  be i s o l a t e d .  

The b r o m ln a t io n  o f  vanad ium  in  t e t r a h y d r o f u r a n  p ro c e e d e d  v e ry  

n i c e l y  and  l e d  to  a  s o l u t i o n  s i m i l a r  i n  c o lo r  t o  a  s o l u t i o n  

o f  b ro m in a te d  vanad ium  i n  m e th a n o l. From t h i s  o b s e r v a t i o n  i t  

was c o n c lu d e d  t h a t  v a n a d y l io n ,  o r  a  s o lv e n t  com plex o f  th e  

sam e, was p ro b a b ly  p r e s e n t  i n  th e  s o l u t i o n .  The i o d i n a t i o n  

o f  vanad ium  i n  m e th an o l was u n s u c c e s s f u l ,  a s  was th e  b ro m in a -  

t l o n  o f  vanad ium  in  b e n z e n e . The i n d i r e c t  o x i d a t i o n  o f  vanadium  

i n  m e th a n o l by  b i s m u th ( I I I )  was a  c o m p lic a te d  r e a c t i o n ,  due 

to  th e  f a c t  t h a t  o t h e r  o x i d i z i n g  a g e n ts  a p p e a re d  to  be p r e s e n t  

i n  t h e  s o l u t i o n .  T h is  made i t  im p o s s ib le  to  o b t a i n  a  vanadium  

s o l u t i o n  w hich  was c o m p le te ly  f r e e  o f  b i s m u t h ( I I I ) .

I t  was p o s s ib l e  to  o b t a i n  ammonium f l u o r i d e  com plexes 

o f  t h e  g roup  V-B m e ta ls  fro m  th e  b ro m in a te d  m e ta ls  i n  b o th

1 ,2 -d im e th o x y e th a n e  and  fo rm am id e . However, th e  l a c k  o f  a n a ­

l y t i c a l  d a ta  on  t h e s e  com plexes made t h e i r  i d e n t i f i c a t i o n  v e ry
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in c o m p le te .  P u r i f i c a t i o n  o f  t h e s e  com plexes p r e s e n te d  th e  

g r e a t e s t  p ro b le m . Ammonium f l u o r i d e  co m p lex es p r e p a r e d  from  

b ro m in a te d  vanad ium  s o l u t i o n  i n  m e th an o l and  d io x a n e  w ere 

p r e p a r e d .  I n d i c a t i o n s  t o  th e  e f f e c t  t h a t  b o th  com plexes con ­

t a i n e d  th e  v a n a ly l  (V02 + ) io n  w ere p r e s e n te d .

P y r id in e  a d d u c ts  o f  th e  g ro u p  V-B m e ta ls  p r e p a r e d  from  

th e  b ro m in a te d  m e ta ls  i n  d io x a n e  w ere p r e p a r e d .  I n f r a r e d  

a n a ly s e s  i n d i c a t e d  t h a t  th e  p y r i d in e  was c o o rd in a te d  to  th e  

m e ta l s ,  b u t  f u r t h e r  p u r i f i c a t i o n  o f  th e  com plexes c o u ld  n o t 

b e  a c c o m p lis h e d . An a d d i t i o n a l  p y r id in e  com plex o f  vanadium  

was p re p a re d  from  a  m e th an o l s o l u t i o n  o f  vanadium  o x id iz e d  by 

s i l v e r  n i t r a t e .  The c o lo r  o f  t h e  com plex i n d i c a t e d  t h a t  i t  

m ig h t c o n ta in  th e  p e rv a n a d y l  io n ,  b u t  f u r t h e r  p u r i f i c a t i o n  

o f  th e  com plex was u n s u c c e s s f u l ,  so  a b s o lu te  I d e n t i f i c a t i o n  

o f  th e  com plex  was n e v e r  r e a l i z e d .
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