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Abstract:
Six new compounds of α-pyridone (C5H5NO) have been prepared. Single crystal x-ray diffraction
analysis has shown one of these compounds, CuC12.C5H5NO, to be a chlorine bridged dimer. X-ray
powder diffraction data show that three of these compounds, MnC12 • 1C5H5NO, NiC12 • 1C5H5NO
and CoC12 • 1C5H5NO are isomorphous and appear to have structures similar to CuC12 • 1C5H5NO.
Magnetic moment, solid and solution spectrophotometric data collectively indicate that all four
compounds probably have a distorted tetrahedral configuration in the solid state. C0C12 • 3 C5H5NO
has been prepared; magnetic, solid and solution spectrophotometric data support an octahedral structure
for this compound. The sixth compound, CuCl2 • 2 C5H5NO has not been assigned a specific
structure;, the data for this compound are inconclusive 
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ABSTRACT

Six new  com pounds of a - p y r id o n e  (CgH^NP) hav e  b e en  p re p a re d . 
S ing le  c r y s ta l  x - r a y  d if f ra c t io n  a n a ly s i s  h a s  shown one  o f t h e ^ e  doinpounds, 
C u C l2 • I C 5H 5NO, to  be  a ch lo rine  bridgec} dimer. X -ray  pow der d if f rac t io n  
da ta  show  that" th re e  o f  th e s e  com pounds, M nCl^ • IC gH ^N O ,
N iC l2 • I C 5H 5NO and  C 0 CI2 • I C 5H 5NO are  isom orphous  and  a p p ea r  to 
h av e  s t ru c tu re s  s im ila r  to  C u C l2 • I C 5H 5NO. M ag n e tic  m om ent, so l id  arid 
so lu t io n  sp ec tro p h o to m etr ic  da ta  c o l l e c t iv e ly  in d ic a te  th a t  a l l  four com - , 
pounds p robab ly  h av e  a d is to r te d  te t r a h e d r a l  co n f ig u ra t io n  in  the  so lid  
s t a t e .  C 0 C I2 • 3 C 5H 5NO h a s  b e en  p repared ; m agnetic , so l id  and  so lu t io n  
sp ec tro p h o to m etr ic  d a ta  support  an  o c ta h e d ra l  s tru c tu re  for th i s  c o m p o u n d . ' 
The s ix th  co m p o u n d , C u C l2 • 2 C^ff^NO, h a s  not b een  a s s ig n e d  a s p e c if ic  
s truc ture ;, the  da ta  for th i s  com pound a re  in c o n g lu s iv e .



INTRODUCTION

The Cu(II) ion  (3d^) norm ally  h a s  tine unpa ired  e le c t ro n  in  the  3d s u b - ,  

s h e l l .  Cu(II) h a s  a c a lc u la te d  sp in  o n ly  m agnetic  moment of 1.73 Bohr M a g ­

n e to n s  (B.M.) r e g a rd le s s  o f  th e  bond  ty p e .o f  i t s  c o m p o u n d s . Actually , th e  

o b se rv e d  v a lu e s  of th e  m ag n e t ic  moment a re  L 9 to 2 .2 .B.M. for m ost Cu(II)... 

com pounds w ith  io n ic  or w eak  c o v a le n t  bonds  and I. 72 to  1.82 B.M. for 

com pounds w ith  s trong  c o v a le n t  bonds ( I ) .  Thus, Cu(II) com pounds with 

m ag n e t ic  m om ents  low er th a n  1.73 B.M. a re  u n u s u a l .  S ev e ra l  Cu(II) com - " 

pounds  w ith  u n u s u a l  m ag n e t ic  m om ents h av e  b een  p rep a red  and  in v e s t ig a te d  

(Table.I).

M a g n e t ic  m om ents  .are a m e asu re  .of th e  number o f  1Unjpaired e le c t ro n s  

per atom or m o le c u le . P a ram ag n e tic  s u b s ta n c e s  c o n ta in  one  or more un­

p a ired  e le c t ro n s  per atom or m o lecu le ;  d iam ag n e tic  s u b s ta n c e s  have  no un ­

p a ire d  e l e c t r o n s .  Therefore , a subnorm al m ag n e t ic  moment m eans the  num - . 

b e r  of u n p a ired  e le c t ro n s  per atom or m o lecu le  h a s  d e c r e a s e d ;  e lec tro n  

in te ra c t io n  b e tw ee n  u n p a ired  d e le c t ro n s  on c lo s e ly  o r ie n te d  C u ,a tom s or 

u n p a ired  d e le c t ro n s  w ith  e le c t ro n s  from th e  l igand  w il l  d e c r e a s e  the  num ber 

of u n p a ired  e l e c t r o n s .  Therefore , Cu(II) com pounds w ith  u n u s u a l  m agnetic  .; 

m om ents m ust p rov ide  a pa th w ay  th a t  p e rm its  such  e le c t ro n  in te ra c t io n .
I ‘

Two p o s s ib le  p a th w ay s  for e le c t ro n  in te ra c t io n  h av e  b e en  p roposed ; 

m e ta l -m e ta l  in te r a c t io n  (bond form ation) b y ,d i re c t  o v e r lap  o f  d o rb i ta ls  on 

c lo s e ly  o r ie n te d  Cu a tom s an d  a su p e r  e x ch an g e  m ech an ism  involv ing  Cu d ■ 

o rb i ta ls  an d  pTr or per o rb i ta l s  of th e  l ig a n d .  If the  f i r s t  p a th w ay  w ere c o r ­

r e c t ,  one  w ould  e x p e c t  th e  m ag n e t ic  m om ent to  be d e p e n d e n t  upon the
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Table  I

Cu(H) C om pounds w ith  Subnorm al M ag n e t ic  M om ents

B.M.,
L igand . Formula . M ag n e t ic  M om ent3

A ceta te  ion C u(C H 3COO)2 • I H 2O 1.43

A ceta te  ion C u(C H 3COO)3 - I C 5H 5N 1.43

Form ate ion Cu(HCOO)2 • 4 H3O 1.64

B enzoate  ion C u (C 6H 5CO O )3 • 4 H 20 1.40

P y r id in e -N -o x id e C u C l3 • I C 5H 5NO 0.85

P y r id in e -N -o x id e C u C l3 - 2 C 5H 5NO 0.63

Q u in o l in e -N -o x id e C u C l3 • I C 9H 7NO 0.36

Butyrate ion C u (C 3H 7CO O )3 • H3O 1.35

O x a la te  ion C u(C O 2C O 2) 1.20

S u c c in a te  ion C u [C 0 2 (CH2)2C O 2J 2 - 2 H 3O 1 .4 0

N , N , D im e th y lace tam id e C u (C lO 4)2 • [CH5CON(CH3)2J 4 • H2O 1.57

T r ip h en y la rs in e  ox ide .C uB r2 - [(C6H 3) 3AsOj2
/  N - N  ' \

1.56

1 , 2 , 4  T r i a z o l e ' CuSO4 / y  \  - 4 H 20 1.62
HC . CH

Vf /
a Room tem p e ra tu re

d is ta n c e  b e tw e e n  in te ra c t in g  Cu a tom s „ If th e re  w ere  bond form ation b e ­

tw e e n  Cu a tom s, i t  w ould  be one o f , th re e  ty p e s :  O '(dz^—d 'z^ ) ,  Tr(dxz—d ' x z , 

d y z —d 'y z )  or 6 (dxy—d'xy , dx2- y 2 —d 'x 2- y 2) . In a te t r a g o n a l ly  d is to r te d  

sy s te m  (copper(II) a c e ta te ) ,  TT b onds  a re  no t l ik e ly  b e c a u s e  th e  o rb i ta ls  in
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q u e s t io n  a re  lo w e s t  in  energy  of the  3d o r b i t a l s .  The d x ^ -y ^  le v e l  h a s  the  

h ig h e s t  energy, but o v e r la p  b e tw een  dz^ o rb i ta ls  shou ld  be g re a te r  and  

th e re fo re  th e  bonding  w il l  be de te rm ined  by co m petit ion  b e tw een  d z ^ (cr) and  

dx2-y2(<5) o r b i t a l s .  R oss and  Y ates  (2), Ross (3) and  Royer (4) favor S  bond 

fo rm ation . F o rs te r  and  B a l lh au sen  (5) favor cr bond fo rm ation . If a su p er  

ex ch a n g e  m echan ism  w ere  c o r r e c t , one  w ould ex p ec t  the  m agnetic  moment 

to  be d e p en d e n t  upon the  e le c t ro n  d e n s i ty  of the  p7T and  per o rb i ta ls  of th e  

l ig a n d .  S c h lu e t te r  (6), Kokozka (7,8) and  H a n se n  and B a l lh au sen  (9) s ta t e  

th a t  in te ra c t in g  Cu a tom s are  on ly  w eak ly  co u p led  by d o rb i ta l  ove rlap  and  

s u g g e s t  a su p e r  e x ch an g e  pa thw ay  in s te a d .

Super e x ch an g e  w as  a l s o  favored  in  a s tudy  by H a tf ie ld  and  P a s c a l  

(10) who s y n th e s iz e d  and  in v e s t ig a te d  hom ologs of CuClg " I C 5H 5NO 

(C 5H 5NO is  p y r id in e - N - o x id e ) . CuClg • I C 5H 5NO h a s  b e en  p repared  and 

shown to  be  a n  o x ygen  b ridged  b in u c le a r  (dimeric) com pound , w ith  the  

s t ru c tu re  show n in  F igure I ,  by Morrow, S ch aefe r  and  Smith (11). The Cu

C l .

Cl

Cu

0

O

Cu

.Cl

*C1

Figure I .  CuClg • I C 5H 5NO Structure
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a tom s an d  b ridg ing  oxygen  a tom s l ie  in  th e  sam e p lan e ;  th e  d is ta n c e  b e - ,  

tw e e n  bridge  Cu a tom s is  3.23 + (0. O l-S ) .' .  The env ironm ent o f  e ac h  Cu atom 

i s  a d is to r te d  te t r a h e d r o n . Some s tu d ie s  l i s t in g  M -M  d i s t a n c e s  do hot g ive  

s tan d a rd  d e v ia t io n s  (u n c e r ta in t ie s )  for bond le n g th s .  M -M  d is ta n c e s  th a t  

a p p e a r  in  th e  d i s c u s s io n  w ithou t acco m p an y in g  u n c e r ta in t ie s  may vary  a s  

much a s - + 0 .1  S . This  com pound h a s  a m ag n e t ic  moment of 0.85 B.M. a t  

room te m p e ra tu re .  The 3.23 S d is ta n c e  b e tw ee n  the  Cu a tom s m akes d ire c t  

d o rb i ta l  in te ra c t io n  l e s s  l ik e ly  and  s u g g e s t s  a super  ex ch a n g e  inechan ism  

m ight be fu n c t io n in g .  H a tf ie ld  and  P a s c a l  have  s u b s t i tu te d  fu n c tio n a l  

g roups w ith  d if fe ren t  e le c t ro n  w ithdraw ing  and  e le c tro n  re le a s in g  p ro p e r t ie s  

in  th e  four p o s i t io n  of p y r id in e - N - o x id e . The new l ig a n d s  w ere then  u s e d  to  

p repa re  a s e r ie s  of C u C l2 • I R - C 5H 4NO com pounds (R = s u b s t i tu te d  group)’. 

They a s s u m e d  the  p ro d u c ts  w ere  i s o s t r u c tu r a l  (oxygen b r id g ed  dim ers) to  

CuClg • I C 5H 5NO. The m agnetic  m om ents  of th e i r  com pounds d e c r e a s e d  a s  

th e  e le c t ro n  re le a s in g  a b i l i ty  of th e  s u b s t i tu e n t  i n c r e a s e d .  The d e c r e a s e  of 

th e  m ag n e t ic  moment in d ic a te d  th e  e le c t ro n  d e n s i ty  in  th e  tt o rb i ta ls  of the  

b ridg ing  o x y g en  a tom s in c re a s e d  an d  perm itted  in c re a s e d  in te ra c t io n  b e ­

tw e e n  th e  u n p a ired  Cu d e le c t ro n s  and  th e  oxygen  Tr e l e c t r o n s . They c o n ­

c lu d e d  th a t  a su p e r -e x c h a n g e  m ech an ism  w as  favored  b e c a u s e  the  am ount of 

o v e r la p  of the  d o rb i ta l s  shou ld  not be a f fe c te d  by.ring, s u b s t i t u e n t s .  M uto 

and  J o n a s s e n  (12) h av e  u s e d  mono, d i and  t r i s u b s t i tu te d  p y r id in e -N -o x id e s  

to  p repare  co p p er  (II) h a l id e  c o m p le x e s .  Their r e s u l t s  confirm  th o se  of H a t­

f ie ld  a n d  P a s c a l ;  th e  m ag n e t ic  m om ents of th e  com pounds w ere  d e p en d en t
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upon  th e  e le c t ro n  r e l e a s in g  a b i l i ty  of th e  s u b s t i t u t e n t . They p roposed  two 

p a th w ay s  for su p e r  e x ch an g e :

1. c r  pa th :  Sdcr(Cu) * Sspcr^(O) t—> Sdc-(Cu)

2 .  i r  pa th :  SdTr(Cu) » Sprr(O) > Sdrr(Cu)

They s u g g e s te d  th e  a- pa th w ay  w as  favored  from the  d a ta  o b ta in e d .

O v e r lap  of Cu d o rb i ta l s  a s  an  e x p la n a t io n  for the  su b -n o rm a l m ag­

n e t ic  m om ents of some Cu(II) com pounds g a in ed  support fo llow ing the  d e te r ­

m ina tion  of th e  s t ru c tu re  of C u(C H gCO O )2 • I HgO by van  N iekirk  and 

Schoen ing  (13). The s t ru c tu re  is  show n in  Figure 2 .  The d is ta n c e  be tw een

C H 3

Figure  2 . Cu(CH gCO O )2 • I H3O S tructure

bridged  Cu a tom s is  2.61 2 (14); th e  d i s ta n c e  b e tw een  Cu a tom s in Cu m e ta l  

i s  2 .56 ±  0.005 S . C u(C H 3COO)3 • I H 3O (Figure 2) h a s  a m agnetic  moment 

of 1.43 B.M. a t  room te m p e ra tu re .  The proxim ity  of the  b r idged  Cu a tom s 

s u g g e s te d  e le c tro n  in te ra c t io n  by o v e r la p  of d o rb i ta ls  from e ac h  Cu a to m .



The Cu(CHgCOC)^ • I HgO r e s u l t s  in d u ced  a d d i t io n a l  s t ru c tu ra l  in v e s t ig a ­

tio n  of known Cu(II) com pounds w ith  u n u s u a l  m agnetic  m o m e n ts , p a r t ic u ­

la r ly  th o s e  co n ta in in g  th e  ca rb o x y la te  group (15-21).

The c a rb o x y la te  group may a c t  a s  a m onoden ta te  or b id e n ta te  l ig a n d ,  

i . e . ,  it  may co o rd in a te  th rough  one  or bo th  oxygen  a tom s . Known s t ru c tu re s  

of Cu(II) c a rb o x y la te  com pounds w ith  u n u su a l  m agnetic  mom ents show the  

c a rb o x y la te  group co o rd in a ted  a s  a b id e n ta te  l igand  to  tw o Cu atom s (b i-  

nuc lea r)  in  th ree  d if fe ren t  co n f ig u ra t io n s  (Figure 3) (13, 18, 19).

-  6 —
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s y n - s y n  s y n - a n t i  a n t i - a n t i

Figure 3 . O b se rv e d  C arb o x y la te  B inuc lear  B iden tate  C o n fig u ra tio n s

C u(C H gCO O )2 • I H2O, the re fo re , h a s  a s y n - s y n  b in u c le a r  b id e n ta te  c o n ­

f ig u ra t io n .  O th e r  Cu(Il) c a rb o x y la te  com pounds (s tru c tu re  unknown) w ith 

u n u su a l  m ag n e t ic  m om ents a re  b e l ie v e d  to  be b in u c le a r  b id e n ta te  com­

pounds .

Cu(C H gCO O )2 • I CgHgN (pyridine) h a s  b een  p rep a red  and  proven i s o -  

s t ru c tu ra l  (d im eric ,  s y n - s y n  b id en ta te ,  b ridged  C u -C u  d i s ta n c e  2.64 +

0,006 %) to C u (C H 3CO O )2 • I H2O (20). C u(C H 3COO)2 • I C 5H 5N h a s  a 

m ag n e t ic  moment of 1.43 B.M. a t  room te m p e ra tu re . Another a c e t a t e ,  

C r(C H 3COO)2 • I H 2O is  a l s o  i s o s t r u c tu ra l  (C r-C r d i s ta n c e  2.64 2 ) to
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C u (CH3COO)2 • I H2O; how ever, C r(C H 3CO O )2 • I HgO i s  d iam a g n e t ic  a t  

room tem p e ra tu re  (21). Normally, Cr(II) h a s  four unp a ired  e le c t ro n s  o c c u p y ­

ing d o r b i t a l s . The proxim ity  of the  m e ta l  io n s  in th e s e  com pounds a g a in  

s u g g e s te d  e le c t ro n  in te ra c t io n  th rough  o v e r la p  of d o rb i ta l s  on  neighboring  

m e ta l  a t o m s .

The c a rb o x y la te  group h a s  a l s o  p rov ided  in form ation  favoring  a su p e r  

e x ch a n g e  pathw ay. Cu(HCOO)2 • 4 H2O h a s  a subnorm al m agnetic  m om ent, 

1.64 B .M ., a t  room tem p e ra tu re  (19). I t  h a s  an  a n t i - a n t i  co n f ig u ra t io n ,  

F igure  4 (18). The b ridged  Cu a to m s  a re  5.80 ±  0.04 % a p a r t  w hich  p re c lu d e s

invok ing  d i re c t  o v e r lap  of Cu d o rb i ta l s  to  ex p la in  the  subnorm al m agnetic  

m om ent. M artin  and  W aterm an  (22) h av e  su g g e s te d  a su p e r  ex ch an g e  m ech ­

an ism  th rough a TT p a thw ay  o f Cu 3dyz and  3dxz o rb i ta ls  and  2p7T o rb i ta ls  o f  

th e  bridg ing  form ate  group a s  a p o s s ib le  e x p lan a t io n  for the  subnorm al m ag­

n e t ic  m o m en t.

S ev e ra l  a d d i t io n a l  Cu(II) c a r b o x y la te s  and  p y r id in e -N -o x id e  com ­

pounds  hav e  b e en  p rep a red  (Table I ) .  Some h av e  p ro p e r t ie s  s im ila r  to  b in u -  

c le a r  C u(C H 3C O O )2 • I H2O and C u C l2 • I C 5H 5NO, but th e i r  s t ru c tu re s  h av e  

b een  u n e q u iv o c a l ly  de te rm ined  in  on ly  a few c a s e s  (I, 16, 23 ).

O H 2 O H 2

Figure  4 . Cu(HCOO)2 * 4 H2O S tructure
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There a re  Cu(II) c a rb o x y la te s  (Table II) w ith  no rm al m ag n e t ic  m om ents. 

O th e r  e x am p les  o f  Cu(II) com pounds w ith  norm al m ag n e t ic  m om ents  a re  in ­

c lu d ed  .

T ab le  II

Cu(II) Com pounds w ith  Normal M ag n e tic  M om ents

Ligand Formula
(B.M. )

M ag n e t ic  M om ent3

D ic h lo ro a c e t ic  a c id C u (CI2 CHCOO)2 • 4 H2O 1.74

B enzoic  a c id .Cu(CGHsCpO)2 1.72

o -H y d ro x y b e n zo ic  a c id C u (HOC6H 4COO)2 • 4 H2O 1.92 .

M alo n ic  a c id C u(C O 2CH 2CQO) • H2O 1.92

C u C l2 1.75

C u C l2 • 2 H2O 1.87 ..

Formic a c id Cu(HCOO)2 1.75

Formic a c id Cu(HCOO)2 * 2 H2O 1.90 '

1 , 2 , 4  T r iazo le c u c W c r  n " ^ c h V '
X I

1.81

H ‘
a Room tem p e ra tu re -

S tru c tu ra l  in v e s t ig a t io n  of Cu(II) com pounds w ith  norm al and. subnor­

m al m ag n e t ic  m oments, p a r t ic u la r ly  th e  c a rb o x y la te s ,  seem  to  in d ic a te  th a t  

fo rm ation  of d im eric  com pounds and  in c r e a s e d  e le c t ro n  in te ra c t io n  is  de-r 

p en d en t  upon  th e  co o rd in a tin g  s t re n g th s  of th e  l igand  and  s o lv e n t .  The c o ­

o rd in a t in g  s tren g th  of th e  l ig a n d ,  in  tu rn ,  i s  d ep en d en t upon th e  e le c t ro n  

w ithd raw ing  o r r e le a s in g  a b i l i ty  of i t s  s u b s t i t u e n t s .  The e x a c t  pa thw ay  fpr 

e le c t ro n  in te ra c t io n  rem a in s  u n s o lv e d .  In v e s t ig a t io n  of l ig a n d s  s im ila r  to
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c a rb o x y la te  group or p y r id in e -N -o x id e  h a s  b een  u n d e r tak en  to  ob ta in  fu r ther 

in form ation  ab o u t the  pathw ay.

There  a re  l ig a n d s  s im ila r  to the  c a rb o x y la te  group w hose  geo m etr ie s  

m ight perm it b id e n ta te  co o rd in a tio n  an d  form ation  of b in u c le a r  Cu(II) com ­

p o u n d s .  The a c e ta m id e  group is  an  e x a m p le , F igure 5. O th e r  p o s s ib le  l i ­

g an d s  a re  show n in  F igure  6 . Cu(II) com pounds w ith  l ig a n d s  in F igures  5 

and  6 m ight p o s s ib ly  in c r e a s e  th e  u n d e rs tan d in g  of th e  e le c t ro n  in te ra c t io n  

th a t  o c cu rs  in  th e  p re v io u s ly  m en tioned  b in u c le a r  b id e n ta te  Cu(II) com­

pounds  .

O

C arb o x y la te  Group A cetam ido Group

Figure 5 . C a rb o x y la te  and  A cetam ido Group S im ilar ity

C H 3 ©

\ O
 

- I

H2N NH H2 N NH

A cetam id ine B enzam idine (X-aminopyridine

H
OC-pyridone 

F igure 6 .

1 ,8  nap h th y rid in e  

P o s s ib le  B iden ta te  L igands
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• S y n th e s is  and  in v e s t ig a t io n  of Cu(II) com pounds w ith  th e  ace tam ido  ' 

group (Figure 5) w as  u n d e r ta k en  a s  part o f  g la rg e r  p ro g ram „ L ittle  s u c c e s s  

w as  a c h ie v e d  w ith  th e  a ce tam id o  group during two y ea rs  of in v e s t ig a t io n .  

The r e s u l t s  a re  d e s c r ib e d  in  Appendix A.

(X-pyridone (Figure 6) i s  s im ila r  to  the  ca rb o x y la te  group; i t  o ffers  

th e  p o s s ib i l i ty  of b id e n ta te  c o o rd in a t io n .  It i s  a l so  s im ila r  to  p y r id in e -N- 

ox ide , w hich  h a s  formed b in u c le a r  Cu(II) com pounds w ith  u n u su a l  magnetic ' 

m o m en ts .  The p u rp o se  of th is  t h e s i s  i s  to  repo rt  th e  s y n th e s i s  and  p re ­

lim inary  in v e s t ig a t io n  of t r a n s i t io n  m eta l  com pounds, p a r t ic u la r ly  Cu(II) an d  

Co(II), w ith  C t-p y r id o n e .



ANALYTICAL TECHNIQUES

This s e c t io n  d e s c r ib e s  th e  a n a ly t i c a l  te c h n iq u e s  u s e d  in  th is  s tudy. 

The r e s u l t s  a p p e a r  in  th e  ex p e r im en ta l  s e c t io n s  to  follow.

Cu(II) c o n c e n t ra t io n s  w ere d e te rm ined  by iodom etric  t i t r a t io n  a s  d e ­

s c r ib e d  by  Kolthoff and  S ande ll  (24). Co(II), Ni(II) and  Mn(II) c o n c e n tra t io n s  

w ere  found by  EDTA t i t r a t io n s  a s  o u t l in e d  by W elch e r  (25). C h lo ride  c o n ­

c e n t r a t io n s  w ere  d e te rm ined  by AgNOg t i t r a t io n  w ith  d ic h lo ro f lp p re sc e in  a s  

in d ic a to r  (24). N itrogen  c o n te n t  w as  found by th e  m acro K je ldah l m e th o d . 

T r ip l ic a te  sam p le s  w ere  a n a ly z e d  in a l l  c a s e s .

In frared  sp e c tra  w ere  run  on a Beckman IR -4 sp ec tro p h o to m ete r  b e ­

tw e e n  5 ,0 0 0 -6 5 0  cm - -*-. The sam p les  w ere  p repared  a s  m icro  KBr p e l l e t s .  In 

a l l  c a s e s  a i r  w as  th e  re fe re n c e  m a te r ia l .

U l t ra v io le t  and  v i s ib le  sp ec tra  o f  so lu t io n s  w ere  ta k e n  a t  room tem ­

p e ra tu re  w ith  a Beckman DK-2 sp ec tro p h o to m ete r  e q u ip p ed  w ith  I cm c e l l s  

and  s tan d a rd  l ig h t  s o u r c e s . In a l l  c a s e s ,  pure so lv en t  w as  the  re fe re n ce  ■ 

m a te r ia l .  C o n c e n tra t io n s  of IO- ^M  an d  IO- ^ M  w ere u s e d  for v is ib le  and  

u l t r a v io le t  reg io n s ,  r e s p e c t iv e ly .

D iffu se  r e f le c ta n c e  sp ec tra  of s o l id s  w ere  c o l le p te d  w ith  a Beckman 

M odel B sp ec tro p h o to m ete r  eq u ip p ed  w ith  a d iffu se  r e f le c ta n c e  a t ta ch m e n t  

#12400 and  a 2 ,000 megohm pho to tube  re s is to r .  The s tu d y  w as  lim ited  to  th e  

ran g e  700-350  mju by th e  in s tru m e n t .  M ag n es iu m  c a rb o n a te  w as  u s e d  a s  th e  

s ta n d a rd .
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M a g n e t ic  s u s c e p t ib i l i t i e s  of th e  pow der sa m p le s  w ere  d e te rm ined  by 

th e  Gouy m ethod u t i l iz in g  a M ettJe r  a n a ly t ic a l  b a lan ce ,  H a rv e y -W e lls  M odel 

L - 44V e lec tro m ag n e t  and  a M agn ion  m odel #HS425 pow er supply . The m ag­

n e t  w as  e q u ip p ed  w ith  4 in ch  ta p e re d  p o le  c a p s  and  a v a r ia b le  g a p .  The. 

sam p le s  w ere  su sp e n d e d  in  a s p e c ia l ly  d e s ig n e d  D ew ar f la s k  p la ce d  b e ­

tw e e n  th e  po le  c a p s .  The s u s c e p t ib i l i t i e s  re p o r te d ,  e x c e p t  th o s e  of 

d ichloro-m ono-(O L-pyridone) copper(II) , w ere  d e te rm ined  a t  80°K., 210°K.,.

2 50°K . and  2 9 8°K . Liquid a ir  w as  u s e d  to  re a ch  80°K . The in te rm ed ia te  

te m p e ra tu re s  w ere  o b ta in e d  by  p la c in g  s lu s h e s  of dry ic e  and  CHClg (?10oK) 

an d  C C I4 (250°K) in  th e  D ew ar f l a s k .  Four ^ield s t re n g th s  w ere  u sed  in  th e  

s tudy . T r ip l ic a te  m e asu re m e n ts  were  m ade a t  e ac h  tem p e ra tu re  and f ie ld  

s t r e n g t h . The a v e rag e  of the  m e asu re m e n ts  a t  e ac h  te m p e ra tu re  and f ie ld  ■ 

s t re n g th  w as  u s e d  to  c a lc u la te  gram s u s c e p t ib i l i t i e s  from th e  eguatiqp :

X g
qg lAw 
dAH2

= gram s u s c e p t ib i l i ty  ' 
g ' = Lande g fac to r
g ' = s ta n d a rd  g ra v i ta t io n a l  c o n s ta n t  

Aw = w e ig h t  (field  a p p l ie d ) -w e ig h t  (no fie ld) 
d = sam ple  d e n s i ty  

■ A = c r o s s e c t io n a l  a rea  of Qpuy tube 
H = m ag n e t ic  f ie ld  s t re n g th



- 1 3 -

M ag n e t ic  m om ents w ere  c a lc u la te d  from th e  equation :

.Meff SXmkT 
£ 2  N

eff = m ag n e t ic  moment e x p re s s e d  in Bohr m agnetons  • 
X m = Xg t im es  sam ple  m o lecu la r  w e igh t 

k = B o ltzm ann 's  c o n s ta n t  
T = d e g re e s  Kelvin 

• /3 = 0.917 x l O " 20 
N -  A vogadro1 s number

To f a c i l i t a t e  c a lc u la t io n  of the  m agnetic  s u s c e p t ib i l i t i e s  and  moments, ..a

Fortran  com puter program w as  u s e d .  The com puter u se d  w as  th e  m odified  

IBM 1620 a v a i la b le  a t  th e  M ontana  S ta te  U n iv e rs i ty  C om puting C enter. 

C o rre c t io n s  for d iam a g n e t ic  a tom s w ere  a p p l ie d  in th e  c a l c u l a t i o n s . M ag ­

n e t ic  f ie ld  s t re n g th s  w ere  de te rm ined  u s in g  H gCo(CNS)î  a s  th e  s tan d a rd

(26).

X -ray  pow der d if f ra c t io n  da ta  w a s  c o l le c te d  w ith  a G en era l  E lec tr ic  

d if f rac to m e te r  u n it  by normal c ry s ta l lo g ra p h ic  p r o c e d u r e s . X -ray  s in g le  

c r y s ta l  d a ta  w as  c o l le c te d  by bo th  W e is s e n b e rg  and  P r e c e s s io n  m e th o d s .  

C ry s ta l  p a ram ete rs  w ere  c a lc u la te d  u s in g  s tan d a rd  form ulae from Buerger

(27).

M o le c u la r  w e ig h ts  w ere  d e te rm ined  e b u l l io s c o p ic a l ly  by  the  C o ttre l l  

t e c h n iq u e  (98). A Beckman d if fe re n t ia l  therm om eter w as  em ployed in the  d e ­

t e r m in a t io n s . The osm om etric  d e te rm in a t io n s  repo rted  w ere  performed by Dr. 

W. W. P au d le r  o f  th e  D epartm en t o f  C hem istry , Ohio U n iv e rs i ty ,  A th e n s ,

. O h io .



EXPERIMENTAL PROCEDURES AND RESULTS

P u r if ic a t io n  of g -p y r id o n e

CX-pyridone (C5H 5NO) p u rc h a se d  from Aceto C h em ica l  Com pany w as  

purif ied  by r e c r y s t a l l i z a t io n  from b e n z e n e .  The c r y s ta l s  w ere  w hite  and  

m elted  a t  106 .5 - 107°C . (X-pyridone w a s  a l s o  id e n t i f ie d  sp ec to p h o tm e tr iq -  

a l ly  and  by n itro g en  a n a ly s i s  (14.5% fou n d , 14.7% c a lc u la te d .

F igure  7 is  an  in fra red  spec trum  of <X-pyridone. F ig u res  8 to 11 re p ­

r e s e n t  the  u l t r a v io le t  sp e c tra  of <X-pyridone in HgO, CgH gO H , C H 3CN and  

H C O N tC H g ^ ;  Table  III l i s t s  the  u l t r a v io le t  a b so rp tio n  b a n d s  and th e ir  

m olar a b s o r p t i v i t i e s .

3U0 1200
WAVENUMBER IN KAYSERS

Figure  7 . In frared  Spectrum  of c t-p y r id o n e
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Figure 8 . U ltra v io le t  Spectrum  of <X-pyridone in  H 2O

Figure 9 . U l tra v io le t  Spectrum  of oc-pyridone in  CgH^OH
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Figure 10. U l tra v io le t  Spectrum  of <X-pyridone in  CHgCN

Figure 11. U l tra v io le t  Spectrum  of OC-pyridone in  HCON(CHg)2
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Tab le  III

U l tra v io le t  S p ec tra l  Bandp for CL-pyridone

Solven t C o n ce n tra t io n Xmax (m^i)
: (M olar 

a b so rp tiv i ty )
£  max

H 2O 1.73 x  IQ" 4 M 223. 7.17 x  IO3
' 293 5.72 x  IO3

• C 2 H 5OH 1.78 x  10-4 M 226
298

8.32 x  IO3 
5.23 *  IO3

• CHgCN 2 ,0 2 .^  IO" 4 M 227 
, 229

235(sh )a ,

7.57 x  IO3 • 
. 7.53 x  IO3

302 . 4.85 x  IO3
312(sji) “ “ — — T  — ~
237(sh) --- T —

H CON(CHg)2 

a Shoulder

' 1.81 x  10-4 M 305
315(sh)
335(sh)

4.80 x  IO3 
4.42 x  IO3 
--- ---------

P rep a ra t io n  of Anhydrous M e ta l  (II) C h lo r id e s

Anhydrous m e ta l  c h lo r id e s  u s e d  th roughou t the  s tu d y .w e re  p repared  a s  

o u t l in e d  by Pray (28) from com m erc ia l ly  a v a i la b le  h y d r a te s .  They w ere ' 

s to re d  ov e r  anhydrous  CaSOz|. in  t ig h t ly  c ap p e d  c o n t a i n e r s . .

S o lven t Purity

S o lv en ts  in c o rp o ra te d  in  the  s tu d y  w ere  e i th e r  MGB s p e c f r o - q u a Iity  ' 

r e a g e n ts  or th e  highest; pu rity  re a g ep t  a v a i l a b l e . .W hen w a te r  c o n ten t  w as  ir> 

doub t in  a lc o h o ls ,  p a r t ic u la r ly  CHgOH and  C g H ^O lf , th e y  w ere  re f luxed  ■ 

ov e r  Mg tu rn in g s  for tw e lv e  hours  and  th e n  d i s t i l l e d .  The f r e sh ly  d i s t i l l e d  

a lc o h o ls  w ere  u s e d  a s  q u ick ly  a s  p o s s ib le  to  m inim ize u p ta k e  of a tm o s ­

p h e ric  w a te r .



. -  18 -

S y n th e s is  of D ichlorpTm ono-tX -'pyndone M e ta l  (II) C om plexes

To p repa re  CuClg • I CgH^NO, 1:1 m olar ra t io s  of anhydrous  C p C l2 

and  pu r if ied  cXrPyridone w ere  u s e d .  The r e a c ta n ts  were  d i s s o lv e d  in  m in i­

mum am oun ts  of CgHgOH and th e  o f-pyfiddne so lu tio n  w as  qdded  dropw ise  

fo th e  Cu(II) s o lu t io n  w ith  s t i r r in g .  P re c ip i ta t io n  o ccu rred  a f te r  app rox i­

m a te ly  o n e - h a l f  o f  th e  cd-pyridone so lu t io n  had  b eep  a d d ed  . Thp so l id  pro­

d u ced  w as  an  o range  powder; th e  f i l t r a te  w as  g re e n .  C oo ling  the  f i l t ra te  

p roduced  more of th e  o range  s o l id .  R e c ry s ta l l iz a t io n  from CgHgCH produced  

n e e d le - l i k e  c r y s ta l s  . ■ A n a ly s is  o f  th e  com pound in d ic a te d  thp  em perica l  

m o le c u la r  formula w as  CuClg • I CgHgNO .

The e a s e  w ith  w hich  th e  com pound w as  p roduced  prom pted  a l i te ra tu re  

s e a rc h  to  de te rm ine  if  com pounds s im ila r  to  (X-pyrjLdone had  b e en  u se d  a s  

l ig a n d s  w ith  t r a n s i t io n  m etp l i o n s . A S e r ie s  of compounds', MXg •, Ln. (M = 

m e ta l  io n ,  X = h a lid e ,  n i tra te ,  p e rch lo ra te ,  L = Pyridine=-N-Oxide (CgHsNO),. 

n = I, 2, 3, 4) had  b een  p repared  by Q uag liano  (29). The com pounds had  b e en  

s y n th e s iz e d  and  r e c r y s t a l l i z e d  from e th a n o l ic  s o lu t i o n s . A few of th e s e  ' . .

com pounds e x h ib i te d  subnorm al m ag n e t ic  m o m e n ts . Gne of th e  com pounds 

w ith  a low m om ent, CuClg • I CgHgNG, had  been  show n to  be an  oxygen 

b ridged  b in u c le a r  com pound (Figure I ,  pag e  3). This com pound hgd a m ag­

n e t ic  moment of 0.85 B.M. Because! some of th e  p y r id in e -N -o x id e  com­

pounds  e x h ib i te d  subnorm al m ag n e t ic  m om ents  and  CP-pyridone w as  s t ru c -  

. tu ra l ly  s im ila r  to  p y r id in e -N -o x id e ,  s y n th e s i s  of a r e la te d  s e r ie s ,  MXg • Lj ■ 

(M = t r a n s i t io n  m e ta l ,  X = ch loride ; L = ct-pyridone), w as  u n d e r ta k en .

The r e a c ta n ts  w ere  m ixed  a s  p re v io u s ly  d e sc r ib e d  for th e  s y n th e s i s  of
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dichloro-m ono-O L-pyriddne -c o p p e r( I I ) .  Com pounds w ith  th e  em pir ica l  

formula MClg ° I C 5H 5NO have  b een  s y n th e s iz e d  u s in g  Cu(II), Co(II), Ni(II) 

and  Mn(II) c h lo r id e s  and  r e c ry s ta l l i z e d  from C gH gO H ., T ab le  IV l i s t s  th e  r e ­

s u l t s  of e le m e n ta l  a n a ly s e s  perform ed a s  d e sc r ib e d  in  th e  a n a ly t ic a l  s e c ­

t io n  .

Table  IV

MClg • I CgHgNO E lem en ta l  A na lyses

M e ta l % M .% c r % N C olor Nature

Cu(II) Found 
C a l c .

2 7. 7+0.23 
2 7.7

30.9+0.23
30.9

5.8+0.17 
6.1 .

■ o range n e e d le - l ik e
c ry s ta l s

Co(II) 2 6. 0+;Q. 40
26.2

31.5+0.17
31.6

6 .4 + 0 4 1
6.2

b lu e -
v io le t

n p e d le - l ik e
c r y s ta l s

Ni(II) 25.8+0.17
26.1

31. 0+0.00 
31.6

6.4+0.33 ' 
6.2

sa lm on powder

Mn(II) ■ 24 .3+0.75  
24.9

31.0+0.17 
32.1 .

6 .5+0,28 . 
. 6.3

o ff -w h ite powder

M a g n e t ic  s u s c e p t ib i l i t i e s  and  m om ents, c a l c u l a t e d  a s  d e sc r ib e d  in  

th e  a n a ly t ic a l  s e c t io n ,  a re  l i s t e d  in  T able  V.

T able  VI in d ic a te s  d s p a c in g s  and  6 a n g le s  of th e  s ix  m ost in te n s e  

pow der d if f ra c t io n  l in p s ,  o b ta in e d  w ith  th e  G en era l  E lec tr ic  d iffrac tom eter , 

for e a c h  of th e  c o m p le x e s . The d v a lu e s  w ere  c a lc u la te d  from the  eq u a tio n ;

nX = 2 d s in  0 
w here  n =; I

A  = w av e le n g th  of in c id e n t  r a d ia t io n  
d = d is ta n c e  b e tw e e n  lay e rs  
0 = d if f rac t io n  an g le
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T able  V

M Clg • I C 5H 5NO M agnetic, S u s c e p t ib i l i t i e s  and  M om ents

M e ta l  ' Tem p. °K
X m ( ° 9 s-/ e su )  x  IO6 

M ag n e t ic  S u s c e p t ib i l i ty
(B.M.)

M ag n e tic  Mom

Cu(II) 80° 6,970 . . 2.13
298° 1,540 1.93

Co(II) 80° ■ , 53,300 5.91
210° 21,100 6.03

• 2 50° 17,000 5.90
298° 11,900 5.39

Ni(II) 80° 31,800 4.57
2 1 0 0 . 8,600 3.86
2 50° 7,000 3.80
298° 5,400 3.65

Mn(II) 800 52,400 5.86
210° 19,800 5.83
2 50° 17,700 6.03
298° 14,600 5.97

T ab le  VI

MQ12 • I C 5H 5NO Powder D iff rac tion  D ata

e

Cu(II)

d
R e l . 
I n t .

3.9 11.3 100

5.0 8.8 70

7.5 5.9 75

9.1 4.9 •25

10.9 4.1 25

14.4 3.1 50

Co(II)
R e l .

0 d I n t .
3.9 1%3 100

4.8 9.2 . 85

5.9 7.5 70

7.3 6.1 90

8.9 5.0 70

14.8 3.0 60

0

Ni(II) 

■ d
R e l . 
I n t .

3JB 11.6 100*

4.7 9.4 75

5.8 7.6 65

7.2 6.2 70

8.9 5.0 40

14.9 3.0 70 '

Mn(II)
R e l .

9 d • Int.-
3.9 11.3 100*

4.8 9.2 80

5.8 7.6, 60

.7.2 6.2 90

8.9 . 5.0 90

14.6 3.1 75

*Very in te n s e
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S ingle  c r y s ta l  x - r a y  d if f ra c t io n  d a ta  show  th e  Cu(II) com plex  i s  t r i ­

c l in ic  w ith  s p a c e  g roup 'PT. I ts  c e l l  d im e n s io n s  a re :  a = 9 . 9 3 b = 9 .9 4 2 , 

c = 3.95 2  w ith  CL = 90.9°, (5 = 92.9° and  Y -  113.2°. There a re  two formula 

u n i ts  per u n it  c e l l .  The c o b a l t  com plex  i s  m onoc lin ic  an d  o f  sp a c e  group 

C Z y c  ’ I ts  c e l l  d im e n s io n s  a re ;  a = 24.8 2 ,  b = 16.7.2, c = 8.7 2 with 

Y = 94°.  There a re  16 formula u n i ts  per u n it  c e l l .

The u l t r a v io le t  sp eg tra  of the  MClg • I C 5U 5NO co m p lex es  a re  e s s e n ­

t i a l ly  id e n t ic a l  to  th o s e  of d t-pyridone  p re v io u s ly  shown in  F igures  8 to  11, 

p a g e s  15 and  16. The co m p lex es ,  in  g e n e r a l ,  ex h ib it  low er m olar a b so rp -  

t iv i t i e s  th a n  free  o d -p y r id o n e . Table  VII l i s t s  the  u l t r a - v i o le t  ab so rp tio n  

b an d s  and  m olar a b so r p t iv i t i e s  of th e  c o m p le x e s .

T ab le  VII

MClg • I C 5H 5NO U ltra v io le t  A bsorp tion  Bands and  M olar  A bso rp tiv i t ie s

S o lven t

Cu(II) 
(mju) 

A max £  max

Cp(II) 
(mpt) 

A max 6  max

Ni(II) 
(nyj) 

A max 6 max

Mn(II)
(nyj)

A max 6  max
H 2O- 223 6900 222 7700 223 8080 223 8450

292 6130 294 6420 291 6480 2 30(sh)
. 294(sh) 6750

315(sh)

C 2H 5OH . 226 742 0 227 8480 227 8530 226 8530
298 6220 298 5280 298 . 5580 298 5760

C H 3CN 223(sh) 226 9430
226 9330 229(sh)
234(sh) 233(sh)
257 2670 257 ■ 2870
305 5290 302 5330
310(sh) 312 (sh)
328(sh) 328(sh)

H C O N (CH 3)9 305 . 5280 305 11600
315(sh) 315(sh)
330(sh) 332 (sh)
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V is ib le  sp e c tra  for t h e s e  c o m p lex es  a re  show n in  F igu res  1 2 -2 0 . 

Their a b so rp t io n  b an d s  and  m olar a b so r p t iv i t i e s  a re  l i s t e d  in  Table VIII.

Figure  12. V is ib le  Spectrum  of CuClg • I C 5H 5NO in H2O

Figure 13 . V is ib le  Spectrum of CuClg • IC 5H 5N O  in  CgHgOH
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F igure 14. V is ib le  Spectrum  of C uC lg • I C5H5NO in  CHgCN

Figure 15. V is ib le  A bsorption  Spectrum  of CoClg • I C 5 H 5 NO in HgO
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F igure 16.  V isib le  A bsorp tion  Spectrum  of CoClg * I CqjH 5NO in  CgH^OH

Figure 17. V is ib le  A bsorption  Spectrum  of C0 C I2 • IC ^H ^N O  in HCgCN
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F igure 18. V is ib le  A bsorp tion  Spectrum  of N iC ^  • I C ^ H 5NO in  HgO

Figure 19. V is ib le  A bsorption  Spectrum  of NiClg • I C 5 H 5 NO in CgHgOH
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F igure 2 0 . V is ib le  A bsorp tion  Spectrum  of NiClg • I CgHgNO in  HCONCCHg^



T able  VIII

. MCIg • IC 5H 5N O  V isib le  B and-Spectra and  M olar A b so rp tiv itie s  

• Cu(H) . Co(II) Ni(II)
X m ax X  m ax X max

S o lv en t (mu) • € .m ax (mu) Em ax (mu) E m ax

H 2 O 790 128 49:8 5.1 385 6.2
700(v.b.) 2.5

C o H c O H  . 880 164. 575(sh) 413 10.7z. O
612 (sh)
638
655(sh)
665(sh)

168.0

C H 3 C N 450. . 931 : 556 2 58.0
570(sh)

' ■ 590 . 2 66.0
6 10(sh) 
650 (sh) 
660 402.0

H C O N ( C H 3) 2 - . 410 51.00
575(sh) 46.0

' 602 28.0
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D iffu se  re f le c ta n c e  sp e c tra  for th e  co m p lex es  a re  sh o w n  in  F ig u res

2 1 -2 4 .

F igure  2 1 . D iffu se  R e flec ta n ce  Spectrum  of C uClg • I C5H5NO

Figure 2 2 .  D iffu se  R e f lec tan ce  Spectrum of CoClg • I C 5 H 5 NO
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F igure  2 3 . D iffu se  R eflec ta n ce  Spectrum  of N iClg • IC g H 5NO

Figure 2 4 . D iffuse  R e f lec tan ce  Spectrum  of MnClg • I C 5 H 5NO
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In fra red  sp e c tra  of th e  co m p lex es  a ls o  re sem b le  th e  sp ec tru m  of Oi- 

p y r id o n e . Some c h a r a c te r is t ic  a b so rp tio n  ban d s u sed  for in te rp re ta tio n  e x ­

h ib it  s h if ts  in  freq u en cy  and  in te n s ity . The in fra red  sp e c tra  o f th e  com ­

p le x e s  a re  show n in  F ig u res  2 5 -2 8 . Band a ss ig n m e n ts  and  in te rp re ta tio n  of 

th e  o b se rv ed  s h if ts  a p p ea r in  th e  d is c u s s io n  s e c tio n  of th e  t h e s i s .

M o lec u la r  w eigh t d e te rm in a tio n s  w ere perform ed a s  p re v io u s ly  d e ­

s c r ib e d  for a l l  but th e  M n(II) co m p lex . The r e s u l ts  a re  l i s te d  in  Table IX.

T  "I

- r - f ......1

c m 'l

Figure 2 5 . In fra red  Spectrum  of CuCl2 • I CcjH 5NO
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20%

Figure 2 6 . In fra red  Spectrum  o f CoClg • I C 5H 5NO

2000

Figure 27. Infrared  Spectrum  of NiClg • I C 5 H 5 NO
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Figure 2 8 . In fra red  Spectrum  o f M nClg • I C5H5NO

T ab le  DC

M Clg • I C5H5NO M o lecu la r W eigh t by D e te rm in a tio n s
E m pirical

C om pound S o lv en t

C u C l2 . I C 5H 5NO C H 3CN
C 2H 5OH
H CO N (CH 3)2

C uCl2 H C O N (CH 3)2

C0CI2 • I C 5H 5 C 2H 5OH
C 2H 5OH
C 2H 5OH
H CO N (CH 3)2

N iC l2 • I C 5H 5 H C O N (CH 3)2

M ethod Found M o le .W t.3

E b u llio sc o p ic 865 230
O sm om etric  b 975 230
E b u llio sc o p ic 84 230
E b u llio sc o p ic 135 135

E b u llio sc o p ic 118 225
O sm om etric 1,195 225
O sm om etric 1,079 225
E b u llio sc o p ic 115 225

E b u llio sco p ic 40 225

a T h e o re tic a l m onom er m o lecu la r w e ig h t
b D eterm ined  by Dr. W. W. P au d le r7 D epartm en t of C h e m is try , O hio U n iv e r­

s i ty
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S y n th e s is  o f D ic h lo ro -n -& -p y rid o n e  M e ta l (II) .C om plexes.

Q u ag lian o  had  a ls o  p rep a red  C uClg • 2 C5H5NO (p y rid in e -N -o x id e ) , a 

c h a r tre u se  pow der, and  b lu e  C oClg • 3 C5H5NO (p y rid in e -N -o x id e ), S yn th e­

se s  in  w h ich  a rb itra ry  C u(II): dC-pyridope m olar ra tio s  w ere  u s e d ,  p rio r to  

s y n th e s is  o f m o n o -c t-p y rid o n e  co m p lex es , h ad  p roduced  a c h a r tre u se  pow der 

w h o se  e le m e n ta l a n a ly s e s  (19.5% C u , 21.7% C l, 9.3% N) w ere  c lo s e  to  th e  

c a lc u la te d  v a lu e s  o f C uC lg , 2 C5H5NO (c t-pyridone). T herefo re , I  c o p p e r(ll) : 

2 oL-pyridone m olar ra t io s  (e th a n o lle  so lu tio n s )  w ere m ixed  a s  before  (d rop- 

w ise , page  18) and  a c h a r tre u se  pow der p re c ip i ta te d , a f te r  ap p ro x im ate ly  

o n e -h a lf  o f th e  Cu(II) had  b e en  a d d e d . O ne c o b a lt (II): 3 o ^ p y rid o n e  e th a  n o l­

le  s o lu tio n s  w ere  re a c te d  in  th e  sam e m anner and  a b lu e  c ry s ta l l in e  so lid  . 

p re c ip i ta te d .  A ll o f th e  p re v io u s ly  d e sc r ib e d  m ethods o f id e n tif ic a tio n  w ere  

perform ed on th e s e  co m p lex es  e x c e p t m o lecu la r w e ig h t d e te rm in a tio n s . The 

r e s u l ts  of th e s e  m ethods for b o th  co m p lex es  h av e  b e en  com bined  ,for p re s e n ­

ta t io n .  E lem en ta l a n a ly s e s  ap p ea r in  T ab le  X,

T ab le  X

C uClg • 2 C 5H 5NO and  CoClg

% M % c r

Cu. Found 2 0.0+0.17 22.2+0.2 8
. C a lc  „ 19.6 21,9

Co Found 14.6±0.00 17.65+0.06
C a l . 14.2 17.1.

X -ray pow der d a ta for th e  s ix

3 C5H5NO E lem en ta l A n a ly ses

% N C o lo r N ature

8,65+0.16 . c h a r tre u se  pow der
8.63

9.8+0.33 b lu e  c ry s ta l l in e
10.1

s t in te n s e  pow der d iff ra c tio n  l in e s

a p p e a r  in  T ab le  XI.



T able  XI

C uClg • I  C 5H5NO and  C0CI2 • 3 C 5H5NO Pow der D iffrac tio n  D ata

Cu(II) Co(II)
R e l . R e l .

34 ” '

9 • . 3 I n t . 9 d I n t .
4.2 10.5 90 6.1 7.25 90
5,0 8.84 95 8.2 5.40 70
5,8 7.62 100 8.3 • 5.34 70
7.1 6,23 95 9.2 4.q2 1Q0
9.6 4.6? 80 13.4 3.33 60

10.0 4.44 • 85 15,2 2.34 55

A gain th e  u l tr a v io le t  sp e c tra  re sem b le  th o se  of o t-p y r id p n e . The a b ­

so rp tio n  b an d s and  m o lecu la r a b s o rp tiv i t ie s  a re  l is te d  in  T ab le  X II.

T ab le  XII

C uC lg • 2 a -p y r id o n e  gnd C pClg • 3 <%-pyridpne U.V. S p ep tra l Bands

C em plex S o lv en t ' C o n ce n tra tio n
(mu)

Amax

(m olar
a b so rp tiv ity )  

E  m ax

C uC l2 • 2 OL H2G 2 .I l x l O - 5 M 223
293

1.32 X lO4 . .
1.33x104

CH3CN 1.06 x  IO- 5 M 225(sh)9
230(sh)
334(sh)
303
3 1 5 ( s h ) . 
330(sh)

1.1'3 x  IO4

C oC lg - 3OL H2O 4.08 x  IO- 6 M 223 ' 
295

' 2 .71x104 .
2 .21x104

C2H5OH ■ 4.28 x  IO- 6 M . 225 
305

2.33x10.4 
1.48x104 .

CHgCN 4.53 x  IO- 6 M 2 30(sh) 
235(sh) 
303
315(sh)
330(sh)

1,76x104

a S hou lder
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F igure  2 9 -3 3  a re  th e  v is ib le  sp e c tra  o f th e  co m p lex es  an d  T ab le  XIII 

l i s t s  th e  a b so rp tio n  b an d s  and  th e ir  m olar a b s o r p t iv i t i e s .

F igure  2 9 . V is ib le  A bsorp tion  Spectrum  o f CuCl2 • 2 C5H5NO in  H2O

Figure 30 . V is ib le  A bsorp tion  Spectrum  of C u C l2  • 2 C 5 H 5 NO in  CHgCN
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F igure  31 . V is ib le  A bsorp tion  Spectrum  of CoClg • 3 CgHgNO in  HgO

Figure  32 . V is ib le  A bsorp tion  Spectrum  of CoClg • 3 C 5 H 5 NO in  CgHgOH
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F igure 3 3 . V is ib le  A bsorp tion  Spectrum  of C oClg • 3 C5H5NO in  CH3CN

T ab le  XIII

C uClg • 2 C5H5NO and  C oClg • 3 C5H5NO V isib le  A bsorp tion  Bands
(molar

(mu) a b so rp tiv ity )
C om plex S o lv en t C o n e . X m ax G max

C uCl2 ■ 2 C5H5NO H2O 5.28 x IO- 3 M 786(v. b .)a 13
C H 3CN 1.06x 10-3 m 875(v. b . ) 75

450 775
C oClg • 3 C 5H 5NO H 2O 4.08 x IO- 3 M 490 7

C 2H 5OH 4.28 x  IO- 3 M 575(sh)
600(sh)
640 152

C H 3CN 4.53 x  IO- 3 M 565 97
575(sh)
600(sh)
613(sh)
660 159

aVery broad
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F ig u res  34 and  35 a re  th e  d iffu se  re f le c ta n c e  sp e c tra  of th e  com ­

p le te s  .

F igure  3 4 . D iffu se  R e flec ta n ce  Spectrum  of C uC lg • 2 C5H5NO

Figure 35 . D iffu se  R ef lec tan ce  Spectrum  of CoClg • SC^H^NO
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The in fra red  sp e c tra  of th e s e  co m p lex es  a ls o  re sem b le  th e  C t-pyridone 

sp ec tru m  w ith  d if fe re n c e s  s im ila r  to th e  m ono-Q '-pyridone c o m p le x e s . The 

sp e c tra  a p p e a r  in  F ig u res  36 and  37. Band a ss ig n m e n ts  and  in te rp re ta tio n  of 

th e  o b se rv e d  s h if ts  a g a in  ap p ea r in  th e  d is c u s s io n  s e c tio n  o f th e  t h e s i s .

E-H —

<D-----

----------- 3p —

Figure 36 . In fra red  Spectrum  of CuClg • 2 C5H5NO
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Figure 37. In fra red  Spectrum  of C oClg • 3 C5H5NO

The m ag n etic  s u s c e p t ib i l i t ie s  an d  m om ents for th e  co m p lex es  ap p ea r

in  T ab le  XIV.

T ab le  XIV

C u C l2 • 2 C 5H 5NO an d  C0CI2 • S C 5H 5NO 
M ag n e tic  S u s c e p t ib i l i t ie s  and  M om ents

C om plex Temp.
Xm(cgs, e s u )  x lO 6 

M ag n e tic  S u sc e p tib ili ty
(B.M.)

M ag n e tic  M om ent

C u C l2 • 2 C 5H 5NO 80° 4,700 1.76
210° 2,500 2.06
2 50° 2 ;ioo 2.06
298° 1)400 1.82

C0CI2 * 3 C 5H 5NO 800 32,200 4.59
210° 13,800 4.87
2 50° 11,400 4.82
29 8 ° 9,600 4.85



DISCUSSION

!D ich lo ro -m ono-#-pyridone  M eta l(II) C om plexes

The in fra red  sp e c tra  o f th e  M Clg • IC 5H 5N O  co m p lex es  (F igures 2 5 - 

28, p a g e s  30-32) show  s h if ts  in  a b so rp tio n  e n e rg ie s  and  in te n s itie s , in  im ­

p o rta n t re g io n s  o f th e  sp e c tru m . K a tritsk y  (30), M aso n  (31) and  o th e rs  (32- 

38) h av e  ex am in ed  th e  in fra red  s p e c tra  o f a -p y rid o n e  an d  h av e  a s s ig n e d  

m o st o f th e  o b se rv e d  ab so rp tio n ; b an d s  to  th e  v ib ra tio 'p s  e x p e c te d  to  o c cu r 

w ith in  th e  m o le c u le  The a c c e p te d  l i te ra tu re  v a lv e s  for (% -pyridone a re  

. show n in  T ab le  XV w ith  th e  b an d s  o b se rv e d  in  th is ,  s tu d y  for Od-pyridorie arid 

th e  four M Clg • I C5H5NO com pounds (F igures 25 -28 , p a g e s  30-32). The 

sym bo ls  "v; j3 an d  a re  th o s e  u s e d  by  M aso n ; 'Ir' r e p re s e n ts  th e  fu n d am en ta l 

s tre tc h in g  v ib ra tio n  b e tw ee n  bonded a to m s . re p re se n ts  th e  in -p la n e -  ■ . 

ben d in g  v ib ra tio n  an d  Y r e p re s e n ts  th e  o u t-o f -p la r ie  b en d in g  v ib ra tfo n . The 

s h if ts  o b se rv e d  in  th e  a b so rp tio n  e n e rg ie s  and  in te n s i t ie s  in  th e  v N -H ,

ZzC = 0, /Sn -H  an d  $NT-H re g io n s  in d ic a te  th a t  CZ-Tpyndone i s  p robab ly  c o ­

o rd in a te d  to  thfe m e ta l io n s  th rough  th e  o x y g en  a to m . F ree  (% -pyridone h a s  . 

b e e n  show n to  be a hydroge-n bonded  d im er (F igure 38) in  th e  c ry s ta l l in e  

s ta te  (30). The v N - H  p eak  in  c ry s ta l l in e  O1̂ pyridone is  b ro ad  an(d a t  lo w er 

e n e rg ie s  (due to  in te rm o le c u la r  hydrogen, bonding) th a n  n o rm ally  e x p e c te d  " 

fo r free  V N -H  V ibra tion ; a free  V N -H  p eak  norm ally  a p p e a rs  a t  3400 cm - *.

If th e  v N -H  p6ak s h if ts  to  h ig h e r e n e rg ie s , th is  i s  art. in d ic a tio n  of 

in c re a s e d  f r e e . N - H  an d  d e c re a s e ^  h y d ro g en  bonding ; i t  s u g g e s ts  

th a t  c o o rd in a tio n  is  no t o ccu rrin g  a t  th e  n itro g en  a to m . All four O -p y rid o n e  

co m p lex es  e x h ib it  IZ-NH s h if ts  to  h ig h e r e n e rg ie s  (3100 cm "  ̂ ^
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T ab le  XV

Infrared  Band A ssig n m en ts  MCI2 • I C5H5NO C om plexes

A ssignm en t L it. V alues (X -pyridone Cu(II) Co(II) Ni(II) M n(II)

zz-N-H 3200-3100 3100s* 3250m 3225b 3250s 3450s
s tro n g , b road 3150m 3150s 3 150w f

TzC=O 1 6 6 5 -1650s 1685s 1655m 1645m 1600s 1685s

VRing .F r e q . 1 6 1 9 -1570s 1615m 1610s 1602s 1610s 1640s
1560-1585m 1550w 1545m 1550m 1570m
1501- 1472w(m) 1460w 1475w 1465w 1465m 1485w
1455- 1415w(m) 1440m 1415s 1405s 1420s 1440s

^ -N - H  
(am ido N -H)

1600m 1615m 1610s 1602s 1610s 1640s

j5 -C -H 1318- 1242m 1245s 1278m 1285m 1280m 1290m
1 1 8 2 -1 154m 1160s 1170w 1170m 1170s 1185s
1 1 4 4 -1138m 1100s 1105w 1105w 1 100m 1110m
1 0 1 8 -IOlOw IOlOw IOlOw 10102 1005s 1010s

YCH 842-832m 850w 865m 865m 865s 870s

YNH 82 0 reg io n 785s 775s 780s 775s 780s
720 reg io n 735s 730s 720m 725s 730s

* s = s tro n g , m =m edium , w = w eak , b=broad

F igure 3 8 . Od-pyridone (C5H5NO) S tructu re
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3 1 5 0-3250  cm"1 ̂ ). The /Sn -H  and  KN-H p eak  shifts- a ls o  su p p o rt d e c re a se d , 

hydrogen  bond ing  an d  in c re a s e d  free  N -H ; th a t  is , l e s s  en e rg y  w ould be  r e ­

qu ired  for th e s e  d e fo rm a tio n s  in  a n o n -h y d ro g ep  bonded  co m p o u n d . The 

s h if t  in  a l l  o f th e s e  p e a k s  wag sm all an d  th e  %/N-?H p eak  w as  s t i l l  fa r 

enough  from 3400 cm - -*-.to su g g e s t som e hydrogen  bond ing  m ight s t i l l  be in-* 

v o lv e d . The p o s i t io n  o f th e  z/C = O p eak  in  c ry s ta l l in e  (Z -pyridone is  a g a in  

in d ic a tiv e  o f hydrogen  bonding ; free  Z^C=O p eak  norm ally  a p p e a rs  a t  h ig h e r 

e n e rg ie s , >1700 cm - *-. T herefore , a =O  p eak  sh if t in d ic a te s  a ch an g e  in  

bonding  h a s  o c cu rred  a t  th e  ox y g en  a to m . The freq u en cy  o f a TrC =O vibra-n 

t io n  in  com pounds w here  th e  oxy g ep  is  q o o rd in a ted  to  a n o th e r  atom  or group 

o f a tom s i s  d e p en d e n t upon  th e  m a ss  o f th e  co o rd in a tin g  group, i . e . . a n  ip -  

c re a s e d  m a ss  w ill low er th e  freq u en cy . T herefore, if  CK-rpyridone is  co o rd in ­

a te d  to  a m e ta l ion  th rough  th e  ca rb o n y l o x y g e n , th e  zrC  ==Q p eak  w ould be 

e x p e c te d  to  sh if t  to  low er fre q u e n c ie s  . Such-a sh if t w as g e n e ra lly  o b se rv e d  

for th e  M Clg • I C5H5NO c o m p o u n d s . A bso rp tion  p e ak s  a round  1600 cm \  

h a v e  b e en  a s s ig n e d  to  V  ring  v ib ra tio n s  and  /SiN-H v ib ra tio n s  (30). F undav 

m en ta l ring  v ib ra tio n s  sh o u ld  n o t be a f fe c te d  by  c o o rd in a tio n  to  m eta l io n , 

b u t th e  v ib ra tio n  (in^-p lan e  band) o f cc-pyridone w ould  be a f f e c te d .

The in te n s i ty  of th fs  p eak  i s  in c re a s e d  an d  sh if te d  to  s l ig h tly  low er fre ­

q u e n c ie s , w liich  s u g g e s ts  th a t  th e ./S N -H v ib ra tio n  h a s  becom e le s s  h in ­

d e re d . T h ese  c h a n g e s  in  th e  in fra red  a b so rp tio n  b an d s seem ed  to  in d ic a te  

th a t  (% -pyridone w as c o o rd in a tin g  Ifo th e  metjal io n s  th rough  th e  oxygen  a to m .

The u l tr a v io le t  a b so rp tio n  b an d s  o f th e  mo no -<% -  p y rido  ne co m p lex es  

(Table VII, p ag e  21) a re  in  good ag reem en t w ith  th o se  re p o rte d  by M ason  (40)
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for. <Z -pyridone;. Am ax1. 224 ,. 293 m jj. There w as a g e n e ra l d e c re a se , how -, 

ever, in  th e  m olar a b s o rp tiv i t ie s  o f th e s e  b an d s  in  th e  c o m p le x e s . The 224 

mpi band  (6.ma?c = 7230) a n d .293 m y  b an d s (6 m ax ^  5890) h av e  b een  a s s ig n e d  

by  M aso n  a s  c h a ra c te r is tic : TT-^-Tt* and  7) —r7T* carb o n y l e le c tro n ic  tra n tii-  

t i o n s . C o o rd in a tio n  to  a m e ta l ion  g e n e ra lly  d e c re a s e s  th e  m olar absorp-, 

t iy i t i e s  o f th e s e  t r a n s i t i o n s .. T herefore , th e  u ltr a v io le t  sp e c tra  o f the  

M Clg • I C5H5NO co m p lex es  seem ed  to  in d ic a te  th e  oxy g en  atom  w as c o ­

o rd in a te d  to  th e  m e ta l i o n .

M o lec u la r  w e ig h t d e te rm in a tio n s  o f th e  C u , Co a n d  N i co m plexes a re  

ra th e r  in c o n c lu s iv e . The e b u llio s c o p ic  r e s u l t s  in d ic a te  th e  co m p lex es  d i s ­

s o c ia te  a t  e le v a te d  te m p e ra tu re s ; o sm o m etric  r e s u l ts  s u g g e s t  th e  co m p lex es  

m ig h t.b e  te tra m e ric  o r e v e n .h ig h e r  p o lym eric  s p e c ie s .

X -ray  pow der d iff ra c tio n  p a tte rn s  c le a r ly  in d ic a te d  th a t  th e  four.com ­

p le x e s  h av e  s im ila r  s t ru c tu re s .  T h e .d a ta  l i s te d  in  T able VI, page  20, show  

th a t  th e  Co, Ni an d  Mn co m p lex es  a re  iso m o rp h ic . The d a ta  a ls o  in d ic a te d  

som e d if fe re n c e s  b e tw ee n  th e  Cu com plex  an d  th e  o th e r th re e  c o m p le x e s . 

H ow ever, i t  is  c le a r  th a t  th e  s tru c tu re  o f th e  Cu com plex  is  s im ila r  to  th e  

o th e r s . S ing le  c ry s ta l  x - r a y  d iff ra c tio n  d a ta  in d ic a te d  th a t  th e re  is  a c lo s e  

r e la t io n s h ip  b e tw ee n  th e  Cu and  Co c o m p o u n d s . The s tru c tu re  of the  Cu 

com poud h a s  b e en  d e te rm in ed  from a tw o -d im e n s io n a l p ro je c tio n  of s in g le  

c ry s ta l  d a ta  g a th e re d  an d  tre a te d  by norm al c ry s ta llo g ra p h ic  p ro c e d u re s ,

The u n it c e l l  d im e n s io n s  o f th e  Cu com pound a re  a = 9.93%, b = 9.94%, 

c = 3.95% an d  y  = 113.2°; th e  s tru c tu re  w ill  be d is c u s s e d  in  g re a te r  d e ta i l  

la te r  in  th e  t h e s i s .  The u n it c e l l  d im en s io n s  o f th e  Co com pound , a = 2 4.8%,
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b = 16 .7$ , c = 8 .7 $ , h av e  a ls o  b e en  d e te rm in ed  from s in g le  c ry s ta l  d a ta  and  

a th re e -d im e n s io n a l a n a ly s is  is  now u n d e r way. The d im e n s io n s  for th e  Cu 

an d  Co com pounds a p p e a r  q u ite  d iffe ren t; how ever, th e y  m ay be re la te d ,  a s  

show n in  F igure  39, by th e  fo llow ing :

A = 2 + b^ -  2ab  c o s  (180° -  2f)

B = i + b% -  2ab  c o s ^

C = 2c

The c a p i ta l  le t te r s  r e p re s e n t  th e  Co com pound; sm all le t te r s  re p re se n t th e  

Cu co m p o u n d .

F igure  39. U nit C e ll R e la tio n sh ip  of Cu and  Co C om pounds 

I show s th e  g e n e ra l sh ap e  o f th e  C uC lg * I C5H5NO u n it c e ll ;  I I , th e  

C oC lg ' I C5H5NO u n it c e l l ;  I I I , th e  re la tio n s h ip  b e tw ee n  I and  II; th e  th ird  

a x e s , c and  C, a re  p e rp e n d ic u la r  to  th e  p lan e  of th e  paper. S o lu tion  o f th e  

e q u a tio n s  by u s in g  th e  a p p ro p ria te  Cu v a lu e s , g iv e s  A = 2 2 $ ,  B = 16.6$,

C = 8 $ .  T h ese  v a lu e s  a re  re a so n a b ly  c lo s e  to  th e  o b se rv e d  v a lu e s  for th e  

Co com pound . The o b se rv ed  v a lu e  (8.7$) for th e  c a x is  in  th e  Co com pound
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i s  ap p ro x im a te ly  te n  p er c e n t  lo n g e r th a n  th e  c a lc u la te d  v a lu e .  The in ­

c re a s e d  le n g th  m ay be due to  a d iffe ren t m o lecu la r p ack in g  in  th e  c ry s ta l ;  

th a t  is , th e  m o le c u le s  in  th e  Cu com pound a re  a l l  o r ie n te d  in  th e  sam e m an­

ner and  n e s t  one on to p  of th e  o th e r. If th e  m o le c u le s  do n o t n e s t ,  o u t-o f ­

p lan e  d is to r t io n s  w ould  re q u ire  g re a te r  m o lecu la r s e p a ra tio n  and  th e re fo re  a 

la rg e r  c ry s ta l  a x i s .  The in c re a s e d  len g th  o f th e  a a x is  com pared  to  the  c a l ­

c u la te d  v a lu e  is  a ls o  th o u g h t to  be a fu n c tio n  o f th e  m o lecu la r p a ck in g , bu t 

is  a s  y e t n o t co m p le te ly  u n d e rs to o d . T h ese  re la tio n s h ip s  s tro n g ly  su g g e s t 

th a t  th e  m o le c u la r  u n it in  th e  tw o s tru c tu re s  i s  the  s a m e .

D ic h lo ro -m o n o -Q ^pyridone C opper(II)

Single crystal x-ray diffraction data ind icates the structure of 

CuClg • I C 5H5NO is  as shown in Figure 40.

Figure 40. CuClg • I C 5H5NO Structure

The compound is  defin itely  dim eric. The bridging chlorine atoms and the Cu 

atoms are a ll in the same plane; the Cu-Cu distance is  approximately 3.23%,
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Cu-Cl'*' d is ta n c e s  a re  a p p ro x im a te ly  2 . 2 The Cu--Cl^ d is ta n c e  i s  ap p ro x i­

m a te ly  1 .62 in  p ro je c tio n . T his d is ta n c e  is  m uch too  sh o rt and  m ay in d ic a te  

th a t  th is  c h lo rin e  atom  is  not in  th e  sam e p la n e .  The C u-O  d is ta n c e , in  

p ro je c tio n , is  a ls o  too  sh o rt and  s u g g e s ts  th a t  th e  oxy g en  atom  is  no t in  th e  

sam e p la n e .  A d d itio n a l re fin em en t o f th e  a v a ila b le  d a ta  is  re q u ired  befo re  

th e  p o s it io n s  o f C l^ an d  O a tom s ap d  th e  (Z -pyridone rin g s  can  be d e te r ­

m in ed . The re fin em en t p ro c e s s  is  now in  p ro g re s s . W ith  th e  in fo rm ation  a t  

h a n d , i t  a p p e a rs  th e  en v ironm en t o f th e  Cu atom s is  p ro b ab ly  square  p la n a r 

o r d is to r te d  te t r a h e d r a l .  The s tru c tu re  of th e  com plex  a s  p re s e n te d  su p p o rts  

th e  c o n c lu s io n  draw n from in te rp re ta tio n  o f th e  in fra red  an d  u ltrav io let.-, 

sp eq tra  th a t  <£-pyridone w as  bonded th rough  th e  oxygen  a to m .

The m ag n e tic  m om ent o f th e  Cu C om plex  (1.93 B.M.) h a s .b e e n  d e te r -  . 

te rm in ed  a t  80° and. 2 9 S0K and  a p p e a rs  to  be tem p era tu re  in d e p e n d e n t. A 

few  com pounds c o n ta in in g  c h lo r in e -b r id g e d  co p p er a to m s h av e  b een  p re v i­

o u s ly  id e n tif ie d  and  in v e s t ig a te d .  C sC u C lg  (1.93 B.M.) h a s  b e en  a s s ig n e d  a 

d is to r te d  o c ta h e d ra l s tru c tu re  by F ig g is  a n d  H arris  (41) an d  I^ch luettef-and 

c o -w o rk e rs  (42). F ig g is  arid H arris  h av e  su g g e s te d  th a t  m agnetic , m om ents, 

p f te tra h e d ra l  Cu co m p lex es  m ight be h ig h e r th a n  th e  m ag n e tic  m om ents fpr. 

sq u are  p la n a r Cu c o m p le x e s . C^gCuCl^. (2.00 B.M.) i s  a d is tp rte d . te tra h e d ­

ron  (41), J jt(N H 3) 4] [C u C l4] , know n to  h av e  a sq u are  p la n a r  struc tu re- (43, 

44), h a s  a m ag n etic  m om ent o |  1.77 BiM. C u C l3 (1.75 B.M,), Figure 43, h a s  

an  in fin ite , p lan ar, c h lo r in e -b r id g e d  c h a in  s tru c tu re  (45). S u c c e s s iv e  c h a in s  

a re  o f f s e t  so  th a t  c h lo rin e  a tom s in  a d ja c e n t  c h a in s  fa l l  ab o v e  and below  

e a c h  c o p p e r atom  g iv in g  a d is to r te d  o c ta h e d ra l a rra n g em en t. I t h a s  b een
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s u g g e s te d  (46) th a t  th e  low er, m ag n e tic  m om ent for CuClg is  due to  a super- 

e x ch a n g e  p a th w ay  v ia  b ridg ing  c h lo rin e  a to m s b e tw een  c h a in s .  A d is to r te d  . 

te tra h e d ra l  s tru c tu re  for C uClg • IC 5H 5N O  a p p e a rs  to  be m ore p robable  in ­

s te a d  o f a sq u are  p la n a r  s tru c tu re  w hen th e  s u g g e s tio n  o f F ig g is  and H a rris  

an d  th e  m ag n e tic  m om ents of know n te tra h e d ra l  and sq u a re  p la n a r ch lo rin e  

b rid g ed  Cu(II) com pounds a re  c o n s id e re d . The x - r a y  c ry s ta l  d a ta  in d ic a te s  

th a t  th e  d im ers  a re  s ta c k e d  one  on top  o f th e  o ther, g iv in g  c h a in s  of Cu
I  ■

atom s th u s  e lim in a tin g  th e  p o s s ib i l i ty  o f c h lo r in e -b r id g e s  b e tw een  la y e rs  o f 

d im ers to  form an  o c ta h e d ra l Cu en v ironm en t s im ila r  to  C uC lg . T herefore, a 

J.ower m om ent i s  not e x p e c te d  for C uCl2 •. I C5H5NO. ■ S ince  th e re  a re  know n 

o c ta h e d ra l an d  te tra h e d ra l  c h lo r in e -b r id g e d  Cu(II) cop ipounds w ith  s im ila r , 

m ag n e tic  m om ents, i t  i s  n o t p o s s ib le  a t  th is  tim e to  a s s ig n  e ith e r  a d is ­

to r te d  o c ta h e d ra l or te tra h e d ra l s tru c tu re  to  CuClg • IC 5 H 5 N O .

The v is ib le  sp e c tra  (F igures 1 2 -1 4 , p a g es  22, 23) o f C uClg • IC 5H 5N Q  

e x h ib it  m axim a a t  450 m# (CHgON), 790 mju (HgO) and  880 mjj ,(C3H5OH). 

S ev e ra l Cu(II) com pounds e x h ib it maxima, in  th e s e  re g io n s  a s  show n in  T ab le  

XVI; th e  f i r s t  s ev e n  com pounds c o n ta in  c h lo r in e -b rid g e d  Cu a to m s . O n th e  

b a s is  o f th e  v is ib le  s p e c t r a , a d is to r te d  te tra h e d ra l s tru c tu re  m ight be 

fav o red  for C uClg • IC 5 H 5 N O .

. D iffu se  re f le c ta n c e  sp e c tra  h av e  b e e n  u se d  to  o b ta in  approx im ate  a b ­

so rp tio n  sp e c tra  o f s o lid s  in  th e  v is ib le  o r n ea r u ltr a v io le t  r e g io n s . The r e ­

f le c ta n c e  and  a b so rp tio n  sp e c tra  a re  no t a lw a y s  id e n t ic a l ,  b u t p ro g ress  h a s  

b e e n  m ade in  th e  in te rp re ta tio n  of r e f le c ta n c e  s p e c t r a . The d iffu se  r e f le c t ­

a n c e  sp ec tru m  of C uClg • I C5H5NO (Figure 2 1 , page 28) show s a maximum
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T ab le  XVI

V isib le  A bso rp tion  Bands of Some R ep re se n ta tiv e  Cu(II) Com pounds

C om pound o r S p e c ie s A m ax mjj
A ssigned

C o n fig u ra tio n R eference

Li2C u C l4 450 D i s t . te tra h e d ra l (47)

Li2C u C l4 375 P lan a r (47)

[C H 3C(NH2 )2IC uC I4 450 T e trah ed ra l (48)

C s 2C u C l4 405 D i s t . te tra h e d ra l (49)

(2 -C H 3- C 3H 4N)2C u C l2a 746
804

■ D i s t . te tra h e d ra l (50)

C sC u C l3 408 D i s t . o c ta h e d ra l (51)

[Pt(N H 3) 4][C u C l4] 402
700
765

Square p la n a r (44) .

C u (C 6H 5N iN N iC 6H 5)213 667 .
525. .

■ Square p lan a r (52) .

C u C l2 • I C 5H 5NOc ' 789-790  
430-455

D i s t . te tra h e d ra l (12).

C u C l2 • I R - C 5H 4NOc 750-800  
'4 3 0 -4 7 0

D i s t . te tra h e d ra l (12)

a 2 -m e th y lp y rid in e  
^ d ia  zo am in o b en zen e  
c p y r id in e -N -o x id e

in  th e  425 -4 5 0  mpi r e g io n . Ros (51).h a s  found a m axim um "al; 408 mjj in  th e  

d iffu se  re f le c ta n c e  sp ec tru m  of C sC uC lg  (d is to rted  o c ta h e d r a l ) .

C uClg • I C5H5NO (p y rid in e -N -o x id e ), F igure  I , page 3, h a s  a d is to r te d  

te tra h e d ra l  s tru c tu re . M uto and  Jo n a s se n  (12), a s  p re v io u s ly  m e n tio n e d , 

h av e  p rep a red  Cu(II) com pounds w ith  s u b s t i tu te d  p y r id in e -N -o x id e  l ig a n d s .
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They h av e  found th a t  th e  d iffu se  r e f le c ta n c e  sp e c tra  o f th e  com pounds: a s ­

sum ed to  h av e  a d is to r te d  te tra h e d ra l  s tru c tu re  e x h ib it  m axim a in  th e  40 0 - 

435 mju re g io n . T herefore , in  v iew  o f th e  d a ta  p re se n te d  by  Ros an d  Jo h a s -  

s e n ,  a d is to r te d  te tra h e d ra l s tru c tu re  fo r C uClg ' I C5H5NO a p p e a rs  more 

l ik e ly  th a n  a d is to r te d  o c ta h e d ra l s t ru c tu re .

The x - r a y  s in g le  c ry s ta l ,  d a ta  c le a r ly  in d ic a te  th a t  th e re  is  no lin k a g e  

b e tw ee n  Cu a to m s in  a d ja c e n t  d im ers a s  in  C uClg c h a in s  an d  th a t  o n ly  th e  

n o n -b rid g in g  c h lo rin e  a tom s a p p ea r to  f a l l  o u t o f th e  p la n e .  A lthough o n ly  a 

co m p le te  th re e -d im e n s io n a l  x - r a y  a n a ly s is  w ill, u n e q u iv o c a lly  e s ta b l is h  th e  

s tru c tu re  o f  C uCl2 • I C5H5NO, i t  a p p e a rs  th a t  a v a ila b le  x -ra y , v is ib le  s o ­

lu tio n  an d  d iffu se  re f le c ta n c e  s p e c tra l  d a ta  su p p o rt a d is to r te d  te tra h e d ra l 

s tru c tu re  for th is  co m p lex .

D ic h lo ro -m o n o -# -p y r id o n e  C obalt(II)

The s in g le  c ry s ta l  x - r a y  d iffrac tio n , d a ta  for the. Co com plex  h ave  no t 

re a c h e d  th e  s ta g e  o f re fin em en t of .th e  Cu com pound , b u t som e c h a r a c te r is ­

t i c s  of th e  s tru c tu re  o f th e  Co com pound a re  k n o w n . S in ce  th e  u n it c e l l s  o f 

th e s e  tw o com pounds a re  re la te d  a s  show n in  F igure 39, p ag e  45, the  Qo 

com pound is  p ro b ab ly  a ls o  a ch lo rin e  b rid g ed  d im er and  is  e x p e c te d  to  h av e  

a d is to r te d  te tra h e d ra l  s tru c tu re  -sinfular tp  fh e t p ro p o sed  fo r th e  Cu com ­

po u n d .

The m ag n e tic  m om ent o f th e  Co com pound is  5.39 B.M. a t  298°K .. The 

c a lc u la te d  sp in  o n ly  m ag n e tic  m om ent fo r sp in  free  Co(II) i s  3.88 B.M. The 

room tem p era tu re  m ag n e tic  m om ents for s e v e ra l  know n C o(II) com pounds a re  

show n in  T ab le  XVII. I t i s  im m ed ia te ly  o b v io u s  th a t  th e  m ag n e tic  m om ents
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Room T em peratu re  M ag n e tic  M om ents for Co(II) C om pounds

Table  XVII

Com pound A ssig n ed M ag n e tic
or S p e c ie s C o n f ig , M om ent(B .M .) R eference

(NH4)2C o(SO 4)2 • GH2O O c ta h e d ra l 5.1 (53)

C o C l4= O c ta h e d ra l 4.8-5.2 (54)

C o (CH3C N )6++ O c ta h e d ra l . 4.9-5.6 (55)

C o C l2 • Z(CH3C 5^ N ) T e trah ed ra l 4.8 (56)

C s 2C o C l4 T e trah ed ra l 4.5 . (53)

C o C l4= T etrahed ra l- 4.69 (54)

C o C l4= T e trah ed ra l 4.6-4.9 (57)

CoX4" 2 T e tra h e d ra l ■ 4.3-4.8 (55)

C o C l2 • 2 (2 ,6D M PN O )3 T e trah ed ra l 4.59 (58)

C0CI2 • I d ip y rid y lam in e T e trah ed ra l 4.51 (59)

C 0 (phtha Io c ya n in e ) Square P lan a r 2.4 (53)

o f th e s e  com pounds a re  q u ite  d iffe ren t from th e  c a lc u la te d  s p in -o n ly  v a lu e .  

Spin o n ly  v a lu e s  a re  c a lc u la te d  from th e  e x p re s s io n  (53):

B.M. = V4S (S+l)

S = to ta l  sp in  quantum  num ber

T his e x p re s s io n  is  d e riv e d  from the  th e o ry  for a free  m e ta l io n  (no e x te rn a l 

p e rtu rb in g  f ie ld s )  by o m ittin g  o rb ita l a n g u la r  momentum an d  c o n s id e rin g  o n ly  

sp in  a n g u la r  m om entum  o f th e  e le c tro n . E lec tro n s  o ccu p y in g  an  o rb ita l e x ­

h ib it  bo th  sp in  a n g u la r  m omentum an d  o rb ita l  a n g u la r m om ehtum . An u n r 

p a ire d  e le c tro n  a lw a y s  c o n tr ib u te s  i ts  sp in  a n g u la r momentum) to  th e  .
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m ag n e tic  m om ent of an  ion ; a n  e le c tro n  m ay c o n trib u te  i t s  o rb ita l a n g u la r  

momentum to  th e  m ag n e tic  m om ent if  th e re  is  a ro ta t io n s Ily  e q u iv a le n t o rb i­

ta l  th a t  c an  a c c e p t  th e  e le c t r o n . That is ,  th e  P au li e x c lu s io n  p rin c ip le  m ust 

be o b ey ed ; no tw o e le c tro n s  w ith  th e  s$m e sp in  can  o ccu p y  th e  sam e o rb i­

t a l .  T h is m eans, th e re fo re , th a t  th e  ro ta tio n a lly  e q u iv a le n t o rb ita l  may be 

u n o ccu p ied  or if  o c c u p ie d , th e  e le c tro n  b e in g  tra n s fe rre d  m u st be of oppo­

s i te  sp in  to  th e  e le c tro n  in  th e .o rb i ta l .  I t  h a s  a ls o  b een  show n th a t  s p in -  . 

o rb it  co u p lin g  c o n tr ib u te s  to  th e  m ag n e tic  m om ent of an  io n  (53/57,58). 

R u s s e ll-S a u n d e rs  s p in -o rb it  co u p lin g  in c re a s e s  th e  d e g e n e ra c y  (number of 

ro ta tio n a lly  e q u iv a le n t o rb ita ls )  o f th e  e le c tro n ic  s ta te s  o f an  ion  and th is  

a ls o  c o n tr ib u te s  to  th e  m ag n e tic  m om ent o f th e .io n . The C o (II) com pounds 

l i s te d  in  T ab le  XVII h av e  m ag n etic  m om ents g re a te r  th a n  th e  c a lc u la te d  

sp in  o n ly  v a lu e .  T h is in d ic a te s . th a t  sdrpe e le c tro n s  a re  co n trib u tin g  th e ir  

o rb ita l  a n g u la r  m om ents to  th e  m ag n e tic  m om ent. O rb ita l a n g u la r  momentum 

c o n tr ib u tio n s  a lo n e  can n o t a c c o u n t for th e  la rg e  d iffe re n c e s  o b se rv e d , and  

sp in -o rb it co u p lin g  m ust a ls o  be co n trib u tin g  to  th e  m ag n e tic  m om ent of 

th e s e  c o m p le x e s . I t is  o b v io u s  from th e  d a ta  in  T able XVII th a t  o c ta h e d ra l 

co m p lex es  e x h ib it g re a te r  o rb ifa l a n d /o r  s p in -o rb it  co u p lin g  cp n trib u tio n s  to  

th e  m ag n e tic  fo m e n t  th a n  e ith e r  te tra h e d ra l  o r square  p la n a r  c o m p le x e s .

The m agnetic , m om ent o f C oC lg ' IC 5H 5N O  is  h igher th a n  o b se rv ed  v a lu e s  

for s e v e ra l  o c ta h e d ra l .Co(II) c o m p le x e s . The re a so n  for th e  h igh  moment, 

rem a in s  u n e x p la in e d . The m ag n etic  d a ta  a p p ea rs  to  su p p o rt an  o c ta h e d ra l 

s tru c tu re  for C oClg • I C5H5NO ra th e r  th a n  a te tra h e d ra l s t r u c tu r e .
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I
Libus and  U ruska  (60) s ta te  th a t  te tra h e d ra l  Co(II) com pounds e x h ib it  

c h a r a c te r is t ic  a b so rp tio n  b an d s  a t  576, 608 and  638 mju. The m olar a b so rp -  

t iv i t i e s  o f te tra h e d ra l  Co(II) a b so rp tio n  b an d s  a re  g e n e ra lly  la rg e r th a n  100.
I

The m olar a b s o rp tiv i t ie s  o f o c ta h e d ra l Co(II) a b so rp tio n  b an d s  a re  g e n e ra lly  

sm a lle r  th a n  100. In  a d d it io n , o c ta h e d ra l (Co(II) s p e c ie s  g e n e ra lly  ex h ib it 

a low  in te n s i ty  band  a round  515 mpi th a t  d o e s  not ap p ea r w ith  te tra h e d ra l 

Co(II) com pounds (60). The co n fig u ra tio n  o f Co(II) io n s  in  so lu tio n  is  d e ­

p en d en t upon th e  c o o rd in a tin g  s tre n g th  (lig an d  f ie ld  s tre n g th ) o f th e  so lv e n t; 

w eak ly  c o o rd in a tin g  so lv e n ts  y ie ld  te tra h e d ra l  sp e c ie s , s tro n g ly  coo rd ing t^  

ing  so lv e n ts  p roduce  o c ta h e d ra l s p e c ie s  (Table XVIII). The a b so rp tio n  b an d s  

for s e v e ra l  know n Co(II) com pounds a re  l i s te d  in  T able XVIII.

T ab le  XVIII

V is ib le  S o lu tion  S p ec tra  o f Known Co(II) C om pounds

C om pound 
or S p e c ie s S o lv en t A m ax Hty4 C o n f ig . R efe ren ces

C o C l4' 2 C H 3NO2 593, 613(sh), 635 (54)

C o C l4" 2 668, 693 ' T e tra h e d ra l (57)

CoX4-Z C H 3CN 680 T e tra h e d ra l (55)

C o C l2 (CH 3)2CO 575, 63 0 (sh), 674 T e tra h e d ra l (61)

C o C l2 ■ 2 C 5H 5N C H C l3 579, 611, 638-662 T e tra h e d ra l (56) .

C o C l2 C 5H 5N 576, 608, 638 T e tra h e d ra l (60)

C o(C H 3C N )64""1" ■ C H 3CN 570, 610 O c ta h e d ra l (55)

C o C l2 P 2 0 465, 513 O c ta h e d ra l (62)

CoBr2 • 2 R -C 5H 4 NO C H 3OH 530, 600(sh), 620 O c ta h e d ra l (58)

C o(C lO 4)2 H 2O 513 O c ta h e d ra l (63)

(CH3)2CO 512 O c ta h e d ra l (63)

C 2H 5OH 515 O c ta h e d ra l (63)



C oC lg ° I C5H5NO h a s  an  a b so rp tio n  maximum a t 638 nyut w ith  sh o u l­

d e rs  a t  575, 612, 655 an d  665 mju in  CgH ^O H ; m axima a t  556, 590 and  660' 

mw w ith  sh o u ld e rs  a t  570, 610 and  650 in  C H gC N . The m o lar a b s o rp tiv i t ie s  

fo r th e s e  b an d s  show n in  T ab le  VIII, p age  2 7, a re  la rg e r th a n  100. The a b ­

so rp tio n  b an d s  for C oClg • IC 5H 5N O  a g re e  re a so n a b ly  w e ll w ith  th o se  r e ­

p o rted  in  T ab le  XVIII fo r- te tra h e d ra l Co(II) com pounds, in  s o lv e n ts  w ith  low  

d ie le c tr ic  c o n s ta n t s . The low  in te n s i ty  band  around  515 mp o b se rv ed  for 

o c ta h e d ra l C o (II) com pounds is  m iss in g  in  C oClg ° I C5H5NO e le c tro n ic  

s p e c t r a . T herefore , on  th e  b a s is  of th e  d a ta  p re s e n te d ,, i t  a p p e a rs  th a t  s o ­

lu tio n s  o f C oClg • IC 5H 5N O  in  CHgCN and  CgHgOH c o n ta in  te tra h e d ra l 

Co(II) s p e c ie s  „

The d iffu se  re f le c ta n c e  sp ec tru m  of C oClg • I CgHgNO, F igure 22, p age  

28, i s  s im ila r  to  i t s  so lu tio n  s p e c tr a .  The com plex  h a s  re f le c ta n c e  m axim a ' 

a t  450, 545, 585 and  62 0 nyj w ith  a sh o u ld e r a t 520 myi. The d iffu se  r e f le c t ­

a n ce  b an d s  for know n Co(II) com pounds a re  show n in  T ab le  XIX. King (56) 

h a s  n o ted  s im ila r i t ie s  b e tw een  re f le c ta n c e  and  so lu tio n  sp e c tra  of py rid ine  

com pounds o f C o(II). Jo n as  s e n ,  in  co n tra  s t  "to K ing, h a s  n o ted  m arkdd d if­

fe re n c e s  b e tw ee n  re f le c ta n c e  and  s o lu tio n  s p e c t r a , b u t he s u g g e s ts  th a t  

th is  c a n  be u se d  a s  an  in d ic a tio n  th a t  th e  com pound h a s  a d iffe ren t co n ­

fig u ra tio n  in  th e  so lid  s ta te  th a n  w hen in  so lu tio n  (12). H ow ever, King d i s ­

so lv ed  h is  com pounds in  C H Clg and  J o n a s se n  d is so lv e d  h is  in  CHgOH and  

o th e r s o lv e n ts  w ith  h ig h  d ie le c tr ic  c o n s ta n ts  and co o rd in a tin g  s tre n g th .

T his s u g g e s ts  th a t  th e  s tru c tu re  of a com pound in  th e  s o lid  s ta te  m ight v e ry  

w e ll r e ta in  th a t  s tru c tu re  in  a w eak ly  co o rd in a tin g  s o lv e n t .  The co m p lex es
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T ab le  XIX

D iffu se  R e f le c ta n c e  Bands o f Known Co(II) C om pounds

Com pound or S p e c ie s  

C o C l2 • 2 H2O 

C o C l2 • 2 (CH3- C 5H 4N) 

C o C l2 • 2 C 5H 5N '

C o C l:4~ (in  fu se d  s a l ts )  

C o C l4= (in fu se d  s a lts )

C o C l4= (in fu se d  s a l ts )

C o C l2 • I d ip y rid y lam in e

C o C l^ ~ (s in g le  c ry s ta l  
sp ec tra )

Amax mjD 

510, 620

585(sh), 615(sh), 637 

513(sh), 52 6, 541, 620

600, 637, 676 

595, 650, 735

630, 670, 700

541, 559, 606 

715-589  re g io n

582-500  re g io n  

455 -4 1 5  re g io n

A ssig n ed  
C o n f ig . R efe ren ces

O c ta h e d ra l (64)

T e tra h e d ra l (56)

B ridged
O c ta h e d ra l

(65)

O c ta h e d ra l (66)

D is to r te d
O c ta h e d ra l

(66)

D is to r te d
O c ta h e d ra l

(66)

T e tra h e d ra l (59)

D is to r te d
T e tra h e d ra l

(65)

C o C l2 • I d ip y rid y lam in e  an d  C o C l3 • 2 (CH3- C 5H 4N) c o n ta in  lig a n d s  th a t  a re  ■ 

s im ila r  to  CL -p y r id o n e  and  th e ir  re f le c ta n c e  sp e c tra  a g ree  re a so n a b ly  w e ll 

w ith  th e  C o C l2 • I C 5H 3NO sp ec tru m . A lso, F erguson  in d ic a te s  th a t  know n 

d is to r te d  te tra h e d ra l  C o C l4= s p e c ie s  e x h ib it  a b so rp tio n  b a n d s  in  th ree  d i s ­

t in c t  re g io n s  o f th e  spec trum  (Table:XIX). O c tah e d ra l Co(II) s p e c ie s  g e n e r­

a l ly  h av e  re f le c ta n c e  b an d s  above 600 mw w h ile  te tra h e d ra l C o (II) s p e c ie s  

g e n e ra lly  h av e  re f le c ta n c e  b an d s  b e lo w  600 mju. There is  o p en  d isag ree m e n t 

in  th e  l i te ra tu re  c o n ce rn in g  in te rp re ta tio n  o f re f le c ta n c e  s p e c t r a , but in  

v ie w .o f th e  r e s u l ts  re p o rte d  by K ing, F e rg u so n  (67) and  M . G oodgam e, i t
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ap p ears th e r e f le c ta n c e  data support th e c o n c lu s io n  th at C oO lg • I C5H5NO  

i s  a tetrah ed ra l com p ou n d .

. E x cep t for th e  m ag n e tic  m om ent, th e  d a ta  a s s e m b le d  a p p ea r to  su p ­

port th e  te tra h e d ra l  s tru c tu re  p ro p o sed  for C oClg • I C 5H 5NO from x - r a y  d if ­

f ra c tio n  d a ta .  The m ag n etic  m om ent i s  h ig h e r th an  an y  o th e r  re p o rted  mo­

m ent for a te tra h e d ra l  Co(II) com pound and  a p p e a rs  to  fav o r an  o c ta h e d ra l 

s t r u c tu r e . H ow ever, th e  u n d e rs tan d in g  of o rb ita l  a n g u la r  momentum and 

s p in -o rb it  co u p lin g  c o n tr ib u tio n s  to  th e  m agnetic-m om ent o f Co(II) com ­

p le x e s  i s  s t i l l  v e ry  in co m p le te  and  th e  m ag n e tic  m om ent, a lp n e , shou ld  no t 

be u s e d  a s  a c r i te r io n  in  a s s ig n m e n t o f c o n f ig u ra tio n s . The co m p o site  d a ta  

in d ic a te  th a t  C oClg , I C 5H 5NO is  p ro b ab ly  a te tra h e d ra l co m p o u n d .

D ich lo ro -m o n o -cb -p y rid o n e  N ickel(H ) . ■ _ "

The x - r a y  pow der d iff ra c tio n  d a ta  l i s te d  in  T able VI, p age  2 0, in d ic a te  

th a t  C oClg • I CgHgNO and  N iC l2 • I C 5H 5NO are  iso m o rp h ic . Therefore, 

s in c e  C oClg ° I C 5H 5NO is  is o s tru c tu ra l  to  C uClg • I C 5H 5NO, th e  Ni com ­

pound is  a ls o  e x p e c te d  to  be a c h lo rin e  b rid g ed  dim er w ith  a d is to r te d  t e t r a ­

h e d ra l N i(II) en v iro n m en t.

The m ag n e tic  m om ent o f th e  N i com plex  (3.65 B.M.)' i s  tem p era tu re  d e ­

p e n d e n t. The m om ent e x h ib its  a s te a d y  in c re a s e  a s  th e  tem p era tu re  ;s  low ­

e red  (Table V, page  2 0). T h is ty p e  o f b e h av io r is  c h a r a c te r is t ic  of te trah e^ - • 

dr a I Ni(II) com pounds (68). The m ag n etic  m om ents of s e v e ra l  Ni(II) com ­

pounds a re  know n an d  som e o f them  a re  l i s te d  in  T ab le  XX. King and c o ­

w orkers (56) and  Lever (68) s tg te  th a t  te tra h e d ra l Ni(II) co m p lex es  have
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T ab le  X%

M ag n e tic  M om ents of Some N i(II) C om pounds

Com pound or S p e c ie s
M ag n e tic

M om ent(B .M .)
A ssig n ed

C o n fig u ra tio n R eferen ces

(NH4)2N i(SO 4)2 • 6 H2O 3.3 O c ta h e d ra l (53)

N i(H 2O) 6++ 2.9-3.2 O c ta h e d ra l (54)

N i(N O 3)2 • 3 C 5H 5N 3.21 O c ta h e d ra l (69)

N iC l2 • C 5H 5N 3.47 Bridged
O c tah e d ra l

(70)

N iC l2 • 2 C 5H 5N 3.37 Bridged
O c tah e d ra l

(56)

N iC l2 • 2 C 5H 5N 3.39 Bridged
O c tah e d ra l

(70)

N i[ tre m m e ] |C l2 3.42 T rigonal
Bipyram id

(71)

(Et4N)2 N iC l4 3.8 T e trah ed ra l (53)

N iC l4"  ■ 3.87 ■ • T e trah ed ra l (54)

NiC(CH3) 3N O j4 (CJ4)2 . 3.86 . T e trah ed ra l (72)

N iC l2 * 2 Q u ino line 3.54 T e trah ed ra l (73)

(BuPh2P )^N iC l2 3.35. T e trah ed ra l (74)

K2 N i(C N ) 4 O Square P la n a r (53)

®2-d im e th y l-a m in o e th y la m in e  ■ ' '
^ b u ty l-d ip h e y lp h o sp h in e

m ag n e tic  m om ents o f 3.3-4.2 B.M. Square p la n a r  Ni(II) com pounds a re  g e n ­

e ra lly  d ia m a g n e tic ; th e re fo re , i t  a p p e a rs  s a fe  to  e lim in a te  a sq u are  p la n a r 

c o n fig u ra tio n  for th e  cC-pyridone com plex  in  v iew .o f th e  d a ta  p re s e n te d . The 

d a ta  a ls o  in d ic a te  th a t  som e o c ta h e d ra l Ni(H) com pounds h av e  m agnetic  mo­

m en ts  th a t  f a l l  w ith in  th e  range  quo ted  for te tra h e d ra l N i(II) co m p o u n d s.



-  58 -

■ H ow ever, none o f  th e s e  com pounds h a v e  m om ents that are tem perature d e ­

pend en t . Therefore, th e  m agn etic  m om ent o f N iC lg • I C5H5NO supports the  

prop osed  te trah ed ra l s tr u c tu r e .

The s o lu tio n  sp e c tra  o f th e  Ni com plex  show  a b so rp tio n  maxima a t  385 

and  700 (very broad) rnw in .HgO; 413 an d  760 (very broad) mjuj in  CgHgOH; 

412,1.600 and 675 in  H C O N (CH 3)g . The l i te ra tu re  c o n ta in s  m any s tu d ie s  

o f Ni(II) com pounds w hich  h av e  u se d  e le c tro n ic  sp ec tra  to  h e lp  de term in e  ■ 

m o le c u la r  co n fig u ra tio n  (54, 60, 63, 69-72 , 74-77). The a b so rp tio n  bands for 

te tra h e d ra l an d  o c ta h e d ra l N i(II) s p e c ie s  o v e rlap  to  a la rg e  e x te n t and  m ake 

a ss ig n m e n t o f a c o n fig u ra tio n  d if f ic p l t .  H ow ever, the  m olar a b s o rp tiv it ie s  

of o c ta h e d ra l Ni(II) co m p lex es  a re  g e n e ra lly  l e s s  th a n  100, w h ile  m olar ab-* 

a b s o rp tiv i t ie s  of te tra h e d ra l  Ni(II) co m p lex es  a re  g e n e ra lly  m ore th an  100. 

The m olar a b s o rp tiv i t ie s  for N iClg , I C 5H 5NO show n in  T ab le  VIII, page  27, ; 

a re  low, b u t th e  m axim a a g re e  w ith  th o s e  o b se rv ed  for bo th  c o n f ig u ra tio n s . 

The o b s e rv e d  co n fig u ra tio n  for N i(H) s p e c ie s  in  so lu tio n  a ls o  ap p ea r to  be 

d e p en d e n t upon th e  c o o rd in a tin g  s tre n g th  o f the  U gand and so lv e n t.u se d  a s  is  

th e  c a s e  w ith  C o(II), N iC lg . I CgHgNO is  in so lu b le  in  w eak ly  co o rd in a tin g  

s o lv e n ts  (C 5H 5 , C H C lg , CHgNOg , d ioxane) w hich  m akes, i t  d iff ic u lt to 

c h e c k  th e  p o s s ib i l i ty  th a t  N iC lg -  I CgHgNQ m ight y ie ld  a sp e c if ic  Ni(II) 

s p e c ie s  in  th is  ty p e  o f s o lv e n t .  H ow ever, in  lig h t of th e  o b se rv e d  a b so fp -  

t iv i t i e s  for N iC lg • I CgHgNO a b so rp tio n  b an d s, th e re  i s  p ro b ab ly  an o c ta ­

h e d ra l N i(II) s p e c ie s  in  s o lu tio n .

The <&-pyridone com pound h a s  a b road  re f le c ta n c e  maximum b e tw een  

450 -4 7 0  mjm. ■ Known o c ta h e d ra l and  te tra h e d ra l  Ni(II) com pounds bo th  h av e
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re f le c ta n c e  m axim a in  th is  re g io n  p lu s  a d d itio n a l m axim a on e ith e r  s id e  of 

th a t  b a n d . S tu d ies  by A llep  and  c o -w o rk e rs  (78) and N e lso n  and- Shepard  ; 

(70) w ith  N iClg • X C 5H 5N y ie ld  th e  b e s t  ag reem en t w ith  th e  QL-pyridone . 

b a n d , bu t th e ir  re f le c ta n c e  sp ec tra  e x h ib it s e v e ra l b an d s  b e tw een  350- .

700 mju (the lim its  o f  th is  study). Their com pounds h ave  b een  a s s ig n e d  d i s ­

torted  o c ta h ed ra l s tr u c tu r e s . It sh ou ld  be noted  that there i s  a d ifferen ce  

b e tw e en  th e r e f le c ta n c e  band and th e so lu tio n  bands for the (X-pyridone 

com pounds . H ow ever, a s  p r e v io u s ly  m en tio n ed , th is  s u g g e s t s  a, change in  

co n fig u ra tio n  w hen th e s o lid  i s  d is s o lv e d  and the ch an ge ap p ears to be d e ­

pend en t upon the so lv e n t  u s e d . At b e s t ,  th e  r e f le c ta n c e  spectrum  of 

N iC lg • I C5H5NO supports an o c ta h ed ra l structure but i s  by no m eans c o n ­

c lu s iv e .

The so lu tio n  and r e f le c ta n c e  sp ectra  o.f N iC lg -* I C 5H 5N O  w hen com ­

pared w ith  sp ectra  o f  know n Ni(II) com pounds o ffer  l i t t le  a s s is t a n c e  in the  

a ss ig n m e n t o f  a s p e c if ic  con figu ra tion  for'th e com p lex  Th th e  s o lid  s t a t e , . .  . 

A dd itional in v e s t ig a t io n  i s  n e c e s s a r y  before th e s e  sp ectra  w ill  b en efit th e  

study. On th e other h an d , th e  x -r a y  d iffra c tio n  data and e s p e c ia l ly  the ■ 

m agn etic  m om ent data both very  c lea r ly -su p p o rt a. tetrahedral structure for 

N iC lg  • IC gH gN O  in  th e  s o lid  s t a t e .

D ich loro -m on o-(X -p yrid on e  M a n g a n e se (II)

T etrahedral stru ctu res have b e e n  proposed  for th e C u , Co and Ni
. 1V -

m em bers o f  th e  M Clg • I CgH^NO s e r ie s  prepared in  th is  stud y . The rem ain­

in g  member o f th e  s e r ie s ,  M nClg • I C5H 5NO , probably a ls o  h a s .a  te tra h e­

dral s tr u c tu r e .b ec a u se  x -r a y  pow der d iffra ctio n  data sh ow  it  to  be
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iso m o rp h ic  to  th e  Co an d  Ni co m p o u n d s . I t ,  too , is  e x p e c te d  to  be a 

c h lo r in e -b r id g e d  dim er.

The m ag n e tic  m om ent o f th e  Mn com plex  (5.97 B.M .) i s  v e ry  c lo se  to  

th e  c a lc u la te d  s p in -o n ly  m om ent of 5.9 B.M. for a sp in  free  M n(II) ion  (53). 

The m om ent o f th e  com plex  is  tem p e ra tu re  in d e p en d e n t and  a p p e a rs  to  fo llow  

th e  C u r ie -W e is s  Law. Both o c ta h e d ra l Kg Mn (SO 4)2 • 6 HgO and  te tra h e d ra l 

[(C gH g)^ N ^ M n C l^  h av e  m ag n e tic  m om ents o f 5.9 B.M. (53). There w as re ­

c e n tly  re p o rte d  (79) a f iv e -c o o rd in a te  M n(II) com pound w ith  a tr ig o n a l b i -  • 

pyram id s tru c tu re  and  a m ag n e tic  m om ent of 5.85 B.M. I t  a p p e a rs , ' th e re fo re , 

s in c e  th e s e  know n v a lu e s  a re  so c lo s e , th a t  m agnetic  d a ta  for Mn(II) com ­

pounds w ill no t perm it d if fe re n tia tio n  b e tw ee n  sp e c if ic  s tru c tu ra l  c o n fig u ra ­

tio n s  . The m ag n etic  m om ent of M nClg • I CgHgNO in d ic a te s  o n ly  th a t th e  

com plex  c o n ta in s  sp in  f r e e 'M n(Il). io n s  .

The d iffu se  re f le c ta n c e  spec trum  o f M nClg • IC gH gN O  h a s  band m ax i­

ma a t  365, 455, an d  a v e ry  b road  b a n d , 505 -560  nyu th a t  a p p e a rs  to  be c e n ­

te re d  a round  530 mju. C o tto n  and  c o -w o rk e rs  (80) h av e  re p o rte d  d iffu se  re ­

f le c ta n c e  spectra- for th re e  M n(Il) com pounds th a t have  b e e n  a s s ig n e d  t e t r a ­

h e d ra l s t r u c tu r e s .  They show  th a t  th e  re f le c ta n c e  m axim a a p p e a r  in  th ree  

d is t in c t  re g io n s : 360-385  mju, 430 -455  mju, and  470-480  mju. The tr ig o n a l 

b ipyram id  M n(II) com pound m en tio n ed  above  h a s  re f le c ta n c e  m axima a t  371 

and  435 mju. No so lu tio n  sp e c tra  w ere o b ta in e d  for M nClg • I CgHgNO in  

th is  study , b u t i t  sh o u ld  be n o ted  th a t  te tra h e d ra l M n C l^ "  so lu tio n  sp e c tra  

re p o rte d  by F u rlan i an d -F u rlan i (81) a re  a lm o s t id e n tic a l  to  th e  re f le c ta n c e  

sp e c tra  re p o rte d  by C o tto n  and  c o -w o rk e r s . ■ A llen and  c o -w o rk e rs  (83) h ave
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re p o rte d  so lu tio n  a b so rp tio n  m axim a a t  540, 460 and  430 mjj for c h lo r in e -  

b rid g ed  o c ta h e d ra l M n(II) co m p o u n d s. The M nC l2 ° I C 5H 5NQ re f le c ta n c e  

d a ta  a g re e s  re a so n a b ly  w e ll,w ith in  th e  lim its  o f th e  study , w ith  th a t r e ­

po rted  fo r know n te tra h e d ra l M n(II) com pounds and seem  to  support a t e t r a ­

h e d ra l c o n fig u ra tio n  ra th e r  th a n  an  o c ta h e d ra l c o n fig u ra tio n .

S o lu tio n  sp e c tra  w ere no t o b ta in e d  for th e  M n(II) com plex  b e c a u se  it 

i s  much l e s s  so lu b le  in  th e  common s p e c tra l  so lv e n ts  th a n  th e  C u , Co and  

Ni c o m p le x e s . The in te n s i t ie s  of th e  M n(II) bands, d -d  t r a n s i t io n s , g e n e r-  

e ra lly  o b se rv e d  in  th e  v is ib le  and  n ear in fra red  reg io n s  o f th e  spectrum  are  

w eak  and  th e  b an d s a re  v e ry  sh a rp . T h ese  t ra n s i t io n s  a re  fo rb idden  t r a n s i ­

t io n s  fo r d e le c t r o n s . T hat is ,  th e y  a re  fo rb id d en  by th e  m u ltip lic ity  (spin) 

and  L aporte  s e le c t io n  ru le s  for e le c tro n ic  t r a n s i t io n s , M any  tra n s it io n  

m e ta l io n s  a re  id e n tif ie d  by a b so rp tio n  b an d s  in  th e  v is ib le  reg io n  of th e  

sp ec tru m  w h ich  h av e  b e en  a ttr ib u te d  to  d -d  t r a n s i t io n s .  The Laporte  s e le c ­

tio n  ru le  s p e c if ic a l ly  fo rb id s  su ch  t r a n s i t io n s  for a free  m e ta l io n , bu t a  c o ­

o rd in a te d  m e ta l io n  u n d e rg o es  m ixing o f.d  an d  p o rb ita ls  to  a su ff ic ie n t d e ­

g ree  th a t  now an a llo w ed  d - ? p  t r a n s i t io n  m ay occur, bu t w ill be le s s  in ­

te n s e  th a n  c o m p le te ly  a llo w ed  t r a n s i t io n s .  A sp in  fo rb id d en  tra n s it io n  re-^ 

q u ire s  an  e le c tro n  to  ch an g e  i ts  sp in  w hen  i t  e n te rs  an  o rb ita l  th a t  is  

a lre a d y  o c c u p ie d  by a s in g le  e le c t r o n . Such a change  d e c r e a s e s  the  m u lti­

p l ic i ty  of th e  s ta te  and  is  th e re fo re  fo rb id d en . A M n(II) io n , sp in  free, is  

a lre a d y  a t  i t s  maximum m u ltip lic ity . The b an d s o b se rv ed  in  Mn(II) S o lu tion  

sp e c tra  and  d iffu se  re f le c ta n c e  sp e c tra  a re  p robab ly  sp in  fo rb id d en  d - d , 

a llo w ed  d -p , a n d /o r  c h a rg e  tra n s fe r  (ligand  m etal) t r a n s i t io n s .  The d -d
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tra n s i t io n s  g e n e ra lly  o c c u t a t  low er e n e rg ie s  th an ' d -p  or c h a rg e  tra n s fe r  

t ra n s i t io n s  , The d -d  t r a n s i t io n s  o b se rv ed  for te tra h e d ra l M n(II) com pounds 

w ould  be m ore in te n s e  th a n  for o c ta h e d ra l com pounds b e c a u s e  a c e n te r  of 

sym m etry, a s  in  an  o c ta h e d ra l co m p lex , d e s tro y s  d -p  o rb ita l  m ix in g . If a
I

t r a n s i t io n  is  w e a k , a m ore c o n c e n tra te d  so lu tio n  is  req u ired -fo r e le c tro n ic  

s p e c tra l  a n a ly s is .  The q u a n tity  of th e  Mn com plex  w as lim ited  so e x te n s iv e  

e le c tro n ic  in v e s t ig a tio n  w as h in d e re d . A gain , on ly  a s in g le  c ry s ta l  x - r a y  

a n a ly s is  w ill e x a c tly  show  th e  s tru c tu re  of M nClg ° I C 5H 5NO, b u t the  d a ta  

g a th e red  to  d a te  in d ic a te  i t  is  p ro b ab ly  a te tra h e d ra l compound;.

D ich loro-h-O L -pyridone M eta l(II) C om plexes

The u l tr a v io le t  so lu tio n  sp e c tra  of th e  co m plexes, C uClg - 2. C 5H 5NO 

and  C oClg • 3 C 5H 5NO, differ from th a t  o f free. O rpyfidone m uch a s  do th o se  

for th e  co m p lex es  p re v io u s ly  d e sc r ib e d  fo r th e  MClg • IC g H g JlO  co m p o u n d s. 

The in fra red  sp e c tra  of th e s e  com pounds show n in  F ig u res  36 and  37, p a g es  

39 and  40, -a lso  show  b an d  and  in te n s i ty  s h if ts  s im ila r to  th e  co m plexes ju s t  

d is c u s s e d ;  T ab le  XXI l i s t s  th e  in fra red  b an d s  for th e s e  c o m p le x e s , T here­

fore, th e  CL-pyridone is  p ro b ab ly  bonded  th ro u g h  the  ox y g en  qtom to  the  

m e ta l io n  in  th e s e  co m p lex es  a s  w e ll .  . ' '

The x - r a y  pow der d iff ra c tio n  d a ta  for th e s e  co m p lex es  show n in  T ab le  

X I, page  3 4 , in d ic a te  d if fe re n c e s  in  in te n s i t ie s  and 9 a n g le s  w hen com pared  

w ith  th e  pow der d iff ra c tio n  d a ta  for C uClg » I CgHgNO an d  C oClg -IC gH gN O . 

The pow der d a ta  su g g e s t th a t  CuClg • 2 CgHgNO and  C oClg - 3 CgHgNO h av e  

d iffe re n t s tru c tu re s  th a n  C uC lg - I CgHgNO and  CoClg • I C gH gN O .
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Table-XXI,

C uClg ' 2 (X-pyridone and  C oClg • 3 C t-pyrldone In fra red  Bapds

■ Ring (am ido N-H)
M V N -H V-C=C F re q . ,6 N -H j8 C -H IfC-H y N -H

Cu(II) 3225(m) 1640 (s) 1590(s) 
1540(s) 
1470(m) ■ 
1380(s)

159-0 (s) 12 80(m) 
1160(s) 
109 5 (m) 
1005(m)

865(s) 780(s) 
72 0(s)

Co(II) 3300(s) . • 1680(s) 1635(s)
-1570(m)
1490(m)
1440(s)

1635(s) 1280(m) 
1180(s) 
1110(m) 
1010(s)

885(s) 790(s)
740(s)

S = S t r o n g ,  m = medium

As p re v io u s ly  m en tio n ed ,, no e ffo rt w as m ade to  d e te rm in e  th e  mole-- 

c u la r  w e ig h t of th e s e  co m p lex es  .

■ D ic h lo ro -b is -C b -p y r id o n e -C opper(II)

. The d iffu se  re f le c ta n c e  sp ec tru m  of C uClg • .2 C^H^NO show n in  F igure  

34 , page  38, d o e s  no t show  an y  d e fin ite  m ax im a. A sh o u ld e r  a p p ea rs  a round  

700 mju, bu t d a ta  co u ld  no t be o b ta in e d  beyond  th is  p o in t. T herefore, i t  aP 1- 

p e a rs  th e  r e f le c ta n c e  sp ec tru m  d o es  no t p rov ide  u se fu l d a ta  for a ss ig n m e n t 

o f a sp e c if ic  co n fig u ra tio n  to  C u C l2 • 2 C 5H 5N O .

The v is ib le  so lu tio n  sp e c tra  o f C uC lg • -2 C 5H 5NO show n in  F ig u res  29 

and  30, p age  35, a re  s im ila r  to  th o s e  o f CdCilg • I C 5H 5NO; CuClg -ZCgHgNO 

m axim a a p p e a r  a t  786 mju in  HgO, 450 and  875 (very broad) mjj in .C H gC N . 

The m olar a b s o rp tiv i t ie s  (Table XIII, page  37) o f th e  C pClg • 2 CgHgNO com ­

pound a re  lo w er th a n  th o s e  o b se rv ed  fo r C uClg - I C 5H 5N O . The band
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around  450 m,M h a s  b e en  a s s ig n e d  to  bo th  o c ta h e d ra l and  te tra h e d ra l Cu(II) 

s p e c ie s  in  so lu tio n  (47). H ow ever, th e  d a ta  in  Table XVI, page  49, in d ic a te  

a bgnd in  th is  re g io n  is  p ro b ab ly  c h a r a c te r is t ic  of a te tra h e d ra l ra th e r  th a n  

an  o c ta h e d ra l Cu(II) s p e c ie s  „ T his band  h a s  no t b een  o b se rv e d  in  s tro n g ly  

c o o rd in a tin g  s o lv e n ts  (47). The so lu tio n  s p e c tra l  d a ta  fo r C uClg • 2 C 5H 5NO 

a re  in a d e q u a te  an d  m ore e x te n s iv e  in v e s t ig a t io n  is  n e c e s s a ry  befo re  an  a b ­

so lu te  a ss ig n m e n t o f a s p e c if ic  c o n fig u ra tio n  for the  Cu(II) in  so lu tio n  c an  

be m a d e . The c o n fig u ra tio n  in  s o lu t io n , a s  h a s  b een  p re v io u s ly  d is c u s s e d ,  

i s  no t a lw a y s  in d ic a tiv e  o f th e  s o lid  s ta te  c o n f ig u ra tio n .

The m agn etic  mom ent o f  th e  bis-O L-pyridone -Copper(II) com p lex  is  '

1.8 B.M . I t i s  tem p e ra tu re  in d e p en d e n t an d  a p p e a rs  to  fo llo w  th e .C u rie -  

W e is s  Law. T his v a lu e  is  w ith in  th e  ra n g e  o b se rv ed  for b o th  te tra h e d ra l an d  

o c ta h e d ra l Cu(II) c o m p o u n d s . T herefore , i t  is  no t p o s s ib le  to  de term ine  from 

th e  m ag n e tic  d a ta  a lo n e  th e  c o n fig u ra tio n  o f CuClg • 2 C 5H 5N O . ■ ■

The co m p o site  d a ta  a re  n o t s u f f ic ie n t .to  p ro p o se  a c o n fig u ra tio n  for 

C u C l2 • 2 C 5H 5NO in  th e  so lid  s t a t e . The lim its  o f th e  re f le c ta n c e  sp ec tru m  

re q u ire  e x te n s io n  befo re  th is  in fo rm ation  w ill  be u s e f u l .  A dd itiona l s o lu tio n  

sp e c tra  in  w eak  c o o rd in a tin g  co Iv e n ts  w ill  be  n e c e s s a ry  b e fo re  a s tru c tu re  

■ for C uClg • 2 C 5H 5 c an  be e s ta b l is h e d .

D ichloro-tris-(% >-pyridone C o b a l t(II)

The m ag n e tic  m om ent o f th is  com pound is  4.85 B.M. a t  room tem p era ­

tu re  and  is  tem p e ra tu re  in d e p e n d e n t. T h is v a lu e  is  w ith in  th e  range  norm­

a lly  a c c e p te d  for o c ta h e d ra l s p in - f re e  C o (II) c o m p o u n d s . M . G oodgam e h a s
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p rep a red  o c ta h e d ra l d i io d o - t r i s -  (d ipyridy lam ipe) c o ha It (II) and  re p o rted  a 

m ag n e tic  m om ent o f 4.94 B.M. (59). B iag e tte  and  H aen d le r (69) have  p re ­

p a red  C o(N O g)2 • 3 C 5H 5N an d  found i t s  m ag n etic  m om ent to  be 4.60 B.M. 

T his com pound h a s  a ls o  b e e n  a s s ig n e d  an  o c ta h e d ra l co n figu ra tion*  B ertrand 

and  P lym ale  (83) h av e  p rep a red  te tra h e d ra l  C oClg • 3 C 5H 5NQ (p y r id in e -N - 

ox ide) an d  found i ts  m ag n e tic  m om ent is  4.67 B.M. It a p p e a rs  a s  though  an  

o c ta h e d ra l s tru c tu re  is  fav o red  for th e  tris-C O -pyridone c o m p le x , b u t a t e t r a ­

h e d ra l s tru c tu re  c an n o t be ru le d  ou t by m ag n e tic  d a ta  a lo n e .

The d iffu se  re f le c ta n c e  sp ec tru m  show n in  F igure 3.5, p ag e  38, for 

C oClg * 3 C.5H 5NO h a s  m axim a a t  450(sh), 515, 530 and  640 nyj. The o c ta ­

h e d ra l com pound p rep a red  by M . G oodgam e, m en tioned  abo v e, h a s  r e f le c t­

a n ce  m axim a a t  4 2 1, 481 and  541 myJ. The o c ta h e d ra l com pound p rep ared  by  

B iag e tti an d  H a en d le r  h a s  re f le c ta n c e  m axim a a t 480(sh), 530 and  625 mjui. 

There is  a ls o  re a so n a b le  ag reem en t b e tw ee n  th e  C oClg ° 3 C 5H 5NO d a ta  and  

th e  d a ta  for know n o c ta h e d ra l Co(II) com pounds p re se n te d  in  T able XIX, p ag e  

55, T herefore , C oClg • 3 C 5H 5NO is  p ro b ab ly  an  o c ta h e d ra l com pound.

The so lu tio n  sp e c tra  for CoClg • 3 C 5H 5NO sh o w n .in  F ig u res  31-33 , 

p a g e s  36 and  37,. a re  a lm o s t id e n tic a l  to  th o s e  of C oClg • I C 5H 5N O .

C oClg • 3 C 5H 5NO so lu tio n s , how ever, e x h ib it  m olar a b s o rp tiv i t ie s  c lo s e r  to  

th e  100 re g io n  w hich  is  c h a r a c te r is t ic  o f o c ta h e d ra l Co(II) s p e c ie s .  The 

lo w er m olar a b s o rp tiv i t ie s ,  how ever, do no t favor an  o c ta h e d ra l Co(II) s p e ­

c ie s  w hen C oClg • 3 C 5H 5NO is  d is s o lv e d . In s te a d ,  i t  a p p e a rs  a s  though  

bo th  co m p lex es  form th e  sam e Co(II) s p e c ie s  in  so lu tio n  w h ic h , on  th e
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b a s is  o f th e  C oClg • I C 5H 5NO so lu tio n  d i s c u s s io n , su p p o rts  a te tra h e d ra l 

Co(II) s p e c ie s  in  so lu tio n .

The re f le c ta n c e  and  m ag n etic  d a ta  o f CoClg ° 3 C 5H 5NO a p p ea rs  to  

su p p o rt th e  c o n c lu s io n  draw n from th e  x - r a y  pow der d a ta  th a t  th e  two

(X -pyridone c o b a l t (II) co m p lex es  h av e  d iffe re n t c o n f ig u ra tio n . The d a ta  p re -
/ '

s e n te d  for CoClg • 3 C 5H 5NO su g g e s ts  th e  com plex  is  p ro b ab ly  o c ta h e d ra l.



SUMMARY

S e v e ra l new  com pounds o f Q tpy rldone  w ith  the  d iv a le n t t ra n s it io n  

m e ta l io n s , M n, Co, Ni an d  Cu h av e  b e e n  p rep ared  by m ix ing  e th an o l s o lu ­

tio n s  o f an h y d ro u s m e ta l (II) c h lo r id e s  a n d  Q tp y r id o n e . The re a c tio n  is  re p ­

re s e n te d  by  th e  g e n e ra l eq u a tio n :

. M C l2 + n C 5H 5NO ^ 2 MCl 2 . %C 5H 5NO 

C om pounds w ith  n = I h av e  b e en  p rep a red  for e a c h  of th e  m eta l io n s  

u s e d . The com pounds p re c ip i ta te  re a d ily  upon  m ix in g . The Cu and  Co com ­

pounds c an  be r e c ry s ta l l iz e d  and  p u rif ied  from C 2H 5O H . The N i and  Mn 

co m p lex es  a re  l e s s  so lu b le  b u t m ay a ls o  be c ry s ta l l iz e d  from C gH 5O H . All 

four com pounds h av e  b e en  in v e s t ig a te d  by  X'-ray d if f ra c tio n , m ag n etic  s u s ­

c e p tib il i ty , u ltr a v io le t  so lu tio n  s p e c t r a ,  so lid  and so lu tio n  v is ib le  s p e c tra ,  

in fra red  sp e c tra  and  e le m e n ta l a n a ly s is  t e c h n iq u e s . A p ro je c tio n  of s in g le  

c ry s ta l  x - r a y  d if f ra c tio n  d a ta  for C u C l2 0 I C 5H 5NO in d ic a te s  th e  com pound 

is  a c h lo r in e -b r id g e d  dim er. The d im ers a re  s ta c k e d  one on  to p  of th e  o th er, 

g iv in g  c h a in s  o f Cu a tom s th ro u g h o u t th e  s t r u c tu r e . The co m p o site  da ta  

s tro n g ly  su p p o rt a d is to r te d  te tra h e d ra l s tru c tu re  for C u C l2 • I C 5H 5N O . The 

u n it c e l l s  o f C u C l2 • I C 5H 5NO and C o C l2 • I C 5H 5NO a re  c le a r ly  re la te d  

an d  th e re fo re , th e  Co com pound is  p ro b ab ly  a c h lo r in e -b r id g e d  dimer, too . 

The d a ta  o b ta in e d  a ls o  su p p o rt a d is to r te d  te tra h e d ra l s tru c tu re  for 

C o C l2 • I C 5H 5N O . X -ray  pow der d if f ra c tio n  d a ta  show  th e  Co, Ni and  M n 

co m p lex es  a re  iso m o rp h ic  so th e  Ni and  M n co m plexes a re  p robab ly  a ls o  

c h lo r in e -b r id g e d  te tra h e d ra l  d im e rs . W h ile  not u n e q u iv o c a l, th e  co m p o site
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e v id e n c e  p re s e n te d  for th e  Ni and  M n com pounds a lso  su p p o rts  a te tra h e d ra l 

s tru c tu re  for th e s e  tw o com pounds .

A Co com pound in  w hich  n = 3 h a s  b e e n  p rep ared  an d  in v e s t ig a te d  in  a 

lik e  m anner, b u t w ith o u t s in g le  c ry s ta l  x - r a y  d if f ra c t io n ‘a n a ly s is  „ X -ray  

pow der d if f r a c t io n  d a ta  in d ic a te  th a t  th is  com pound is  d iffe re n t s tru c tu ra lly  

from th e  n = I Co com pound , a s  w ould  be e x p e c te d . The d a ta  c o lle c te d  and  

re p o rte d  a p p e a r  to  fav o r an  o c ta h e d ra l s tru c tu re  for th e  n -  3 com pound .

An n = 2 Cu com pound h a s  a ls o  b e e n  p rep a red  an d  in v e s t ig a te d .  The 

d a ta  c o lle c te d  a re  in a d e q u a te  to  su p p o rt a s p e c if ic  co n fig u ra tio n  for th is

co m p o u n d .



APPENDIX A

The A ttem pted  P rep a ra tio n  o f  B is -ac e tam id o  Q opper(II)
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EXPERIMENTAL PROCEDURES AND RESULTS

Purification of Acetamide

Acetamide used in th is study was purified by recrystallization  from 

CHgOH as outlined by Wagner (84). The product appeared a s  long white 

n eed les which melt at 80 .5°C . It w as a lso  examined by nitrogen and infra­

red a n a ly s is . Figure 41 represents an infrared spectrum of acetam ide. The

spectrum is  very similar to one published by Kutzelnigg and M ecke (85).

Tl----- 1----- V.*̂ 'TT"f i nr — I— — r -

U ___I

Figure 41 . Infrared Spectrum of Acetamide

Nitrogen a n a ly ses  y ield  23.3% nitrogen found against 23.7% nitrogen ca lcu ­

la ted . The purified product was stored in capped bottles over anhydrous 

CaSO^.
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P rep a ra tio n  and  Id e n tif ic a tio n  o f Sodium  A cetam ide-

Sodium  a ce ta m id e  w as p rep ared  by th e  fo llow ing  re a c tio n  schem e:

Na + C 2H 5OH —> Na®EtC ^ ' -C- - - -  2> Na®CH 3C O NH® + C2H 5OH

A th re e -n e c k  round bottom  f la s k  w as eq u ip p ed  w ith  a re flu x  co n d en se r, 

p re s s u re -e q u a liz in g  dropping  fu n n e l an d  n itro g en  g a s  in le t . .  The f la sk  w as 

im m ersed  in  an  ic e  b a th  and  s tir re d  m a g n e tica lly . Sodium m e ta l w as f re sh ly  

c u t in  a g love  bag  to  a p p ro x im a te ly  one c u b ic  cen tim e te r  ch u n k s  ju s t  b efo re  

u s e ;  th e  ch u n k s w ere p la c e d  in  a sm all s in g le -n e c k  f la s k  f i t te d  w ith  a ru b ­

b e r s le e v e  th a t  co u ld  be c lo s e d  w ith  a sc rew  c lam p . The sodium  m eta l w as 

ad d ed  to  th e  re a c tio n  f la s k  by s lid in g  th e  s le e v e  o v er a jo in t  an d  in v ertin g  

th e  f la s k  c o n ta in in g  th e  sodium  m e ta l. The re a c tio n  f la s k  w as flu sh ed  w ith  

d ry  n itro g en  for te n  m inute a b efo re  th e  sodium  m eta l w as a d d e d . The sy s te m  

w as  c o n tin u o u s ly  f lu sh e d  w ith  dry n itro g en  during th e  r e a c t io n .  A bsolu te 

C 2H 5O H , d ried  by d is t i l la t io n  from Mg tu rn in g s , w as ad d ed  s lo w ly  th rough  

th e  dropping  fu n n e l to  th e  sodium  m eta l w ith  s t ir r in g . A pproxim ately  300 ml 

o f CgHgOH w as u s e d  per m o lecu la r w e ig h t o f sodium  m e ta l . .  The re a c tio n  

p ro c e e d s  v e ry  sm ooth ly  u n d er th e s e  c o n d it io n s . After d is a p p e a ra n c e  of th e  

sodium  m e ta l, th e  m ix tu re  w as s tir re d  for one  hour w ith o u t th e  ic e  b a th . A 

C 2H 5OH so lu tio n  of a ce ta m id e  Was th e n  ad d ed  d ropw ise  to  the  re a c tio n  mix­

tu re  w ith  s t i r r in g . F o llow ing  f in a l a d d itio n  o f th e  ace ta m id e , th e  m ixture 

w as  w arm ed to  ap p ro x im a te ly  6O0C an d  s tir re d  for one hour. The C 2H 5QH 

w as th e n  rem oved by vacuum  d is t i l la t io n  and  th e  p roduct w a sh e d  w ith  dry 

e th e r  and  d ried  in  v acu o  o v e r KOH for 24 h o u rs . The p ro d u c t is  a w hite
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h y g ro sc o p ic  pow der. It w as  s to re d  ov er KOH or anhydrous CaSO ^ in t ig h tly  

c lo s e d  b o t t l e s .

F igure  42 is  an  in fra red  spectrum  o f sodium  a c e ta m id e . The spectrum  

w as d if f ic u lt  to  o b ta in  b e c a u s e  th e  com pound w as h y g ro sc o p ic ; i t  is  e s s e n ­

t ia l ly  id e n tic a l  to  one p u b lish e d  by K utzeln igg  and M ecke (85). Sodium

F igure 42 . In fra red  Spectrum  of Sodium A cetam ide

a ce ta m id e  w as a n a ly z e d  for n itro g en  c o n te n t and  the  b a s e  e q u iv a le n t in  

w a te r  w as de te rm in ed  by s tan d a rd  a c id  titr im e try . T y p ica l r e s u l ts  a re  l i s te d  

in  T ab le  XXII. S o lu b ility  c h a r a c te r is t ic s  of sodium  a ce ta m id e  w ere d e te r ­

m ined by p la c in g  10 mg of sodium  a c e ta m id e  in I ml of so lv e n t a t room te m ­

p e ra tu re  (ex cep t for a ce ta m id e  w hich  w as m olten); th e  m ix tu res  s tood  for
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one  ho u r be fo re  v is u a l  ex am in a tio n  w as u s e d  t t i 'd e te rm in e  so lu b ility . The 

r e s u l t s  a re  show n in  T ab le  XXIII.

T ab le  XXII

Sodium  A cetam ide A n a ly ses  

B ase E q u iv a len t D eterm ined  v s . S tandard  H C l 

T ria l I 2 3

Found 0.963^0,02 3 . 0.992d:Q.007 0.982^0.007
C a l c . I I . I '

%N
Found 17.7+0.007 ' 16.4±0.29
C a l c . 17.3 17.3 .

T ab le  XXIII

Sodium  A cetam ide S o lu b ilitie s

S o lub le P a r tia lly  S o lub le  In so lu b le  .

A cetam ide D im ethy l su lfo x id e
Amyl A lcohol T e rtia ry  Butyl A lcohol
E thyl A lc o h o l'
E th y len e  G lyco l 
Iso p ro p y l A lcohol 
M eth y l A lcohol 
P yrid ine  
W ate r

A cetone
A ce to n itrile
B enzene
B is (2 -e th o x y e th y l)e th e r  
C arbon  T e trach lo rid e  
C hloroform  .
D ie th y l E ther 
D ioxane  
E thyl A c e ta te '
N ,N , D im e th y lfo m am id e

A ttem pted  S y n th e se s  o f B isace tam id o  C opper(II) C om plexes 

D ire c t C om bina tion

C opper(II) c a tio n  is  a s trong  L ew is a c id  and the  a ce ta m id o  an io n  is  a

s tro n g  L ew is b a s e ;  th e  re a c tio n :
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N aC H 3CONH +. C u C l2 so lv e n S N aC l + C u (CH s CONH)2 • I so lv en t

w as th u s  a tte m p ted  u n d er a w ide v a r ie ty  o f c o n d it io n s . N aC H 3 CONH and  

an h y d ro u s C u C l2 w ere  d is s o lv e d  in  a com m on so lv e n t o r d iffe re n t s o lv e n ts .  

M o lar ra t io s  o f L C u (II):2 N aC H 3CONH w ere u se d  th ro u g h o u t. T hese  s o lu -  • 

t io n s  w ere m ixed in  a re a c t io n  v e s s e l  an d  s t i r r e d . Some s o lv e n ts  gave  an
J

im m edia te  p re c ip ita te , b u t o th e rs  re q u ire d  p ro longed  s tir r in g  a n d /o r  h e a tin g  

b e fo re  p re c ip ita tio n  o c c u r re d . Some s o lv e n ts  req u ired  p a r t ia l  e v ap o ra tio n  

b e fo re  s o lid s  fo rm ed . The so lv e n ts  l i s te d  in  T able XXIV w ere  u se d  in  th e  

a tte m p ted  s y h th e s e s .

T ab le  XXIV

S o lv en ts  U sed  in  A ttem pted  S y n th e se s

A cetam ide 
A cetic  an h y d rid e  
A cetone 
A c e to n itr ile  
Amyl a lc o h o l 
B enzene
B is- (2 -  e thoxyeth  yl) e th e r  
Butyl a lc o h o l 
C arbon  te tra c h lo r id e

C hloroform  
D ich lo ro m eth an e  
D ie th y l e th e r  
D im e th y lsu lfo x id e  
D im ethylform am ide 
D ioxane 
E th y la c e ta te  
E thyl a lc o h o l 

■ E th y len e  g ly c o l

Form am ide 
G ly ce ro l 
Iso am y l a lco h o l 
Iso b u ty l a lco h o l 
Iso p ro p y l, a lco h o l 
M eth y l a lco h o l 

■ P ropyl a lco h o l 
P y rid ine
T e rtia ry  b u ty l a lc o h o l

The s o lid s  w ere s e p a ra te d  by f i l t ra t io n  and  a n a ly z e d  to  determ ine  

th e ir  c o m p o s i t io n .■ S o lv en ts  w ere e v a p o ra te d  from th e  f i l t r a te s  by h e a tin g  ■ 

a n d /o r  vacuum  d is t i l la t io n  an d  th e  r e s u lt in g  re s id u e s  w ere  a n a ly z e d . T ab le  

XXV l i s t s  th e  r e s u l ts  o f s e le c te d  a t te m p ts .

To re p la c e  to ta l  c o in c id e n t m ixing  o f th e  re a c ta n t so lu tio n s , d rp p w ise  

a d d itio n  o f one  re a c ta n t  so lu tio n  to  th e  o th e r w as tr ie d  in  th e  hope th a t  th is



Table  XXV

R e su lts  o f S e le c te d  B isace tam id o  C opper(II) • I. S o lven t S y n th e s is
Time N atu re

R equired of % Cu % Cu
S o lven t for P p tn . P roduct Found C alc . Rem arks

A cetone
+

i - p ropyl a l e .3

im m ediate g reen
am orphous

11.9 2 6.8 I ) Soluble o n ly  in  s trong  a c id

A cetone im m ediate g reen 46.7 26.8 2)S oluble  on ly  in  s trong  ac id
+

i - p ropy l a l e .s
am orphous

P yrid ine^ im m ediate brown. - — 24.5 1)1.R. show s NH p re se n t in  o rig in a l
am orphous ppt; a b se n t in  so lv en t re s id u e

E thy lene p ro longed b lue 49.1 26.3 1)1. R. show s NH a b se n t in  o rig in a l
G ly co l^ s tir r in g gummy p p t.

. 2 )D iff icu lt to  o b ta in  a w orkable 
so lid

A cetam ideb im m ediate  
NHg ev o lu ­
tio n  w ith  ppt 
fo rm ation

brow n 26.6 1) I.R . show s NH a b se n t in  o rig in a l 
p p t.

2) E xtrem ely  in so lu b le

A cetam ideb im m ediate b lu e -g re e n
pow der

1.9d) 26.6 . 1) 1.R. show s NH a b se n t in  o rig in a l 
re s id u e

2) Turns brow n upon s tand ing
3) 0 r ig in a l  ppt ex trem ely  in so lu b le

E thanolb im m ediate b lu e  pow der 28.1 I) Na C l e v id en t in  p roduct; confirm ed 
by x - r a y  pow der d iffrac tio n

b lu e  pow der0 62.1 28.1 2)C 2NgOH w ash  so lu tio n  w as co lo rs
a U pper so lv e n t for C u C lg , low er so lv e n t fof NaCHgCONH le s s  
^Common so lv e n t
cO rig in a l re s id u e  w ash ed  w ith  CgH^OH s e v e ra l tim es  to  rem ove N aC l before  a n a ly s is  
^A ssum ing C u (CHgONH)g • I so lv e n t
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v a r ia tio n  w ould  s lo w  th e  re a c t io n  and  perm it g re a te r  co n tro l o f p roduct fo r­

m a tio n . P re c ip ita tio n  o ccu rred  o r w as in d u ced  a s  p re v io u s ly  d e s c r ib e d . The 

s o lid s  w ere tr e a te d  in  th e  sam e m anner w ith  r e s u l ts  s im ila r  to  th o se  l i s te d  

in  T ab le  XXV.

A th ird  g e n e ra l te c h n iq u e  w as p la ce m e n t of bo th  so lid  re a c ta n ts  in  th e  

re a c t io n  v e s s e l  fo llo w ed  by so lv e n t a d d itio n  an d  s t i r r in g . S o lv en ts  w ere 

c h o se n  to  co n tro l th e  r e a c ta n t  c o n c e n tra tio n s  in  so lu tio n  an d  th e re fo re , c o n ­

tro l th e  ra te  o f p ro d u c t fo rm a tio n . The s o lid s  o b ta in e d  w ere  a n a ly z e d  a s  b e ­

fore w ith  s im ila r  r e s u l t s .

An e x p e c te d  p ro d u c t, N a C l, of th e  re a c tio n  u n d er in v e s t ig a tio n  w as 

o b ta in e d  on  s e v e ra l  o c c a s io n s .  I ts  p re s e n c e  w as confirm ed  by x - r a y  pow der 

d if f ra c tio n  p h o to g ra p h s . The p re se n c e  o f N aC l a s  an  im p u rity ,in  the  am or­

phous re s id u e s  w ould  c e r ta in ly  a f fe c t  th e  e lem en ta l a n a ly s e s ' . . RemoyaI-of 

N aC l from th e  re s id u e s  w as a ttem p ted  by w ash in g  th e  re s id u e s  w ith 

C 2H 5OH . The w a sh in g s  w ere  q u a li ta t iv e ly  ch eck ed  for C f^ 1 (AgNO3-),.and- N50. 

(flam e te s t ) .  A fter s e v e ra l  w a sh in g s , Na® an d  C 0  w ere n o t d e tec tab le '!"  The 

re s id u e s  rem ain in g  w ere  no t Cu(CH gCO N H )2 - I so lv e n t a s  show n in  T able 

XXV.

S o x h le t E x trac tio n  T ech n iq u es

N u c le o p h ilic 'su b s titu tio n  is  com m only u se d  in  m any o rg an ic  s y n th e s e s . 

A n u c le o p h ilic  re a g e n t.(n u c le o p h ile )  is  an  e le c tro n  donor to  a c e n tra l a c ­

c e p to r  a to m . A s tro n g  n u c leo p h ile  w ill  g e n e ra lly  re p la c e  a w eak e r n u c le o ­

p h i l e . T ra n s itio n  m e ta l co m p lex es  a ls o  ta k e  p a rt in  n u c le o p h ilic



-  77 -  . ■

s u b s ti tu t io n  re a c t io n s  (86). L igands v a ry  in  e le c tro n  d o n a tin g  c h a r a c te r is ­

t i c s  and  c o n s id e ra b le  w ork h a s  p rov ided  a c la s s i f ic a t io n  o f th e  co o rd in a tin g  

s tre n g th s  o f th e  m ost common lig a n d s  (86). The a ce tam id o  and  a c e ta te  

a n io n s  a re  n u c le o p h ile s  an d  Lew is b a s e s .  A cetic  a c id  h a s  a pKa = 4.76 in  

HgO; 10.32 in  e th a n o l (87). A cetam ide h a s  a pKa = 15.1 in  HgO; pKa v a lu e s  

in  o th e r so lv e n ts  w ere no t a v a i la b le ,  T hese  pKa v a lu e s  in d ic a te  th e  acet^- 

am ido a n io n  is  a s tro n g e r n u c leo p h ile  th a n  th e  a c e ta te  a n io n . T herefore, th e  

re a c tio n :

C u(C H 3CO O )2 + 2 N a(C H 3CONH) so lv e n t>

2 N a(CH3COO) + Cu(CH3CONH)2 • I so lv e n t

w as c o n s id e re d  a s  a n o th e r  p o s s ib le  s y n th e tic  pathw ay. C u (CH 3COQ)2 (a. 

b in u c le a r  b id e n ta te  com plex) a p p ea red  to  be a good com plex  to  u se  in  sy n ­

th e s i s  of C u(C H 3CONH)2 • I so lv e n t by n u c le o p h ilic  s u b s t i tu t io n 1. S ev era l 

w orkers  h av e  u s e d  so x h le t e x tra c tio n  to  p rep are  tra n s i t io n  m eta l co m p lex es  

(89) so th e  te c h n iq u e  w as u se d  in  a tte m p ted  sy n th e s e s  o f 

C u(C H 3CONH)2 • I so lv e n t by th e  re a c t io n  ju s t  sho w n . A nydrous ■ 

C u(C H 3COO)2 w as p rep a red  a s  d e sc r ib e d  by G raddon (90). H ere, too, a 

v a r ie ty  of so lv e n t sy s te m s  w ere in v e s t ig a te d .  The re a c ta n ts  w ere a l te rn a te d  

.b e tw ee n  th e  th im b le  an d  s o lu tio n , b u t a lw a y s  w ith  th e  sam e re s u l ts :  brow n 

am orphous in so lu b le  s o lid s  w ere p ro d u c e d .

S ox h le t e x tra c tio n  o ffe red  a n o th e r  m eans of c o n tro llin g  the  c o n ta c t 

b e tw ee n  th e  r e a c ta n ts  so i t  w as s u b s t i tu te d  for th e  p re v io u s ly  d e sc r ib e d  

te c h n iq u e s .  The o rig in a l r e a c ta n ts ,  C u C l2 and  N a(CH3CONH), w ere u s e d  a s  

w e ll a s  a ce ta m id e  an d  th e  Pt b lu e  in g re d ie n ts  (d e sc rib ed  in  n ex t sec tio n ).
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The re a c ta n ts  p o s it io n  and  so lv e n ts  w ere v a rie d  a s  b e fo re . As before , th e  

p ro d u c ts  o b ta in e d  w ere  n o t Cu(CH gCC)N H ^ • I so lv en t a s  show n by  a n a ly ­

s e s .  R e su lts  w ere s im ila r  to  th o se  o f e a r l ie r  a t te m p ts .

In te rn a l H y d ro ly s is

O ne of th e  f i r s t  re c o rd ed  re a c t io n s  o f a c o o rd in a ted  o rg an ic  lig an d  

w as the  h y d ro ly s is  o f a c e to n itr i le  c o o rd in a te d  to  p la tin u m (II) (91). G illa rd  

and  W ilk in so n  h av e  re c e n tly  (92) re -e x a m in e d  th is  re a c t io n  an d  s u c c e s s ­

fu lly  p rep a red  Pt(CHgCONH)Z ' I HgO (P latinum  blue). T hey su g g e s t the  

p la tinum  b lue  is  form ed by th e  h y d ro ly s is  of Pt(CHgCN)IzClz th rough  the  

re a c tio n :

P t(C H gC N )zC lz + 2 AgNOg: f  3„HzQ -—>

Pt(C H sC O N H )2 • IH z O  + 2 HNOg + 2 AgCl 

The f i l t ra te  from th is  re a c t io n  w as a c id ic  an d  th e  pH of th e  f i l tra te  (3.8) w as  

c lo s e  to  th e  th e o re t ic a l  v a lu e  (3.7) e x p e c te d  for th e  m olar q u a n titie s ' of th e ­

re  a c ta n ts  u s e d .  R eac tio n  o f p la tinum  b lu e  w ith  KCN g av e  a n  o range so lu tio n  

w h ich  w as re p e a te d ly  e x tra c te d  w ith  e th e r . C o n c e n tra tio n  o f th e  d ried  

(NagSO^.) e th e r  e x tra c t  gave  w h ite  c ry s ta ls ,  m elting  p o in t 32°C , w hose

in fra red  spec trum  w as id e n tic a l  w ith  th a t  o f a c e ta m id e . C h em ica l and  

s p e c tro s c o p ic  e v id e n c e  b e s t  f it a po lym eric  s tru c tu re  in v o lv in g  ace tam id o  

b rid g e s , w ith  w a te r m o le c u le s  p robab ly  h y d rogen  bonded w ith in  th e  c r y s t a l . 

T h is s u g g e s te d , th e re fo re , th a t  p la tinum  b lu e  m ight be a b in u c le a r  b id e n ta te  

c o m p lex . The com plex  is  d ia m a g n e tic . P la tinum  b lue, a s  p re se n te d  here , 

th e re fo re  h a d  som e of th e  c h a r a c te r is t ic s  e x p e c te d  for Cu(QHgCC)NH)z •! HzO.
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In  v iew  of th e s e  c h a ra c te r is t ic s ,/  O ufC H gC N jgC lg w as s u b s t i tu te d  f o r . 

P tfC H gC N jgC Ig to  a ttem p t p re p a ra tio n  of C u(C H 3CONH)2 • I HgO by th e  r e ­

a c tio n  ju s t  d e s c r ib e d ..  C u tC H g C N ^ C lg  w as p rep ared  by s a tu ra tin g  hot 

CH gCN  w ith  C uClg and  th e n  co o lin g  th e  m ix tu re . C u(C H gCN )gC lg p re c ip i­

ta te d  a s  a y e llo w -g o ld  s o l id .  The C u(C H gCN )gC lg an d  AgNOg w ere in tro ­

d u ced  in  th e  re a c t io n  sch em e in  so lu tio n  and  a s  s p lid s  in  a v a r ie ty  o f s o l­

v e n ts .  In  a l l  c a s e s ,  AgCl form ed an d  w as rem oved by f i l t r a t io n .  Thp f i l ­

t r a te s  w ere a n a ly z e d  b e fo re  an d  a f te r  so lv e n t e v a p o ra tio n . The f i l t ra te s  ■ 

w ere g reen  to  b lu e -g re e n  in  co lo r an d  a n a ly se s , in d ic a te d  th a t  Cu(NQg)g w as 

th e  dom inan t p ro d u c t.

.. C lo sed . System  A ttem pts

C om pounds w h o se  co lo r, c ry s ta l l in i ty  and  a n a ly s e s  en co u rag ed  fu rth e r 

s tu d y  g e n e ra lly  tu rn ed  brow n a f te r  rem oval from. th e .r e a c t io n  v e s s e l  a n d /o r  

upon a tte m p ted  r e c r y s ta l l i z a t io n . T his d iff ic u lty  s u g g e s te d  th a t .th e  com - 

Cpounds w ere  re a c tin g  w ith  Og or HgO upon  ex p o su re  to  th e  a tm o sp h ere  o r to  

t r a c e s  o f HgO p re s e n t in  th e  r e c ry s ta l l iz a t io n  s o lv e n t . T herefore , ‘a sy s te m  

th a t  w as o x y g e n -fre e  and  u s e d  an h y d ro u s so lv e n ts  w as c o n s id e re d . The 

te c h n iq u e  p re v io u s ly  d e sc r ib e d  for th e  p re p a ra tio n  of sodium  a ce tam id e  (ni­

tro g e n  a tm o sp h ere , d ried , so lv e n ts )  p rov ided  such  a, c lo s e d  s y s te m . This 

sy s tem  w as u s e d  in  a tte m p ted  p re p a ra tio n s  of Cu.(CHgCONH)g • I so lv e n t by  

one o f th e s e  tw o p a th w ay s : 1

I) Na +. C 2H 5OH —> N a^C gH 5C P  C H 3.? .9 .N? 2 .>

C gH 5OH + Na®CHgCON l P -9^91^  N ac i  4- C h(C H gC O N H )2' • IC gT l5OH
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2 ) Na + C2H5OH Na®C2H5(̂ >

N aC l + C u(C 2 H 5O )2 C H 3CQNH2^ Cjii(HHonONH)2 - C 2H 5OH 

P ro d u c ts  o f th e s e  re a c t io n s  w ere  g reen  or b lu e  and a m o rp h o u s . The s o lid s  

w ere s e p a ra te d  from th e  re a c tio n  m ix ture  by f i l tra tio n  in  a g lo v e  bag and 

d ried  in  v acu o  b efo re  a n a l y s i s . R e su lts  a re  l is te d  in  T ab le  XXVI w ith  o th e r 

c lo s e d  sy s tem  r e s u l t s .

T ab le  XXVI

C lo sed -S y stem  R esu lts

N i(C H 3CONH)2 -C 2H 5OH
T ria l C u (C H 3CONH)2 -C 2H 5OH C u(C 6H 5CONH)2 -C 2H 5OH

I -Found 34.8% Cu 1.68%N 
C a lc .. 28.2% 12.4 %

1.31% N 25.8% Cu
10.5 % . 18.2%

1.31% N
8.00%

2 Found 56.6% Cu 
C a lc .  28.2%

29.0% Cu 1.21% N
18.2% . 8.02%

■A ttem p ted -S y n th es is  o f B isace tam id o  N ick el(II) Com plex

The p ro p e rtie s  of th e  Cu(II) p ro d u c ts  su g g e s te d  th e  u s e  o f a different- 

t r a n s i t io n  m e ta l ion  to  d e term ine  if th e  n a tu re  o f th e  m e ta l io n  m ight be a 

co n tro llin g  fa c to r  in  p ro d u c t s ta b il i ty . Ba so lo  and  Peairson (86) in d ic a te  th a t  

N i(II) co m p lex es  a re  more in e r t ,  g e n e ra lly , to  nucleoph ilic ; a tta c k  th an  -J 

Cu(II) c o m p le x e s . O rg e l (93) s u g g e s ts  th a t  o c ta h e d ra l an d  te tra h e d ra l Ni(H) 

co m p lex es  a re  m o re .s ta b le  th a n  com p arab le  Cu(IJ) c o m p le te s  b e c a u se  o f 

g re a te r  lig a n d  f ie ld  s ta b i l iz a t io n .o f  d® m e ta l io n s .  T herefo re , N iC l2 w as 

s u b s t i tu te d  for C u C l2 in  th e  abo v e  re a c tio n  schem e to  s e e  if
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• N i(CH gCC)NH ^ • CgHgOH co u ld  be p re p a re d . The re s u l ts  w ere s im ila r  to  

th o s e  o f C u(II), T ab le  XXVI in c lu d e s  th e  n itro g en  a n a ly s is  o f th e  com pound . 

re c o v e re d .

- A ttem pted  S y n th e s is  of B isbenzam ido  C opper(II) C om plex

S u sp e c te d  com pound decom position , in  th e  p rev io u s  Cu(II) a ttem p ts  . 

a ls o  s u g g e s te d  th e  n e ed  for a m ore s ta b le  lig a n d . The a ro m a tic  ring  w as 

c o n s id e re d  c a p a b le  or p rov id ing  som e s ta b i l iz a t io n ;

C u(C gH gC O O )g • CgHgOH is  th o u g h t to  be a b in u g le a r b id e n ta te  com plex  

(17, 94). B enzam ide w as s u b s t i tu te d  for a ce ta m id e  in  th e  c lo s e d  sy stem  to  

s e e  if  C u (CgHgCONH)g • I so lv e n t qou ld  be p ro d u ced . R e su lts  s im ila r to  

a ce ta m id e  w ere o b ta in e d , a s  show n in  T ab le  XXVI;



DISCUSSION

The r e s u l ts  show n in  T ab le  XXV, p age  75, in d ic a te  th e  g e n e ra l n a tu re  

o f th e  d if f ic u l t ie s  e n co u n te re d  th ro u g h o u t th is  po rtion  o f th e  s tudy . The pro­

d u c ts  i s o la te d  w ere  b lu e , g re e n  o r b ro w n ,. am orphous, in s o lu b le  s o l id s . 

E lem en ta l a n a ly s e s  of th e s e  s o lid s  in d ic a te d  th a t  C u tC H gC O N H ^ • I so lv e n t 

w as  no t i s o la te d  during  th e  s tudy . T ab le  XXVII l i s t s  som e com pounds th a t  

m igh t h av e  b e e n .is o la te d  a s  re a c tio n  p ro d u c ts .

T ab le  XXVII

S u sp e c te d  R eac tio n  P ro d u cts  

Com pound N ature

. Cu(OH)2 
CuCl 2
C uClg ■ 4 s o lv e n t3 
.C uC l2 • 2 C 5H 5N 
C u(N O 3)2 • S H 2O . 
C u(C H 3CONH)2 • 2 so lv e n t3 
C u(C H 3CONH)2 • 3 s o lv e n t3 
C u(C H aC O N H )2 • 4 so lv e n t3 
C u(C H 3COO)2 • I H2O

3 a c e to n e , iso p ro p y l a lc o h o l

b lue,, am orphous pow der 
t a n ,  am orphous pow der 

? .
b lu e -g re e n  c ry s ta ls  
b lu e  pow der

? '

'  ?
?

b lu e -g re e n  c ry s ta ls  

e th y le n e  g ly c o l ,  a ce tam id e

% Cu 

65.5%. 
47.0% 

~ 1 7 .0 %  
21.6 % 
21.0% 

~ 2 1.5% 
'V l 8:0%
'M  5 ;o 

31,6%

The in s o lu b il i ty  o f th e  com pounds in  common n o n -p o la r  so lv e n ts  w as 

som ew hat u n e x p e c te d . I t  seem ed  re a so n a b le  to  a ssu m e  th a t  s u b s ti tu tio n  o f 

a n itro g en  atom  for an  oxy g en  atom  in  th e  lig an d  w ould no t d ra s t ic a l ly  

ch an g e  th e  s o lu b ili ty  o f an y  p ro d u c ts  o b ta in e d . H ow ever, if  th e  ace tam id o  

a n io n  w as  c o n s id e re d  a s tro n g e r b a s e  tha'n th e  a c e ta te  a n io n  ̂ th e n  th e  bond 

form ed b e tw e e n  Cu(II) an d  th e  a ce ta m id o  a n io n  w ould be m ore p o la r and  th e
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th e  com pound w ould  th en  be le s s  so lu b le  In n o n -p o la r  s o lv e n t s . Form ation 

o f po lym eric  com pounds m ight a ls o  be a re a so n  for d e c re a se d  so lu b ility , 

C uClg is  a po lym eric  c h a in  a s  show n in  F igure 4 3 . The c h a in s  a re  in f in ite

Cu 'C u 'XX X
x I

' 'C u " Cu;

C l " "r C lX X X  X
Figure 4 3 . CuClg S tructu re

and  th e  co p p e r a tom s show  sq u are  4 -c o o rd in a tio n  and h av e  a s  n e a re s t 

n e ig h b o rs , in  a d ja c e n t c h a in s , tw o c h lo rin e  a tom s (45). I t m ight be p o s s ib le  

for th e  a ce tam id o  group to  form b rid g e s  b e tw een  the  c h a in s  of CuClg and 

form a l e s s  so lu b le  polym er; CuClg is  so lu b le  in  C gH gO H . The da ta  c o l­

le c te d  during the  s tu d y  w ere  in s u ff ic ie n t to  id e n tify  m ost o f th e  re a c tio n  

p ro d u c ts .  A few  w ere id e n tif ie d  and  w ill be d is c u s s e d .

W hen a lc o h o ls  w ere u se d  in  th e  re a c tio n  schem e, th e  p ro d u c ts  w ere 

so lu b le  o n ly  in  s tro n g  a c id .  T his s u g g e s te d  a b a s ic  copper(II) com pound 

w as p ro d u c e d . T h is re a c tio n :

2 C H 3CONHg  + 2 HgO 2 C H 3CONHg + 2 OH® C u ^ » Cu(OH)2 

co u ld  o c c u r  if  th e  so lv e n t h a s  not b e en  su f f ic ie n tly  d r ie d . Some of th e  r e ­

a c tio n  p ro d u c ts  d a rk en ed  during  r e c ry s ta l l iz a t io n  and  p u r if ic a tio n  a ttem p ts
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w h ic h , a g a in , s u g g e s te d  C u(O H )2 b e c a u s e  i t  d eco m p o ses  to  g ive  CuO, a 

b lack  pow der (45). X -ray  pow der d iff ra c tio n  pho tog raphs in d ic a te d  th a t CuO 

w as p re se n t in  som e of th e  is o la te d  p ro d u c ts .

R eac tio n  sy s te m s  u s in g  p y rid ine  g e n e ra lly  p roduced  b lu e -g re e n  n e ed le  

lik e  c ry s ta ls  from th e  f i l t r a te ;  a brow n re s id u e  form ed im m ed ia te ly  upon 

m ix in g . The b lu e -g re e n  c ry s ta ls  co u ld  be re c ry s ta l l iz e d  from p y rid in e . 

V is ib le  so lu tio n  sp e c tra  of th e  r e c ry s ta l l iz e d  p roduct gave  a norm al co p p er 

a b so rp tio n  band in  th e  750 rryj re g io n , bu t d id  not have  th e  a b so rp tio n  band 

a ttr ib u te d  to  d im eric  Cu(II) com pounds around  3 75 m^i(l). F igure  44 is  a 

v is ib le  spectrum  of th e  b lu e -g re e n  c r y s ta l s .

F igure  44. V is ib le  A bsorp tion  Spectrum  of B lue-G reen  C ry s ta ls  from 

C u C l2 • N aC H 3CONH • C 5H 5N System

The in fra red  sp ec tru m  (Figure 45), how ever, c le a r ly  in d ic a te d  th a t a ce ta m id e  

w as not p re s e n t in  th e  c r y s ta l s .  The co p p er c o n ten t of th e  c ry s ta ls
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cm -1

F igure  4 5 . In fra red  Spectrum  of B lue-G reen  C ry s ta ls  from 

C u C l2 • N aC H 3CONH • C 5H 5N System

ap p ro ach ed  th a t  o f C u C l2 • 2 C 5H 5N (T able XXVI). T herefore , fu rther in v e s t i ­

g a tio n  to  id e n tify  th e  b lu e -g re e n  c r y s ta ls  w as u n d e rta k e n . H ot pyrid ine w as 

a lm o s t s a tu ra te d  w ith  C u C l2 and  a llo w ed  to  co o l; b lu e -g re e n  n e e d le - lik e  

c ry s ta ls  p re c ip i ta te d .  T hese  c ry s ta ls  w ere com pared  (in fra red  sp ec tra  and  

x - r a y  pow der d iff ra c tio n  pho tog raphs) w ith  th e  b lu e -g re e n  c ry s ta ls  p re v i­

o u s ly  o b ta in e d ; sp e c tra  and  ph o to g rap h s for both s e ts  o f c r y s ta ls  w ere 

id e n t ic a l .  F igure  46 is  th e  in fra red  sp ec tru m  of the  c r y s ta ls  p repared  from 

C u C l2 and  C 5H 5N a lo n e ; F igure 47 is  an  in fra red  sp ec tru m  of p y rid in e .
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F igure 4 6 . In fra red  Spectrum  o f B lue-G reen  C ry s ta ls  from 

C uClg • C 5H 5N 'S ystem

F igure 47. In fra red  Spectrum  of P yrid ine
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The in fra red  sp ec tru m  of th e  o r ig in a l  brown r e s id u e  in d ic a te d  the  p r e ­

s e n c e  o f  sodium  a ce tam id e ,  bu t in s u f f ic ie n t  da ta  w ere  g a th e red  to perm it 

a b s o lu te  id e n t i f i c a t io n .

A cetam ide  h a s  b e en  u s e d  a s  a n o n -a q u e o u s  so lv en t  by  Jander and 

o th e rs  (88, 95, 96). I t  i s  known to  undergo  a u to p ro to ly s is  w hen  m olten:

2 CH3 CONH2 CH3 CONH0  + CH3 CO NH fj

Amides are  re a d i ly  h y d ro ly zed  under  e i th e r  a c id ic  or b a s ic  c o n d i t io n s .  Nu­

c le o p h i l ic  a t ta c k  of the  am ide o c cu rs  w ith  r e a so n a b le  e a s e  th rough th is  ty p e  

re a c t io n  (9 7):
/ 0  q  O0

R—c (  R—C—OH — > RCOO0  + NH3I
N H 2 NH2

W hen m olten  a c e ta m id e  w as  u s e d  a s  th e  s o lv e n t  in  th i s  s tudy , ammonia g a s  

w a s  d e te c te d  on a number of o c c a s io n s :  th i s  m eant a c e ta m id e  w as be ing  

h y d ro ly z e d .  M olten  a c e ta m id e  i t s e l f  r e l e a s e d  no n o t ic e a b le  ammonia; th e  

g a s  formed w hen  s o l id  dodium a c e ta m id e  w as  added  to  th e  m olten  ace tam id e .  

The fo llow ing  e q u a t io n s  m igh t r e p re s e n t  a p a thw ay  for p roducing  NH3 from 

th e  r e a c t a n t s .

a) 2 CH3 CONH2 ^  CH3 CONH0  + CH3C O N H p ■ ■

b) C H 3CONh P  Na C H 3CO NH ^ (CH3CO)2NH + NH3 

R eac tio n  b) may p ro ceed  one  s te p  fu r ther -according to G ru ttner ' (95):

. (CH3CO )2 NH + N aC H 3CONH »  (CH3CO)2N®Na® + C H 3CONH2 

Jander an d  W in k le r  (88) have  u s e d  m olten  a c e ta m id e  a s  a so lv en t  for 

co n d u c to m etr ic  t i t r a t io n s  of h e av y  m e ta l  a ce ta m id e  co m p lex es  w ith sodium
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a c e ta m id e .  They c la im  form ation  of Cu(CHgCC)NH^ and 

NagCCuXCHgCONH)^ w hen  t i t r a t in g  CuClg w ith  sodium  a c e ta m id e  in m olten  

a c e t a m id e . The com pounds w ere  not i s o la t e d  and  a n a l y z e d . They show th a t  

thd  co lo r  of th e  r e a c t io n  m ixture  c h a n g e s  from green  — b lu e -g re e n  —> 

b la c k  —f  dark  g reen  —> y e llo w  —̂  l ig h t  yellow , a s  th e  m olar ra t io  of 

C u(II ) :N aC H gC O NH in c r e a s e s  from 1:0 1.4. They do no t in d ic a te  a t  w h a t

inolar c o n c e n tra t io n  of sodium  a c e ta m id e  the  co lo rs  c h an g e  or if  the  ch an g e  

is  ab rup t or g r a d u a l . No m en tion  w as  m ade of ammonia g a s  r e l e a s e  during 

th e  r e a c t io n .  The c o n c e n tra t io n  of sodium  a ce ta m id e  in th e  m olten  a c e t a ­

mide w a s  on ly  0.03 N, th e re fo re  su g g e s t in g  th e  CHgCONH® c o n ce n tra t io n  

w a s  d i lu te  enough  to  p rev en t  n o t ic e a b le  r e l e a s e  of ammonia w hich  m ight be 

a driv ing  fo rce  of r e a c t io n  b). D ilu te  so lu t io n s  might perm it re a c t io n  b e ­

tw e e n  Cu(II) and  CH^CONH® and  p rev en t  form ation of (CH gCO)g N®N,a®. 

During th e  p re s e n t  s tudy , sodium  a c e ta m id e  and  CuClg c o n c e n tra t io n s  w ere  

g re a te r  th a n  0.1 N; NHg w a s  d e te c te d ,  w h ich  su g g e s te d  th e  CHgCONH w a s  

con su m ed  in  th e  p ro d u c tio n  o f NHg and  ,(CHgCO)gN®Na® The p roducts  of 

th e  r e a c t io n ,  the re fo re , m ight be Cu[(C H gC O )gN ]2 or •

N a g C u [(CHgCO)gN]gClg . The la t t e r  com pound c o n ta in s  16.5% Cu and  w ould  

no t ex h ib i t  an  N -H  a b so rp t io n  in  an  in fra red  sp ec tru m . This  compound m ight 

be  b lu e - g r e e n ,  w h ich  s u g g e s te d . th g t  th e -b lu e -g re e n  pow der o b ta in ed  from 

th e  sec o n d  rep o r ted  m o lten  acetam ide , r e a c t io n  (Table-XXV, pag e  75) m ight bp 

N a2Cu[(CH gCO)gN ]gClg . Ifowever, in s u f f ic ie n t  da ta  p re v e n ted  more d e f i ­

n i te  id e n t i f i c a t io n .
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The r e s u l t s  of th i s  po rtion  of the  s tu d y  c le a r ly  in d ic a te d  th a t  sy n th e ­

s i s  and  i s o la t io n  of copper(II) a c e ta m id e  w as  more d if f icu l t  th a n  in i t ia l ly  

a n t i c ip a te d .  V aria tion  of s o lv e n ts  and  m ixing te c h n iq u e s  d id  not change" th e  

r e s u l t s . .  A ttem pts  to  in c r e a s e  p roduct s ta b i l i ty  r e s u l te d  in  s im ila r  d if f icu l­

t i e s .

W hy i s o la t io n  of Cu(CHgCC)NH^ • I so lv e n t  w as  not a c c o m p lish e d  r e ­

m ains  an  u n so lv e d  problem  and  d e s e rv e s  a d d i t io n a l  in v e s t ig a t i o n .  This 

s tu d y  h a s  evo k ed  th e  fo llow ing  s u g g e s t io n s  for fu rther in v e s t ig a t io n :

I .  U se  d i lu te  r e a c ta n t  c o n c e n tra t io n s  (CuClg and NaCHgCONH) w ith m ol­

te n  a c e ta m id e  to  s e e  if the  com pounds c la im ed  by Jander and  W inkler  

. c a n  be i s o la t e d  and  id e n t i f ie d ;  c o n s id e r  th e  p o s s ib i l i t i e s  of double s a l t  

fo rm a t io n .

2 . An in v e s t ig a t io n  of th e  re a c t io n  b e tw e e n  m olten  a c e ta m id e  and. sodium

a c e ta m id e ;  i s o la t io n  and  id e n t i f ic a t io n  of re a c t io n  p ro d u c ts .  Study th e  

k in e t ic s  of th e  r e a c t io n  to  de term ine  if  NHg so lu b il i ty ,  CH gCO N H ^ • 

c o n c e n tra t io n  of N a ® c o n c e n tra t io n  a re  con tro ll in g  f a c to r s .

3 . Perform ance of th e  r e a c t io n  under vacuum  c o n d it io n s  .

4 .  In troduce  g a s  ch rom atog raph ic  and  m a ss  s p e c tro s c o p ic  a n a ly t ic a l  t e c h ­

n iq u e s  to  a id  id e n t i f ic a t io n  of i s o la t e d  p r o d u c t s .

5 . In i t ia te  s tu d y  to  de te rm ine  if th e  asym m etry  of th e  ace tam ide , group 

(C -N  = 1.33%, C -O  = 1.26%) m ight p rev en t  s y n - s y n  b id e n ta te  b in u c le a r  

c o o rd in a t io n .

6 . . S y n th e s is  and  in v e s t ig a t io n  of t r a n s i t io n  m eta l com pounds w ith  s u b s t i ­

tu te d  a m id e s .



LITERATURE . CITED

.'I. M . Ka to, HtoB. J o n a s se n  and  J. C. F a n n in g , Chem Rev. &A, 99 (196M).

2. J„ G. Ross and  Y. Y ates , Trans. F graday  Soc., _55, 1064' (1959).

3. Ib id .  p. 1057.

4. D. J. Royer,- In o r g . C h em .,  _4, 1830 (1965).

5. L. S. F o rs te r  and  C. J. B a l lh au se n ,  Acta C h e m . S c a n d . ,  _1_6, 1385 (1962).

6. ■ A , W. S ch lu e tte r ,  R . A . J aco b so n  and  R. C.'Rundle, Inorg . Chem ., 5, 227
(1966).

7. G. F. K okoszka , H . C.. A llen and  G. G ordon, J. C h e m . Phys .,  42 , 3693 
(1965).

8.. C. W. R eim ann, G.. F. K okoszaka  a n d  G. G ordon, Inprg . C h e m ., _4, 108? . 
(1965).

9. A . E . H a n se n  and  C. J. B a l lh au se n ,  Trans . F a raday  Soc., _617 63L (1965).

10. ' W. E . H a tf ie ld  and  J. S„ P a s c h a l ;  J. Am.''Chem . Soc., 8j5, 3888 (1964).,

11. H . L. Schaefer , J. C. Morrow and  H , M . S m ith , J. C h e m . Phys., 42 504 
(1965).

12.. Y. M uto and  H . B. Jo n as s e n ,  Bull. C h e m . Soc. J ap a n ,  _39, 58, (1966).

'13. J. N . van  N iek irk  and  F. R. L-. S c h o e n in g , Acta C r y s t . ,  _ 6 227 (1953).

14. R. C hidam baram  and  G. M . Brown, A. C.A. M eeting- A b s tra c t 's , G a t l in -  
b u rg , T en n , ,  1965.

> ■
15. - D. P. G ra d d o n , J. Inorg . N u c l ; C h e m ., JH , 337 (1959).

16. M . K ish ita  , M . !none and  M . Kubo, -I n o r g . C h em ., j3, 237 (1964). ,

17. R. D. G i l l a r d , D. M . H a r r is  and  G. W ilk in so n ,  J. C h e m . S o c . ,  2838 
(1964).

18. R. K ir iy am a , H . Ibam oto and K . M atsuo , Acta C r y s t . ,  2 ,  482 (1954).

19. G. A . B arclay  and  R . L . Kennard , J. C h e m . Soc., 3289 (1961).

2 0. Ib id ,  p. 5244.



-  9 1  -

21. J. N . v an  N iekirk  and  F. R . L . S c h o e n in g , Acta C r y s t . ,  _6 , 501 (1953).

22. R „ L . M ar tin  and  H . W a te rm a n , J. C h e m . Soc., 1359 (1959).

23. G. A. Barclay, e t a l ,  Proc. C h e m . Soc., 264 (1961).

24. I. M . Kolthoff and  E . B. S a n d e l l , T extbook of Q u a n t i ta t iv e  Inorgan ic  
A na lys is ,  S rd E d it io n ,  M acm illan  Co., N .Y .,  N .Y .,  1952 .

2 5. F. J. W elcher,  The A n a ly tica l  U se  of E th y le n e d ia m in e te t r a c e t ic  A c id ,
D. v an  N o stran d  Co., Inc .,  P r in c e to n ,  N. J., 1958.

26. B. N . F ig g is  and  R. S. N yholm , J. C h e m . S o c ., 4190 (1958).

2 7. M . J. Buerger, C ry s ta l  S tructure  A n a ly s i s , John W iley  and  Sons, In q . ,  
N .Y .,  N .Y .,  1960.

28. A. R, Pray, In o rg an ic  S y n th e se s ,  V o l. V, Therald  M oelle r ,  E d i to r - in -  
. C h ie f ,  M cG ra w -H il l  Book Co,, N . Y., N . Y., 1957.

29. J. V. Q uagliano , e t a l .  J. Am . Chem . Soc., jK3, 3770 (1961).

30. A. R. K atritsky , E d i to r - in - C h ie f ,  P h y s ic a l  M ethods  in  H e te ro cy c l ic  
C h e m is t r y , V o l . I I ,  A cadem ic P re s s ,  N .Y .,  N .Y . ,  1963.

31. S. F. M a s o n ,  J. C h e m . Soc., 4874 (1957).

32. J. A . G ib s o n ,  W .K y n a s to n ,  A. S . L indsey , J. C h em . Soc., 4340 (1955).

33. Y. N . S ch e in k er  and  N . M . Reznikov, D ok lady  A k ad . N a u k , S; S. R ., 102 
109 (1955).

34. Ko H o eg erle  and  H . Erlenm eyer, H elv . C h im . Acta , 39 , 1203 (1956).

35. A. Albert and  E . Spinner, J. C h e m „ Soc., 1221 (1960).

36. E . Spinner, i b id . ,  p. 1226.

37. L. J. Bellamy an d  P. E . R o g a s c h , Proc. Royal Soc., A2 5 7 ,. 98 (1960).

38. C. L. B ell ,  J. P. Shaffner and  L. Bauer, C h e m . an d  In d . ,  1353 (1963).

39. B .R. P e n fo ld ,  Acta C r y s t . ,  _6 , 5 9 1 (1953).

40. S .F . M a s o n ,  J. C h e m . Soc., 5010 (1957).

41. B. N . F ig g is  and  C. M . H arris , J. C h e m . Soc., 855 (1959).



-  92  -

42. A. W. S ch lu e tte r ,  R . A . J a c o b so n ,  and  R. E . Rundle, In o rg . C heni.,  _5, 277 
(1966).

43. M . Bukorska and  M . A. P o r a i - K osh its , K ris ta llo g ra f iy a  , _5, 127 (1960).

44. W. E . H a tf ie ld  and  T. S. Piper, I n o r g . C h em .,  _3, 841 (1964)..

45. R. B.. H e s lo p  and  P. L. R ob inson , In o rg an ic  C h em is try ,. E lse v ie r  Pub. Co.,
, A m sterdam , 1960.

46. A. F. W ells ,  J. C h e m .S o c . ,  1670 (1947). .

47. R. A. H o w a ld , p r iv a te  com m u n ica tio n .

48. Leo Allen Bares, T h e s i s ' (M . S '.) M on tana  S ta te  U n iv e r s i ty ,  D ecem ber, 
1 9 65 .

49. L. H . H elm holz  and  R. F. K ruh, J . Am. C h e m . Soc., _74, 1176 (1952).

50. W. R . M c W h ih n ie , J. C h e m S o c , ,  2959 (1964).

51. P. Ros and  G. C. A. S c h m it , Theo. C h im . A c ta , 4, I (1966).

52. D. P. G ra d d o n , I. Inorg . N u c l . Chem ., 17, 222 (1961).

53 . H . B. J o n a s s e n  and  A . W eis sb e rg e r , .  Editors, T e ch n ig u es  of Inorgan ic  
C h e m is t r y , V o l. IV, In te r s c ie n c e  P u b l ish e rs ,  N .Y .,  N .Y . , '1 9 6 5 .

54. N . S. G ill  and  R. S. N yho lm , J. C hem . Soc., .4000 (1959).

55. G. J. Janz  a n d  A ..E . M arcinkow sky , U .S .A .E .C .,  NYOr8,525, 190 pp., 
(1961).

56. H . C. A . King,. E . Koros and  S. M • N e lso n ,  J. C h em . Soc., 5449 (1963).

5 7. F. A. C o t to n ,  D. M . L . Goodgame and  M . Goodgame, J. Am. C h em . Soc., 
83, 4690 (1961).

58. H . N . Ram aswamy an d  H . B. J o n a s s e n , In o rg . C h em .,  A,  1595 (1965).

59. M . G oodgam e, J. C h e m . Soc., A - 1 , 63 (1966).

60. W. Libus and  I. H ruska  , Tnorg . Chem ., _5 ,. 256 (1966).

61. D. A . F ine, ,J. Am. C h e m . Spc., 8_4, 1139 (1962).



62. I. L -A ntipova-K ara taeva  and  E . E-. V a in sh te in ,• F i z . P r o b l . S p e k tro s k o p i i , 
■ A dal. N au k . S. S. R ., M e te r ia ly  13-go  T r in ad tsa to g o  S o v e s c h ,  L en in­
g rad , I960, I ,  339 (1962).

63. R. F. P a s te rn a c k  and  R. A . P lane  , I n o r g . C h e m ., _4, 1171 (1963)

'64. C. J. B a l lh au sen  and  C hr. K. Jo rg e n se n ,  Acta C h e m . S c a n d . ,  9., 397 
(1955).

65. J. F e rg u so n ,  J. C h e m . Phys., _32, 533 (1960).

66. H . A. 0 y e  and  D. M . G ruen , Inorg . Chem ., _4, 1173 (1965).

67. J. F e rg u so n ,  J. Chem'. Phys., 39 , 116 (1963). -

68. A .B .P .  Lever, I n o r g . C h e m ., _4, 763 (1965).

69. R. V. B iag e tt i  and  H . M . H aendler, I n o r g , C hem ., _5, 383 (1966).

70. S. M . N e lso n  and  T. M . S hep h erd ,  J. C h em . Soc., 3276 (1965).

71. M . C iam p o lin i  and  N . N a rd i , I n o r g . C h em .,  _5, 41 (1966).

72 . R. S. D rago, J. T. D onaghue  and  D. W. H erlpcker, I n o r g . C hem ., _4, 836 
(1965).

73. D. M . L. G oodgam e and  M . Goodgame,. J. C h e m . Soc., 207 (1963). .

74. C. R. C. C o u ssm ak er ,  e t  a l ,  J. C hem . Soc., 2705 (1961).

75. D. W. M e e k ,  R. S. D rago and  T. S. Piper, In o rg . C h e m ., _1, 285 (1962).

76. M . D en n is  G lo n e k , C. Curran and  J. V. Q uagliano, J. Am. C h e m . Soc., _84 
2014 (1962).

.77. M . C. B row ning , e t  a l ,  J, Chem . Soc., 693 (1962).

78. J .R .  A llen , e t  a l ,  I. I n o r g . N u c l . C h e m . , 2 7 ,  1529 (1965).

79. M . C iam po lin i  and  G. P. S p e ro n i , I n o r g . C hem ,, j j ,  45. (1966). .

80. F. A. C o t to n ,  D. M . L . Goodgame and  M . Goodgame, J. Am. C hem . Soc., 
84, 167 (1962).

81. C. F u r lan i and  A . F u r la n i , J. Inorg . N u c l . C h em ., J J l , 51 (1961).

82. J .R .  A llen , e t  a l ,  J. Inorg . N u c l . C h e m ., 2_7 , 1865 (1965).

83. J. A . Bertrand and  D L . Plym ale, Inorg . C h e m ., 3., 775 (1964).

-  9 3  -



—  9 4  —

84. E .C .  W agner, J. Chem .E d . ,  _7, 1135 (1930). .

85. W. K utzeln igg  and  R. M e c k e , S p e c tro c h lm , A cta , _18, 549 (1962).

86 . F. B asolo  and  R. G. P e a r s o n ,  M ec h a n ism s  o f Ino rgan ic  R e a c t io n s , John 
W iley  and  Sons, Inc  , N .Y .,  N .Y . ,  1958.

87. H . A. L a i t in e n , C h em ica l  A n a ly s is  , M cG raw -H ill  Book Co., Inc,., N .Y .,  
N . Y., 1960.

88. G. Jander and  H . S p a n d a u , C h em is try  in  N on-agueou&  S o lv e n ts , V o l, 4,.
G. W inkler, E d i to r - in - C h ie f ,  John W iley  and  Sons, Inc .,  N .Y .,  N .Y .,  
1963. ' .

89. H . B. J o n a s s e n ,  p r iv a te  c o m m u n ica tio n ,

90. D. P. G ra d d o n , I. Inorg . N u c l . C h e m ., 17, 222 (1961).

91. K. A. H ofm ann and  G. B ugge , Ber.,, .Al ,  312 (1908). .

92. R. D. G il la rd  and  G. W ilk in so n ,  J. G h em . Soc., 2835 (1964).

93. L. E . O r q e l . An In tro d u c tio n  to  T ran s i t io n  M e ta l  C h em is try  . . . L igand 
F ie ld  Theory, M e th u en  and  Co., L td . ,  London, 1960.

94. J. Lew is and  F. M abs, J. C h em „ S o c . ,  3894 (1965).

95. BhGruttner,- Z e i t . A norg . Chem ie, 2 7 0 , 233 (1952).

96. L. F. Yostem a and  L. F. A u d rie th , J. Am. C h e m . Soc., 52_, 2 693 (1930).

97. R. T. M o rriso n  and  R. N . Boyd, O rgan ic  C hem istry , Allyn and  B acon, Inc. 
B oston , 1959.

i



MONTANA ST A T E  U N IV ER SITY  LIB R A R IE S

3 1762 10005642

f I

D378 
H814 
cop. 2  
Houk, C. C.
Complexes of ot— pyridone with 

divalent transition metals
~  " ~ i  g sag sg T O tw  a n d  A b o m A a


