
I n p r e s e n t i n g t h e d i s s e r t a t i o n as a p a r t i a l f u l f i l l m e n t of 
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by t h e p r o f e s s o r u n d e r whose d i r e c t i o n i t was w r i t t e n , o r , 
i n h i s a b s e n c e , by t h e Dean o f t h e G r a d u a t e D i v i s i o n when 
such copy ing o r p u b l i c a t i o n i s s o l e l y f o r s c h o l a r l y p u r p o s e s 
and does n o t i n v o l v e p o t e n t i a l f i n a n c i a l g a i n . I t i s u n d e r 
s t o o d t h a t any copy ing from, o r p u b l i c a t i o n of , t h i s d i s 
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SUMMARY 

The p u r p o s e o f t h i s r e s e a r c h p r o j e c t was t o s y n t h e s i z e and s t u d y 

t h e s t r u c t u r a l and m a g n e t i c p r o p e r t i e s of new examples o f p o l y n u c l e a r 

S c h i f f b a s e complexes of f i r s t row t r a n s i t i o n m e t a l i o n s w i t h s p e c i a l 

a t t e n t i o n b e i n g g i v e n t o o b t a i n i n g complexes which e x h i b i t exchange 

c o u p l i n g and s e r v e a s model s y s t e m s f o r b i o l o g i c a l l y i m p o r t a n t m o l e c u l e s . 

New p o l y n u c l e a r complexes o f some f i r s t row t r a n s i t i o n m e t a l i o n s 

have been p r e p a r e d u s i n g t r i d e n t a t e S c h i f f b a s e l i g a n d s ; t h e p h y s i c a l 

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

i r o n compounds have been d e t e r m i n e d . A c o r r e l a t i o n Between t h e s t r u c 

t u r a l f e a t u r e s and t h e m a g n e t i c p r o p e r t i e s of t h e s e complexes and com

p a r i s o n s t o s t r u c t u r a l l y s i m i l a r complexes have been made. 

The p r e p a r a t i o n s of s e v e r a l t r a n s i t i o n m e t a l i o n complexes w i t h 

t h e S c h i f f b a s e l i g a n d SALPAH2 ( formed by t h e c o n d e n s a t i o n by s a l i c y l -

a l d e h y d e and 3 - a m i n o p r o p a n o l ) a r e r e p o r t e d . S t r u c t u r e s o f t h e c r y s t a l s 

of Cu(SALPAH)Cl, Fe(SALPA)Cl, and Fe(SALPA)Cl • jTOL were d e t e r m i n e d by 

X-ray d i f f r a c t i o n ; t h e s t r u c t u r e of t h e l a t t e r c r y s t a l was d e t e r m i n e d 

s i n c e o n l y v e r y s m a l l c r y s t a l s of Fe(SALPA)Cl c o u l d be o b t a i n e d a n d , a s 

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

of t h e d i m e r i c complex Cu(SALPAH)Cl was d e t e r m i n e d by a c o - w o r k e r and 

t h e s t r u c t u r a l f e a t u r e s of t h i s complex were compared t o t h o s e o f t h e 

d i m e r i c complex i n Fe(SALPAH)Cl and Fe(SALPA)Cl • ^-TOL. The m e t a l i o n s 

i n b o t h t h e i r o n and c o p p e r complexes were found t o be f i v e - c o o r d i n a t e , 
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b u t t h e s t e r e o c h e m i s t r y o f t h e m e t a l i o n i n t h e c o p p e r complex i s a 

d i s t o r t e d t r i g o n a l b i p y r a m i d , whe reas i n t h e i r o n complex t h e m e t a l i o n 

i s s q u a r e p y r a m i d a l w i t h t h e i r o n d i s p l a c e d from t h e b a s e of t h e p y r a 

mid . In Cu(SALPAH)C.l, t h e d imer was found t o be b r i d g e d by t h e p h e n o l i c 

oxygen of t h e monoanion l i g a n d , whe reas t h e a l c o h o l oxygen o f t h e 

d i a n i o n l i g a n d a c t s a s t h e b r i d g i n g g roup i n Fe(SALPA)Cl. I n b o t h 

Cu(SALPAH)Cl and Fe(SALPA)Cl t h e b r i d g i n g oxygens a r e p l a n a r and t h r e e -

c o o r d i n a t e and b o t h complexes have subnorma l m a g n e t i c moments . Based 

on t h e s e f i n d i n g s , t h e most e f f e c t i v e mechanism f o r m a g n e t i c exchange 

a p p e a r s t o be a Tr-type i n t e r a c t i o n i n v o l v i n g t h e oxygen p7T o r b i t a l s o f 

t h e b r i d g i n g g roup and t h e dir o r b i t a l s of t h e m e t a l i o n . 

Us ing t h e l i g a n d SALGLY (formed by t h e c o n d e n s a t i o n o f s a l i c y l a l -

dehyde and g l y c i n e ) , and i r o n compound o f t h e f o r m u l a t i o n [ F e ( H o 0 ) c ] 
Z b 

[Fe(SALGLY) ] • 2H^0 was p r e p a r e d . An X-ray s t r u c t u r e d e t e r m i n a t i o n 

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

h e d r a l l y c o o r d i n a t e d by s i x w a t e r s ; two a d d i t i o n a l i r o n i o n s o c t a -

h e d r a l l y c o o r d i n a t e d by two t r i d e n t a t e SALGLY l i g a n d s a r e h e l d t o t h e 

c e n t r a l complex by hydrogen bonds be tween t h e c a r b o x y l oxygens and t h e 

w a t e r s of t h e c e n t r a l i r o n complex . A d d i t i o n a l hydrogen bonds h o l d 

t h e s e u n i t s t o g e t h e r such t h a t an i n f i n i t e c h a i n i s fo rmed . The com

pound was found t o have a m a g n e t i c moment c o n s i s t e n t w i t h two i r o n ( I I I ) 

i o n s p e r i r o n ( I I ) . A d d i t i o n a l i n v e s t i g a t i o n s by a c o - w o r k e r r e v e a l e d 

t h a t t h e a n a l o g o u s manganese compound i s i somorphous w i t h t h e i r o n com

p l e x and t h a t a compound o f t h e same e m p i r i c a l f o r m u l a was formed by 

c o b a l t ; t h e s t r u c t u r e o f t h e c o b a l t compound c o n s i s t s of a t r i m e r i c u n i t 

r a t h e r t h a n an i n f i n i t e c h a i n . 
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A u n i q u e i r o n ( I I I ) complex was p r e p a r e d u s i n g t h e l i g a n d 

SAL DIAPSH (formed by t h e c o n d e n s a t i o n of s a l i c y l a l d e h y d e and 2 , 2 -

d i a m i n o d i p h e n y l d i s u l f i d e ) and t h e s t r u c t u r e d e t e r m i n e d by X- ray d i f f r a c 

t i o n . In Fe(SAL DIAPS)C1 t h e l i g a n d i s p e n t a d e n t a t e , c o o r d i n a t i n g t o 

t h e i r o n t h r o u g h b o t h o x y g e n s , b o t h a z o m e t h i n e n i t r o g e n s , and one s u l 

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

c o o r d i n a t i o n of t h e i r o n ( I I I ) . The t e m p e r a t u r e i n d e p e n d e n t m a g n e t i c 

moment of 5 .90 B.M. i s c o n s i s t e n t w i t h a h i g h - s p i n i r o n ( I I I ) complex . 
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CHAPTER I 

INTRODUCTION 

Many i n o r g a n i c compounds o f f i r s t row t r a n s i t i o n m e t a l i o n s a r e 

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

i o n s , which a r e r e f e r r e d t o a s p o l y n u c l e a r c o m p l e x e s . In complexes o f 

t h i s t y p e where t h e m e t a l i o n s a r e p a r a m a g n e t i c , m a g n e t i c i n t e r a c t i o n s 

be tween t h e m e t a l i o n s o f t e n o c c u r . I f t h e d i s t a n c e be tween t h e i o n s 

i s a p p r o x i m a t e l y e q u a l t o t h e sum of t h e c o v a l e n t r a d i i , t h e exchange i s 

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

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

s u p e r e x c h a n g e a c c o u n t s f o r t h e i n t e r a c t i o n s be tween m e t a l i o n s . S u p e r -

exchange i s t h e i n t e r a c t i o n a r i s i n g from m i x i n g of t h e o r b i t a l s of t h e 

b r i d g i n g g roup and t h e d o r b i t a l s of t h e m e t a l i o n i n t o a m o l e c u l a r 

o r b i t a l . 

In c a s e s where o r b i t a l s a r e a v a i l a b l e f o r TT b o n d i n g on b o t h t h e 

b r i d g i n g g roups and t h e m e t a l i o n s , s u p e r e x c h a n g e i s t h e i n t e r a c t i o n 

t h r o u g h a 7T-type m o l e c u l a r o r b i t a l . However, i n c a s e s such a s CuO a l l 

of t h e o u t e r o r b i t a l s of t h e b r i d g i n g oxygen a r e t i e d up i n a b o n d i n g 

and t h e m o l e c u l a r o r b i t a l t h r o u g h which s u p e r e x c h a n g e o c c u r s must be a 

a t y p e ( 1 ) . In o t h e r c a s e s where b o t h a and TT m o l e c u l a r o r b i t a l s a r e 

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

TT pa thway and a d d i t i o n a l s t u d i e s a r e n e e d e d . 

I n t e r a c t i o n s be tween m e t a l i o n s can r e s u l t i n a l i g n m e n t of s p i n s 
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i n t h e same d i r e c t i o n , i . e . , f e r r o m a g n e t i c i n t e r a c t i o n , and a s a r e s u l t 

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

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

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

t i b i l i t y . In ex t r eme c a s e s ( d i r e c t m e t a l - m e t a l b o n d i n g ) , such a s 
3_ 

F e 2 ( C 0 ) g and [WjClg] a n t i f e r r o m a g n e t i c i n t e r a c t i o n r e s u l t s i n c o m p l e t e 

s p i n p a i r i n g be tween t h e m e t a l i o n s . The f a c t o r s a f f e c t i n g b o t h t y p e 

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

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

t h e a n i o n s and a s s o c i a t e d l i g a n d s , and t h e s t e r o c h e m i s t r y of t h e b r i d g 

i n g g roup ( 2 ) . 

Exchange c o u p l i n g i n p o l y n u c l e a r complexes i s o f p a r t i c u l a r 

i n t e r e s t due t o t h e i m p o r t a n c e of exchange i n t e r a c t i o n s i n t h e t h e o r i e s 

of c h e m i c a l b o n d i n g and i n m a g n e t i c m a t e r i a l s r e s e a r c h ( 3 ) . In many 

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

t i o n s o c c u r and a s a r e s u l t a t h e o r e t i c a l t r e a t m e n t of t h e m a g n e t i c 

i n t e r a c t i o n s would be d i f f i c u l t . However, i n p o l y n u c l e a r complexes con 

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

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

of t h e exchange phenomenon i s p o s s i b l e . A l though p r o g r e s s h a s been 

made i n u n d e r s t a n d i n g t h e r e l a t i o n s h i p be tween t h e s t r u c t u r e and t h e 

m a g n e t i c p r o p e r t i e s , r e l a t i v e l y few s y s t e m s have been a d e q u a t e l y t r e a t e d 

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

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

d e t a i l e d m a g n e t i c s t u d i e s . 
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One t y p e of o r g a n i c c h e l a t e t h a t h a s been found e f f e c t i v e i n 

i n s u l a t i n g p o l y n u c l e a r complexes i s t h e S c h i f f b a s e t y p e of l i g a n d . 

These compounds, which can be made by r e a c t i n g a l d e h y d e s o r k e t o n e s 

w i t h p r i m a r y a m i n e s , c o n t a i n t h e a z o m e t h i n e g r o u p , ^ C = N — R , and can 

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

However, an a d d i t i o n a l c o o r d i n a t i o n s i t e ( s u c h a s a s e c o n d donor g roup 

o r an a c i d i c g roup l i k e an -OH) i s n o r m a l l y r e q u i r e d f o r t h e f o r m a t i o n 

of s t a b l e t r a n s i t i o n m e t a l i on c o m p l e x e s . I t h a s been found t h a t S c h i f f 

b a s e l i g a n d s form a wide v a r i e t y of p o l y n u c l e a r c o m p l e x e s . S a l i c y l a l -

d imine complexes ( formed from s a l i c y l a l d e h y d e and v a r i o u s p r i m a r y 

a m i n e s ) a r e p r o b a b l y t h e most t h o r o u g h l y i n v e s t i g a t e d of t h e S c h i f f 

b a s e c o m p l e x e s . 

In a d d i t i o n t o t h e i m p o r t a n c e p o l y n u c l e a r complexes have i n t h e 

s t u d y of m a g n e t i c e x c h a n g e , t h e y p o t e n t i a l l y a r e model s y s t e m s f o r t h e 

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

t i e s of b i o l o g i c a l l y i m p o r t a n t m o l e c u l e s which a r e a l s o p o l y n u c l e a r 

complexes of t r a n s i t i o n m e t a l i o n s . The f e r r e d o x i n p r o t e i n s and s e v e r a l 

of t h e c o p p e r p r o t e i n s a r e examples of t h i s t y p e o f complex . Due t o t h e 

v e r y h i g h m o l e c u l a r w e i g h t s of t h e c o p p e r p r o t e i n s no s t r u c t u r a l s t u d i e s 

have been done and model s y s t e m s would be u s e f u l . The l i g a n d s i n many 

of t h e s e complexes a r e S c h i f f b a s e s of p y r i d o x a l . A l though an X-ray 

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

( m o l e c u l a r w e i g h t ~ 6 0 , 0 0 0 ) h a s shown t h a t t h e b a s i c u n i t i n t h e sys t em 

c o n s i s t s o f two i r o n - s u l f u r cubane u n i t s h e l d i n t h e o r g a n i c framework 

(M-), model s y s t e m s a r e s t i l l needed f o r i n v e s t i g a t i o n s of t h e f u n c t i o n s 
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of t h e s e c o m p l e x e s . 

The p u r p o s e of t h i s r e s e a r c h p r o j e c t was t o s y n t h e s i z e and s t u d y 

t h e s t r u c t u r a l and m a g n e t i c p r o p e r t i e s of new examples of p o l y n u c l e a r 

S c h i f f b a s e complexes of f i r s t row t r a n s i t i o n m e t a l i o n s w i t h s p e c i a l 

a t t e n t i o n b e i n g g i v e n t o o b t a i n i n g complexes which e x h i b i t exchange 

c o u p l i n g and s e r v e a s model s y s t e m s f o r b i o l o g i c a l l y i m p o r t a n t m o l e c u l e s . 

S c h i f f b a s e complexes of i r o n r e c e i v e d t h e most a t t e n t i o n , b u t 

complexes of o t h e r m e t a l i o n s were i n v e s t i g a t e d and r e p o r t e d . T h i s 

t h e s i s r e p o r t s t h e p r e p a r a t i o n of 13 compounds and t h e X- ray s t r u c t u r e 

d e t e r m i n a t i o n s f o r f o u r i r o n c o m p l e x e s . For one o f t h e coppe r complexes 

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

o u t by c o - w o r k e r K e l l e y ( 5 ) and a compar i son of t h a t s t r u c t u r e t o t h e 

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

T h i s t h e s i s w i l l r e p o r t on t h e p r e p a r a t i o n , s t r u c t u r a l f e a t u r e s , 

and m a g n e t i c p r o p e r t i e s o f t h e s e new p o l y n u c l e a r S c h i f f b a s e c o m p l e x e s . 

A s u r v e y of S c h i f f b a s e complexes w i l l be g i v e n w i t h t h e s p e c i f i c c a t e 

g o r i z a t i o n b e i n g t h e d e g r e e o f c h e l a t i o n p r o v i d e d by t h e l i g a n d , . The 

d i s c u s s i o n of p r o p e r t i e s and s t r u c t u r a l f e a t u r e s w i l l i n c l u d e complexes 

formed from b i d e n t a t e t h r o u g h h e p t a d e n t a t e l i g a n d s . The a p p r o a c h i n t h e 

e x p e r i m e n t a l s e c t i o n of t h i s t h e s i s w i l l be t o p r e s e n t t h e p r e p a r a t i o n s , 

s t r u c t u r e s , and m a g n e t i c p r o p e r t i e s s e p a r a t e l y ; t h i s a p p r o a c h i s employed 

w i t h hopes t h a t t h e f e a t u r e s and p r o p e r t i e s of t h e complex s t u d i e d w i l l 

be more e a s i l y compared and t h a t , a s a r e s u l t , t h e f i n a l c o n c l u s i o n s w i l l 

be more e v i d e n t . 
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Review of S t r u c t u r a l A s p e c t s o f S c h i f f Base Complexes 

Because of t h e v a s t number of S c h i f f b a s e complexes s y n t h e s i z e d 

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

of t h e number of donor g r o u p s p r o v i d e d by t h e l i g a n d and w i l l i n c l u d e 

b i d e n t a t e s t h r o u g h h e p t a d e n t a t e l i g a n d s . The major emphas i s w i l l be on 

p o l y n u c l e a r s t r u c t u r e s , b u t some r e f e r e n c e s w i l l be made t o m o n o n u c l e a r 

complexes w h e r e v e r i s deemed a p p r o p r i a t e . No a t t e m p t w i l l be made t o 

r e v i e w t h e v a s t number of p a p e r s on p r e p a r a t i v e work i n t h e a r e a . 

S e v e r a l r e v i e w s on S c h i f f b a s e complexes have been p u b l i s h e d w i t h i n t h e 

p a s t t e n y e a r s ( 6 , 7 ) . 

There a r e t h r e e p r e p a r a t i v e p r o c e d u r e s employed i n making S c h i f f 

b a s e complexes ( 5 ) . 

1 . R e a c t i o n of a m e t a l i o n and a S c h i f f b a s e i n t h e p r e s e n c e o f 

added b a s e . Normal ly t h e s e r e a c t i o n s a r e c a r r i e d o u t i n an a l c o h o l o r 

a q u e o u s - a l c o h o l s o l u t i o n u s i n g a b a s e such a s a c e t a t e o r h y d r o x i d e . 

2 . R e a c t i o n o f p r i m a r y amines w i t h b i s - o r t r i s - ( s a l i c y l a l d e -

h y d a t o ) m e t a l ion complex . Th i s p r o c e d u r e was d i s c o v e r e d by S c h i f f and 

i s p r o b a b l y t h e most i m p o r t a n t p r e p a r a t i v e me thod . 

3 . Templa te r e a c t i o n s . Complexes a r e s y n t h e s i z e d by r e a c t i n g 

a p r e f o r m e d meta l -ammine complex w i t h s a l i c y l a l d e h y d e i n t h e p r e s e n c e 

of p y r i d i n e . In t h e r e a c t i o n , t h e meta l -ammine complex s e r v e s a s t h e 

t e m p l a t e . 

Of a l l S c h i f f b a s e c o m p l e x e s , t h o s e d e r i v e d from s a l i c y l a l d e h y d e 

have been t h e most t h o r o u g h l y i n v e s t i g a t e d . As a r e s u l t of t h e e a s e of 

s y n t h e s i s , t h e p r e p a r a t i o n of a wide v a r i e t y o f complexes w i t h f i r s t row 
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t r a n s i t i o n m e t a l i o n s h a s been a c c o m p l i s h e d . The p r o p e r t i e s of t h e s e 

complexes a r e o f t e n v e r y d e p e n d e n t upon t h e d e t a i l e d l i g a n d s t r u c t u r e . 

T r i d e n t a t e S c h i f f b a s e l i g a n d s d i f f e r i n g o n l y by a s i n g l e m e t h y l e n e 

g roup can p r o d u c e v e r y d i f f e r e n t s t e r e o c h e m i s t r i e s w i t h t h e same m e t a l 

i on u n d e r t h e same c o n d i t i o n s . Thus , a v a r i e t y o f s t e r e o c h e m i s t r i e s 

and m a g n e t i c p r o p e r t i e s a r e p o s s i b l e by v a r y i n g c h a i n s i z e and t y p e o f 

S c h i f f b a s e l i g a n d . 

T r a n s i t i o n m e t a l i on complexes d e r i v e d from S c h i f f b a s e s have 

been known s i n c e 1840 when E t t l i n g i s o l a t e d a d a r k g r e e n c r y s t a l l i n e 

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

ammonia. Th i s p r o d u c t was a l m o s t c e r t a i n l y t h e b i s ( s a l i c y l a l d i m i n o ) 

c o p p e r ( I I ) complex ( F i g u r e 2 , L igand t y p e I , R = H ) . In t h e l a t e 1 8 6 0 ' s 

t h e s u b s t i t u t e d p h e n y l and a r y l d e r i v a t i v e s were i s o l a t e d by S c h i f f who 

e s t a b l i s h e d t h e 1:2 m e t a l - l i g a n d s t o i c h i o m e t r y . A d d i t i o n a l work p e r 

formed by S c h i f f and l a t e r by Dele*pine d e m o n s t r a t e d t h e 1:2 m e t a l - l i g a n d 

s t o i c h i o m e t r y of t h e complexes which t h e y had p r e p a r e d . In 1889 Combes 

i s o l a t e d t h e f i r s t c o p p e r complex o f a 3 - k e t o a m i n e S c h i f f b a s e . There 

were no s t u d i e s f o r a number o f y e a r s , t h e n P f e i f f e r and c o - w o r k e r s 

became i n t e r e s t e d i n t h i s t y p e o f complex . They s t u d i e d p r o b l e m s of 

s y n t h e s i s , m e t a l - e x c h a n g e , l i g a n d r e p l a c e m e n t , t r a n s a m i n a t i o n , s t e r o -

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

d e r i v a t i v e s of c o p p e r ( I I ) . These s t u d i e s p r o v i d e d t h e b a s i c u n d e r s t a n d 

i n g f o r much of t h e p r e s e n t l y known c h e m i s t r y o f S c h i f f b a s e complexes 

and a s a r e s u l t numerous i n v e s t i g a t i o n s have f o l l o w e d ( 6 ) . 

S c h i f f b a s e complexes i n g e n e r a l form a wide v a r i e t y o f 
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IV bent diner V displaced dimers VI stacked dimers 

VII bent JU 2 - oxo VIII linear n2 - oxo IX binucleated dimer 

Figure 1. Structural Types of Polynuclear Complexes formed by Schiff Base Ligands 
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Figure 2. Schiff Base Ligand Types Considered 
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p o l y n u c l e a r complexes which a r e s t r u c t u r a l l y r e p r e s e n t e d on page 7 . 

A g e n e r a l s c h e m a t i c r e p r e s e n t a t i o n f o r each l i g a n d t y p e c o n s i d e r e d i n 

t h e d i s c u s s i o n of b i d e n t a t e s t h r o u g h h e p t a d e n t a t e s l i g a n d s and a t a b l e 

of l i g a n d acronyms u sed t h r o u g h o u t t h e r e m a i n d e r of t h e t h e s i s a r e a l s o 

g i v e n . 

B i d e n t a t e L i g a n d s 

For b i d e n t a t e S c h i f f b a s e l i g a n d s (L igand t y p e I , R = n o n -

c o o r d i n a t i n g g r o u p ) s t r u c t u r e d e t e r m i n a t i o n s i n d i c a t e t h a t c o o r d i n a t i o n 

o c c u r s i n t h e n o r m a l geomet ry f o r a g i v e n m e t a l i o n ; t h a t i s , p l a n a r 

f o r n i c k e l ( I I ) , c o p p e r ( I I ) , p a l l a d i u m ( I I ) ; t e t r a h e d r a l f o r c o b a l t ( I I ) 

and z i n c ( I I ) ( 8 ) . The p l a n a r complexes of s a l i c y l a l d i m i n e s a p p e a r t o 

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

e f f e c t o f t h e R g roup i s such t h a t i n c r e a s i n g t h e b u l k of t h e g roup may 

c a u s e marked changes i n t h e s t r u c t u r e s of many c o m p l e x e s . T h i s e f f e c t 

i s r e a d i l y o b s e r v e d i n t h e b i s complexes o f l i g a n d I ( F i g u r e 2) w i t h 

n i c k e l ( I I ) ; i f R = C H 3 > Ni(SALMA) 2 ( 3 - f o r m ) , t h e a z o m e t h i n e ca rbon i s 

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

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

t h e b u l k of t h e R g roup t o R = i - p r o p y l r e s u l t s i n p l a n a r c h e l a t e r i n g s , 

b u t t h e r i n g s make an a n g l e of 82° w i t h r e s p e c t t o each o t h e r . Hence , 

i n Ni (SALIPA) 2 t h e c o o r d i n a t i o n of t h e m e t a l i o n i s a p p r o x i m a t e l y t e t r a 

h e d r a l and t h e complex i s p a r a m a g n e t i c . There a r e s t i l l c e r t a i n ambi 

g u i t i e s c o n c e r n i n g t h e d i s t o r t i o n of t h e c h e l a t e r i n g s even though t h e 

major f a c t o r i s t h e s t e r i c i n t e r a c t i o n o f t h e R g roup a t t a c h e d t o t h e 

n i t r o g e n w i t h t h e g roup a d j a c e n t t o t h e p h e n o l i c oxygen of t h e o t h e r 
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Tab le 1 . Acronyms Used f o r S c h i f f Base L igands 

Acronym Form Made From 

SALMA Monoanion S a l i c l a l d e h y d e and me thy lamine 

SALIPA Monoanion S a l i c l a l d e h y d e and i - p r o p l y a m i n e 

SALGLY Dian ion S a l i c y l a l d e h y d e and g l y c i n e 

SALETAH Monoanion S a l i c y l a l d e h y d e and 2 - a m i n o e t h a n o l 
( a l c o h o l p r o t o n p r e s e n t ) 

EIA Dian ion 2 , 4 - p e n t a n e d i o n e and 2 - a m i n o e t h a n o l 

PIA Dian ion 2 , 4 - p e n t a n e d i o n e and 3 - a m i n o p r o p a n o l 

ALA D i a n i o n 2 , 4 - p e n t a n e d i o n e and a n i l 

SALPYA Monoanion S a l i c y l a l d e h y d e and 2 - a m i n o p r o p a n o l 

SAL2EN Dian ion S a l i c y l a l d e h y d e and e t h y l e n e d i a m i n e 

BZAC2EN Dian ion B e n z o y l a c e t o n e and e t h y l e n e d i a m i n e 

SAL2BIPA Dian ion S a l i c y l a l d e h y d e and 2 , 2 ' - d i a m i n o - b i p h e n y l 

SAL2DPT D i a n i o n S a l i c y l a l d e h y d e and d i p r o p y l e n e t r i a m i n e 

SAL2MeDPT Dian ion S a l i c y l a l d e h y d e and m e t h y l d i p r o p y l e n e t r i a m i n e 

FSALDTS T r i a n i o n 3 - f o r m y l s a l i c y l a l d e h y d e and t h i o s e m i c a r b a z i d e 

PY3TAE N e u t r a l P y r i d i n e - 2 - c a r b o x a l d e h y d e and 1 , 1 , 1 , - t r i s 
(am i n ome t hy 1) e t h an e 

PY3TACH N e u t r a l P y r i d i n e - 2 - c a r b o x a l d e h y d e and l e , 3 e , 5 e t r i -
aminocyc lohexane 

PY3TREN N e u t r a l P y r i d i n e - 2 - c a r b o x a l d e h y d e and t r i e t h y l e n e -
t e t r a a m i n e 

SALPAH Monoanion S a l i c y l a l d e h y d e and 3 - a m i n o p r o p a n o l ( a l c o h o l 
p r o t o n p r e s e n t ) 

SALPA Dian ion S a l i c y a l d e h y d e and 3 - a m i n o p r o p a n o l 

SAL2DIAPS Dian ion S a l i c y l a l d e h y d e and 2 , 2 ' d i a m i n o - d i p h e n y l d i s u l f i d e 

SALETA Dian ion S a l i c y l a l d e h y d e and 2 - a m i n o e t h a n o l 

SALPDA Monoanion S a l i c y l a l d e h y d e and N - m e t h y l - 1 , 3 - p r o p a n e d i a r a i n e 
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c h e l a t e ( 9 ) . 

One o f t h e most i n t e r s t i n g b i d e n t a t e S c h i f f b a s e compounds i s 

Cu(SALMA)2 ( F i g u r e 2 , L igand t y p e I , R = C H 3 ) . There a r e t h r e e c r y s t a l 

l i n e m o d i f i c a t i o n s of t h i s compound. The a - fo rm c o n t a i n s m o l e c u l e s i n 

a p l a n a r c o n f i g u r a t i o n , b u t packed t o g e t h e r such t h a t a c h a i n of c o p p e r 
o 

i o n s 3 .33 A a p a r t i s formed (10 ) ( F i g u r e 1 , S t r u c t u r e t y p e I ) . The $ -

form i s i somorphous w i t h t h e 3-form o f Ni(SALMA) 2 , i . e . , s q u a r e p l a n a r 

c o o r d i n a t i o n o f t h e m e t a l i o n ( 1 1 ) . The Y _ f ° r m c o n t a i n s d i m e r i c u n i t s 

o f t h e complex [Cu(SALMA) 2D 2 s i n which t h e c o p p e r i on from one m o l e c u l e 

bonds t o one o f t h e oxygens on t h e c h e l a t e of t h e o t h e r c o p p e r i o n 

( F i g u r e 1 , S t r u c t u r e t y p e I I ) . As a r e s u l t , each m e t a l i on i s f i v e -

c o o r d i n a t e and h a s a d i s t o r t e d s q u a r e - p y r a m i d a l a r r a n g e m e n t w i t h t h e 
o 

m e t a l o u t of t h e b a s e a p p r o x i m a t e l y 0 . 1 A ( 1 2 ) . 

A d d i t i o n a l d i v a l e n t t r a n s i t i o n m e t a l i o n s form complexes w i t h 

t h e l i g a n d SALMA. An X-ray s t r u c t u r e d e t e r m i n a t i o n of t h e complex 

Zn(SALMA)2 r e v e a l e d a d i m e r i c complex ( F i g u r e 1 , S t r u c t u r e t y p e I I ) i n 

which t h e z i n c i o n s a r e f i v e - c o o r d i n a t e and t r i g o n a l b y p y r a m i d a l . In 

a d d i t i o n , i t was found t h a t c o b a l t ( I I ) and m a n g a n e s e ( I I ) form complexes 

which a r e i somorphous and i s o s t r u c t u r a l w i t h Zn(SALMA)2 ( 1 3 ) . 

T r i d e n t a t e L i g a n d s 

Much o f t h e e a r l y i n t e r e s t i n t r i d e n t a t e S c h i f f b a s e l i g a n d s was 

due t o t h e f a c t t h a t s e v e r a l t r i d e n t a t e S c h i f f b a s e l i g a n d s formed 

c o p p e r ( I I ) complexes which had r e d u c e d m a g n e t i c moments . I n v e s t i g a t i o n 

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

c o o r d i n a t i o n numbers and s t e r o c h e m i s t r i e s f o r mononuc lea r complexes and 
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p o l y n u c l e a r complexes h e l d t o g e t h e r by a v a r i e t y o f b r i d g i n g g r o u p s . 

However , i n a l l c a s e s t h o s e complexes h a v i n g subnorma l m a g n e t i c moments 

have a p o l y n u c l e a r s t r u c t u r e . 

One o f t h e most common f e a t u r e s of p o l y n u c l e a r S c h i f f b a s e com

p l e x e s i s t h e f o r m a t i o n o f a four -membered r i n g c o n s i s t i n g of t h e m e t a l 

i o n s and t h e b r i d g i n g a t o m s . As shown by t h e d r a w i n g s of F i g u r e 1 on 

page 7 , a v a r i e t y o f s t e r o c h e m i s t r i e s i s p o s s i b l e f o r t h e m e t a l i on i n 

p o l y n u c l e a r S c h i f f b a s e c o m p l e x e s . However, t h e m a j o r i t y of t h e com

p l e x e s p o s s e s s a four -membered r i n g c o n s i s t i n g o f t h e m e t a l i o n s and 

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

Numerous X- ray s t r u c t u r e d e t e r m i n a t i o n s have been p e r f o r m e d f o r 

mononuc l ea r complexes w i t h t r i d e n t a t e l i g a n d s as w e l l a s f o r p o l y n u c l e a r 

c o m p l e x e s . Among t h o s e d e t e r m i n a t i o n s r e l e v a n t t o t h e r e s e a r c h p e r 

formed a r e t h e SALGLY c o p p e r ( I I ) complexes ( F i g u r e 2 , L igand t y p e I , 

R =—CH^—CO^) b o t h a s t h e h e m i h y d r a t e and t h e t e t r a h y d r a t e . The b a s i c 

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

w i t h f o u r s h o r t and one l o n g c o o r d i n a t i o n bond . The complex of t h e 

t e t r a h y d r a t e i s h e l d i n a t h r e e - d i m e n s i o n a l ne twork by n i n e hydrogen 
o 

bonds ( 1 4 ) ; whereas , , t h e h e m i - h y d r a t e h a s a c o o r d i n a t e bond ( 2 . 3 3 A) 

be tween t h e coppe r i o n and an oxygen from t h e c a r b o x y l g roup of t h e 

a d j a c e n t m o l e c u l e a s w e l l a s hydrogen b o n d i n g ( 1 5 ) . 

I t h a s been found t h a t n o t a l l t h e c o o r d i n a t i o n s i t e s o f p o t e n 

t i a l l y t r i d e n t a t e l i g a n d s a r e bonded t o t h e m e t a l i on i n c e r t a i n com

p l e x e s . For i n s t a n c e , t h e complex Cu(SALETAH)2 ( F i g u r e 2 , L igand t y p e 

I , R = —CH»—CH»—OH) h a s s q u a r e p l a n a r c o o r d i n a t i o n of t h e c o p p e r by 
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t r a n s l i g a n d s . Both t h e p h e n o l i c oxygens and t h e a z o m e t h i n e n i t r o g e n s 

a r e bonded t o t h e coppe r i o n , b u t t h e a l c o h o l oxygens a r e n o t . How

e v e r , t h e a l c o h o l oxygens form hydrogen bonds w i t h t h e a l c o h o l oxygens 
o o 

of a d j a c e n t m o l e c u l e s w i t h c o n t a c t s o f 2 . 6 5 A and 2 . 7 0 A. T h u s , t h e 

s t r u c t u r e c o n s i s t s of t w o - d i m e n s i o n a l s h e e t s o f hydrogen bonded m o l e 

c u l e s ( 1 6 ) . 

The t r i d e n t a t e S c h i f f b a s e l i g a n d s EIA and PIA ( F i g u r e 2 , L i g a n d 

t y p e I I , R = —CH 2 — C H 2 — 0 " and R = —CH 2 —CH 2 —CH 2 —0~, r e s p e c t i v e l y ) 

g i v e d i f f e r e n t t y p e s o f p o l y n u c l e a r complexes w i t h c o p p e r ( I I ) . Cu(EIA) 

i s a t e t r a m e r i c complex which h a s a " c u b a n e " s t r u c t u r e ( F i g u r e 1 , 

S t r u c t u r e t y p e I I I ) . The " c u b a n e " u n i t c o n s i s t s of b i p y r a m i d a l c o p p e r 

i o n s h e l d i n a d i s t o r t e d t e t r a h e d r a l a r r a n g e m e n t w i t h oxygen atoms above 

each f a c e o f t h e t e t r a h e d r o n . In g e n e r a l , t h e u n i t can be t h o u g h t o f a s 

two d imers h e l d t o g e t h e r by c o p p e r - o x y g e n b o n d s . The m e t a l - m e t a l 
o 

d i s t a n c e be tween " d i m e r s " i s 3 .26 A, whe reas t h e m e t a l - m e t a l d i s t a n c e 
o 

w i t h i n t h e " d i m e r " i s 3 . 0 1 A. The no rma l m a g n e t i c moment i s a t t r i b u t e d 

t o t h e l a c k of a v a i l a b l e low e n e r g y o r b i t a l s f o r iT-type s u p e r e x c h a n g e , 

s i n c e a l l o f t h e o u t e r o r b i t a l s of t h e oxygens a r e i n v o l v e d i n a 

b o n d i n g ( 1 7 ) . 

In c o n t r a s t t o Cu(EIA) , Cu(PIA) i s a p l a n a r d i m e r i c complex w i t h 

a subnorma l m a g n e t i c moment ( F i g u r e 1 , S t r u c t u r e t y p e I I ) . The c o o r d i 

n a t i o n of t h e c o p p e r i o n s i s s q u a r e p l a n a r and b r i d g i n g o c c u r s t h r o u g h 

t h e a l c o h o l oxygens of t h e PIA l i g a n d . O v e r a l l , t h e e n t i r e complex i s 
o 

p l a n a r w i t h i n 0 . 0 3 A. Here t h e c o p p e r - c o p p e r d i s t a n c e was found t o be 
o 

3.0 3 A. The subnorma l m a g n e t i c moment o f 0 . 4 1 B.M. i s c o n s i s t e n t w i t h 
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s u p e r e x c h a n g e t h r o u g h a TT b o n d i n g scheme s i n c e t h e r e a r e low e n e r g y 

o r b i t a l s a v a i l a b l e on t h e b r i d g i n g oxygens ( 1 7 ) . 

N i c k e l ( I I ) forms a u n i q u e " b e n t d i m e r " w i t h EIA ( F i g u r e 1 , 

S t r u c t u r e t y p e I V ) . Here t h e M 2 0 2 four -membered r i n g i s s t i l l p r e s e n t , 

b u t t h e d i h e d r a l a n g l e be tween t h e two O-Ni— 0 p l a n e s of t h e r i n g i s 

3 9 ° . The c o o r d i n a t i o n a round each n i c k e l i s p l a n a r w i t h t h e g r e a t e s t 
o 

d i s t a n c e of any atom from t h e i r l e a s t s q u a r e s p l a n e b e i n g 0 . 0 1 A ( 1 8 ) . 

D i s p l a c e d d i m e r s a r e formed by t h e t r i d e n t a t e S c h i f f b a s e l i g a n d 

AIA ( F i g u r e 2 , L igand t y p e I I , P^CgH^O") w i t h c o p p e r ( I I ) ( F i g u r e 1 , 
S t r u c t u r e t y p e V ) . The s t r u c t u r e o f Cu(AIA) c o n s i s t s of two c o p p e r i o n s 

o f t h e a s y m m e t r i c u n i t b r i d g e d by t h e p h e n o l i c oxygens o f t h e AIA 
o 

l i g a n d , w i t h a c o p p e r - c o p p e r d i s t a n c e o f 2 . 9 9 A. A s s o c i a t i o n be tween 

t h e d i m e r s t a k e s p l a c e t h r o u g h a weak bond be tween t h e c o p p e r i o n of 
o 

one m o l e c u l e and t h e oxygen atom o f t h e o t h e r (Cu—0 d i s t a n c e of 2 . 6 4 A ) . 

The geomet ry of one c o p p e r i o n i s a d i s t o r t e d s q u a r e p y r a m i d , w h e r e a s 

t h e o t h e r c o p p e r i o n s have s q u a r e - p l a n a r c o o r d i n a t i o n . A subno rma l 

m a g n e t i c moment o f 1.3 B.M. was found ( 1 9 ) . 

An a d d i t i o n a l t y p e o f s t r u c t u r e b a s e d on d i m e r i c u n i t s i s formed 

by c o p p e r ( I I ) and N - 2 - p y r i d y l s a l i c y l a l d i m i n e ( F i g u r e 2 , L igand t y p e I , 

R = C l ^ H ^ ) , ( h e r e a f t e r SALPYA). Al though m a g n e t i c s t u d i e s had p r e v i 

o u s l y i n d i c a t e d a t r i m e r i c s t r u c t u r e , an X-ray s t r u c t u r e d e t e r m i n a t i o n 

r e v e a l e d t h a t t h e p o l y n u c l e a r s p e c i e s was [Cu(SALPYA)(H 2 0)] i + (NOg)^, a 

" s t a c k e d d i m e r " ( F i g u r e 1 , S t r u c t u r e t y p e V I ) . As i s shown s c h e m a t i c a l l y 

on page 7 t h e SALPYA l i g a n d s c o o r d i n a t e t o t h r e e d i f f e r e n t c o p p e r i o n s ; 

t h e p h e n o l i c oxy gens a c t a s b r i d g e s be tween t h e c o p p e r i o n s f o r m i n g 
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two d i m e r i c u n i t s and t h e n i t r o g e n o f t h e p y r i d i n e s l i n k t h e two d i m e r i c 

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

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

n i t r a t e i o n s a r e n o t c o o r d i n a t e d and a r e d i s o r d e r e d be tween two s i t e s 

i n t h e l a t t i c e . Th i s t e t r a n u c l e a r u n i t i s u n i q u e i n t h a t t h e d i m e r s a r e 

h e l d t o g e t h e r by t h e l i g a n d r a t h e r t h a n t h e b r i d g i n g a toms b e i n g s h a r e d 

by t h r e e m e t a l i o n s a s i n t h e cubane t y p e u n i t . The c o p p e r - c o p p e r 
o 

d i s t a n c e s w i t h i n t h e d i m e r s a r e 3 .07 A, whe reas t h e c o p p e r - c o p p e r d i s -
o 

t a n c e s be tween i o n s i n d i f f e r e n t d i m e r s i s 3 .17 A. M a g n e t i c s u s c e p t i 

b i l i t y measu remen t s i n d i c a t e an a n t i f e r r o m a g n e t i c c o u p l i n g be tween t h e 

p a i r s o f oxygen b r i d g e d c o p p e r i o n s , b u t l i t t l e o r no i n t e r a c t i o n 

be tween t h e d i m e r s ( 2 0 ) . 

T e t r a d e n t a t e L i g a n d s 

The m a j o r i t y of t e t r a d e n t a t e S c h i f f b a s e l i g a n d s a r e formed by 

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

I I I ) . When t h e ca rbon c h a i n l i n k i n g t h e n i t r o g e n atoms i s s h o r t (n = 2 

t o 4) t h e l i g a n d s a p p e a r t o be r e s t r i c t e d t o c o o r d i n a t e i n a p l a n a r c i s 

f a s h i o n f o r t h e m a j o r i t y o f c o m p l e x e s . However, o t h e r e f f e c t s can 

c a u s e v a r i a t i o n s from c o p l a n a r i t y ( 2 1 ) . 

One of t h e most e x t e n s i v e l y i n v e s t i g a t e d t e t r a d e n t a t e S c h i f f b a s e 

complexes i s Co(SAL 2EN) ( F i g u r e 2 , L igand t y p e I I I , n = 2 ) . The i n i t i a l 

r e a s o n f o r i n t e r e s t i n t h i s compound was i t s a b i l i t y t o a b s o r b oxygen . 

A l though t h e f i r s t form i n v e s t i g a t e d was found t o a b s o r b one oxygen 

m o l e c u l e p e r t h r e e c o b a l t i o n s ( 2 2 ) , an i n a c t i v e form of Co(SAL 2EN) a s 

w e l l a s a form t h a t would r e v e r s i b l y c a r r y one oxygen p e r two c o b a l t 
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i o n s was l a t e r p r e p a r e d ( 2 3 ) . An i n c o m p l e t e X-ray s t u d y o f t h e d i f 

f e r e n t forms of CotSAL^EN) was p e r f o r m e d and a model f o r t h e m o l e c u l e 

w i t h r e a s o n a b l e v a l u e s f o r t h e bond a n g l e s and d i s t a n c e s was c o n s t r u c t e d 

t o accommodate t h e measured u n i t c e l l d i m e n s i o n s and t h e symmetry o f t h e 

m o d i f i c a t i o n s t u d i e d . The m o l e c u l e s were found t o be a r r a n g e d i n l a y e r s 

so a s t o p r o d u c e l a r g e o r s m a l l h o l e s i n t h e a c t i v e o r i n a c t i v e oxygen 

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

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

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

o x y g e n - c a r r y i n g c o b a l t complex C o C B Z A C ^ E N ) ( P y r i d i n e ( F i g u r e 2 , L igand 

t y p e IV, n = 2 ) . The s t r u c t u r e o f t h e complex c o n s i s t s o f monomeric 

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

t h e f o u r S c h i f f b a s e l i g a n d atoms and p h e n y l r i n g s c o p l a n a r w i t h t h e 

m e t a l i o n . The oxygen m o l e c u l e and p y r i d i n e occupy t h e r e m a i n i n g a x i a l 

p o s i t i o n s . The a n g l e o b s e r v e d f o r t h e Co—0—0 (oxygen m o l e c u l e ) i s 

1 2 6 ° , which i s i n ag reemen t w i t h t h a t p r e d i c t e d by P a u l i n g and d i f f e r s 

from t h e s i d e w a y s c o o r d i n a t i o n p o s t u l a t e d by G r i f f i t h . The o x y g e n -
o 

oxygen d i s t a n c e of 1.26 A i s comparab le w i t h t h e s u p e r o x i d e i o n v a l u e 

( 1 . 2 8 A) ( 2 4 ) . 

A l though n o t an o x y g e n - c a r r i e r , Cu(SAL 2EN) i s u n i q u e i n t h a t t h e 

complex i s d i m e r i c . The f i v e - c o o r d i n a t e c o p p e r r e s u l t s from i n t e r -

m o l e c u l a r b o n d i n g t o t h e oxygen i n an a d j a c e n t m o l e c u l e ( F i g u r e 1 , 

S t r u c t u r e t y p e I I ) . The e t h y l e n e b r i d g e i s t w i s t e d i n t o a " g a u c h e " 

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

away from t h e c o p p e r atoms such t h a t t h e s e p a r a t i o n of t h e c h e l a t e r i n g s 



17 

o o 
i s 4 . 0 A a t t h e e x t r e m i t i e s , b u t t h e Cu—Cu d i s t a n c e i s 3 .18 A. No 

s i g n i f i c a n t m a g n e t i c i n t e r a c t i o n be tween t h e m e t a l i o n s o c c u r s down t o 

83°K, p r e s u m a b l y due t o t h e l o n g Cu—0 bonds o r t h e Cu—0—Cu a n g l e 

( 2 5 ) . 

The m e t a l i o n s i n s e v e r a l mononuc l ea r complexes formed from 

t e t r a d e n t a t e S c h i f f b a s e l i g a n d s have t h e same g e n e r a l s t e r o c h e m i s t r y 

as t h e c o p p e r ( I I ) in CutSAL^EN). These complexes i n c l u d e N N f - e t h y l e n e -

b i s - ( a c e t y l a c e t o n e i . m i n a t o ) c o p p e r m o n o h y d r a t e , N N ' - d i s a l i c y l i d e n e p r o -

p a n e - 1 , 2 - d i a m i n e c o p p e r monohydra te ( 26 ) and N N f - d i s a l i c y l i d e n e -

e t h y l e n e d i amine z i n c ( I I ) ( 2 7 ) ; a l l o f which have a w a t e r m o l e c u l e com

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

A l s o , i r o n ( I I I ) forms a number o f complexes w i t h u n u s u a l s t r u c 

t u r e s and m a g n e t i c p r o p e r t i e s w i t h SAL^EN. The complex Fe(SAL 2 EN)Cl 

h a s been shown t o p o s s e s s a b i n u c l e a r s t r u c t u r e i n t h e s o l i d s t a t e i n 

which each i r o n ( I I I ) a c h i e v e s s i x - c o o r d i n a t i o n by i n t e r m o l e c u l a r m e t a l -

oxygen b o n d i n g s i m i l a r t o CutSAL^EN) ( F i g u r e 1 , S t r u c t u r e t y p e I I ) . 
o 

The F e — 0 . " i n p l a n e " l e n g t h i s 1.9 8 A, w h i l e t h e b r i d g i n g l e n g t h i s 
o 

g r e a t e r ( 2 . 1 8 A ) . The complex showed a s l i g h t l y r e d u c e d h i g h - s p i n 

moment ( 5 . 3 6 J3.M. a t 300°K), which was s u g g e s t e d as b e i n g due t o s u p e r -

exchange v i a t h e Fe—0—Fe g r o u p i n g ( 2 8 ) . A f i v e - c o o r d i n a t e monomer 

was a l s o p r o d u c e d by c r y s t a l l i z i n g t h e complex from n i t r o m e t h a n e . How

e v e r , t h e n i t r o m e t h a n e was r e t a i n e d i n t h e c r y s t a l l a t t i c e a s s o l v e n t 

of c r y s t a l l i z a t i o n . The moment of t h e monomeric form was found t o b e 

5.9B.M. a s opposed t o t h e subnorma l moment of t h e d i m e r i c fo rm. 

The o x o - b r i d g e d d imer [Fe(SAL EN)] 0 h a s an a b n o r m a l l y low 
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m a g n e t i c moment o f 1 .87 B .M. , which i s t e m p e r a t u r e d e p e n d e n t . The 

s t r u c t u r e o f [Fe (SAL 2 EN) 2 0 • 2 P y r i d i n e ] was found t o c o n s i s t of a 

f i v e - c o o r d i n a t e i r o n d imer w i t h an o x o - b r i d g e ( F i g u r e 1 , S t r u c t u r e t y p e 

V I I ) . The Fe—0—Fe a n g l e was found t o be 1 3 9 ° , and t h e Fe—Fe d i s t a n c e 
o 

was 3 .36 A. The p y r i d i n e s a r e n o t bonded t o t h e i r o n i o n s , b u t e x i s t 

a s s o l v e n t o f c r y s t a l l i z a t i o n . The c o n f i g u r a t i o n of t h e l i g a n d i s v e r y 

s i m i l a r t o t h a t of t h e monomeric Fe(SAL 2 EN)Cl ( 2 9 ) . 

In g e n e r a l w i t h t e t r a d e n t a t e S c h i f f b a s e l i g a n d s ( F i g u r e 2 , 

L igand t y p e I I I ) i n c r e a s i n g t h e l e n g t h o f t h e m e t h y l e n e c h a i n may c a u s e 

a change i n t h e s t e r o c h e m i s t r y of t h e complex from a c i s - p l a n a r c o o r d i 

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

c o b a l t s a l i c l a l d i m i n e complexes w i t h m e t h y l e n e c h a i n s up t o t e n u n i t s 

i n l e n g t h and h a s o b t a i n e d m a g n e t i c moments c o n s i s t e n t w i t h t e t r a h e d r a l 

c o b a l t f o r t h e complexes w i t h l i g a n d s h a v i n g m e t h y l e n e c h a i n s of t o 

C 1 Q ( 2 1 ) . 
O 

An i n t e r e s t i n g example of t h e e f f e c t o f t h e s t e r i c b u l k o f a 

t e t r a d e n t a t e l i g a n d on t h e s t e r o c h e m i s t r y of a m e t a l i o n i s found i n 

Cu(SAL 2BIPA) ( F i g u r e 2 , L igand t y p e V ) . The complex was p r e d i c t e d t o 

be t e t r a h e d r a l due t o t h e s t e r i c r e q u i r e m e n t s of t h e b u l k y l i g a n d . 

However, t h e s t e r o c h e m i s t r y of t h e c o p p e r i s a l m o s t s q u a r e p l a n a r w i t h 

a d i h e d r a l a n g l e of 39° be tween t h e p l a n e s d e f i n e d by CuON and CuO'N ' . 

Th i s i s i n c o n t r a s t t o t h e 90° a n g l e e x p e c t e d f o r a t e t r a h e d r a l a r r a n g e 

ment and h a s been a c h i e v e d by t w i s t i n g t h e l i g a n d f ramework , i n c l u d i n g 

t h e bond j o i n i n g t h e p h e n y l r i n g s ( 3 0 ) . 
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P e n t a d e n t a t e L igands 

P e n t a d e n t a t e l i g a n d s i n g e n e r a l have n o t been t h o r o u g h l y s t u d i e d . 

A t t a c h m e n t t o a m e t a l i o n by a p e n t a d e n t a t e l i g a n d i n which t h e donor 

a toms a r e members of a c o n t i n u o u s c h a i n of a toms can l e a d t o a v a r i e t y 

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

c i e n t l y f l e x i b l e t o a l l o w a l l of t h e donor atoms t o bond t o t h e m e t a l 

i on i f t h e l i g a n d i s t o a c t a s a p e n t a d e n t a t e . 

The p e n t a d e n t a t e S c h i f f b a s e l i g a n d SAL^DPT ( F i g u r e 2 , L igand 

t y p e V I , R = H , n = 3) h a s g i v e n complexes w i t h m a n g a n e s e , c o b a l t , n i c k e l , 

c o p p e r , and z i n c . M o l e c u l a r w e i g h t s t u d i e s i n d i c a t e d t h a t t h e complexes 

a r e monomeric and X-ray powder p h o t o g r a p h s i n d i c a t e t h e complexes a r e 

i s o m o r p h o u s . In a d d i t i o n , a l l t h e complexes e x c e p t z i n c have h i g h s p i n 

m a g n e t i c moments and t h e s p e c t r u m of t h e n i c k e l complex was s i m i l a r t o 

t h a t of a known f i v e - c o o r d i n a t e n i c k e l complex ( 3 1 ) . 

A t h r e e - d i m e n s i o n a l X-ray a n a l y s i s o f Ni(SALMeDPT) ( F i g u r e 2 , 

L igand t y p e V I , R =CHg, n = 3 ) r e v e a l e d a monomeric s o l i d - s t a t e s t r u c t u r e 

i n which t h e n i c k e l i o n was c o o r d i n a t e d by t h e t h r e e n i t r o g e n s and t h e 

two o x y g e n s . The s t r u c t u r e i s a d i s t o r t e d t r i g o n a l b i p y r a m i d w i t h two 

oxygens and one n i t r o g e n i n t h e e q u a t o r i a l p l a n e and two n i t r o g e n s i n 

t h e a x i a l p o s i t i o n ( 3 2 ) . 

The m a c r o c y c l i c l i g a n d , 2 , 1 3 - d i m e t h y l - 3 , 6 , 9 , 1 2 , 1 8 - p e n t a a z a b i c y c l o 

[ 1 2 . 3 . l ] - o c t a d e c a - l ( 1 8 ) , 2 , 1 2 , 1 4 , 1 6 p e n t a e n e , (ML) ( F i g u r e 2 , L igand t y p e 

V I I ) , y i e l d s a d i m e r i c complex w i t h i r o n ( I I I ) . The X-ray s t r u c t u r e of 

t h e d imer [ ( H 2 0 ) M L F e ] 2 0 (ClO^)^ r e v e a l e d an a p p r o x i m a t e l y p e n t a g o n a l 

b y p y r a m i d a l c o n f i g u r a t i o n a b o u t t h e i r o n i o n w i t h one s h o r t e n e d a x i a l 
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d i s t a n c e . A w a t e r m o l e c u l e o c c u p i e s t h e o u t e r a x i a l p o s i t i o n s , and t h e 

d imer i s composed o f two FeMLCH^O) ( F i g u r e 1 , S t r u c t u r e t y p e V I I I ) u n i t s 
o 

l i n k e d by a l i n e a r oxo b r i d g e w i t h an i r o n - o x y g e n d i s t a n c e o f 1 .8 A ( 3 3 ) . 

A r e c e n t X- ray s t r u c t u r e d e t e r m i n a t i o n h a s shown t h a t t h e b i -

n u c l e a t i n g , p e n t a d e n t a t e l i g a n d FSALDTS ( F i g u r e 2 , L igand t y p e V I I I , 
B = — 0 C 9 H q , X = —N==C^ ) y i e l d s a d i m e r i c complex w i t h n i c k e l ( I I ) 

1 b N N H 2 

( F i g u r e 1 , S t r u c t u r e t y p e I X ) . In Ni(SALDTS) (C^H^.) t h e N i - N i d i s t a n c e 
o 

of 2 . 3 8 A i s s i g n i f i c a n t l y s h o r t e r t h a n t h e sum o f t h e Van d e r Waals 
o 

r a d i i ( ~ 2 . 8 A) ( 3 4 ) . In a d d i t i o n , c o p p e r ( I I ) complexes w i t h t h i s t y p e 

of l i g a n d a r e known t o have subnorma l m a g n e t i c moments and t h e a v a i l a b l e 

i n f o r m a t i o n i n d i c a t e s a b i n u c l e a r s t r u c t u r e s i m i l a r t o t h e n i c k e l com

p l e x (35 ) . 

H e x a d e n t a t e and H e p t a d e n t a t e L i g a n d s 

C o n s i d e r a b l e p r e p a r a t i v e work and r e s o l u t i o n of t h e r e s u l t i n g 

complexes o f d i f f e r e n t i s o m e r s o f h e x a d e n t a t e S c h i f f b a s e l i g a n d s h a s 

been d o n e . The s t r u c t u r a l d e s i g n s of h e x a d e n t a t e l i g a n d s h a s been c o n 

s i d e r e d on a g e n e r a l b a s i s by L ions ( 3 6 ) , who r e c o g n i z e d t h a t t h e r e were 

a t l e a s t 36 p o s s i b l e s t r u c t u r a l p a t t e r n s f o r h e x a d e n t a t e l i g a n d s . The 

most common t y p e of l i n e a r h e x a d e n t a t e l i g a n d i s r e p r e s e n t e d by L igand 

t y p e IX ( F i g u r e 2 ) . Complexes of c o b a l t ( I I I ) where L =S and x=y=z=2 

have been p r e p a r e d and r e s o l v e d . In a d d i t i o n , complexes o f t h e r e l a t e d 

l i g a n d w i t h L =NH and x=y=z=2 have been p r e p a r e d and complexes of 

c o b a l t ( I I I ) , i r o n ( I I I ) , and a l u m i n u m ( I I I ) r e s o l v e d ( 3 7 , 3 8 ) . 

In a d d i t i o n t o complexes o f l i n e a r h e x a d e n t a t e l i g a n d s , s e v e r a l 
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complexes of b r a n c h e d h e x a d e n t a t e l i g a n d s have been p r e p a r e d and 

s t u d i e d . Of t h e more common a r e L igand t y p e X ( F i g u r e 2 , R = s a l i c y l i -

d e n e , C^H^O -) and Ligand t y p e XI ( F i g u r e 2 , R ' = H , R = s a l i c y l i d e n e , 

C^H^O ) . These l i g a n d s have been shown t o form i n n e r complexes w i t h 

i r o n ( I I I ) and c o b a l t ( I I I ) ( 3 9 , 4 0 ) and a r e presumed t o be o c t a h e d r a l 

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

handed s p i r a l . T h u s , t h e r e s u l t must be a c i s i s o m e r . 

X-ray s t u d i e s o f t h e complexes formed by t h e l i g a n d PYgTAE 

( F i g u r e 2 , L igand t y p e XI , R f = —CHg, R = —C^H^N) have r e v e a l e d c o n 

s i d e r a b l e d i f f e r e n c e i n t h e amount o f t w i s t be tween t h e r e s p e c t i v e 

t r i g o n a l f a c e s . The complex Zn(PY 3TAE) h a s a geomet ry a p p r o x i m a t e l y 

midway be tween t r i g o n a l p r i s m a t i c and o c t a h e d r a l ( t w i s t a n g l e = 2 8 ° ) . 

The z i n c , n i c k e l , c o b a l t , and manganese complexes c r y s t a l l i z e i n t h e 

same s p a c e g roup and a r e i somorphous a n d , t h e r e f o r e p r o b a b l y i s o s t r u c -

t u r a l ( 4 1 ) . 

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

t o r t i o n can be a c h i e v e d by u s i n g t h e l i g a n d PYgTACH ( F i g u r e 2 , L igand 

t y p e X, R=—C.Hj -N) . The complex Zn(PYQTACH) h a s an a v e r a g e t w i s t o f b o o 

t h e t r i g o n a l f a c e s of o n l y 4 ° . P re sumab ly t h e added r i g i d i t y of t h e 

c y c l o h e x a n e backbone i s r e s p o n s i b l e f o r t h e t r i g o n a l - p r i s m a t i c a r r a n g e 

ment ( 4 2 ) . 

I n g e n e r a l , h e p t a d e n t a t e S c h i f f b a s e l i g a n d s a r e r a t h e r uncommon. 

S e v e r a l w o r k e r s have r e p o r t e d p r e p a r a t i o n of what c o u l d be complexes 

formed from hep t ade^n t a t e S c h i f f b a s e l i g a n d s ( 4 3 , 4 4 ) . Most of t h e com

p l e x e s were p r e p a r e d from t h e l i g a n d s SALqTREN ( F i g u r e 2 , L igand t y p e 
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X I I , R = C 7 H 4 0 ) o r PYgTREN ( F i g u r e 2 , L igand t y p e X I I , R = —C^H^N). An 

X- ray s t r u c t u r e d e t e r m i n a t i o n of NitPYgTREN) r e v e a l e d a s t r u c t u r e t h a t 

can be d e s c r i b e d a s a capped o c t a h e d r o n . The t h r e e in l ine n i t r o g e n a toms 

and t h e t h r e e p y r i d i n e n i t r o g e n atoms a r e d i s p o s e d a p p r o x i m a t e l y a t t h e 
o 

a p i c e s of an o c t a h e d r o n w i t h m e t a l - n i t r o g e n d i s t a n c e s of 2 . 1 0 A. T h i s 

d i s t a n c e i s c l o s e t o t h a t p r e d i c t e d by P a u l i n g ' s c o v a l e n t r a d i i and 

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

The u n i q u e t e r t i a r y amine n i t r o g e n i s a t a s i g n i f i c a n t l y g r e a t e r 
o 

d i s t a n c e from t h e n i c k e l , 3 .25 A. T h i s , a t v e r y b e s t , i s a v e r y weak 

n i c k e l - n i t r o g e n i n t e r a c t i o n ( 4 4 ) . Hence , a c l e a r - c u t c a s e o f a h e p -

t a d e n t a t e S c h i f f b a s e complex r e m a i n s unknown. 



23 

CHAPTER I I 

EXPERIMENTAL 

P r e p a r a t i o n o f Complexes 

A l l t h e S c h i f f b a s e l i g a n d s employed e x c e p t SALGLYH^ and 

SALDIAPSH^ were p r e p a r e d by m i x i n g s a l i c y l a l d e h y d e w i t h t h e r e s p e c t i v e 

a m i n e ; i n t h e p r e p a r a t i o n s of SALGLY and SAL^^DIAPS t h e p r e p a r a t i v e 

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

The a n a l y t i c a l d a t a f o r a l l o f t h e complexes p r e p a r e d a r e g i v e n i n 

Tab le 2 on page 2 8 . 

Cu(SALPAH)Cl 

A m e t h a n o l s o l u t i o n (100 ml) of SALPAH^ ( 0 . 1 mole) was added t o 

a m e t h a n o l s o l u t i o n (150 ml) of a n h y d r o u s c o p p e r c h l o r i d e ( 0 . 0 5 m o l e ) ; 

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

h o t s o l u t i o n y i e l d e d a brown c r y s t a l l i n e p r o d u c t which was d r i e d i n 

v a c u o . 

Fe(SALPA)Cl 

To t h e l i g a n d SALPAH^ ( 0 . 0 1 mole ) was added a m e t h a n o l s o l u t i o n 

(100 ml) o f l i t h i u m m e t h o x i d e ( 0 . 0 2 m o l e ) ; t h e r e s u l t i n g s o l u t i o n o f t h e 

d i a n i o n of t h e l i g a n d was added d r o p w i s e t o a s t i r r e d m e t h a n o l s o l u t i o n 

of F e C l 3 • 6H 2 0 ( 0 . 0 1 m o l e ) . Upon h e a t i n g t h e s o l u t i o n t o r e f l u x , a 

d a r k brown c r y s t a l l i n e p r o d u c t p r e c i p i t a t e d and was f i l t e r e d o f f . The 

p r o d u c t , Fe(SALPA)Cl was r e c r y s t a l l i z e d from t e t r a h y d r o f u r a n p r i o r t o 

f u r t h e r s t u d y . 
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Fe(SALPA)Cl • -yTOL 

In an a t t e m p t t o f i n d a s o l v e n t from which Fe(SALPA)Cl would 

c r y s t a l l i z e a s l a r g e r c r y s t a l s s u i t a b l e f o r s i n g l e c r y s t a l X- ray d i f 

f r a c t i o n s t u d i e s , t o l u e n e was employed a s a s o l v e n t . The complex was 

d i s s o l v e d i n h o t t o l u e n e and t h e s o l u t i o n f i l t e r e d . On s t a n d i n g , t h e 

s a t u r a t e d s o l u t i o n y i e l d e d l a r g e c r y s t a l s o f t h e complex Fe(SALPA)Cl • 

[ F e ( H 2 0 ) c ] [ F e ( S A L G L Y ) 2 ] 2 • 2H 2 0 

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

t h e p r e p a r a t i v e scheme g i v e n by Ray and Mukherjee ( 4 5 ) . G l y c i n e was 

added t o a d i s t i l l e d w a t e r s o l u t i o n (150 ml) o f f e r r o u s s u l f a t e ; t h e 

r e s u l t i n g s o l u t i o n was h e a t e d , and an e t h a n o l s o l u t i o n (50 ml) o f 

s a l i c y l a l d e h y d e was a d d e d . The r a t i o s were 3 : 2 : 2 moles f o r g l y c i n e : 

s a l i c y l a l d e h y d e : f e r r o u s s u l f a t e . A da rk r e d c r y s t a l l i n e m a t e r i a l p r e 

c i p i t a t e d from t h e r e f l u x i n g s o l u t i o n and was f i l t e r e d o f f ; a l l o w i n g 

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

s i t i o n o f t h e complex had been e s t a b l i s h e d by a n a l y s e s , t h e r e a c t a n t s 

were mixed i n t h e s t o i c h i o m e t r i c r a t i o , 4 : 4 : 3 m o l e s , and t h e same 

c r y s t a l l i n e m a t e r i a l was o b t a i n e d . The m a t e r i a l a n a l y z e d was a i r - d r i e d 

s i n c e i t was found n h a t by h e a t i n g (100°C) u n d e r vacuum f o r 24 h o u r s , 

a p p r o x i m a t e l y 7 .5 w a t e r s were l o s t . 

Fe(SAL 2 DIAPS)Cl 

The l i g a n d SAL 2DIAPSH 2 was made by a d d i n g a m e t h a n o l s o l u t i o n 

(50 ml) o f s a l i c y l a l d e h y d e ( 0 . 0 2 mole ) d r o p w i s e t o a m e t h a n o l s o l u t i o n 

i (100 ml) of 2 , 2 ' - d i a m i n o d i p h e n y l d i s u l f i d e ( 0 . 0 1 m o l e ) . A m e t h a n o l 

! 

ii 

j 
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s o l u t i o n (75 ml) of l i t h i u m m e t h o x i d e ( 0 . 0 2 mole ) was added a s b a s e 

and t h e l i g a n d s o l u t i o n was added d r o p w i s e t o a h o t m e t h a n o l s o l u t i o n 

(100 ml) of FeCl • 6H 0 ( 0 . 0 1 m o l e ) . F i l t e r i n g t h e h o t s o l u t i o n 

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

c r y s t a l s which were s u i t a b l e f o r a n a l y s e s and a s t r u c t u r e d e t e r m i n a t i o n . 

LiFe(SALETA) 2 

A m e t h a n o l s o l u t i o n (125 ml ) of l i t h i u m m e t h o x i d e ( 0 . 0 4 mole ) 

was added t o n e a t SALETAH^ ( 0 . 0 2 m o l e ) ; t h e r e s u l t i n g l i g a n d s o l u t i o n 

was added d r o p w i s e t o a s t i r r e d m e t h a n o l s o l u t i o n (100 ml ) of FeCl^ • 

6H 2 0 ( 0 . 0 1 m o l e ) . The s o l u t i o n was h e a t e d t o r e f l u x and f i l t e r e d w h i l e 

h o t ; d a r k r e d c r y s t a l l i n e m a t e r i a l formed i n t h e f i l t r a t e , b u t upon 

e x p o s u r e t o a i r t h e m a t e r i a l a p p e a r e d t o l o s e s o l v e n t . R e c r y s t a l l i z a -

t i o n from e t h a n o l y i e l d e d an a i r - s t a b l e r e d c r y s t a l l i n e m a t e r i a l which 

a n a l y z e d f o r LiFe(SALETA) 2 . 

Cu(SALPDA)Cl 

A m e t h a n o l s o l u t i o n (75 ml) o f l i t h i u m m e t h o x i d e ( 0 . 0 1 mole ) was 

mixed w i t h SALPDAH ( 0 . 0 1 mole) and t h e l i g a n d s o l u t i o n added d r o p w i s e 

t o a r e f l u x i n g m e t h a n o l s o l u t i o n (150 ml) of a n h y d r o u s c o p p e r c h l o r i d e 

( 0 . 0 1 m o l e ) . The s o l u t i o n was f i l t e r e d w h i l e h o t and t h e f i l t r a t e 

s a v e d . Over a p e r i o d o f s e v e r a l w e e k s , g r e e n c r y s t a l s formed from t h e 

f i l t r a t e . The m a t e r i a l was f i l t e r e d and a l l o w e d t o a i r d r y . 

Ni(SALPDA) 2 

A m e t h a n o l s o l u t i o n (75 ml) of l i t h i u m m e t h o x i d e ( 0 . 0 2 mole ) was 

mixed w i t h SALPDA ( 0 . 0 2 m o l e ) ; t o t h e l i g a n d s o l u t i o n a m e t h a n o l s o l u 

t i o n (150 ml) o f n i c k e l c h l o r i d e ( 0 . 0 1 mole ) was added d r o p w i s e . The 
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s o l u t i o n was h e a t e d t o r e f l u x and f i l t e r e d w h i l e h o t . Upon s t a n d i n g , 

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

s o l v e n t upon e x p o s u r e t o a i r b u t a i r - s t a b l e c r y s t a l s were formed by 

r e c r y s t a l l i z a t i o n from m - x y l e n e . 

To SALPAH2 ( 0 . 0 1 mole ) was added a m e t h a n o l s o l u t i o n (50 ml o f 

KOH ( 0 . 0 2 m o l e ) ; t h e r e s u l t i n g l i g a n d s o l u t i o n was added t o a s t i r r e d 

m e t h a n o l s o l u t i o n (125 ml) o f CoAc 2 • 4H 2 0 and h e a t e d t o r e f l u x . The 

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

f i l t e r e d o f f and a i r d r i e d . 

A m e t h a n o l s o l u t i o n (75 ml) o f l i t h i u m m e t h o x i d e ( 0 . 0 2 mole) was 

mixed w i t h SALETAH2 ( 0 * 0 1 mole) and t h e l i g a n d s o l u t i o n added t o a 

s t i r r e d m e t h a n o l s o l u t i o n (125 ml) o f CoAc 2 • 4H 2 0 ( 0 . 0 1 m o l e ) . The 

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

p r e c i p i t a t e ; a d d i t i o n a l m i c r o c r y s t a l l i n e m a t e r i a l was d e p o s i t e d from 

t h e f i l t r a t e . 

Cu(SALETAH)Cl • fo^OH 

The a d d i t i o n of a m e t h a n o l s o l u t i o n (75 ml) of SALETAH2 ( 0 . 0 2 

mole) t o a m e t h a n o l s o l u t i o n (125 ml) o f CuCl 2 ( 0 . 0 2 mole) i m m e d i a t e l y 

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

s t i r r e d and a l l o w e d t o s t a n d f o r f i v e m i n u t e s . F i l t e r i n g y i e l d e d 

s e v e r a l grams of da rk g r e e n p r o d u c t which was washed w i t h m e t h a n o l and 

d r i e d i n vacuo o v e r H_S0.,. 

Co(SALPA) - - ^ 0 

Co(SALETA)2H 

2 ^ 4 
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Cu(SALETA) • y H 2 0 

A m e t h a n o l s o l u t i o n (50 ml) o f KOH ( 0 . 0 1 7 m o l e s ) was mixed w i t h 

SALETAH2 ( 0 . 0 2 mole ) and t h e l i g a n d s o l u t i o n added t o CuAc 2 • H 2 0 ( 0 . 0 2 

mole ) p a r t i a l l y d i s s o l v e d i n m e t h a n o l (125 m l ) . Immedia te p r e c i p i t a t i o n 

of d a r k g r e e n m a t e r i a l r e s u l t e d , w h i l e some of t h e CuAc 2 • H 2 0 r e m a i n e d 

u n d i s s o l v e d . Methanol (125 ml) was added and s t i r r i n g and h e a t i n g were 

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

t i o n , t h e volume of t h e s o l v e n t was r e d u c e d by f l a s h e v a p o r a t i o n . 

S e v e r a l grams o f da rk g r e e n m a t e r i a l s e p a r a t e d and was r e c r y s t a l l i z e d 

from an a c e t o n e - m e t h a n o l m i x t u r e and d r i e d i n vacuo o v e r H 2 SO^. 

Ni(SALETAH)Ac • CHo0H 

The a d d i t i o n of a m e t h a n o l s o l u t i o n (50 ml) of SALETAH2 ( 0 . 0 2 

mole) t o NiAc 2 • 4H 2 0 ( 0 . 0 2 mole) p a r t i a l l y d i s s o l v e d i n m e t h a n o l (125 

ml) r e s u l t e d i n p r e c i p i t a t i o n of c o n s i d e r a b l e g r e e n m a t e r i a l and u n 

d i s s o l v e d NiAc 2 • 4H 2 0 r e m a i n e d . A d d i t i o n a l m e t h a n o l (100 ml) was added 

and t h e m i x t u r e h e a t e d u n t i l s o l u t i o n was c o m p l e t e . F i l t e r i n g t h e h o t 

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

c r y s t a l s . 

S o u r c e s of A n a l y t i c a l Data 

For a l l o f t h e compounds g i v e n i n Tab le 2 , t h e C,H,N,S a n a l y s e s 

were p e r f o r m e d by G a l b r a i t h L a b o r a t o r i e s , K n o x v i l l e , T e n n e s s e e o r 

A t l a n t i c Micro L a b , A t l a n t a , G e o r g i a . A l l m e t a l a n a l y s e s were p e r f o r m e d 

by t h e a u t h o r . 

I t was found t h a t i n c o n s i s t e n t r e s u l t s from m e t a l a n a l y s e s were 

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



Tab le 2 . A n a l y t i c a l Data 

Compound E m p i r i c a l Formula 

P e r Cent 
M e t a l 

P e r Cent 
Carbon 

P e r Cent 
Hydrogen 

P e r Cent 
N i t r o g e n 

P e r Cent 
S u l f u r 

Compound E m p i r i c a l Formula C a l c d Found Ca lcd Found C a l c d Found Ca lcd Found C a l c d Found 

Cu(SALPAH)Cl C u ( C 1 ( ) N 0 2 H 1 2 ) C l 2 2 . 9 2 2 2 . 9 3 4 3 . 3 3 4 3 . 1 3 4 . 3 6 4 . 4 0 5 .05 5 .04 -

Fe(SALPA)Cl Fofp MO w Irn 
~ - * ~ 1 ( r ~ 2 " l l ' ~ - nil no nic co 

-TT . / W TT . U <~> 
4 . 1 4 4 .22 COO Ii n O O.Z.Z. t . J O -

Fe(SALPA)Cl«^-TOL F e ( C 1 0 N ° 2 H l l ) C 1 ^ 7 H 8 - 5 1 . 5 4 51 .58 4 . 7 7 4 . 7 4 4 . 2 7 4 . 6 7 -

[ F e ( H 2 0 ) 6 ] [ F e 
(SALGLY ) 2 > 2 H 2 0 F e 3 C 3 6 ° 2 0 \ H ^ 1 6 . 4 2 1 6 . 6 3 4 2 . 3 9 42 .26 4 . 3 1 4 . 4 0 5 .49 5.32 -

Fe(SAL 2 DIAPS)Cl F e ( C 2 6 N 2 S 2 0 2 H 1 8 ) C l 1 0 . 2 3 1 0 . 2 4 5 7 . 2 1 56.16 3 . 3 3 3 .18 5 . 1 3 5.06 1 1 . 7 3 1 1 . 2 6 

LiFe(SALETA) 2 L i F e ( C g N O 2 H 1 0 ) 2 - 55 .55 55.29 4 . 6 7 4 . 9 6 7 .19 7 .15 -

Cu(SALPDA)Cl C u ( C l l N 2 ° H 1 5 ) C 1 2 1 . 8 9 2 1 . 6 1 4 5 . 5 1 45 .69 5 . 2 1 5 .38 9 .65 9 .86 -

Ni(SALPDA) 2 N i ( C l l N 2 O H 1 5 ) ^ - 5 9 . 8 8 58 .38 6 .86 6 .90 12 .69 1 2 . 4 8 -

Co(SALPA)--2- H 2 0 0 0 ( 0 ^ 0 ^ ) 4 ^ 0 - 4 8 . 9 9 47 .88 4 . 9 4 4 . 8 8 5 . 7 1 5.39 -

Co(SALETA)2H C o ( C 1 8 H i g N 2 0 4 ) - 55 .95 56.19 4 . 9 7 4 .86 7 .25 7 .27 -

Cu(SALETAH)Cl-

7 CH3OH C u ( C g H 1 ( ) N 0 2 ) C l « Y C H

3

0 H 2 2 . 7 6 2 2 . 5 2 4 0 . 8 6 4 1 . 0 3 4 . 3 4 4 . 2 5 5 .02 5 .06 -

Cu(SALETA)- |« 2 0 C u ( C g N 0 2 H g ) 4 H 2 0 2 6 . 9 5 2 6 . 1 7 4 5 . 8 5 45 .24 4 . 2 8 4 . 3 0 5 . 9 3 5 .68 -

Ni(SALETAH)Ac* 
CH OH N i ( C 1 2 N 0 5 H 1 7 ) - 4 5 . 9 1 4 5 . 9 1 5 .46 5 .46 4 . 4 6 4 . 4 7 -
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a n a l y z i n g . The i n i t i a l method employed i n d e s t r o y i n g t h e o r g a n i c 

m a t e r i a l c o n s i s t e d of b o i l i n g t h e complex i n c o n c e n t r a t e d H^SO^ w i t h a 

few m i l l i t e r o f H^O f o r a p p r o x i m a t e l y 12 h o u r s . A n o t h e r method was 

l a t e r employed i n which t h e s a m p l e s t o be a n a l y z e d were p l a c e d i n p o r 

c e l a i n c r u c i b l e s and s l o w l y h e a t e d t o a p p r o x i m a t e l y 900°C. The s a m p l e s 

were k e p t a t t h i s t e m p e r a t u r e from two t o s i x h o u r s . A f t e r a l l o w i n g i t 

t o c o o l , t h e r e m a i n i n g sample m a t e r i a l was d i s s o l v e d i n a c i d (HNO^ f o r 

c o p p e r a n a l y s e s , HCl f o r i r o n a n a l y s e s ) by b o i l i n g t h e e n t i r e c r u c i b l e 

and l i d u n t i l no seimple m a t e r i a l r e m a i n e d . The s o l u t i o n was a l l o w e d t o 

c o o l ; t h e c r u c i b l e and l i d were r e t r i e v e d from t h e s o l u t i o n u s i n g 

p l a s t i c - c o a t e d t o n g s . The volume of t h e a c i d s o l u t i o n was t h e n r e d u c e d 

by b o i l i n g u n t i l a p p r o x i m a t e l y 10 m i l l i t e r s o f s o l u t i o n r e m a i n e d . 

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

worked up and c o p p e r d e t e r m i n e d by e l e c t r o d e p o s i t i o n on a p l a t i n u m 

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

t i t r a t i o n me thod , u s i n g K^Cr^O^ a s t i t r a n t . 

D e t e r m i n a t i o n o f M a g n e t i c Moments 

Magne t i c measurements were made e i t h e r by t h e Gouy method o r by 

t h e F a r a d a y me thod . I n s t r u m e n t a t i o n and p r o c e d u r e s f o r t h e Gouy method 

have been d e s c r i b e d e l s e w h e r e ( 4 6 ) . The equ ipmen t s e t u p , c a l i b r a t i o n 

and mode of o p e r a t i o n f o r t h e Fa raday method were d e v e l o p e d by t h e 

a u t h o r and have been d e s c r i b e d i n d e t a i l by High tower ( 4 7 ) . 

In g e n e r a l i f t h e f i e l d g r a d i e n t o v e r an e l e m e n t o f vo lume , dV, 

of t h e spec imen i s , t h e n t h e f o r c e dF i s 
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dF = ( K - K )dV H ^ ( 1 ) o d l 

where K and K Q a r e t h e s u s c e p t i b l i t i e s p e r u n i t volume of t h e sample and 

t h e d i s p l a c e d medium, r e s p e c t i v e l y . For t h e guoy method t h e spec imen i s 

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

l ower end of which e x t e n d s i n t o t h e m a g n e t i c f i e l d of s t r e n g t h H. The 

t u b e i s f i l l e d t o t h e same h e i g h t each t i m e w i t h f i n e l y g round s a m p l e . 

T h u s , t h e volume of m a t e r i a l i s c o n s t a n t and e x p e r i e n c e s t h e same f i e l d 

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

I n t e g r a t i o n o v e r t h e e n t i r e l e n g t h of t h e spec imen from H = H a t t h e 

lower end of t h e t u b e t o H a t some l e n g t h 1 g i v e s 
o 

( K - K ) ( H 2 - H 2 ) A 
F = 2 _ _ 2 _ = A w g ( 2 ) 

where A i s t h e c r o s s - s e c t i o n a l a r e a o f t h e s a m p l e , Aw i s t h e a p p a r e n t 

change i n w e i g h t of t h e sample upon t u r n i n g on t h e f i e l d and g i s t h e 

g r a v i t a t i o n a l c o n s t a n t . U s u a l l y K Q i s n e g l i g i b l e compared t o K , and i f 

t h e sample e x t e n d s above t h e p o l e p i e c e s a d i s t a n c e g r e a t e r t h a n e i g h t 

t i m e s t h e p o l e gap w i d t h , H Q i s n e g l i g i b l e compared t o H. 

T h u s , t h e volume s u s c e p t i b i l i t y , K , i s g i v e n by 

K = ^ ( 3 ) 
H A 

In t h e F a r a d a y method a v e r y s m a l l sample (even one s m a l l c r y s t a l 

can s u f f i c e ) i s s u s p e n d e d from a s e n s i t i v e b a l a n c e i n a v e r y 
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non-homogeneous m a g n e t i c f i e l d which i s d e s i g n e d t o m a i n t a i n ~ c o n s t a n t 

o v e r t h e e n t i r e r e g i o n i n which t h e sample i s l o c a t e d . I f K Q i s n e g l i 

g i b l e , t h e n t h e e x p r e s s i o n f o r K becomes 

K - ^ — ( 4 ) 

VH d l 

The volume s u s c e p t i b i l i t y , K , i s r e l a t e d t o t h e gram s u s c e p t i 

b i l i t y , x J by t h e r e l a t i o n s h i p , 

where p i s t h e d e n s i t y and w t h e w e i g h t o f t h e s a m p l e . A p p l y i n g t h i s 

r e l a t i o n s h i p t o E q u a t i o n s 3 and 4 y i e l d s , r e s p e c t i v e l y 

s H A 

. Aw = c . Aw 
g C m ̂  W W 

H dH 
d l 

The v a l u e s of C and C can be e v a l u a t e d by u s i n g a s t a n d a r d o f 

known s u s c e p t i b i l i t y . The s t a n d a r d u s e d was HgCoCCNS)^ w i t h Xg = 

4981 .32 x 1 0 " 6 (T + 1 0 ) " 1 where T i s t h e a b s o l u t e t e m p e r a t u r e . 

In b o t h m e t h o d s , t h e r e l a t i v e w e i g h t o f a sample was measu red 

w i t h and w i t h o u t t h e m a g n e t i c f i e l d and t h e change i n w e i g h t Aw, was 

c o r r e c t e d f o r t h e d i a m a g n e t i s m of t h e sample h o l d e r . The gram 
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s u s c e p t i b i l i t y o f t h e s a m p l e , x » was t h e n c a l c u l a t e d from E q u a t i o n s 

( 6 ) and ( 7 ) , u s i n g t h e v a l u e o f C o r C d e t e r m i n e d from t h e s t a n d a r d . 

Aw W 
x g = s a m P . s t d . x g ( 8 ) 
x g s a m p W Aw x g s t d K O J 

samp s t d 

The m o l a r s u s c e p t i b i l i t y , x m » was c a l c u l a t e d u s i n g e x p r e s s i o n 

( 9 ) , where M.W. i s t h e m o l e c u l a r w e i g h t o f t h e complex and t h e d i amag-

n e t i c c o r r e c t i o n s a r e c a l c u l a t e d from t h e a t o m i c v a l u e s g i v e n by F i g g i s 

and Lewis (M-8). 

Xm = Xg x M.W. + D i a m a g n e t i c C o r r e c t i o n s (9 ) 

The m a g n e t i c moments , UQ^, were t h e n c a l c u l a t e d u s i n g t h e e q u a 

t i o n , 

" e f f = 2 . 8 4 ( x m T ) 1 / 2 ( 1 0 ) 

where T i s t h e a b s o l u t e t e m p e r a t u r e . Tab le 3 g i v e s t h e i n f o r m a t i o n 

o b t a i n e d from t h e m a g n e t i c s t u d i e s . 

C r y s t a l l o g r a p h i c Data 

E x p e r i m e n t a l Methods 

As a r e s u l t of t h e e x t r e m e l y da rk c o l o r of most o f t h e c r y s t a l s 

i n v e s t i g a t e d , no i n f o r m a t i o n a s t o t h e o r i e n t a t i o n of t h e a x e s o r s i n g u 

l a r i t y of t h e c r y s t a l c o u l d be o b t a i n e d by v i e w i n g t h e c r y s t a l s u n d e r 

t h e p o l a r i z i n g m i c r o s c o p e . H e n c e , t h e c h o i c e of c r y s t a l was made by 
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Tab le 3 . M a g n e t i c Data 

Compound Method X x l O 6 

g 
X x 1 0 6 
Am Temp°K 

Dimag 
Cor r 
x 1 0 6 

y e f f 
(B.M.) 

Cu(ALPAH)Cl Gouy 1 .18 461 299 133 1.05 

Fe(SALPA)Cl F a r a d a y 2 6 . 7 7430 299 131 4 . 2 3 

[Fe(H 2 0) 6 ][Fe(SALGLY) 2 ]2 • 
2H20* Fa raday 3 9 . 0 * * 40200** 299** 456** 9 . 8 4 * * 

Fe(SAL 2 DIAPS)Cl F a r a d a y 2 6 . 0 14400 299 278 5 .90 

Fe(SAL 2 DIAPS)Cl F a r a d a y 4 0 . 2 22250 196 278 5 .89 

Cu(SALETAH)Cl»y CH OH F a r a d a y 5 .18 1590 299 143 1.96 

Cu(SALPDA)Cl F a r a d a y 3 .00 935 299 148 1.50 

Co(SALETA)2H Gouy Diamag-
n e t i c 

Co(SALPAM)'Y H 2 0 Gouy 33 .26 8267 296 113 4 . 4 4 

Th i s measurement was r u n i n t h e Fa raday A p p a r a t u s , b u t t h e 
s y s t e m was n o t e v a c u a t e d s i n c e t h e complex l o s t H 2 0 u n d e r vacuum. 

These v a l u e s a r e f o r t h e fo rmu la u n i t , which c o n t a i n s t h r e e 
i r o n i o n s , r a t h e r t h a n p e r m e t a l i o n . 
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v i s u a l e x a m i n a t i o n u n d e r t h e s t e r e o s c o p i c m i c r o s c o p e . Norma l ly t h e 

c r y s t a l was mounted on a t h i n g l a s s f i b e r which had been g l u e d i n t o a 

moun t ing p i n . In t h e s t r u c t u r e d e t e r m i n a t i o n of [Fe (SALPA)Cl ] 2 • TOL, 

t h e c r y s t a l decomposed ( p r o b a b l y due t o l o s s of t o l u e n e of c r y s t a l l i z a 

t i o n ) when exposed t o t h e a t m o s p h e r e f o r an e x t e n d e d p e r i o d of t i m e . 

To p r e v e n t d e c o m p o s i t i o n , t h e c r y s t a l was g l u e d on t h e t i p o f a s m a l l 

Lindemann g l a s s c a p i l l a r y ; a s l i g h t l y l a r g e r c a p i l l a r y was p l a c e d o v e r 

t h e c r y s t a l and t h e two c a p i l l a r i e s were s e a l e d i n a v e r y s m a l l t o r c h 

f l a m e . The s e a l e d s e c t i o n ( a p p r o x i m a t e l y 10 mm i n l e n g t h ) c o n t a i n i n g 

t h e c r y s t a l was t h e n g l u e d i n t o t h e sc rew b a s e moun t ing p i n u s e d on t h e 

g o n i o m e t e r h e a d . With t h i s a r r a n g e m e n t , t h e r e was no n o t i c e a b l e decom

p o s i t i o n d u r i n g d a t a c o l l e c t i o n . 

A f t e r t h e c r y s t a l was mounted on t h e g o n i o m e t e r h e a d , c o a r s e 

a d j u s t m e n t s o f t h e a r c s were made by v i s u a l e x a m i n a t i o n . E x a c t o r i e n 

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

u s i n g u n f i l t e r e d molybdenum r a d i a t i o n ( 4 9 ) . 

U n i t c e l l p a r a m e t e r s , d i f f r a c t i o n symmetry and o t h e r d a t a n e c e s 

s a r y t o d e f i n e t h e u n i t c e l l and d e t e r m i n e t h e s p a c e g roup were o b t a i n e d 

from measurements and i n s p e c t i o n of z e r o and u p p e r l e v e l p h o t o g r a p h s 

t a k e n w i t h z i r c o n i u m - f i l t e r e d molybdenum r a d i a t i o n . The d e n s i t i e s of 

a l l t h e c r y s t a l s were d e t e r m i n e d by t h e f l o t a t i o n me thod . S o l u t i o n s of 

m e t h y l e n e i o d i d e and v a r i o u s o r g a n i c s o l v e n t s i n which t h e complexes 

were n o t s o l u b l e were employed . Tab le 4 on page 44 c o n t a i n s t h e c e l l 

p a r a m e t e r s , v o l u m e s , number of f o rmu la u n i t s p e r u n i t c e l l and d e n s i 

t i e s ( c a l c u l a t e d and o b s e r v e d ) f o r a l l t h e c r y s t a l s i n v e s t i g a t e d . 
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C o l l e c t i o n o f I n t e n s i t y Data Using F i lm Methods 

A f t e r t h e u n i t c e l l p a r a m e t e r s and s p a c e g roup i n f o r m a t i o n had 

been d e t e r m i n e d , i n t e n s i t y d a t a were c o l l e c t e d on t h e B u r g e r p r e c e s s i o n 

camera o r on t h e P i c k e r Automated D i f f r a c t o m e t e r . With t h e c a m e r a , 

t i m e d e x p o s u r e s o f 5 0 , 5 .0 and 0 .5 h o u r s were c o l l e c t e d f o r e ach l e v e l 

on I l f o r d I n d u s t r i a l G X-ray f i l m . Three t i m e d e x p o s u r e s were d e v e l o p e d 

s i m u l t a n e o u s l y u s i n g f r e s h l y p r e p a r e d Kodak d e v e l o p e r and f i x e r . C r y s t a l 

m i s a l i g n m e n t was d e t e r m i n e d by t h e p r e s e n c e of d o u b l i n g of s p o t s on t h e 

p h o t o g r a p h s ; any m i s a l i g n m e n t was c o r r e c t e d b e f o r e c o n t i n u i n g w i t h d a t a 

c o l l e c t i o n . The i n t e n s i t i e s of t h e r e f l e c t i o n s were e s t i m a t e d by 

v i s u a l compar i son of t h e b l a c k n e s s of t h e s p o t t o a s t a n d a r d s e r i e s , 

b o t h o f which were i l l u m i n a t e d s i m u l t a n e o u s l y by a Kodak I l l u m i n a t o r . 

C o l l e c t i o n of I n t e n s i t y Data Using C o u n t e r Methods 

C r y s t a l s f o r which i n t e n s i t y d a t a were t o be c o l l e c t e d on t h e 

P i c k e r F o u r - C i r c l e Automated D i f f r a c t o m e t e r were i n i t i a l l y a l i g n e d on 

t h e p r e c e s s i o n camera . However, t h e c r y s t a l s were f u r t h e r a l i g n e d on 

t h e d i f f r a c t o m e t e r u s i n g p u b l i s h e d i n s t r u c t i o n s ( 5 0 ) , s i n c e ' t h e a l i g n 

ment i s f a r more c r i t i c a l t h a n on t h e p r e c e s s i o n camera . For 20 

r e f l e c t i o n s ( i n c l u d i n g r e f l e c t i o n s a l o n g each of t h e r e c i p r o c a l a x e s ) , 

t h e v a l u e s of p h i , c h i , omega, and two t h e t a ( t h e s e f o u r a n g l e s d e f i n e 

t h e p o s i t i o n o f t h e c r y s t a l and d e t e c t o r ) were d e t e r m i n e d by m a n u a l l y 

c e n t e r i n g t h e r e f l e c t i o n i n t h e e x i t c o l l i m a t o r . A l e a s t - s q u a r e s 

r e f i n e m e n t o f t h e d a t a u s i n g t h e C a r t e r p rogram (51 ) y i e l d e d r e f i n e d 

c e l l p a r a m e t e r s and from t h e s e p a r a m e t e r s t h e a n g l e s e t t i n g s f o r t h e 

r e m a i n i n g r e f l e c t i o n s were c a l c u l a t e d . The t a k e - o f f a n g l e and c r y s t a l 
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t o s c i n t i l l a t i o n c o u n t e r d i s t a n c e were 2 . 0 ° and 21 cm, r e s p e c t i v e l y . 
o 

Z i r c o n i u m - f i l t e r e d Molybdenum Ka r a d i a t i o n (wave l e n g t h = .7107 A) was 

u s e d f o r a l l d a t a c o l l e c t i o n . Using t h e t h e t a - t w o t h e t a s can t e c h n i q u e , 

r e f l e c t i o n s were s c a n n e d a t a r a t e of 1° p e r m i n u t e f o r a t o t a l s c a n of 

2 ° . Symmet ry - fo rb idden r e f l e c t i o n s were c o l l e c t e d t o i n s u r e t h a t t h e 

p r o p e r s p a c e g roup had been chosen and t h a t c o n d i t i o n s f o r t h e s e 

e x t i n c t i o n s were m e t . 

S t a t i o n a r y b a c k g r o u n d c o u n t s of 20 s e c o n d s each were c o l l e c t e d 

f o r t h e 26 s e t t i n g s c o r r e s p o n d i n g t o t h e b e g i n n i n g and end of t h e s can 

a f t e r t h e r e f l e c t i o n had been s c a n n e d . Copper a t t e n u a t o r s (which had 

p r e v i o u s l y b e e n c a l i b r a t e d by c o l l e c t i n g i n t e n s i t i e s on s e v e r a l d i f 

f e r e n t r e f l e c t i o n s of v a r y i n g m a g n i t u d e s ) were u s e d . The t h r e s h o l d 

p o i n t was s e t so t h a t a t t e n u a t o r s would be i n s e r t e d when t h e c o u n t i n g 

r a t e exceeded 10 ,000 c o u n t s / s e c o n d . The p u l s e h e i g h t a n a l y z e r was s e t 

f o r a p p r o x i m a t e l y a 90 p e r c e n t window, c e n t e r e d on t h e molybdenum Ka 

p e a k . C o r r e c t e d i n t e n s i t i e s (C I ) were o b t a i n e d by t h e r e l a t i o n s h i p 

CI = CT - 3 ( b g l + b g 2 ) 

where CT i s t h e t o t a l i n t e g r a t e d peak coun t f o r t h e two d e g r e e s c a n , 

w h i l e 3 i s t h e f a c t o r of t h e s can t i m e t o t h e t o t a l b a c k g r o u n d c o u n t i n g 

t i m e . S t a n d a r d d e v i a t i o n s , a , f o r t h e c o r r e c t e d i n t e n s i t i e s were 

a s s i g n e d a c c o r d i n g t o t h e f o r m u l a (52 ) 

a ( C I ) = [CT + 0 . 2 5 ( t c / t b ) 2 ( b d g l + bdg2) + ( P I ) 2 ] 



37 

where t c i s t h e t o t a l s can t i m e , t b i s t h e c o u n t i n g t i m e of each b a c k 

g r o u n d , and P i s an " i g n o r a n c e " f a c t o r i n t r o d u c e d t o keep t h e v e r y 

s t r o n g r e f l e c t i o n s from h a v i n g u n r e a s o n a b l y h i g h w e i g h t s . The w e i g h t i n g 

scheme employed was b a s e d upon c o u n t i n g s t a t i s t i c s where , t h e 

w e i g h t s , a r e d e r i v e d from t h e f o l l o w i n g r e l a t i o n s h i p 

W i = 4 - ( C I ) / a ( C I ) 2 

A s t a n d a r d r e f l e c t i o n was r u n a p p r o x i m a t e l y e v e r y 50 r e f l e c t i o n s 

t o check f o r d e c o m p o s i t i o n , l o s s of a l i g n m e n t due t o m e c h a n i c a l s l i p p a g e 

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

of t h e i n s t r u m e n t . I f t h e s t a n d a r d r e f l e c t i o n ' s p o i n t o f maximum 

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

t o t a l i n t e g r a t e d i n t e n s i t y had changed s i g n i f i c a n t l y , t h e a r c s of t h e 

g o n i o m e t e r h e a d were r e s e t . I t was n e c e s s a r y i n c e r t a i n c a s e s , i . e . 

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

d a t a c o l l e c t i o n . 

C a l c u l a t i o n s 

F . L. C a r t e r ' s p rogram f o r c a l c u l a t i n g d i f f r a c t o m e t e r s e t t i n g s 

was run on t h e Bur roughs 5500 c o m p u t e r . A l l o t h e r c a l c u l a t i o n s were 

c a r r i e d o u t on t h e Univac 1108 c o m p u t e r . P rograms u s e d i n c l u d e d 

Z a l k i n s FORDAP F o u r i e r summation p rogram ( 5 3 ) , B u s i n g , M a r t i n and 

L e v y ' s ORFLS (54-) , XLFS, and ORFFEE, a p rogram f o r c a l c u l a t i n g L o r e n t z -

p o l a r i z a t i o n c o r r e c t i o n s by B e r t r a n d ( 5 5 ) , a d a t a r e d u c t i o n program by 

Kirkwood ( 5 6 ) , a p rogram f o r c a l c u l a t i n g t h e b e s t l e a s t - s q u a r e s p l a n e 
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f o r a s e t o f a t o m s , and J o h n s o n ' s ORTEP (57) f o r d rawing c r y s t a l s t r u c 

t u r e i l l u s t r a t i o n s . 

Two a d d i t i o n a l p r o g r a m s , RBANG and BECLS6, were a d a p t e d t o t h e 

Univac 110 8 f o r t h e p u r p o s e of t r y i n g a g roup r e f i n e m e n t on t h e d i s 

o r d e r e d p o r t i o n o f t h e s t r u c t u r e Fe(SALPA)Cl • jTOL. RBANG i s a d i r e c t 

r e w r i t e (58 ) o f t h e I b e r s / D o e d e n s p rogram o f t h e same name. The p rogram 

d e f i n e s a s e t o f o r t h o g o n a l axes from t h e c r y s t a l axes and p r o v i d e s 

i n p u t f o r t h e o r i e n t a t i o n a n g l e s p h i , t h e t a , and r h o f o r r i g i d body 

r e f i n e m e n t s . BECLS6 (59) i s a l o c a l l y m o d i f i e d v e r s i o n o f I b e r s / D o e d e n s 

p rogram NUCLS5, which i s a h i g h l y m o d i f i e d v e r s i o n o f ORFLS i n which 

l e a s t - s q u a r e s r e f i n e m e n t o f i n d i v i d u a l atoms a n d / o r r i g i d g r o u p s i s 

p o s s i b l e . 

L o c a t i o n of Atomic P o s i t i o n s and S t r u c t u r e Ref inement 
o f t h e Orde red S t r u c t u r e s 

A l l t h e s t r u c t u r e d e t e r m i n a t i o n s r e p o r t e d i n t h i s t h e s i s were 

p e r f o r m e d by t h e heavy atom me thod . The P a t t e r s o n F u n c t i o n was u s e d 

t o l o c a t e t h e heavy atoms i n t h e s t r u c t u r e ; once t h e heavy atoms were 

f o u n d , t h e y s e r v e d a s a p h a s i n g model ( f rom which t h e r e m a i n i n g a t o m i c 

p o s i t i o n s were l o c a t e d ) . 

For t h e m o n o c l i n i c s p a c e g r o u p , P 2 1 / c , t h e r e i s 2 - f o l d s c r ew 

a x i s p a r a l l e l t o b and a c g l i d e p e r p e n d i c u l a r t o b . As was i n d i c a t e d 

i n Tab le 4 a l l o f t h e c r y s t a l s t r u c t u r e s s t u d i e d c r y s t a l l i z e d i n t h i s 

s p a c e g r o u p . The e q u i v a l e n t p o s i t i o n s f o r P 2 ^ / c ( n o . 14) a r e x , y , z ; x , 

y , z ; x , ~ f y , ^ - z ; x , ~ - y , i " Z . In t h i s s p a c e g roup t h e s c r ew and g l i d e do 
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n o t p a s s t h r o u g h t h e o r i g i n , b u t a r e o f f s e t from i t . I n o r d e r t o 

l o c a t e t h e heavy atom p o s i t i o n s i n a c e l l t h e P a t t e r s o n f u n c t i o n i s 

employed . For t h e s p a c e g roup P 2 ^ / c t h e v e c t o r s be tween symmetry 

r e l a t e d atoms ( H a r k e r r e l a t i o n s h i p s ) have t h e c o o r d i n a t e s ± 2 x , ± 2 y , ± 2 z ; 

T 2 x ± ^ - , ± y , ± i + 2 z ; and 0 , ^ ± 2 y , y . From t h e l a r g e r p e a k s on t h e p l a n e 

+ 2 x , ± 2

1 , ± ^ + 2 z t h e x and z c o o r d i n a t e s may be found and from t h e p e a k s 

on t h e l i n e 0 , — ± 2 y t h e y c o o r d i n a t e may be o b t a i n e d . Employing t h e 

p e a k s be tween c e n t r o s y m m e t r i c a l l y r e l a t e d a t o m s , ± 2 x , ± 2 y , ± 2 z t h e 

c o o r d i n a t e s a l r e a d y found may be v e r i f i e d . 

A n o t e w o r t h y f e a t u r e o f t h e P a t t e r s o n map f o r t h e complexes which 

had s u b n o r m a l m a g n e t i c moments was a v e r y s t r o n g m e t a l - m e t a l v e c t o r of 
o 

3 .0 - 3 .2 A i n l e n g t h . Th i s v e c t o r a r i s e s from t h e two m e t a l i o n s i n 

t h e four -membered r ^ n S • T J i e c o o r d i n a t e s found by a s suming t h a t 

t h i s v e c t o r c o r r e s p o n d s t o 2 x , 2 y , 2z were c o n s i s t e n t w i t h t h o s e a t o m i c 

p o s i t i o n s found f o r t h e heavy atoms by use of t h e o t h e r H a r k e r r e l a t i o n 

s h i p s . 

Once t h e heavy atom p o s i t i o n s were d e t e r m i n e d , s e v e r a l c y c l e s of 

f u l l - m a t r i x l e a s t - s q u a r e s r e f i n e m e n t y i e l d e d c o n v e n t i o n a l R v a l u e s o f 

/ E | F | ) . A F o u r i e r s y n t h e s i s was t h e n com

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

t u r e s . From t h e r e s u l t i n g e l e c t r o n d e n s i t y map, a d d i t i o n a l atom p o s i 

t i o n s were l o c a t e d . The a d d i t i o n o f t h e s e atom p o s i t i o n s l e d t o an even 

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

ment and d i f f e r e n c e F o u r i e r s y n t h e s i s was c o n t i n u e d u n t i l a l l a t o m i c 

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

.3 t o .4 (R = £ P " 
o 1 
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c o r r e s p o n d i n g t o a f r a c t i o n of an e l e c t r o n , r e m a i n e d i n t h e e l e c t r o n 

d e n s i t y maps . 

Ref inement o f t h e t e m p e r a t u r e f a c t o r s , a t o m i c c o o r d i n a t e s , and 

s c a l e f a c t o r ( s ) was done each t i m e a d d i t i o n a l a toms were l o c a t e d . In 

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

a toms by I b e r s ( 6 0 ) were employed . A f t e r most o f t h e a t o m i c p o s i t i o n s 

were l o c a t e d , a w e i g h t i n g scheme was a p p l i e d t o t h e d a t a c o l l e c t e d by 

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

t h e t h e r m a l mo t ion of t h e heavy atoms i n t h e s t r u c t u r e ; t h e f i n a l r a t i o 

o f t h e number of r e f l e c t i o n s t o p a r a m e t e r s v a r i e d was a t l e a s t 9 t o 1 . 

L e a s t - s q u a r e s r e f i n e m e n t was c o n t i n u e d u s i n g t h e w e i g h t i n g scheme and 

a n i s t r o p i c t e m p e r a t u r e f a c t o r s u n t i l no s i g n i f i c a n t change i n pa r am

e t e r s , R^ ( t h e c o n v e n t i o n a l R ) , o r t h e w e i g h t e d R^ 

R 2 = t I » i ( l ^ 0 l - | F c | ) M w . ( | F j ) 2 } 1 / 2 

were o b s e r v e d . 

Tab le 5 c o n t a i n s t h e f i n a l w e i g h t e d and u n w e i g h t e d R v a l u e s , 

t o t a l number o f p a r a m e t e r s v a r i e d , i g n o r a n c e f a c t o r ( i f u s e d ) , and num

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

t h e r m a l p a r a m e t e r s , and F. - F t a b l e s a r e g i v e n f o r each s t r u c t u r e i n c o c 

T a b l e s 11 t h r o u g h 1 4 . 

L o c a t i o n of Atomic P o s i t i o n s and S t r u c t u r e Ref inemen t 
o f t h e D i s o r d e r e d S t r u c t u r e s 

In an a t t e m p t t o o b t a i n l a r g e r c r y s t a l s o f t h e Fe(SALPA)Cl com

p l e x , t h e m a t e r i a l was r e o r y s t a l l i z e d from t o l u e n e . P r e l i m i n a r y X-ray 
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measurements i n d i c a . t e d t h a t t h e complex had c r y s t a l l i z e d i n t h e same 

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

d i m e r i c u n i t of t h e complex . The f i r s t a t t e m p t t o c o l l e c t d i f f r a c t o m e t e r 

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

c r y s t a l i n s i d e a Lindemann g l a s s c a p i l l a r y s o l v e d t h a t p rob l em and 

d i f f r a c t o m e t e r d a t a were c o l l e c t e d . 

The heavy atom method was a g a i n employed . P o s i t i o n s f o r t h e 

heavy atoms were found from t h e t h r e e - d i m e n s i o n a l P a t t e r s o n . S e v e r a l 

c y c l e s o f l e a s t - s q u a r e s r e f i n e m e n t , f o l l o w e d by an e l e c t r o n d e n s i t y 

c a l c u l a t i o n r e v e a l e d t h e p o s i t i o n s o f a l l r e m a i n i n g n o n - h y d r o g e n atoms 

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

s q u a r e s r e f i n e m e n t f o l l o w e d by a D i f f e r e n c e F o u r i e r r e v e a l e d a r e g i o n 

of h i g h e l e c t r o n d e n s i t y a round an i n v e r s i o n c e n t e r , ( ~ , ~ , 0 ) . However , 

t h i s r e g i o n d i d n o t c o n t a i n one s e t of d i s t i n c t p e a k s c o r r e s p o n d i n g t o 

t o l u e n e c a r b o n s b u t c o n s i s t e d of a b r o a d con t inuum of e l e c t r o n d e n s i t y 

w i t h maxima i n s e v e r a l a r e a s . D i s o r d e r of t h e m e t h y l g roup i s r e q u i r e d 

b e c a u s e of t h e p r e s e n c e of o n l y two t o l u e n e m o l e c u l e s p e r u n i t c e l l , b u t 

t h e a p p e a r a n c e of t h e d i f f e r e n c e F o u r i e r i n t h i s r e g i o n s u g g e s t e d d i s 

o r d e r of t h e t o l u e n e r i n g a s w e l l . Four o f t h e s t r o n g e s t p e a k s were 

chosen w h i c h , from c o n s t r u c t i o n o f a t h r e e - d i m e n s i o n a l m o d e l , were 

r e a s o n a b l e f o r h a l f o f a t o l u e n e . A t t e m p t s a t l e a s t - s q u a r e s r e f i n e m e n t 

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

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

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

a t o m i c p o s i t i o n s were removed from t h e r e f i n e m e n t and t h e w e i g h t i n g 
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scheme was i n t r o d u c e d ; a n i s o t r o p i c t e m p e r a t u r e f a c t o r s were a s s i g n e d t o 

t h e i r o n and c h l o r i n e a t o m s . The c a l c u l a t i o n o f an a d d i t i o n a l d i f f e r 

ence F o u r i e r was p e r f o r m e d and a g a i n a con t inuum a p p e a r e d . S e v e r a l 

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

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

l o c a t i n g a d d i t i o n a l c a rbon p e a k s met w i t h no s u c c e s s . 

A f t e r l e a s t - s q u a r e s r e f i n e m e n t , u s i n g t h e w e i g h t i n g scheme 

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

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

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

map. 

I t a p p e a r e d a s i f t h e r e migh t be a t o m i c p o s i t i o n s f o r t o l u e n e s 

i n two l o c a t i o n s , t w i s t e d a b o u t 20° w i t h r e s p e c t t o each o t h e r , and 

p o s s i b l y t o o f a r from t h e c e n t e r of i n v e r s i o n . However, a r e f i n e m e n t 

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

geomet ry and bond d i s t a n c e s which were u n r e a s o n a b l e . In a d d i t i o n , some 

o f t h e p o s i t i o n s which a p p e a r e d t o a p p r o x i m a t e t h e s econd r i n g had 

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

s t a g e i t was a p p a r e n t t h a t l e a s t - s q u a r e s r e f i n e m e n t of i n d i v i d u a l atom 

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

An i d e a l geomet ry was assumed f o r t h e t o l u e n e and a s i n g l e r i g i d 

g roup c o n s t r a i n e d a b o u t t h e i n v e r s i o n c e n t e r a t ( ^ J ^ J O ) was i n t r o d u c e d . 

The o r i e n t a t i o n a n g l e s p h i , t h e t a , and r h o a s w e l l a s a g roup t e m p e r a 

t u r e f a c t o r were r e f i n e d . A f t e r f o u r c y c l e s of r e f i n e m e n t , n e i t h e r t h e 

a n g l e s n o r t h e t e m p e r a t u r e f a c t o r changed s i g n i f i c a n t l y . 
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However, an e l e c t r o n d e n s i t y map r e v e a l e d some r e m a i n i n g e l e c 

t r o n d e n s i t y a round t h e i n v e r s i o n c e n t e r . A second g roup was added i n 

an a t t e m p t t o f i n d i f t h e r e was t h e p o s s i b i l i t y t h a t t h e d i s o r d e r 

r e s u l t e d from p a c k i n g o f t h e t o l u e n e i n more t h a n one o r i e n t a t i o n 

a r o u n d t h e i n v e r s i o n c e n t e r . S e v e r a l r e f i n e m e n t s were made w i t h two 

o r i e n t a t i o n s , each h a v i n g a f r a c t i o n a l o c c u p a n c y . From t h e R - f a c t o r s 

and H a m i l t o n ' s s i g n i f i c a n c e t e s t ( 6 1 ) , t h e r e d i d n o t a p p e a r t o be any 

j u s t i f i c a t i o n f o r such a m o d e l . 

R e l e a s i n g t h e atoms from t h e i r r e s t r a i n t s a s a r i g i d g roup and 

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

i n s i g n i f i c a n t l y b e t t e r R v a l u e s ( 6 1 ) , b u t a g a i n t h e r e s u l t i n g geomet ry 

was u n r e a s o n a b l e . The same p r o c e d u r e was f o l l o w e d , b u t a n i s o t r o p i c 

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

c a n t l y b e t t e r R v a l u e s were o b t a i n e d , b u t t h e geomet ry was u n r e a s o n a b l e . 

An ORTEP d rawing of t h e t o l u e n e atoms w i t h a n i s o t r o p i c mo t ion r e v e a l e d 

t h a t t h e r e was b o t h i n - p l a n e mo t ion and ou t -o f^ -p l ane m o t i o n . 

An o b l i q u e c a l c u l a t i o n was p e r f o r m e d i n t h e v i c i n i t y of t h e 

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

r i g i d body r e f i n e m e n t . The peak p o s i t i o n s i n t h e o b l i q u e c a l c u l a t i o n s 

d i f f e r e d s i g n i f i c a n t l y from t h o s e found by r i g i d body r e f i n e m e n t . As 

was found i n a l l o f o t h e r n o n - r i g i d r e f i n e m e n t s , t h e geome t ry o f t h e 

t o l u e n e m o l e c u l e was u n r e a s o n a b l e . 

R e s u l t s of t h e r i g i d body r e f i n e m e n t s a l o n g w i t h o t h e r p e r t i n e n t 

i n f o r m a t i o n a r e g i v e n i n Tab le 6 . 



Tab le 4 . C e l l P a r a m e t e r s f o r S t r u c t u r e s 

Method 
o f Data 

C o l l e c t e d 

Formula 
U n i t s P e r 
Uni t C e l l a b c 3 

D e n s i t y 
Theory 

g / c m 3 

D e n s i t y 
Found 
g / cm 3 

Cu(SALPAH)Cl C o u n t e r 4 8 . 5 6 4 ( 3 ) 1 2 . 3 5 3 ( 5 ) 1 0 . 3 0 5 ( 4 ) 9 8 . 4 3 ( 3 ) 1 .71 1 . 6 9 ( 2 ) 

Fe(SALPA)Cl F i lm 4 9 .85 ( 2 ) 1 4 . 8 6 (2 ) 9 .39 (2 ) 1 2 4 . 2 5 ( 1 0 ) 1 .57 1 . 5 9 ( 2 ) 

F e ( S A L P A ) C l 4 TOL C o u n t e r 4 1 1 . 5 4 8 ( 3 ) 9 . 1 4 3 ( 2 ) 1 8 . 6 8 3 ( 4 ) 1 3 4 . 4 3 ( 5 ) 1.48 1 . 4 7 ( 2 ) 

[ F e ( H 2 0 ) 6 ] [Fe(SALGLY) 2] 2 • 
2H 2 0 C o u n t e r 2 1 8 . 1 4 ( 3 ) 1 2 . 1 8 (2 ) 9 . 4 8 ( 1 ) 9 0 . 4 1 ( 4 ) 1.62 1 . 6 0 ( 2 ) 

Fe(SAL 2DIAPS)Cl F i lm 2 1 0 . 0 2 ( 2 ) 2 1 . 7 6 (4 ) 1 1 . 0 6 ( 2 ) 9 6 . 1 7 ( 1 0 ) 1.52 1 . 5 5 ( 2 ) 

NOTE: A l l t h e s e complexes c r y s t a l l i z e d i n t h e s p a c e g roup P_ 
1/C 



Tab le 5 . F i n a l Ref inement Data 

R wR 

Number o f 
P a r a m e t e r s 

V a r i e d 

Number o f 
R e f l e c t i o n s 

Used 
SC* 

Value 
I g n o r a n c e 

F a c t o r 

Number o f 
A n i s o t r o p i c 

Atoms 

Cu(SALPAH)Cl .089 . 081 72 644 .05 . 0 0 ^ 2 

Fe(SALPA)Cl . 121 - 65 418 - _ 0 

Fe(SALPA)Cl«j TOL .099 . 091 76 851 .30 . 0 1 2 

[ F e ( H 2 0 ) 6 ] [ F e 
(SALGLY) 2 ]2 e 2H 2 0 .078 .047 144 1428 .30 .00 3 

Fe.(SAL 2DIAPS)Cl .095 - 190 2163 - - 8 
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Tab le 6 . R i g i d Ref inement Data f o r To luene o f Fe(SALPA)Cl-jTOL 

D e s c r i p t i o n of Ref inement NV NO P 

S t a r t i n g 
Values 
of o c c 

F i n a l 
Va lues 
o f occ GS R i R 2 

One r i g i d g roup 
R e f i n e d o r i e n t a t i o n a n g l e s 
and G6 75 851 . 0 1 1 2 . 9 7 ,099 . 091 
Two r i g i d g r o u p s 
R e f i n e d o r i e n t a t i o n a n g l e s 
and G8 79 842 .02 

.50 

.50 

1 3 . 4 6 

1 4 . 1 0 .098 . 113 
Two r i g i d g r o u p s 
R e f i n e d o r i e n t a t i o n a n g l e s , 
o c c u p a n c i e s , and GB's 80 851 . 0 1 

.75 

.25 

1 .01 

- . 0 1 

1 3 . 5 5 

- 5 . 0 5 . 1 0 1 .092 
Two r i g i d g r o u p s 
R e f i n e d o r i e n t a t i o n a n g l e s 
and occupancy o f g r o u p s 
w h i l e GB's were c o n s t r a i n e d 
t o same v a l u e 79 851 . 0 1 

.82 

.18 

1.00 

.00 

1 3 . 3 6 

1 3 . 3 6 .102 . 093 
Two r i g i d g r o u p s 
R e f i n e d o r i e n t a t i o n a n g l e s , 
o c c u p a n c i e s , and GB's on 
s e p a r a t e c y c l e s 81 851 . 0 1 

.75 

.25 

.66 

.34 

1 1 . 8 8 

9 .09 .098 .089 
Two r i g i d g r o u p s c o n t i n u e d 
r e f i n e m e n t of o r i e n t a t i o n 
a n g l e s , o c c u p a n c i e s , and 
G8 (GB's s e t a t 1 0 . 0 0 p r i o r 
t o r e f i n i n g ) 81 851 . 0 1 CO

 
CD

 
-P

 
CD

 

.70 

.30 

1 1 . 8 7 

7 .89 .098 . 0 9 1 
P o s i t i o n s found f o r one 
r i g i d g roup were r e f i n e d a s 
n o n - r i g i d . A l t e r n a t e d c o 
o r d i n a t e s and i s o t r o p i c 
t e m p e r a t u r e f a c t o r s 87 851 . 0 1 .090 .083 
P o s i t i o n s found f o r one 
r i g i d g roup r e f i n e d a s n o n -
r i g i d . A l t e r n a t e l y r e f i n e d 
c o o r d i n a t e s and a n i s o t r o p i c 
t e m p e r a t u r e f a c t o r s 107 851 . 0 1 .077 .069 
S i m u l t a n e o u s l y r e f i n e d c o 
o r d i n a t e s and a n i s o t r o p i c 
t e m p e r a t u r e f a c t o r s 107 851 . 0 1 .076 .069 
NV = Number of v a r i a b l e s . Rl = Unweighted R v a l u e . 
NO = Number o f o b s e r v a t i o n s ( R e f l e c t i o n s ) . R 2 = Weigh ted R v a l u e . 
P = I g n o r a n c e f a c t o r . occ = Occupancy o f t h e a tom. 
Gg = Group Tempera tu r e F a c t o r s . 
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Tab le 7 . F i n a l P o s i t i o n a l and Thermal 
P a r a m e t e r s f o r Fe(SALPA)Cl 

Atom X y z B, X 2 

Fe .0436 .4639 .3741 ^ . 8 3 ( 1 5 ) 

CI - . 1 6 8 8 .3947 . 1 5 ^ 3 6 . 6 3 ( 3 1 ) 

02 - . 0 3 7 7 .5634 . 4237 

014 .2295 .3926 . 4576 **. 51(53) 

C3 • 3380 . 3 9 2 8 M53 5 . 1 0 ( 9 0 ) 

C4 .3104 . 4753 7 . 1 3 ( 1 1 7 ) 

C5 • 5512 .3071 . 4 1 9 8 6 . 7 3 ( 1 0 9 ) 

C6 .5601 • 3737 .3172 6 . 6 7 ( 1 0 9 ) 

C7 .4600 .4432 .2592 6 . 1 6 ( 1 0 3 ) 

C8 •3539 A 5 7 5 .3132 4 . 8 1 ( 8 3 ) 

C9 . 2 5 1 3 •53^6 .2454 ^ . 7 M 7 8 ) 

N10 .1305 .5480 . 2 5 8 4 6 . 5 6 ( 8 4 ) 

Oi l . 0 4 o 8 .6475 .1632 1 0 . 8 5 ( 1 6 4 ) 

C12 - . 0 9 5 0 .6606 . 1 8 1 3 8 . 1 0 ( 1 3 1 ) 

C13 - . 1 1 0 2 .6591 . 3386 8 . 8 5 ( 1 3 7 ) 



Tab le 8 . F i n a l P o s i t i o n a l and T h e r m a l x 

P a r a m e t e r s * f o r Fe(SALPA)Cl«jTOL 
4 

Atom X y z 
B,A 2 o r 

311 322 333 312 313 323 

Fe .1389 • 0335 .0072 136(5 ) 9 W ) 5 M 2 ) 2 0 ( 5 ) 6 7 ( 2 ) 3 ( 3 ) 

CI • 3412 .1576 .1449 188(12) 2 0 3 ( 1 2 ) 7 7 ( 5 ) - 5 3 ( 9 ) 8 6 ( 6 ) - 5 M 6 ) 

02 .0798 .1092 - . 1 0 6 6 5 . 1 2 ( 3 0 ) 

014 .0538 - . 1 2 0 8 . 0 2 9 8 ^ • 5 3 ( 3 0 ) ° 

C3 .1409 .0849 - . 1 4 6 9 3 - ^ 5 ( ^ 0 ) 

c4 . 0848 .1850 - . 2 2 6 6 6 . 0 1 ( 5 2 ) 

C5 .1442 .1596 - . 2 7 1 1 6 . 0 3 ( 5 2 ) 

C6 . 2643 .0677 - . 2 3 3 1 6 . 0 9 ( 5 1 ) 

C? . 3223 - . 0 3 0 1 - . 1 5 3 0 5 . 4 4 ( 4 6 ) 

C8 .2582 - . 0 1 4 5 - . 1 1 0 7 3 . 3 9 ( 3 8 ) 

C9 . 3 2 3 ^ - . 1 2 3 3 - . 0 3 2 0 3 . 7 K 3 9 ) 

N10 .2769 - . 1 2 1 3 . 0 1 4 3 3 . 2 5 ( 3 D 

C l l • 35M - . 2 3 9 6 .0942 5 . 8 1 ( 5 2 ) 

C12 .2212 - . 3 3 8 3 .0659 4 - 7 0 ( 4 5 ) 

CI 3 .1222 - . 2 6 0 4 .0846 4 . 4 1 ( 4 4 ) 

A n i s o t r o p i c 3 ' s g i v e n a r e x l o ' 4 . 
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Atom 

Tab le 9 . F i n a l P o s i t i o n a l and Thermal P a r a m e t e r s ' 
f o r [ F e ( H 2 0 ) 6 ] [ ( F e ( S A L G L Y ) 2 ] 2 - 2^0 

B, Az o r 

11 M 22 M 3 3 M 12 M 1 3 M 2 3 

Fe2 .0000 .0000 .0000 14 (1 ) 

Fe3 .7656 - . 0 2 8 8 .3806 2 2 ( 1 ) 

0 3 .0261 . 0 2 8 3 .2169 3 . 0 1 ( 3 3 ) 

04 .0009 .1714 - . 0 3 3 3 3 - 1 1 ( 3 7 ) 

05 .8868 .0176 .0421 2 . 4 8 ( 3 0 ) 

06 .7822 .0278 . 8 2 3 3 4 . 6 6 ( 4 1 ) 

07 .6808 - . 0 0 1 8 . 4921 3 - 3 7 ( 3 5 ) 

08 .8517 - . 1 0 7 9 . 2747 2 . 1 1 ( 3 0 ) 

09 .9169 - . 2 6 2 3 .2389 2 . 9 3 ( 3 5 ) 

010 .7112 - . 0 3 2 8 . 2074 3 . 0 5 ( 3 3 ) 

011 .8380 .0210 . 5374 2 . 9 7 ( 3 3 ) 

012 .9279 . 1 3 6 3 .5959 3 . 7 7 ( ^ 0 ) 

N13 . 7623 - . 1 8 4 9 ' . 4654 1 .78 (36) 

Nl4 . 8003 . 1283 .3166 1 . 9 K 3 7 ) 

C15 .6381 - . 0 6 5 5 .5721 2 . 5 4 ( 5 3 ) 

C16 .5721 - . O I 8 3 .6230 4 . 2 4 ( 5 7 ) 

C17 .5215 - . 0 8 0 6 .7142 3 - 9 4 ( 6 1 ) 

C18 .5400 - . 1 8 5 1 5 .75186 4 . 2 8 ( 6 3 ) 

C19 .6052 - . 2 2 7 1 .7082 3 - 9 0 ( 6 1 ) 

C20 .6567 - . 1 7 0 2 .6105 2 . 9 K 5 2 ) 

C21 .7184 - . 2 2 5 8 .5558 1 .87 (43 ) 

3 4 ( 3 ) 5 4 ( 4 ) - 1 ( 2 ) 0 ( 2 ) 1 ( 3 ) 

2 3 ( 2 ) 5 K 3 ) 0 ( 1 ) 1 1 ( 1 ) 2 ( 2 ) 
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Tab le 9 . ( C o n t i n u e d ) 

B, A2 or 
Atom x y z 3 U 6 2 2 3 3 3 3 1 2 3 1 3 3 2 3 

C22 .8248 - . 2 5 9 2 .4211 2 . 9 K 5 2 ) 

C23 .8664 - . 2 0 5 0 .2990 2 . 2 4 ( 4 7 ) 

C24 . 6827 .0507 .1334 1 .76 (46 ) 

C25 .6211 .0266 . 0337 3 - 7 0 ( 5 5 ) 

C26 .5907 .1126 - . 0 4 7 5 3 . 6 2 ( 6 0 ) 

C27 .6161 .2142 - . 0 2 9 9 3 . 7 5 ( 6 0 ) 

C28 .6728 . 2 4 2 3 .0589 2 . 5 8 ( 5 1 ) 

C29 . 7 0 7 ^ .1595 .1442 2 . 0 6 ( 4 6 ) 

C30 . 7 6 5 3 . I871 .2290 2.66(51) 

C31 .8660 .1645 . 3 8 5 7 3-57(57) 

C32 .8774 .1061 • 5187 2 . 2 4 ( 4 7 ) 

A n i s o t r o p i c 3 ' s a r e g iven x 10 . 
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Tab le 1 0 . F i n a l P o s i t i o n a l and Thermal 
P a r a m e t e r s " f o r Fe(SAL 0 DIAPS)Cl 

Atom X y z 

°9 
B , Az o r 

h i . 6 22 ^33 6 1 2 6 1 3 3 2 3 

Fe .2441 .1142 . 05^9 6 5 ( 1 ) 16(0) 7 1 ( 2 ) 5 ( 1 ) - 2 ( 1 ) - 2 ( 1 ) 

C12 .2143 . 0 5 8 3 - . 1 2 3 9 7 6 ( 2 ) 2 0 ( 0 ] 7 1 ( 3 ) 2 ( 1 ) 0 ( 2 ) - 5 ( 2 ) 

S3 .0911 .0326 .1284 5 9 ( 2 ) 21 (7 ) 9 2 ( 3 ) 1 ( 1 ) 7 ( 2 ) M 2 ) 

S4 .0591 .0464 .3059 104(3) 3 K D 108(4 ) 6 ( 2 ) ^ 5 ( 3 ) 6 ( 2 ) 

05 .3890 .1666 .0380 9 4 ( 8 ) 2 0 ( 2 ] 8 5 ( 8 ) - M 3 ) - 4 ( 7 ) - 2 ( 5 ) 

06 .1030 . 1707 .0056 9 1 ( 8 ) 21 (2 ) > 7 0 ( 7 ) 13 (3 ) - 1 7 ( 6 ) 7 ( 5 ) 

N7 .2325 .1519 .2348 100(11) 2 8 ( 3 ; 1 8 1 ( 1 0 ) 3 ( 5 ) 2 ( 9 ) M 7 ) 

N8 • 3885 .0440 .1302 79 (8 ) 2 1 ( 2 ] > 7 6 ( 9 ) 3 W 7 ( 7 ) - 2 ( 6 ) 

C9 .5131 .1689 .0906 3 - 4 1 ( 3 6 ) 

CIO • 5791 .1156 .1461 3 - 5 M 3 7 ) 

C l l . 5867 .2238 .0860 5 . ^ 9 ( 5 3 ) 

C12 .5132 .0581 3 . 7 0 ( 3 7 ) 

C13 • 7182 .1176 .1931 4 . 4 1 ( 4 3 ) 

Cl4 . 7878 .1704 .1800 5 . 1 0 ( 5 0 ) 

C15 .7261 .2255 .1270 5 ^ 8 ( 5 3 ) 

Cl6 • 3^51 - . 0 1 7 6 .1440 2 . 9 M 3 2 ) 

CI? .2469 - . 1 3 7 0 . 1 5 7 8 3 . 8 1 ( 4 0 ) 

C18 .2069 - . 0 2 8 9 .1404 2 . 6 4 ( 3 0 ) 

C19 .2080 .2131 . 2494 4 . 7 4 ( 4 7 ) 

C20 .1434 . 2 5 0 3 . 1583 3 . 6 1 ( 3 9 ) 

C21 .0847 .2284 .0421 3 - ^ 1 ( 3 7 ) 
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Tab le 1 0 . ( C o n t i n u e d ) 

B , Az o r 
6 1 1 6 2 2 3 3 3 6 1 2 3 1 3 6 2 3 

C22 .0045 . 2 6 7 8 - . 0 3 ^ 0 4 . 0 2 ( 4 2 ) 

C23 .1204 . 3 1 0 3 .1856 

C24 .1591 - . 0 8 9 0 .1480 3 - 8 7 ( 3 9 ) 

C25 • 3815 - . 1 2 7 1 .1669 3 ^ 1 ( 3 7 ) 

C26 - . 0 1 5 5 . 3 2 8 3 .0036 4 . 9 7 ( 5 0 ) 

C27 . 2838 . 1 2 0 3 .3400 4 . 9 7 ( 4 8 ) 

C28 .4087 . 1367 .4051 5 ^ 3 ( 5 3 ) 

C29 .0404 • 3503 .1139 5 . 2 9 ( 5 2 ) 

C30 .2176 . 9687 • 3775 4 . 4 2 ( 4 4 ) 

C31 .2654 . 0 3 4 3 .4828 6 . 4 7 ( 6 2 ) 

C32 .4594 .1050 .5128 7 . 2 5 ( 7 1 ) 

C33 • 3841 .0519 .5449 7 . 0 3 ( 6 8 ) 

C34 .4316 - . 0 6 6 4 .1530 3 - 2 0 ( 3 5 ) 

A n i s o t r o p i c 3 ' s a r e g i v e n x 
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T a b l e 1 1 . Obse rved and C a l c u l a t e d S t r u c t u r e F a c t o r s f o r Fe(SALPA)Cl 

H L FO FC H L FO FC H L FO FC H L FO FC 

K=0 - 3 8 12 10 - 2 4 31 32 - 7 1 9 14 
- 4 8 26 25 0 4 14 16 1 1 119 119 

2 0 9k 88 - 6 8 9 7 1 4 7 10 3 1 12 18 
4 0 24 18 - 8 8 12 12 - 5 5 28 32 - 3 2 17 25 
5 0 19 16 - 9 8 16 15 - 6 5 37 40 - 4 2 35 33 
0 2 56 5k - 4 10 13 9 - 7 5 30 30 - 5 2 33 28 
1 1 49 5k - 5 10 30 21 - 8 5 25 28 - 6 2 2 8 32 
3 2 33 33 - 6 10 13 8 - 9 5 14 17 - 7 2 28 32 
4 2 36 36 - 7 10 2 3 13 - 4 5 k5 4 5 0 2 59 49 
5 2 12 12 - 8 10 13 10 - 2 5 40 35 1 1 69 65 
6 2 18 20 6 0 13 10 - 1 5 75 71 2 2 16 24 

• 1 2 112 117 0 5 30 27 3 2 35 4 4 
2 2 59 59 K= 1 1 5 9 10 4 2 20 24 
3 2 14 17 2 5 13 14 5 2 16 19 
5 2 17 13 - 2 1 86 84 3 5 22 2 3 6 2 11 16 
6 2 51 51 - 3 1 33 42 4 5 2 3 20 - 3 3 22 2 3 
•7 2 32 4 1 - 4 1 21 10 - 6 6 12 13 - 4 3 15 14 
•8 2 18 19 - 5 1 28 31 - 7 6 13 12 - 5 3 26 26 
0 58 55 - 6 1 24 32 - 3 6 14 12 - 6 3 2 3 20 
1 59 62 - 7 1 17 21 - 2 6 14 13 - 7 3 26 2 8 
2 4 7 0 1 134 122 - 1 6 17 13 - 8 3 16 18 
3 4 24 2 7 l 1 68 67 - 7 7 7 10 - 2 3 87 77 

•1 76 75 2 1 4 1 4 4 - 5 7 12 13 - 1 3 12 12 
•2 30 31 4 1 5k 66 - 4 7 29 24 0 3 4 8 52 
•3 21 25 5 1 26 33 - 3 7 4 37 1 3 22 22 
•5 40 4 2 - 2 2 4 1 33 - 2 7 40 33 2 3 16 16 
.6 4 21 17 - 3 2 28 29 - 1 7 2 3 21 - 4 4 13 11 
•7 20 26 - 6 2 12 10 - 5 8 9 9 - 5 4 26 24 
8 30 36 0 2 35 37 - 4 8 9 6 - 7 4 18 19 

•9 18 24 1 2 ^ 3 46 - 3 8 9 10 - 8 4 22 2 3 
2 6 20 13 2 2 20 24 - 9 9 20 17 - 9 4 16 19 
3 6 16 14 3 2 20 26 - 1 0 9 15 11 - 3 4 32 32 

6 13 11 - 3 3 86 79 - 8 9 17 15 - 2 4 4 1 k7 
•1 6 19 11 - 4 3 k7 50 - 5 9 24 2 3 - 1 4 4 1 4 1 
•2 6 27 20 - 5 3 13 17 - 4 9 8 7 0 4 32 31 
•3 6 17 15 - 6 3 26 27 - 3 9 8 5 1 4 42 ^ 3 
4 6 17 13 - 2 3 65 67 2 4 24 30 
•5 6 3k 37 0 3 15 17 K»2 3 4 15 2 3 
•6 6 k3 40 1 3 16 16 - 5 5 25 26 
•7 6 36 37 2 3 35 37 3 0 4 2 k7 - 6 5 35 3h 
•8 6 21 2 3 3 3 2 3 24 - 2 1 55 4 1 - 7 5 14 19 
0 8 13 IP 4 3 0 13 1 1? 13 - 4 5 14 16 
1 8 19 14 5 3 10 12 1 16 19 - 2 5 12 11 
2 8 13 8 - 4 4 4 3 4 5 - 5 1 31 35 - 1 5 28 29 

•1 8 15 8 - 3 4 38 36 - 6 1 36 40 0 5 19 16 
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T a b l e 1 1 . ( C o n t i n u e d ) 

H L FO FC H L FO FC H K FO FC H K FO FC 

1 5 17 16 - 1 3 27 27 2 8 4 7 38 - 2 4 65 6 7 
.6 6 4 3 35 0 3 64 70 2 9 26 20 - 3 4 39 4 6 
•7 6 2 3 22 1 3 58 4 8 2 10 4 2 34 - 4 4 31 28 
•8 6 15 15 - 4 4 70 64 2 12 18 14 - 5 4 26 30 
•5 6 4 8 4-3 - 5 4 24 27 3 1 7 14 - 6 4 25 34 
•4 6 25 2 3 - 3 4 59 61 3 4 4 7 52 0 4 75 73 
•3 6 24 28 - 2 4 54 5 3 3 5 5 3 5 3 4 4 13 21 
•2 6 18 17 - 6 5 26 31 3 6 14 15 7 4 16 17 
•7 7 15 17 - 7 5 18 19 3 7 69 59 - 1 5 21 2 1 
.8 7 15 16 - 8 5 13 17 3 8 16 12 - 3 5 30 30 
•4 7 12 9 - 3 5 18 12 3 9 20 24 0 5 30 2 7 
•3 7 10 4 - 7 6 2 3 21 3 10 27 26 1 5 40 39 
•8 8 13 10 - 3 6 29 34 3 12 13 11 2 5 59 57 
•6 8 15 12 - 2 6 36 32 4 1 35 37 - 2 6 70 72 
•4 8 11 8 - 1 6 31 28 4 2 24 2 3 - 3 6 89 92 
•3 8 8 8 - 6 7 16 14 4 3 59 60 - 4 6 4 8 5 3 
•2 8 9 9 - 5 7 31 33 4 4 18 20 - 5 6 27 29 
•1 8 11 12 -.4 7 22 17 4 5 33 33 - 6 6 10 14 
0 8 12 12 - 3 7 12 11 4 7 22 19 0 6 13 10 

•5 9 16 13 - 2 7 13 14 4 9 21 20 1 6 25 30 
-4 9 11 12 4 11 18 17 2 6 4 4 4 6 
•2 9 9 0 H K FO FC 5 1 14 17 4 6 14 17 
•8 10 9 9 5 3 33 4 3 5 6 18 22 
•7 10 12 10 L=0 5 5 31 36 - 2 7 21 17 
•6 10 9 8 5 7 17 15 - 4 7 9 12 
•5 10 17 10 0 2 151 155 5 9 10 8 - 6 7 8 7 
•4 10 12 11 0 4 59 51 5 11 13 9 0 7 22 19 

0 6 15 9 6 3 20 28 1 7 17 15 
K-3 0 8 21 21 6 4 12 8 2 7 14 13 

3 0 30 30 0 10 26 18 6 5 2 4 30 3 7 13 14 
•3 1 15 13 0 12 5 3 19 6 6 12 12 - 2 8 49 4 8 
•5 1 21 13 0 14 4 1 33 6 7 18 19 - 3 8 77 68 
2 1 58 65 0 16 14 11 7 3 9 10 - 4 8 42 4 4 
3 1 66 68 1 2 84 102 7 5 18 27 - 5 8 20 25 

1 12 15 1 7 10 19 7 7 2 3 24 1 8 16 16 
5 1 17 19 1 9 11 7 7 9 14 12 2 8 25 28 

•3 2 58 56 1 10 38 29 - 2 9 7 10 
•4 2 25 18 1 12 22 14 L=l - 3 9 9 10 
1 2 35 35 1 14 24 15 0 9 20 17 
3 2 4 7 ^ 9 1 16 18 12 3 1 67 69 1 9 40 40 

•3 3 52 4 6 2 2 20 28 2 2 32 36 2 9 30 28 
-4 3 32 33 2 3 31 32 - 2 3 12 13 3 9 10 10 
•5 3 24 31 2 4 56 51 - 7 3 13 16 - 1 10 39 34 
.6 3 30 25 2 6 4 3 35 1 3 162 153 - 2 10 30 28 
•2 3 50 4 6 2 7 4 4 40 - 1 4 88 81 - 3 10 18 16 
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Tab le 1 1 . (Cont inued) 

H K FO FC H K FO FC H K FO FC H K FO FC 

0 10 17 29 - 3 4 65 66 0 6 16 7 - 1 10 14 19 
1 10 12 10 - 4 4 67 64 1 6 37 37 - 3 10 15 15 
0 11 16 15 - 5 4 4 7 46 - 1 7 37 38 - 4 10 19 2 3 
1 11 29 16 - 6 4 16 12 - 2 7 4 5 4 6 - 5 10 12 15 
2 11 17 2 3 1 4 16 14 - 3 7 13 8 0 10 21 22 
3 11 15 17 2 4 16 19 - 4 7 10 15 - 1 11 30 22 

- l 12 31 30 3 4 15 22 - 5 7 15 17 - 2 11 21 20 
0 12 24 21 4 4 11 19 0 7 58 67 - 3 11 19 17 
0 13 18 20 5 4 17 21 1 7 55 62 0 11 22 19 
1 13 15 14 - 1 5 59 53 2 7 25 28 2 11 17 13 
2 13 11 14 - 2 5 70 64 - 1 8 13 10 3 11 17 17 
3 13 16 15 - 3 5 22 2 3 - 2 8 25 2 3 - 1 12 11 7 

13 16 17 - 4 5 22 21 - 1 9 4 6 42 - 2 12 16 9 
- 7 5 12 18 - 2 9 33 30 - 3 12 20 13 

0 5 39 40 - 3 9 25 20 ~4 12 21 17 
1 5 29 32 - 4 9 15 9 - 1 14 21 17 

2 0 42 46 3 5 18 21 0 9 4 3 4 1 - 2 14 17 10 
1 16 17 - 3 6 31 30 1 9 19 21 - 3 14 18 10 

- 7 3 9 19 - 4 6 38 32 3 9 16 18 - 4 14 13 7 
- 2 4 37 36 - 5 6 15 18 
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Table 12. Observed and Calculated Structure Factors 
for Fe(SALPA)CI • 1/2 TOL 

H K FO FC H K F0 FC H K F0 FC H K FO FC 
L» 0 -6 2 28 25 -6 0 26 25 -5 5 33 36 

-5 2 47 48 -5 0 47 51 -4 5 24 26 
2 0 85 100 -4 2 27 26 -4 0 47 52 -3 5 45 39 
3 0 18 15 -3 2 17 11 -3 0 33 35 -2 5 31 35 
4 0 88 96 -2 2 84 78 -2 0 23 28 -1 5 47 46 
5 0 52 58 1 2 29 30 1 0 28 35 0 5 12 12 
6 0 21 20 2 2 28 26 2 0 15 13 1 5 63 64 
7 0 19 19 3 2 57 52 3 0 35 38 2 5 40 39 
1 1 9 17 4 2 22 22 4 0 32 32 5 5 18 17 
2 1 32 24 5 2 23 24 5 0 11 9 6 5 19 22 
3 1 32 36 7 2 10 11 -6 1 27 28 -7 6 11 13 
5 1 31 28 -7 3 19 19 -5 1 11 15 -3 6 8 6 
0 2 126 109 -4 3 42 42 -4 1 37 34 -1 6 18 15 
1 2 7 14 -3 3 64 62 -3 1 45 43 3 6 15 12 
2 2 37 29 -2 3 38 35 - 1 1 7 4 -6 7 22 23 
3 2 43 42 -1 3 48 38 0 1 24 21 -5 7 13 12 
4 2 22 22 1 3 70 63 1 120 118 - 3 7 9 9 
5 2 15 12 2 3 69 70 2 1 20 19 -2 7 28 31 
7 2 33 31 3 3 94 92 3 1 25 29 - 1 7 26 28 
1 3 55 53 7 3 24 25 4 I 26 24 0 7 26 29 
2 3 54 61 -6 4 15 17 6 1 11 12 1 7 34 35 
3 3 41 43 -5 4 24 27 -7 2 26 27 2 7 18 19 
4 3 24 25 -4 4 19 20 -6 2 19 19 3 7 15 16 
5 3 40 40 - 3 4 41 40 -4 2 90 90 4 7 10 9 
6 3 11 17 -2 4 55 51 -3 2 68 58 5 7 28 24 
2 4 12 7 0 4 20 19 -2 2 60 54 6 7 11 10 
3 4 43 46 1 4 23 26 - 1 2 61 55 
4 4 22 25 3 4 12 15 0 2 81 84 L x 3 
7 4 21 20 4 4 23 20 1 2 159 127 
1 5 18 22 5 4 19 20 2 2 22 21 -7 I 47 46 
2 5 56 56 6 4 19 20 3 2 50 45 -6 I 13 11 
4 5 21 22 -7 5 13 13 4 2 26 25 -5 I 35 33 
6 5 14 17 -6 5 11 5 5 2 16 18 -4 I 30 37 
0 6 19 21 -4 5 17 16 7 2 22 15 -3 1 56 55 
2 6 14 14 -3 5 19 16 -6 3 29 28 -2 1 22 14 
1 7 36 39 -2 5 11 7 -5 3 46 45 - 0 1 36 37 
2 7 23 26 3 5 23 19 -2 3 52 53 1 1 44 52 
3 7 17 18 4 5 15 14 -1 3 64 54 3 1 54 55 
5 7 26 25 6 5 9 8 1 3 31 23 4 1 21 23 
6 7 17 18 -6 6 20 23 2 3 19 25 6 I 11 7 17 18 

-5 6 13 15 3 3 40 39 7 1 16 16 
L * 1 -3 6 20 19 4 3 25 28 -7 2 13 11 

-2 6 42 43 5 3 24 23 -6 2 29 32 
7 36 36 -1 6 25 30 -7 4 9 14 -5 2 17 13 
6 31 31 1 6 44 46 -4 4 62 59 -4 2 72 66 
5 64 64 2 6 38 39 -3 4 26 24 -3 2 25 20 
4 61 56 5 6 16 20 -2 4 42 37 -2 2 161 132 
3 12 14 6 6 21 19 0 4 19 23 - 1 2 43 48 
2 12 10 -5 7 10 14 1 4 27 32 0 2 40 33 
3 34 34 -3 7 12 15 2 4 36 35 1 2 62 60 
4 44 43 0 7 21 19 3 4 57 55 2 2 9 6 
5 22 24 I s 2 4 4 31 32 4 2 41 37 
6 12 6 w 6 4 14 17 -6 3 26 28 
7 1 18 15 -7 0 40 42 7 4 11 12 -5 3 9 8 
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Table 12. (Continued) 

H K FO FC H K FO FC H K FO FC H K FO FC 

-4 3 96 91 -4 I 69 67 6 7 12 13 0 5 17 10 
- 3 3 44 44 -3 1 39 36 1 5 24 23 
-2 3 14 1 0 1 60 56 L» 5 2 5 18 22 
- 1 3 24 20 1 1 14 17 -6 6 26 27 

0 3 57 51 2 1 34 37 -7 1 42 45 -5 6 24 21 
1 3 26 28 4 1 15 16 -6 1 17 13 -4 6 17 14 
2 3 10 7 -7 2 36 39 -5 1 21 22 -3 6 13 22 
3 3 27 25 -6 2 20 22 -4 1 47 49 -2 6 37 37 
4 3 34 30 -5 2 26 27 -3 1 24 28 - 1 6 30 34 
6 3 19 14 -4 2 76 70 -2 1 27 22 0 6 16 8 

-6 4 23 20 -3 2 59 50 -1 1 31 38 1 6 39 41 
-5 4 43 42 -2 2 9 6 0 1 71 75 
-4 4 8 10 -1 2 19 17 1 1 28 26 L» 6 
- 1 4 45 49 0 2 58 59 2 1 38 38 31 0 4 24 22 1 2 12 26 3 1 35 32 -7 0 35 31 

1 4 19 25 2 2 17 10 4 1 18 22 -6 0 46 51 
3 4 9 12 3 2 23 22 5 1 11 8 -5 0 11 12 

-7 5 15 19 4 2 34 32 6 1 16 15 -4 0 87 104 
-5 5 15 14 6 2 19 16 7 1 14 12 -2 0 64 71 
-4 5 28 26 -7 3 20 18 -7 2 24 18 - 1 0 29 39 
- 3 5 18 20 -6 3 28 29 -6 2 13 15 0 0 57 52 
-2 5 8 15 -5 3 18 22 -5 2 54 50 2 0 56 54 
-1 5 30 28 -4 3 32 29 -4 2 38 33 3 0 13 15 

1 5 11 14 -3 3 21 16 -3 2 43 43 4 0 20 16 
3 5 41 45 - 1 3 10 9 -2 2 20 18 6 0 17 20 
4 5 26 26 3 3 15 18 -1 2 28 30 7 0 14 14 
5 5 11 10 4 3 24 26 0 2 34 40 -7 1 16 16 

^6 6 13 13 5 3 13 10 2 2 14 11 -5 1 51 54 
-4 6 9 8 -7 4 14 l'O 4 2 11 12 -3 1 50 49 
- 3 6 18 20 -5 4 39 38 -7 3 39 37 -2 1 21 22 
-2 - 6 38 31 -4 4 40 44 -6 3 31 26 - 1 1 14 21 

0 6 23 22 -2 4 26 11 -5 3 59 61 0 1 19 16 
1 6 59 64 -1 4 40 42 -4 3 65 57 1 1 19 21 
2 6 24 22 3 4 29 35 -3 3 40 42 5 1 13 13 
3 6 11 10 -5 5 44 41 -1 3 92 87 -7 2 41 38 
5 6 24 22 -3 5 31 29 0 3 36 35 -6 2 23 19 
6 6 16 14 -2 5 8 17 1 3 27 25 -5 2 43 44 

- 7 7 10 11 -1 5 67 63 3 3 32 25 -4 2 72 75 
-2 7 10 9 0 5 19 21 4 3 34 37 -3 2 43 46 
- 1 7 11 6 1 5 68 63 6 3 13 12 - 1 2 87 91 

1 7 11 15 5 5 18 14 -6 4 53 50 0 2 71 66 
-4 6 22 31 -4 4 28 26 1 2 8 9 

L = 4 -3 6 41 37 -3 4 9 1 3 2 31 34 
-2 6 25 22 -2 4 37 34 4 2 34 34 

-7 0 49 51 -1 6 21 18 - 1 4 32 31 6 2 9 11 
-4 0 19 23 1 6 31 33 0 4 24 21 -6 3 25 26 
- 3 0 78 97 3 6 13 18 1 4 42 42 -5 3 26 27 

o 0 35 41 -6 7 18 17 2 4 25 25 -4 3 25 19 
1 0 41 37 -3 7 25 23 4 4 21 23 -3 , 3 47 46 
2 0 32 37 -2 7 32 36 5 4 18 18 -2 3 28 26 
3 0 51 55 -1 7 23 25 -5 5 10 15 - 1 3 16 8 
4 0 14 6 0 7 10 9 -4 5 44 43 1 3 17 11 
7 0 20 23 1 7 37 40 -3 5 43 45 2 3 21 19 

-6 1 8 10 2 7 36 37 - 1 5 18 23 4 3 21 23 
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Table 12. (Continued) 

H FO FC H K FO FC H K FO FC H K FO FC 

5 3 14 15 -4 2 26 20 7 0 11 9 2 1 12 18 
-7 4 21 21 -3 2 39 42 -7 1 23 25 3 1 21 19 
-6 4 11 7 -2 2 19 24 -4 1 45 43 -7 2 7 9 
-5 4 32 28 -1 2 16 13 -2 1 31 31 -6 2 56 52 
-4 4 18 24 0 2 22 18 -1 I 44 43 -5 2 10 6 
-3 4 79 72 1 2 21 14 0 I 27 29 -4 2 44 43 
-2 4 12 15 5 2 19 20 1 I 12 12 -2 2 39 37 
- 1 4 38 41 -7 3 32 31 3 I 14 14 - 1 2 23 21 

1 4 19 17 -6 3 8 10 4 1 9 9 1 2 12 12 
2 4 12 18 -5 3 35 34 -7 2 25 27 2 2 10 9 
3 4 20 18 -4 3 56 56 -6 2 15 16 3 2 11 15 

-6 5 46 47 -3 3 81 75 -5 2 23 22 -7 3 26 26 
-5 5 24 28 -2 3 10 13 -4 2 55 51 -5 3 26 23 
-4 5 10 4 -1 3 43 40 -3 2 50 48 -4 3 68 68 
-3 5 41 36 1 3 21 18 - 1 2 54 59 -3 3 27 25 
-2 5 58 60 3 3 20 14 0 2 43 44 -2 3 17 18 
- 1 5 19 21 7 3 10 8 1 2 13 9 0 3 23 25 

0 5 23 21 -7 4 18 22 2 2 19 20 2 3 18 19 
1 5 31 25 -6 4 29 29 3 2 20 23 3 3 15 12 
2 5 36 36 -5 4 11 15 -6 3 24 27 -7 4 12 11 
3 5 13 14 -4 4 15 20 -5 3 18 23 -6 4 17 17 

5 14 14 -3 4 27 27 -3 3 19 16 -2 4 24 20 
-5 6 9 5 -2 4 67 70 -2 3 49 44 - 1 4 14 12 
-4 6 24 30 - 1 4 16 8 -1 3 25 27 1 4 25 26 
-3 6 10 7 0 4 9 10 2 3 16 14 2 4 17 13 

0 6 14 14 1 4 17 12 3 3 9 10 -5 5 20 26 
3 6 13 10 2 4 36 34 -7 4 13 13 -3 5 14 12 
5 6 11 10 4 4 11 15 -4 4 53 52 - 1 5 15 15 

-7 7 11 13 -5 5 12 18 -3 4 45 45 -7 6 10 14 
-6 7 14 16 -4 5 41 36 0 4 10 12 -6 6 23 27 
-5 7 15 17 -3 5 21 19 1 4 18 16 -5 6 31 30 
- 3 ' 7 25 23 0 5 19 15 -5 6 31 29 -3 6 16 18 
-2 7 18 19 3 5 9 1 -4 6 9 11 -2 6 15 17 
- 1 7 12 13 -7 6 9 13 -2 6 8 3 - 1 6 12 16 

1 7 24 26 -6 6 23 25 - 1 6 16 14 0 6 11 10 
2 7 22 20 -5 6 26 21 0 6 9 12 1 6 23 25 

-3 6 18 19 -6 7 23 25 2 6 10 6 
L« 7 -2 6 28 30 -5 7 17 20 -4 7 12 10 

1 6 23 24 -3 7 13 11 - 1 7 10 12 
-7 1 25 26 2 6 23 20 -2 7 19 19 
-6 1 45 45 -3 7 16 13 - 1 7 13 17 L = 10 
-5 1 14 20 0 7 14 14 0 7 11 9 
-4 1 50 57 1 7 23 22 -5 0 45 47 
-3 1 20 23 L* 8 -4 0 32 37 
-2 1 11 13 L* 9 -3 0 43 34 
-1 1 73 63 -7 0 42 45 -2 0 17 12 

0 1 88 96 -6 0 28 25 -7 1 35 37 - 1 0 35 39 
2 1 33 40 -4 0 25 25 -6 1 12 10 0 0 14 19 
3 1 25 16 -3 0 8 6 -5 1 35 35 1 0 13 17 
4 1 24 26 -1 0 63 70 -4 1 13 11 3 0 16 22 
6 1 10 11 0 0 76 78 -3 1 32 36 -7 1 13 10 

-7 2 21 18 2 0 17 16 -1 1 50 48 -6 1 29 31 
-6 2 31 24 3 0 17 13 0 1 42 44 -5 1 14 18 
-5 2 66 68 4 0 23 21 1 1 14 14 -4 1 13 10 



Table 12. (Continued) 

H K FO FC 

- 3 1 15 12 
-2 1 39 41 

1 1 10 12 
-7 2 30 29 
-5 2 30 33 
-3 2 13 7 
-2 2 13 15 
- 1 2 30 26 

2 2 14 16 
3 2 15 15 

-6 3 27 27 
-7 3 10 7 
-5 3 30 31 
- 3 3 44 40 
-1 3 11 12 

1 3 11 6 
-7 4 17 19 
-5 4 26 26 
-4 4 47 45 
-2 4 11 9 

0 4 30 29 
2 4 10 5 

-6 5 21 19 
-4 5 13 13 
- 3 5 25 21 

0 5 10 9 
1 5 23 21 

-7 6 22 21 
-6 6 14 18 
-5 6 16 19 
- 1 6 16 14 
-6 7 24 27 
-5 7 20 22 
- 3 7 14 11 
-2 7 23 26 

0 7 14 14 
1 7 15 12 

L*ll 

-7 1 46 45 
-5 1 28 26 
-4 1 47 41 

H K FO FC 

-3 1 40 41 
-2 1 25 24 
-1 1 34 33 

0 1 13 13 
2 1 13 13 
3 1 14 15 

-7 2 29 27 
-6 2 28 26 
-5 2 16 12 
-3 2 41 43 
-2 2 25 26 
-7 3 17 21 
-5 3 61 60 
-4 3 34 33 
-1 3 13 16 

0 3 23 24 
-6 4 17 18 
-5 4 30 29 
-4 4 18 14 
-3 4 31 33 
-2 4 17 16 

0 4 15 12 
1 4 15 16 

-5 5 21 18 
-1 5 12 10 
-7 6 13 13 
-6 6 21 21 
-5 6 18 17 
-2 6 19 21 

0 6 14 17 
1 6 13 12 

-7 7 9 9 

L = 12 

-7 0 39 38 
-5 0 13 19 
-4 0 49 50 
-3 0 22 22 
-2 0 16 16 
- 1 0 15 18 

0 0 20 21 
2 0 14 16 

H K FO FC 
3 0 12 13 

-6 1 10 13 
-5 1 9 10 
-4 1 9 10 
-3 1 23 24 
-7 2 39 39 
-5 2 45 44 
-4 2 36 34 
-3 2 14 12 
-1 2 27 24 

0 2 12 14 
-7 3 25 23 
-6 3 29 30 
-5 3 30 34 
-4 3 11 15 
-3 3 30 31 
-2 3 16 21 
-1 3 16 16 

1 3 14 13 
-7 4 26 23 
-5 4 43 49 
-4 4 25 25 
- 1 4 21 22 

0 4 11 12 
-7 5 25 23 
-6 5 30 29 
-2 5 23 22 

0 5 17 18 
-2 6 12 9 

1 6 11 10 
-7 7 15 16 
-6 7 11 10 
-4 7 9 8 
-3 7 17 16 
-2 7 19 19 

L = 13 

-7 . 1 31 32 
-6 1 13 10 
-5 1 28 28 
-4 1 44 46 
-3 1 9 11 

H K FO FC 
-2 1 9 12 
-1 1 18 16 

0 1 15 16 
2 1 9 10 

-7 2 13 12 
-6 2 13 15 
-5 2 20 19 
-4 2 16 18 
-3 2 21 24 
- 1 2 13 12 

1 2 14 13 
-7 3 32 34 
-5 3 39 39 
-4 3 20 20 
-3 3 13 11 
-1 3 20 20 

0 3 10 8 
-7 4 15 14 
-6 4 41 43 
-5 4 13 11 
-2 4 22 25 

0 4 15 12 
-5 5 12 12 
-4 5 18 20 
-2 5 14 15 
-7 6 27 29 
-6 6 16 21 
-3 6 15 14 
-2 6 21 23 

0 6 10 8 

L« 14 

-7 0 31 25 
-6 0 18 18 
-5 0 32 34 
-4 0 43 43 
-3 0 10 8 
-1 0 19 18 

0 0 13 17 
-7 1 9 12 
-6 1 14 11 
-5 1 24 31 



6o 

Table 12. (Concluded) 

H K FO FC H K FO FC H K FO FC H K FO FC 

-4 1 14 13 -3 5 10 8 -6 2 18 19 -6 0 15 16 
-3 1 13 13 -2 5 15 17 -5 2 13 14 -3 0 17 18 
-7 2 28 26 -7 6 9 11 -4 2 12 14 -1 0 20 23 
-5 2 13 14 -4 6 13 12 -6 3 16 16 -7 1 16 16 
-4 2 29 30 -7 7 20 21 -5 3 10 7 -6 2 9 6 
-3 2 14 14 -6 7 19 18 -4 3 24 26 -5 2 11 8 
-2 2 15 12 -5 7 10 8 -2 3 16 19 -4 2 22 24 
- 1 2 14 13 -3 7 12 15 -1 3 13 10 -2 , 2 10 8 
-6 3 35 32 -2 7 11 10 -7 4 12 12 -1 2 12 11 
-5 3 15 17 -6 4 14 18 -4 3 9 8 
-4 3 14 18 L = 15 - 3 4 17 16 -3 3 10 9 
-3 3 10 12 -5 5 16 14 -5 4 19 16 
-2 3 11 11 25 27 -4 5 17 18 -4 4 20 21 

1 3 11 7 -7 1 25 27 -7 6 24 23 -7 5 20 20 
-5 4 21 22 -6 1 9 8 -6 6 19 17 -6 5 9 10 
-4 4 23 25 -5 1 11 11 -5 6 10 9 -5 5 15 16 
-2 4 16 19 -4 1 22 23 -3 6 16 13 -3 5 14 14 
- 1 4 12 11 -3 1 17 19 

16 
-7 7 12 11 

-7 5 26 27 - 1 1 19 18 L* 16 -6 7 21 20 
-6 5 17 18 -7 2 20 23 -7 0 25 14 -5 7 10 4 
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Table 13. Observed and Calculated Structure Factors 
for [ F e ( H 2 0 ) 6 ] [Fe(SALGLY) 2 ] 2 ' 2 H 2 0 

K L FO FC K L FO FC K L FO FC K L FO FC 
H« 0 5 -6 29 33 10 4 54 57 4 3 27 28 

0 -8 45 50 5 -5 82 80 10 5 25 30 4 4 41 42 
0 -4 71 74 5 -4 41 42 10 7 39 38 4 5 74 72 
0 -2 71 90 5 -3 30 31 H*l 4 6 85 83 
0 2 92 90 5 -2 56 58 0 -6 32 33 4 7 18 14 
0 4 72 74 5 2 57 58 0 -4 24 18 4 8 25 20 
0 8 50 50 5 3 30 31 0 -2 62 73 5 -7 32 31 
1 -5 107 103 5 4 37 42 0 4 109 110 5 -6 39 36 
1 -3 59 61 5 5 76 80 0 6 76 71 5 -5 39 38 
1 - 1 43 45 5 6 29 33 0 8 31 30 5 -4 43 46 
1 1 56 45 6 -8 39 44 1 -7 49 46 5 -2 67 64 
1 3 66 61 6 -6 39 39 1 -6 41 37 5 0 68 83 
1 5 98 103 6 -5 56 58 1 -5 80 83 5 1 74 90 
2 -8 47 51 6 -3 21 25 1 -4 20 14 5 3 94 93 
2 -7 21 10 6 -2 69 68 1 - 1 71 57 5 4 56 55 
2 -6 57 55 6 2 68 68 1 1 131 143 5 5 32 32 
2 -5 31 31 6 3 24 25 1 2 18 17 5 8 21 22 
2 -4 20 20 6 5 53 58 1 3 58 60 6 -4 25 29 
2 -3 45 43 6 6 38 39 1 4 16 15 6 -3 51 54 
2 -2 65 64 6 8 42 44 1 7 24 21 6 -2 80 83 
2 -1 23 34 7 -5 49 48 1 8 20 13 6 - 1 87 92 
2 0 146 153 7 -3 23 28 2 -6 31 36 6 0 58 66 
2 1 30 34 7 -2 45 49 2 -5 27 30 6 1 96 90 
2 2 68 64 7 2 48 49 2 - 3 35 32 6 2 44 37 
2 3 49 43 7 3 26 28 2 -2 84 82 6 3 23 23 
2 4 22 20 7 5 51 48 2 0 15 38 6 5 38 39 
2 5 27 31 8 -7 23 19 2 1 121 124 6 6 40 33 
2 6 54 55 8 -4 33 27 2 2 19 20 6 7 23 24 
2 7 19 10 8 -3 31 31 2 3 17 11 7 - 8 26 28 
2 8 45 51 8 -2 40 39 2 4 83 76 7 -7 23 23 
3 -7 25 31 8 - 1 28 29 2 6 86 83 7 -5 34 32 
3 -6 26 25 8 0 60 58 2 8 30 31 7 -4 31 34 
3 -5 86 84 8 1 25 29 3 -8 26 33 7 - 3 25 21 
3 -4 19 21 8 2 37 39 3 -7 48 50 7 - 1 22 8 
3 -2 33 31 8 3 29 31 3 -6 36 36 7 0 42 39 
3 - 1 17 21 8 4 32 27 3 -5 52 46 7 1 53 52 
3 2 33 31 8 6 22 17 3 -4 38 34 7 2 17 18 
3 4 23 21 8 7 21 19 3 -3 71 70 7 3 59 57 
3 5 80 84 9 -6 34 29 3 -2 61 56 7 4 60 56 
3 6 25 25 9 -4 49 45 3 - 1 72 78 7 5 32 33 
3 7 24 31 9 -3 28 29 3 0 32 33 8 -7 41 42 
4 -8 26 31 9 -2 57 54 3 1 83 81 8 -5 50 39 
4 -7 44 46 9 2 57 54 3 3 79 78 8 - 3 59 64 
4 -5 39 36 9 3 30 29 3 5 23 23 8 -2 20 20 
4 -4 37 36 9 4 43 45 3 7 26 27 8 -1 42 47 
4 -2 67 66 9 6 37 29 4 -7 29 29 8 0 51 54 
4 - 1 75 74 10 -7 36 38 4 -6 58 60 8 1 27 28 
4 0 211 215 10 -6 23 21 4 -5 44 43 8 4 39 43 
4 1 78 74 10 -5 28 30 4 -4 49 47 8 5 54 48 
4 2 69 66 10 -4 58 57 4 -3 56 55 8 6 18 14 
4 4 34 36 10 -3 24 23 4 -2 36 39 8 7 36 35 
4 5 35 36 10 - 1 40 37 4 -1 31 37 8 8 30 27 
4 7 43 46 10 1 36 37 4 0 38 31 9 -8 31 34 
4 8 27 31 10 3 23 23 4 2 22 28 9 -4 46 47 



Table 13. (Continued) 

< L FO FC K L FO FC K L FO FC K L FO FC 
9 -3 23 25 4 -1 113 112 9 2 35 32 3 4 27 28 
9 0 21 17 4 0 61 59 9 4 28 30 3 5 47 46 
9 4 28 24 4 1 85 84 9 5 20 22 3 7 56 57 
9 7 25 19 4 ,2 62 54 9 6 42 39 3 8 27 24 
9 8 32 31 4 3 43 42 9 7 23 24 4 -7 23 24 

10 -7 26 19 4 4 59 59 10 -7 19 21 4 -6 65 63 
10 -6 30 27 4 6 42 44 10 -5 27 30 4 - 5 37 35 
10 -3 24 27 4 7 22 17 10 -4 22 27 4 -4 79 73 
10 - 1 34 36 5 -7 43 40 10 - 1 36 35 4 -3 71 69 
10 0 24 16 5 -6 71 74 10 0 23 30 4 -2 62 62 
10 1 25 17 5 -5 19 16 10 1 54 47 4 - 1 43 41 
10 5 45 42 5 -3 29 28 10 2 20 31 4 0 64 71 

H = 2 5 -2 43 46 10 3 37 36 4 1 29 32 
0 -8 32 37 5 - 1 113 108 10 7 26 25 4 2 66 61 
0 -4 54 55 5 0 37 44 10 8 25 24 4 4 91 90 
0 2 87 110 5 1 102 105 H = 3 4 8 23 15 
0 4 200 199 5 2 57 57 0 -6 75 79 5 - 4 45 44 
0 6 31 33 5 3 92 89 0 -2 24 6 5 - 3 21 18 
0 8 35 31 5 4 42 40 0 0 33 37 5 - 1 90 89 
1 -7 59 61 5 5 19 7 0 2 234 239 5 0 18 27 
1 -4 56 50 5 6 41 39 0 4 83 82 5 2 43 43 
1 - 3 63 51 5 7 25 26 1 -7 33 34 5 3 39 43 
1 - 1 131 111 5 8 34 31 1 -6 24 22 5 4 24 24 
1 1 191 178 6 -5 19 21 1 -5 28 25 5 5 23 18 
1 2 36 37 6 -4 24 21 1 -4 71 67 5 7 53 57 
1 3 94 99 6 -2 49 53 1 -3 45 46 6 -6 43 40 
1 7 20 23 6 -1 91 91 1 -2 143 137 6 - 3 64 64 
2 -8 30 36 6 0 25 17 1 2 173 181 6 - 1 17 7 
2 -7 26 27 6 1 89 92 1 3 79 75 6 0 49 47 
2 -5 25 26 6 2 40 39 1 5 81 81 6 1 47 55 
2 -4 40 33 6 3 46 40 1 6 33 31 6 2 59 60 
2 -3 53 51 6 4 61 63 1 7 62 61 6 4 79 80 
2 -2 42 42 6 5 27 23 2 -7 33 32 6 5 38 37 
2 - 1 90 87 6 6 37 39 2 -6 65 67 6 7 24 19 
2 0 28 35 7 -7 32 26 2 -5 29 28 6 8 31 32 
2 2 58 56 7 -5 42 41 2 -4 16 11 7 -4 50 48 
2 3 34 28 7 -3 19 18 2 -3 28 22 7 - 3 38 37 
2 4 122 119 7 -2 62 58 2 -2 142 137 7 - 1 37 42 
2 5 21 21 7 -1 57 54 2 -1 30 29 7 0 50 51 
2 t6 34 39 7 0 42 38 2 0 20 24 7 5 33 32 
3 -7 56 56 7 1 39 40 2 1 55 58 7 7 30 21 
3 -6 37 39 7 2 49 47 2 2 102 104 7 8 23 23 
3 - 3 28 26 7 3 19 19 2 4 100 98 8 -8 24 22 
3 -2 26 24 8 -3 49 50 2 5 42 39 8 -7 26 23 
3 - 1 125 124 8 - 1 51 49 2 8 31 30 8 -6 26 20 
3 0 64 69 8 1 48 41 3 -8 26 23 8 -4 40 44 
3 2 57 58 8 2 31 33 3 -7 32 38 8 -3 70 67 
3 3 43 38 8 4 32 32 3 -5 62 62 8 - 1 29 25 
3 4 36 34 9 -6 65 64 3 -4 34 36 8 0 25 5 
3 5 46 39 9 -5 31 26 3 -3 24 23 8 1 46 47 
3 6 44 42 9 -3 31 24 3 - 1 26 23 8 2 45 41 
3 7 20 23 9 -2 25 26 3 0 67 68 8 3 26 34 
4 -5 32 28 9 -1 23 12 3 2 39 35 8 4 21 22 
4 -4 79 77 9 1 35 35 3 3 24 23 8 5 40 42 



Table 13. (Continued) 

K L FO FC K L FO FC K L FO FC K L FO FC 
9 -8 19 22 3 2 28 34 9 -6 46 51 3 4 44 47 
9 -4 48 44 3 3 85 85 9 -5 30 21 3 5 44 48 
9 0 46 48 3 4 45 42 9 -4 60 55 4 -8 23 29 
9 3 20 16 3 5 86 86 9 -2 55 55 4 -7 39 37 
9 4 19 19 3 6 26 31 9 -1 22 15 4 -4 25 23 
9 5 24 20 3 8 37 35 9 3 23 29 4 -3 34 29 
9 6 25 27 4 -8 49 50 9 4 25 22 4 -2 88 87 

10 -5 49 48 4 -5 29 30 9 5 37 37 4 0 47 49 
10 -3 26 21 4 -4 34 34 9 6 25 26 4 1 21 21 
10 -2 39 36 4 -3 19 23 9 8 28 29 4 2 39 40 
10 1 29 31 4 -1 50 56 10 -5 42 39 4 3 23 27 
10 5 23 23 4 0 63 69 10 -4 22 16 4 4 27 25 
10 6 21 17 4 3 58 61 10 -2 42 39 4 5 50 51 
10 8 24 21 4 5 25 22 10 -1 23 35 4 6 30 28 

H = 4 4 7 21 14 10 3 33 30 4 8 46 44 
0 -8 51 55 4 8 41 37 10 7 26 30 5 -8 32 30 
0 -6 45 43 5 -6 20 26 H = 5 5 -7 30 34 
0 -4 45 38 5 -5 52 53 0 -8 33 36 5 -6 21 18 
0 -2 214 209 5 -4 43 45 0 -4 60 63 5 -5 50 53 
0 2 107 108 5 -2 50 48 0 -3 21 0 5 -4 29 27 
0 8 35 36 5 -1 29 27 0 -2 126 126 5 - 3 20 10 
1 -7 39 39 5 1 22 14 0 0 75 75 5 -2 40 43 
1 -6 29 34 5 4 40 35 0 4 31 39 5 1 48 47 
1 -5 83 83 5 5 63 59 0 6 56 59 5 2 37 34 
1 -4 27 21 5 6 33 29 1 -8 29 26 5 3 57 59 
1 -3 25 25 6 -8 27 27 1 -7 34 31 5 4 29 27 
1 -2 50 45 6 -6 38 36 1 -6 22 19 5 5 45 41 
1 0 24 25 6 -4 52 47 1 -5 100 97 6 -5 30 27 
1 1 26 22 6 - 1 46 47 1 -3 18 18 6 -4 38 36 
1 2 16 11 6 0 91 96 1 -2 70 71 6 - 3 66 67 
1 3 35 30 6 1 58 60 1 -1 65 64 6 -2 44 42 
1 4 29 27 6 5 32 28 1 0 25 25 6 1 48 57 
1 5 90 94 6 7 20 17 1 3 159 158 6 4 31 28 
1 7 22 22 6 8 23 24 1 5 48 44 6 5 45 41 
2 -8 48 53 7 -6 37 38 2 -8 26 23 7 -8 36 36 
2 -7 25 25 7 -4 23 27 2 -8 26 23 7 -5 29 25 
2 -6 44 41 7 -3 44 40 2 -3 31 28 7 -4 23 23 
2 -3 88 86 7 -2 55 60 2 -2 103 106 7 - 3 42 40 
2 -2 70 66 7 -1 41 41 2 0 64 69 7 -2 20 14 
2 0 102 105 7 2 51 51 2 1 17 21 7 0 77 81 
2 1 29 31 7 3 36 34 2 2 94 104 . 7 1 24 25 
2 2 94 91 7 4 23 23 2 3 47 53 7 2 24 27 
2 3 74 73 7 5 40 35 2 4 30 36 7 4 35 28 
2 4 93 89 7 6 41 46 2 6 19 13 8 -7 27 23 
2 5 25 20 7 7 36 30 2 7 25 20 8 -4 25 15 
2 8 44 38 7 8 38 37 2 8 33 34 8 - 3 61 61 
3 -8 22 23 8 -5 23 18 3 -8 24 29 8 1 39 40 
3 -7 23 21 8 -3 27 33 3 -7 58 60 8 5 45 45 
3 -6 57 56 8 -1 60 62 3 -6 19 15 9 -5 21 23 
3 -5 60 61 8 0 22 11 3 -5 80 83 9 -4 29 30 
3 -4 17 10 8 1 42 38 3 - 1 62 68 9 - 3 25 22 
3 -3 57 51 8 2 22 23 3 0 23 20 9 - 1 50 50 
3 -1 79 76 8 3 65 65 3 2 18 17 9 0 56 56 
3 0 24 10 8 6 25 30 3 3 47 46 9 3 24 22 



Table 13. (Continued) 

L FO FC 
7 
5 
3 
1 
5 
H = 6 
6 45 
4 84 
2 167 

22 

29 
38 
34 
26 
32 

39 
91 
18 
31 
31 
21 
65 
22 
27 
56 
48 
98 
30 
53 
52 
28 
22 
38 
71 
98 
81 
53 
22 
67 
27 

4 169 
6 39 

21 
22 
59 
22 
19 

3 127 
88 
24 
22 
18 
52 
24 
29 
72 
21 

2 148 
1 67 

26 
35 
34 
31 
30 

46 
82 

164 
14 
31 
90 

0 
35 
29 
20 
65 
21 
28 
58 
48 
92 
31 
51 
53 
27 
22 
38 
74 
95 
77 
60 
19 
67 
28 

172 
38 
21 
25 
63 
20 
14 

125 
87 
21 
24 
26 
58 
24 
21 
73 
21 

147 
70 

K L FO FC 
4 1 24 27 
4 2 38 41 
4 4 39 33 
4 6 39 36 
5 -7 46 45 
5 -6 57 53 
5 -4 27 26 
5 -3 20 20 
5 -2 25 23 
5 - 1 66 66 
5 1 41 39 
5 2 18 13 
5 3 19 15 
5 5 20 11 
6 -7 25 21 
6 -6 26 29 
6 -5 34 33 
6 -4 52 47 
6 -2 63 58 
6 - 1 54 54 
6 3 48 51 
6 4 71 69 
6 6 34 34 
6 7 25 24 
7 -2 64 60 
7 0 41 39 
7 2 34 40 
7 4 55 61 
8 -7 40 40 

-6 31 28 
8 -5 39 42 
8 -4 43 43 
8 -3 23 18 
8 -2 42 44 
8 - 1 64 60 
8- 0 23 13 CO 1 26 28 
8 3 33 29 
8 4 35 34 
8 5 21 14 
8 7 29 26 
9 -6 47 50 
9 -3 20 12 
9 0 29 23 
9 2 21 24 
9 3 21 20 
9 6 23 22 
9 8 27 20 

10 -8 26 22 
10 -4 38 37 
10 -1 22 19 
10 3 28 27 
10 7 27 27 

K L FO FC K L FO FC 
H = 7 6 -4 36 33 

0 -6 94 97 6 -3 24 24 
0 -4 56 61 6 - 1 33 33 
0 0 54 45 6 0 30 33 
0 2 120 119 6 1 71 77 
0 4 108 110 6 2 45 48 
1 -4 59 61 6 4 36 39 
1 -3 39 36 7 -8 29 30 
1 -2 17 15 7 -4 35 38 
1 - 1 138 138 7 -3 30 31 
1 1 23 25 7 - 1 47 50 
1 3 36 31 7 0 25 20 
1 4 27 35 7 1 26 31 
1 7 34 34 7 2 54 56 
2 -8 34 31 7 4 43 43 
2 -6 62 68 8 -7 32 31 
2 -5 39 45 8 -6 23 17 
2 -4 105 105 8 -4 26 25 
2 -3 36 38 8 -2 42 44 
2 -2 35 30 8 1 64 73 
2 -1 54 52 8 2 21 17 
2 0 24 24 8 4 26 28 
2 2 46 48 8 5 28 29 
2 3 40 41 9 -8 34 36 
2 4 51 57 9 -4 32 33 
2 5 26 28 9 -3 26 18 
2 6 35 31 9 -2 36 38 
2 7 28 29 9 - 1 20 19 
3 -8 22 25 9 0 35 33 
3 -6 25 30 9 2 24 15 
3 -4 59 57 9 4 21 14 
3 -3 31 40 9 6 25 24 
3 -1 44 40 10 -3 52 52 
3 1 21 19 10 -2 22 25 
4 -7 22 25 10 0 34 34 
4 -6 57 54 10 1 42 49 
4 -4 29 34 10 6 24 15 
4 -2 20 16 H = 8 
4 1 26 31 0 -6 55 52 
4 2 59 60 0 -4 42 47 
4 4 26 26 0 -2 32 26 
4 5 48 52 0 0 112 105 
5 -8 31 29 0 2 106 105 
5 -7 24 20 0 4 28 32 
5 -5 27 26 0 8 47 50 
5 -3 56 57 -8 28 20 
5 -2 20 19 I -5 64 62 
5 -1 72 78 I -4 42 47 
5 0 42 40 I -3 147 148 
5 1 18 18 -1 43 42 
5 4 45 49 I 1 36 38 
5 6 36 36 1 2 37 32 
5 7 28 29 1 3 33 33 
6 -6 41 44 1 4 23 25 



65 

Table 13. (Continued) 

K L FO FC K L FO FC K L FO FC K L FO FC 
1 5 50 58 7 -2 57 57 3 6 39 44 0 2 43 36 
2 -8 32 32 7 -1 56 61 4 -8 30 28 0 4 70 67 
2 -6 26 23 7 0 33 37 4 -7 36 36 0 6 50 50 
2 -5 21 18 7 1 35 41 4 -4 24 31 1 -7 47 46 
2 - 1 39 37 7 3 29 33 4 -2 56 51 1 -6 60 55 
2 0 62 51 7 4 39 41 4 0 63 59 1 -4 24 25 
2 2 85 88 7 5 22 25 4 1 24 22 1 -3 55 44 
2 6 30 30 7 8 22 24 4 5 37 37 1 -2 34 30 
2 8 23 11 8 -6 25 21 4 7 22 24 1 - 1 73 75 
3 -7 29 22 8 -5 33 34 4 8 37 36 1 0 27 27 
3 -5 44 44 8 -1 51 55 5 -5 58 54 1 1 123 127 
3 -4 27 21 8 1 31 33 5 -4 40 34 1 3 70 65 
3 -3 109 112 8 3 30 32 5 -3 25 29 1 6 21 19 
3 -2 72 78 8 5 26 28 5 -2 54 53 2 -6 25 18 
3 - 1 83 82 9 -7 31 27 5 1 33 38 2 -5 32 34 
3 2 22 20 9 -3 34 33 5 2 54 53 2 -4 52 50 
3 3 22 29 9 -2 24 33 5 3 70 66 2 -3 26 28 
3 4 31 37 9 -1 34 39 5 5 32 29 2 -2 70 70 
3 5 55 62 9 1 24 23 6 -4 23 24 2 - 1 38 41 
3 7 47 49 10 -5 33 30 6 -2 63 61 2 2 30 24 
4 -8 21 22 10 0 31 33 6 0 84 81 2 4 41 42 
4 -7 36 38 10 3 22 20 6 1 42 42 2 6 28 26 
4 -6 33 30 10 4 33 30 6 3 28 29 2 8 22 14 
4 -5 46 41 10 7 29 29 6 5 32 27 3 -7 29 25 
4 -3 29 25 H = 9 6 6 26 20 3 -6 32 32 
4 -2 32 27 0 -8 31 30 7 -5 30 26 3 -5 39 38 
4 - 1 35 39 0 -4 27 29 7 -2 26 18 3 -4 29 30 
4 0 50 46 0 -2 113 113 7 0 37 31 3 -3 44 44 
4 1 27 28 0 0 109 107 7 2 28 19 3 - 1 50 53 
4 2 60 63 0 6 56 58 7 3 56 61 3 0 27 31 
4 3 38 40 0 8 62 61 7 4 30 29 3 2 20 15 
4 5 41 44 1 -5 68 64 7 5 22 20 3 3 34 42 
4 7 38 36 1 0 52 48 7 6 24 20 4 -5 32 24 
5 -8 22 16 1 3 94 93 8 -7 29 23 4 -4 35 33 
5 -6 33 32 1 5 34 37 8 -2 31 24 4 -2 26 25 
5 -5 64 67 1 6 21 25 8 1 27 24 4 - 1 34 35 
5 -3 98 100 1 7 25 27 8 5 35 35 4 0 20 24 
5 -2 32 40 2 -8 20 19 8 6 25 28 4 3 35 35 
5 - 1 66 71 2 -7 31 27 9 -4 36 33 4 4 60 68 
5 2 23 24 2 -4 46 45 9 -2 21 20 4 5 24 27 
5 3 52 52 2 -3 44 41 9 1 28 34 4 7 33 36 
5 5 26 29 2 -2 73 73 9 4 25 23 5 -7 27 25 
5 7 23 20 2 - 1 35 28 10 -7 31 37 5 -4 26 25 
6 -7 25 30 2 0 87 86 10 -3 24 28 5 -2 27 25 
6 -5 23 24 2 2 20 22 10 1 26 24 5 - 1 40 41 
6 - 1 71 72 2 6 58 59 10 2 23 28 5 1 72 77 
6 0 47 53 2 8 47 44 10 4 29 23 5 2 23 22 
6 1 40 35 3 -7 25 26 10 5 36 28 5 3 44 45 
6 2 60 67 3 -5 77 78 H« 10 5 5 21 32 
6 3 65 65 3 -2 38 36 0 -8 26 28 5 6 22 25 
6 7 28 21 3 - 1 18 26 0 -6 51 46 5 7 25 29 
7 -5 34 36 3 0 75 76 0 -4 44 41 5 8 24 27 
7 -4 28 25 3 2 20 25 0 -2 111 110 6 -5 22 17 
7 -3 29 24 3 3 65 65 0 0 31 29 6 -4 42 40 



Table 13. (Continued) 

K L FO FC K L FO FC K L FO FC K L FO FC 

6 -2 57 58 3 4 21 14 2 -6 47 50 1 -2 22 28 
6 - 1 29 27 3 5 39 43 2 -5 27 25 1 3 55 51 
6 -1 30 34 3 7 42 45 2 -1 37 34 2 -6 25 19 
6 3 55 56 4 -4 43 44 2 2 71 67 2 -4 34 40 
6 6 32 35 4 -3 49 50 2 3 33 40 2 -3 30 25 
7 -8 25 16 4 2 43 36 2 5 20 17 2 -2 45 46 
7 -7 22 21 4 4 60 59 2 8 23 19 2 0 35 37 
7 -2 25 30 5 -4 20 21 3 -6 22 18 2 1 32 34 
7 -1 42 48 5 -3 21 19 3 -5 20 27 2 3 23 22 
7 0 56 55 5 -2 24 20 3 -4 26 32 2 8 36 36 
7 3 26 31 5 -1 68 66 3 -3 39 42 3 -6 22 20 
8 -5 31 30 5 1 60 59 3 0 21 23 3 -5 46 48 
8 -1 30 38 5 2 51 53 3 1 36 39 3 -2 34 34 
8 0 34 37 5 6 24 32 3 5 24 22 3 - 1 34 39 
8 1 39 39 5 7 23 27 3 7 39 38 3 2 24 30 
8 3 39 39 6 -7 21 21 3 8 22 15 3 3 39 35 
8 4 29 29 6 -6 24 27 4 -8 23 23 4 -7 32 30 
9 -8 23 17 6 -4 23 24 4 -6 34 39 4 -2 33 31 
9 -4 32 28 6 -3 48 52 4 -3 21 27 4 - 1 24 26 
9 -3 24 21 6 -2 26 18 4 0 36 38 4 0 50 52 
9 0 22 27 6 1 22 13 4 2 55 51 4 1 24 27 
9 5 25 24 6 4 39 40 4 3 37 34 4 6 25 26 
9 8 29 25 6 5 36 31 4 5 23 22 4 8 26 32 

10 -2 22 23 7 -6 22 19 4 8 30 28 5 -6 21 19 
10 - 1 49 49 7 -4 42 45 5 -3 35 34 5 -2 32 30 
10 2 31 34 7 -2 20 9 5 -2 28 28 5 3 26 20 
10 3 34 32 7 1 52 58 5 0 24 12 5 5 22 18 
10 5 23 24 7 2 53 56 5 1 35 37 6 - 3 45 48 

H = 11 7 4 25 25 5 2 21 22 6 -2 43 43 
0 -8 22 27 7 7 29 29 5 4 35 33 6 0 41 41 
0 -4 55 52 8 -3 41 40 5 7 22 14 6 2 29 35 
0 0 30 38 8 5 22 28 6 -6 33 33 6 3 22 29 
0 2 37 33 9 -6 23 28 6 0 21 19 7 -6 25 29 
0 4 61 60 9 -2 26 24 6 1 33 35 7 -2 26 25 

-7 20 13 9 - 1 27 17 6 2 69 69 7 2 39 37 
1 - 1 80 79 10 -3 44 46 6 3 43 44 7 6 28 24 
1 0 21 23 10 - 1 28 29 6 4 23 24 8 - 3 35 32 
1 1 53 56 H = 12 7 -4 31 32 8 - 1 27 21 
1 2 30 28 0 -8 27 27 7 -2 32 33 8 1 29 28 
1 3 40 47 0 -6 26 21 7 5 30 27 9 -2 37 39 
1 6 28 33 0 -4 30 23 8 -4 21 17 9 2 21 15 
1 7 47 49 0 2 101 100 8 - 1 29 26 10 -4 26 28 
2 -6 38 29 0 4 34 37 8 0 25 23 10 -3 23 19 
2 -4 40 44 0 6 24 21 9 -5 21 15 10 - 1 25 24 
2 0 35 37 0 8 40 34 9 -4 26 25 10 1 25 26 
2 1 28 27 1 -7 25 29 9 1 23 20 H = 14 
2 2 36 34 1 -4 24 21 10 3 32 32 0 -2 30 27 
2 4 57 55 1 -3 63 62 H = 13 0 2 21 28 
2 5 21 15 1 -1 34 30 0 -8 45 51 0 6 31 28 
3 -6 32 31 1 1 50 49 0 -4 47 37 1 -7 44 50 
3 -5 43 48 1 2 32 31 0 -2 31 31 1 -5 50 44 
3 -2 24 19 1 5 36 34 0 0 102 104 1 -4 35 26 
3 - 1 58 56 1 7 46 41 0 8 33 34 1 1 41 38 
3 2 26 22 2 -8 32 37 1 -5 46 50 1 3 42 43 
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Table 13. (Concluded) 

K L FO FC E L FO FC K L FO FC E L FO FC 

2 -5 20 14 8 3 21 19 6 3 25 25 6 0 23 20 
2 -2 34 31 8 8 25 17 7 -2 31 37 6 2 23 17 
2 1 33 32 9 0 31 30 7 2 22 23 7 -4 28 29 
2 2 21 23 9 2 30 29 8 -4 22 18 7 - 3 25 29 
2 3 23 24 H = 15 8 1 25 27 7 0 24 15 
2 4 34 35 0 -6 34 30 10 1 24 19 8 -8 24 18 
2 6 34 25 0 -4 39 37 H = 16 8 - 1 21 20 
3 -7 30 27 0 0 27 5 0 -6 53 59 8 1 31 28 
3 -5 39 43 0 2 23 21 0 -2 32 36 9 0 24 23 
3 -4 25 26 0 4 41 44 0 2 56 58 9 4 25 21 
3 0 25 25 1 -7 35 33 0 4 23 32 H* 17 
3 1 39 33 1 -3 32 38 1 -3 38 42 0 -8 22 26 
3 3 20 16 1 -2 22 19 1 -2 30 33 0 -2 37 39 
4 -5 21 18 1 - 1 56 56 1 - 1 30 34 0 0 50 49 
4 -2 34 34 1 1 34 28 1 4 24 20 0 2 35 31 
4 1 24 18 1 7 21 16 1 7 27 22 . 1 -5 38 40 
4 2 24 29 2 -6 27 29 2 -8 24 21 1 -3 38 30 
4 5 27 24 2 -4 54 50 2 -6 45 48 1 3 27 27 
4 6 34 29 2 -2 27 28 2 -1 23 22 1 5 30 30 
4 7 21 11 2 0 40 40 2 1 24 20 2 -8 26 21 
5 -7 23 30 2 4 33 25 2 2 38 36 2 0 27 28 
5 -5 40 39 3 -7 25 29 2 3 22 17 2 2 26 29 
5 0 26 20 3 - 1 56 57 2 6 24 19 3 -5 23 25 
5 1 25 27 3 1 30 28 3 -3 34 30 3 -3 40 44 
5 2 34 37 3 3 23 24 3 - 1 31 32 3 3 37 42 
5 3 27 28 4 -4 24 31 3 0 23 20 4 1 34 29 
5 4 24 25 4 0 29 32 4 -6 26 29 5 - 3 27 23 
6 -2 27 24 4 4 33 32 4 -4 23 17 5 -2 21 9 
6 1 30 24 5 -7 27 27 4 2 38 41 5 5 24 27 
6 5 22 25 5 -6 21 18 5 -4 26 28 6 0 29 37 
6 6 27 26 5 - 1 41 45 5 -3 28 31 6 1 25 23 
7 -4 31 30 5 1 27 24 5 -1 49 56 7 - 1 27 24 
7 -2 22 19 6 -5 23 18 5 0 24 23 7 3 21 14 
7 1 23 25 6 -4 21 19 5 ' 3 26 31 8 1 23 18 
7 3 24 23 6 -3 26 23 6 - 1 23 14 10 - 1 28 23 
8 -5 31 35 
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Table 14. Observed and Calculated Structure Factors 
for Fe(SAL 2 DIAPS)CI 

H L FO FC H L FO FC 

K= 0 3 4 85 83 
3 6 86 86 

0 6 72 71 3 8 42 38 
0 8 23 18 3 0 28 28 
0 0 36 39 3 2 13 16 
0 2 21 21 4 4 16 15 

- 1 4 114 106 4 6 25 22 
- 1 6 81 80 4 8 10 11 
- 1 8 66 57 4 0 27 30 
- 1 0 7 9 6 6 7 7 
- 1 2 39 45 6 0 20 22 
-2 4 41 42 6 2 21 19 
-2 0 39 40 7 6 34 41 
- 3 2 108 110 6 8 13 11 
- 3 6 86 80 6 0 14 11 
- 3 0 47 50 9 6 20 20 
-4 4 73 75 9 8 13 12 
-4 6 102 100 JLO 6 10 10 
-4 8 31 30 JLO 8 21 24 
-4 0 10 10 
-5 4 . 69 74 K = l 
-5 8 16 15 
- 5 0 17 17 0 3 139 134 
- 5 2 21 21 0 4 80 73 
-6 6 18 19 0 5 81 76 
-6 8 23 25 0 6 59 55 
-6 0 11 7 0 7 54 50 
- 7 6 20 26 0 9 15 18 
- 7 8 22 25 0 1 44 43 
-7 2 20 20 - 1 2 75 75 
- 8 4 10 9 - 1 3 159 146 
-8 6 21 23 - 1 4 81 82 
-8 8 10 14 -1 5 20 20 
-8 0 17 20 -1 6 21 20 
- 9 6 10 12 - 1 7 43 45 
-9 8 20 28 -1 9 33 34 
-9 0 20 22 -1 0 16 15 
-9 2 11 9 -1 1 26 28 

-10 2 7 8 -2 1 60 64 
-10 6 24 24 -2 2 42 44 
-10 8 26 27 -2 5 9 7 
-10 0 10 7 -2 . 6 72 80 
-11 4 13 14 -2 7 38 40 
-11 6 7 9 -2 9 8 7 
-12 6 12 13 -2 0 9 9 
-12 8 9 10 -2 1 13 17 

1 4 37 34 -3 2 25 26 
1 6 41 34 -3 3 28 21 
1 8 27 32 -3 5 84 87 
1 0 18 21 -3 6 67 68 
1 2 13 14 -3 7 36 32 
2 6 61 55 -3 8 8 14 
2 8 9 10 -3 0 9 10 
2 0 34 34 -3 1 26 29 
2 2 16 18 : -4 3 18 22 
3 2 42 42 ! -4 4 35 40 

H L FO FC H L FO FC 

-4 5 37 40 2 6 43 44 
-4 7 41 44 2 7 24 26 
-4 9 24 24 2 9 13 11 
-4 0 16 14 2 0 9 8 
-4 1 10 10 2 1 10 10 
-4 2 10 8 2 2 10 9 
-5 4 11 14 2 3 10 12 
-5 5 51 53 3 2 9 11 
-5 6 37 40 3 3 56 46 
-5 7 32 35 3 4 10 14 
-5 8 9 8 3 5 83 66 
-5 9 23 23 3 6 22 21 
-6 5 32 33 3 7 20 17 
-6 7 18 17 3 8 8 4 
-6 8 16 18 3 0 27 29 
-6 9 9 6 3 1 17 20 
-6 1 17 15 4 5 18 15 
-6 2 17 17 4 6 34 34 
-7 5 15 17 4 7 39 40 
-7 6 20 23 4 8 18 20 
-7 7 25 24 4 9 29 24 
-7 8 9 11 4 0 10 10 
-7 9 22 22 4 1 17 19 
-7 0 10 8 5 5 38 39 
-7 1 14 18 5 7 20 22 
-8 5 9 11 5 8 9 12 
-8 6 13 13 5 0 17 16 
-8 7 19 20 5 2 14 11 
-8 8 10 9 6 6 46 51 
-8 9 17 19 6 7 16 20 
-9 5 24 24 6 8 9 6 
- 9 6 14 16 6 9 14 14 
-9 7 14 12 6 0 10 10 
-9 8 14 12 6 1 17 21 
-9 9 10 1 7 5 38 39 

-10 5 14 18 7 7 17 14 
-10 7 17 18 7 0 14 8 
-10 9 14 13 7 1 10 7 
-11 6 14 9 8 5 14 9 
-11 8 14 14 8 6 14 14 
-11 9 9 9 8 7 14 16 
-12 5 14 10 8 8 10 7 
-12 7 13 11 9 5 24 25 

1 2 53 57 9 8 14 11 
1 3 14 12 9 0 13 11 
1 4 24 25 10 5 17 19 
1 5 47 53 10 9 22 18 
1 6 43 40 11 8 12 9 
1 7 20 19 12 5 9 8 
1 0 21 19 
1 1 9 10 K-2 
1 2 10 10 
2 2 21 18 0 3 58 60 
2 3 20 19 0 4 122 125 
2 4 29 33 0 5 120 101 
2 5 12 16 0 6 38 31 



Table 14. 

H L FO FC H L FO FC 

0 7 37 35 2 6 20 21 
0 8 26 26 2 7 14 11 

-1 3 206 197 2 8 15 11 
- 1 4 23 35 3 2 72 82 
- 1 5 60 47 3 3 8 3 
-1 6 60 54 3 6 55 60 
- 1 7 66 59 3 7 46 50 
- 1 0 11 13 3 8 11 9 
-2 2 185 187 3 9 28 29 
-2 3 16 14 3 0 20 15 
-2 4 20 23 4 5 42 46 
-2 5 67 78 4 6 46 51 
-2 6 8 5 4 7 49 54 
-2 7 50 53 4 8 11 13 
-2 8 14 14 4 0 12 14 
-3 4 51 49 5 5 18 23 
-3 5 38 42 5 7 25 18 
-3 6 65 70 5 9 27 21 
-3 7 34 39 6 5 36 42 
-3 8 25 24 6 6 11 14 
-3 9 22 19 , 6 8 17 16 
-3 0 30 27 7 5 16 13 
-4 4 25 29 7 6 21 23 
-4 5 59 59 7 8 17 19 
-4 6 43 43 8 5 32 38 
-4 7 14 11 9 5 12 14 
-4 8 10 13 9 6 12 15 
-4 9 11 11 9 7 12 15 
-4 0 16 21 9 8 12 11 
-5 5 56 62 9 9 12 13 
-5 7 24 26 
-5 8 11 11 < = 3 
-5 9 11 13 
-6 5 26 29 0 3 79 86 
-6 7 25 22 0 4 107 105 
-6 0 17 14 0 5 86 78 
-7 5 19 20 0 6 62 60 
-7 7 26 25 0 7 67 65 
-8 5 26 25 0 9 29 31 
-8 6 12 12 0 2 13 11 
-9 5 12 11 -1 3 15 16 
-9 7 17 18 - 1 4 82 78 
-9 8 18 16 - t 5 127 125 
-9 9 22 18 -1 6 19 22 
10 5 22 26 - 1 2 18 22 
10 6 18 20 -2 2 118 112 
10 8 22 22 -2 3 45 41 
10 0 18 13 -2 6 113 113 

1 2 71 72 -2 7 9 10 
1 3 97 84 -2 8 10 11 
1 4 56 54 -2 9 19 20 
1 5 25 24 -2 0 23 24 
1 7 16 16 -2 2 13 11 
1 0 20 18 -3 2 107 97 
2 2 45 43 -3 3 53 45 
2 5 94 94 -3 4 8 8 
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(Continued) 

H L FO FC H L FO FC 

-3 5 23 29 5 6 34 36 
-3 6 26 27 5 9 18 23 
-3 7 10 12 5 0 13 18 
-3 9 11 12 6 7 12 12 
-3 0 20 20 7 6 12 12 
-4 3 52 54 7 7 34 38 
-4 4 48 52 7 0 23 23 
-4 5 16 21 7 1 13 14 
-4 6 34 35 7 2 13 11 
-4 7 14 14 8 6 13 16 
-4 8 22 21 3 6 14 17 
-4 9 11 9 6 5 58 50 
-4 0 17 18 
-4 1 22 19 K»4 
-4 2 18 15 
-5 4 22 28 0 4 47 38 
-5 5 20 25 0 5 40 33 
-5 6 48 50 0 6 14 10 
-5 8 26 24 0 7 22 20 
-5 1 22 21 0 8 54 44 
-6 5 15 18 0 9 21 24 
-6 9 25 27 0 0 15 14 
-6 2 27 24 - 1 4 99 93 
-7 5 62 61 - 1 5 63 62 
-7 6 12 13 - 1 6 49 45 
-7 9 12 14 - 1 9 20 21 
-8 5 28 31 - 1 1 13 14 
-8 6 25 30 -2 3 19 19 
-8 8 18 16 -2 4 26 33 
-9 6 35 35 -2 5 46 43 
-9 8 19 16 -2 6 17 15 

1 3 22 19 -2 7 26 35 
1 5 36 43 -2 8 34 42 
x 6 64 59 -2 9 11 17 
1 7 13 18 -2 0 23 21 
1 8 10 8 -2 1 24 23 
1 9 11 11 -2 2 13 9 
1 1 17 16 -3 3 19 18 
1 2 23 24 -3 4 91 90 
2 4 80 75 -3 5 28 29 
2 5 21 22 -3 7 19 23 
2 6 85 82 -3 8 11 14 
2 7 22 22 - 3 9 18 17 
2 8 15 17 -3 0 8 9 
2 0 32 32 - 3 1 9 7 
2 1 18 12 - 3 2 22 22 
3 2 15 21 -4 5 70 64 
3 4 19 17 -4 6 18 22 
3 7 15 17 -4 7 15 15 
3 8 11 16 -4 8 24 30 
3 0 33 40 -4 0 24 24 
4 5 25 26 -5 5 72 69 
4 6 84 91 -5 6 29 37 
4 7 30 34 -5 7 8 8 
4 0 28 27 -5 8 8 9 
5 5 22 22 -5 9 12 13 



Table 14. (Continued) 

H L FO FC H L FO FC H L FO FC H L FO FC 
-5 0 13 10 7 5 13 14 -8 6 25 26 K«6 
-5 1 9 6 7 6 33 40 -8 7 26 23 
-5 2 17 13 7 7 13 15 -8 8 18 20 0 8 15 16 
-6 5 24 32 7 8 17 20 -9 0 14 12 0 0 22 22 
-6 6 17 19 8 8 14 18 -10 5 14 15 0 1 19 14 
-6 7 23 24 8 0 15 16 -10 7 14 12 -1 5 13 16 
-6 8 22 25 9 5 17 21 1 4 29 34 -1 6 18 16 
-6 0 13 17 9 6 14 14 1 5 20 26 - 1 7 40 45 
-7 6 12 18 9 8 10 13 1 6 12 11 -1 8 11 11 
- 7 7 9 9 9 9 15 12 1 7 43 47 -1 9 26 27 
-7 0 10 11 11 5 10 12 1 8 31 32 -1 0 28 30 
-8 5 16 17 11 6 15 14 1 9 15 15 -2 4 42 39 
-8 8 13 17 1 0 20 16 -2 5 69 66 
-8 9 17 17 K= 5 1 1 22 21 -2 6 32 40 
-8 1 14 13 1 2 18 17 -2 9 12 10 
10 5 17 20 0 5 23 27 2 3 49 45 -2 0 12 12 
10 6 14 15 0 6 48 51 2 4 7 11 -2 1 13 17 
10 9 14 12 0 7 35 34 2 5 11 15 -3 5 40 37 
10 0 15 14 0 9 38 37 2 6 13 15 -3 6 56 51 
11 7 15 14 0 0 11 12 2 7 17 17 -3 8 16 20 

1 3 36 30 0 1 12 9 2 8 10 5 -3 9 12 9 
1 4 81 71 -1 4 88 91 2 9 16 18 -3 0 22 20 
1 5 57 54 -1 5 33 34 2 1 12 12 -3 1 36 36 
1 6 84 75 -1 6 51 50 2 2 19 19 -4 4 12 19 
1 9 8 9 -1 7 18 17 3 3 105 104 -4 1 14 10 
1 0 8 12 - 1 8 14 12 3 4 8 9 -4 2 14 13 
1 2 9 13 - 1 9 19 13 3 5 41 49 -5 5 40 37 
2 3 53 50 - 1 0 11 7 3 6 31 34 -5 6 16 20 
2 4 8 8 -2 4 74 78 3 7 23 24 -5 7 27 26 
2 5 81 79 -2 5 13 10 3 8 27 28 -5 8 21 20 
2 6 15 14 -2 6 23 21 . 3 9 24 23 -5 9 37 38 
2 7 10 12 -2 7 50 55 3 0 12 9 -5 1 14 10 
2 8 63 59 -2 9 15 16 3 2 13 8 -6 5 67 73 
2 0 24 25 -2 0 26 19 4 6 10 10 -6 6 24 29 
3 3 14 20 - 3 3 46 45 4 7 11 8 -7 5 18 19 
3 4 61 56 -3 5 16 17 4 8 16 15 -7 7 19 13 
3 5 58 55 -3 6 29 26 4 9 21 17 -7 9 25 23 
3 6 10 12 -3 7 34 33 4 0 18 15 -8 5 48 49 
3 7 13 14 -3 8 18 15 4 1 19 13 -8 6 28 31 
3 8 12 16 -3 0 24 20 5 5 35 40 -8 9 33 30 
3 9 15 14 -3 1 17 14 5 6 46 45 -12 5 23 21 
3 0 9 8 -4 7 27 25 6 0 51 42 1 5 24 22 

5 17 17 -4 8 29 30 6 6 38 ' 45 1 6 67 58 
6 11 13 -4 0 21 17 6 8 13 13 1 7 59 58 
8 12 15 -4 1 18 17 6 9 27 27 1 8 22 24 
9 9 9 -5 5 32 28 7 5 22 28 1 9 34 33 

4 0 16 16 -5 7 38 31 7 6 18 21 1 0 18 13 
4 1 14 16 -5 8 26 25 7 7 23 27 1 1 19 15 
4 2 10 9 -5 0 40 45 7 8 27 25 2 4 30 26 
5 5 8 11 -5 1 18 19 8 5 18 18 2 5 15 14 
5 6 27 29 -5 2 13 15 8 9 24 24 2 7 38 42 
5 9 16 16 -6 7 33 31 9 5 19 17 2 8 20 24 
5 1 10 10 -6 9 17 14 9 6 20 21 2 9 17 14 
6 7 16 17 -6 0 22 18 9 7 14 14 2 2 14 12 
6 8 16 22 -7 5 20 20 

14 14 
2 3 22 17 

6 0 22 23 -8 5 18 19 3 4 39 50 
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Table 14. (Continued) 

H L FO FC 

3 5 37 42 
3 6 15 17 
3 9 13 11 
3 1 14 14 

5 28 32 
4 9 19 15 
5 6 21 29 
5 7 37 42 
6 5 18 20 
6 7 24 30 
7 6 14 13 
8 5 20 23 
8 6 21 16 
8 7 21 21 
8 8 15 10 
8 0 16 13 
9 5 21 20 

K= 7 

0 5 63 58 
0 6 41 47 
0 7 25 26 
0 9 21 18 

- 1 6 58 55 
- 1 8 44 39 
- 1 9 12 12 
-1 0 13 15 
-2 6 9 7 
-2 9 17 20 
-3 5 26 23 
-3 6 22 13 
-3 8 40 42 
-3 9 17 23 
- 3 0 26 27 
-4 5 13 13 
-4 6 37 35 
-4 7 30 26 
-4 0 23 23 
-4 1 14 12 
-5 5 29 29 
-5 6 23 22 
-5 8 18 17 
-5 0 31 29 
-6 5 21 21 
-6 6 47 47 
-6 9 14 15 
-6 0 20 17 
-7 5 18 15 
-7 6 40 39 
- 7 8 38 35 
-8 5 14 14 
-8 8 21 18 
-8 9 15 16 
-8 0 15 9 

-10 6 22 20 

H L FO FC 

1 8 51 53 
1 9 12 12 
1 0 35 39 
2 4 65 69 
2 5 15 10 
2 6 14 13 
2 7 24 25 
2 8 31 33 
2 9 12 12 
2 0 23 24 
3 7 16 15 
3 8 12 10 
3 0 14 10 
3 2 15 12 
4 4 34 43 
4 5 10 10 
4 7 21 23 
4 8 18 20 
4 9 14 13 
5 6 44 52 
5 8 24 25 
5 9 20 21 
6 6 36 37 
7 6 14 13 
7 8 31 29 
8 5 21 19 
8 8 16 19 

K = L 

0 5 21 27 
0 7 24 26 
0 6 42 42 
0 9 27 36 
0 10 13 12 
0 11 14 15 
0 12 15 13 

- 1 5 30 34 
- 1 6 16 16 
-1 8 8 9 
-1 10 9 8 
-1 11 10 12 
-1 12 14 17 
-2 5 10 10 
-2 6 42 40 
-2 8 43 51 
-2 9 32 ,44 
- 3 6 47 51 
-3 10 17 18 
-3 11 14 18 
-4 7 26 26 
-4 8 32 31 
-4 10 24 21 
-5 5 34 28 
-5 6 19 20 
-5 8 22 19 

H L FO FC 

-5 10 11 7 
-6 5 11 10 
-6 6 29 29 
-6 8 20 18 
-6 9 38 37 
-6 10 12 9 
-7 5 25 20 
-7 9 28 26 
-7 10 18 14 
-7 11 12 14 
-8 5 26 19 
-8 6 35 31 
-8 9 18 14 
-9 6 19 14 
-9 7 19 17 
-9 9 13 9 
10 5 20 15 

1 5 21 26 
1 6 57 58 
1 8 9 14 
1 9 13 12 
1 10 10 9 
2 5 12 15 
2 7 23 25 
2 8 34 41 
2 9 17 18 
2 10 10 6 
3 5 44 49 
3 6 17 17 
3 7 18 15 
3 8 24 26 
3 9 15 20 
3 10 11 10 
4 7 22 23 
4 8 28 28 
4 9 16 17 
5 5 44 40 
5 6 31 29 
5 8 17 16 
6 8 22 17 
6 9 18 15 
7 5 29 28 
7 6 19 13 
7 8 13 16 
8 5 27 18 
8 6 19 16 
9 5 20 17 
9 8 20 19 

11 5 19 15 
H K 

L = 0 

FO FC 

0 6 22 23 
0 10 111 109 

H K FO FC 

0 12 95 91 
0 14 84 80 
0 18 61 63 
0 20 22 23 
0 22 20 22 
1 4 108 108 
1 6 17 18 
1 7 40 35 
1 8 30 33 
1 9 24 28 
1 10 27 35 
1 13 27 24 
1 14 32 31 
1 15 66 73 
1 16 26 26 
1 17 33 32 
1 18 21 17 
1 19 15 17 
1 21 26 27 
1 22 11 9 
1 23 16 12 
2 2 36 33 
2 4 91 98 
2 5 90 94 
2 6 44 47 
2 7 23 24 
2 8 73 76 
2 9 45 39 
2 10 53 51 
2 11 23 17 
2 12 51 46 
2 15 14 17 
2 16 35 33 
2 18 21 21 
2 22 31 30 
3 3 74 70 
3 5 43 40 
3 6 38 40 
3 7 154 146 
3 8 50 49 
3 9 61 58 
3 11 31 32 
3 12 26 21 
3 13 36 35 
3 15 27 28 
3 16 14 10 
3 17 15 15 
3 19 45 51 
3 21 37 40 
3 22 11 10 
4 0 82 80 
4 1 21 18 
4 3 23 21 
4 4 93 98 
4 5 27 31 
4 6 46 43 
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Table 14. (Continued) 

H K FO FC 

4 7 43 51 
4 8 38 38 
4 9 37 34 
4 10 13 16 
4 11 16 14 
4 12 29 30 
4 13 17 15 
4 16 26 25 
4 17 15 14 
4 21 26 26 
4 22 23 21 
4 23 20 11 
5 0 58 54 
5 1 31 40 
5 3 113 110 
5 4 29 35 
5 6 25 24 
5 7 21 24 
5 8 13 12 
5 9 26 29 
5 11 45 51 
5 14 24 26 
5 15 19 21 
5 16 15 16 
5 17 19 19 
5 18 23 19 
5 19 11 10 
5 21 11 12 
6 0 141 142 
6 1 26 27 
6 2 34 38 
6 3 56 56 
6 4 49 50 
6 5 37 42 
6 7 14 13 
6 8 ,25 28 
6 11 28 31 
6 12 61 64 
6 13 44 43 
6 14 29 30 
6 17 20 22 
6 18 23 22 
6 20 11 10 
6 21 20 19 
6 22 11 12 
7 0 67 67 
7 1 47 48 
7 2 67 61 
7 3 42 48 
7 8 40 40 
7 10 33 34 
7 11 19 24 
7 12 22 22 
7 13 30 26 
7 15 23 21 
7 17 11 13 

H E FO FC 

7 18 11 14 
7 19 16 16 
8 0 44 40 
8 1 29 27 

on 2 25 24 
8 3 29 30 
8 4 41 43 
8 5 27 . 25 
8 8 34 32 

CO 10 16 15 
8 14 16 18 
8 16 16 12 
9 5 23 26 
9 7 43 46 
9 U 16 18 

10 4 31 27 
10 6 16 13 
10 7 16 18 
:LO 8 23 29 
10 10 23 20 
11 4 16 16 
!L1 5 16 12 
11 7 16 16 
ill 11 19 17 
12 3 15 11 
.12 8 28 19 
12 10 14 9 

L-l 

8 1 29 33 
8 5 13 14 
8 6 16 17 
8 7 29 34 
8 9 37 38 
8 10 26 26 
8 13 33 29 
8 14 13 11 
8 15 13 17 
0 16 47 55 
8 16 9 8 
8 20 10 7 
8 21 14 15 
9 1 27 25 
0 5 13 14 
0 6 35 29 
0 8 19 19 
0 9 21 28 
0 10 76 68 
0 11 16 14 
0 12 9 9 
0 13 39 41 
0 15 28 34 
0 17 39 43 
0 18 22 18 
0 19 19 12 

H K F0 FC 

0 21 31 36 
0 22 16 19 
0 24 13 13 
1 4 75 74 
1 5 13 9 
1 6 23 22 
r 7 51 44 
i 8 23 22 
i 10 27 29 
i 11 31 30 
i 12 25 31 
i 14 27 27 
i 15 10 8 
i 16 47 53 
i 20 20 21 
i 21 9 10 
i 24 13 15 
i 25 10 9 
2 2 46 45 
2 3 25 25 
2 4 128 120 
2 5 76 74 
2 6 121 117 
2 7 12 11 
2 8 65 56 
2 9 78 77 
2' 10 36 38 
9 3 28 30 
9 4 21 22 
9 5 13 12 
9 6 57 58 
9 8 30 32 
9 9 16 17 
9 10 13 12 
9 11 9 11 
9 12 27 23 
9 13 13 13 
9 7 9 8 

10 1 17 17 
10 2 9 10 
10 3 26 25 
10 5 29 28 
10 7 9 13 
10 9 37 41 
10 11 14 14 
11 1 14 15 
11 2 10 7 
11 3 10 8 
11 4 14 9 
11 6 31 30 
11 8 17 16 
11 9 14 11 
11 10 14 12 
11 12 14 9 
12 1 14 12 
12 3 14 12 

H K FO FC 

12 5 14 13 
12 6 9 10 
12 7 9 8 
12 8 14 12 
12 9 19 18 

2 11 40 37 
2 -1.2 17 17 
2 13 49 52 
2 14 13 13 
2 15 29 33 
2 16 16 13 
2 17 20 20 
2 19 15 18 
2 20 12 10 
2 23 13 10 
2 24 13 11 
3 1 123 118 
3 2 52 58 
3 3 80 83 
3 5 24 33 
3 6 117 HO 
3 7 63 59 
3 8 65 64 
3 9 105 102 
3 10 24 25 
3 11 43 47 
3 13 10 9 
3 14 35 45 
3 15 21 21 
3 17 14 15 on 18 12 16 
3 20 41 42 
3 21 9 9 
3 22 16 17 
3 23 9 8 
4 1 29 33 
4 2 62 64 
4 3 72 70 
4 4 52 44 
4 5 96 100 
4 6 29 30 
4 7 18 15 
4 8 32 36 
4 9 69 75 
4 11 18 17 
4 12 24 24 
4 13 8 7 
4 14 21 20 
4 15 35 41 
4 17 15 15 
4 18 15 16 
4 19 15 15 
4 21 9 11 
4 22 13 16 
4 23 17 18 
5 4 42 45 



Table 14. 

H K FO FC H K FO FC 

5 5 26 29 - 1 11 25 25 
5 6 72 67 - 1 12 23 23 
5 7 13 9 - 1 13 39 42 
5 8 49 54 -1 14 23 23 
5 10 18 14 -1 15 20 18 
5 11 21 22 - 1 16 44 47 
5 12 37 37 -1 17 39 43 
5 15 21 19 -1 18 11 10 
5 19 16 14 - 1 19 15 17 
5 20 19 19 - 1 20 33 39 
6 1 76 76 -1 21 9 6 
6 2 16 17 -1 24 9 9 
6 3 45 50 -2 2 88 90 
6 6 11 11 -2 3 129 119 
6 7 16 12 -2 4 71 76 
6 8 23 28 -2 5 83 80 
6 9 48 51 -2 6 88 82 
6 10 38 47 -2 7 52 48 
6 11 30 29 -2 8 64 60 
6 12 26 24 -2 10 57 53 
6 13 43 40 -2 12 12 15 
6 14 12 14 -2 13 21 21 
6 15 29 31 -2 14 10 7 
6 17 21 20 -2 15 26 29 
6 20 13 16 -2 17 49 52 
6 21 17 17 -2 18 19 22 
6 22 14 14 -2 19 17 17 
7 2 67 68 -2 20 22 21 
7 3 12 14 -2 22 9 8 
7 4 15 17 -2 23 16 18 
7 5 21 23 -2 24 17 14 
7 6 12 10 -2 25 10 4 
7 7 17 17 -2 26 10 8 
7 8 19 17 -3 2 75 80 
7 12 24 28 -3 3 122 116 
7 14 9 6 -3 4 107 108 
7 16 30 32 - 3 5 17 23 
7 18 13 12 -3 6 66 70 
7 20 9 7 -3 7 26 25 
7 22 10 10 -3 8 81 86 WW 2 22 24 -3 10 27 29 CO 3 22 24 -3 11 21 22 CO 4 18 16 -3 13 10 11 
8 12 9 5 -3 14 74 76 

12 10 9 3 -3 16 28 30 
12 13 13 11 -•3 17 12 11 
13 2 13 13 -3 18 12 8 
13 10 12 13 -3 19 8 7 
13 12 15 12 -3 20 24 25 
- 1 4 68 62 -3 22 21 23 
- 1 5 46 53 -3 23 13 10 
- 1 6 105 97 -4 1 60 57 
- 1 7 55 54 -4 2 28 34 
- 1 8 42 39 -4 3 38 34 
- 1 9 57 53 -•4 4 9 12 
-1 10 27 27 -4 5 66 66 

(Continued) 

H K F0 FC H K F0 FC 

-4 6 40 42 -7 18 13 14 
-4 8 31 31 -7 20 19 20 
-4 11 34 33 -8 1 24 21 
-4 13 66 63 -8 2 31 34 
-4 14 21 26 -8 3 25 31 
-4 15 20 16 -8 4 20 21 
-4 16 12 11 -8 5 40 44 
-4 17 39 44 -8 8 13 9 
-4 19 22 27 -8 10 13 14 
-4 20 20 25 -8 15 13 12 
-4 22 13 14 -8 16 13 15 
-4 23 13 12 -8 17 26 30 
-5 1 40 43 -8 19 17 16 
-5 2 45 49 -8 20 14 9 
-5 4 92 84 -9 1 19 21 
-5 5 39 44 -9 2 26 25 
-5 9 7 4 -9 4 21 19 
-5 10 39 42 -9 5 23 25 
-5 11 19 20 -9 6 13 12 
-5 12 21 25 -9 7 9 8 
-5 13 37 38 -9 8 9 11 
-5 14 27 28 -9 9 9 9 
-5 15 12 14 -9 10 9 6 
-5 16 21 22 -9 13 13 14 
-5 17 12 9 -9 14 27 28 
-5 18 16 14 -9 15 9 7 
-5 19 18 20 -9 16 17 16 
-5 20 16 17 -9 17 14 13 
-5 24 10 12 -9 18 9 9 
-6 1 27 30 -9 19 9 9 
-6 3 31 36 -9 20 14 16 
-6 4 34 34 -10 2 9 10 
-6 5 30 30 -10 4 13 14 
-6 9 25 27 -10 5 24 24 
-6 10 26 30 -10 6 13 11 
-6 12 21 21 -10 9 22 24 
-6 13 12 10 -10 13 14 13 
-6 14 8 6 -10 14 22 21 
-6 15 15 16 -10 16 14 15 
-6 16 29 31 -10 17 9 10 
-6 17 28 30 -10 20 13 11 
-6 20 13 13 -11 1 14 19 
-6 21 22 17 -11 5 20 19 
-6 23 14 12 -11 6 14 12 
-7 1 60 65 -11 7 10 10 
-7 2 45 48 -11 8 10 8 
-7 6 34 39 -11 10 24 21 
-7 7 24 31 -11 12 9 11 
-7 8 8 7 -11 17 16 17 
-7 10 31 32 -11 19 9 12 
-7 11 23 23 -12 1 14 12 
-7 12 22 26 -12 2 14 12 
-7 13 20 19 -12 4 14 11 
-7 15 18 18 -12 9 14 12 
-7 16 25 23 -13 1 13 12 
-7 17 9 9 -13 2 13 10 



Table 14. (Continued) 

H K PO FC H K FO FC H K FO FC H K FO FC 

13 5 9 7 3 3 18 21 6 13 16 18 10 5 15 14 
13 6 13 9 3 4 55 47 6 14 25 25 10 6 11 6 

3 6 21 7 6 17 17 21 10 7 27 23 
L»2 3 7 50 36 6 18 14 11 10 8 15 25 

3 8 56 57 6 20 15 15 10 10 27 26 
0 7 21 20 3 9 39 38 6 21 10 8 10 12 11 9 
0 8 49 35 3 10 35 36 6 22 15 13 11 0 22 24 
0 9 28 29 3 11 82 76 6 23 11 9 11 5 25 25 
0 10 26 30 3 13 19 17 6 25 11 10 11 7 33 34 
0 11 54 54 3 15 48 52 6 26 11 10 11 11 16 12 
0 12 23 20 3 18 13 8 7 0 55 65 12 2 16 15 
0 13 60 58 3 23 14 12 7 1 29 33 12 3 16 15 
0 14 33 42 , 4 3 47 44 7 2 26 27 12 4 16 15 
0 15 23 26 4 4 30 33 7 3 18 24 12 5 16 15 
0 17 36 42 4 5 . 98 95 7 5 40 45 12 7 11 9 
0 18 35 38 4 6 59 62 7 6 13 12 12 8 25 21 
0 20 21 19 4 7 80 78 7 7 9 10 12 9 11 10 
0 22 14 11 4 8 63 59 7 8 9 8 12 10 11 12 
0 23 25 26 4 9 18 17 7 10 27 23 13 0 16 14 
0 25 18 14 4 10 61 54 7 11 26 26 13 2 11 12 
0 26 11 8 4 11 25 23 7 12 31 34 13 3 11 9 
0 29 16 12 4 12 23 23 7 14 27 22 13 9 11 8 
1 7 47 49 4 14 35 38 7 15 14 13 13 10 11 7 
1 8 52 51 4 15 15 19 7 17 15 18 13 11 11 10 
1 9 53 53 4 16 20 16 7 21 15 9 13 12 10 8 
1 10 21 19 4 19 22 26 7 23 19 14 -1 7 34 31 
1 11 63 66 4 26 15 13 8 0 50 54 -1 8 96 99 
1 12 31 32 5 0 37 40 8 1 14 14 -1 9 16 18 
1 13 38 39 5 2 23 20 8 2 14 14 -1 10 33 42 
I 14 64 57 5 4 38 42 8 3 28 28 -1 11 16 17 
I 15 13 14 5 5 79 74 8 5 14 13 -1 12 9 4 
I 16 23 29 5 6 25 25 8 6 17 11 -1 13 7 4 
I 17 12 17 5 7 96 97 8 7 10 9 -1 14 34 39 
1 18 26 29 5 8 35 34 8 8 45 40 -1 15 61 60 
1 19 15 20 5 9 18 12 8 10 27 23 -1 16 14 15 
1 20 9 6 5 10 25 26 8 12 33 35 -1 17 34 37 
I 22 10 8 5 11 46 45 8 14 " 36 42 -1 18 19 21 
I 23 17 20 5 13 15 17 8 15 15 14 -1 19 40 41 
I 24 14 12 5 15 18 21 8 16 18 18 -1 20 21 22 
I 25 15 17 5 16 13 13 8 17 10 4 -1 22 14 13 
1 26 11 9 5 19 14 13 8 18 11 4 -1 26 11 11 
2 5 36 35 5 20 10 10 8 20 19 17 -1 27 11 10 
2 7 67 61 5 21 14 13 8 22 11 9 -2 6 43 49 
2 8 76 74 5 29 16 13 8 26 15 13 -2 7 105 112 
2 10 47 45 6 0 22 25 9 2 14 17 -2 8 58 54 
2 11 39 42 6 1 27 26 9 3 14 19 -2 9 27 26 
2 12 61 56 6 2 21 18 9 4 28 28 -2 10 9 11 
2 14 56 54 6 3 22 22 9 5 21 19 -2 11 30 38 
2 15 30 33 6 4 49 49 9 7 33 31 -2 12 40 49 
2 18 12 13 6 5 21 20 9 8 15 14 -2 13 23 30 
2 22 14 14 6 6 12 11 9 11 40 44 -2 14 11 7 
2 23 10 12 6 8 75 70 9 14 15 12 -2 15 8 8 
2 26 19 19 6 9 22 19 9 15 15 12 -2 16 41 49 
2 27 11 10 6 10 41 44 9 16 15 14 -2 17 12 13 
2 28 11 10 6 11 53 56 9 17 11 5 -2 18 38 38 
2 29 16 12 6 12 16 15 10 4 24 23 -2 19 13 14 



Table 14. (Continued) 

H K FO FC H K FO PC H K FO FC H K FO FC 

-2 20 16 16 -6 2 16 16 -9 12 10 13 0 24 18 20 
-2 22 10 9 -6 5 11 10 -9 13 18 17 0 25 13 11 
-3 4 112 104 -6 6 36 39 -9 14 10 8 1 9 69 71 
-3 5 59 56 --6 7 29 32 -9 15 10 9 1 10 45 49 
-3 7 21 22 -6 8 19 18 -9 16 22 24 1 11 40 41 
- 3 10 67 65 -6 9 21 20 -9 18 15 19 1 12 52 53 
-3 11 36 40 -6 11 54 59 -9 19 15 15 1 13 40 40 
-3 12 32 34 -6 13 32 37 -9 21 11 11 1 15 37 41 
-3 13 27 25 -6 16 19 19 -10 2 15 14 1 17 10 9 
-3 14 14 19 -6 17 10 10 -10 3 15 9 1 18 29 33 
-3 15 29 32 -6 18 14 16 -10 4 15 11 1 19 25 25 
- 3 16 12 9 -6 19 10 10 -10 5 10 10 1 21 21 25 
- 3 17 12 10 -6 22 10 9 -10 6 10 11 1 24 18 14 
- 3 18 16 15 -6 23 11 13 -10 7 28 32 1 25 19 14 
- 3 25 15 10 -6 25 15 14 -10 8 • 10 9 2 8 31 33 
-4 0 58 55 -7 0 40 46 -10 15 15 16 2 9 90 87 
-4 2 24 23 -7 1 40 42 -10 12 15 18 2 10 68 61 
-4 3 78 76 -7 2 18 17 -10 19 11 9 2 11 25 29 
-4 5 83 78 -7 3 34 35 -10 21 11 12 2 12 38 40 
-4 6 21 17 -7 4 31 31 -11 0 15 14 2 13 25 30 
-4 7 54 55 -7 5 13 13 -11 3 15 17 2 14 26 28 
-4 8 32 35 -7 8 24 19 -11 4 19 21 2 15 23 21 
-4 9 16 17 -7 9 13 13 -11 5 15 14 2 17 15 14 
-4 10 18 23 -7 10 9 7 -11 6 15 13 2 18 16 18 
-4 11 25 29 -7 11 9 6 -11 7 11 3 2 19 16 13 
-4 12 21 25 -7 12 26 24 -11 8 11 6 2 20 21 21 
-4 13 11 9 -7 13 14 16 -11 9 11 6 2 21 21 20 
-4 14 22 20 -7 14 31 35 -11 10 11 12 2 23 13 10 
-4 15 23 23 -7 15 30 34 -11 11 15 14 2 24 19 21 
-4 16 12 16 -7 16 10 9 -11 16 15 12 3 6 65 63 
-4 17 9 8 -7 18 10 12 -11 18 11 9 3 9 31 29 
-4 18 9 9 -7 19 21 22 -12 0 27 24 3 10 69 60 
-4 19 16 18 -7 21 11 10 -12 1 11 9 3 12 59 59 
-4 20 10 9 -7 22 11 9 -12 2 16 11 3 13 31 39 
-4 21 14 11 -8 0 27 35 -12 3 19 20 • 3 17 22 22 
-4 22 14 15 -8 1 25 28 -12 11 16 15 3 19 21 21 
-4 24 15 9 -8 3 29 34 -12 12 11 9 3 21 12 10 
-5 0 22 23 -8 4 29 27 -12 15 15 11 3 22 13 14 
-5 1 47 53 -8 5 22 23 -13 0 28 27 3 24 19 18 
-5 3 56 59 -8 6 26 24 -13 2 16 14 4 2 19 20 
-5 4 48 53 -8 8 31 36 -13 7 11 9 4 3 36 36 
-5 5 37 38 -8 10 14 17 -13 12 15 13 4 4 17 10 
-5 7 29 31 -8 12 14 10 -13 14 10 6 4 5 81 75 
-5 8 42 42 -8 15 31 30 -10 10 11 9 4 6 48 42 
-5 9 14 19 -8 16 26 28 4 7 35 32 
-5 10 18 22 -8 17 15 14 L = 3 4 8 48 47 
-5 11 25 29 -8 18 28 31 4 9 46 44 
-5 12 15 17 -8 19 15 11 0 9 17 18 4 10 19 15 
-5 14 20 14 -8 20 11 9 0 10 57 62 4 12 10 8 
-5 15 20 19 -9 0 32 37 0 11 35 38 4 13 37 38 
-5 17 13 14 -9 1 10 11 0 12 41 47 4 14 27 25 
-5 19 17 17 -9 3 17 22 0 16 35 38 4 16 28 32 
-5 22 10 10 -9 4 32 40 0 17 15 16 4 17 11 12 
-5 25 15 16 -9 5 14 16 0 18 19 19 4 18 17 14 
-6 0 36 38 -9 6 29 28 0̂  19 16 16 4 20 18 24 
-6 1 21 24 -9 8 27 25 0 22 17 19 4 25 14 14 
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Table 14. (Continued) 

H K FO FC H K FO FC H K FO FC H K FO FC 

5 1 31 34 9 12 20 21 -4 13 32 38 -8 3 27 27 
5 2 31 31 9 17 14 16 -4 14 10 6 -8 5 21 20 

VP 3 34 37 10 1 14 17 -4 18 16 18 -8 11 26 24 
5 5 40 40 10 6 20 18 -4 20 12 11 -8 12 13 14 
5 6 69 64 10 8 20 21 -4 21 12 12 -8 15 13 15 

VP 8 30 29 10 13 20 21 -4 22 13 13 -8 16 19 18 
5 9 36 30 -10 14 20 17 -4 24 19 21 -8 17 13 14 
5 10 24 22 11 3 14 12 -5 1 25 18 -8 19 14 9 

VP 13 30 26 11 4 14 12 -5 2 57 57 -8 20 14 13 
5 14 26 24 11 5 14 15 -5 3 8 12 -9 2 13 16 
5 16 24 23 11 6 21 16 * -5 4 27 27 -9 3 29 29 
5 17 35 37 11 8 21 16 -5 5 43 50 -9 5 35 34 
5 20 13 9 12 2 21 15 -5 6 26 29 -9 6 13 14 
5 21 13 11 12 3 15 10 -5 7 29 31 -9 9 38 40 
6 2 36 40 12 5 15 14 -5 6 21 23 -9 11 13 15 
6 3 32 41 -1 9 52 45 -5 9 70 71 -9 17 20 17 
6 4 15 17 -1 10 10 12 -5 10 17 18 -10 1 34 31 
6 5 15 13 -1 12 14 10 -5 11 14 13 -10 3 19 19 
6 6 15 12 -1 13 75 69 -5 12 15 17 -10 6 28 21 
6 7 15 12 -1 16 22 22 -5 13 33 36 -10 11 24 28 
6 8 30 34 . - 1 17 31 35 -5 14 19 25 -10 12 20 23 
6 9 28 29 -1 18 15 16 -5 15 11 10 -10 13 20 18 
6 10 33 29 -1 20 23 20 -5 16 16 22 -11 1 20 23 
6 11 31 34 -1 21 17 16 -5 21 16 18 -11 2 14 13 
6 12 12 11 -1 22 12 12 -6 1 29 29 -11 4 32 29 
6 14 17 19 -1 25 13 11 -6 2 43 50 -11 6 20 22 
6 15 22 19 -:L 25 13 11 -6 3 17 15 -11 9 14 15 
6 16 18 15 -:L 27 14 10 -6 4 14 13 -11 10 14 11 
6 17 22 20 _;> 8 45 48 -6 6 23 24 -11 12 14 10 
6 18 13 12 -2 9 22 21 -6 7 23 20 -11 13 14 15 
7 1 47 54 -;> 10 11 7 -6 8 10 7 -12 2 21 23 
7 2 16 18 11 11 17 -6 9 10 9 -12 4 15 15 
7 4 31 36 —2 12 35 38 -6 10 59 65 -12 10 21 19 
7 6 63 66 13 13 15 -6 12 49 48 -12 10 21 19 
7 7 21 22 —ii 14 23 20 -6 16 17 14 -13 1 21 16 
7 8 32 30 — '? 15 14 17 -6 17 18 20 
7 11 17 14 -2 16 29 33 -6 19 18 16 L=4 
7 12 28 26 -2 17 24 25 -6 22 13 16 10 7 13 41 37 -2 18 11 10 -6 24 14 15 0 10 54 51 
7 16 19 11 —2 19 11 14 -7 1 38 43 0 11 40 42 
7 18 19 15 -3 7 37 35 -7 2 31 28 0 12 31 36 
8 2 51 51 -3 8 41 39 -7 3 33 33 0 14 10 10 
8 4 28 27 -3 9 94 95 -7 4 35 36 0 15 26 28 
8 9 35 32 -3 10 70 68 -7 5 34 33 0 16 11 13 
8 10 18 17 -3 11 21 23 -7 6 28 32 0 17 25 24 
8 11 19 18 -3 13 38 40 -7 8 28 26 0 18 12 16 
8 13 19 19 -3 17 29 31 -7 9 29 26 0 19 27 27 
8 14 23 21 -3 21 17 15 -7 12 17 18 1 10 26 32 
8 15 19 18 -3 22 12 9 -7 13 21 25 1 11 37 40 
8 16 19 20 -V 5 37 33 -7 14 12 17 1 12 31 36 
8 21 14 15 -4 6 76 69 -7 15 18 20 1 14 46 51 
9 1 23 22 -4 8 48 56 -7 17 18 18 1 15 15 16 
9 4 19 16 -4 9 63 60 -7 18 13 15 1 17 16 17 
9 5 13 14 -4 10 20 17 -7 19 13 10 1 18 21 24 
9 6 13 10 -4 11 21 20 -7 20 13 13 1 22 24 23 
9 10 19 21 -4 12 53 54 -8 2 21 20 2 9 36 32 



Table 14. 

H K FO FC H £ FO FC 

2 11 64 60 6 1 41 47 
2 12 33 32 6 2 15 17 
2 15 29 27 6 3 50 50 
2 17 17 13 6 4 11 11 
2 19 25 23 6 5 28 21 
2 20 13 3 6 6 11 9 
2 21 13 18 6 7 27 22 
2 23 14 12 6 8 17 15 
2 25 21 18 6 9 12 8 
3 8 23 23 6 11 13 11 
3 9 47 44 6 12 35 29 
3 10 24 26 6 13 30 26 
3 11 59 54 6 14 13 12 
3 12 14 9 6 15 39 37 
3 13 18 21 6 17 14 11 
3 14 30 29 6 18 14 14 
3 15 26 26 6 19 26 26 
3 16 34 34 7 0 44 51 
3 18 22 20 7 1 33 35 
3 19 32 26 7 2 36 38 
3 20 13 12 7 5 29 31 
3 21 14 19 7 7 18 21 
3 22 20 23 7 14 25 25 
3 23 14 12 7 15 21 14 

5 11 10 7 18 15 18 
4 6 18 13 8 0 19 21 
4 8 50 45 8 3 37 43 
4 10 42 36 8 11 21 21 
4 11 10 13 8 15 15 18 
4 13 11 12 9 0 21 19 
4 14 27 27 9 2 30 36 
4 15 43 41 9 3 26 25 
4 16 18 17 9 11 15 16 
4 18 19 15 9 12 15 20 
4 19 13 14 :LO 0 16 13 
4 21 20 20 :LO 1 16 15 
5 0 91 88 :LO 2 22 25 
5 1 24 20 :LO 3 22 25 
5 2 34 36 :LO 12 16 18 
5 4 55 53 :LO 13 16 11 
5 7 28 23 :LO 14 16 13 
5 8 15 17 :LI 3 23 22 
5 11 17 16 •-1 10 24 31 
5 12 39 31 •-1 11 24 20 
5 14 22 20 •-1 12 31 25 
5 15 13 11 - l 14 28 33 
5 16 35 37 - l 15 36 33 
5 18 34 31 

TT 

(Concluded) 

H K FO FC H K FO FC 
-I 16 33 32 -6 4 30 24 
-I 18 66 70 -6 7 49 43 
- 1 19 17 16 -6 8 29 29 
- 1 20 18 14 -6 9 34 34 
-1 21 13 10 -6 10 20 23 
- 1 22 13 14 -6 11 45 48 
-2 10 23 22 -6 12 17 17 
-2 11 60 54 -6 14 18 15 
-2 14 14 17 -6 15 13 17 
-2 15 18 16 -7 2 52 50 
-2 16 16 13 -7 3 23 26 
-2 18 17 15 -7 4 50 50 
-2 19 12 11 -7 5 53 53 
-2 20 13 5 -7 6 17 20 
-2 22 13 13 -7 7 12 13 
-3 9 84 73 -7 8 50 50 
-3 10 101 88 - 7 9 22 24 
-3 11 32 34 -7 10 45 46 
-3 12 31 30 -7 11 18 25 
-3 14 10 13 -7 18 21 19 
-3 15 11 8 -7 19 15 10 
-3 16 11 15 -8 1 13 18 
-3 19 34 34 -8 5 94 84 
-3 20 13 14 -8 6 19 19 
-3 22 20 21 -8 7 43 46 
-4 7 58 50 -8 11 24 24 
-4 8 33 34 -8 13 20 19 
-4 9 20 19 -8 19 15 16 
-4 10 13 15 -9 2 20 20 
-4 11 78 77 -9 3 20 25 
-4 12 36 40 . -9 4 32 33 
-4 13 22 25 -9 5 14 16 
-4 14 16 20 -9 6 14 4 
-4 15 16 19 -9 7 32 32 
-4 16 12 16 -9 8 20 25 
-4 18 13 18 -9 9 14 17 
-4 23 21 27 -9 10 21 22 
-5 7 24 19 -10 0 26 27 
-5 8 52 52 -10 1 15 10 
-5 9 17 15 -10 2 26 29 
-5 10 30 28 -10 3 26 27 
-5 12 30 33 -10 7 15 8 
-5 14 46 52 -10 8 15 16 
-5 17 13 10 -10 9 22 16 
-6 0 43 44 -10 10 22 22 
-6 1 36 36 -10 11 27 33 
-6 2 27 22 -10 12 22 21 

JL 
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CHAPTER I I I 

RESULTS AND DISCUSSION 

Complexes of N - ( 3 - h y d r o x y p r o p y l s a l i c y l i m i n e ) 

S e v e r a l new complexes of t h e S c h i f f b a s e l i g a n d N - ( 3 - h y d r o x y p r o 

p y l s a l i c y l i m i n e ) , SALPAH , have been p r e p a r e d and s t u d i e d . As was 

i n d i c a t e d i n t h e e x p e r i m e n t a l s e c t i o n , t h e s e i n c l u d e complexes o f Cu, 

Co, Ni and F e . 

A n a l y t i c a l d a t a f o r t h e p r o d u c t of t h e r e a c t i o n of e q u i m o l a r 

amounts of n i c k e l a c e t a t e and SALPAH^ i n m e t h a n o l i n d i c a t e d t h a t t h e 

r e s u l t i n g g r e e n complex c o r r e s p o n d e d t o one l i g a n d and one m o l e c u l e of 

s o l v e n t p e r m e t a l i o n . Kirkwood (56 ) p r e p a r e d t h e same complex , u s i n g 

e t h a n o l a s t h e s o l v e n t , by a d d i n g two moles o f sodium e t h o x i d e p e r mole 

of l i g a n d . I t was found t h a t t h e g r e e n s o l v a t e d s p e c i e s c o u l d be c o n 

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

from anhyd rous m-Xylene . Th i s b e h a v i o r was e x a c t l y t h e same t h a t 

Kirkwood found f o r t h e Ni (EIA) complex (18). The s o l v a t e d Ni (EIA) was a l s o 

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

p a r e d by r e c r y s t a l l i z a t i o n from m-Xylene . The u n s o l v a t e d , r e d d i s h - b r o w n 

Ni(EIA) was found t o be d i a m a g n e t i c and t o have a b e n t d i m e r i c s t r u c t u r e 

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

A t t e m p t s a t o b t a i n i n g a s i n g l e c r y s t a l of t h e g r e e n Ni(SALPA)* 

ETOH s u i t a b l e f o r X-ray s t u d i e s were n o t s u c c e s s f u l . For a l l of t h e 

c r y s t a l s , e x a m i n a t i o n t h r o u g h t h e p o l a r i z i n g m i c r o s c o p e r e v e a l e d s e v e r a l 
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mic ro c r y s t a l s s t a c k e d t o g e t h e r o r t h e p r e c e s s i o n p h o t o g r a p h s i n d i c a t e d 

a p o l y c r y s t a l l i n e m a t e r i a l . The r e d u n s o l v a t e d Ni(SALPA) complex 

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

c o n s i s t e n t w i t h any s p a c e g r o u p . 

Based upon t h e i n f o r m a t i o n known a b o u t t h e Ni(EIA) complexes and 

t h e a v a i l a b l e a n a l y t i c a l d a t a , t h e r e d , u n s o l v a t e d Ni(SALPA) complex i s 

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

whe reas t h e s o l v a t e d Ni(SALPA) • EtOH complex i s p r o b a b l y p o l y n u c l e a r 

w i t h a h i g h e r c o o r d i n a t i o n number . 

The c o b a l t ( I I ) complex o b t a i n e d w i t h t h e l i g a n d SALPAH^ u s i n g 

two moles of KOH p e r mole o f l i g a n d and a r a t i o of l i g a n d t o CoAc 2 • of 

1 : 1 , a n a l y z e d f o r one l i g a n d p e r m e t a l i o n , b u t a s a h e m i h y d r a t e , 

Co(SALPA) • Y H 2 ° ' W i t h y e f f = 4 , 4 1 B , M * t h e m a g n e t i c m o m e n t a p p e a r s 

r e a s o n a b l e f o r a c o b a l t ( I I ) complex (\±eff i s found t o be 4 . 1 - 5 . 2 B.M. 

f o r c o b a l t ( I I ) ( 6 2 ) ) . S i n c e t h e r e i s o n l y one l i g a n d p e r m e t a l i o n , 

t h e r e i s a good p o s s i b i l i t y t h a t t h e complex h a s a s s o c i a t e d i n t o a p o l y 

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

However, s i n g l e c r y s t a l s s u f f i c i e n t l y l a r g e f o r X-ray i n v e s t i g a t i o n s 

were n o t o b t a i n e d . 

The Cu(SALPAH)Cl complex was made by mix ing t h e f r e e l i g a n d , 

SALPAH2, w i t h CuCl^ i n a 2 : 1 r a t i o i n a m e t h a n o l s o l u t i o n w i t h o u t b a s e . 

However, t h e Fe(SALPA)Cl complex was p r e p a r e d u s i n g two e q u i v a l e n t s of 

l i t h i u m m e t h o x i d e p e r e q u i v a l e n t o f l i g a n d and a r a t i o o f l i g a n d t o 

FeClg • 5H 2 0 of 1 : 1 . In t h e c o p p e r ( I I ) complex , t h e l i g a n d had t o 

e x i s t a s a monoanion i n o r d e r f o r a c h l o r i d e t o be p r e s e n t i n a n e u t r a l 
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complex . I t was assumed t h a t t h e p r o t o n had n o t been removed s i n c e t h e 

a c i d i t y of t h i s p r o t o n i s n o r m a l l y l e s s t h a n t h a t o f a p h e n o l i c p r o t o n ; ' 

w h e r e a s , i n t h e c a s e of t h e i r o n ( I I I ) complex i t a p p e a r e d t h a t t h e 

l i g a n d was a d i a n i o n w i t h t h e c h l o r i d e b a l a n c i n g t h e r e m a i n i n g c h a r g e 

of t h e m e t a l i o n . 

I n t e r e s t i n g l y enough , t h e Cu(SALPAH)Cl complex was b rown , w h e r e 

a s b o t h Cu(PIA) and Cu(SALPA) gave deep p u r p l e complexes w i t h s u b n o r m a l 

m a g n e t i c moments . As i n d i c a t e d i n t h e i n t r o d u c t o r y s e c t i o n , Cu(PIA) was 

found t o be a s q u a r e - p l a n a r d imer and b a s e d on t h e s i m i l a r i t y of t h e 

m a g n e t i c p r o p e r t i e s and t h e l i g a n d s , t h e complexes a r e presumed t o be 

i s o s t r u c t u r a l . In a d d i t i o n , a t t e m p t s a t r e c r y s t a l l i z a t i o n of 

Cu(SALPAH)Cl from m e t h a n o l y i e l d e d t h e p u r p l e Cu(SALPA) complex r e p o r t e d 

by Yamada ( 6 3 ) . I n o r d e r t o r e c r y s t a l l i z e Cu(SALPAH)Cl, t h e a d d i t i o n of 

a few d r o p s of HC1 was n e c e s s a r y t o p r e v e n t t h e complex from g o i n g t o 

Cu(SALPA) v i a ' l o s s o f HC1. 

The X-ray s t r u c t u r e d e t e r m i n a t i o n s of t h e complexes Cu(SALPAH)Cl* 

Fe(SALPA)Cl and t h e s o l v a t e d form of t h e i r o n complex , Fe(SALPA)Cl • 

~ TOL, r e v e a l e d t h a t , w i t h b o t h c o p p e r ( I I ) and i r o n ( I I I ) , d i m e r i c , f i v e -

c o o r d i n a t e complexes were fo rmed . S i n c e t h e a l c o h o l oxygen r e t a i n e d t h e 

p r o t o n and would have t o be bonded t o f o u r s i t e s i f i t a c t e d as a 

b r i d g i n g g r o u p , t h e p h e n o l i c oxygen i s t h e b r i d g i n g group i n 

Cu(SALPAH)Cl. As i s n o r m a l l y found i n S c h i f f b a s e complexes formed from 

3 - d i k e t o n e s and s a l i c y l a l d e h y d e w i t h amino a l c o h o l s , t h e l e s s - s t e r i c a l l y 

h i n d e r e d a l c o h o l oxygen a c t s as t h e b r i d g i n g g roup i n t h e Fe(SALPA)Cl 

Th i s s t r u c t u r e was p e r f o r m e d by c o - w o r k e r , J . A. K e l l e y ( 5 ) . 
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complex . The s t r u c t u r e of t h e s o l v a t e d i r o n complex , Fe(SALPA)Cl • 

Y TOL was d e t e r m i n e d s i n c e o n l y v e r y s m a l l c r y s t a l s of Fe(SALPA)Cl 

c o u l d be o b t a i n e d . S t r u c t u r a l l y , t h e two i r o n complexes a r e i d e n t i c a l 

e x c e p t f o r d i s t o r t i o n s t h a t r e s u l t from t h e p a c k i n g of one t o l u e n e 

m o l e c u l e p e r d imer i n t h e c r y s t a l l a t t i c e . The c l o s e s t c o n t a c t of t h e 
o 

t o l u e n e w i t h any atoms w i t h i n t h e s t r u c t u r e i s a p p r o x i m a t e l y 4 A, w i t h 
o 

t h e c l o s e s t a p p r o a c h t o t h e i r o n ( I I I ) b e i n g 5-6 A. 

P e r s p e c t i v e d r a w i n g s of t h e m o l e c u l a r s t r u c t u r e s o f Cu(SALPAH)Cl 

and Fe(SALPA)Cl a r e g i v e n in F i g u r e s 3 and 4 , r e s p e c t i v e l y . S i n c e a l l 

of t h e m o l e c u l e s c o n t a i n an i n v e r s i o n c e n t e r , t h e four -membered m e t a l -

oxygen r i n g i s e x a c t l y p l a n a r . The Cu-0 d i s t a n c e s w i t h i n t h e M^O^ 
o o 

four-membered r i n g f o r Cu(SALPAH)Cl, 1.78 A and 2 . 2 2 A show a much 
o 

l a r g e r d i f f e r e n c e t h a n t h e c o r r e s p o n d i n g d i s t a n c e s i n C u ( P I A ) , 1.86 A 
o 1 

and 1.92 A. Also t h e s e m e t a l oxygen d i s t a n c e s f o r Cu(SALPAH)Cl d i f f e r 
1 o o 

more t h a n t h o s e i n Fe(SALPA)Cl o r Fe(SALPA)Cl • - TOL, 1.86 A and 1.97 A, 
o o 

and 1.9 3 A and 1.98 A, r e s p e c t i v e l y . The m e t a l - m e t a l d i s t a n c e i n 
o 

Cu(SALPAH)Cl i s 3.29 A which i s c o n s i d e r a b l y l o n g e r t h a n i s found in 

d i m e r i c C u ( P I A ) , 3 . 0 1 A ( 1 7 ) , i n t h e " c u b a n e " Cu(EIA) , 3 . 0 1 A and 3 .26 A 

( 1 7 ) , o r i n t h e " s t a c k e d d i m e r " Cu(SALPYA), 3 .07 A and 3 .17 A ( 2 0 ) . In 

a d d i t i o n , t h e m e t a l - m e t a l d i s t a n c e i n Cu(SALPAH)C1 i s l o n g e r t h a n t h e 

d i s t a n c e s f o r Fe(SALPA)Cl, 3.12 A o r Fe(SALPA)Cl • j TOL, 3 .09 A. 

As i n C u ( P I A ) , t h e c o o r d i n a t i o n of t h e b r i d g i n g oxygen i s e s s e n 

t i a l l y p l a n a r i n Cu(SALPAH)CI. The ca rbon bonded t o t h e p h e n o l i c oxy-
o 

g e n , C3, i s o n l y 0 . 0 8 A ou t of t h e p l a n e d e f i n e d by t h e c e n t r a l f o u r -

membered r i n g . Tab le 16 g i v e s t h e p l a n e o f t h e Cu-0 four -membered r i n g 
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and t h e b e s t l e a s t - s q u a r e s p l a n e o f t h e b e n z e n e r i n g p o r t i o n of t h e 

l i g a n d ; t h e d i s t a n c e s of t h e o t h e r atoms of t h e s t r u c t u r e from t h e s e 

p l a n e s a r e i n d i c a t e d . 

In Fe(SALPA)Cl, t h e ca rbon which i s bonded t o t h e b r i d g i n g 
o 

a l k o x y l oxygen , C13, i s a l s o o n l y 0 . 0 8 A ou t o f t h e p l a n e of t h e 

four -membered r i n g . Thus , , t h e c o o r d i n a t i o n of t h e oxygen does n o t 

d i f f e r s i g n i f i c a n t l y from p l a n a r i t y . I n t h e complex Fe(SALPA)Cl • 

Y TOL t h e c o o r d i n a t i o n of t h e oxygen i s n o t as p l a n a r as i n e i t h e r 

Cu(SALPAH)Cl o r Fe(SALPA)Cl s i n c e C13 i s d i s p l a c e d 0 . 2 8 A from t h e . 

p l a n e of t h e four -membered r i n g . The p l a n e f o r t h e M^C^ f o u r -

membered r i n g s , t h e b e s t l e a s t s q u a r e s p l a n e s f o r t h e b e n z e n e r i n g s of 

t h e l i g a n d , and t h e d i s t a n c e s of t h e o t h e r a toms i n t h e s t r u c t u r e from 

each o f t h e s e p l a n e s a r e g i v e n i n Tab le 1 7 . 

Because of t h e l o n g M-M d i s t a n c e s t h e r e a p p e a r s t o be no r e a s o n 

f o r c o n s i d e r i n g t h e p o s s i b i l i t y o f e x p l a i n i n g t h e l o w e r i n g o f t h e room 

t e m p e r a t u r e m a g n e t i c moments t h r o u g h d i r e c t M-M i n t e r a c t i o n s . However, 

b o t h Cu(SALPAH)Cl and Fe(SALPA)Cl have room t e m p e r a t u r e m a g n e t i c moments 

c o n s i d e r a b l y be low t h e v a l u e s e x p e c t e d . The Cu(SALPAH)Cl complex ha s 

a m a g n e t i c moment o f 1.05 B.M. as compared t o t h e s p i n - o n l y v a l u e of 

1.86 B.M. f o r c o p p e r ( I I ) and Fe(SALPA)Cl gave a room t e m p e r a t u r e mag

n e t i c moment of M-.23 B.M. a s compared t o t h e no rma l v a l u e s f o r an 

i r o n ( I I I ) complex of ~ 5 . 9 B.M. ( 6 2 ) . As i n o t h e r p o l y n u c l e a r s t r u c t u r e s 

i n which t h e c o o r d i n a t i o n of t h e b r i d g i n g oxygen i s p l a n a r , a p l a u s i b l e 

e x p l a n a t i o n of t h e s p i n c o u p l i n g i n t e r m s of a d e l o c a l i z e d iT-system 

i n v o l v i n g t h e 3dxz and 3dyz o r b i t a l s of t h e oxygen i s p o s s i b l e ( 1 7 ) . 
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T a b l e 1 5 . Comparison o f Bond D i s t a n c e s and Angles f o r 

Cu( SALPAH)CI, Fe(SALPA)Cl, Fe(SALPA)Cl • Y T 0 L 

Fe(SALPA)Cl» 
Cu(SALPAH)gl Fe(SALPA)Cl J TOL 0 

Atoms D i s t a n c e , A D i s t a n c e , % D i s t a n c e , A 

Ml-Ml ' 3 - 2 9 4 ( 7 ) 3 . 1 2 ( 1 ) 3 . 0 8 9 ( 6 ) 
M l - C l 2 . 1 1 5 ( 6 ) 2 . 2 0 ( 1 ) 2 . 2 2 6 ( 6 ) 
Ml -02 1 . 7 8 ( 1 ) 1 . 8 7 ( 2 ) 1 .852 (13 ) 
M l - 0 2 ' 2 . 2 2 ( 1 ) 
M l - 0 1 4 ' 1 . 9 7 ( 3 ) 1 .983 (12 ) 
0 2 - 0 2 ' * 2 . 3 K 3 ) 
0 1 4 - 0 1 4 ' 2 . 2 3 ( 3 ) 2 . 4 0 8 ( 2 6 ) 
M1-N10 2 . 1 8 ( 2 ) 2 . 1 2 ( 4 ) 2 . 0 6 4 ( 1 3 ) 
Ml-014 2 . 2 4 ( 2 ) 1 . 8 6 ( 3 ) 1 .934 (13 ) 
02-C3 1 . 3 4 ( 2 ) 1 . 3 3 W 1 .366(17) 
C3-C4 1 . 3 9 ( 3 ) 1 . 5 1 ( 6 ) 1 .457 (24 ) 
C4-C5 1 . 3 8 ( 3 ) 1 . 3 9 ( 5 ) 1 .419 (26 ) 
0 5 - C6 1 . 5 3 ( 3 ) 1 . 4 2 ( 5 ) 1 .328(24) 
C6-C? 1 . 3 M 3 ) 1 . 3 K 5 ) 1 .436(24) 
C7-C8 1 . 4 1 ( 3 ) 1 . 4 1 ( 5 ) 1 .417(21) 
C3-C8 1 . 4 8 ( 3 ) 1 . 4 3 ( 5 ) 1 .3^7 (19 ) 
C8-C9 1 . 4 1 ( 3 ) 1 . 4 2 ( 5 ) 1 .479(21) 
C9-N10 1 . 1 9 ( 2 ) 1 . 2 8 ( 4 ) 1 ,305(19) 
N10-C11 1 . 5 4 ( 3 ) 1 . 7 0 ( 7 ) 1 .528(24) 
C11-C12 1 . 6 0 ( 3 ) 1 . 4 5 ( 6 ) 1 .522(27) 
C12-C13 1 . 6 3 ( 3 ) 1 .57 (6 ) 1 .577(23) 
CI3-014 1 . 5 3 ( 3 ) 1 . 5 9 ( 6 ) 1 .469(19) 
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Tab le 1 5 . (Con t inued ) 

Atoms 
Cu(SALPAH)Cl 

A n g l e , Degrees 
Fe(SALPA)Cl 

A n g l e , Degrees 

Fe(SALPA)Cl« 
Y TOL 

A n g l e , Degrees 

M1-02-M1 1 1 1 0 . 3 ( 6 ) 
02-M1-02 1 6 9 - 7 ( 6 ) 
C l -Ml -02 1 2 6 . 2 ( 5 ) 1 0 8 . 7 ( 8 ) 1 1 2 . 5 ( 5 ) 
C l - M l - 0 2 ' 9 8 . 6 ( 4 ) 
C l -Ml-014 1 1 0 . 1 ( 4 ) 1 0 6 . 8 ( 9 ) 1 1 3 - 8 ( 4 ) 
C1-M1-N10 9 2 . 5 ( 5 ) 1 0 3 . 9 ( 9 ) 9 7 - 9 ( 4 ) 
0 2 ' - M l - 0 l 4 9 9 - 6 ( 6 ) 
02 , -M1-N10 1 6 8 . 9 ( 6 ) 
014-M1-N10 7 6 . 0 ( 6 ) 9 0 . 9 ( 1 . 4 ) 8 8 . 2 ( 5 ) 
014-N1-02 1 2 3 - 4 ( 7 ) 1 4 3 . 6 ( 1 . 1 ) 1 3 3 . 6 ( 5 ) 
N10-M1-02 1 0 4 . 0 ( 6 ) 8 8 . 1 ( 1 . 2 ) 8 8 . 8 ( 5 ) 
M1-02-C3 1 1 2 . 3 ( 1 . 3 ) 1 2 9 . 5 ( 2 . 5 ) 1 3 0 . 8 ( 1 . 1 ) 
M l ' - 0 2 - C 3 1 3 7 . 2 ( 1 . 2 ) 
0 2 - C > C 4 9 8 . 0 ( 1 . 9 ) 1 1 3 . 9 ( 3 . 9 ) 1 1 5 . 4 ( 1 . 6 ) 
C4-C3-C8 1 3 3 . 1 ( 2 . 0 ) 1 1 8 . 3 ( 3 . 4 ) 1 2 0 . 1 ( 1 . 6 ) 
C8-C3-02 1 2 8 . 9 ( 1 . 9 ) 1 2 7 . 6 ( 3 . 5 ) 1 2 4 . 2 ( 1 . 5 ) 
C3-C4-C5 1 0 0 . 6 ( 2 . 1 ) 1 1 4 . 0 ( 4 . 4 ) 1 1 6 . 7 ( 1 . 9 ) 
C4-C5-C6 1 2 7 . 6 ( 2 . 1 ) 1 2 4 . 8 ( 4 . 4 ) 1 2 2 . 2 ( 2 . 0 ) 
C5-C6-C7 1 2 9 . 8 ( 2 . 2 ) 1 2 0 . 7 ( 4 . 0 ) 1 2 0 . 7 ( 1 . 9 ) 
C6-C7-C8 1 0 4 . 4 ( 2 . 0 ) 1 2 0 . 2 ( 4 . 5 ) 1 1 7 . 7 ( 1 . 7 ) 
C7-C8-C3 1 2 3 . 9 ( 1 . 9 ) 1 2 1 . 6 ( 3 . 8 ) 1 2 1 . 9 ( 1 . 8 ) 
C7-C8-C9 9 7 . 1 ( 1 - 8 ) 1 1 6 . 5 ( 4 . 0 ) 1 1 2 . 2 ( 1 . 5 ) 
C>C8-C9 1 3 9 . 0 ( 1 . 8 ) 1 2 1 . 7 ( 3 . 2 ) 1 2 5 - 9 ( 1 . 4 ) 
C8-C9-N10 1 1 0 . 2 ( 2 . 0 ) 1 2 3 . 4 ( 3 . 9 ) 1 1 9 . 2 ( 1 . 5 ) 
C l - M l - 0 1 4 1 1 0 6 . 2 ( 9 ) 1 0 2 . 2 ( 0 . 4 ) 
C9-N10-M1 1 2 5 - 4 ( 1 . 6 ) 1 2 8 . 4 ( 3 . 2 ) 1 2 8 . 8 ( 1 . 2 ) 
C11-N10-M1 1 3 0 . 7 ( 1 . 7 ) 1 2 2 . 8 ( 3 . 0 ) 1 1 6 . 5 ( 1 . 0 ) 
C9-N10-C11 1 0 3 . 9 ( 1 . 8 ) 1 0 8 . 9 ( 3 . 9 ) 1 1 4 . 0 ( 1 . 4 ) 
N10-C11-C12 1 1 4 . 1 ( 1 . 7 ) 1 0 7 - 3 ( 4 . 8 ) 1 0 8 . 8 ( 1 . 4 ) 
C11-C12-C13 1 0 5 - 0 ( 1 . 8 ) 1 1 1 . 5 ( 1 . 6 ) 
014-M1-014 1 7 1 . 0 ( 1 . 7 ) 7 5 . 9 ( 0 . 6 ) 
02-M1-014 1 9 1 . 7 ( 1 . 1 ) 9 1 . 4 ( 0 . 6 ) 
Ol4»-Ml-N10 1 4 8 . 3 ( 1 . 4 ) 1 5 8 . 1 ( 0 . 5 ) 
M1-014-M1 1 1 0 9 . 0 ( 1 . 7 ) 1 0 4 . 1 ( 0 . 6 ) 
M1-014-C13 1 3 6 . 0 ( 2 . 9 ) 1 3 2 . 9 ( 0 . 9 ) 
Ml»-Ol4-C13 1 1 4 . 9 ( 3 . 0 ) 
0 l 4 - C l > C 1 2 1 0 3 . 4 ( 4 . 4 ) 1 1 0 . 7 ( 1 . 3 ) 



87 

Tab le 1 6 . C a l c u l a t e d B e s t L e a s t - S q u a r e s P l a n e s and 
D i s t a n c e s o f Atoms from P l a n e s i n Cu(SALPAH)CI 

Atoms D e f i n i n g P l a n e : 
C u l , C u l ' , 02 and 0 2 ' 
E q u a t i o n o f P l a n e : - 0 . 4 7 1 x -
0 .882y + 0 .012z = 0 .0 

Atoms D e f i n i n g P l a n e : 
C 3 , C4, C5 , C6, C7 and C8 
E q u a t i o n of P l a n e : 0 . 3 6 x + 
0 .922y + 0 . 1 4 2 z - 0 . 1 3 8 = 0 

Atom 
D i s t a n c e from 

P l a n e , X 

Cul 0 .00 
C u l ' 0 .00 
02 0 .00 
0 2 ' 0 .00 
CI --1 .70 
C3 0 .08 
C4 -0 .013 
C5 -0 04 
C6 0 26 
C7 0 47 
C8 0 35 
C9 0 54 
N10 0 .35 
C l l 0 59 
C12 2 00 
C13 2 06 
014 1 87 

D i s t a n c e from 
Atom P l a n e , A 

C3 - 0 . 0 0 5 
C4 - 0 . 0 0 7 
C5 - 0 . 0 0 9 
C6 - 0 . 0 0 1 
C7 - 0 . 0 0 6 
C8 G.008 
C9 0 .054 
N10 0 . 2 0 1 
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T a b l e 1 7 . C a l c u l a t e d B e s t L e a s t - S q u a r e s P l a n e s 
and D i s t a n c e s o f Atoms from P l a n e s 

Fe(SALPA)Cl 

Atoms D e f i n i n g P l a n e : 
F e l , F e l 1 , 014 and 014" 
E q u a t i o n of P l a n e : -7137x + 
.3563y + . 6 0 3 l z - 3-1075 - 0 . 0 0 

Fe(SALPA)Cl • \ TOL 

Atoms D e f i n i n g P l a n e : 
F e l , F e l 1 014 and 014 • 
E q u a t i o n o f P l a n e : - . 1 2 2 9 x + 
•3128y + - 9 4 l 8 z + .000 - 0 . 0 0 

D i s t a n c e 0 f r o m D i s t a n c e 0 f r o m 
Atom P l a n e , A Atom P l a n e . A 
F e l 0 . 0 0 F e l 0 . 0 0 
F e l 1 0 . 0 0 F e l 1 0 . 0 0 
014 0 . 0 0 014 0 . 0 0 
014» 0 . 0 0 014« 0 . 0 0 
C l l 0 . 7 6 C l l 0 . 1 4 
C12 - 0 . 1 2 C12 - 0 . 3 5 
CI 3 - 0 . 0 8 c i 3 0 . 2 8 

Atoms D e f i n i n g P l a n e : 
0 1 4 , 0 l 4 ! , N10, and 02 
E q u a t i o n of P l a n e : . 4204x + 
.4869y + .?657z - 5-kdZ = 0 . 0 0 

Atoms D e f i n i n g P l a n e : 
0 1 4 , 0 1 4 1 , N10, and 02 
E q u a t i o n of P l a n e : . 2949x + 
•5223y + .802z - . 1306 - 0 . 0 0 

D i s t a n c e Q from 
Atom P l a n e . A 
02 0 . 0 2 
014 0 . 0 2 
0 1 4 ' - 0 . 0 2 
N10 - 0 . 0 1 
F e l - 0 . 5 5 

D i s t a n c e from 
Atom P l a n e . & 
02 - 0 . 0 7 
014 0 . 0 6 
0 1 4 1 - 0 . 3 2 
N10 0 . 3 3 
F e l 0 . 5 5 

t 
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T a b l e 1 7 . (Cont inued) 

Atoms D e f i n i n g P l a n e : Atoms D e f i n i n g P l a n e : 
C3. 0 4 , C5, C6, C7, C8 C3, 0 4 , C5, C6, C7, C8 
E q u a t i o n of P l a n e : . 2919x + E q u a t i o n of P l a n e : .3638X + 
.4950y + . 8 l 8 4 z - 5 .866 - 0 . 0 0 •6713y + .6458z - .5820 - 0 . 0 0 

D i s t a n c e 0 f r o m D i s t a n c e p f r o m 
Atom P l a n e . A Atom P l a n e . A 
C3 0 . 0 3 C3 - 0 . 0 4 
04 - 0 . 0 1 04 0 . 0 4 
C5 - 0 . 0 1 05 - 0 . 0 4 
C6 0 . 0 0 06 0 . 0 4 
C7 0 . 0 2 C7 0 . 0 0 
C8 - 0 . 0 4 08 - 0 . 0 1 
C9 - 0 . 0 3 09 - 0 . 0 9 
N10 - 0 . 2 2 N10 - 0 . 1 1 
02 - 0 . 1 1 02 0 . 0 1 
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In g e n e r a l t h e c o u p l i n g c o n s t a n t , J , f o r b i n u c l e a r complexes can 

be c a l c u l a t e d from t h e Van Vleck e q u a t i o n f o r c o p p e r ( I I ) (S = 1 /2) by 

e x p r e s s i o n ( 1 ) and f o r i r o n ( I I I ) (S = 5 / 2 ) by e x p r e s s i o n ( 2 ) . 

= 
Xm T 3+x 2 

+ Na (1 ) 

Xm " T 

o n 10 , . , 1 8 _ 24 28 55 + 30x + 14x + 5x + x 
n 10 „ 18 _ 24 _ 28 30 11 + 9x + 7x + 5x + 3x + x 

+ Na ( 2 ) 

2 2 2 where x = exp J / k T ) and K = Ng 3 / 3 k = 0 .1251g , Y I S t h e m o l a r s u s -m 

c e p t i b i l i t y of t h e d i m e r , g i s t h e Lande f a c t o r , 3 i s t h e Bohr m a g n e t o n , 

N i s A v o g a d r o ' s number , k i s t h e Bol tzmann c o n s t a n t , Na i s t h e t e m p e r a 

t u r e i n d e p e n d e n t p a r a m a g n e t i s m , and J i s t h e c o u p l i n g c o n s t a n t (64 ) . 

The use of a 7T-type s u p e r e x c h a n g e mechanism t o e x p l a i n t h e s u b 

n o r m a l m a g n e t i c moments of o x y g e n - b r i d g e d c o p p e r ( I I ) complexes has been 

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

w i t h t h o s e found u s i n g e x p r e s s i o n ( 1 ) ; i t i s p r o b a b l e t h a t t h e same 

e x p l a n a t i o n a p p l i e s t o o t h e r m e t a l i o n complexes of s i m i l a r s t e r e o c h e m 

i s t r y . The m a g n e t i c s u s c e p t i b i l i t y o f t h e d i m e r i c Fe(SALPA)Cl complex 

was s t u d i e d a s a f u n c t i o n of t e m p e r a t u r e by Baker ( 66 ) and t h e v a l u e s of 

^ e f f C O T n P a r e ^ w i f h v a l u e s c a l c u l a t e d (66 ) a s suming a n t i f e r r o m a g n e t i c 

s p i n - s p i n exchange be tween two h i g h - s p i n i r o n ( I I I ) i o n s . The p l o t o f 

V ^ v e r s u s t e m p e r a t u r e i s g i v e n i n F i g u r e 5 on page 9 1 , where t h e b l a c k 

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

J = - 1 7 c m " 1 , g = 2 . 0 0 , Na = 0 and S = 5/2 and 5 / 2 . 



I I I I I I L _ 
0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 

T E M P E R A T U R E °K 

Figure 5. Plot of / n e ^ vs. temperature for Fe(SALPA)Cl 
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An i m p o r t a n t s t r u c t u r a l f e a t u r e ha s been n o t e d i n t h e c o p p e r ( I I ) 

complexes p o s s e s s i n g p l a n a r four-membered r i n g s , w h e t h e r b r i d g e d by-

oxygens ( 1 7 , 1 9 , 6 5 , 6 7 , 6 8 , 6 9 , 7 0 , 7 1 , 7 2 , 7 3 , 7 4 , 7 5 , 7 6 ) o r by c h l o r i d e s ( 7 5 , 

7 7 , 7 8 , 7 9 , 8 0 , 8 1 ) . I t a p p e a r s t h a t i n a l l t h e oxygen b r i d g e d complexes 

w i t h s u b - n o r m a l room t e m p e r a t u r e m a g n e t i c moments , t h e O-M-0 a n g l e s 

w i t h i n t h e four -membered M^O^ r i n g a r e s i g n i f i c a n t l y l e s s t h a n 90° 

( n o r m a l l y a b o u t 7 0 ° ) ; w h i l e i n t h e c h l o r i d e b r i d g e d complexes which have 

no rma l moments a t room t e m p e r a t u r e , t h e C l - C u - C l a n g l e s a r e c l o s e t o 

9 0 ° . 

A l though Cu(SALPAH)Cl, Fe(SALPA)Cl, and Fe(SALPA)Cl • -g-TOL 

p o s s e s s d i f f e r e n t c o o r d i n a t i o n g e o m e t r i e s , t h e O-M-0 a n g l e s of 7 6 . 0 ° , 

7 1 . 0 ° , and 7 5 . 9 ° a r e i n ag reemen t w i t h t h e o b s e r v a t i o n t h a t oxygen 

b r i d g e d complexes w i t h subnorma l moments have an O-M-0 a n g l e of a p p r o x i 

m a t e l y 7 0 ° . T h u s , i t a p p e a r s t h a t t h e subnormal m a g n e t i c moments of 

Cu(SALPAH)Cl and Fe(SALPA)Cl, i n l i g h t of t h e i r s t r u c t u r e s can be 

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

O-M-0 a n g l e w i t h i n t h e d i m e r . 

O t h e r w o r k e r s (82 ) have r e c e n t l y l o o k e d a t a l i m i t e d number of 

oxygen b r i d g e d c o p p e r ( I I ) complexes and a t t r i b u t e d t h e m a g n e t i c exchange 

p r o p e r t i e s t o s u p e r e x c h a n g e , b u t have c o n s i d e r e d t h e M-0-M a n g l e t o be 

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

b r i d g e b o n d i n g a r r a n g e m e n t c o n s i s t s of h y b r i d oxygen o r b i t a l s , t h e M-0-M 

a n g l e r e f l e c t s t h e amount of S o r b i t a l c h a r a c t e r and t h a t when t h i s con 

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

amount o f S c h a r a c t e r i n c r e a s e s , t h e i n t e r a c t i o n becomes 
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a n t i f e r r o m a g n e t i c . Using a d i f f e r e n c e o f two d e g r e e s i n t h e M-O-M a n g l e 

from t h e two complexes w i t h a n t i f e r r o m a g n e t i c i n t e r a c t i o n s , t h e f e r r o 

m a g n e t i c b e h a v i o r of t h e t h i r d complex was r a t i o n a l i z e d . The two com

p l e x e s w i t h an a n t i f e r r o m a g n e t i c i n t e r a c t i o n have p l a n a r m e t a l - o x y g e n 

four -membered r i n g s , w h e r e a s t h e complex w i t h a f e r r o m a g n e t i c i n t e r a c 

t i o n ha s a b e n t s t r u c t u r e s i m i l a r t o N i ( E I A ) . 

The c o o r d i n a t i o n of t h e c o p p e r i n Cu(SALPAH)CI can be d e s c r i b e d 

as b i p y r a m i d a l . C o n s i d e r i n g t h e p h e n o l i c o x y g e n , t h e oxygen o f t h e 

a m i n o p r o p a n o l of one l i g a n d , and t h e c h l o r i n e as t h e e q u a t o r i a l g r o u p s , 

t h e a n g l e s w i t h i n t h i s p l a n e a r e 1 2 6 ° , 110° , and 123° a s opposed t o 

t h e 120° a n g l e s f o r a r e g u l a r t r i g o n a l b i p y r a m i d . The n i t r o g e n o f t h e 

S c h i f f b a s e and t h e p h e n o l i c oxygen of t h e o t h e r l i g a n d occupy t h e a x i a l 

p o s i t i o n s and show a s l i g h t d i s t o r t i o n from l i n e a r i t y of t h e N 1 0 - C u l - 0 2 T 

o 

a n g l e ( 1 6 9 ° ) . The c o p p e r i o n l i e s o n l y 0 .06 A ou t of t h e e q u a t o r i a l 

p l a n e d e s c r i b e d by 0 2 , 014 and C£, w i t h t h e d i s p l a c e m e n t t o w a r d N10 o f 

t h e S c h i f f b a s e . 

The i r o n ( I I I ) complexes Fe(SALPA)Cl and Fe(SALPA)Cl • jTOL a r e 

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

t h e i r o n d i s p l a c e d 0 .55 A from t h e b a s a l p l a n e d e s c r i b e d by 0 2 , N10, 

014 and 0 1 4 ' . C a l c u l a t i n g on t h e b a s i s o f e l e c t r o s t a t i c and n o n -

cou lombic r e p u l s i v e f o r c e s , Zemann (8 3) found a t r i g o n a l b i p y r a m i d a l 

a r r a n g e m e n t t o be most f a v o r a b l e , b u t a d i s t o r t e d s q u a r e p y r a m i d a l 

a r r a n g e m e n t w i t h a n g l e s of 104° 4 T ( a p e x - c e n t r a l - b a s e a toms ) o n l y 

s l i g h t l y l e s s f a v o r a b l e . A s l i g h t d e f o r m a t i o n of t h e bond a n g l e s i s 

a l l t h a t i s r e q u i r e d f o r t h e i n t e r c o n v e r s i o n of t h e s e a r r a n g e m e n t s . 
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Thus , t h e r ea r r angemen t " i s e x p e c t e d t o r e q u i r e a r e l a t i v e l y low e n e r g y . 

The c h l o r i d e i s a t t h e apex o f t h e d i s t o r t e d s q u a r e pyramid i n 

b o t h Fe(SALPA)Cl and Fe(SALPA)Cl • j TOL and t h e a p e x - c e n t r a l - b a s e a toms 

a n g l e s o f 1 0 6 . 8 ° , 1 0 6 . 2 ° , 1 0 8 . 7 ° , 1 0 3 . 9 ° , and 1 1 3 . 8 ° , 1 0 2 . 2 ° , 1 1 2 . 5 ° , 

9 7 . 9 ° a r e i n r e a s o n a b l e ag reemen t w i t h t h e a n g l e o f 104° 4 ' p r e d i c t e d 

by Zemann. The a n g l e s found w i t h i n t h e b a s a l p l a n e f o r Fe(SALPA)Cl and 

Fe(SALPA)Cl • jTOL a r e 9 1 . 7 ° , 7 1 . 0 ° , 9 0 . 9 ° , 8 8 . 1 ° and 9 1 . 4 ° , 7 5 . 9 ° , 

8 8 . 2 ° , and 8 8 . 8 ° , r e s p e c t i v e l y . The 7 1 . 0 ° and 7 5 . 9 ° a n g l e s a r e t h e 

O-M-0 a n g l e s p r e v i o u s l y d i s c u s s e d . 

I n l i g h t of p r e v i o u s work , t h e d i f f e r e n t s t e r e o c h e m i s t r i e s of t h e 

c o p p e r ( I I ) and i r o n ( I I I ) complexes a r e r e a s o n a b l e . In t h e c a s e of 

c o p p e r ( I I ) , f i v e - c o o r d i n a t e complexes of b o t h s q u a r e p y r a m i d a l and t r i 

g o n a l b i p y r a m i d a l a r r a n g e m e n t s a r e known (84 ) w h e r e a s , w i t h f i v e -

c o o r d i n a t e i r o n ( I I I ) o n l y s q u a r e - p y r a m i d a l a r r a n g e m e n t s a r e known ( 8 5 ) . 

Complexes of N - ( 2 - h y d r o x y e t h y l s a l i c y l i m i n e ) 

As s t r e s s e d i n t h e i n t r o d u c t o r y s e c t i o n o f t h i s t h e s i s , Cu(EIA) 

and Cu(PIA) have r a d i c a l l y d i f f e r e n t s t r u c t u r e s ; i n a d d i t i o n Ni(EIA) h a s 

a u n i q u e " b e n t d i m e r " s t r u c t u r e . In an e f f o r t t o d e t e r m i n e w h e t h e r t h e 

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

i r o n , c o b a l t , n i c k e l , and c o p p e r complexes were p r e p a r e d from SALETAH^ 

and t h e i r p r o p e r t i e s s t u d i e d . 

The g r e e n p r o d u c t r e s u l t i n g from t h e r e a c t i o n o f SALETAH^ and 

CuCl^ a n a l y t i c a l l y c o r r e s p o n d s t o one monoanion l i g a n d p e r me ta l ion with 

a c h l o r i d e b a l a n c i n g t h e r e m a i n i n g c h a r g e of t h e c o p p e r ( I I ) . However, 

t h e compound c r y s t a l l i z e d w i t h a m e t h a n o l p e r two f o r m u l a u n i t s of 
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complex , i . e . , Cu(SALETAH)Cl • ^CHgOH. D e t e r m i n a t i o n of t h e m a g n e t i c 

moment by t h e Gouy method r e v e a l e d t h a t t h e complex had a n o r m a l mag

n e t i c moment (v ^ = 1.96 B . M . ) . Th i s compound d i f f e r s from 

Cu(SALPAH)CI, which i s brown and h a s a s u b - n o r m a l m a g n e t i c moment, b u t 

i s s i m i l a r t o Cu(EIA) , which a l s o had a no rma l m a g n e t i c moment and a 

d a r k g r e e n c o l o r . Based on t h e m a g n e t i c moment and t h e c o l o r , t h i s 

compound may have a. " c u b a h e " t y p e s t r u c t u r e s i m i l a r t o Cu(EIA) o r i t 

may be a monomeric c o p p e r ( I I ) complex . 

A second c o p p e r ( I I ) complex was p r e p a r e d by mix ing m e t h a n o l s o l u 

t i o n s of SALETAH2 and c o p p e r a c e t a t e i n t h e p r e s e n c e of KOH. A n a l y t 

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

l i g a n d p e r c o p p e r ( I I ) i o n , a s t h e h e m i h y d r a t e ; i . e . Cu(SALETA) • ~ H^O. 

Based on t h e a n a l y s e s and s i m i l a r i t y o f c o l o r , t h i s m a t e r i a l i s p resumed 

t o be a n a l o g o u s t o Cu(EIA) , which was a l s o d a r k g r e e n and had a " c u b a n e " 

t y p e s t r u c t u r e . 

The r e a c t i o n o f a m e t h a n o l s o l u t i o n of n i c k e l a c e t a t e w i t h a 

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

l i n e m a t e r i a l . A n a l y t i c a l l y t h e m a t e r i a l c o r r e s p o n d s t o one a c e t a t e and 

one d i a n i o n l i g a n d p e r n i c k e l ( I I ) w i t h a m o l e c u l e o f m e t h a n o l p e r formu

l a u n i t ; i . e . , Ni(SALETAH)CHgOH. The g r e e n c o l o r i s c h a r a c t e r i s t i c of 

n i c k e l ( I I ) complexes i n which t h e m e t a l i o n i s f i v e o r s i x - c o o r d i n a t e . 

Thus , i t a p p e a r s t h a t t h i s complex may a l s o be p o l y n u c l e a r . 

Numerous a t t e m p t s were made a t p r e p a r i n g t h e p r e v i o u s l y r e p o r t e d 

Fe(SALETA)Cl complex ( 8 6 ) . A deep r e d d i s h - p u r p l e s o l u t i o n r e s u l t e d each 

t i m e t h e l i g a n d , SALETAH was mixed w i t h a m e t h a n o l s o l u t i o n of f e r r i c 
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c h l o r i d e i n t h e p r e s e n c e of l i t h i u m m e t h o x i d e a s b a s e . However , on 

most a t t e m p t s no p r o d u c t was i s o l a t e d , b u t t r a c e s o f r e d d i s h - b r o w n 

s o l i d were o b t a i n e d on o c c a s i o n s . In an a t t e m p t t o p r e c i p i t a t e t h e 

complex , a r a t i o of two l i g a n d s p e r m e t a l i o n was employed and a r e d 

compound which a n a l y z e d as LiFeCSALETA)^ was o b t a i n e d . West ( 8 6 ) p r e 

p a r e d t h e complex Fe(SALETA)Cl u s i n g a b s o l u t e e t h a n o l a s a s o l v e n t and 

t r i e t h y l a m i n e a s b a s e and had found t h a t t h e i r o n ( l l l ) complex had a 

s u b - n o r m a l m a g n e t i c moment. S e v e r a l a t t e m p t s were made , b u t no p r o d u c t 

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

L a t e r i t was r e a l i z e d t h a t t h i s p r e p a r a t i o n c o u l d b e e x t r e m e l y 

s e n s i t i v e t o t r a c e s of w a t e r and ; t h e r e a c t i o n was r u n u s i n g r i g o r o u s l y 

anhyd rous c o n d i t i o n s . The l i g a n d was made by m i x i n g e q u i m o l a r amounts 

of s a l i c y l a l d e h y d e and e t h a n o l a m i n e and t h e n d i s s o l v i n g t h e imine i n 

a b s o l u t e e t h a n o l . Ten m i l l i l i t e r s of d i m e t h o x y p r o p a n e were added a s a 

w a t e r s c a v e n g e r and t h e l i g a n d s o l u t i o n was added t o an a b s o l u t e e t h a n o l 

s o l u t i o n c o n t a i n i n g an e q u i m o l a r amount of a n h y d r o u s f e r r i c c h l o r i d e . 

The deep p u r p l e s o l u t i o n was r e f l u x e d , u s i n g a CaCl^ d r y i n g t u b e t o 

e x c l u d e m o i s t u r e , f o r o n e - h a l f h o u r and no p r o d u c t r e s u l t e d . At t h i s 

p o i n t , two moles o f t r i e t h y l a m i n e ( d i s t i l l e d from ^ 2 ^ 5 ^ P e r m o ^ - e ° ^ 

l i g a n d were added a.nd r e f l u x was c o n t i n u e d f o r an a d d i t i o n a l o n e - h a l f 

h o u r . S e v e r a l grams of d a r k brown m i c r o c r y s t a l l i n e m a t e r i a l were 

o b t a i n e d by f i l t e r i n g t h e s o l u t i o n . A l lowing t h e f i l t r a t e t o s t a n d 

y i e l d e d more of t h e same d a r k brown c r y s t a l l i n e m a t e r i a l , which gave 

good C,H,N,C1 a n a l y s e s f o r Fe(SALETA)Cl. A d d i t i o n a l work on t h i s com

p l e x w i l l be done by c o - w o r k e r s . 
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An i n t e r e s t i n g p r o d u c t r e s u l t s from t h e r e a c t i o n of . 0 1 mole o f 

c o b a l t a c e t a t e i n m e t h a n o l w i t h . 0 1 mole o f SALETAH2 i n t h e p r e s e n c e of 

.02 mole o f l i t h i u m m e t h o x i d e . From a n a l y s e s t h e r e s u l t i n g r e d c r y s t a l 

l i n e p r o d u c t a p p e a r s t o c o r r e s p o n d t o Co(SALETA)(SALETAH) and i s d i a -

m a g n e t i c . However., t h e IR s p e c t r u m does n o t show an -OH s t r e t c h i n g band 

a s d i d t h e complex p r e p a r e d by Z e l e n s t o v ; t h u s t h e compound may c o r r e 

spond t o t h e l i t h i u m s a l t LiCo(SALETA) 2 . At t h e t i m e t h i s m a t e r i a l was 

p r e p a r e d , work by Z e l e n s t o v ( 8 7 ) i n d i c a t e d t h a t b o t h a y e l l o w i s h - p i n k 

p a r a m a g n e t i c c o b a l t ( I I ) complex w i t h one l i g a n d p e r m e t a l i o n and t h e 

r e d , d i a m a g n e t i c c o b a l t ( I I I ) complex , Co(SALETA)(SALETAH), c o u l d be p r e 

p a r e d by m i x i n g e q u i m o l a r amounts o f a b e n z e n e s o l u t i o n of SALETAH2 w i t h 

a m e t h a n o l s o l u t i o n of c o b a l t ( I I ) a c e t a t e . (The c o b a l t ( I I ) complex was 

p r e p a r e d u n d e r a n i t r o g e n a t m o s p h e r e . ) 

Complexes of N - ( N - m e t h y l a m i n o p r o p y l s a l i c y l i m i n e ) 

Both n i c k e l and c o p p e r complexes o f t h e l i g a n d N - ( N - m e t h y l a m i n o -

p r o p y l s a l i c y l i m i n e ) , SALPDA, have been p r e p a r e d . The r e a c t i o n o f e q u i 

mo la r amounts of c o p p e r ( I I ) c h l o r i d e , SALPDA, and l i t h i u m m e t h o x i d e i n 

m e t h a n o l y i e l d e d a da rk g r e e n c r y s t a l l i n e p r o d u c t . A n a l y t i c a l l y t h e 

complex c o r r e s p o n d s t o one l i g a n d and one c h l o r i d e p e r m e t a l i o n , 

Cu(SALPDA)CI. The s u b - n o r m a l m a g n e t i c moment o f 1.5 B.M. i s i n d i c a t i v e 

o f a d i m e r i c c o p p e r ( I I ) complex w i t h b r i d g i n g p r o b a b l y o c c u r r i n g t h r o u g h 

t h e p h e n o l i c oxygens o f t h e l i g a n d . 

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

and l i t h i u m m e t h o x i d e i n t h e r a t i o s o f 1 : 2 : 2 , r e s p e c t i v e l y , y i e l d s an 

u n s t a b l e r e d d i s h - b r o w n m a t e r i a l which can b e r e c r y s t a l l i z e d from 
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m-Xylene t o g i v e l a r g e a i r - s t a b l e r e d d i s h - b r o w n c r y s t a l s . A n a l y t i c a l l y 

t h e complex a p p e a r s t o c o r r e s p o n d t o two l i g a n d s p e r m e t a l i o n and t h e 

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

two t r i d e n t a t e l i g a n d s a round t h e m e t a l i o n . 

Mixed O x i d a t i o n S t a t e Complexes of S a l i c y l i d e n e g l y c i n e 

Complexes of a number o f f i r s t row t r a n s i t i o n m e t a l i o n s w i t h 

t h e S c h i f f b a s e s o f s a l i c y l a l d e h y d e and amino a c i d s have been p r e v i o u s l y 

r e p o r t e d ( 4 5 ) . From t h e f o r m u l a s and m a g n e t i c p r o p e r t i e s , s e v e r a l of 

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

t i e s . Among t h o s e r e p o r t e d were i r o n and manganese compounds w i t h 

r a t i o s o f m e t a l i o n : s a l i c y l a l d e h y d e : g l y c i n e of 2 : 2 : 3 and w i t h m a g n e t i c 

moments o f 5 . 9 1 B.M. and 5 .84 B .M. , r e s p e c t i v e l y . In a d d i t i o n a c o b a l t 

compound was r e p o r t e d w i t h r a t i o s of 1 :1 :2 and a m a g n e t i c moment o f 

2 . 8 9 B.M. 

An X-ray s t u d y of t h e c o b a l t complex o f s a l i c y l a l d e h y d e and 

g l y c i n e by Helm ( 8 8 ) , showed t h a t t h e u n u s u a l m a g n e t i c moment r e s u l t e d 

from p a r t i a l o x i d a t i o n t o c o b a l t ( I I I ) and t h e c o r r e c t f o r m u l a t i o n i s 

[Co(H 0 0) n ] [Co(SALGLY) 1 • 2H o 0 (where SALGLY i s t h e d i a n i o n of t h e 
Z D I I I 

imine of s a l i c y l a l d e h y d e and g l y c i n e ) . The s t r u c t u r e c o n s i s t s of a 

t r i m e r i c u n i t composed of an o c t a h e d r a l c o b a l t ( I I ) i o n s u r r o u n d e d by 

s i x w a t e r s and c o n n e c t e d by hydrogen bonds t o two o c t a h e d r a l c o b a l t ( I I I ) 

i o n s . Each c o b a l t ( I I I ) i o n i s c o o r d i n a t e d by two t r i d e n t a t e SALGLY 

l i g a n d s . 

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

s o l u t i o n of f e r r o u s s u l f a t e and g l y c i n e i n t h e p r e s e n c e o f KOH y i e l d e d a 
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d e e p - r e d complex which was shown by a n a l y s e s t o have t h e same f o r m u l a 

as t h e c o b a l t complex i n v e s t i g a t e d by- Helm. Because of t h e r e l a t i v e l y 

s m a l l d i f f e r e n c e i n t h e m a g n e t i c moments o f i r o n ( I I ) and i r o n ( I I I ) 

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

was o b t a i n e d from m a g n e t i c s t u d i e s . However, t h e m a g n e t i c moment o f 

t h e compound, b a s e d on t h e f o r m u l a t i o n , [ F e ( H o 0 ) c ] [ F e ( S A L G L Y ) 0 ] _ • 2H o 0 
Z D Z Z Z 

was found t o be y = 9 . 9 1 B.M. C o n s i d e r i n g t h i s a s a c o m p o s i t e moment e r r 

of t h r e e m e t a l i o n s and u s i n g t h e v a l u e of Y o b t a i n e d by B a i l a r (3 8) 
o A.m J 

f o r Na Fe(SALGLY) 2 f o r t h e s u s c e p t i b i l i t i e s o f t h e Fe(SALGLY) 2 i o n s , t h e 

v a l u e of Vgjrjr = 5 .35 B.M. o b t a i n e d f o r t h e r e m a i n i n g m e t a l i o n i s c o n 

s i s t e n t w i t h t h e f o r m u l a t i o n of t h e i o n a s i r o n ( I I ) . (Range o f e x p e r i 

m e n t a l y f o r i r o n ( I I ) complexes i s 5 . 1 - 5 . 5 B.M. ( 6 2 ) ) . 

e r r 

The i r o n ( I I ) i o n o c c u p i e s a c r y s t a l l o g r a p h i c i n v e r s i o n c e n t e r a s 

i s d e p i c t e d i n t h e p e r s p e c t i v e d rawing , in F i g u r e 6 and h a s a d i s t o r t e d 

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

i r o n ( I I ) - o x y g e n d i s t a n c e s a r e 2 . 1 4 A, 2 . 1 1 A, and 2 . 1 1 A, r e s p e c t i v e l y , 

and t h e c i s 0 - F e ( I I ) - 0 a n g l e s a r e 8 8 . 6 8 ° , 7 6 . 0 2 ° , 8 8 . 7 7 ° , 9 1 . 3 2 ° , 

1 0 3 . 9 8 ° , and 9 1 . 2 3 ° . A l s o , t h e a r r a n g e m e n t o f t h e two SALGLY l i g a n d s 

a round t h e i r o n ( I I I ) i o n s i s a d i s t o r t e d o c t a h e d r o n w i t h p h e n o l i c 
o o 

o x y g e n - i r o n ( I I I ) d i s t a n c e s o f 1.92 A,and 1.92 A, c a r b o x y o x y g e n -
o o 

i r o n ( I I I ) d i s t a n c e s of 2 . 0 8 A and 2 . 0 7 A, and n i t r o g e n - i r o n ( I I I ) 
o o 

d i s t a n c e s o f 2 . 0 7 A and 2 . 1 1 A, r e s p e c t i v e l y . Bond d i s t a n c e s and bond 

a n g l e s f o r t h e s t r u c t u r e a r e g i v e n i n Tab le 18 . As can be s e e n i n 

F i g u r e 6 t h e l i g a n d s a r e c o o r d i n a t e d such t h a t t h e a z o m e t h i n e n i t r o g e n s 

a r e t r a n s t o each o t h e r , t h e p h e n o l i c oxygen of each l i g a n d i s t r a n s t o 
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F i g u r e 6 . A P e r s p e c t i v e Drawing of t h e S t r u c t u r e of 
[ F e ( H 2 0 ) 6 ] [ F e ( S A L G L Y ) 2 ] 2 • 2 H 2 0 
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e 

F i g u r e ?• A P e r s p e c t i v e Drawing o f t h e P a c k i n g i n 
[ F e ( H 2 0 ) 6 ] [ F e ( S A L G L Y ) 2 ] 2 • 2 H 2 0 
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T a b l e 1 8 . Bond D i s t a n c e s and Angles 
[ F e ( H 2 0 ) 6 ] [ F e ( S A L G L Y ) 2 ] 2 • 2H 2 0 

Atoms 0 
D i s t a n c e , A 

F e l - F e 2 5 . 6 1 4 ( 2 ) 
F e l - 0 3 2 . 1 4 2 ( 9 ) 
F e l - 0 4 2 . 1 0 7 ( 1 1 ) 
F e l - 0 5 2 . 1 0 7 ( 8 ) 
F e l - 0 6 4 . 2 9 2 ( 1 0 ) 
F e 2 - 0 6 5 . 3 5 1 ( 1 0 ) 
F e 2 - 0 ? 1 . 9 1 5 ( 9 ) 
F e 2 - 0 8 2 . 0 7 5 ( H ) 
Fe2-010 1 .924(11) 
F e 2 - 0 1 1 2 . 0 6 6 ( 9 ) 
Fe2-N13 2 . 0 6 7 ( 1 3 ) 
F e 2 - N l 4 2 . 1 0 2 ( 1 3 ) 
0 8 - 0 5 2 . 7 5 5 ( 1 3 ) 
0 1 2 - 0 3 2 . 7 9 6 ( 1 3 ) 
07-C15 1 . 3 3 2 ( 1 6 ) 
08-C23 1 .254 (16 ) 
09-C23 1 .297 (16 ) 
010-C24 1 .323(17) 
011-032 1 .263 (17 ) 
012-C32 1 .236(17) 

Atoms D i s t a n c e , X 

N13-C21 1 . 2 8 8 ( 1 7 ) 
N13-C22 1 . 5 1 2 ( 1 9 ) 
N14-C30 1 . 2 5 1 ( 1 7 ) 
N14-C31 1 . 4 3 6 ( 1 9 ) 
C15-C16 1 . 4 2 4 ( 1 9 ) 
C15-C20 1 . 3 5 6 ( 2 0 ) 
C16-C17 1 . 4 8 2 ( 2 2 ) 
C17-C18 1 . 3 3 2 ( 2 2 ) 
C18-C19 1 . 3 6 3 ( 2 2 ) 
C19-C20 1 . 5 3 K 2 2 ) 
C20-C21 1 . 3 8 2 ( 2 0 ) 
C22-C23 1 . 5 7 6 ( 1 9 ) 
C24-C25 1 . 4 8 6 ( 1 9 ) 
C24-C29 1 .425 (19 ) 
C25-C26 1 . 4 0 5 ( 2 3 ) 
C26-C27 1 . 3 1 M 2 3 ) 
C27-C28 1 . 3 7 3 ( 2 2 ) 
C28-C29 1 . 4 4 5 ( 2 0 ) 
029-C30 1 . 3 5 6 ( 2 0 ) 
C3I-C32 1 . 4 4 0 ( 2 0 ) 
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Tab le 1 8 . ( C o n t i n u e d ) 

Atoms A n g l e , D e g r e e s Atoms A n g l e , D e g r e e s 

0 3 - F e l - 0 4 8 8 . 6 8 ( 4 0 ) 07-C15-C16 1 1 6 . 0 2 ( 1 4 7 ) 
0 > - F e l - 0 5 7 6 . 0 2 ( 2 4 ) O7-C15-C20 1 2 3 . 0 9 ( 1 5 4 ) 
0 3 - F e l - 0 ' 4 9 1 . 3 2 ( 4 0 ) C15-C20-C21 1 2 4 . 5 6 ( 1 5 6 ) 
0 3 - F e l - 0 « 5 1 0 3 . 9 8 ( 2 4 ) C16-C15-C20 1 2 0 . 8 4 ( 1 6 2 ) 
0 4 - F e l - 0 5 8 8 . 7 7 ( 3 6 ) C16-C17-C18 1 1 9 . 2 5 ( 1 8 4 ) 
0 4 - F e l - 0 « 5 9 1 . 2 3 ( 3 6 ) C17-C18-C19 1 2 0 . 2 1 ( 1 8 7 ) 
0 7 - F e 2 - 0 8 1 6 3 . 2 1 ( 4 7 ) C18-C19-C20 1 2 3 . 4 3 ( 1 6 7 ) 
0 1 0 - F e 2 - 0 1 1 1 6 1 . 4 1 ( 4 7 ) C19-C20-C15 1 1 5 . 3 0 ( 1 5 8 ) 
07 -Fe2-N13 8 5 . 1 5 ( 4 9 ) C20-C21-N13 1 2 3 . 9 0 ( 1 5 6 ) 
08 -Fe2-N13 7 8 . 5 0 ( 4 5 ) C 2 1 - N l > F e 2 1 2 9 . 3 0 ( 1 0 9 ) 
0 1 0 - F e 2 - N l 4 8 6 . 0 0 ( 4 8 ) C21-N1>C22 1 1 5 . 0 8 ( 1 2 7 ) 
0 1 1 - F e 2 - N l 4 7 5 . 6 4 ( 4 9 ) C 2 2 - N l > F e 2 1 1 5 . 3 2 ( 9 3 ) 
0 8 - C 2 > 0 9 1 2 8 . 2 5 ( 1 4 8 ) C 2 2 - C 2 > 0 8 1 1 5 . 9 4 ( 1 5 0 ) 
011-C32-012 1 2 5 . 7 6 ( 1 5 5 ) C 2 2 - C 2 > 0 9 1 1 5 . 8 1 ( 1 4 0 ) 
0 8 - F e 2 - 0 1 0 8 7 . 5 8 ( 4 5 ) 010-C24-C25 1 1 8 . 4 9 ( 1 4 2 ) 
0 7 - F e 2 - 0 l l 9 3 - 6 5 ( 4 6 ) 010-C24-C29 1 2 3 . 6 1 ( 1 3 6 ) 
0 7 - F e 2 - 0 1 0 9 3 . 6 0 ( 4 6 ) C24-C25-C26 1 1 9 . 7 9 ( 1 6 3 ) 
N l > F e 2 - 0 1 1 9 0 . 6 0 ( 4 6 ) C24-C29-C28 1 1 8 . 2 5 ( 1 4 4 ) 
N13-Fe2-010 1 0 7 . 0 6 ( 4 8 ) C24-C29-C30 ' 1 2 0 . 6 3 ( 1 6 5 ) 
N l 4 - F e 2 - 0 7 1 0 4 . 0 8 ( 4 7 ) C25-C26-C27 1 1 8 . 9 9 ( 1 6 3 ) 
N l 4 - F e 2 - 0 8 9 2 . 7 2 ( 4 6 ) C26-C27-C28 1 2 5 . 8 2 ( 1 8 6 ) 
Fe2-07-C15 1 3 3 - 1 4 ( 9 9 ) C28-C29-C30 2 1 2 . 0 8 ( 1 6 2 ) 
Fe2 -08 -C23 1 2 1 . 0 9 ( 1 0 8 ) C29-C30-N14 1 3 0 . 1 8 ( 1 6 5 ) 
Fe2-010-C24 1 2 9 . 1 3 ( 9 7 ) C30-Nl4-Fe2 1 2 3 . 5 8 ( 1 4 2 ) 
Fe2-011-C32 1 1 9 . 4 8 ( 9 9 ) C31-N14-C31 1 2 3 . 4 2 ( 1 4 9 ) 

C31-Nl4-Fe2 1 1 2 . 9 4 ( 1 0 1 ) 
C31-C32-011 1 1 6 . 7 4 ( 1 4 9 ) 
C31-C32-012 1 1 7 . 2 1 ( 1 5 4 ) 
0 8 - F e 2 - 0 1 1 9 0 . 3 8 ( 4 6 ) 
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t h e c a r b o x y l oxygens o f t h e same l i g a n d , and t h e c a r b o x y l oxygens a r e 

d i r e c t e d t o w a r d t h e c e n t r a l i r o n ( I I I ) . From c o n s t r u c t i o n of a t h r e e -

d i m e n s i o n a l m o d e l , i t was found t h a t each SALGLY l i g a n d was c l o s e t o 

p l a n a r . Th i s i s p r o b a b l y due t o t h e d e l o c a l i z e d 7T-system t h a t i s 

p r e s e n t on t h e p h e n o l i c and ca rboxy p o r t i o n s o f t h e l i g a n d . 
o 

The c l o s e s t a p p r o a c h o f t h e i r o n ( I I ) t o an i r o n ( l l l ) i s 5 . 6 1 A, 

b u t a hydrogen bond be tween a w a t e r o x y g e n , 0 5 , t h a t i s bonded t o t h e 

c e n t r a l i r o n ( I I ) and one o f t h e n o n - c o o r d i n a t e d ca rboxy o x y g e n s , 0 8 , 
o 

(oxygen-oxygen d i s t a n c e of 2 .76 A) j o i n s t h e i r o n ( I I ) complex t o t h e 

i r o n ( I I I ) complexes on e i t h e r s i d e o f t h e i n v e r s i o n c e n t e r . I n a d d i 

t i o n , a n o t h e r hydrogen bond be tween one o f t h e w a t e r o x y g e n s , 0 3 , and 

t h e s e c o n d n o n - c o o r d i n a t e d ca rboxy o x y g e n , 0 1 2 , o f t h e n e x t m o l e c u l e 
o 

(oxygen-oxygen d i s t a n c e 2 .80 A) c o n n e c t s t h e complexes i n t o i n f i n i t e 

c h a i n s a s i s shown i n t h e p a c k i n g d i a g r a m , F i g u r e 7 . These hydrogen 

bonds a r e c o n s i d e r a b l y l o n g e r t h a n t h o s e found by Helm i n t h e c o r r e 

s p o n d i n g c o b a l t complex . The l o n g 0 -0 d i s t a n c e i n d i c a t e f a i r l y weak 

hydrogen b o n d i n g and t h e s e bonds would n o t be e x p e c t e d t o e x i s t t o any 

g r e a t e x t e n t i n s o l u t i o n . A l though t h e oxygen o f t h e w a t e r o f h y d r a t i o n 

i s i n an a r e a w i t h i n t h e u n i t c e l l such t h a t hydrogen b o n d i n g m i g h t be 
o 

e x p e c t e d , t h e c l o s e s t a p p r o a c h t o any o t h e r oxygen i s 2 . 9 1 A. T h e r e 

f o r e , no s i g n i f i c a n t hydrogen b o n d i n g o c c u r s w i t h t h e w a t e r of h y d r a 

t i o n . 

A l though t h e c o b a l t and i r o n compounds have i d e n t i c a l f o r m u l a s , 

s t r u c t u r a l l y t h e c o b a l t complex c o n s i s t s of a t r i m e r i c u n i t , w h e r e a s t h e 

i r o n complexes a r e h e l d t o g e t h e r by hyd rogen b o n d i n g t o form i n f i n i t e 
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c h a i n s . The manganese compound was i n v e s t i g a t e d by Helm and found t o 

have t h e same fo rmu la as b o t h t h e c o b a l t and i r o n complexes and was 

i somorphous w i t h t h e i r o n complex . 

Both t h e c o b a l t complex and [ F e ( H 2 0 ) 6 ] [Fe(SALGLY) 2 ] • 2H 2 0 a r e 

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

as a model f o r v i t a m i n B6 r e a c t i o n s (89 ) and f o r amine o x i d a s e r e a c t i o n s 

( 9 0 ) . A l though t h e S c h i f f b a s e l i g a n d s d e r i v e d from s a l i c y l a l d e h y d e 

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

t u r a l l y s i m i l a r t o t h e p y r i d o x a l p h o s p h a t e complexes which a r e c a t a -

l y t i c a l l y a c t i v e . The s t r u c t u r e of a m a n g a n e s e ( I I ) complex o f t h e imine 

o f p y r i d o x a l and v a l i n e h a s been r e p o r t e d (91 ) and t h e m e t a l i o n has an 

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

s t a t e ; o t h e r w o r k e r s (9 0) have p o s t u l a t e d t h a t t h e a c t i v e c a t a l y s t c o n 

t a i n s m a n g a n e s e ( I I I ) and some r e s u l t s i n d i c a t e t h a t b o t h d i v a l e n t and 

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

An I r o n ( I I I ) Complex o f 
b i s { ( 2 - p h e n y l s a l i c y l i m i n e ) } d i s u l f i d e 

The S c h i f f b a s e l i g a n d , SAL 2DIAPSH 2 , i s formed by a d d i n g a s o l u 

t i o n of s a l i c y l a l d e h y d e t o a s o l u t i o n of 2 , 2 T - d i a m i n o d i p h e n y l d i s u l f i d e 

i n t h e r a t i o o f 2 : 1 . A b l a c k c r y s t a l l i n e p r o d u c t was o b t a i n e d by a d d i n g 

t h e s o l u t i o n of SAL^DIAPS t o a f e r r i c c h l o r i d e s o l u t i o n i n t h e p r e s e n c e 

o f l i t h i u m m e t h o x i d e a s b a s e . A n a l y s e s a r e c o n s i s t e n t w i t h an i r o n ( I I I ) 

complex of t h e S c h i f f b a s e l i g a n d formed by t h e c o n d e n s a t i o n of b o t h t h e 

amine g roups w i t h s a l i c y l a l d e h y d e . The complex c o n s i s t s o f an i r o n ( I I I ) 

i o n , t h e d i a n i o n of SAL DIAPS, and a c h l o r i d e i o n , i . e . Fe(SAL DIAPS)C1. 
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The f o r m u l a and t h e t e m p e r a t u r e i n d e p e n d e n t m a g n e t i c moment o f 5 .90 

B.M. a r e c o n s i s t e n t w i t h a h i g h - s p i n o c t a h e d r a l i r o n ( I I I ) complex . 

An X-ray s t r u c t u r e d e t e r m i n a t i o n r e v e a l e d a d i s t o r t e d o c t a h e d r a l 

c o n f i g u r a t i o n f o r t h e i r o n ( I I I ) w i t h t h e c h l o r i d e ( C 1 2 ) , one s u l f u r of 

t h e d i s u l f i d e l i n k a g e ( S 3 ) , t h e two p h e n o l i c oxygens (05 and 0 6 ) , and 

t h e two a z o m e t h i n e n i t r o g e n s (N7 and N8) bonded t o t h e i r o n ( I I I ) i o n . 
o 

The s e c o n d s u l f u r of t h e d i s u l f i d e l i n k a g e (S4) i s 3 .79 A away from t h e 

i r o n ( I I I ) and makes an F e l - S 3 - S 4 a n g l e of 1 1 1 . 5 ° and an S3-S4-C30 a n g l e 

o f 1 0 4 . 2 ° . L igand c o o r d i n a t i o n o f SAL2DIAPS i s v e r y s i m i l a r t o t h a t 

found f o r t h e d i s u l f i d e complex , c h l o r o ( b i s - { 2 - [ ( 2 - p y r i d y l m e t h y l ) a m i n o ] 

e t h y l } d i s u l f i d e ) n i c k e l ( I I ) P e r c h l o r a t e , h e r e a f t e r Ni(PAD)Cl ( 9 2 ) . 

Because of t h e c o m p l e x i t y o f SAL^DIAPS t h e number ing schemes f o r 

t h e i n d i v i d u a l c h e l a t e r i n g s and t h e s i x atoms c o o r d i n a t e d t o t h e 

i r o n ( I I I ) a r e shown u s i n g a r e g u l a r o c t a h e d r o n i n F i g u r e 8 . A p e r s p e c 

t i v e d r a w i n g of t h e e n t i r e s t r u c t u r e i s g i v e n i n F i g u r e 9 . The i r o n -
o 

c h l o r i n e d i s t a n c e of 2 . 3 1 A i s s i m i l a r t o t h e n i c k e l - c h l o r i n e d i s t a n c e 
o 

o f 2 . 3 9 A found i n Ni(PAD)Cl , b u t i s somewhat l o n g e r t h a n t h e i r o n -
o o 

c h l o r i n e d i s t a n c e s o f 2 .20 A and 2 . 2 3 A i n Fe(SALPA)Cl and Fe(SALPA)Cl • 
1 ° 
yTOL. In a d d i t i o n , , t h e i r o n - s u l f u r d i s t a n c e o f 2 . 5 4 A i s v e r y s i m i l a r 

o 
t o t h e n i c k e l - s u l f u r d i s t a n c e o f 2 . 4 7 A i n Ni(PAD)Cl . The a z o m e t h i n e 

o o o 
n i t r o g e n - i r o n d i s t a n c e s a r e 2 . 1 7 A and 2 . 2 0 A as compared t o 2 .12 A and 

o i 
2 . 0 6 A i n Fe(SALPA)Cl and Fe(SALPA)Cl • jTOL, w h i l e t h e p h e n o l i c oxygen-

o o o o 
i r o n d i s t a n c e s a r e 1 .87 A and 1 .91 A a s compared t o 1.87 A and 1.85 A i n 

Fe(SALPA)Cl and Fe(SALPA)Cl • jTOL, r e s p e c t i v e l y . A c o m p l e t e l i s t i n g 

of t h e bond d i s t a n c e s and a n g l e s f o r Fe(SAL2DIAPS)Cl i s g i v e n i n Tab le 

1 9 . 
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Figure 8. Schematic Drawings of Ligand SAI^DIAPS and Idealized Octahedron of 
Complex Fe(SAL 2 DIAPS)Cl 
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Tab le 1 9 . Bond D i s t a n c e s and Angles Fe(SAL 2 DIAPS)C1 

Atoms D i s t a n c e , A - Atoms D i s t a n c e , A 

CL2-Fel 2 . 3 l M i O 
S 3 - F e l 1 . 5 3 6 ( 4 ) 
0 5 - F e l 1 . 8 7 1 ( 8 ) 
0 6 - F e l 1 . 9 0 9 ( 7 ) 
N7-Fel 2 . 1 6 6 ( 1 2 ) 
No-Fe l 2 . 2 0 4 ( 1 0 ) 
05-C9 1 .316 (13 ) 
N5-C12 1 .291(14) 
C9-C10 1 ^ 3 9 ( 1 7 ) 
C9-C11 1 .409(20) 
C10-C13 1 ^ 3 5 ( 1 6 ) 
C11-C15 1 .423(21) 
C13-C14 1-359(20) 
C14-C15 1 .4^4 (22 ) 
S > C 1 8 1 . 7 6 8 ( 1 1 ) 
N8-C16 1 .422 (15 ) 
C16-C18 1 . 4 0 4 ( 1 3 ) 
C16-C34 1 .369(15) 
C18-C24 1 .396 (16 ) 
C17-C24 1 .362(17) 

C17-C25 1 .359 (16 ) 
C25-C34 1 .427 (16 ) 
S > S 4 2 . 0 4 6 ( 5 ) 
S4-C30 1 . 7 6 5 ( 1 ^ ) 
N7-C27 1 . 4 0 0 ( 1 9 ) 
C27-C28 1 . 4 2 0 ( 2 1 ) 
C27-C30 1 . 3 9 K 2 1 ) 
C28-C32 1 . 4 2 2 ( 2 5 ) 
C32-C33 1 . 4 4 5 ( 2 7 ) 
C 3 > C 3 1 1 . 3 6 3 ( 2 5 ) 
C3I-C30 1 . 4 2 3 ( 2 3 ) 
0 6 - 0 2 1 1 . 3 3 6 ( 1 4 ) 
N7-CI9 1 . 3 6 8 ( 1 9 ) 
C19-C20 1 . 3 9 7 ( 2 0 ) 
C20-C21 1 . 4 3 7 ( 1 8 ) 
C21-C22 1 . 3 9 M 1 7 ) 
C22-C26 1 . 4 0 2 ( 1 9 ) 
C26-C29 1 . 3 7 3 ( 2 1 ) 
C29-C23 1 . 3 7 8 ( 2 2 ) 
C23-C20 1 .365 (21 ) 
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Tab le 1 9 . ( C o n t i n u e d ) 

A n g l e , A n g l e , 
Atoms Degrees Atoms Degrees 

C L 2 - F e l - S 3 8 3 - 0 4 ( 1 3 ) C18-C24-C17 1 2 0 . 1 5 ( 1 0 8 ) 
C L 2 - F e l - 0 5 1 0 5 . 3 8 ( 3 0 ) C24-C17-C25 1 2 0 . 6 5 ( 1 1 9 ) 
C L 2 - F e l - 0 6 9 4 . 0 6 ( 2 8 ) C17-C25-C34 1 1 9 . 7 8 ( 1 0 9 ) 
CL2-Fel -N? 1 6 5 . 7 3 ( 3 3 ) C25-C34-C16 1 1 9 . 9 7 ( 9 6 ) 
CL2-Fel -N8 8 8 . 7 6 ( 2 9 ) C34-C16-C18 1 1 8 . 7 0 ( 9 9 ) 
S 3 - F e l - 0 5 1 6 3 . 9 4 ( 2 9 ) F e l - S > S 4 1 1 1 . 5 4 ( 1 8 ) 
S > F e l - 0 6 9 5 . 0 4 ( 2 9 ) Fe l -N7-C27 1 2 1 . 7 9 ( 9 4 ) 
S > F e l - N 7 8 2 . 9 1 ( 3 3 ) S3-S4-C30 1 0 4 . 1 5 ( 5 1 ) 
S 3 - F e l - N 8 7 7 . 8 2 ( 2 8 ) N7-C27-C28 1 2 1 . 5 4 ( 1 4 0 ) 
0 5 - F e l - 0 6 9 7 . 9 2 ( 3 9 ) N7-C27-C30 1 1 9 . 9 7 ( 1 3 3 ) 
0 5 - F e l - N ? 8 8 . 8 6 ( 4 1 ) C27-C28-C32 1 2 1 . 2 6 ( 1 6 1 ) 
0 5 - F e l - N 8 8 8 . 5 6 ( 3 7 ) C28-C32-C33 1 1 6 . 3 8 ( 1 8 3 ) 
0 6 - F e l - N ? 8 4 . 6 9 ( 3 9 ) C32-C3>C31 1 2 3 . 5 0 ( 1 9 4 ) 
0 6 - F e l - N 8 1 7 1 . 9 7 ( 3 9 ) C33-C31-C30 1 1 7 . 5 8 ( 1 6 9 ) 
N7-Fe l -N8 9 0 . 7 3 ( 4 2 ) C31-C30-C27 1 2 2 . 6 4 ( 1 4 0 ) 
F e l - 0 5 - C 9 1 3 3 . 2 6 ( 8 1 ) C31-C30-S4 1 1 5 . 5 1 ( 1 1 6 ) 
05-C9-C11 1 1 9 . 3 0 ( 1 1 8 ) C27-C30-S4 1 2 1 . 5 3 ( 1 1 4 ) 
05-C9-C10 1 2 1 . 8 3 ( 1 0 5 ) C28-C27-C30 1 1 8 . 3 0 ( 1 4 3 ) 
C11-C9-C10 1 1 8 . 7 5 ( 1 1 0 ) Fe l -N7-C19 1 2 0 . 3 4 ( 1 0 6 ) 
C9-C11-C15 1 2 0 . 6 5 ( 1 4 8 ) F e l - 0 6 - C 2 1 1 2 9 . 8 1 ( 7 3 ) 
C11-C15-C14 1 1 8 . 1 3 ( 1 5 2 ) 06-C21-C20 1 2 1 . 7 3 ( 1 1 0 ) 
C15-C14-C13 1 2 2 . 8 6 ( 1 4 2 ) 06-C21-C22 1 1 8 . 9 7 ( 1 1 0 ) 
C1>C10-C9 1 2 0 . 9 4 ( 1 1 4 ) N7-C19-C20 1 2 3 . 6 9 ( 1 4 1 ) 
C12-N8-Fel 1 2 0 . 2 4 ( 8 8 ) C19-C20-C21 1 2 4 . 4 9 ( 1 2 1 ) 
F e l - S > C l 8 9 8 . 0 5 ( 3 6 ) C19-C20-C23 1 1 8 . 0 8 ( 1 3 3 ) 
F e l - N 8 - C l 6 1 1 9 . 9 0 ( 9 5 ) C20-C21-C22 1 1 9 . 2 9 ( 1 1 1 ) 
N8-C16-C18 1 1 8 . 3 7 ( 1 3 0 ) C21-C22-C26 1 1 9 . 4 0 ( 1 1 9 ) 
N8-C16-C34 1 2 1 . 9 2 ( 1 4 0 ) C22-C26-C29 1 2 2 . 2 1 ( l ¥ f ) 
S3-C18-C24 1 1 9 . 2 1 ( 7 8 ) C26-C29-C23 1 1 6 . 6 6 ( 1 5 0 ) 
S3-C18-C16 1 2 0 . 4 2 ( 8 2 ) C29-C23-C20 1 2 5 . 3 8 ( 1 5 2 ) 
C16-C18-C24 1 2 0 . 3 7 ( 1 0 0 ) C2>C20-C21 1 1 6 . 9 7 ( 1 5 1 ) 
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The a n g l e s be tween t h e t r a n s a toms C £ 2 - F e l - N 7 , S E - F e l - 0 5 , and 

0 6 - F e l - N 8 o f 1 6 5 . 7 3 , 1 6 3 . 9 4 ° , and 1 7 1 . 9 7 ° show t h e amount o f d i s t o r t i o n 

from o c t a h e d r a l c o o r d i n a t i o n . As can be s e e n i n F i g u r e 9 , t h e p e n t a -

d e n t a t e SAL DIAPS wraps a round t h e i r o n ( I I I ) i n such a f a s h i o n t h a t 

t h e p h e n o l i c oxygens a r e c i s and t h e 0 5 - F e l - 0 6 a n g l e i s 9 7 . 9 2 ° . Th i s 

a n g l e p r o b a b l y i s due t o t h e f a c t t h a t t h e oxygens a r e n o t p a r t o f a 

c h e l a t e r i n g . As can be s e e n i n Tab le 1 9 , a l l t h o s e a n g l e s w i t h i n 

c h e l a t e r i n g s a r e c o n s i d e r a b l y l e s s t h a n 9 0 ° . Also t h e s e c t i o n of t h e 

l i g a n d s y s t e m formed from c h e l a t e r i n g number one ( a s ix -membered r i n g ) 

and c h e l a t e r i n g two ( a f ive -membered r i n g ) i s e s s e n t i a l l y p l a n a r , 

whe reas t h e s e c t i o n composed of t h e c h e l a t e r i n g s t h r e e and f o u r shows 

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

s i g n i f i c a n t l y from p l a n a r i t y . 
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CHAPTER IV 

CONCLUSIONS 

P r i o r t o t h i s r e s e a r c h p r o j e c t , numerous p o l y n u c l e a r S c h i f f b a s e 

complexes had been p r e p a r e d and i n v e s t i g a t e d . In p a r t i c u l a r , c o p p e r ( I I ) 

complexes w i t h oxygen b r i d g e s had been c o n s i d e r e d and mechanisms f o r t h e 

s p i n exchange w i t h i n t h e low moment compounds have b e e n g i v e n . I n v e s t i 

g a t i o n s r e v e a l e d t h a t Cu(ElA) was t e t r a m e r i c w i t h t e t r a h e d r a l c o o r d i n a 

t i o n a b o u t t h e b r i d g i n g o x y g e n s , a d i s t o r t e d f i v e - c o o r d i n a t e a r rangeme 'n t 

a b o u t c o p p e r , and t h a t i t had a n o r m a l m a g n e t i c moment. I n a d d i t i o n i t 

was found t h a t Cu(PIA) (17 ) was d i m e r i c w i t h t h r e e - c o o r d i n a t e b r i d g i n g 

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

n o r m a l m a g n e t i c moment. The d i f f e r e n c e i n m a g n e t i c moments was a t t r i b u 

t e d t o t h e d i f f e r e n c e i n c o o r d i n a t i o n o f t h e b r i d g i n g o x y g e n . In t h e 

p l a n a r t h r e e - c o o r d i n a t e a r r a n g e m e n t , one o r b i t a l of t h e oxygen i s a v a i l 

a b l e f o r d e l o c a l i z e d TT-bonding, w h e r e a s i n t h e c a s e o f f o u r - c o o r d i n a t e 

oxygens t h i s o r b i t a l i's f i l l e d and as a r e s u l t m a g n e t i c c o u p l i n g c a n n o t 

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

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

m e t a l c o u l d n o t be r u l e d o u t . 

The complex Cu(SALPAH)CI p r o v i d e d a p o l y n u c l e a r complex -.in which 

t h e c o p p e r i s f i v e - c o o r d i n a t e and h a s a subnorma l m a g n e t i c moment. As 

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

e l i m i n a t e d a s a f a c t o r a f f e c t i n g t h e m a g n e t i c b e h a v i o r of t h e complex . 
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As i n a l l o t h e r c a s e s o f o x y g e n - b r i d g e d c o p p e r complexes w i t h subnorma l 

moments , t h e b r i d g i n g oxygens i n Cu(SALPAH)Cl were t h r e e - c o o r d i n a t e 

and p l a n a r . T h u s , t h i s adds f u r t h e r s u p p o r t t o t h e s u g g e s t i o n t h a t t h e 

p l a n a r c o o r d i n a t i o n of t h e b r i d g i n g oxygen i s t h e i m p o r t a n t s t r u c t u r a l 

f e a t u r e , which i s c o n s i s t e n t w i t h a iT-mechanism f o r s p i n e x c h a n g e . 

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

p o l y n u c l e a r complexes of m e t a l i o n s o t h e r t h a n c o p p e r , t h e complex 

Fe(SALPA)Cl was p r e p a r e d , i t s m a g n e t i c moment was found t o be 4 . 2 3 B.M. , 

and i t s s t r u c t u r e was d e t e r m i n e d . The subnorma l -moment i n d i c a t e d 

exchange by some means . S i n c e t h e l i g a n d was t h e same a s i n 

Cu(SALPAH)Cl e x c e p t f o r b e i n g t h e d i a n i o n , a d i m e r i c o x y g e n - b r i d g e d 

s t r u c t u r e was r e a s o n a b l e . I t was found t h a t t h e i r o n was f i v e -

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

b a s e . As was p r e d i c t e d on t h e b a s i s o f t h e subnorma l moment, t h e 

b r i d g i n g oxygen was a g a i n t h r e e - c o o r d i n a t e and p l a n a r . The c o m p l e t e 

d a t a s e t c o l l e c t e d on t h e s o l v a t e d form of t h i s complex , Fe(SALPA)Cl • 

yTOL shows t h e same m o l e c u l a r s t r u c t u r e w i t h o n l y minor d i f f e r e n c e s i n 

bond a n g l e s and bond d i s t a n c e s . 

The complex Fe(SALETA)Cl had been p r e p a r e d and t h e m a g n e t i c 

p r o p e r t i e s i n v e s t i g a t e d by West ( 8 6 ) . An i n t e r e s t i n g f e a t u r e was t h a t 

t h e complex showed a subnorma l m a g n e t i c moment. Th i s i s u n u s u a l i n 

l i g h t o f what was o b s e r v e d w i t h Cu(EIA) and Cu(P IA) . With EIA, c o p p e r 

formed a " c u b a n e " complex w i t h a n o r m a l moment, b u t t h e a d d i t i o n o f a 

s i n g l e m e t h y l e n e i n t h e a m i n o - a l c o h o l c h a i n o f t h e i m i n e , i . e . s P IA , 

y i e l d e d a " d i m e r i c " complex w i t h a subnorma l moment. However, i t a p p e a r s 

1 
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K 

t h a t i r o n ( I I I ) forms o n l y d i m e r i c complexes w i t h t h e a n a l o g o u s SALPA 

and SALETA. T h i s p r o b a b l y i s due t o t h e a b i l i t y o f i r o n t o form s q u a r e 

p y r a m i d a l complexes w i t h t h e m e t a l i o n d i s p l a c e d from t h e b a s e and a s 

a r e s u l t can accommodate t h e s m a l l e r c h e l a t e r i n g of t h e SALETA l i g a n d 

w h i l e s t i l l m a i n t a i n i n g a p l a n a r four -membered r i n g . F u r t h e r 

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

b e h a v i o r of i r o n ( I I I ) from t h a t of c o p p e r ( I I ) . 

A number of f i r s t - r o w t r a n s i t i o n m e t a l i o n complexes of t h e 

S c h i f f b a s e l i g a n d SALGLY were e r r o n e o u s l y r e p o r t e d a s p o l y n u c l e a r 

complexes w i t h subnorma l m a g n e t i c moments . X- ray s t r u c t u r e d e t e r m i n a 

t i o n s and m a g n e t i c s t u d i e s r e v e a l e d a new t y p e of mixed o x i d a t i o n s t a t e 

p o l y n u c l e a r compounds of t h e g e n e r a l f o r m u l a t i o n [ M ( I I ) ( H ^ O ) ] g 

[ M ( I I I ) ( S A L G L Y ) 2 ] 2 • 2 H 2 0 . These i o n i c complexes a r e h e l d t o g e t h e r 

by hydrogen b o n d i n g and have no a p p a r e n t m a g n e t i c i n t e r a c t i o n be tween 

t h e m e t a l i o n s . The g e n e r a l s t e r e o c h e m i s t r y of a l l t h e m e t a l i o n s i n 

t h e complexes i s d i s t o r t e d o c t a h e d r a l . In t h e c a s e s where t h e m e t a l 

i o n s were e i t h e r i r o n o r manganese , an i n f i n i t e c h a i n h e l d t o g e t h e r by 

hydrogen bonds e x i s t s i n t h e s o l i d s t a t e , b u t Helm found i n t h e c a s e 

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

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

a s a model s y s t e m f o r v i t a m i n B6 r e a c t i o n s . 

The p e n t a d e n t a t e S c h i f f b a s e l i g a n d SAL2DIAPS p r o d u c e d a d i s 

t o r t e d o c t a h e d r a l i r o n complex , Fe(SAL 2 DIAPS)Cl , i n which one s u l f u r of 

t h e d i s u l f i d e l i n k a g e bonds t o t h e m e t a l i o n . T h i s s t r u c t u r e i s o f 

p a r t i c u l a r i n t e r e s t i n t h a t i t i s t h e f i r s t S c h i f f b a s e complex r e p o r t e d 



which c o n t a i n s a d i s u l f i d e l i n k a g e and i s one of t h e few s t r u c t u r e s 

r e p o r t e d a s h a v i n g a d i s u l f i d e l i n k a g e . In a d d i t i o n t h e framework of 

t h e l i g a n d , SAL DIAPS, i s such t h a t i t c l o s e l y a p p r o x i m a t e s t h e 

b i o l o g i c a l l y i m p o r t a n t amino a c i d c y s t i n e . As a r e s u l t , t h e complex 

may have p o t e n t i a l v a l u e a s a model s y s t e m f o r b i o l o g i c a l s y s t e m s . 
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VITA 

James Lowel l B r e e c e was b o r n on F e b r u a r y 1 , 1 9 4 5 , i n W a y n e s v i l l e , 

Nor th C a r o l i n a , t h e son of E r n e s t M. and F l o r a H. B r e e c e . He g r a d u a t e d 

from W a y n e s v i l l e Township High Schoo l i n 1 9 6 3 ; a t t e n d e d Wes te rn C a r o l i n a 

U n i v e r s i t y and r e c e i v e d h i s B a c h e l o r of S c i e n c e d e g r e e i n 1 9 6 7 . He 

e n t e r e d Georg i a I n s t i t u t e o f Technology i n S e p t e m b e r , 1 9 6 7 , t o a t t a i n 

t h e Doc to r o f P h i l o s o p h y d e g r e e i n C h e m i s t r y . 

On August 17 , 1 9 6 8 , he m a r r i e d Joan Mar lene Morrow of Waynes

v i l l e , Nor th C a r o l i n a . 

His r e s e a r c h was done u n d e r t h e d i r e c t i o n o f Dr. J . A. B e r t r a n d . 

Dur ing h i s c o u r s e o f s t u d y he was s u p p o r t e d by a t e a c h i n g a s s i s t a n t -

s h i p and by N a t i o n a l S c i e n c e F o u n d a t i o n R e s e a r c h G r a n t s GP-8475 and 

GP-20885. 


