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SUMMARY 

Polynuclear complexes of copper(II) with several oxime imines 

of 2,3-butanedione have been synthesized, characterized by elemental 

analysis and infrared spectra, analyzed magnetically at various temper

atures, and examined by single crystal x-ray diffract ion to determine 

their crystal and molecular structures. Copper-copper distances in a l l 

cases are large enough to minimize di rect metal exchange and insure that 

any spin coupling is due to superexchange. 

Bis{perchlorato[2-(2-hydroxyethyl)imino-3-oximo-butanato] aquo 
- 6 

copper(II)} was found to have magnetic suscep t ib i l i t i e s of 6 4 x l 0 ~ , 

5 4 x l 0 " 6 , and 2 8 x l 0 ~ 6 cgsu per copper atom at 7 7 , 1 9 5 , and 298°K, 

respect ively. The centrosymmetric dimer consists of two copper atoms 

with tetragonally distorted octahedral coordination. The axial s i t e s 

are occupied by a perchlorate oxygen and a water oxygen while the in-plane 

s i tes are occupied by two nitrogens (from the oxime and the imine), an 

oxygen from the hydroxyethyl group, and an oxygen from the oxime of the 

ligand on the other metal in the dimeric unit . A planar six-membered 

copper-nitrogen-oxygen ring formed by this dimeric structure affords super-

exchange by a a or TT mechanism. 

Bis{2[-(a-pyridyl)ethyl] imino-3-oximo-butanato ace toni t r i le copper(II) 

perchlorate} forms dimeric complex cations having a two-fold axis of 

symmetry. The asymmetric unit contains a copper atom with square-

pyramidal coordination. The axial s i t e is occupied by the nitrogen atom 

of the ace ton i t r i l e ; and the other four s i t e s are occupied by three nitrogen 
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atoms (oxime, imine, and pyridine) and one oxygen atom from the oxime on 

the ligand of the other copper in the dimer. The dimer contains a half-

boat shaped six-membered copper-nitrogen-oxygen ring which has a two-fold 

axis perpendicular to the center of the roughly planar r ing. The desol-

vated complex and the dihydrate have been synthesized but have s l igh t ly 

different magnetic properties. The magnetic suscep t ib i l i t i e s of the 
- 6 - 6 

n i t r i l e , dihydrate, and desolvated complex are 1 8 0 . 8 x 1 0 " , 3 5 3 . 9 x 1 0 ~ , 

and 3 6 3 * 1 0 " cgsu, respect ively , at 297±1°K, whereas a l l three complexes 

drop down to less than 8 0 x i o ~ 6 cgsu a t 93°K. 

Bis{perchlorato-bis 2-(2-aminoethyl)-imino-3-oximo butanato 

dicopper(II) perchlorate} forms tetrameric units with magnetic suscepti

b i l i t i e s of 3 7 x l 0 " 6 , 1 6 4 x l 0 " 6 , 6 3 0 x l 0 " 6 , and 8 1 5 x l 0 - 6 cgsu per copper atom 

at 6 5 , 9 0 , 1 5 9 , and 295°K, respect ively . The centrosymmetric tetramer 

consists of two dimers joined by a four-membered ring made up of a copper 

atom and an oxime oxygen atom from each dimer. The two copper atoms in 

the dimeric unit are joined by oxime bridging groups into a six-membered 

ring with a half-boat conformation. Each copper atom has square-pyramidal 

coordination with basal positions occupied by nitrogen atoms (oxime, imine, 

and amine) and an oxygen atom of the bridging oxime; the axial position 

of one copper atom is occupied by the oxime oxygen of the adjacent dimer 

which forms the four-membered ring and the axial position of the second 

copper atom is occupied by a perchlorate oxygen atom. Superexchange prob

ably occurs within the dimeric units through the six-membered rings rather 

than through the four-membered ring. 

The compound (2,10-dioximo-3,9-dimethyl-4,8-diaza-undecanato) hemi-

methanol copper(II) perchlorate forms inf in i te zig-zag chains of copper 
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c o m p l e x e s w i t h t e t r a g o n a l l y d i s t o r t e d o c t a h e d r a l c o o r d i n a t i o n . T h e 

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

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

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

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

o f t h e u n i t s and i s v a c a n t f o r t h e r e m a i n i n g u n i t s . T h e m in imum c o p p e r -
o 

c o p p e r d i s t a n c e i s 5 . 1 2 9 ( 4 ) A and t h e r e i s no m a g n e t i c c o u p l i n g i n t h i s 

c o p p e r ( I I ) c o m p l e x . 



C H A P T E R I 

I N T R O D U C T I O N 

A l t h o u g h m o s t c o p p e r ( I I ) c o o r d i n a t i o n c o m p l e x e s e x h i b i t t h e n o r m a l 

9 

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

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

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

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

o x y g e n as a s i n g l e a t o m b r i d g e . S e v e r a l s t r u c t u r e d e t e r m i n a t i o n s h a v e 

r e v e a l e d o x i m e g r o u p s s e r v i n g as b r i d g e s b e t w e e n c o p p e r ( I I ) a t oms and 

s e v e r a l c o p p e r ( I I ) o x i m e c o m p l e x e s h a v e b e e n r e p o r t e d t o h a v e 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 . T h e p u r p o s e o f t h i s w o r k i s t o s y s t e m a t i c a l l y s t u d y , 

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

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

p l e x e s w i t h o x i m e i m i n e s o f 2 , 3 - b u t a n e d i o n e . T h e s e o x i m e i m i n e c o m p l e x e s 

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

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

M o s t c o p p e r ( I I ) c o m p l e x e s , b e c a u s e o f t h e o n e u n p a i r e d e l e c t r o n i n 
9 

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

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

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

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

may e x h i b i t m o r e c o m p l e x m a g n e t i c b e h a v i o r s u c h as f e r r o m a g n e t i s m o r a n t i -

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

m a g n e t i c b e h a v i o r a b o v e a c e r t a i n t e m p e r a t u r e . B e l o w a c e r t a i n t e m p e r a t u r e , 



2 

called the Curie temperature, the magnetic susceptibility of a ferro

magnetic substance increases at a greater rate with decreasing temperature. 

The magnetic susceptibility of an antiferromagnetic material decreases with 

decreasing temperature at a certain temperature called the N£el temperature. 

Figure 1 illustrates the relationship of the molar susceptibility (corrected 

for diamagnetism), X ^ o r r , to absolute temperature in paramagnetic, anti-

ferromagnetic, and ferromagnetic substances. 

Although antiferromagnetic behavior can result from direct inter

action, or bonding, of metal atoms, most examples of both antiferromagnetic 

and ferromagnetic behavior involve superexchange through bridging groups. 

Figure 2 illustrates the orbital diagrams and corresponding energy level 

diagrams for various types of exchange coupling through a single-atom 

bridge. Oxygen-bridged copper(II) complexes have been studied extensively 

and show the effect of structural variation, such as chelate ring size, 

on the structures and magnetic properties of such complexes. The complexes 

of 2-(2-hydroxyethyl)imino-pentane-4-one and 2-(3-hydroxyproply)imino-

pentane-4-one with copper(II)^ are a weakly antiferromagnetic tetramer and 

a strongly antiferromagnetic dimer, respectively. For a series of hydroxy-

bridged copper(II) dimers, the magnetic properties vary regularly from ferro-
2 

magnetic to antiferromagnetic as the Cu-O-Cu angle is increased. 

Although the magnetic behavior of single-atom bridged systems is 

reasonably well understood, there have been few investigations of systems 

with two-atom bridges. Although the structures of relatively few such com

plexes have been reported, it is possible for the oxime group to function 

as a two-atom (N-0) bridge. In fact, because of the presence of one elec

tron pair on nitrogen and three electron pairs on oxygen in the deprotonated 
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Figure 1. Comparison of X and P eff versus T 0 ^ in Paramagnetic, 

Antiferromagnetic Substances. 

Ferromagnetic, and 
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OXIME GROUP, SUCH GROUPS MAY P O T E N T I A L L Y SERVE AS E I T H E R A TWO-ATOM 

BRIDGE OR A ONE-ATOM BRIDGE OR B O T H . 

T H E E A R L I E S T REPORTED OXIME COMPLEX WAS T H E RED N I C K E L ( I I ) COMPLEX 
3 

OF D I M E T H Y L G L Y O X I M E REPORTED BY L . T S U G A E F F . T H I S REPORT LED TO W I D E 

SPREAD I N V E S T I G A T I O N S TO DETERMINE THE E X A C T STRUCTURE OF T H I S NEW COM-
4 

L E X , AND F I N A L L Y GODYCKI AND RUNDLE REPORTED T H E S INGLE CRYSTAL X - R A Y 
D I F F R A C T I O N STRUCTURE OF B I S ( D I M E T H Y L G L Y O X I M A T O ) N I C K E L ( I I ) . S INCE 1905 

5 

A GREAT DEAL OR RESEARCH ON OXIME COORDINATION COMPLEXES, MOSTLY W I T H 

V I C I N A L D I O X I M E S SUCH AS D I M E T H Y L G L Y O X I M E , HAS BEEN REPORTED AND A FEW 

OF THE CRYSTAL STRUCTURES OF THESE OXIME COMPLEXES HAVE BEEN DECIDED BY 

S INGLE CRYSTAL X - R A Y D I F F R A C T I O N . I T I S I N T E R E S T I N G TO NOTE T H A T I T WAS 

NOT T H E N I C K E L ( I I ) D I M E T H Y L G L Y O X I M E COMPLEX, BUT B I S ( D I M E T H Y L G L Y O X I M A T O ) -

C O P P E R ( I I ) WHICH WAS THE F I R S T OXIME COORDINATION COMPLEX FOR WHICH 

S I N G L E CRYSTAL X - R A Y D I F F R A C T I O N S T U D I E S WERE R E P O R T E D . 

T H E R E HAVE BEEN FOUR S INGLE CRYSTAL X - R A Y D I F F R A C T I O N S T U D I E S OF 

OXIME BRIDGED POLYNUCLEAR COMPLEXES, ONLY ONE OF WHICH HAS A REDUCED 

MAGNETIC MOMENT. I N B I S ( D I M E T H Y L G L Y O X I M A T O ) C O P P E R ( I I ) , CUTDMGH)^* 

D I M E R I C U N I T S ( A ) HAVE A C H A I R CONFORMATION OF COPPER-OXIME O X Y G E N -

OXIME NITROGEN ATOMS I N A S I X MEMBERED CENTROSYMMETRIC R ING W I T H T H E TWO 
o 7 

SQUARE PYRAMIDAL COPPER ATOMS SEPARATED BY A D I S T A N C E OF 3 .84 A . 

^ C U 
^ N - 0 

C U ' 
N N 

A B 
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B i s ( 4 , 4 , 9 , 9 - t e t r a m e t h y l - 5 , 8 - d i a z a d o d e c a n e - 2 , l l - d i o n e - 2 - o x i m e - y - l l -

o x i m a t o ) d i c o p p e r ( I I ) b r o m i d e , C u ( 4 4 9 9 ) B r , f o r m s a b o a t c o n f o r m a t i o n ( B ) 

w i t h t h e c o p p e r - o x i m e o x y g e n - o x i m e n i t r o g e n a t o m s i n a s i x - m e m b e r e d r i n g . 

T h e t w o t r i g o n a l b i p y r a m i d a l c o p p e r a t o m s a r e r e l a t e d b y a t w o - f o l d a x i s 
o 3 

and s e p a r a t e d b y 3 . 9 4 9 ( 4 ) A . A d i m e r i c n i c k e l o x i m e a m i n e , b i s [ N - ( 6 -

a m i n o - 4 - a z a - 3 , 3 , 6 - t r i m e t h y l - 2 - h e p t y l i d e n y l J h y d r o x a n a t o ] p e n t a a q u o 

d i n i c k e l ( I I ) c h l o r i d e , a b b r e v i a t e d N i ( N A H ) C l - 2 . . 5 H 2 0 , has a s l i g h t l y d i s 

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

membered r i n g 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 o f t h e n i c k e l a t o m s and a 
o g 

n i c k e l - n i c k e l d i s t a n c e o f 3 . 6 3 1 ( 2 ) A . T h e s t r u c t u r e o f t h e t r i m e r i c 

c o m p l e x u 3 - h y d r o x o - t r i - y - ( p y r i d i n e - 2 - c a r b a l d e h y d e o x i m a t o ) - y 3 - s u l p h a t o -

t r i c o p p e r ( I I ) - 1 6 . 3 w a t e r , [ C u 3 ( p y a l ) 3 0 H ] S 0 4 « 1 6 . 3 H 2 0 , w i t h a m a g n e t i c moment 

o f a b o u t 1.0 BM p e r c o p p e r a t o m , c o n s i s t s o f t h r e e s q u a r e p y r a m i d a l c o p p e r 

a t o m s f o r m i n g f i v e - m e m b e r e d c o p p e r - o x i m e o x y g e n - o x i m e n i t r o g e n - c o p p e r -
° 10 

h y d r o x i d e o x y g e n r i n g s ( C ) w i t h c o p p e r - c o p p e r d i s t a n c e s o f 3 . 2 2 0 ( 3 ) A . 

N 

N - C u - 0 

X q Cu 
N N - 0 ' X N 

C 

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

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

and f o r w h i c h t h e i m i n e l i g a n d s a r e d e r i v e d f r o m 2 , 3 - b u t a n e d i o n e m o n o x i m e . 

( T h e s e l i g a n d s a n d o t h e r s s t u d i e d i n t h i s w o r k c a n be a b b r e v i a t e d as L n X , 
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F i g u r e 3 . ) I n 1964 V . E . U h l i g and D. S c h n e i d e r r e p o r t e d t h e s y n t h e s i s 

o f C u f l ^ p y j C l O ^ and f o u n d i t t o h a v e a m a g n e t i c moment o f 1.04 BM a t 

2 9 2 ° K . 1 ] A . V . A b l o v and N. I . B e l i c h u k 1 2 s y n t h e s i z e d C u ( L 2 a £ ) C 1 0 4 ' H 2 0 

and r e p o r t e d a m a g n e t i c moment o f 0.41 BM a t a m b i e n t t e m p e r a t u r e . And i n 

1974 J . G . M o h a n t y , S . B a r a l , R . P . S i n g h , and A . C h a k r a v o r t y 1 2 r e p o r t e d 

t h e s y n t h e s i s o f [ C u 3 ( L e t ) 3 0 ] C 1 0 4 w i t h a m a g n e t i c moment o f 1.03 BM p e r 

c o p p e r a t o m a t a m b i e n t t e m p e r a t u r e and t h e s y n t h e s i s o f [ C u ( L 2 d e a ) ( C I 0 ^ ) ] 2 

• H ^ O w i t h a n t i f e r r o m a g n e t i c b e h a v i o r and a m a g n e t i c moment o f 0 . 6 9 BM a t 

273°K. 

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

n u c l e a r s t r u c t u r e s . I n C u ( L 2 a £ ) ( C 1 0 4 ) » H 2 0 b r i d g i n g may r e a s o n a b l y i n v o l v e 

( 1 ) t h e a l c o h o l i c o x y g e n as i n t h e o x y g e n b r i d g e d s t r u c t u r e s , 2 - ( 2 - h y d r o x y -

e t h y l ) i m i n o - p e n t a n e - 4 - o n a t o c o p p e r ( I I ) and 2 - ( 3 - h y d r o x y p r o p y l ) i m i n o -

p e n t a n e - 4 - o n a t o c o p p e r ( I I ) , ( 2 ) t h e o x i m e o x y g e n , o r ( 3 ) t h e o x i m e g r o u p . 

T h e o t h e r c o p p e r ( I I ) o x i m e i m i n e s w i t h l o w m a g n e t i c moments h a v e o n l y t h e 

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

I d e n t i f i c a t i o n o f t h e b r i d g i n g a r r a n g e m e n t and g e o m e t r y o f t h e s e 

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

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

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

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

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

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

T h i s w o r k b e g a n b y a t t e m p t s t o s y n t h e s i z e Cu(L2ail)C10^*H2O, 

C u ( L 2 p y r ) C 1 0 4 , and [ C u ( L e t ) 3 0 ] ( C l O ^ ) i n 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 - r a y d i f f r a c t i o n s t u d i e s . C u ( L O s c ) ( C 1 0 - ) , w h i c h was m e n t i o n e d 



CRL CHL \3 / 3 

/C-C N 
XN-(CHJ -X 2 N 

L n X 

n w i l l a l w a y s be an i n t e g e r 

X Symbo l _X Symbo l 

OH L n a £ .0 
0 N H - C ' L O s c 

N H 2 Lnam N H 2 

a - p y r i d i n e L 2 p y r _ 

( C 2 H 5 ) 2 N L 2 d e a 0 N H " C ( N H - C * L O d t s 

C H 3 L e t 
S C H 3 

- N v N -OH L 3 L H 

C H 3 C H 3 

F i g u r e 3 . A b b r e v i a t i o n s f o r L i g a n d s and C o m p l e x e s D e s c r i b e d i n t h i s T h e s i s . 
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i n t h e l i t e r a t u r e w i t h no m a g n e t i c d a t a , was o f i n t e r e s t and was i n 

c l u d e d i n t h e s t u d y . S e v e r a l new c o m p l e x e s , C u f L S a ^ H C l O ^ J ' ^ O , 

C u ( L 2 a m ) ( C 1 0 4 ) , C u ( L 3 a m ) ( C 1 0 4 ) , C u ( L 3 L H ) ( C 1 0 4 ) - ^ C H 3 0 H , and C u ( L O d t s ) B r , 

w e r e s y n t h e s i z e d and s t u d i e d . 

T h e s i n g l e c r y s t a l x - r a y d i f f r a c t i o n s t r u c t u r e s o f C u ( L 2 a £ ) ( C 1 0 4 ) -

• H ^ O w i t h a l o w m a g n e t i c moment a t a m b i e n t t e m p e r a t u r e s , C u ( L 2 p y r ) ( C 1 0 4 ) -

• C H g C N and C u ( L 2 a m ) ( C I 0 ^ ) w i t h i n t e r m e d i a t e m a g n e t i c moments a t 296°K, 

0 .68 BM f o r C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N and 1.23 BM f o r Cu( l_2am) ( C 1 0 4 ) , and 

C u ( L 3 L H ) ( C 1 0 4 ) - ^ C H 3 0 H w i t h a n o r m a l ( 1 . 7 9 BM a t 296°K) m a g n e t i c moment 

a r e r e p o r t e d i n t h i s t h e s i s . 
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CHAPTER I I 
EXPERIMENTAL 

Preparation of Complexes 
• Cu(L2a&)(C104)'Hg0 

12 
The method of Ablov, et al. was used to synthesize Cu(L2a£)(C104)-H20. Dark green prismatic crystals were obtained by recrystallization from methanol. Anal. Calc'd for Cu(CgH.j.|N202) (C104)-H20: C, 22.23; H, 4.04; N, 8.64. Found: C, 22.02; H, 3.69; N, 8.54. All elemental analyses were performed by Atlantic Microlab, Inc. in Atlanta, Georgia. Cu(L3a£)(C104)-H20 Dark green crystals of Cu(L3a&)(C104)*H20 were obtained by employing the same method as for Cu(L2a£)(CI0^)•H^O, substituting 3-amino-l-propanol for 2-aminoethanol. Anal. Calc'd for Cu (C^H-j 3̂ )2̂ 2 ̂  ̂ ^"^O* C, 24.86; H, 4.47; N, 8.28; C£, 10.48. Found C, 25.05; H, 4.20; N, 8.44: C£, 10.59. Cu(L2pyr)(C104l The method of Uhlig and Schneider1^ was used to obtain green black needles of Cu(L2pyr)(C104). Anal. Calc'd for C u f C ^ H ^ O M C l O ^ : C, 35.97; H, 3.84; N, 11.44; U, 9.65. Found: C, 35.92; H, 4.18; N, 11.18; C£, 9.80. The solvates Cu(L2pyr)(C104)-2H20 and Cu(L2pyr)(C104)-CH3CN were synthesized by crystallizing Cu(L2pyr)(C104) from water and aceto-nitrile respectively. The compound was recrystallized from water, the density was then determined by flotation with a mixture of carbon 
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t e t r a c h l o r i d e and 1 , 2 - d i b r o m o - l , 1 - d i c h l o r o e t h a n e , and t h e v o l u m e o f t h e 

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

c r y s t a l x - r a y d i f f r a c t i o n . C a l c u l a t i o n o f t h e m o l e c u l a r w e i g h t i n d i c a t e d 

t h e compound t o be t h e d i h y d r a t e . T h e a c e t o n i t r i l e s o l v a t e was c h a r a c 

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

C u ( L 2 a m ) ( C 1 Q 4 ) 

T h e l i g a n d ( L 2 a m H ) was p r e p a r e d b y a d d i n g 50 mmoles o f d i a c e t y l 

m o n o x i m e i n 25 ml o f m e t h a n o l t o 50 mmoles o f e t h l e n e d i a m i n e i n 25 ml o f 

m e t h a n o l and b r i n g i n g t h i s s o l u t i o n t o a b o i l . When t h i s m i x t u r e was 

a d d e d t o 50 mmoles o f c u p r i c p e r c h l o r a t e h e x a h y d r a t e i n 50 ml o f m e t h a n o l 

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

C u ( L 2 a m ) ( C l O ^ ) p r e c i p i t a t e d . A f t e r r e c r y s t a l l i z a t i o n f r o m m e t h a n o l t h e 

f o l l o w i n g a n a l y s i s was o b t a i n e d . A n a l . C a l c ' d f o r C u f C g H ^ N ^ O ) ( C l O ^ ) : 

C , 2 3 . 6 1 ; H , 3 . 9 6 ; N , 1 3 . 7 7 . F o u n d : C , 2 4 . 0 3 ; H , 4 . 0 4 ; N , 1 3 . 8 6 . 

C u ( L 3 a m ) ( C 1 0 4 ) 

By r e p l a c i n g e t h y l e n e d i a m i n e b y 1 , 3 - d i a m i n o p r o p a n e i n t h e p r e p a 

r a t i o n o f C u ( L 2 a m ) ( C 1 0 4 ) a g r e e n l e a f - l i k e s o l i d p r e c i p i t a t e d . When 

t h i s m a t e r i a l was r e c r y s t a l 1 i z e d f r o m c o l d e t h a n o l , g r e e n - b l a c k p r i s m s , 

w h i c h r a p i d l y d e c o m p o s e d i n a i r , f o r m e d . T h e g r e e n l e a f - l i k e s o l i d was 

r e c r y s t a l l i z e d f r o m m e t h a n o l . A n a l . C a l c ' d f o r C u ( C 7 H 1 4 N 3 0 ) ( C 1 0 ^ ) : 

C , 2 6 . 3 4 ; H , 4 . 4 2 ; N , 1 3 . 1 6 . F o u n d : C , 2 5 . 9 8 ; H , 4 . 3 0 ; N , 1 2 . 9 1 . 

C u ( L 0 s c ) ( C 1 0 4 ) 

14 

T h e m e t h o d o f A b l o v and B e l i c h u k p r o d u c e d a p a l e g r e e n p o w d e r 

w h i c h was v e r y s l i g h t l y s o l u b l e i n e t h a n o l . T h i s m a t e r i a l was r e c r y s t a l 

l i z e d f r o m e t h a n o l . A n a l . C a l c ' d f o r C u ( C 5 H g N 4 0 2 ) ( C 1 0 4 ) - H 2 0 : C , 1 7 . 7 5 ; 

H , 3 . 2 8 . F o u n d : C , 1 7 . 8 0 ; H , 3 . 2 1 . 
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C u ( L O d t s ) B r 

50 mmoles o f S - m e t h y l d i t h i o c a r b o z a t e i n 25 ml o f e t h a n o l and 

50 mmoles o f d i a c e t y l m o n o x i m e i n 25 ml o f e t h a n o l w e r e b o i l e d and l e f t 

t o e v a p o r a t e . T h e r e s u l t i n g w h i t e s o l i d was r e c r y s t a l l i z e d f r o m e t h a n o l 

t o y i e l d t h e S - m e t h y l d i t h i o c a r b a z o n e o f d i a c e t y l m o n o x i m e ^ H - n ^ O S , , 

w h i c h d e c o m p o s e s a t 195°C. A n a l . C a l c ' d f o r . C g H ^ N 0 S 2 : C , 3 5 . 1 0 ; 

H , 5 . 4 0 ; N , 2 0 . 4 7 . F o u n d : C , 3 5 . 1 6 ; H , 5 . 4 2 ; N , 2 0 . 5 8 . T e n mmoles o f 

t h i s l i g a n d i n 25 ml o f m e t h a n o l was a d d e d s l o w l y t o t e n mmoles o f c u p r i c 

b r o m i d e i n 25 ml o f m e t h a n o l . B r o n z e g r e e n l e a f l e t s p r e c i p i t a t e d . T h e s e 

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

A n a l . C a l c ' d f o r C u ( C 6 H 1 Q N 3 0 ) B r : C , 2 0 . 7 2 ; H , 2 . 9 0 ; N , 1 2 . 0 8 . F o u n d : 

C , 2 0 . 9 6 ; H , 2 . 9 4 ; N , 1 2 . 1 7 . 

C u ( L 3 L H ) ( C 1 0 4 ) ^ C H 3 0 H 

T e n mmoles o f 1 , 3 - d i a m i n o p r o p a n e w e r e added s l o w l y t o 20 mmoles o f 

d i a c e t y l m o n o x i m e i n 25 ml o f e t h a n o l . T h i s m i x t u r e was s t i r r e d and 

r e f l u x e d f o r o n e h o u r . T o t h i s h o t s o l u t i o n was a d d e d s l o w l y and w i t h 

r a p i d s t i r r i n g t e n mmoles o f c u p r i c p e r c h l o r a t e h e x a h y d r a t e . E v a p o r a t i o n 

o f t h e m e t h a n o l a n d c o o l i n g y i e l d e d w i n e - r e d p r i s m s . A n a l . C a l c ' d f o r 

C u ( C 1 1 H 1 9 N 4 0 2 ) ( C 1 0 4 ) - ^ C H 3 0 H : C , 3 3 . 0 0 ; H , 5 . 0 3 ; N , 1 3 . 3 8 ; C I , 8 . 4 8 . 

F o u n d : C , 3 2 . 4 8 ; H , 4 . 9 8 ; N , 1 3 . 7 9 ; C I , 8 . 6 3 . 

M a g n e t i c S t u d i e s 

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

d a t a t a k e n b y t h e F a r a d a y m e t h o d . T h e s y s t e m was c a l i b r a t e d w i t h 

H g ( C o ( S C N ) 4 ) and 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 o f t h e q u a r t z b u c k e t . 

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

f r o m F i g g i s and L e w i s . ^ 

15 
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T a b l e 1 l i s t s a l l c o m p l e x e s p r e p a r e d i n t h i s s t u d y w i t h n a m e , 

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

Q i a 
c o r r 

p e r c o p p e r a t o m c o r r e c t e d f o r d i a m a g n e t i s m , X̂  ; and e f f e c t i v e m a g n e t i c 

m o m e n t , u f f ; c a l c u l a t e d a t 2 9 6 , 1 9 5 , a n d 93°K. F o r C u ( L 2 a m ) ( C l O ^ ) , 

C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N , and C u ( L 2 p y r ) ( C 1 0 4 ) » 2 n 2 0 m a g n e t i c d a t a a t v a r i o u s 

t e m p e r a t u r e s f r o m 298° t o 93°K a r e l i s t e d i n T a b l e 2 . 

C r y s t a l ! o g r a p h i c S t u d i e s 

G e n e r a l 

A l l c o m p u t a t i o n s w e r e c a r r i e d o u t on a U N I V A C 1108 E x e c 8 s y s t e m 

o r o n a CDC C y b e r 7 0 / 7 4 c o m p u t e r . P r o g r a m s u s e d i n c l u d e C a r t e r ' s c e l l 

p a r a m e t e r a n d d i f f r a c t o m e t e r s e t t i n g a n g l e p r o g r a m ^ , Z a l k i n ' s FORDAP 
18 

F o u r i e r s u m m a t i o n p r o g r a m , I b e r s ' NUCLS5 m o d i f i c a t i o n o f t h e B u s i n g -
19 

M a r t i n - L e v y O R F L S f u l l m a t r i x l e a s t s q u a r e s p r o g r a m , t h e B u s i n g - M a r t i n -
20 

L e v y O R F E E f u n c t i o n a n d e r r o r p r o g r a m , J o h n s o n ' s O R T E P and O R T E P I I 
21 

p l o t t i n g p r o g r a m s , S t e w a r t ' s ABSORB a b s o r p t i o n c o r r e c t i o n p r o g r a m f r o m 
22 

t h e x - r a y 72 s y s t e m , t h e s o f t w a r e p a c k a g e f o r t h e S y n t e x P2^ d i f f r a c 

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

I n t h e 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 
23 

a l l a t o m s e x c e p t h y d r o g e n w e r e t a k e n f r o m C r o m e r and W a b e r ' s t a b u l a t i o n ; 
24 

S t e w a r t ' s h y d r o g e n a t o m s c a t t e r i n g f a c t o r s w e r e u s e d . T h e s c a t t e r i n g 

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

i m a g i n a r y a n o m a l o u s d i s p e r s i o n c o m p o n e n t s u s i n g t h e d i s p e r s i o n f a c t o r s 
25 

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

w a y a s : 

R = Z | | F 0 | - | F C N / Z | F 0 | 

and 
2̂ 2 , „ / 1 1 - I \ 2. ^ R „ = [Zw(|F OJ-|F C|)VXW(|F 0|N 



T a b l e 1. D i a m a g n e t i c C o r r e c t i o n s (x d - j a ) > C o r r e c t e d M o l a r M a g n e t i c S u s c e p t i b i l i t i e s (x^° r r) at 2 9 8 » 
195 , and 93°K, and E f f e c t i v e M a g n e t i c Moment a t 298 , 1 9 5 , and 93°K, f o r C o m p l e x e s 

P r e p a r e d f o r t h i s T h e s i s 

X d i a x l 0 6 c g s u 

C u ( L 2 a £ ) ( C 1 0 4 ) - H 2 0 128 

C u ( L 3 a ) ( C 1 0 4 ) - H 2 0 140 

C u ( L 2 a m ) ( C 1 0 4 ) 108 

C u ( L 3 a m ) ( C 1 0 4 ) 133 

C u ( L 2 p y r ) ( C 1 0 4 ) 154 

C u ( L 2 p y r ) ( C 1 0 4 ) - 2 H 2 0 177 

C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N 177 

C u ( L 0 s c ) C 1 0 4 ) - H 2 0 102 

C u ( L O d t s ) B r 148 

C u ( L 3 L H ) ( C 1 0 4 ) - ^ C H 3 0 H 176 

our i 
x m 

xlO c g s u M e f f B M 

298 195 93 298 195 93 

28 54 64 0 .26 0 . 2 9 0 . 2 2 

51 - 34 0 .35 - 0 .16 

816 762 164 1.38 1.09 0 .34 

1087 - 2410 1.62 - 1.34 

363 154 - 0 .93 0 .49 -
354 193 73 0 .92 0 .55 0 . 2 2 

180 70 14 0 .66 0 .33 0 . 10 

77 - - 0 .43 - -
1208 - 3987 1.70 - 1.68 

1301 - 4734 1.77 - 1.88 



T a b l e 2 . C o r r e c t e d M o l a r M a g n e t i c S u s c e p t i b i l i t i e s (xjjj )' a n d E f f e c t i v e M a g n e t i c Moments (u f f ) 
a 

a t V a r i o u s T e m p e r a t u r e s f o r t h e F o r m u l a U n i t s o f : C u ( L 2 a £ ) ( C 1 0 4 ) ( H 2 0 ) 

C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N , a n d C u ( L 2 p y r ) ( C 1 0 4 ) - 2 H 2 0 

C u ( L 2 a £ ) ( C 1 0 4 ) ( H 2 0 ) C u ( L 2 p y r ) ( c l 0 4 ) - C H 3 C N C u ( L 2 p y r ) ( C 1 0 4 ) - 2 H 2 0 

T ° K X C O r r x l 0 6 c g s u 
m 

y e f f T ° K x £ ° r r x l 0 6 c g s u y e f f T ° K x £ O r r x l 0 6 c g s u V f 

295 8 1 5 . 9 1.39 298 180 .8 0 .66 296 3 5 3 . 9 0 .92 
256 820 .6 1.30 288 192 .6 0 .67 283 377 .6 0 . 9 3 
236 8 0 2 . 2 1.24 283 195.1 0 .66 273 3 0 0 . 3 0.81 
201 760.1 1.11 273 187 .3 0 .64 263 297 .8 0 .80 
195 7 6 2 . 3 1.09 263 146.1 0 .56 253 287 .6 0 .77 
175 6 9 0 . 8 0 . 9 9 253 1 5 5 . 9 0 .56 243 265 .6 0 .72 
159 6 3 0 . 2 0 .90 243 144 .0 0 .53 233 240.1 0 .67 
140 5 3 0 . 3 0 .77 233 125 .0 0 .48 223 218 .0 0 .63 
133 4 7 4 . 3 0.71 223 1 4 7 . 9 0.51 213 258 .7 0 .66 

n o 3 3 0 . 8 0 .54 213 136.1 0 .48 203 212 .0 0 . 5 9 
108 315 .5 0 .52 203 130 .8 0 .46 193 192 .5 0 .55 

90 164 .4 0 .35 193 7 0 . 0 0 .33 183 170 .4 0 .50 
72 8 5 . 6 0 .22 183 54 .7 0 .30 173 173 .8 0 .50 
65 37 .4 0 .14 173 6 7 . 3 0 .29 163 135 .6 0 .42 
63 3 9 . 4 0 .14 163 72.1 0.31 153 111.1 0 .37 
55 6 1 . 6 0 .17 153 6 0 . 7 0 .28 143 111.1 0 .36 
52 56 .2 0 .15 143 7 3 . 3 0 .29 133 127 .2 0 .37 
48 5 0 . 0 0 . 1 4 133 70.1 0 .27 123 105 .6 0 .32 
40 50.1 0 . 1 3 123 8 6 . 5 0 .29 113 7 5 . 4 0 .26 
39 1 7 5 . 9 0 .24 113 8 2 . 6 0 .27 103 67.1 0 . 2 3 
37 212.1 0 .25 103 8 . 4 0 .08 93 73 .7 0 .22 
26 4 1 1 . 6 0 . 2 9 93 1 3 . 5 0 .10 
24 4 5 3 . 9 0 .30 



16 

In all least squares refinements, the quantity minimized was 
2 

£ (l F
0l"l F

cl) • Numbers in parenthesis following other numbers indicate 
estimated standard deviations in the least significant digits. 

The form of the anisotropic thermal ellipsoids is 
2 2 2 

expt-3-j-jh - 3 2 2 k " $33^ ~ 3 1 2hk ' ^ 3 n £ '$23^ * A 1 1 n y d r o 9 e n atoms 
were refined isotropically with the thermal parameter B fixed at 5.0. 

Cu(L2a£)(C104)-H20 

Precession photographs of the h0£, hl£, and hkk reciprocal lattice 

levels and the full diffractometer data set (vide infra) revealed Laue 
symmetry 2/m and the systematic absences OkO (k = 2n + 1) and h0£ 

5 26 (£ = 2n + 1), uniquely defining the space group as C 2^ - P2^/c (No. 14). 

For data collection a well-formed, multifaceted crystal was mounted collin-

ear with the (Okk) row of the reciprocal lattice on a glass fiber attached 

to a goniometer head. The crystal was placed on a Picker automated four-

circle diffractometer and 14 medium-intensity reflections at a variety 

of 20 values were accurately centered using Zr-filtered Mo Ka radiation 

(A=.7093 A'* The setting angles from these reflections were used to 

refine cell parameters by a least-squares procedure; the cell parameters 

obtained are a = 7.868 (2), A, b = 14.040 (7) A, c = 11.401 (5) A, and 

6= 112.73 (4)°. With the assumption of 4 formula units per unit cell, the 
-3 

calculated density, 1.85 g cm , agrees with the density measured, 1.83 (2) 
_3 

g cm , gy the flotation method in a carbon tetrachloride and 1,3-

diiodopropane mixture. The intensities were measured with a scintillation 

counter mounted 26.5 cm from the crystal and a source-crystal distance of 

21.0 cm; the intensities were collected by the 6-26 scan technique with 

a takeoff angle of 1.9° and a.scan rate of 1° min"^. A symmetrical scan 
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o f 2 .0° was t a k e n a b o u t t h e c a l c u l a t e d p o s i t i o n f o r e a c h r e f l e c t i o n o u t 
o 

t o a maximum 26 a n g l e o f 50° (AO.70926 A ) . 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 

o f 20 s e c . w e r e t a k e n a t t h e b e g i n n i n g ( b g d l ) and a t t h e end ( b g d 2 ) o f t h e 

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

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

10 ,000 c o u n t s / s e c . T h e 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% w i n d o w c e n t e r e d o n t h e Mo Ka p e a k . T h r e e a x i a l r e f l e c t i o n s ( 4 0 0 , 

0 6 0 , 004 ) and a n u l l r e f l e c t i o n ( 0 9 0 ) w e r e m o n i t o r e d a f t e r e v e r y 150 

r e f l e c t i o n s as a c h e c k o n c r y s t a l and i n s t r u m e n t s t a b i l i t y . A n i s o t r o p i c 

l i n e a r d e c r e a s e o f 2>% i n t h e i n t e n s i t i e s o f s t a n d a r d s was o b s e r v e d d u r i n g 

d a t a c o l l e c t i o n a n d a p p r o p r i a t e c o r r e c t i o n s w e r e a p p l i e d . A t o t a l o f 

2076 u n i q u e r e f l e c t i o n s w e r e c o l l e c t e d i n a f u l l q u a d r a n t o f r e c i p r o c a l 

s p a c e w i t h 2Q< 50 ° . C o r r e c t e d i n t e n s i t i e s ( C I ) w e r e o b t a i n e d b y s u b t r a c t 

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

c o u n t ( C T ) 

C I = CT - 3 ( b g d l + b g d 2 ) 

T h e f a c t o r o f 3 i n t h e c a l c u l a t i o n a r i s e s f r o m t h e p e a k s c a n t i m e ' s b e i n g 

3 t i m e s a s l o n g a s t h e b a c k g r o u n d c o u n t i n g t i m e . T h e c o r r e c t e d i n t e n s i 

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

o ( I ) = [ C T + 0 . 2 5 ( t c / t b ) 2 ( b g d l + bgd2 + 9 . 0 ) + ( p i ) 2 + 4 . 5 ] ^ 

w h e r e t i s t h e s c a n t i m e , t ^ i s t h e c o u n t i n g t i m e o f e a c h b a c k g r o u n d 

( e i t h e r b g d l o r b g d 2 ) , and t h e s c a l a r q u a n t i t i e s 4 . 5 and 9 . 0 a c c o u n t f o r 

t r u n c a t i o n o f t h e l a s t c o u n t i n g d i g i t b y t h e P i c k e r s c a l a r . A t o t a l o f 

1579 r e f l e c t i o n s w e r e a c c e p t e d as s t a t i s t i c a l l y a b o v e b a c k g r o u n d on t h e 



1 8 

b a s i s t h a t c r ( I ) / C I b e l e s s t h a n 0 . 3 3 3 w i t h p s e t a t 0 . 0 3 . L o r e n t z a n d 

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

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

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

g i v e t h e i n i t i a l r e s i d u a l s , R = 0 . 2 8 8 a n d R = 0 . 3 4 0 . T h e r e m a i n i n g 
3 w 3 

o x y g e n , n i t r o g e n , a n d c a r b o n a t o m s w e r e l o c a t e d b y m e a n s o f s u b s e q u e n t 

d i f f e r e n c e F o u r i e r s y n t h e s e s a n d l e a s t - s q u a r e s r e f i n e m e n t s . U s i n g a 

w e i g h t i n g s c h e m e b a s e d o n t h e v a r i a n c e s ( w = 4 I / a ( I ) ) a n d e m p l o y i n g 

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

r e d u c e d R t o 0 . 1 0 9 a n d R w t o 0 . 1 3 9 . W h e n 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 

w e r e r e f i n e d f o r a l l n o n h y d r o g e n a t o m s , R = 0 . 0 9 0 a n d R w = 0 . 0 9 2 . T h e 

1 2 p r i n c i p a l f a c e s o f t h e c r y s t a l w e r e i d e n t i f i e d a s f o l l o w s ( d i s t a n c e 

f r o m c e n t e r o f c r y s t a l t o t h e f a c e i n mm g i v e n i n p a r e n t h e s e s ) : { 1 0 0 } 

( 0 . 1 6 ) , { 0 1 0 } ( 0 . 2 0 ) , { 0 0 1 } ( 0 . 2 3 ) , { 1 1 1 } ( 0 . 1 5 ) , { 1 1 1 } ( 0 . 1 2 ) , { 0 1 1 } ( 0 . 2 9 ) . 

A b s o r p t i o n c o r r e c t i o n s w e r e c a l c u l a t e d b y t h e g a u s s i a n q u a d r a t u r e m e t h o d ; 

2 
c o r r e c t i o n s o n F r a n g e d b e t w e e n 1 . 5 0 a n d 2 . 0 1 . R e f i n e m e n t w i t h t h e 

absorption-corrected data s e t , a f t e r d e l e t i o n of s e v e r a l r e f l e c t i o n s 

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

0 . 0 6 8 a n d R w t o 0 . 0 7 4 . A l l h y d r o g e n a t o m s w e r e l o c a t e d o n a 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 a n d t h e i r c o o r d i n a t e s w e r e r e f i n e d w i t h t e m p e r a t u r e 

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

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

H 1 C 5 a n d HI C I , f a i l e d t o r e f i n e p r o p e r l y a n d w e r e f i x e d i n c a l c u l a t e d 

p o s i t i o n s ( C - H = 0 . 9 5 A , H - C - H = 1 0 9 . 5 ° ) . T h e f i n a l r e f i n e m e n t s r e d u c e d 

R t o 0 . 0 5 7 a n d R t o 0 . 0 5 6 . I n t h e l a s t c y c l e , t h e e r r o r i n a n o b s e r v a t i o n 
w J 

o f u n i t w e i g h t w a s 1 . 1 a n d t h e m a x i m u m p a r a m e t e r s h i f t s w e r e 



T a b l e 3 . I n d i v i d u a l P o s i t i o n a l and T h e r m a l P a r a m e t e r s 

f o r C u ( L 2 a £ ) ( C 1 0 4 ) - H 2 0 

A t o m X y z 
*11 3 2 2 3 3 3 6 1 2 6 2 3 

Cu - 0 . 1 2 0 6 ( 1 ) - 0 . 0048 ( 1 ) 0 . 1 0 4 8 ( 1 ) 0 . 0 1 1 7 ( 1 ) 0 . 0 0 3 6 ( 1 ) 0 . 0 0 5 8 ( 1 ) 0 . 0 0 1 7 ( 1 ) 0 . 0 0 3 8 ( 1 ) 0 . 0 0 1 2 ( 1 ) 
CI 0 . 2 4 7 1 ( 2 ) 0 1455 ID 0 . 3 4 8 3 ( 1 ) 0 . 0 1 4 8 ( 3 ) 0 . 0 0 5 0 ( 1 ) 0 . 0 0 8 0 ( 1 ) - 0 . 0 0 0 6 ( 1 ) 0 . 0 0 5 5 ( 2 ) - 0 . 0 0 1 3 ( 1 ) 
01 0 . 1 8 2 4 ( 6 ) - 0 . 0803 ! 3 ) 0 . 0 3 1 5 ( 4 ) 0 . 0 1 5 8 ( 8 ) 0 . 0 0 4 5 ( 2 ) 0 . 0 0 7 8 ( 4 ) 0 . 0 0 2 8 ( 3 ) 0 . 0 0 6 3 ( 5 ) 0 . 0 0 2 4 ( 2 ) 
02 - 0 . 3 1 9 5 ( 7 ) 0. 0528 [ 4 ) 0 . 1 5 6 3 ( 5 ) 0 . 0 1 6 9 ( 1 0 ) 0 . 0 0 5 9 ( 3 ) 0 . 0 0 8 7 ( 5 ) 0 . 0 0 3 1 ( 4 ) 0 . 0 0 5 7 ( 6 ) 0 . 0 0 1 7 ( 3 ) 
03 0 . 3 3 8 5 ( 8 ) 0 1255 [ 4 ) 0 . 0 3 3 3 ( 5 ) 0 . 0 1 9 7 ( 1 1 ) 0 . 0 0 5 0 ( 3 ) 0 . 0 0 8 1 ( 5 ) 0 . 0 0 1 8 ( 4 ) 0 . 0 0 3 7 ( 6 ) 0 . 0 0 1 0 ( 3 ) 
04 0 . 1 7 7 0 ( 1 6 ) 0 .1289 [9) 0 . 2 1 9 0 ( 8 ) 0 . 0 6 4 3 ( 3 6 ) 0 . 0 1 6 8 ( 9 ) 0 . 0 1 4 2 ( 9 ) 0 . 0 0 1 5 ( 1 5 ) 0 . 0 1 3 3 ( 1 5 ) 0 . 0 0 2 0 ( 8 ) 
05 0 . 1 0 1 0 ( 1 4 ) 0. 1760 [ 7 ) 0 . 3 7 7 5 ( 1 1 ) 0 . 0 4 8 5 ( 2 6 ) 0 . 0 1 5 9 ( 8 ) 0 . 0 2 8 8 ( 1 5 ) 0 . 0 1 1 4 ( 1 2 ) 0 . 0 2 8 0 ( 1 7 ) 0 . 0 0 6 8 ( 9 ) 
06 0 . 3 1 5 8 ( 1 3 ) 0 0577 [ 6 ) 0 . 4 0 4 6 ( 1 0 ) 0 . 0 4 8 8 ( 2 7 ) 0 . 0 0 8 9 ( 5 ) 0 . 0 2 6 6 ( 1 4 ) 0 . 0 0 8 7 ( 1 0 ) 0 . 0 1 1 3 ( 1 5 ) 0 . 0 0 4 9 ( 7 ) 
07 0 . 3 8 4 7 ( 1 6 ) 0. 2117 ! 9 ) 0 . 3 8 6 4 ( 1 6 ) 0 . 0 4 7 3 ( 3 0 ) 0 . 0 1 4 3 ( 8 ) 0 . 0 4 8 2 ( 2 7 ) - 0 . 0 1 5 1 ( 1 4 ) 0 . 0 1 7 3 ( 2 3 ) - 0 . 0 0 8 3 ( 1 3 ) 
C I 0 . 3 1 9 4 ( 9 ) - 0 . 2027 [ 4 ) 0 . 2 3 3 8 ( 7 ) 0 . 0 1 5 6 ( 1 2 ) 0 . 0 0 4 0 ( 3 ) 0 . 0 0 8 7 ( 6 ) 0 . 0 0 2 9 ( 5 ) 0 . 0 0 4 2 ( 7 ) 0 . 0 0 2 6 ( 4 ) 
C2 0 . 1 6 0 4 ( 7 ) - 0 . 1351 [ 3 ) 0 . 2 0 8 9 ( 5 ) 0 . 0 0 9 7 ( 9 ) 0 . 0 0 2 5 ( 2 ) 0 . 0 0 4 9 ( 4 ) 0 . 0 0 0 2 ( 4 ) 0 . 0 0 1 9 ( 5 ) 0 . 0 0 0 4 ( 3 ) 
C3 0 . 0 6 0 3 ( 8 ) - 0 . 1296 ! 4 ) 0 . 2 9 5 5 ( 5 ) 0 . 0 1 2 5 ( 1 1 ) 0 . 0 0 3 7 ( 3 ) 0 . 0 0 6 1 ( 5 ) - 0 . 0 0 0 7 ( 5 ) 0 . 0 0 2 0 ( 6 ) 0 . 0 0 0 6 ( 3 ) 
C4 0 . 1 3 0 3 ( 1 2 ) - 0 . 1818 [ 6 ) 0 . 4 1 7 0 ( 7 ) 0 . 0 2 2 9 ( 1 6 ) 0 . 0 0 6 6 ( 4 ) 0 . 0 0 7 3 ( 7 ) 0 . 0 0 2 6 ( 8 ) 0 . 0 0 6 4 ( 9 ) 0 . 0 0 2 7 ( 4 ) 
C5 - 0 . 1 9 0 9 ( 1 2 ) - 0 . 0502 [ 7 ) 0 . 3 2 9 3 ( 7 ) 0 . 0 2 4 5 ( 1 7 ) 0 . 0 0 9 5 ( 6 ) 0 . 0 0 7 6 ( 7 ) 0 . 0 0 5 7 ( 8 ) 0 . 0 0 8 7 ( 9 ) 0 . 0 0 3 1 ( 5 ) 
C6 - 0 . 3 6 4 2 ( 1 1 ) - 0 . 0076 'J) 0 . 2 4 1 1 ( 8 ) 0 . 0 2 3 4 ( 1 6 ) 0 . 0 0 8 5 ( 5 ) 0 . 0 1 1 8 ( 8 ) 0 . 0 0 5 0 ( 9 ) 0 . 0 1 1 1 ( 1 0 ) 0 . 0 0 3 0 ( 6 ) 
Nl 0 . 0 9 8 4 ( 6 ) - 0 . 0789 [ 3 ) 0 . 1 1 2 3 ( 4 ) 0 . 0 0 9 5 ( 8 ) 0 . 0 0 2 9 ( 2 ) 0 . 0 0 5 5 ( 4 ) - 0 . 0 0 0 1 ( 3 ) 0 . 0 0 2 8 ( 5 ) 0 . 0 0 0 4 ( 2 ) 
N2 - 0 . 0 7 7 1 ( 7 ) - 0 . 0751 [ 4 ) 0 . 2 5 8 9 ( 5 ) 0 . 0 1 4 3 ( 1 0 ) 0 . 0 0 5 0 ( 3 ) 0 . 0 0 5 9 ( 4 ) 0 . 0 0 1 0 ( 4 ) 0 . 0 0 5 8 ( 5 ) 0 . 0 0 0 8 ( 3 ) 

A t o m X y z A t o m X y z 

H1C1 0 .270 - 0 . 2 6 0 0 .220 3 .5 H2C4 0 . 2 5 6 ( 1 2 ) - 0 . 1 4 9 ( 5 ) 0 . 4 6 7 ( 7 ) 4.1 
H2C2 0 . 3 6 2 ( 1 0 ) - 0 . 2 0 9 ( 5 ) 0 . 1 6 4 ( 7 ) 3 .5 H3C4 0 . 1 5 5 ( 1 2 ) 0 . 2 3 2 ( 6 ) 0 . 4 0 3 ( 8 ) 4.1 
H3C1 0 . 4 2 8 ( 1 0 ) - 0 . 1 9 3 ( 5 ) 0 . 3 2 8 ( 7 ) 3 .5 H1C5 - 0 . 2 0 4 -0 .101 0 .378 4 . 5 
HI 02 - 0 . 3 8 8 ( 1 1 ) 0 . 0 6 9 ( 8 ) 0 . 1 1 6 ( 8 ) 3 .2 H2C5 - 0 . 1 3 8 ( 1 1 ) 0 . 0 1 4 ( 5 ) 0 . 3 9 0 ( 8 ) 4 . 5 
HI 03 0 . 3 4 5 ( 1 2 ) - 0 . 1 6 5 ( 6 ) - 0 . 0 0 5 ( 9 ) 3 .6 H1C6 - 0 . 4 7 7 ( 1 1 ) - 0 . 0 7 7 ( 6 ) 0 . 1 7 6 ( 8 ) 4 . 6 
H203 - 0 . 3 0 1 ( 1 2 ) - 0 . 1 3 3 ( 6 ) - 0 . 0 7 7 ( 8 ) 3 .6 H2C6 - 0 . 4 4 7 ( 1 2 ) 0 . 0 2 9 ( 5 ) 0 . 2 7 5 ( 8 ) 4 . 6 
H1C4 0 . 0 4 8 ( 1 1 ) - 0 . 1 6 9 ( 5 ) 0 . 4 8 1 ( 7 ) 4.1 

V£5 
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Distances 
Cu-Cu" 3.581(3) C£-05 1.381 (8) cu-or 1.870(4) C£-06 1.399 (8) Cu-02 2.038(5) C£-07 1.365 (9) Cu-03 2.492(6) CI-HI CI 0.88 (10) Cu-04 2.890(12) C1-H2C1 0.98 (8) Cu-NI 1.987(5) C1-H3C1 1.10 (7) Cu-N2 1.928(5) C4-H1C4 1.16 (9) C1-C2 1.508(8) C4-H2C4 1.05 (8) C2-C3 1.484(8) C4-H3C4 0.77 (9) C3-C4 1.474(9) C5-H1C5 0.93 (10) C5-C6 1.474(11) C5-H2C5 1.11 (8) C2-N1 1.289(7) C6-H1C6 1.24 (8) C3-N2 1.257(7) C6-H2C6 1.02 (9) C5-N2 1.456(9) 02-H102 0.60 (8) C6-02 1.428(10) 03-H103 0.65 (9) Nl-01 1.325(6) 03-H203 0.68 (9) CA-04 1.381(9) 

Anales 
M-Cu-ol ' 108.3(2) Cl-04-Cu 120.8 (7) 
N1-CU-N2 81.1(2) C2-C1-H1C1 105 (4) N2-Cu-02 80.0(2) C2-C1-H2C1 115 (4) 02-Cu-OT 90.2(2) C2-C1-H3C1 113 (4) Cu-Nl-01 129.4(3) H1C1-C1-H2C1 92 (4) Nl-ol-Cu' 121.9(3) H2C1-C1-H3C1 115 (6) Cu*-Cu-03 90.9(2) H1C1-C1-H3C1 114 (4) Cu'-Cu-04 74.4(2) C3-C4-H1C4 114 (4) CU-N1-C2 117.3(4) C3-C4-H2C4 103 (4) N1-C2-C3 114.4(5) C3-C4-H3C4 107 (6) C3-N2-CU 116.2(4) H1C4-C4-H2C4 103 (6) Cu-N2-C5 116.6(4) H2C4-C4-H3C4 105 (8) N2-C5-C6 109.0(6) H1C4-C4-H3C4 122 (8) C5-C6-02 107.4(6) N2-C5-H1C5 112 (5) C6-02-Cu 112.1(4) N2-C5-H2C5 112 (5) C1-C2-N1 124.1(5) C6-C5-H1C5 115 (5) C2-C3-C4 119.8(5) C6-C5-H2C5 97 (4) C1-C2-C3 121.5(5) H1C5-C5-H2C5 111 (4) N2-C3-C4 125.3(6) C5-C6-H1C6 103 (4) C3-N2-C5 126.5(5) C5-C6-H2C6 120 (5) 
Primed atoms are related by the inversion center at the origin to the atoms listed in Table 3. 

O a 

Table 4. Selected Interatomic Distances (A) and Angles (deg) 
of Cu(L2a£)(C10 4)-H 20 



T a b l e 4 ( C o n t i n u e d ) . S e l e c t e d I n t e r a t o m i c D i s t a n c e s (A) a n d 

A n g l e s ( d e g ) f o r C u ( L 2 a £ ) ( C 1 0 4 ) - H 2 0 

A n g l e s 

0 1 - N 1 - C 2 1 1 7 . 3 ( 4 ) 0 2 - C 6 - H 1 C 6 1 0 6 ( 4 ) 
0 4 - C £ - 0 5 1 0 6 . 4 ( 7 ) 0 2 - C 6 - H 2 C 6 1 0 9 ( 5 ) 
0 4 - C £ - 0 6 1 0 5 . 3 ( 7 ) H 1 C 6 - C 6 - H 2 C 6 1 1 1 ( 6 ) 
0 5 - C £ - 0 7 1 1 3 . 3 ( 9 ) C 6 - 0 2 - H 1 0 2 1 1 1 ( 9 ) 
0 5 - C £ - 0 6 1 1 1 . 9 ( 6 ) H 1 0 3 - 0 3 - H 2 0 3 1 1 2 ( 1 1 ) 
0 5 - a - 0 7 1 1 0 . 2 ( 8 ) H 1 0 3 - 0 3 - C u 1 1 5 ( 8 ) 
0 6 - O L - 0 7 1 0 9 . 6 ( 8 ) H 2 0 3 - 0 3 - C u 1 0 1 ( 7 ) 



T a b l e 5 . L e a s t S q u a r e s P l a n e s w i t h i n t h e M o l e c u l e 

C u ( L 2 a l ) ( C 1 0 4 ) - H 2 0 a ' b 

A t o m D e v , A A t o m D e v , A 

( a ) P l a n e o f t h e F o u r A t o m s S t r o n g l y C o o r d i n a t e d t o C o p p e r E q u a t i o n : 
0 .44452x + 0 . 6 9 6 8 5 y + 0 . 5 6 2 8 5 z - 0 .02125 = 0 
0 1 ' 0.001 N l - 0 . 0 0 3 
02 - 0 . 0 0 2 N2 0 .003 

( b ) P l a n e o f t h e E i g h t D o n o r A t o m s f r o m t h e L G r o u p s o f t h e D i m e r 
E q u a t i o n : - 0 . 4 5 0 0 1 x - 0 . 6 9 7 3 6 y - 0 . 5 5 7 8 3 z = 0 
01 0 .018 0 1 ' 0 .018 
02 0 .006 0 2 ' 0 .006 
Nl - 0 . 0 1 3 N T 0 .013 
N2 - 0 . 0 0 0 N 2 ' 0 .000 
Cu 0 .066 C u ' - 0 . 0 6 6 
CI - 0 . 0 5 6 C T 0 .056 
C2 - 0 . 0 5 8 C 2 ' 0 .058 
C3 - 0 . 0 9 5 C 3 ' 0 .095 
C4 - 0 . 3 0 5 C 4 ' 0 .305 
C5 - 0 . 1 1 4 C 5 ' 0 .114 
C6 0 .425 C 6 ' - 0 . 4 2 5 

( c ) P l a n e o f t h e S i x - M e m b e r e d R i n g C o n t a i n i n g T w o C o p p e r A t o m s 
E q u a t i o n : - 0 . 4 3 4 0 1 x - 0 . 6 9 4 2 9 y - 0 . 5 7 4 H z = 0 
Cu 0 .025 C u ' - 0 . 0 2 5 
N l 0 .032 N T - 0 . 0 3 2 
01 - 0 . 0 3 0 0 1 ' 0 .030 

( d ) P l a n e o f t h e I m i n o o x i m o b u t a n e F r a g m e n t 
E q u a t i o n : 0 .44952x + 0 . 7 6 9 2 5 y + 0 .45408z + 33861 = 0 
C I - 0 . 0 6 6 Nl 0 .150 
C2 0 .032 N2 - 0 . 0 1 9 
C3 - 0 . 0 1 9 01 0 .154 
C4 0 .005 Cu 0 .205 

D i r e c t i o n c o s i n e s o f t h e p l a n e r e f e r t o t h e o r t h o g o n a l a x i s s y s t e m 
a , b , c * . 

A l l a t o m s w e i g h t e d a t u n i t y . 
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F i g u r e 4 . D i m e r i c M o l e c u l a r U n i t o f C u ( L 2 a l ) ( C I O . ) - H « 0 . 
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0 . 5 6 a ( y c o o r d i n a t e f o r H3C4) and 0 . 3 9 a ( y c o o r d i n a t e f o r C 4 ) . T h e o n l y 

°3 
f e a t u r e s g r e a t e r t h a n 0 .50 e / A o n a f i n a l d i f f e r e n c e F o u r i e r map w e r e 

a f e w s m a l l bumps o f m a g n i t u d e 0 . 5 2 - 0 . 8 4 e / A i n t h e v i c i n i t y o f t h e 

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

°3 

w e r e r e f i n e d i n t h i s s t r u c t u r e was a b o u t 4 . 5 e / A . 

F i n a l a t o m i c p o s i t i o n a l and t h e r m a l p a r a m e t e r s a r e l i s t e d i n 

T a b l e 3 ; f i n a l o b s e r v e d 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 a m p l i t u d e s a r e 

l i s t e d i n t h e A p p e n d i x . S e l e c t e d i n t e r a t o m i c d i s t a n c e s and a n g l e s a r e 

t a b u l a t e d i n T a b l e 4 ; s e l e c t e d l e a s t - s q u a r e s p l a n e s a r e s u m m a r i z e d i n 

T a b l e 5 . T h e d i m e r i c m o l e c u l a r u n i t i s i l l u s t r a t e d i n F i g u r e 4 . 

T h e f o u r f o r m u l a u n i t s o f C u ( L 2 a £ ) ( C l O ^ ) ' H , , 0 i n t h e u n i t c e l l 

f o r m d i m e r i c u n i t s a b o u t i n v e r s i o n c e n t e r s a t t h e o r i g i n and a t ( 0 , 

h)\ t h e d i m e r i c u n i t i s i l l u s t r a t e d i n F i g u r e 4 . W i t h i n t h e f o r m u l a u n i t , 

t h e l i g a n d 

i s c o o r d i n a t e d t o t h e c o p p e r t o f o r m ( 1 ) a f i v e - m e m b e r e d c h e l a t e r i n g 

i n v o l v i n g t h e a l c o h o l o x y g e n and t h e i m i n e n i t r o g e n and ( 2 ) a f i v e -

membered c h e l a t e r i n g i n v o l v i n g t h e i m i n e a n d o x i m e n i t r o g e n s . T h e f o u r t h 

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

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

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

f r o m t h e p l a n e b e i n g 0 .003 A , and t h e c o p p e r i s 0 .074 A f r o m t h e p l a n e . 

CH CH 

L2a«. 
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T h e bond d i s t a n c e s a n d a n g l e s a b o u t c o p p e r , T a b l e 5 , a r e t y p i c a l f o r 

1 0 7 28 

c o m p l e x e s w i t h f i v e - m e m b e r e d c h e l a t e r i n g s . ' * As i s o f t e n t r u e w i t h 

c o p p e r ( I I ) c o m p l e x e s , t h e r e a r e a d d i t i o n a l g r o u p s i n a x i a l p o s i t i o n s ; i n 
o 

t h i s c a s e t h e r e i s a w e a k l y bound w a t e r m o l e c u l e ( C u - 0 3 = 2 . 4 9 2 ( 6 ) A ) and 
o 

an e v e n m o r e w e a k l y b o u n d p e r c h l o r a t e g r o u p ( C u - 0 4 = 2 . 8 9 ( 2 ) A c o m p l e t i n g 

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

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

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

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

o r o x i m e p r o t o n c o u l d be i o n i z e d , we f e e l t h a t t h e o x i m e h y d r o g e n has 

b e e n i o n i z e d f o r t h e f o l l o w i n g r e a s o n s : ( 1 ) t h e o x i m e h y d r o g e n s h o u l d be 

m o r e a c i d i c t h a n t h e a l c o h o l p r o t o n , ( 2 ) t h e a n i o n i c p o r t i o n o f t h e l i g a n d 

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

i n t h e b r i d g e w i t h a p p r o p r i a t e g e o m e t r y , ( 3 ) t h e r e g i o n i n t h e e l e c t r o n 

d e n s i t y map n e a r t h e o x i m e g r o u p i s q u i t e f l a t w h e r e a s a g o o d peak was 

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

a t o m , and ( 4 ) t h e a l c o h o l h y d r o g e n s o l o c a t e d was s u c c e s s f u l l y r e f i n e d . 

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

a r r a n g e m e n t . A s i x - m e m b e r e d c e n t r o s y m m e t r i c r i n g i s f o r m e d b y t w o c o p p e r 

a t o m s a n d t w o o x i m e ( N O ) g r o u p s . A l t h o u g h n o t r e q u i r e d b y s y m m e t r y , a l l 

s i x a t o m s o f t h e r i n g l i e v e r y c l o s e t o t h e l e a s t - s q u a r e s p l a n e t h r o u g h 

t h e s i x a t o m s , t h e maximum d e v i a t i o n s b e i n g f o r t h e n i t r o g e n a t o m s 
O Q 

( 0 . 0 2 9 A ) . T h e Cu-01 ( 1 . 8 7 0 ( 4 ) A ) and C u - N l ( 1 . 9 8 7 ( 5 ) A ) d i s t a n c e s 

i n d i c a t e a s t r o n g l y c o o r d i n a t e d b r i d g i n g o x i m e g r o u p and t h e C u - 0 1 ' - N 1 ' 

( 1 2 1 . 9 ( 3 ) ° ) and C u - N l - 0 1 ( 1 2 9 . 4 ( 3 ) ° a n g l e s i n d i c a t e e s s e n t i a l l y s p 2 

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

f r o m t h e c o p p e r ( C u - 0 3 = 2 . 4 9 2 ( 6 ) A ) i n d i c a t e s w e a k c o o r d i n a t i o n ; t h e 

0 3 - C u - b a s a l d o n o r a n g l e s r a n g e f r o m 9 0 . 8 ( 2 ) t o 9 3 . 7 ( 2 ) ° . T h e p e r c h l o -

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

T h e g e o m e t r i e s a t o x y g e n ( C u - 0 4 - C l = 1 2 0 . 8 ( 7 ) ° ) and a t c o p p e r ( 0 4 - C u -

b a s a l d o n o r a n g l e s r a n g e f r o m 7 7 . 4 ( 3 ) t o 1 0 1 . 1 ( 3 ) ° s u g g e s t a d e f i n i t e 
o 

i n t e r a c t i o n d e s p i t e t h e l e n g t h ( 2 . 8 9 ( 1 ) A ) o f t h e C u - 0 4 v e c t o r . T h e 
C l - 0 s t r e t c h i n g f r e q u e n c y i s s p l i t i n t o s y m m e t r i c c o m p o n e n t s a t 1065 and 

1132 cm~\ a s p l i t t i n g t h a t i s n o r m a l f o r m o n o d e n t a t e p e r c h l o r a t e 

29 

c o o r d i n a t i o n . 

T h e s i x - a t o m 2 - i m i n o - 3 - o x i m o b u t a n e f r a g m e n t o f L2a& a d o p t s a c o n 

f i g u r a t i o n w h i c h i s a l m o s t p l a n a r (max imum d e v i a t i o n f r o m t h e l e a s t - s q u a r e s 

p l a n e i s 0 .15 A f o r N l ) . T h e C 2 - C 3 d i s t a n c e o f 1 . 4 8 4 ( 8 ) A and t h e C2-N1 
o 

and C 3 - N 2 d i s t a n c e s o f 1 . 2 8 9 ( 7 ) and 1 . 2 5 7 ( 7 ) A , r e s p e c t i v e l y , a g r e e w e l l 

w i t h 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 d i m e t h y l g l y o x i m e s t r u c t u r e s ^ and 

i n d i c a t e t h e a b s e n c e o f c y c l i c d e l o c a l i z a t i o n . 

T h e e t h a n o l i m i n e p o r t i o n o f L2a& a d o p t s a t w i s t c o n f i g u r a t i o n 
30 

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

C5 and C6 l i e 0 .114 and 0 .425 A , r e s p e c t i v e l y , a b o v e and b e l o w t h e l e a s t -

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

d i m e r . No u n u s u a l i n t e r - o r i n t r a m o l e c u l a r c o n t a c t s , o t h e r t h a n t h o s e 

n o t e d a b o v e , w e r e o b s e r v e d . 

C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N 

A b l u e b l a c k c r y s t a l w i t h a p p r o x i m a t e d i m e n s i o n s 0 .4 x 0 .8 x 

0 . 2 mm. was m o u n t e d o n a g l a s s f i b e r u s i n g e p o x y c e m e n t s u c h t h a t t h e 

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

U n i t c e l l p a r a m e t e r s and t h e o r i e n t a t i o n m a t r i x w e r e d e t e r m i n e d on 

a S y n t e x P2-j f o u r c i r c l e d i f f r a c t o m e t e r e q u i p p e d w i t h a g r a p h i t e m o n o -

c h r o m a t o r ( B r a g g 2e a n g l e = 1 2 . 2 ° ) u s i n g MoK^ r a d i a t i o n a t a t a k e o f f 

a n g l e o f 6 .5° . F i f t e e n r e f l e c t i o n s w h o s e 29 v a l u e s r a n g e d f r o m 4 .00° t o 

50 .00° w e r e m a c h i n e - c e n t e r e d and u s e d i n 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 

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

w e r e a = 2 3 . 0 1 5 ( 5 ) A , b = 8 . 8 7 3 ( 1 ) A , c = 1 6 . 4 1 4 ( 6 ) A , a = 9 0 ° , 3 = 9 0 ° , 

Y = 9 0 ° , and V = 3 3 5 1 ( 2 ) A 3 . T h e c a l c u l a t e d d e n s i t y o f 1.62 g c m " 3 f o r 

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

1.62 g cm m e a s u r e d b y t h e f l o t a t i o n m e t h o d u s i n g a m i x t u r e o f C C l ^ and 

1 , 2 - d i b r o m o , l , 1 - d i c h l o r o e t h a n e . Omega s c a n s o f s e v e r a l l o w 20 a n g l e r e f l e c 

t i o n s g a v e p e a k w i d t h s a t h a l f - h e i g h t o f l e s s t h a n . 2 4 ° , i n d i c a t i n g a 

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

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

o r t h o r h o m b i c s y s t e m . I n t e n s i t y d a t a f o r z e r o and u p p e r l e v e l s w e r e c o l l e c 

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

m a t i c a b s e n c e s . T h e a b s e n c e o f k = 2n + 1 i n 0 k £ , I = 2n + 1 i n h o £ , a n d 

h + k = 2n + 1 i n hkO i s c o n s i s t e n t w i t h o n l y s p a c e g r o u p P b c n ( N o . 6 0 ^ ) . 

I n t e n s i t y d a t a w e r e c o l l e c t e d u s i n g 6-29 s c a n s w i t h x - r a y s o u r c e 

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

t h e u n i t c e l l p a r a m e t e r s . A v a r i a b l e s c a n r a t e o f f r o m 3 .5 ° t o 2 9 . 3 ° m i n " ^ 

was u s e d and a s c a n w i d t h o f 2 . 0 ° was s u f f i c i e n t t o c o l l e c t a l l o f t h e p e a k 

i n t e n s i t y . 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 w e r e m e a s u r e d a t t h e b e g i n n i n g 

( b g d l ) and a t t h e e n d ( b g d 2 ) o f e a c h s c a n w i t h a t o t a l b a c k g r o u n d t o s c a n 

t i m e r a t i o , T R , o f 1. No s i g n i f i c a n t f l u c t u a t i o n s w e r e o b s e r v e d i n t h e 
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i n t e n s i t i e s o f t h r e e s t a n d a r d r e f l e c t i o n s ( - 5 , 5 , 0 ; - 3 , 2 , 1 ; - 8 , 0 , - 2 ) 

m o n i t o r e d e v e r y 100 r e f l e c t i o n s . I n t e n s i t i e s w e r e c a l c u l a t e d f r o m t h e 

t o t a l s c a n c o u n t ( C T ) and b a c k g r o u n d c o u n t s b y t h e r e l a t i o n s h i p : 

I = C T - ( T R ) ( b d g l + b g d 2 ) . 

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

a ( I ) = [ C T + ( T R ) 2 ( b g d l + b g d 2 ) ] ^ 

f r o m a t o t a l o f 3498 r e f l e c t i o n s c o l l e c t e d i n a c o m p l e t e o c t a n t ( h , k , £ = + ) 

o f d a t a o u t t o 26 = 5 0 . 0 ° ; 2389 w e r e a c c e p t e d as s t a t i s t i c a l l y a b o v e 

b a c k g r o u n d o n t h e b a s i s t h a t I was g r e a t e r t h a n 2 a ( I ) . L o r e n t z and p o l a r i 

z a t i o n c o r r e c t i o n s w e r e made i n t h e u s u a l w a y . 

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

h y d r o g e n a t o m s w h i c h t h e n r e f i n e d t o R = 0 . 3 4 . A f t e r t h e l o c a t i o n o f 

t w e n t y - t w o n o n - h y d r o g e n a t o m s , R was 0 . 1 7 . A n i s o t r o p i c r e f i n e m e n t o f 

t h e s e a t o m s l o w e r e d R t o 0 . 0 8 . S u b s e q u e n t l o c a t i o n o f t h e d i s o r d e r e d 

p e r c h l o r a t e o x y g e n a t o m s and e i g h t h y d r o g e n a toms g a v e R=0 .046 a n d 

R = 0 . 0 4 5 . w 

T h e max imum s h i f t i n t h e f i n a l l e a s t s q u a r e s c y c l e was 3.1 s t a n d a r d 

d e v i a t i o n s on t h e £33 t e m p e r a t u r e f a c t o r o f 08 o f t h e d i s o r d e r e d p e r c h l o -

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

v i c i n i t y o f t h e p e r c h l o r a t e g r o u p a t a b o u t 25 p e r c e n t o f t h e v a l u e o f 

r e f i n e d p o s i t i o n s . 

F i n a l p o s i t i o n a l and t h e r m a l p a r a m e t e r s a r e l i s t e d i n T a b l e 6 ; 



T a b l e 6 . 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 C u ( L 2 p y r ) ( C l ( L ) - C H L C N 

Atom X •y z 3 
11 

3 
22 

6 
33 

B 
12 

B 
13 

B 
23 

C u . 0 7 9 5 0 i 2 ) . 0 8 4 8 7 5 ) . 2 3 4 9 5 [ 2 ) . 0 0 1 2 8 ( 1 ) . 0 1 1 4 1 , 6 ) . 0 0 2 6 6 ( 2 ) 00015< 2 ) . 0 0 0 0 7 ( 1 ) - . 0 0 0 3 2 ( 3 ) 
C L . 3 5 6 5 4 ( 5 ) . 0 1 4 0 7 1 3 ) . 0 8 9 5 9 ( 7 ) . 0 0 2 3 7 ( 3 ) . 0 1 6 8 2 1 8 ) . 0 0 5 0 4 ( 5 ) 0 0 1 3 5 ( 6 ) . 0 0 0 2 6 ( 3 ) - . 0 0 1 4 7 ( 8 ) 
01 . 0 3 9 7 1 ) . 1 6 7 9 3 ) . 3 2 8 0 [ 1 ) . 0 0 1 4 ( 1 ) . 0 1 5 7 , 4 ) . 0 0 3 2 1 ) - 0003 ( 1) . 0 0 0 2 ( 1 ) - . 0 0 2 1 ( 2 ) 
N T . 0 1 4 8 ( 1 ) . 1 2 8 2 3 ) . 1 5 5 8 ( 2 ) . 0 0 1 5 ( 1 ) . 0 0 9 2 4 ) . 0 0 2 9 1 ) - 0 0 0 2 1 ) . 0001 ( 1 ) . 0 0 0 3 ( 2 ) 
N2 . 1 2 1 8 ( 1 ) . 0 5 7 3 3 ) . 1 3 0 6 [ 2 ) . 0 0 1 6 ( 1 ) . 0 1 0 3 [ 4 ) . 0 0 3 2 < 1 ) 0001 ( 1 ) . 0 0 0 3 ( 1 ) - . 0 0 0 8 ( 2 ) 
N3 . 1 5 7 2 ( 1 ) . 1121 [ 3 ) . 2 9 7 4 ( 2 ) . 0 0 1 5 ( 1 ) . 0 1 0 4 • 4 ) . 0 0 3 5 ( 1 ) - 0 0 0 2 < 1 ) - . 0 0 0 2 ( 1 ) . 0 0 0 6 ( 2 ) 
C I - . 0 0 4 8 [ 2 ) . 2 1 7 3 . 5 ) . 0 1 6 3 ( 2 ) . 0 0 2 0 ( 1 ) . 0 1 8 2 [ 7 ) . 0 0 3 2 2 ) 0 0 0 0 ( 2 ) - . 0 0 0 2 ( 1 ) . 0 0 1 5 ( 3 ) 
C 2 . 0 3 2 6 ( 2 ) . 1 4 8 3 4 ) . 0 8 2 0 ( 2 ) . 0 0 1 7 ( 1 ) . 0 0 8 9 , 4 ) . 0 0 2 7 1 ) - . 0 0 0 7 ( 1 ) . 0001 ( 1 ) .0001 ( 2 ) 
C 3 . 0 9 3 9 ( 2 ) . 1 0 0 8 A) . 0 6 8 3 ( 2 ) . 0 0 2 0 ( 1 ) .0081 [ 4 ) 

, 8 ) 
. 0031 ( 1 ) - 0 0 0 8 ( 1 ) . 0 0 0 4 ( 1 ) - . 0 0 0 6 [ 2 ) 

C4 . 1 1 7 0 ( 2 ) . 1 0 5 5 7 ) - . 0 1 7 4 ( 3 ) . 0 0 2 2 ( 1 ) . 0 1 9 8 
[ 4 ) 
, 8 ) . 0 0 3 9 2 ) - . 0 0 0 0 2 ) . 0 0 0 9 ( 1 ) . 0 0 0 3 ( 3 ) 

C5 . 1 8 2 7 ( 2 ) . 0 0 5 9 6 ) . 1 2 3 7 ( 3 ) . 0 0 1 7 ( 1 ) . 0 1 5 5 6 ) . 0 0 4 4 2 ) 0006 2 ) . 0 0 0 6 (1 ) .0001 ( 3 ) 
C6 . 2 0 2 4 [ 2 ) - . 0 6 7 0 5 ) . 2031 [ 3 ) . 0 0 1 6 ( 1 ) . 0 1 2 8 , 6 ) ' .0051 2 ) . 0 0 1 0 ( 2 ) . 0 0 0 3 (1 ) . 0 0 0 3 ( 3 ) 
C7 . 2 0 5 6 [ 1 ) . 0 3 8 7 A) . 2 7 2 7 ( 3 ) . 0 0 1 4 ( 1 ) . 0 1 0 7 5 ) . 0 0 4 7 ( 2 ) 0 0 0 0 1 ) - . 0 0 0 1 ( 1 ) . 0 0 1 6 ( 2 ) 
C8 . 2 5 7 9 ( 2 ) . 0 6 2 0 5 ) . 3 1 3 4 ( 3 ) . 0 0 1 5 ( 1 ) . 0 1 5 6 , 7 ) . 0 0 7 0 2 ) 0 0 0 4 ( 2 ) - . 0 0 0 8 ( 1 ) . 0 0 1 2 ( 3 ) 
C9 . 2 6 0 5 ( 2 ) . 1 5 4 0 [ 6 ) . 3 7 9 9 [ 3 ) . 0 0 1 9 ( 1 ) . 0 2 0 4 8 ) . 0 0 7 1 ( 3 ) 0008 2 ) - . 0 0 1 4 ( 1 ) . 0 0 1 0 ( 4 ) 
C I O . 2 1 0 7 ( 2 ) . 2 2 8 9 5 ) . 4051 ( 3 ) . 0 0 2 3 ( 1 ) . 0 1 4 6 6 ) . 0 0 5 2 ( 2 ) - . 0 0 1 7 ( 2 ) - . 0 0 0 9 ( 1 ) . 0 0 0 8 ( 3 ) 
c n . 1 6 0 2 [ 2 ) . 2 0 5 0 [ 4 ) . 3 6 0 8 [ 2 ) . 0 0 1 8 ( 1 ) . 0 1 1 2 5 ) . 0 0 4 0 ( 2 ) - 0010 ( 2 ) - . 0 0 0 3 ( 1 ) . 0 0 0 5 ( 2 ) 
NCN . 0 6 8 7 ( 1 ) - . 1 6 4 2 4 ) . 2 7 5 4 ( 2 ) . 0 0 2 2 ( 1 ) . 0 1 2 4 5 ) . 0 0 4 7 2 ) - . 0 0 0 4 ( 1 ) - . 0 0 0 0 ( 1 ) . 0 0 0 5 ( 2 ) 
C I 2 . 0 6 4 2 ( 2 ) - . 2 8 4 4 ( 5 ) . 2 9 7 8 [ 2 ) . 0 0 1 9 ( 1 ) . 0 1 4 0 6 ) . 0 0 3 4 1 ) 0 0 0 2 ( 2 ) - . 0 0 0 2 ( 1 ) - . 0 0 0 1 ( 3 ) 
C I 3 . 0 5 7 6 ( 3 ) - . 4 4 0 1 ( 5 ) . 3 2 6 2 ( 3 ) . 0041 ( 1 ) . 0 1 2 0 7 ) . 0 0 5 5 ( 2 ) - .0001 ( 3 ) - . 0 0 0 4 ( 1 ) . 0021 [ 3 ) 
02 . 3 2 8 0 ( 4 ) . 1 2 5 0 ( " 0 ) . 1 0 6 2 ( 6 ) . 0 0 5 ( 1 ) . 0 2 0 1 ) . 0 1 0 < 1 ) . 0 0 6 ( 1 ) . 0 0 2 ( 1 ) . 0 0 0 ( 1 ) 
03 . 4 1 3 2 ( 7 ) - . 0 0 3 2 ( 2 9 ) . 1 3 1 0 ( " 0 ) . 0 0 5 ( 1 ) . 1 1 7 7 ) .011 1 ) . 0 1 3 ( 1 ) - . 0 0 5 ( 1 ) - . 0 1 9 ( 2 ) 
04 . 3 8 1 4 ( 5 ) -.0028C 2 ) . 0 0 7 2 ( 5 ) . 0 0 4 ( 1 ) . 0 3 7 , 2 ) . 0 0 6 1 ) . 0 0 0 1 ) .001 ( 1 ) - . 0 0 7 ( 1 ) 
05 . 3 2 1 2 ( 6 ) - . 1 0 3 8 ( " 4 ) . 0 8 3 9 ( 1 ) . 0 0 5 ( 1 ) . 0 3 2 2 ) . 0 2 0 1 ) - . 0 0 2 i j . 0 0 6 (1 ) - . 0 0 5 ( 1 ) 
06 . 3 6 6 0 ( 5 ) - . 0 7 6 3 ( " 2 ) . 1 6 2 9 ( 6 ) . 0 0 5 ( 1 ) . 0 2 8 2 ) . 0 0 8 1 ) . 0 0 3 i j .001 ( 1 ) . 0 0 4 ( 1 ) 
07 . 3 7 0 0 ( 1 1 ) .1687C 11) . 0 9 7 2 (9) . 0 1 5 ( 1 ) . 0 1 7 2 ) . 0 1 4 1 ) - .001 l ) . 0 0 4 (1 ) - . 0 0 5 ( 1 ) 



T a b l e 6 ( C o n t i n u e d ) . F i n a l P o s i t i o n a l and Thermal Pa ramete r s f o r C u ( L 2 p y r ) ( C 1 0 _ ) - C H - C N 

Atom x y z 3 3 3 3 3 3 
11 22 33 12 13 23 

08 
09 
H5A 
H5B 
H6A 
H6B 
H8 
H9 
H10 
M l 
H4A 
H4B 

.4197 ( 7 ) 
, 3 3 1 3 ( 1 4 ) 
.207 (2 ) 
.191 (2) 
,239 (2) 
.180 ( 2 ) 
.288 (2 ) 
,295 ( 2 ) 
. 2 1 1 (2 ) 
. 126 (2 ) 
.109 (2 ) 
.148 (2 ) 

, 0 2 3 5 ( 1 7 ) 
,0452(39) 
.086 
.067 
. 1 2 3 
. 1 4 5 
.006 
. 1 5 5 
.287 
.250 
.204 
.089 

(5) 
( 5 ) 
( 5 ) 
( 5 ) 
(5 ) 
( 5 ) ' 
( 5 ) 
( 5 ) 
(6 ) 
( 5 ) 

. 0 6 3 7 ( 1 7 ) 

. 0 4 5 2 ( 1 7 ) 

.106 (3) 

.079 

.204 

.221 

.296 

. 4 1 3 

.461 

.378 
- . 0 3 9 
- . 0 2 3 

(3) 
(3) 
(3) 
(3) 
(2) 
(3) 
(3) 
(3) 
(3) 

. 0 0 5 ( 1 ) 

. 0 1 2 ( 1 ) 
5 .0 
5 .0 
5 .0 
5 .0 
5 .0 
5 .0 
5 .0 
5 .0 
5.'0 
5 .0 

. 0 3 6 ( 3 ) 

. 1 1 3 ( 1 3 ) 
.030(2) 
. 0 2 1 ( 2 ) 

. 0 0 4 ( 1 ) 

.005(3) ' 
. 0 0 9 ( 1 ) 
. 0 1 1 ( 1 ) 

. 008(2) 
• .008(5) 
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f i n a l c a l c u l a t e d and o b s e r v e d s t r u c t u r e f a c t o r s a r e l i s t e d i n t h e 

A p p e n d i x . S e l e c t e d i n t e r a t o m i c d i s t a n c e s and a n g l e s a r e t a b u l a t e d i n 

T a b l e 7 , s e l e c t e d l e a s t s q u a r e s p l a n e s a r e s u m m a r i z e d i n T a b l e 8 . T h e 

d i m e r i c m o l e c u l a r u n i t i s i l l u s t r a t e d i n F i g u r e 5 . 

T h e e i g h t f o r m u l a u n i t s o f C u ( C 2 p y r ) ( C 1 0 4 ) * C H 3 C N i n t h e u n i t c e l l 

f o r m d i m e r i c u n i t s a b o u t t w o - f o l d a x e s a t ( o , y , % , ( o , y , 3 / 4 ) , ( ^ , ^ + y , % ) , 

and ( ^ , ^ , 3 / 4 ) , w h e r e y = . 0 8 4 8 7 . W i t h i n t h e f o r m u l a u n i t , t h e l i g a n d 

C H 3 7

C H 3 y 
0 - [ T ^ N - C H ^ C H ^ C ^ X ^ 

L 2 p y r 

( L 2 p y r ) i s c o o r d i n a t e d t o t h e c o p p e r a t o m t o f o r m ( 1 ) a f i v e - m e m b e r e d 

c h e l a t e r i n g i n v o l v i n g t h e o x i m e n i t r o g e n and t h e i m i n e n i t r o g e n , and 

( 2 ) a s i x - m e m b e r e d c h e l a t e r i n g i n v o l v i n g t h e i m i n e n i t r o g e n and t h e 

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

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

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

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

n i t r i l e n i t r o g e n a t 2 . 3 2 2 ( 4 ) A f r o m t h e c o p p e r a t o m . T h e c o p p e r a t o m 
o o 

i s 0.31 A f r o m t h e c o p p e r a t o m . T h e c o p p e r a t o m i s 0.31 A a b o v e t h e 

l e a s t s q u a r e s p l a n e o f t h e c o o r d i n a t i n g a t o m s f r o m ( L 2 p y r ) t o w a r d t h e 

a x i a l l i g a n d . 

T h e m o s t i n t e r e s t i n g f e a t u r e o f t h i s s t r u c t u r e i s t h e o x i m e 

b r i d g i n g a r r a n g e m e n t . T h e s i x - m e m b e r e d r i n g i s i n a t w i s t e d b o a t c o n f o r m a 

t i o n i n v o l v i n g t w o c o p p e r s and t w o o x i m e ( N - 0 ) g r o u p s . T h e t w o b a s a l 
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T a b l e 7 . S e l e c t e d I n t e r a t o m i c D i s t a n c e s and A n g l e s 

f o r C u ( L 2 p y r ) ( C 1 0 , ) - C r L C N 

D i s t a n c e s i n A 

C u - C u 3 . 6 9 3 ( 2 ) C12-N4 1 . 1 3 2 ( 5 ) 
C u - 0 1 . 9 2 8 ( 2 ) C 1 - C 2 1 . 5 0 9 ( 5 ) 
C n - N l 2 . 0 1 4 ( 3 ) C 2 - C 3 1 . 4 8 9 ( 5 ) 
C u - N 2 1 . 9 8 6 ( 3 ) C 3 - C 4 1 . 5 0 5 ( 5 ) 
C u - N 3 2 . 0 7 5 ( 3 ) C5 -C6 1 . 5 2 5 ( 6 ) 
C u - N 4 2 . 3 2 2 ( 4 ) C 6 - C 7 1 . 4 8 0 ( 6 ) 
N l - 0 ' 1 . 3 2 9 ( 4 ) C 7 - C 8 1 . 3 9 3 ( 5 ) 
C2-N1 1 . 2 9 2 ( 4 ) C 8 - C 9 1 . 3 6 5 ( 7 ) 
C3 -N2 1 . 2 6 8 ( 5 ) C 9 - C 1 0 1 . 3 8 7 ( 7 ) 
C7 -N3 1 . 3 5 2 ( 5 ) C10-C11 1 . 3 8 7 ( 6 ) 
C11-N3 1 . 3 3 0 ( 5 ) C12-C13 1 . 4 6 6 ( 6 ) 

C£ -02 1.35 ( 1 ) C£-06 1.45 ( 1 ) 
C£ -03 1.28 ( 1 ) C£ -07 1.38 ( 1 ) 
C£-04 1.40 ( 1 ) C £ - 0 8 1.33 ( 1 ) 
C£ -05 1.48 ( 1 ) C £ - 0 9 1.21 ( 1 ) 

C 5 - H 5 A .96 ( 5 ) C 9 - H 9 .97 ( 4 ) 
C5-H5B 1.00 ( 4 ) C10-H10 1.06 ( 4 ) 
C 6 - H 6 A .98 ( 5 ) C l l - H l l . 93 ( 5 ) 
C6 -H6B .91 ( 5 ) C 4 - H 4 A .97 ( 5 ) 
C 8 - H 8 .90 ( 5 ) C 4 - H 4 B .73 ( 5 ) 

A n g l e s i n D e g r e e s 

0 1 - C u - N l 9 5 . 0 ( 1 ) C 3 - N 2 - C U 1 1 4 . 2 ( 2 ) 
N 1 - C U - N 2 8 0 . 2 ( 1 ) C 3 - N 2 - C 5 1 2 0 . 9 ( 3 ) 
N 2 - C U - N 3 9 1 . 0 ( 1 ) C 5 - N 2 - C U 1 2 4 . 7 ( 2 ) 
N 3 - C U - 0 1 8 8 . 5 ( 1 ) N 2 - C 5 - C 6 1 1 0 . 3 ( 3 ) 
N 4 - C U - 0 1 9 4 . 9 ( 1 ) C 5 - C 6 - C 7 1 1 4 . 6 ( 4 ) 
N 4 - C U - N 1 1 0 6 . 7 ( 1 ) C 6 - C 7 - C 8 1 2 0 . 5 ( 4 ) 
N 4 - C U - N 2 1 0 0 . 5 ( 1 ) C 6 - C 7 - N 3 1 1 9 . 7 ( 3 ) 
N 4 - C U - N 3 9 3 . 6 ( 1 ) N 3 - C 7 - C 8 1 1 9 . 0 ( 4 ) 
N l ' - 0 1 - C u 1 2 0 . 3 ( 2 ) C 1 - C 8 - C 9 1 2 0 . 7 ( 4 ) 
C u - N l - O T 1 2 8 . 4 ( 2 ) C 8 - C 9 - C 1 0 1 1 9 . 3 ( 4 ) 
C U - N 1 - C 2 1 1 3 . 3 ( 2 ) C9-C10-C11 1 1 7 . 5 ( 4 ) 
O V - N 1 - C 2 1 1 6 . 7 ( 3 ) C 1 0 - C 1 1 - N 2 1 2 3 . 3 ( 4 ) 
N1 -C2-C1 1 2 3 . 0 ( 3 ) C 1 1 - N 3 - C U 1 2 0 . 3 ( 3 ) 
N 1 - C 2 - C 3 1 1 3 . 8 ( 3 ) C 1 1 - N 3 - C 7 1 1 9 . 3 ( 3 ) 
C 1 - C 2 - C 3 1 2 3 . 2 ( 3 ) C 7 - N 3 - C u 1 2 0 . 4 ( 2 ) 
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TABLE 7 (CONTINUED). SELECTED INTERATOMIC DISTANCES 
AND ANGLES FOR CU(L2PYR)(C104)-CH3CN 

ANGLES IN DEGREES 

C2-C3-C4 117.9 (3) C12-N4-CU 177.6 (3) 
C2-C3-N2 116.4 (3) C13-C12-N4 179.2 (4) N2-C3-C4 125.6 (4) 
02-CA-03 122.0 (9) 06-CA-07 118.5 (8) 
02-U-04 115.6 (7) 06-a-08 97.7 (10) 02-CA-05 93.6 (7) 06-CA-09 104.7 (17) 03-CA-04 107.2 [ 9 ) 07-CA-08 121.6 (18) 03-C&-05 122.7 [15) 07-CA-09 103.0 (12) 04-M-05 92.0 [7) 08-CA-09 108.3 (19) 
H5A-C5-H5B 98 [3) H8-C8-C9 123 (3) 
H5A-C5-N2 111 CO

 H9-C9-C8 119 (3) H5A-C5-N2 116 !3) H9-C9-C10 121 (3) H5B-C5-C6 113 ( [3) H10-C10-C9 120 CVI 

H5B-C5-C6 107 ( [3) H10-C10-C11 122 [ 2 ) H6A-C6-H6B 95 ( ! 3 ) H11-C11-C10 119 [ 3 ) 
H6A-C6-C5 106 ( :3) H11-C11-N3 118 < [ 3 ) 
H6B-C6-C5 105 ( : 3 ) H4A-C4-H4B 109 < [4) H6A-C6-C7 118 ( CO

 H4A-C4-C3 108 < [ 3 ) 
H6B-C6-C7 115 ( 3) H4B-C4-C3 117 ( [4) H8-C8-C7 116 ( 3) [4) 



T a b l e 8 . L e a s t S q u a r e s P l a n e s w i t h i n t h e M o l e c u l e 

C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N 

A t o m D e v i a t i o n A A t o m D e v i a t i o n A 

( a ) P l a n e i n v o l v i n g f o u r a t o m s s t r o n g l y c o o r d i n a t e d t o c o p p e r : 

E q u a t i o n : - 0 . 1 7 8 2 0 x - 0 . 9 6 6 9 0 y + 0 .18259z + 0 .66089 = 0 

01 0.041 N3 - 0 . 0 5 4 
Nl - 0 . 0 3 3 Cu 0.311 
N2 0.061 

( b ) P l a n e i n v o l v i n g t h e s i x a t o m i m i n o o x i m o b u t a n e f r a g m e n t o f 
( L 2 p y r ) : 

E q u a t i o n : 0 . 32505x + 0 . 9 2 3 7 9 y + 0 . 2 0 2 3 7 z - 1 .74549 = 0 

Nl - 0 . 0 6 5 C3 0 .003 
N2 0 .069 C4 - 0 . 0 6 0 
C I 0 .057 Cu 0 .255 
C2 - 0 . 0 1 5 

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

b A l l a t o m s w e i g h t e d a t u n i t y . 
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c o o r d i n a t i o n p l a n e s a r e t w i s t e d 32 d e g r e e s t o f o r m t h e t w i s t e d b o a t 

c o n f o r m a t i o n . T h e C u - 0 1 ( 1 . 9 2 8 ( 2 ) A ) and C u - N l ( 2 . 0 1 4 ( 3 ) A ) d i s t a n c e s a r e 

n o t as s h o r t as i n t h e p l a n a r r i n g o f C u ( L 2 a £ ) ( C I 0 ^ ) • H ^ O , b u t n o n e t h e l e s s 

i n d i c a t e s t r o n g l y c o o r d i n a t e d b r i d g i n g o x i m e g r o u p s . T h e C u - 0 1 - N l ' a n g l e , 

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

i s 1 2 0 . 3 ( 2 ) ° ; and t h e C u - N l - O T a n g l e i s 1 2 8 . 4 ( 2 ) ° . T h e s e a n g l e s i n d i -

2 
c a t e e s s e n t i a l l y s p h y b r i d i z a t i o n f o r t h e o x i m e a t o m s . 

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

a t o m a t a d i s t a n c e o f 2 . 3 2 2 ( 4 ) A , s h o w s f a i r l y s t r o n g a x i a l c o o r d i n a t i o n ; 

t h e N 4 - C u - b a s a l a n g l e s r a n g e f r o m 9 3 . 6 ( 1 ) t o 1 0 6 . 7 ( 1 ) ° . 

T h e s i x a t o m 2 - i m i n o - 3 - o x i m o b u t a n e f r a g m e n t o f ( L 2 p y r ) a d o p t s a 

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

l e a s t s q u a r e s p l a n e b e i n g 0 .07 A f o r N l . T h e C 2 - C 3 d i s t a n c e o f 1 . 4 8 9 ( 5 ) A 

and t h e C2-N1 and C 3 - N 2 d i s t a n c e s o f 1 . 2 9 2 ( 4 ) and 1 . 2 6 8 ( 5 ) A , r e s p e c t i v e l y , 

a g r e e w e l l w i t h 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 d i m e t h y l g l y o x i m e s t r u c t u r e s ^ 

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

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

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

o f o x y g e n p o s i t i o n s , e a c h w i t h m u l t i p l i e r s o f 0 . 5 . No u n u s u a l i n t e r - o r 

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

C u ( L 2 a m ) ( C 1 0 4 ) 

A d a r k g r e e n c r y s t a l w i t h a p p r o x i m a t e d i m e n s i o n s 0 .2 x 0 . 3 x 0 .7 mm. 

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

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

U n i t c e l l p a r a m e t e r s a n d t h e o r i e n t a t i o n m a t r i x w e r e d e t e r m i n e d on 

a S y n t e x P2 f o u r c i r c l e d i f f r a c t o m e t e r e q u i p p e d w i t h a g r a p h i t e 
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m o n o c h r o m a t o r ( B r a g g 29 a n g l e = 1 2 . 2 ° ) u s i n g MoK^ r a d i a t i o n a t a t a k e o f f 

a n g l e o f 6 . 5 ° . F i f t e e n r e f l e c t i o n s w h o s e 20 v a l u e s r a n g e d f r o m 3 .51° t o 

21 .89° w e r e m a c h i n e - c e n t e r e d a n d u s e d i n 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 

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

w e r e a = 1 1 . 5 7 6 ( 2 ) A , b = 1 0 . 2 3 8 ( 2 ) A , c = 1 2 . 8 3 8 ( 3 ) A , a = 1 2 3 . 2 6 ( 2 ) ° , 

3 = 9 8 . 8 4 ( 1 ) ° , y = 1 2 6 . 3 1 ( 1 ) ° , and V = 1 1 0 9 . 0 ( 4 ) A 3 . T h e c a l c u l a t e d d e n s i t y 
_3 

o f 1.80 g cm f o r 4 f o r m u l a u n i t s p e r u n i t c e l l a g r e e s w i t h t h e e x p e r i -
_3 

m e n t a l d e n s i t y o f 1.82 g cm m e a s u r e d b y t h e f l o t a t i o n m e t h o d u s i n g a 

m i x t u r e o f c a r b o n t e t r a c h l o r i d e and 1 , 2 - d i b r o m o - l , 1 - d i c h l o r o e t h a n e . Omega 

s c a n s o f s e v e r a l l o w 20 a n g l e r e f l e c t i o n s g a v e peak w i d t h s a t h a l f - h e i g h t 

o f l e s s t h a n . 2 7 ° , i n d i c a t i n g a s a t i s f a c t o r y m o s a i c s p r e a d f o r t h e c r y s t a l . 

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

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

m e n t o f t h e s t r u c t u r e has c o n f i r m e d t h i s c h o i c e . 

I n t e n s i t y d a t a w e r e c o l l e c t e d u s i n g 0-20 s c a n s w i t h x - r a y s o u r c e 

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

t h e u n i t c e l l p a r a m e t e r s . A v a r i a b l e s c a n r a t e o f f r o m 29 .30° t o 7 .32° 

m i n " 1 was u s e d and a s c a n w i d t h o f 2 ,32° was s u f f i c i e n t t o c o l l e c t a l l o f 

t h e p e a k i n t e n s i t y . 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 w e r e m e a s u r e d a t t h e 

b e g i n n i n g ( b g d l ) and a t t h e e n d ( b g d 2 ) o f e a c h s c a n w i t h a t o t a l b a c k g r o u n d 

t o s c a n t i m e r a t i o , T R , o f 1. No s i g n i f i c a n t f l u c t u a t i o n s w e r e o b s e r v e d 

i n t h e i n t e n s i t i e s o f o n e s t a n d a r d r e f l e c t i o n ( - 2 , 0 , 3 ) m o n i t o r e d e v e r y 

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

( C T ) a n d b a c k g r o u n d c o u n t s b y t h e r e l a t i o n s h i p : 

I = C T - ( T R ) ( b d g l + b g d 2 ) . 
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T h e i n t e n s i t i e s w e r e a s s i g n e d s t a n d a r d d e v i a t i o n s a c c o r d i n g t o t h e f o r m u l a 

o ( I ) = [ C T + ( T R ) 2 ( b g d l + b g d 2 ) ] ^ 

f r o m a t o t a l o f 4140 r e f l e c t i o n s c o l l e c t e d i n a c o m p l e t e h e m i s p h e r e 

( ± h , ± k , + Z ) o f d a t a o u t t o 26 = 5 0 ° ; 3387 w e r e a c c e p t e d as s t a t i s t i c a l l y 

a b o v e b a c k g r o u n d o n t h e b a s i s t h a t I was g r e a t e r t h a n 2 a ( I ) L o r e n t z and 

p o l a r i z a t i o n c o r r e c t i o n s w e r e made i n t h e u s u a l w a y . 

T h e 14 c r y s t a l f a c e s w e r e i d e n t i f i e d b y o p t i c a l means as t h e 

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

t o t h e f a c e s a r e g i v e n i n p a r e n t h e s e s ) : { 0 1 0 } ( . 1 8 5 ) , { 0 0 1 } ( . 2 5 5 ) , 

{ T i l } ( . 3 7 9 ) , { T 0 1 } ( . 4 0 4 ) , {TlT} ( . 5 3 5 ) , { 1 0 0 } ( . 5 7 4 ) , { 2 1 0 } ( . 6 6 3 ) . 

A b s o r p t i o n c o r r e c t i o n s w e r e c a l c u l a t e d b y t h e G u a s s i a n q u a d r a t u r e m e t h o d s ; 

2 

c o r r e c t i o n s t o F r a n g e d f r o m 1.44 t o 1 . 8 0 . 

T w o i n d e p e n d e n t c o p p e r a t o m s a n d t w o i n d e p e n d e n t c h l o r i n e a toms 

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

R = 0 . 3 4 . L o c a t i o n o f a l l 32 n o n - h y d r o g e n a t o m s f r o m e l e c t r o n d e n s i t y maps 

r e f i n e d t o R = 0 . 1 2 . A n i s o t r o p i c r e f i n e m e n t o f a l l n o n - h y d r o g e n a t o m s and 

i s o t r o p i c r e f i n e m e n t o f a l l h y d r o g e n a t o m s g a v e t h e f i n a l v a l u e s o f R=0 .038 
and R = 0 . 0 4 0 . w 

T h e g r e a t e s t s h i f t i n t h e f i n a l r e f i n e m e n t was 3 . 2 s t a n d a r d d e v i a 

t i o n s f o r o n e o f t h e p o s i t i o n p a r a m e t e r s o f one o f t h e h y d r o g e n a t o m s o f 

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

o f t h e p e r c h l o r a t e g r o u p s . 

F i n a l a t o m i c p o s i t i o n s and t h e r m a l p a r a m e t e r s a p p e a r i n T a b l e 9 , 

s e l e c t e d i n t e r a t o m i c d i s t a n c e s a n d a n g l e s a r e i n T a b l e 1 0 , and l e a s t 

s q u a r e s p l a n e s w i t h i n t h e m o l e c u l e a r e i n T a b l e 1 1 . A n i l l u s t r a t i o n o f 



T a b l e 9 . F i n a l A t o m i c P o s i t i o n a l a n d T h e r m a l P a r a m e t e r s f o r C u ( L 2 a m ) ( C I O , ) 

U n i t A 

A t o m X z 8 o r 3 11 8 2 2 B 3 3 B 1 2 6 1 3 3 2 3 

C u . 3 1 3 1 6 ( 5 ) . 0 2 9 9 3 ( 6 ) . 1 8 0 4 6 ( 3 ) . 0 1 0 9 4 ( 7 ) . 0 1 2 0 9 ( 8 ) . 0 0 4 1 7 ( 3 ) . 0 0 7 3 6 ( 7 ) . 0 0 0 2 8 ( 4 ) . 0 0 1 5 8 ( 4 ) 
C£ . 2 0 6 4 ( 2 ) - . 0 9 3 4 ( 1 ) . 4 2 3 ( 1 ) . 0 2 2 7 ( 2 ) . 0 1 7 4 ( 2 ) . 0 0 5 5 ( 1 ) . 0 1 4 3 ( 2 ) .0041 ( 1 ) . 0 0 4 6 ( 1 ) 
01 . 1 6 2 6 ( 3 ) . 1 6 2 0 ( 3 ) . 0 9 1 5 ( 2 ) . 0 1 0 4 ( 4 ) . 0 1 4 2 ( 5 ) . 0 0 4 3 ( 2 ) .0081 ( 4 ) . 0 0 1 4 ( 2 ) . 0 0 2 5 ( 2 ) 
N l . 2 7 7 8 ( 3 ) . 1 9 6 8 ( 4 ) . 1 7 1 5 ( 2 ) . 0 0 9 3 ( 4 ) . 0 1 2 4 ( 5 ) . 0 0 4 2 ( 2 ) . 0 0 6 4 ( 4 ) . 0 0 2 0 ( 2 ) . 0 0 2 8 ( 3 ) 
N2 . 4 9 3 8 ( 4 ) . 2 4 5 4 ( 4 ) . 3 1 0 5 ( 2 ) . 0 1 1 6 ( 5 ) . 0 1 5 0 ( 6 ) . 0 0 4 3 ( 2 ) . 0 0 7 5 ( 5 ) . 0001 ( 3 ) . 0 0 1 9 ( 3 ) 
N3 . 4 1 3 5 ( 5 ) - . 0 6 8 3 ( 5 ) . 2 2 0 3 ( 3 ) . 0 1 6 8 ( 6 ) . 0 1 9 7 ( 7 ) . 0 0 5 9 ( 3 ) . 0 1 3 3 ( 6 ) . 0 0 2 2 ( 3 ) . 0 0 3 4 ( 4 ) 
C I . 3 7 8 2 ( 6 ) . 5 0 0 2 ( 6 ) .2561 ( 4 ) . 0 1 4 8 ( 7 ) . 0 1 3 8 ( 8 ) . 0 0 6 4 ( 3 ) . 0 0 8 6 [ 6 ) . 0 0 1 4 ( 4 ) . 0 0 1 7 ( 4 ) 
C2 . 3 8 0 0 ( 4 ) . 3 5 5 4 ( 5 ) . 2 5 0 9 ( 3 ) . 0 1 0 3 ( 5 ) . 0 1 2 5 ( 7 ) . 0041 ( 2 ) . 0 0 6 8 ( 5 ) . 0 0 2 2 ( 3 ) . 0 0 2 4 ( 3 ) 
C3 . 5 0 7 8 ( 4 ) . 3 8 1 5 ( 5 ) . 3 2 9 8 ( 3 ) . 0 1 0 8 ( 5 ) . 0 1 3 2 ( 7 ) . 0 0 3 9 ( 2 ) .0061 ( 5 ) . 0 0 1 8 ( 3 ) . 0 0 2 5 ( 3 ) 
C4 .6431 ( 6 ) . 5 5 0 7 ( 6 ) . 4 2 0 7 (4) . 0 1 3 8 ( 7 ) . 0 1 4 7 ( 8 ) . 0 0 7 5 ( 4 ) . 0 0 6 7 ( 6 ) - . 0 0 1 2 ( 4 ) . 0 0 0 6 ( 4 ) 
C5 . 6 0 3 6 ( 6 ) . 2 3 1 9 ( 7 ) . 3 6 8 7 ( 4 ) . 0 1 4 7 ( 7 ) . 0 2 1 1 ( 0 ) . 0 0 6 2 ( 3 ) . 0 1 1 2 ( 8 ) - . 0 0 0 8 ( 4 ) . 0 0 2 4 ( 5 ) 
C6 . 5 7 8 8 ( 6 ) . 0 8 0 7 ( 7 ) . 2 8 2 9 ( 4 ) . 0 1 5 6 ( 7 ) .0269C 1 ) 

( 1 ) 

. 0 0 7 6 4 ) . 0 1 5 5 ( 8 ) . 0 0 1 4 ( 4 ) . 0 0 5 3 ( 5 ) 
02 . 1 7 6 8 ( 5 ) - . 0 6 4 3 ( 6 ) . 3 2 2 3 ( 3 ) . 0 2 6 ( 1 ) . 0 4 5 

1 ) 
( 1 ) . 0 1 2 ( 1 ) . 0 2 7 ( 1 ) .011 ( 1 ) . 0 1 9 ( 1 ) 

0 3 . 2 8 6 6 ( 5 ) - . 1 5 8 5 ( 5 ) . 4 1 1 7 ( 3 ) . 0 2 6 ( 1 ) . 0 3 0 ( 1 ) .011 ( 1 ) .021 ( 1 ) . 0 0 6 ( 1 ) . 0 1 0 ( 1 ) 
04 . 0 6 1 6 ( 5 ) - . 2 2 5 8 ( 6 ) . 4 2 9 8 ( 4 ) .031 ( 1 ) . 0 3 3 ( 1 ) 

( 1 ) 
. 0 1 3 ( 1 ) .021 ( 1 ) . 0 1 3 ( 1 ) . 0 1 3 ( 1 ) 

05 . 2 9 6 0 ( 8 ) . 0 6 3 9 ( 6 ) .5231 ( 4 ) .051 ( 1 ) . 0 2 5 
( 1 ) 
( 1 ) . 0 1 3 ( 1 ) . 0 2 3 ( 1 ) . 0 0 4 ( 1 ) - . 0 0 1 ( 1 ) 

H1C1 .3571 ( 6 ) . 5 2 3 ( 7 ) . 3 1 7 ( 4 ) 5 . 0 
H2C1 . 4 6 2 ( 6 ) . 6 0 4 ( 7 ) . 2 8 6 ( 4 ) 5 . 0 
H3C1 . 3 0 5 ( 6 ) . 4 5 8 ( 7 ) . 1 9 5 ( 5 ) 5 . 0 
H1C4 . 6 7 9 ( 6 ) . 5 3 7 ( 7 ) . 4 8 6 ( 4 ) 5 . 0 
H2C4 . 6 2 7 ( 6 ) . 6 2 9 7) . 4 3 0 ( 4 ) 5 . 0 
H3C4 . 7 2 8 ( 6 ) . 5 8 8 ( 7 ) . 4 1 2 ( 4 ) 5 . 0 
H1C5 . 7 0 8 ( 6 ) . 3 4 2 ( 7 ) . 3 9 8 ( 4 ) 5 . 0 
H2C5 .581 ( 6 ) . 2 1 6 ( 7 ) . 4 3 4 ( 4 ) 5 . 0 
H1C6 . 6 3 3 ( 6 ) . 0 4 3 ( 7 ) . 3 0 8 ( 4 ) 5 . 0 
H2C6 . 6 1 4 ( 6 ) . 1 0 0 ( 7 ) . 2 2 5 ( 4 ) 5 . 0 
H1N3 . 3 6 8 ( 6 ) - . 1 2 9 (7) . 2 6 0 ( 4 ) 5 . 0 
H2N3 . 3 8 9 ( 6 ) - . 1 4 9 ( 7 ) . 1 6 3 ( 4 ) 5 . 0 



T a b l e 9 ( C o n t i n u e d ) . F i n a l A t o m i c P o s i t i o n a l a n d T h e r m a l P a r a m e t e r s f o r C u ( L 2 a m ) ( C I O , ) 

U n i t B 

A t o m X y z 6 o r 3n 6 2 2 6 3 3 6 1 2 B 1 3 B 2 3 

Cu . 1 2 0 0 5 ( 5 ) 0 2 8 2 2 ( 5 ) 0 6 3 8 4 ( 3 ) 01095 ( 7 ) . 01131 ( 8 ) . 0 0 3 9 5 ( 3 ) . 0 0 7 i 5 ( 6 ) . 0 0 2 3 3 ( 3 ) . 0 0 2 9 6 ( 4 ) 
CA - . 4 6 1 6 8 ( 1 2 ) 3 0 7 5 3 ( 1 3 ) 0 3 1 6 0 ( 9 ) 0 1 3 2 ( 2 ) . 0 1 3 6 ( 2 ) . 0 0 8 7 ( 1 ) . 0 0 7 5 ( 1 ) . 0 0 5 4 ( 1 ) . 0 0 4 8 ( 1 ) 
01 . 1 3 3 8 ( 3 ) - 1842 ( 3 ) 0 5 7 2 ( 2 ) 0 1 3 8 ( 4 ) . 0 1 2 3 ( 5 ) . 0 0 4 0 ( 2 ) . 0 0 7 3 ( 4 ) . 0 0 0 3 ( 2 ) . 0 0 2 5 ( 2 ) 
N l . 1 1 0 0 ( 3 ) - 1649 ( 4 ) - 0 4 2 2 ( 2 ) 0094 ( 4 ) . 0 1 0 6 ( 5 ) . 0041 (2) . 0 0 5 7 ( 4 ) . 0 0 1 2 ( 2 ) . 0 0 2 6 ( 3 ) 
N2 . 0 5 8 3 ( 4 ) - 1162 W) - 2 2 2 5 ( 2 ) 0 1 2 2 ( 5 ) . 0 1 4 3 ( 6 ) . 0 0 4 3 ( 2 ) . 0 0 8 6 ( 5 ) . 0 0 3 0 ( 3 ) . 0 0 3 7 ( 3 ) 
N3 .1281 ( 4 ) 1925 ( 4 ) - 1305 ( 3 ) 0135 ( 5 ) . 0 1 2 6 ( 6 ) . 0061 ( 2 ) . 0 0 7 7 ( 5 ) . 0 0 3 5 ( 3 ) . 0 0 4 5 ( 3 ) 
C I . 0 1 9 9 ( 7 ) - 4 6 1 2 ( 6 ) - 1401 ( 4 ) 0 2 3 2 | 9 ) . 0 1 3 2 ( 8 ) . 0061 ( 3 ) . 0 1 1 7 ( 7 ) .0001 ( 4 ) . 0 0 1 9 ( 4 ) 
C 2 . 0 5 6 8 ( 4 ) - 2943 ( 5 ) - 1364 ( 3 ) 0 0 8 7 5 ) . 0 1 1 0 ( 6 ) . 0 0 4 6 ( 2 ) . 0 0 5 3 ( 5 ) . 0 0 1 5 ( 3 ) . 0 0 2 5 ( 3 ) 
C 3 . 0 3 3 9 ( 4 ) - 2 5 9 5 ( 5 ) - 2407 ( 3 ) 0086 ( 5 ) . 0 1 2 0 ( 6 ) . 0 0 4 5 ( 2 ) . 0 0 5 7 ( 5 ) . 0 0 1 7 ( 3 ) . 0 0 2 2 . ( 3 ) 
C 4 - . 0 1 6 3 ( 6 ) - 3 9 0 9 ( 6 ) - 3 5 5 9 ( 3 ) 0206 ( 8 ) . 0 1 6 0 ( 8 ) . 0 0 4 5 3 ) . 0111 ( 7 ) . 0 0 3 0 ( 4 ) . 0 0 2 3 ( 4 ) 
C5 . 0 4 0 5 ( 6 ) - 0481 ( 6 ) - 3068 ( 3 ) ' 0 1 8 5 ( 7 ) . 0 2 0 3 ( 9 ) ' . 0 0 4 7 ( 3 ) . 0 1 3 6 ( 7 ) . 0 0 4 5 ( 4 ) . 0 0 5 8 ( 4 ) 
C6 . 1 4 5 7 ( 6 ) 1505 ( 6 ) - 2424 ( 4 ) 0 1 5 9 ( 7 ) . 0 1 7 6 ( 8 ) . 0 0 6 5 ( 3 ) . 0 0 9 9 ( 7 ) . 0 0 4 5 ( 4 ) . 0 0 6 5 ( 4 ) 
02 - . 3 5 3 1 ( 4 ) 3669 ( 5 ) - 0317 ( 3 ) 020 ( 1 ) . 0 2 8 ( 1 ) . 0 1 0 ( 1 ) . 0 1 5 ( 1 ) . 0 0 9 ( 1 ) . 0 0 7 ( 1 ) 
0 3 - . 3 9 5 5 ( 9 ) 4 4 3 0 ( 6 ) 1275 ( 6 ) . 0 6 4 ( 2 ) . 0 1 9 ( 1 ) . 0 2 6 ( 1 ) . 0 0 5 ( 1 ) . 0 3 4 ( 1 ) . 0 0 2 ( 1 ) 
0 4 - . 4 8 5 7 ( 2 ) 1691 ( 1 ) 0 5 3 5 ( 7 ) 094 ( 3 ) . 0 6 3 ( 2 ) . 0 3 3 ( 1 ) . 0 6 6 ( 3 ) . 0 4 0 ( 2 ) . 0 3 6 ( 1 ) 
0 5 - . 5 9 1 5 ( 7 ) 2442 ( 6 ) - 0 3 2 6 ( 8 ) 019 ( 1 ) . 1 2 6 ( 5 ) . 0 3 9 ( 1 ) .031 ( 2 ) . 0 1 5 ( 1 ) . 0 4 8 ( 2 ) 
H1C1 . 0 5 8 ( 6 ) - 511 ( 7 ) - 201 ( 4 ) 5 0 

( 5 ) 

H2C1 - . 0 7 2 ( 6 ) - 551 ( 7 ) - 173 ( 4 ) 5 0 
H3C1 . 0 7 7 ( 6 ) - 438 ( 7 ) - 076 ( 4 ) 5 0 
H 1 C 4 - . 1 5 5 ( 6 ) - 513 ( 7 ) - 373 ( 4 ) 5 . 0 
H2C4 - . 0 2 2 . ( 6 ) - 368 ( 7 ) - 4 0 9 ( 4 ) 5 0 
H3C4 . 0 4 2 ( 6 ) - 434 ( 7 ) - 356 ( 4 ) 5 0 
H 1 C 5 . 0 7 2 ( 5 ) - 078 ( 7 ) - 366 ( 4 ) 5 . 0 
H2C5 - . 0 7 2 ( 6 ) - 103 ( 7 ) - 336 ( 4 ) 5 0 
H1C6 . 1 1 5 ( 6 ) 203 ( 7 ) - 282 ( 4 ) 5 . 0 
H2C6 . 2 4 8 ( 6 ) . 2 0 0 ( 7 ) - 224 ( 4 ) 5 . 0 
H1N3 . 0 4 6 ( 6 ) 185 ( 7 ) - 138 ( 4 ) 5 . 0 
H 2 N 3 . 2 1 4 ( 6 ) . 3 1 4 ( 7 ) - 077 ( 4 ) 5 . 0 



T a b l e 10. S e l e c t e d I n t e r a t o m i c D i s t a n c e s and A n g l e s 

i n C u ( L 2 a m ) ( C 1 0 4 ) 

D i s t a n c e s i n A 
U n i t A U n i t B 

1 . 9 0 5 ( 3 ) C u - 0 1 ' 1 . 9 3 5 ( 3 
2 . 0 0 1 ( 3 ) C u - N l 1 . 9 9 7 ( 3 
1 . 9 5 0 ( 3 ) C u - N 2 1 . 9 4 0 ( 3 
2 . 0 1 5 ( 3 ) C u - N 3 2 . 0 1 7 ( 3 
1 . 3 4 5 ( 4 ) 01 - N l 1 . 3 4 7 ( 4 
1 . 2 9 2 ( 5 ) C2^N1 1 . 2 9 1 ( 5 
1 . 2 6 1 ( 5 ) C3 -N2 1 .271 (5 
1 . 4 7 0 ( 5 ) C5 -N2 1 . 4 6 7 ( 5 
1 . 4 6 3 ( 6 ) C6 -N3 1 . 4 8 4 ( 5 
1 . 4 8 1 ( 6 ) C 1 - C 2 1 .482 (6 
1 . 4 9 4 ( 5 ) C 2 - C 3 1 . 4 8 7 ( 5 
1 . 4 9 5 ( 6 ) C 3 - C 4 1 . 4 9 4 ( 5 
1 . 5 1 2 ( 7 ) C 5 - C 6 1 . 5 1 3 ( 6 
1 . 4 2 2 ( 3 ) CJ l -02 1 . 4 3 0 ( 3 
1 . 3 2 8 ( 5 ) C £ - 0 3 1 . 4 3 4 ( 4 
1 . 3 4 1 ( 6 ) C£ -04 1 . 4 3 5 ( 4 
1 . 3 5 0 ( 6 ) C&-05 1 . 4 0 7 ( 5 

.88 ( 5 ) C1 -HC1A 1.12 (5 

. 8 4 ( 5 ) C1-HC1B .82 ( 5 

. 8 5 ( 5 ) C1 -HC1C .85 (5 
1 . 0 2 ( 5 ) C4 -HC4A 1.00 (5 

. 8 2 ( 5 ) C4 -HCHB 1.01 (5 

. 8 8 ( 5 ) C4-HCHC .78 (5 

. 9 6 ( 5 ) C5 -HC5A .96 (5 

. 9 3 ( 5 ) C5-HC5B 1.01 (5 

. 9 6 ( 5 ) C 6 - H C 6 A 1.00 (5 

. 9 1 ( 5 ) C6 -HC6B .93 (5 

. 8 6 ( 5 ) N3-HN3A .90 (5 

. 8 2 ( 5 ) N3-HN3B .97 (5 

C u A - C u B 3 . 5 5 0 ( 2 ) 
C u B - C u B I 3 . 2 6 8 ( 2 ) 
C u A - 0 2 A 2 . 5 7 4 ( 4 ) 
C u B - 0 1 ' I 2 . 5 3 0 ( 4 ) 

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

^ r e l a t e d b y t h e i n v e r s i o n c e n t e r o f t h e t e t r a m e r . 
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Table 10 (Continued). Selected Interatomic Distances 

and Angles in Cu(L2am)(CIO,) 

Unit A 
Angles in Degrees 

Unit B 

7 9 . 9 ( 1 ) Nl-Cu-N2 8 0 . 1 ( 1 ) 
8 3 . 3 ( 2 ) N2-Cu-N3 8 4 . 0 ( 1 ) 
9 6 . 1 ( 2 ) N 3 - C u - 0 T 9 5 . 6 ( 1 ) 

1 0 0 . 9 ( 1 ) Nl-Cu-01' 1 0 0 . 6 ( 1 ) 
1 2 7 . 1 ( 2 ) Cu-Nl-01 1 2 7 . 2 ( 2 ) 
1 1 2 . 9 ( 2 ) Cu -01 1 -Nl ' 1 1 3 . 4 ( 2 ) 
1 1 7 . 8 ( 3 ) 0 1 - N 1 - C 2 1 1 7 . 4 ( 3 ) 
1 1 2 . 9 ( 3 ) N1 -C2 -C1 1 1 2 . 9 ( 3 ) 
1 2 3 . 3 ( 3 ) N 1 - C 2 - C 3 1 2 3 . 5 ( 3 ) 
1 2 3 . 6 ( 3 ) C 1 - C 2 - C 3 1 2 3 . 6 ( 3 ) 
1 2 0 . 3 ( 4 ) C 2 - C 3 - C 4 1 1 9 . 5 ( 3 ) 
1 1 5 . 2 ( 3 ) C 2 - C 3 - N 2 1 1 5 . 2 ( 3 ) 
1 2 4 . 4 ( 4 ) C 4 - C 3 - N 2 1 2 5 . 3 ( 3 ) 
1 2 7 . 8 ( 3 ) C 3 - N 2 - C 5 1 2 8 . 3 ( 3 ) 
1 0 6 . 9 ( 3 ) N 2 - C 5 - C 6 1 0 6 . 2 ( 3 ) 
1 0 9 . 9 ( 4 ) C 5 - C 6 - N 3 1 0 9 . 7 ( 3 ) 
1 1 5 . 1 ( 2 ) C2-Nl-Cu 1 1 4 . 8 ( 2 ) 
1 1 6 . 8 ( 3 ) C3-N2-Cu 1 1 6 . 5 ( 2 ) 
1 1 5 . 2 ( 3 ) C 5 - N 2 - C U 1 1 5 . 2 ( 3 ) 
1 0 7 . 8 ( 3 ) C6-N3-Cu 1 0 6 . 7 ( 3 ) 

NT-OTCuI 8 8 . 8 ( 1 ) 
0 1 ' - C u - 0 1 ' I 8 6 . 9 ( 1 ) 
Nl-Cu-01 ' I 8 7 . 0 ( 1 ) 
N2 -Cu -01 1 1 8 8 . 2 ( 1 ) 
N3 -Cu -01 ' I 9 6 . 5 ( 1 ) 

1 1 8 . 8 ( 1 ) OT-Cu-02 
9 5 . 6 ( 1 ) Nl-Cu-02 
8 8 . 5 ( 2 ) N2-Cu-02 
8 8 . 6 ( 1 ) N3-Cu-02 

1 0 8 . 1 ( 2 ) 0 2 - C x > 0 3 1 0 9 . 6 ( 3 ) 
1 0 8 . 7 ( 2 ) 0 2 - C J U 0 4 1 1 6 . 2 ( 4 ) 
1 1 1 . 3 ( 3 ) 0 2 - C A - 0 5 1 0 8 . 7 ( 4 ) 
1 0 8 . 8 ( 3 ) 0 3 - C * - 0 4 1 0 8 . 0 ( 7 ) 
1 0 9 . 8 ( 3 ) 0 3 - C ^ - 0 5 1 1 1 . 4 ( 5 ) 
1 1 0 . 1 ( 3 ) 0 4 - C ^ - 0 5 1 0 2 . 5 ( 6 ) 

Indicates atoms in the adjacent unit of the asymmetric dimer. 

^Indicates atoms related by the center of inversion in the tetramer. 



T a b l e 10 ( C o n c l u d e d ) . S e l e c t e d I n t e r a t o m i c D i s t a n c e s 

and A n g l e s i n C u ( L 2 a m ) ( C 1 0 A ) 

A n g l e s i n D e g r e e s 
U n i t A U n i t B 

8 8 ( 4 ) H1C1-C1-H2C1 9 3 ( 4 
1 1 1 ( 5 ) H1C1-C1-H3C1 100(4 
1 2 4 ( 5 ) H 1 C 1 - C 1 - C 2 114(3 
1 0 6 ( 3 ) H2C1-C1-H3C1 124 (4 
1 1 9 ( 3 ) H 2 C 1 - C 1 - C 2 115 (4 
1 0 6 ( 3 ) H 3 C 1 - C 1 - C 2 108 (3 

9 9 ( 4 ) H1N3-N3-H2N3 104 (4 
1 1 4 ( 3 ) H 1 N 3 - N 3 - C 6 112 (3 
1 1 7 ( 3 ) H2N3-N3 -C6 112 (3 

CO
 

H 2 N 3 - N 3 - C U 114(3 
1 0 8 ( 3 ) H 1 N 3 - N 3 - C u 109 (3 
1 2 3 ( 4 ) H 1 C 4 - C 4 - H 2 C 4 109(4 

8 1 ( 4 ) H l C 4 - C 4 - H 3 C r 9 1 ( 4 
1 2 2 ( 5 ) H 1 C 4 - C 4 - C 3 112 (3 
1 0 5 ( 3 ) H 2 C 4 - C 4 - H 3 C 4 110(4 

8 7 ( 3 ) H 2 C 4 - C 4 - C 3 118 (4 
1 0 8 ( 3 ) H 3 C 4 - C 4 - C 3 113 (3 
1 0 5 ( 4 ) H 1 C 5 - C 5 - H 2 C 5 113(4 
1 1 1 ( 3 ) H 1 C 5 - C 5 - N 2 108 (3 
1 1 3 ( 3 ) H 1 C 5 - C 5 - C 6 111 (3 
1 0 4 ( 3 ) H 2 C 5 - C 5 - N 2 1 0 7 ( 3 
1 1 5 ( 3 ) H 2 C 5 - C 5 - C 6 CO

 

9 4 ( 4 ) H 1 C 6 - C 6 - H 2 C 6 116 (4 
1 1 2 ( 3 ) H 1 C 6 - C 6 - N 3 1 0 6 ( 3 
1 1 9 ( 3 ) H 1 C 6 - C 6 - C 5 112 (3 
1 0 3 ( 3 ) H 2 C 6 - C 6 - N 3 103 (3 
1 1 7 ( 3 ) H 2 C 6 - C 6 - C 5 1 1 0 ( 3 

I n d i c a t e s a t o m s i n t h e a d j a c e n t u n i t o f t h e a s y m m e t r i c 
d i m e r . 

I n d i c a t e s a toms r e l a t e d b y t h e c e n t e r o f i n v e r s i o n i n 
t h e t e t r a m e r . 
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T a b l e 11 . L e a s t S q u a r e s P l a n e s w i t h i n t h e M o l e c u l e 

[ C u ( L 2 a m ) ( C 1 0 4 ) 4 ] a ' b 

A t o m D e v i a t i o n A A t o m D e v i a t i o n A 

( a ) P l a n e i n v o l v i n g f o u r a t o m s s t r o n g l y c o o r d i n a t e d t o C u A . 
E q u a t i o n : - 0 . 6 4 0 5 5 x - 0 . 4 9 6 8 4 y + 0 . 5 8 5 5 3 z + 0 .71778 = 0 

01B 0 .312 C5A -0 .291 
N1A 0 .252 C6A - 0 . 8 9 3 
N2A - 0 . 0 3 3 CuA 0 .110 
N3A -0 .231 

( b ) P l a n e i n v o l v i n g f o u r a toms s t r o n g l y c o o r d i n a t e d t o C u B . 
E q u a t i o n : 0 .86337x + 0 . 5 0 3 3 1 y + 0 . 0 3 5 7 6 z - 1.30712 = 0 

01A -0 .071 C5B - 0 . 1 3 6 
N I B 0 .068 C6B 0.551 
N2B - 0 . 0 8 2 CuB 0.011 
N3B 0 .068 

( c ) P l a n e i n v o l v i n g s i x a t o m i m i n o - o x i m o - b u t a n e f r a g m e n t o f ( L 2 a m ) A 
E q u a t i o n : - 0 . 5 5 8 4 8 x - 0 . 4 9 9 7 8 y + 0 . 6 6 2 0 6 z + 0 .17078 = 0 

C I A 0 .003 N1A 0 .002 
C2A 0 .045 N2A 0 .006 
C3A 0 .015 CuA -0 .011 
C4A - 0 . 0 4 6 

( d ) P l a n e i n v o l v i n g s i x a t o m i m i n o o x i m o b u t a n e f r a g m e n t o f ( L 2 a m ) B 
E q u a t i o n : 0 .89649x + 0 . 4 4 2 9 6 y + 0 .00911z - 1.42991 = 0 

C1B - 0 . 0 3 9 N I B 0.011 
C2B 0 .037 N2B -0 .041 
C3B 0 .008 CuB - 0 . 0 6 9 
C4B 0 .020 

a D i r e c t i o n c o s i n e s o f t h e p l a n e r e f e r t o t h e o r t h o g o n a l a x i s s y s t e m 
a , b , c * . 

b A l l a t o m s w e i g h t e d a t u n i t y . 
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t h e t e t r a m e r i c u n i t a p p e a r s i n F i g u r e 6 . F i n a l c a l c u l a t e d and o b s e r v e d 

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

T h e f o u r f o r m u l a u n i t s o f C u ( L 2 a m ) ( C I 0 ^ ) i n t h e u n i t c e l l f o r m a 

c e n t r o s y m m e t r i c t e t r a m e r a b o u t t h e o r i g i n . T h e t e t r a m e r i c u n i t , w h i c h 

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

F i g u r e 6 . W i t h i n t h e a s y m m e t r i c d i m e r ( u n i t A and u n i t B i n F i g u r e 6 ) 

t h e t w o c o p p e r a toms h a v e s i m i l a r c o o r d i n a t i o n g e o m e t r i e s . A l i g a n d 

L2am 

i s c o o r d i n a t e d t o e a c h c o p p e r t o f o r m ( 1 ) a f i v e - m e m b e r e d c h e l a t e r i n g 

i n v o l v i n g t h e o x i m e n i t r o g e n and t h e i m i n e n i t r o g e n and ( 2 ) a f i v e -

membered c h e l a t e r i n g i n v o l v i n g t h e i m i n e n i t r o g e n and t h e a m i n e n i t r o g e n . 

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

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

d i m e r , r e s u l t i n g i n b r i d g i n g o x i m e g r o u p s ; t h e s i x - m e m b e r e d r i n g f o r m e d 

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

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

t h e n a t u r e o f t h e s e o x y g e n s i s d i f f e r e n t . I n o n e c a s e ( C u A ) t h e a x i a l 

a t o m i s an o x y g e n a t o m o f a p e r c h l o r a t e g r o u p and i n t h e o t h e r c a s e ( C u B ) 

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

a p l a n a r ( s y m m e t r y r e q u i r e d ) f o u r - m e m b e r e d C u 9 0 9 r i n g . T h e c o o r d i n a t i o n 

o f CuB i s s q u a r e p y r a m i d a l w i t h t h e c o p p e r a t o m 0.01 A a b o v e t h e l e a s t 

0-N 

CH 

L2am 

o 



F i g u r e 6 . T e t r a m e r i c M o l e c u l a r U n i t o f C u ( L 2 a m ) ( C l O ^ ) 

O m i t t i n g t h e P e r c h l o r a t e G r o u p s . 
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s q u a r e s p l a n e f o r m e d by t h e f o u r b a s a l c o o r d i n a t i n g a t o m s (max imum 
o 

d e v i a t i o n o f t h e s e f r o m t h e b e s t p l a n e was - 0 . 0 8 A f o r t h e i m i n e 

n i t r o g e n ) . F o r C u A , t h e f o u r s t r o n g l y c o o r d i n a t e d a t o m s a r e n o t s o 
o 

r i g i d l y p l a n a r and t h e c o p p e r a t o m i s 0.11 A o u t o f t h e b a s a l p l a n e 

t o w a r d t h e a x i a l o x y g e n (max imum d e v i a t i o n f r o m t h e l e a s t s q u a r e s p l a n e 
b 

i n v o l v i n g t h e f o u r b a s a l c o o r d i n a t i n g a t o m s o f CuA i s 0.31 A f o r t h e 

o x i m e o x y g e n 0 1 B ) . T h i s c o p p e r a p p e a r s t o be d i s t o r t e d s l i g h t l y t o w a r d 

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

o f 2 . 5 3 0 ( 4 ) A f o r t h e b r i d g i n g o x y g e n and 2 . 5 7 4 ( 4 ) A f o r t h e p e r c h l o r a t e 

o x y g e n i n d i c a t e weak i n t e r a c t i o n s i n t h e same r a n g e as t h e c o p p e r - o x y g e n 

( w a t e r ) a x i a l i n t e r a c t i o n i n C u ( L 2 A £ ) ( C I 0 ^ ) • H ^ O . T h e b r i d g i n g o x y g e n -

c o p p e r - b a s a l a n g l e s r a n g e f r o m 8 6 . 9 ( 1 ) t o 9 6 . 5 ( 1 ) ° and t h e p e r c h l o r a t e 

o x y g e n - c o p p e r - b a s a l a n g l e s r a n g e f r o m 8 8 . 5 ( 2 ) t o 1 1 1 . 8 ( 1 ) ° . 

T h e m o s t i n t e r e s t i n g f e a t u r e o f t h i s s t r u c t u r e i s t h e s i x - m e m b e r e d 

r i n g r e s u l t i n g f r o m t h e o x i m e b r i d g i n g a r r a n g e m e n t . U n l i k e 

C u ( L 2 p y r ) ( C l O ^ J ' C H ^ C N , t h e r e i s no s y m m e t r y i m p o s e d on t h e r i n g ; h o w e v e r , 

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

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

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

i n C u ( L 2 p y r ) ( C l O ^ ) • C H g C N , b u t o n l y t h e a n g l e s a t t h e n i t r o g e n a t o m a r e 
o 

c o m p a r a b l e f o r t h e t w o c o m p l e x e s , T a b l e 1 2 . T h e C u A - O l B ( 1 . 9 0 5 ( 3 ) A ) , 

C u B - O l A ( 1 . 9 3 5 ( 3 ) A ) , C u A - N I A ( 2 . 0 0 1 ( 3 ) A ) , and C u B - N I B ( 1 . 9 9 7 ( 3 ) A ) a r e n o t 

as s h o r t as i n t h e p l a n a r r i n g o f C u ( L 2 a £ ) ( C I 0 ^ ) ( H ^ O ) b u t , l i k e 

C u ( L 2 p y r ) ( C 1 0 ^ ) ' C H ^ C N , t h e y i n d i c a t e a s t r o n g l y c o o r d i n a t e d b r i d g i n g 

g r o u p . T h e C u A - O l B - N I B ( 1 1 2 . 9 ( 2 ) ° ) a n d C u B - O l A - N I A ( 1 1 3 . 4 ( 2 ) ° ) a n g l e s 
3 

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



T a b l e 1 2 . O x i m e B r i d g i n g R i n g A n g l e s a n d G e o m e t r y , C o p p e r - C o p p e r D i s t a n c e s , C o p p e r C o o r d i n a t i o n 

a n d R o o m a n d L o w T e m p e r a t u r e M a g n e t i c M o m e n t s o f B r i d g i n g O x i m e C o m p l e x e s 

R i n g A n g l e s C o p p e r - C o p p e r C o p p e r R i n g M a g n e t i c M o m e n t 
C o m p l e x N - C u - 0 C u O - N O - N - C u D i s t a n c e C o o r d i n a t i o n G e o m e t r y ' 2 9 8 u 9 3 u 

C u ( d m g H ) 2 9 1 . 6 ( 1 ) 1 0 2 . 5 ( 2 ) 1 2 2 . 8 ( 3 ) 3 . 8 5 1 s q . p y r c h a i r 1 . 7 9 1 . 7 6 

C u ( 4 , 4 , 9 , 9 ) B r 9 2 . 2 ( 4 ) 1 2 2 . 2 ( 7 ) 1 1 4 . 0 ( 8 ) 3 . 9 4 9 ( 4 ) t b p . b o a t 1 . 7 0 

C u ( L 2 a l ) ( C 1 0 4 ( H 2 0 ) 1 0 8 . 3 ( 2 ) 1 2 1 . 9 ( 3 ) 1 2 9 . 4 ( 3 ) 3 . 5 8 1 ( 3 ) oct*. p l a n a r 0 . 2 6 0 . 2 0 

C u ( L 2 p y r ) ( C 1 0 4 ) C H . C N ) 9 5 . 1 ( 1 ) 1 2 0 . 1 ( 2 ) 1 2 8 . 3 ( 2 . ) 3 . 6 9 3 ( 2 ) s q . p y r . t w . b o a t 0 . 6 5 0 

C u ( L 2 a m ) ( C 1 0 4 ) u n i t A 
u n i t B 

1 0 0 . 9 ( 1 ) 
1 0 0 . 6 ( 1 ) 

1 1 2 . 9 ( 2 ) 
1 1 3 . 4 ( 2 ) 

1 2 7 . 1 ( 2 ) 
1 2 7 . 2 ( 2 ) 

3 . 5 5 0 ( 2 ) 
s q . p y r . 
s q . p y r . 

t w . b o a t 1 . 3 6 0 . 3 4 

C u ( L 3 L H ) ( C 1 0 4 K C H 3 0 H - 1 4 1 . 7 ( 3 ) - 5 . 1 2 9 ( 4 ) 
* 

o c t . - 1 . 7 7 1.71 

* 
T e t r a g o n a l l y d i s t o r t e d . 
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t o t h e s e c o n d c o p p e r a t o m . T h e C u A - N l A - O l A ( 1 2 7 . 1 ( 2 ) ° ) , and 

C u B - N l B - O l B ( 1 2 7 . 2 ( 2 ) ° ) a n g l e s i n d i c a t e e s s e n t i a l l y s p 2 h y b r i d i z a t i o n . 

T h e s i x a t o m 2 - i m i n o - 3 - o x i m o - b u t a n e f r a g m e n t o f ( L 2 a m ) on e a c h 

c o p p e r a t o m a d o p t s a n e a r l y p l a n a r c o n f i g u r a t i o n ( t h e max imum d e v i a t i o n 
o 

f r o m t h e b e s t p l a n e i n U n i t A o f t h e a s y m m e t r i c d i m e r i s 0 .04 A f o r C 2 , 

and i n U n i t B , 0 .04 A f o r N 2 ) . T h e C 2 - C 3 d i s t a n c e s o f 1 . 4 9 4 ( 5 ) and 

1 . 4 8 7 ( 5 ) A , t h e C2-N1 d i s t a n c e s o f 1 . 2 9 2 ( 5 ) and 1 . 2 9 1 ( 5 ) A , and t h e 

C3-N2 d i s t a n c e s o f 1 . 2 6 1 ( 5 ) and 1 . 2 7 1 ( 5 ) A , f o r U n i t A and U n i t B 

r e s p e c t i v e l y , a g r e e w e l l w i t h 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 d i m e t h y l -

g l y o x i m e s t r u c t u r e s ^ and i n d i c a t e t h e a b s e n c e o f c y c l i c d e l o c a l i z a t i o n . 

T h e e t h y l e n e d i a m i n e p o r t i o n o f t h e l i g a n d ( L 2 a m ) a d o p t s a t w i s t 

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

I n U n i t A , C5 and C6 l i e 0 .14 A a b o v e and 0 .55 A b e l o w , r e s p e c t i v e l y , 

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

U n i t B , 5 and 6 l i e 0 . 2 9 A and 0 .89 A , r e s p e c t i v e l y , b e l o w t h e l e a s t 

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

T h e p e r c h l o r a t e a n i o n w h i c h i s n o t w e a k l y c o o r d i n a t e d t o CuA 

a p p e a r s t o be a s s o c i a t e d w i t h N3A b y h y d r o g e n b o n d i n g t o 02B. T h e 02B-N3A 

d i s t a n c e i s 3 . 0 4 1 ( 6 ) A and H1N3B - 02B i s 2 . 2 2 8 ( 5 ) A . F u r t h e r e v i d e n c e 

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

e l l i p s o i d s . T h e a v e r a g e o f t h e f i r s t and s e c o n d p r i n c i p a l a x e s o f 0 3 B , 

0 4 B , and 0 5 B , a r e 18% and 17% h i g h e r t h a n t h e same a x e s o f 0 2 B , h o w e v e r , 

t h e a v e r a g e l e n g t h o f t h e t h i r d p r i n c i p a l a x i s o f 0 3 B , 0 4 B , and 0 5 B , was 

2 .24 t i m e s t h e l e n g t h o f t h e t h i r d p r i n c i p a l a x i s o f 02B . 0 R T E P p l o t s 

show t h a t t h e 0 3 B , 0 4 B , and 05B a t o m s a p p e a r t o be v i b r a t i n g a r o u n d t h e 

C L B - 0 2 B a x i s . 
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C u ( L 3 L H ) ( C 1 0 4 ) ' * s C H 3 0 H 

A w i n e r e d c r y s t a l w i t h a p p r o x i m a t e d i m e n s i o n s 0 . 3 x 0 . 3 x 0 .6 mm. 

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

c r y s t a l d i m e n s i o n ( z a x i s ) was a p p r o x i m a t e l y p a r a l l e l t o t h e f i b e r a x i s . 

U n i t c e l l p a r a m e t e r s and t h e o r i e n t a t i o n m a t r i x w e r e d e t e r m i n e d on 

a S y n t e x P2-j f o u r c i r c l e d i f f r a c t o m e t e r e q u i p p e d w i t h a g r a p h i t e m o n o 

c h r o m a t o r ( B r a g g 29 a n g l e = 1 2 . 2 ° ) u s i n g MoK^ r a d i a t i o n a t a t a k e o f f 

a n g l e o f 6 . 5 ° . F i f t e e n r e f l e c t i o n s w h o s e 29 v a l u e s r a n g e d f r o m 25 .3 ° t o 

10 .7° w e r e m a c h i n e - c e n t e r e d a n d u s e d i n 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 

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

w e r e a = 6 . 8 9 7 ( 3 ) A , b - 1 2 . 0 2 3 ( 4 ) A , c = 2 2 . 6 4 6 ( 7 ) A , a = 1 0 0 . 8 1 ( 3 ) ° , 

3 = 9 8 . 6 9 ( 3 ) ° , y = 1 0 6 . 7 3 ( 3 ) ° , and V = 1 7 2 4 ( 1 ) A 3 . T h e c a l c u l a t e d d e n s i t y 

o f 1.61 g cm f o r 4 f o r m u l a u n i t s p e r u n i t c e l l a g r e e s w i t h t h e e x p e r i -
_3 

m e n t a l d e n s i t y o f 1.60 g cm m e a s u r e d b y t h e f l o t a t i o n m e t h o d u s i n g a 

m i x t u r e o f c a r b o n t e t r a c h l o r i d e a n d 1,2 d i b r o m o - 1 , 1 d i c h l o r o e t h a n e . 

Omega s c a n s o f s e v e r a l l o w 29 a n g l e r e f l e c t i o n s g a v e p e a k w i d t h s a t h a l f -

h e i g h t o f l e s s t h a n . 2 5 ° , i n d i c a t i n g a s a t i s f a c t o r y m o s a i c s p r e a d f o r t h e 

c r y s t a l . 

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

t r i c l i n i c s y s t e m . S p a c e g r o u p PI was a s s u m e d and t h e s u c c e s s f u l r e f i n e 

men t o f t h e s t r u c t u r e has c o n f i r m e d t h i s c h o i c e . 

I n t e n s i t y d a t a w e r e c o l l e c t e d u s i n g 9-29 s c a n s w i t h x - r a y s o u r c e 

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

t h e u n i t c e l l p a r a m e t e r s . A v a r i a b l e s c a n r a t e o f f r o m 5 .0° t o 2 9 . 3 ° m i n 

was u s e d and a s c a n w i d t h o f 2° was s u f f i c i e n t t o c o l l e c t a l l o f t h e p e a k 

i n t e n s i t y . 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 w e r e m e a s u r e d a t t h e b e g i n n i n g 
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( b g d l ) and a t t h e end ( b g d 2 ) o f e a c h s c a n w i t h a t o t a l b a c k g r o u n d t o 

s c a n t i m e r a t i o , T R , o f 1. No s i g n i f i c a n t f l u c t u a t i o n s w e r e o b s e r v e d i n 

t h e i n t e n s i t i e s o f t h r e e s t a n d a r d r e f l e c t i o n s ( 0 , 3 , - 5 ; 1 , 4 , - 1 ; 2 , 2 , - 4 ) 

m o n i t o r e d e v e r y 100 r e f l e c t i o n s . I n t e n s i t i e s w e r e c a l c u l a t e d f r o m t h e 

t o t a l s c a n c o u n t ( C T ) and b a c k g r o u n d c o u n t s b y t h e r e l a t i o n s h i p : 

I = C T - ( T R ) ( b d g l + b g d 2 ) . 

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

' o t ( I ) = [ C T + ( T R ) 2 ( b g d l + b g d 2 ) + (pl)2]h 

f r o m a t o t a l o f 6291 r e f l e c t i o n s c o l l e c t e d i n a c o m p l e t e h e m i s p h e r e 

( ± h , ± k , + £ ) o f d a t a o u t t o 20 = 5 0 ° ; 4383 w e r e a c c e p t e d as s t a t i s t i 

c a l l y a b o v e b a c k g r o u n d on t h e b a s i s t h a t I was g r e a t e r t h a n 3 a ( I ) w i t h 

p = 0 . L o r e n t z a n d p o l a r i z a t i o n c o r r e c t i o n s w e r e made i n t h e u s u a l w a y . 

T h e t e n c r y s t a l f a c e s w e r e i d e n t i f i e d by o p t i c a l means as t h e 

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

t o t h e f a c e s a r e g i v e n i n p a r e n t h e s e s ) : { T T O } ( . 1 6 7 ) , { 0 1 1 } ( . 1 6 4 ) , 

( O T l ) ( . 1 8 1 ) , { 1 2 1 } ( . 1 2 7 ) , { 0 0 1 } ( . 3 2 2 ) . A b s o r p t i o n c o r r e c t i o n s w e r e 

2 

c a l c u l a t e d b y t h e G a u s s i a n q u a d r a t u r e m e t h o d s ; c o r r e c t i o n s t o F r a n g e d 

f r o m 1.20 t o 1 . 4 0 . 

T w o s e t s o f c o p p e r a t o m s w e r e l o c a t e d i n a 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 y n t h e s i s a n d a 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 r e f i n e d t o R = . 4 6 . 

When a l l n o n - h y d r o g e n a t o m s e x c e p t s o l v e n t m o l e c u l e s and p e r c h l o r a t e 

o x y g e n s w e r e i n c l u d e d , R was e q u a l t o 0 . 1 9 . I n t r o d u c t i o n o f t h e p e r c h l o 

r a t e o x y g e n s and r e f i n e m e n t o f a n i s o t r o p i c t h e r m a l p a r a m e t e r s f o r t w e l v e 

a toms l o w e r e d R t o 0 . 1 1 . F i n a l r e f i n e m e n t , i n c l u d i n g t w o s o l v e n t m o l e c u l e s 
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w i t h m u l t i p l i e r s o f 0 . 5 , t w e l v e h y d r o g e n a t o m s i n f i x e d p o s i t i o n s and 

a n i s o t r o p i c t h e r m a l p a r a m e t e r s f o r a l l n o n - h y d r o g e n a t o m s g a v e R=0 .060 

and R = 0 . 0 6 8 . w 

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

m o l e c u l e s and C 6 . T h e l a r g e s t s h i f t i n t h e f i n a l r e f i n e m e n t was 2 . 7 

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

F i n a l a t o m i c p o s i t i o n a l and t h e r m a l p a r a m e t e r s a r e l i s t e d i n 

T a b l e 1 3 , s e l e c t e d i n t e r a t o m i c d i s t a n c e s and a n g l e s a r e i n T a b l e 1 4 , and 

l e a s t s q u a r e s p l a n e s o f t h e t w o m o l e c u l a r u n i t s o f C u ( L 3 L H ) ( C 1 0 ^ ) • ^ C H ^ O H 

a r e i n T a b l e 15 . A n i l l u s t r a t i o n o f t h e m o n o m e r i c u n i t a p p e a r s i n 

F i g u r e 7 and a s t e r e o v i e w o f t h e p o l y n u c l e a r c h a i n s a p p e a r s i n F i g u r e 8 . 

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

T h e f o u r f o r m u l a u n i t s o f C u ( L 3 L H ) ( C 1 0 4 ) - ^ C r ^ O H i n t h e u n i t c e l l 

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

t h e o r i g i n ; t h e s e c h a i n s a r e i l l u s t r a t e d i n t h e s t e r e o v i e w ( F i g u r e 9 ) . 

W i t h i n e a c h f o r m u l a u n i t , t h e l i g a n d ( L 3 L H ) 

CRL CRL CH CH \3 / 3 V / 3 

C— C C~"C 
^-CHJ-CHJ-CHFN^ ^N~0H 

L 3 L H 

i s c o o r d i n a t e d t o c o p p e r t o f o r m ( 1 ) t w o f i v e - m e m b e r e d c h e l a t e r i n g s 

i n v o l v i n g one o x i m e n i t r o g e n and one i m i n e n i t r o g e n and ( 2 ) one s i x -

membered c h e l a t e r i n g i n v o l v i n g t w o i m i n e n i t r o g e n s . T h e f o u r n i t r o g e n 

a t o m s o f e a c h l i g a n d o c c u p y t h e b a s a l c o o r d i n a t i o n p o s i t i o n s (max imum 
o 

d e v i a t i o n f r o m t h e l e a s t s q u a r e s p l a n e s i s 0 .03 A f o r N4B) o f a d i s t o r t e d 



T a b l e 1 3 . F i n a l P o s i t i o n a l a n d T h e r m a l P a r a m e t e r s f o r C u ( L 3 L H ) ( C 1 0 j - ' a C H - O H 

U n i t A 

A t o m 0 o r B n 5 2 2 5 3 3 3 1 2 5 1 3 73 

C u . 3 8 7 6 r l ) - 4115 ( 1 ) . 2 5 5 8 1 ) . 0 2 7 5 2 ) 
Cl . 1 6 3 4 r 3 ) - 2596 '2) - . 0 6 9 2 1 ) . 0 3 9 2 r 6 ) 
01 . 0 9 0 4 6 ) - 2 8 9 0 i 4 ) . 2 2 8 0 2 ) . 0 2 1 0 1 1 ) 
N l . 2 1 0 8 7 ) - 3490 A) . 2 0 5 3 2 ) . 0 2 5 0 1 2 ) 
N2 . 4 4 7 6 7 ) - 4 6 8 5 4 ) . 1 7 6 5 2 ) . 0231 1 2 ) 
N3 . 5 3 7 6 7 ) - 4876 A) . 3 0 7 3 2 ) . 0 2 2 6 1 3 ) 
N4 . 2 8 9 6 7 ) - 3754 4 ) . 3 3 0 5 2 ) . 0 2 2 9 1 2 ) 
C l . 0 7 2 7 1 2 ) - 3407 7 ) .1101 2 ) . 0 4 5 8 2 4 ) 
C2 . 2 0 6 0 8 ) - 3734 5 ) . 1 4 7 4 2 ) . 0 2 2 4 1 5 ) 
C3 .3511 9 ) - 4425 5 ) . 1 3 1 9 j ; . 0 2 4 0 1 5 ) 
C4 . 3 6 9 8 1 3 ) - 4 7 1 9 CO

 

. 0 6 6 3 3 ) . 0 4 4 5 2 4 ) 
C5 . 5 9 2 5 1 0 ) - 5349 7 ) . 1 7 0 7 3 ) . 0 2 9 9 1 9 ) 
C6 . 5 8 5 9 1 5 ) - 6 1 2 5 8 ) . 2 1 4 8 5 ) .0511 3 0 ) 
C7 . 6 7 1 2 J D - 5515 7 ) . 2 8 2 9 3 ) . 0 4 8 0 2 6 ) 
C8 . 5 8 5 9 1 4 ) - 5351 9 ) . 4 0 8 7 4 ) . 0 3 7 7 2 0 ) 
C9 . 5 0 1 7 9 ) - 4804 5 ) . 3 6 1 3 3 ) . 0 4 9 8 r 2 8 ) 
C I O . 3 5 8 2 , 9 ) - 4121 i 5 ) . 3 7 6 3 2 ) . 0 2 3 8 1 5 ) 
C l l . 3 0 1 6 1 3 ) - 3 9 0 8 8 ) . 4 3 7 2 3 ) . 0 2 7 9 1 6 ) 
03 . 2 7 0 2 ) - 189 1 ) - . 1 0 1 1 ) .101 ( 1 ) 
04 . . 0 3 5 2 ) - 3 5 0 J ) - . 1 1 3 1 ) . 1 0 0 ( 5 ) 
05 . 0 8 4 3 ) - 208 [ D - . 0 2 7 1 ) . 2 2 2 [ 1 1 ) 
06 . 2 4 7 3 ) - 334 [ 2 ) - . 0 4 6 r l ) . 2 4 5 [ 1 3 ) 
O t S o l ) . 0 8 9 2 ) - 618 [ 1 ) . 2 2 8 1 ) . 0 3 5 ( 3 ) 
C ( S o l ) . 0 6 3 '2) 2 8 9 [ 2 ) . 2 5 6 [ 1 ) . 0 3 4 ( 5 ) 
H 5 A .61 - 5 8 . 1 3 5 . 0 

( 5 ) 

H5B . 7 3 - 4 8 . 1 8 5 . 0 
H 6 A . 6 7 - 68 . 2 0 5 . 0 
H6B . 4 2 - 70 .21 5 . 0 
H7A . 8 2 - . 4 8 . 2 9 5 . 0 
H7B . 7 0 - . 6 0 .31 5 . 0 

0098 1 ) . 0 0 1 6 1 ) . 0 0 9 4 1 ) .0021 1 ) . 0 0 1 4 . 1 ) 
0 1 0 0 2 ) . 0 0 2 8 1 ) . 0 0 6 0 3 ) .0031 r l ) . 0 0 0 9 1 ) 
0086 4 ) . 0 0 2 0 1 ) . 0 0 9 9 6 ) . 0 0 2 3 3 ) .0011 1 ) 
0 0 7 0 4 ) . 0 0 1 4 1 ) . 0 0 5 0 6 ) . 0 0 1 4 3 ) . 0 0 0 8 2 ) 
0077 5 ) . 0 0 1 9 1 ) . 0 0 5 9 6 ) . 0021 3 ) . 0 0 0 4 2 ) 
0075 5 ) . 0 0 2 8 1 ) . 0 0 6 3 6 ) . 0 0 1 6 3 ) . 0 0 1 3 2 ) 
0 0 7 2 4 ) . 0 0 1 7 1 ) . 0 0 5 0 6 ) . 0 0 1 6 3 ) . 0 0 1 0 2 ) 
0131 8 ) . 0 0 1 8 1 ) . 0 1 1 9 1 1 ) . 0 0 0 9 5 ) . 0 0 1 5 3 ) 
0 0 6 2 5 ) . 0 0 1 8 1 ) . 0 0 2 6 7 ) . 0 0 1 0 3 ) . 0 0 0 8 2 ) 
0064 5 ) . 0 0 1 8 1 ) . 0 0 2 2 7 ) . 0 0 2 3 4 ) .0001 2 ) 
0157 9 ) . 0 0 1 6 1 ) . 0 1 1 6 1 2 ) . 0 0 3 0 5 ) . 0 0 0 6 j ) 
0121 8 ) . 0 0 3 0 2 ) . 0 0 9 6 1 0 ) . 0 0 3 5 5 ) . 0 0 0 8 3 ) 
0134 1 0 ) . 0 0 4 5 3 ) . 0 1 5 8 1 4 ) . 0 0 5 4 7 ) . 0 0 1 9 4 ) 
0 1 5 3 9 ) . 0 0 2 0 2 ) . 0 1 0 9 1 2 ) . 0 0 3 5 5 ) . 0 0 2 5 3 ) 
0116 7 ) .0031 2 ) . 0 1 1 4 1 0 ) . 0 0 2 7 5 ) . 0 0 2 0 3 ) 
0177 I D .0031 2 ) . 0 1 6 0 1 4 ) . 0 0 2 5 6 ) . 0 0 4 2 4 ) 
0075 6 ) .0021 1 ) . 0 0 3 3 7 ) . 0 0 0 7 4 ) . 0 0 1 6 2 ) 
0067 5 ) . 0 0 1 6 1 ) . 0031 7 ) . 0 0 1 0 3 ) . 0 0 1 1 2 ) 
023 r l ) . 0 0 7 1 ) . 0 0 0 2 ) . 0 1 4 1 ) . 0 0 5 1 ) 
030 2 ) . 0 1 0 1 ) - . 0 1 7 3 ) . 0 0 9 2 ) - . 0 0 1 1 ) 
034 2 ) . 0 0 9 1 ) . 0 6 6 4 ) . 0 3 3 . 2 ) . 0 0 9 1 ) 
055 r 3 ) . 0 0 7 r l ) . 0 9 9 6 ) . 0 2 0 <2) .011 f l ) 
015 [ 1 ) . 0 0 3 1 ) - . 0 0 0 1 ) ' . 0 0 0 [ 1 ) . 0 0 2 1 ) 
013 [ 2 ) . 0 0 5 1 ) . 0 0 5 [ 2 ) .001 [ 1 ) . 0 0 4 ( 1 ) 



P a g e m i s s i n g f r o m t h e s i s 



T a b l e 14. S e l e c t e d I n t e r a t o m i c D i s t a n c e s and A n g l e s o f 

C u ( L 3 L H ) ( C 1 0 4 K C H 3 0 H 

D i s t a n c e s i n A 
U n i t A U n i t B 

1 .947 ( 5 ) C u - N l 1 .944 ( 5 ) 
1 .947 ( 5 ) C u - N 2 1 .949 ( 5 ) 
1 .961 ( 5 ) C u - N 3 1 .960 ( 5 ) 
1 .937 ( 5 ) C u - N 4 1 .940 ( 5 ) 
2 .493 ( 4 ) C u - 0 1 ' 2 .491 ( 4 ) 
2 .624 ( 1 0 ) C u - O ( S o l ) 2 .625 ( 1 1 ) 
1 .344 ( 6 ) N l - 0 1 1 .345 ( 6 ) 
1 .369 ( 6 ) N4-02 1 .373 ( 6 ) 
1 .282 ( 7 ) C2-N1 1 .282 ( 7 ) 
1 .280 ( 7 ) C10-N4 1 .267 ( 7 ) 
1 .263 ( 7 ) C 3 - N 2 1 259 ( 7 ) 
1 .277 ( 8 ) C4 -N3 1 .278 [ 8 ) 
1 .454 ( 8 ) C 5 - N 2 1 465 [ 8 ) 
1 .465 ( 8 ) C7 -N3 1 .461 ( 8 ) 
1 .487 ( 8 ) C 1 - C 2 1 .487 ( 8 ) 
1 .485 [ 9 ) C10-C11 1 .491 ( 9 ) 
1 .513 [ 8 ) C 2 - C 3 1 510 ( 8 ) 
1 .496 [ 9 ) C 9 - C 1 0 1 500 [ 9 ) 
1 .497 [ 9 ) C 3 - C 4 1 493 ! 8 ) 
1 .490 [ 9 ) C 8 - C 9 1 487 [ 9 ) 
1 .3681 [20 ) C ( S o l ) - 0 ( S o l ) 1 .4121 [20 ) 

C u A - C u B 5 . 1 2 9 ( 4 ) 

1 .349( [ 8 ) C£ -03 1 342 [ 8 ) 
1 3111 J 3 ) A -04 1 326 [13 ) 
1 323 ( , 9 ) A-OS 1 313 [ 9 ) 
1 349 ( J O ) A -06 1 340 [ 9 ) 

1 020( 7 ) C 5 - H 5 a 0 986 < 7) 
0 952 { 7 ) C 5 - H 5 b 0 .817 7) 
1 156( 8 ) C 6 - H 6 a 1 2131 ;N) 
1 287 ( 10 ) C 6 - H 6 b 1 204 ( , 8 ) 
1 099 ( 8 ) C 7 - H 7 a 1 099( , 8 ) 

958( 7) C 7 - H 7 b 964 < 7) 



T a b l e 14 ( C o n t i n u e d ) . S e l e c t e d I n t e r a t o m i c D i s t a n c e s and 

A n g l e s o f C u ( L 3 L H ) ( C 1 0 4 ) - ^ C r ^ O H 

A n g l e s i n D e g r e e s 
U n i t A U n i t B 

8 1 . 6 ! 2 ) Nl Cu N2 8 1 . 4 [ 2 ) 
100 .2 ( 2 ) N2 Cu N3 100 .5 ! 2 ) 

8 0 . 6 ( 2 ) N3 Cu N4 8 0 . 4 [ 2 ) 
96 .7 [ 2 ) N4 Cu Nl 9 6 . 8 [ 2 ) 
8 4 . 4 ! 2 ) O l ' C u Nl 8 4 . 5 [ 2 ) 
9 1 . 8 [ 2 ) O T C u N2 9 1 . 9 ! 2 ) 

101 .5 [ 2 ) O l ' C u N3 101 .5 [ 2 ) 
9 6 . 4 ! 2 ) O T C u N4 9 6 . 6 [ 2 ) 

120 .6 [ 4 ) 01 N l C2 120.81 [ 4 ) 
123 .2 [ 3 ) 01 Nl Cu 123 .1 ( 13) 
116.1 [ 4 ) Cu Nl C2 116 .0 [ 4 ) 
125 .0 ( 5 ) Nl C2 C I 124 .7 [ 5 ) 
111 .8 ! 5 ) N l C2 C3 112 .2 [ 5 ) 
123 .2 [ 5 ) C I C2 C3 123.1 ! 5 ) 
117 .8 [ 5 ) C2 C3 C4 118.1 [ 5 ) 
116.1 [ 5 ) C2 C3 N2 115.61 [ 5 ) 
126 .2 ( 5 ) C4 C3 N2 126.4< [ 5 ) 
1 1 4 . 3 [ 4 ) C3 N2 Cu 114 .8 ! 4 ) 
124 .0 [ 5 ) C3 N2 C5 123 .8 ! 5 ) 
121 .6 [ 4 ) Cu N2 C5 121 .4 [ 4 ) 
111 .7 ! 6 ) N2 C5 C6 111 .9 ! 5 ) 
117 .8 [ 7 ) C5 C6 C7 118 .3 ! 8 ) 
111.1 [ 6 ) C6 C7 N3 110 .8 [ 6 ) 

9 5 . 0 ! 4 ) C7 N3 C8 9 5 . 0 [ 4 ) 
121.11 [ 4 ) C7 N3 Cu 121 .2 [ 4 ) 
114 .7 [ 4 ) Cu N3 C9 114 .6 ! 4 ) 
126 .0 { [ 6 ) N3 C9 C8 126 .2 [ 6 ) 
115.31 [ 5 ) N3 C9 C I O 115 .2 [ 5 ) 
118.61 [ 6 ) C8 C9 C I O 118 .6 ! 5 ) 
123.61 [ 5 ) 

C9 C I O c n 123 .2 [ 5 ) 
111.91 [ 5 ) C9 C I O N4 112 .0 [ 5 ) 
124.51 [ 6 ) C l l C I O N4 124.81 [ 5 ) 
117.41 [ 4 ) C I O N4 Cu 117.71 [ 4 ) 
119.41 [ 4 ) C I O N4 02 119.61 [4 ) 
123.1< [3 ) Cu N4 02 122.61 [ 3 ) 
141 .7 ! 3 ) C u ' O l Nl 141.71 [ 3 ) 
89.71 [ 3 ) O ( S o l ) Cu Nl 89.31 [3 ) 
85.11 [ 3 ) O ( S o l ) Cu N2 8 5 . 0 ( [ 3 ) 
8 4 . 5 ( 3 ) O ( S o l ) Cu N3 8 4 . 8 [ 3 ) 
8 6 . 4 ( 3 ) O ( S o l ) Cu N3 8 6 . 3 ( 3 ) 



T a b l e 14 ( C o n c l u d e d ) . S e l e c t e d I n t e r a t o m i c D i s t a n c e s and 

A n g l e s o f C u ( L 3 L H ) ( C 1 0 4 ) - % C H 3 0 H 

A n g l e s i n D e g r e e s 
U n i t A U n i t B 

1 0 2 . 4 ( 9 ) 03 C£ 04 1 0 2 . 1 ( 9 ) 
1 1 6 . 9 ( 8 ) 03 C£ 05 1 1 6 . 8 ( 8 ) 
1 1 9 . 1 ( 1 0 ) 03 C£ 06 1 2 0 . 4 ( 1 0 ) 
1 1 7 . 5 ( 1 1 ) 

04 a 05 1 1 7 . 0 ( 1 1 ) 
9 0 . 7 ( 1 2 ) 

04 a 06 8 9 . 1 ( 1 2 ) 
1 0 7 . 7 ( 8 ) 05 C£ 06 1 0 8 . 2 ( 7 ) 

9 2 . 9 ( 6 ) H5A C5 H5B 1 0 7 . 6 ( 7 ) 
1 2 4 . 9 ( 6 ) H5A C5 N2 1 2 1 . 9 ( 6 ) 
1 0 8 . 5 ( 7 ) H5A C5 C6 1 0 9 . 9 ( 7 ) 
1 0 9 . 2 ( 7 ) H5B C5 N2 1 1 4 . 7 ( 7 ) 
1 0 6 . 9 ( 7 ) H5B C5 C6 8 4 . 7 ( 7 ) 

8 9 . 8 ( 6 ) H6A C6 H6B 1 0 0 . 8 ( 7 ) 
1 0 8 . 5 ( 7 ) H6A C6 C5 1 0 3 . 5 ( 7 ) 
1 0 9 . 3 ( 7 ) H6A C6 C7 1 1 6 . 4 ( 7 ) 
1 1 9 . 9 ( 8 ) H6B C6 C5 1 0 8 . 4 ( 7 ) 
1 0 7 . 7 ( 7 ) H6B C6 C7 1 0 7 . 9 ( 7 ) 
1 0 4 . 2 ( 6 ) H7A C7 H7B 1 3 1 . 3 ( 7 ) 
1 1 0 . 7 ( 7 ) H7A C7 C6 1 0 5 . 3 ( 6 ) 
1 0 3 . 4 ( 6 ) H7A C7 N3 9 8 . 9 ( 6 ) 
1 1 7 . 6 ( 7 ) H7B C7 C6 1 0 0 . 0 ( 7 ) 
1 0 8 . 8 ( 6 ) H7B C7 N3 1 0 8 . 9 ( 6 ) 
1 7 3 . 7 ( 2 ) O ( S o l ) Cu 01 1 7 3 . 4 ( 3 ) 
1 3 0 . 1 ( 9 ) C ( S o l ) 0 ( S o l ) Cu 130 .6 
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T a b l e 15 . L e a s t S q u a r e s P l a n e s w i t h i n t h e M o l e c u l e 

C u ( L 3 L H ) ( C 1 0 4 ) - ^ C H 3 0 H 

A t o m 
o 

D e v i a t i o n A A t o m 
o 

D e v i a t i o n A 

( a ) P l a n e i n v o l v i n g f o u r a toms s t r o n g l y c o o r d i n a t e d t o c o p p e r i n 
U n i t A : 

E q u a t i o n : 0 .53106x + 0 . 8 4 3 3 9 y + 0 . 0 8 1 6 6 z + 2 .21757 = 0 

N1A 0 .023 N4A - 0 . 0 2 2 
N2A - 0 . 0 2 0 CuA 0 .126 
N3A 0 .019 

( b ) P l a n e i n v o l v i n g f o u r a t o m s s t r o n g l y c o o r d i n a t e d t o c o p p e r i n 
U n i t B : 

E q u a t i o n : - 0 . 5 2 9 9 6 x + 0 . 8 4 4 2 3 y + 0 . 0 8 0 0 9 z • f 0.43171 = 0 

N I B - 0 . 0 2 6 N4B 0 .029 
N2B 0 .018 CuB - 0 . 1 2 8 
N3B - 0 . 0 1 6 

( c ) P l a n e i n v o l v i n g t h e l i g a n d ( L 3 L H ) i n u n i t A : 
E q u a t i o n : 0 .53657x + 0 . 8 4 1 4 8 y + 0 . 0 6 3 2 6 z + 2 .42805 = 0 

01A 0 .165 C4A - 0 . 0 0 4 
02A 0 .076 C5A 0 .188 
N1A 0 .170 C6A - 0 . 5 2 2 
N2A 0 .152 C7A - 0 . 1 6 6 
N3A 0.141 C8A 0 .183 
N4A 0 .076 C9A - 0 . 1 9 8 
C I A - 0 . 1 1 9 C10A - 0 . 0 1 3 
C2A 0 .053 C l 1 A - 0 . 0 3 2 
C3A 0 .073 CuA 0.261 

(d) P l a n e i n v o l v i n g t h e l i g a n d ( L 3 L H ) i n U n i t B : 
E q u a t i o n : 0 .53782x - 0 . 8 4 2 9 6 y + 0 . 0 1 2 5 1 z - 0 .90593 = 0 

01B 0 .098 C4B - 0 . 5 6 7 
02B - 0 . 1 7 3 C5B 0 .029 
N I B 0 .138 C6B - 0 . 5 6 5 
N2B 0 .170 C7B 0 .030 
N3B - 0 . 0 6 0 C8B 0 .215 
N4B -0 .171 C9B 0 .210 
C1B - 0 . 5 9 0 C10B 0 .164 
C2B - 0 . 3 6 0 C U B 0 .119 
C3B - 0 . 3 0 5 CuB 0 .147 

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

^ A l l a t o m s w e i g h t e d a t u n i t y . 



F i g u r e 7 . M o n o m e r i c M o l e c u l a r U n i t o f C u ( L 3 L H ) ( C 1 0 4 ) * * s C H 3 0 H 

O m i t t i n g t h e P e r c h l o r a t e G r o u p and t h e S o l v e n t M o l e c u l e . 



F i g u r e 8 . S t e r e o V i e w o f t h e P o l y n u c l e a r C h a i n s o f C u ( L 3 L H ) ( C 1 0 4 ) « % C H 3 0 H 

O m i t t i n g P e r c h l o r a t e G r o u p s . 
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octahedron about copper. The copper atom in each formula unit is 0.13 A 
o 

above the plane of the nitrogen atoms and there is a weak (2.492(4)A 

average) axial coordination to the 01 oxime oxygen of the ligand of an 

adjacent formula unit. This interaction of the 01 oxime oxygen of one 

formula unit with the adjacent formula unit forms infinite chains with 

the basal coordination planes forming dihedral angles of approximately 

70° with each other. The solvent molecule is more weakly coordinated 
o 

(the Cu-O(sol) average distance is 2.625(10)A) in the other axial 

position. 

Charge balance considerations dictate the loss of one proton from 

the ligand (L3LH) in forming the complex. The only residual electron 

density near either oxime oxygen, in each formula unit, is between the 

two oxime oxygens and closer to the uncoordinated oxygen. The 01-02 
o 

distances for unit A and unit B are 2.511(5) and 2.506(5) A, respectively, 

which are similar to: (1) in CutdmgH)^, as illustrated below. 

0 1 — ^ N - 0 

02 —N | N - 0 
| JV—02 

o - r r n—oi 

Cu(dmgH)2 

the distance between the two oxime oxygens 01 and 02,2.562(5)A,7 (2) in 

Cu(4499)Br the oxime oxygen-oxime oxygen distance of 2.54(1)A,8 and 
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( 3 ) i n p e r r h e n a t o - 2 - 2 ' - ( l , 3 - d i a m i n o p r o p a n e ) b i s ( 2 - m e t h y l - 3 - b u t a n o n e o x i m a t o ) 

c o p p e r ( I I ) i s 2 . 4 9 A . 3 1 

T h e m o s t i n t e r e s t i n g f e a t u r e o f t h i s s t r u c t u r e i s t h e a s s o c i a t i o n 

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

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

o r d e r e d p e r c h l o r a t e a n i o n s . T h e c o p p e r - o x i m e o x y g e n d i s t a n c e s ( 2 . 4 9 3 ( 4 ) 
o 

and 2 . 4 9 1 ( 4 ) A , r e s p e c t i v e l y , i n u n i t s A and B ) b e t w e e n t h e m o n o m e r i c 

u n i t s i n d i c a t e weak c o o r d i n a t i o n . T h i s c o o r d i n a t i o n i s c o n f i r m e d b y 

b a s a l a n g l e s r a n g i n g f r o m 8 4 . 4 ( 2 ) t o 1 0 1 . 5 ( 2 ) ° . 
o 

T h e c o p p e r - s o l v e n t o x y g e n d i s t a n c e s ( 2 . 6 1 ( 2 ) A i n b o t h u n i t s ) a l s o 

may be c o n s i d e r e d a weak c o o r d i n a t i o n , s i n c e i n t h i s c a s e t h e b a s a l 

a n g l e s r a n g e f r o m 8 4 . 5 ( 3 ) t o 8 9 . 7 ( 3 ) ° . Due t o t h e d i s o r d e r o f t h e 

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

p l i e r o f 0 .50 and t h e c o p p e r a toms h a v e e i t h e r a s q u a r e p y r a m i d a l o r 

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

T h e l i g a n d ( L 3 L H ) i n u n i t A i s p l a n a r ( w i t h i n ±0 .20 A o f t h e l e a s t 

s q u a r e s p l a n e ) e x c e p t f o r a t o m C6 w h i c h i s 0 .52 A o u t o f t h e p l a n e . 

T h e l i g a n d ( L 3 L H ) i n u n i t B i s much l e s s p l a n a r w i t h t h r e e a t o m s , C l , 

C 4 , a n d C 6 , d e v i a t i n g f r o m t h e p l a n e b y m o r e t h a n 0 .56 A . 
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C H A P T E R I I I 

D I S C U S S I O N 

A l l o f t h e s i n g l e c r y s t a l x - r a y d i f f r a c t i o n s t r u c t u r e s i n t h i s 

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

7 8 

a s t h o s e p r e v i o u s l y r e p o r t e d , ' e x h i b i t a v a r i e t y o f b r i d g i n g a r r a n g e 

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

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

o f t h e compounds f o r w h i c h s i n g l e c r y s t a l x - r a y d i f f r a c t i o n s t r u c t u r e s 

a r e known a p p e a r i n F i g u r e 9 . One m e t h o d o f e x p l a i n i n g t h e r e l a t i o n s h i p 

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

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

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

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

t h e b r i d g i n g a r r a n g e m e n t , 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 s , and r e l a t i v e 

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

w i l l be r e v i e w e d . A summary o f t h e s e f e a t u r e s f o r a l l c o p p e r b r i d g i n g 

o x i m e i m i n e compounds a p p e a r s i n T a b l e 1 2 . 

T h e 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 b r i d g i n g o x i m e c o m p l e x e s i n d i c a t e 

b o t h n o r m a l p a r a m a g n e t i c b e h a v i o r a n d a n t i f e r r o m a g n e t i c b e h a v i o r . F o r 

C u ( d m g H ) 2 , C u ( 4 4 9 9 ) B r , a n d C u ( L 3 L H )(CI0 4 )-Cr ^ O H t h e m a g n e t i c moments 

a t a m b i e n t t e m p e r a t u r e r a n g e f r o m 1.70 t o 1.88 BM. T h e m a g n e t i c s u s c e p t i 

b i l i t i e s a l l f o l l o w t h e C u r i e - W e i s s E q u a t i o n w h i c h i s n o r m a l p a r a m a g n e t i c 

b e h a v i o r f o r c o p p e r ( I I ) c o m p o u n d s . T h e m a g n e t i c b e h a v i o r o f 

C u ( L 2 a £ ) ( C 1 0 4 ) - H 2 0 , C u ( L 2 p y r )(CI 0 4 ) - C r ^ C N , and C u ( L 2 a m ) ( C 1 0 4 ) i s 



C u ( L 2 a m ) ( C 1 0 4 ) N i ( N A H ) C l - 2 . 5 H 2 0 

C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N C u ( 4 4 9 9 ) B r 

F i g u r e 9 . C o o r d i n a t i o n S p h e r e s and B r i d g i n g O x i m e R i n g s f o r 
a l l P o l y n u c l e a r B r i d g i n g O x i m e Compounds f o r W h i c h 
S i n g l e C r y s t a l X - R a y D i f f r a c t i o n S t r u c t u r e s h a v e 

b e e n R e p o r t e d . 
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a n t i f e r r o m a g n e t i c w i t h m a g n e t i c moments o f 0 . 2 6 , 0 . 6 6 , and 1.38 BM, a t 

room t e m p e r a t u r e . D e t a i l e d m a g n e t i c s u s c e p t i b i l i t i e s and m a g n e t i c 

moments a r e l i s t e d i n T a b l e s 1 and 2 . L e a s t s q u a r e s f i t s f o r m a g n e t i c 

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

32 
E q u a t i o n : 

= 2 g W ( ] ) + 

f o r C u ( L 2 a m ) ( C 1 0 4 ) , C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N , and Cu ( L 2 p y r ) ( C 1 0 4 ) - 2 ^ 0 

a r e p r e s e n t e d i n T a b l e 16 . T h e g v a l u e f o r C u ( L 2 p y r ) ( C 1 0 4 ) ' C H 3 C N i s 

n o t w i t h i n t h e n o r m a l r a n g e e x p e c t e d f o r t h e s e c o m p l e x e s . T h e g v a l u e 

was c o n f i r m e d b y r e p r o d u c i b l e d a t a ; d e v i a t i o n f r o m t h e n o r m a l v a l u e may 

be d u e t o i m p u r i t i e s . 

T a b l e 16. G y r o m a g n e t i c R a t i o ( g ) , C o u p l i n g C o n s t a n t ( J ) , and 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 ( N a ) f r o m a L e a s t S q u a r e s F i t t o 
t h e B l e a n y and B o w e r E q u a t i o n f o r C u ( L 2 a m ) ( C I O / . ) , 
C u ( L 2 p y r ) ( C 1 0 4 ) . C H C N , and C u ( L 2 p y r ) ( C 1 0 4 ) - 2 H 2 3 . 

C o m p l e x g J Na_ 

C u ( L 2 a m ) ( C 1 0 4 ) 2 . 1 3 -293 9 

C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N 1.59 -599 87 

C u ( L 2 p y r ) ( C 1 0 4 ) - 2 H 2 0 2 . 0 8 -582 158 
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O f s e v e r a l s t r u c t u r a l f e a t u r e s w h i c h may a f f e c t t h e m a g n e t i c p r o p 

e r t i e s , t h e f i r s t t o be c o n s i d e r e d i s t h e m e t a l - m e t a l d i s t a n c e . C o p p e r -
o 

c o p p e r d i s t a n c e s i n t h e s e compounds r a n g e f r o m 3 . 2 6 8 ( 2 ) A i n t h e f o u r -

membered r i n g o f C u ( L 2 a m ) ( C 1 0 4 ) t o 5 . 1 2 9 ( 4 ) A i n C u ( L 3 L H ) ( C 1 0 4 ) - J g C H g O H . 

S u c h d i s t a n c e s a r e g e n e r a l l y c o n s i d e r e d t o o l o n g f o r s i g n i f i c a n t m e t a l -
33 

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

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

d i m e r , i n w h i c h t h e C u - C u d i s t a n c e i s 2 . 5 - 2 . 7 A , has s h o w n t h a t m e t a l -
34 

m e t a l b o n d i n g c o n t r i b u t e s v e r y l i t t l e t o t h e s t a b i l i t y o f t h e d i m e r . 
S t u d i e s c o m p a r i n g t h e c o p p e r - c o p p e r d i s t a n c e s and m a g n e t i c moments 

35 36 
o f s i m i l a r f o r m a t e s a n d a c e t a t e s and o f d i - y - h y d r o x y c o m p l e x e s o f 

c o p p e r h a v e s h o w n 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 w h i c h i n c r e a s e s w i t h 

i n c r e a s i n g m e t a l - m e t a l d i s t a n c e . S e v e r a l c o m p l e x e s w i t h m e t a l - m e t a l 
o 

d i s t a n c e s i n t h e 5 t o 6 A r a n g e a r e r e p o r t e d t o h a v e s i g n i f i c a n t m a g n e t i c 

37 39 

c o u p l i n g t h r o u g h p o l y a t o m i c b r i d g e s . ' S i n c e a m e t a l - m e t a l i n t e r a c t i o n 

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

s u p e r e x c h a n g e t h r o u g h a s i g m a o r p i p a t h w a y m u s t be c o n s i d e r e d i n o r d e r 

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

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

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

I n m o s t o f t h e compounds s t u d i e d , t h e b r i d g i n g o x i m e g r o u p s f o r m 

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

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

f o u r - m e m b e r e d p l a n a r . T h e compound C u ( L 2 a £ ) ( C l O ^ - r ^ O f o r m s a s i x -

membered p l a n a r r i n g , and C u t d m g H ^ f o r m s a s i x - m e m b e r e d r i n g w i t h a 

c h a i r c o n f o r m a t i o n . T h e d i m e r i c u n i t s o f C u ( 4 4 9 9 ) B r , C u ( L 2 p y r ) ( C I O . ) - C H - C N , 
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and Cu(L2am)(CI0^), form six-membered rings with a twisted boat conformation. The association of the dimers in Cu(L2am)(ClO^) forms planar four-membered rings. Exchange coupling by a pi mechanism must be considered for the planar six-membered ring compounds, since in a planar ring system the dxz and d^z orbitals of copper and the p-orbitals of oxygen and nitrogen are favorably aligned for pi overlap. Such an explanation was suggested in the case of four-membered ring compounds. The explanation related the magnitude of the antiferromagnetic coupling constant to the ring angle at copper. In these four-membered ring compounds, in which the angle was considerably less than 90°, the coupling decreased with increasing angle. In the only planar six-membered ring compound Cu(L2a£)(ClO^)-•H20 this angle (108.3(2)°) is considerably greater than 90°. The explanation requires a pi type molecular orbital, involving d or 
X z 

dyZ orbitals, of higher energy than the sigma type molecular orbital, 
which involved the d orbital. There is no evidence for this order 

xy 
of energies. A planar six-membered ring would provide a pi pathway, but the overlap of the oxime oxygen and nitrogen sigma orbitals with the half-filled copper d (or d 2 2, depending on the orientation of the axes) xy x -y orbital would also provide a sigma pathway. The antiferromagnetic coupling in the six-membered rings of Cu(L2a£)(ClO^-h^O, Cu(L2pyr)(C104)«CH3CN, and Cu(L2am)(C104), indicates that significant coupling occurs for non-planar rings as well as planar rings. The contribution of a pi pathway to the coupling by superexchange in these compounds is small, because of the alignment of the orbitals. For this 
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r e a s o n f u r t h e r d i s c u s s i o n w i l l c o n c e n t r a t e on e x p l a i n i n g t h e m a g n e t i c 

c o u p l i n g by s u p e r e x c h a n g e t h r o u g h a s i g m a p a t h w a y . 

F o r t h e p o l y a t o m i c b r i d g e d compound o f c o p p e r ( I I ) and t h e d i i m i n e 

37 
o f 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 , i n w h i c h t h e r e a r e O - H - 0 b r i d g e s , 

e x c h a n g e a l m o s t c e r t a i n l y o c c u r s by a s i g m a p a t h w a y s i n c e h y d r o g e n has 

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

36 

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

c o m p l e x e s w i t h b o t h p l a n a r a n d b e n t f o u r - m e m b e r e d C ^ C ^ r i n g s p r o v i d e 

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

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

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

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

u n i t s . 

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

o x i m e c o m p l e x e s . I n t y p e ( A ) , t h e M-0 bond i s i n , o r o n l y s l i g h t l y o u t 
2 

o f , t h e p l a n e d e f i n e d b y 0 -N-M ( t h e s p p l a n e o f t h e o x i m e n i t r o g e n ) . I n 
2 

t y p e ( B ) t h e M-0 bond i s p e r p e n d i c u l a r t o t h e s p p l a n e o f t h e o x i m e 
n i t r o g e n . I n t y p e ( C ) , t w o m e t a l s a r e c o o r d i n a t e d t o t h e b r i d g i n g o x y g e n - -

2 
o n e M-0 bond i s i n t h e s p p l a n e o f t h e n i t r o g e n a n d t h e o t h e r p e r p e n d i c u l a r 

2 
t o t h i s sp p l a n e . 

M 
M 

N 0. 

M 

( A ) ( B ) ( C ) 
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O f t h e s t r u c t u r e s s t u d i e d , C u ( L 2 a £ ) ( C 1 0 4 ) - H 2 0 and C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N 

h a v e t y p e ( A ) b r i d g e s ; C u ( d m g H ) 2 > C u ( 4 4 9 9 ) B r , and C u ( L 3 L H ) ( C 1 0 4 ) - % C H 3 0 H , 

h a v e t y p e ( B ) b r i d g e s ; and C u ( L 2 a m ) ( C 1 0 4 ) has t y p e ( C ) b r i d g e s . 
g 

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

c o o r d i n a t i o n a r r a n g e m e n t and t h e o r i e n t a t i o n o f t h e h a l f - f i l l e d o r b i t a l 

w i t h r e s p e c t t o t h e c o o r d i n a t i o n a r r a n g e m e n t become i m p o r t a n t i n e x p l a i n 

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

t h e s e o x i m e b r i d g e d compounds h a v e t h r e e d i f f e r e n t c o o r d i n a t i o n a r r a n g e 

m e n t s . T h e C u ( L 2 a £ ) ( C 1 0 4 ) « H 2 0 d i m e r h a s b o t h c o p p e r a t o m s i n a t e t r a g o n -

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

m o l e c u l e i n C u ( L 3 L H ) ( C l O ^ - J g C H g O H , h a l f o f t h e c o p p e r a t o m s h a v e 

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

t h e c o p p e r a t o m s h a v e s q u a r e p y r a m i d a l c o o r d i n a t i o n . I n C u ( L 2 p y r ) ( C 1 0 4 ) -

• C H 3 C N , C u ( L 2 a m ) ( C 1 0 4 ) and C u ( d m g H ) 2 a l l c o p p e r a toms h a v e s q u a r e p y r a 

m i d a l c o o r d i n a t i o n w i t h a w e a k a x i a l c o o r d i n a t i o n . I n C u ( 4 4 9 9 ) B r t h e 

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

I n a d d i t i o n , t h e r e l a t i v e o r i e n t a t i o n o f t h e c o o r d i n a t i o n p o l y -

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

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

F i g u r e 9 s h o w s t h e o r i e n t a t i o n o f c o o r d i n a t i o n p o l y h e d r a i n a l l b r i d g i n g 

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

h a v e b e e n d e t e r m i n e d . I n C u ( L 2 a £ ) ( C 1 0 4 ) » H 2 0 t h e b a s a l p l a n e s o f t h e 

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

C u ( l _ 2 p y r ) ( C 1 0 4 ) - C H 3 C N and C u ( l _ 2 a m ) ( C 1 0 4 ) t h e b a s a l p l a n e s o f t h e t w o 

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

o t h e r t o f o r m t h e t w i s t b o a t s i x - m e m b e r e d r i n g . T h e t w o b a s a l p l a n e s 
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of adjacent copper atoms in the z i g - z a g chain of Cu(L3LH)(CI0^)•J^CH^OH 

form a dihedral angle of approximately e i g h t y deg rees . In Cu(dmgH),-> the 

basal planes of the two copper atoms in the dimer are p a r a l l e l but sepa-
o o 

ra ted by 2.3 A with a copper-copper d i s t ance of 3.851 A. The t r igona l 

bipyramidal coord ina t ion polyhedra of the copper atoms in Cu(4499)Br are 

or iented such tha t the six-membered br idg ing oxime r ing i s formed by 

copper atoms, a x i a l oxime ni t rogen atoms, and equa to r ia l oxime oxygen 

atoms. The two N-Cu-O-N bonding sequences form planes which i n t e r s e c t a t 

an angle of approximately 110° to form the boat conformation r i n g . 

In po lynuc lear coppe r ( I I ) complexes normal paramagnetism i s expec

ted fo r s t r u c t u r e s in which h a l f - f i l l e d metal o r b i t a l s are not mixed in 

forming molecular o r b i t a l s . Magnetic coupl ing i s expected when the ha l f -

f i l l e d metal o r b i t a l s are mixed with f i l l e d o r b i t a l s of the br idging 

l igand o r b i t a l s in forming molecular o r b i t a l s . When t h i s i n t e r a c t i o n 

r e s u l t s in ant ibonding o r b i t a l s which are equal in energy ( e . g . Figure 2c) 

ferromagnetism o c c u r s . Antiferromagnetism r e s u l t s when the energy d i f 

ference between these antibonding o r b i t a l s i s s u f f i c i e n t to cause pa i r ing 

in the lower l y i n g o r b i t a l ( e . g . Figure 2b) . 

The molecular o r b i t a l approach may be used to exp la in the magnetic 
2 

coupl ing through a sigma pathway. Bertrand and E l l e r have made a q u a l i 

t a t i v e study of the molecular o r b i t a l s of the di-y-hydroxo copper ( I I ) 
36 

compounds fo r which MacGregor e t a l . repor t magnetic coupl ing which 
45 

v a r i e s with the Cu-O-Cu a n g l e . Hay e t a l . present a d e t a i l e d quant i 

t a t i v e treatment of the molecular o r b i t a l s of these and ch lo r ine bridged 

coppe r ( I I ) systems. Hay e t a l . r e l a t e molecular o r b i t a l s to magnetic 
46 47 48 coupl ing treatments presented by Goodenough, ' Anderson, 
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49 33 K a n a m o r i , and G i n s b e r g . B o t h t h e q u a l i t a t i v e and t h e q u a n t i t a t i v e 

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

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

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

s i x - m e m b e r e d b r i d g i n g o x i m e r i n g s . 

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

e l e c t r o n o n e a c h c o p p e r w o u l d be i n t h e d o r b i t a l ( o r d 2 2 o r b i t a l 
x y x - y 

d e p e n d i n g upon t h e o r i e n t a t i o n o f t h e a x e s ) . A s s u m i n g s y m m e t r y 

t h e s e t w o h a l f - f i l l e d d o r b i t a l s may be c o m b i n e d i n t o l i n e a r c o m b i n a -
x y J 

t i o n s w h i c h t r a n s f o r m w i t h A ^ and B u s y m m e t r i e s and t h e s e w i l l i n t e r a c t 

w i t h f i l l e d s and p o r b i t a l s on t h e b r i d g i n g a t o m s . T h e s y m m e t r i c l i n e a r 

c o m b i n a t i o n , A , o v e r l a p s t h e p o r b i t a l s and t h e a s y m m e t r i c l i n e a r c o m -
g x 

b i n a t i o n , B , o v e r l a p s t h e p o r b i t a l s . 

A t a C u - O - C u a n g l e o f 90° t h e o r b i t a l o v e r l a p i n b o t h c a s e s w o u l d be 

i d e n t i c a l and t h e t w o m o l e c u l a r o r b i t a l s w o u l d h a v e e q u a l e n e r g i e s . A 

c h a n g e i n t h e C u - O - C u a n g l e w o u l d c h a n g e t h e o v e r l a p and d e s t r o y t h e 

a c c i d e n t a l d e g e n e r a c y . When t h e s - o r b i t a l s o f t h e b r i d g i n g a toms a r e 
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c o n s i d e r e d t h e s e a t o m i c o r b i t a l s w o u l d m i x i n t o t h e B u m o l e c u l a r o r b i t a l s 

and t h e o v e r l a p a t 90° w o u l d n o t be t h e same f o r A ^ and B u - T h e e x p e r i -

36 

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

m a g n e t i c a n d a n t i f e r r o m a g n e t i c compounds w e r e c o m p a r e d t o t h e C u - O - C u 

a n g l e , s h o w t h a t t h e a c c i d e n t a l d e g e n e r a c y o c c u r s a t an a n g l e o f a p p r o x i -
2 45 

m a t e l y 9 7 ° . B o t h q u a l i t a t i v e and q u a n t i t a t i v e c o n s i d e r a t i o n s o f t h e 

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

w o u l d be e x p e c t e d f o r a n g l e s o f a b o u t 9 7 ° , w i t h 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 

o c c u r r i n g a t a n g l e s b o t h much l a r g e r and much s m a l l e r . B u t t h i s p r e d i c t i o n 

c a n n o t be c o m p l e t e l y t e s t e d s i n c e no compound w i t h an a n g l e o f l e s s t h a n 

95° has b e e n r e p o r t e d . 

T h e r e a r e a l s o t w o e x a m p l e s o f p o l y n u c l e a r c o p p e r ( I I ) compounds 

w i t h f o u r - m e m b e r e d CugOg r i n g s i n w h i c h t h e c o o r d i n a t i o n a b o u t c o p p e r 

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

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

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

f r o m 90° s o t h a t t h e d and d 2 o r b i t a l s c a n m i x . T h i s s i t u a t i o n i s 
x y z 

c 45 
s i m i l a r t o t h e [ ( C l 4 - C u ) - C l - ( C u C l ^ ) ] c a s e c o n s i d e r e d b y Hay e t a l . 
w h e r e t h e c o u p l i n g i s e x p l a i n e d b y a m i x i n g o f t h e d and d 2 o r b i t a l s 

x y z 
3_ 

as t h e s y m m e t r y o f t h e C u C l ^ f r a g m e n t g o e s f r o m C 4 v t o C^. I n t h e 

f o u r - m e m b e r e d CugOg r i n g t h e m i x i n g o f t h e s e o r b i t a l s a n d b r i d g i n g 

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

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

38 39 44 

M a g n e t i c c o u p l i n g t h r o u g h p o l y a t o m i c b r i d g e s i s a l s o k n o w n . ' ' 

F o r a s i x - m e m b e r e d ( ^ ( N O ) ^ r i n g w i t h s y m m e t r y t h e s y m m e t r i c l i n e a r 

c o m b i n a t i o n s o f t h e h a l f - f i l l e d d o r b i t a l s i n t e r a c t w i t h t h e s y m m e t r i c 
x y 
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a n t i b o n d i n g n i t r o g e n and o x y g e n m o l e c u l a r o r b i t a l . T h e a s y m m e t r i c l i n e a r 

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

m o l e c u l a r o r b i t a l t o g i v e t h e m o l e c u l a r o r b i t a l s i n F i g u r e 10 , A n e n e r g y -

l e v e l d i a g r a m a p p e a r s i n F i g u r e 11 . T h e e n e r g y d i f f e r e n c e o f t h e o r b i t a l s 

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

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

c o u p l i n g . 

I n c o n t r a s t t o t h e f o u r - m e m b e r e d r i n g s w h i c h h a v e b o t h l i n e a r c o m 
b i n a t i o n s o f d o r b i t a l s i n t e r a c t i n g w i t h n o n - b o n d i n g b r i d g i n g a t o m i c 

x y 

o r b i t a l s , t h e s i x - m e m b e r e d r i n g s h a v e l i n e a r c o m b i n a t i o n s o f d „ o r b i t a l s 
a x y 

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

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

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



F i g u r e 10 . C o m b i n a t i o n s o f M e t a l and B r i d g i n g A t o m 
O r b i t a l s i n M o l e c u l a r O r b i t a l T r e a t m e n t 

o f a C o u p l i n g . 
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F i g u r e 11 . E n e r g y L e v e l D i a g r a m f o r M o l e c u l a r O r b i t a l s o f 

S i x - M e m b e r e d C u 9 ( N 0 ) 9 R i n g s . 
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C H A P T E R I V 

CONCLUSION 

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

s t r u c t u r e s i n t h i s s y s t e m a t i c s t u d y o f c o p p e r ( I I ) o x i m e i m i n e s , when 

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

m a t i o n o f c o p p e r ( I I ) o x i m e s , c l a r i f i e s t h e r e l a t i o n s h i p o f t h e 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 compounds t o t h e i r m o l e c u l a r s t r u c t u r e . 

S i n c e a l l o f t h e s e compounds h a v e r e l a t i v e l y l o n g m e t a l - m e t a l 

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

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

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

T h e o c c u r r e n c e o f 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 c a n be b a s e d o n 

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

A c c o r d i n g t o a m o l e c u l a r o r b i t a l a p p r o a c h compounds w i t h t w o h a l f - f i l l e d 

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

e x h i b i t 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 . I n t h i s s t u d y , C u ( L 2 a £ ) ( C l 0 ^ ) • H 2 0 , 

C u ( L 2 p y r ) ( C 1 0 4 ) « C H 3 C N , a n d C u ( L 2 a m ) ( C l O ^ ) show t h e k i n d o f s t r u c t u r e , 

w h i c h a l l o w s t h e s e o v e r l a p s , and a l l t h r e e compounds s h o w a n t i f e r r o m a g n e t i c 

b e h a v i o r . 

T h r e e c o m p o u n d s , C u ( L 3 L H ) ( C 1 0 4 ) - ^ C H 3 0 H , C u ( d m g H ) 2 ) and C u ( 4 4 9 9 ) B r , 

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

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

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

o r b i t a l a p p r o a c h c o r r e c t l y p r e d i c t s t h a t t h e s e compounds e x h i b i t n o r m a l 
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p a r a m a g n e t i s m s i n c e t h e O - C u - 0 a n g l e s a r e a l l a p p r o x i m a t e l y 90° ( s e e 

T a b l e 12 ) a n d no m i x i n g o f t h e h a l f - f i l l e d m e t a l d - o r b i t a l s o c c u r s . T h e 

f o u r - m e m b e r e d C u 2 0 2 r i n g i n t h e C u ( L 2 a m ) ( C l O ^ ) t e t r a m e r w i t h an O - C u - 0 

a n g l e o f 9 3 . 1 ( 2 ) ° s h o u l d e x h i b i t n o r m a l p a r a m a g n e t i c b e h a v i o r as w e l l . 

38 3 

A l t h o u g h c y c l i c p o l y a t o m i c b r i d g i n g compounds h a v e b e e n r e p o r t e d ' 

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

b r i d g i n g g r o u p s w i t h n i c k e l ( I I ) . No f e r r o m a g n e t i c c o p p e r ( I I ) o x i m e s 

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

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

F r o m e x i s t i n g i n f o r m a t i o n t h e d i s t i n c t i o n b e t w e e n t h e m a g n e t i c 

moments o f C u ( L 2 a £ ) ( C 1 0 4MH 2 0 ) , C u ( L 2 p y r ) ( C 1 0 4 > C H 3 C N and C u ( L 2 a m ) ( C 1 0 4 ) 

c a n be e x p l a i n e d o n l y b y t h e o b s e r v a t i o n t h a t i n c r e a s e d d e v i a t i o n f r o m 

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

a t r o o m t e m p e r a t u r e . T h e d e v i a t i o n f r o m p l a n a r i t y o f t h e s i x - m e m b e r e d 

r i n g may d e c r e a s e o r b i t a l o v e r l a p and h e n c e c o u p l i n g and s u p e r e x c h a n g e . 

C a u t i o n m u s t be o b s e r v e d b e f o r e d r a w i n g s u c h c o n c l u s i o n s i n c o m p l e x e s 

w i t h l o w m a g n e t m o m e n t s , h o w e v e r . F i r s t , m e a s u r e m e n t s i n v o l v e v e r y s m a l l 

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

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

a t l o w t e m p e r a t u r e s . 

A s i n g l e c r y s t a l x - r a y d i f f r a c t i o n s t r u c t u r e o f t h e d i h y d r a t e o r 

u n s o l v a t e d c o m p l e x o f C u ( L 2 p y r ) ( C I 0 ^ ) , e a c h h a v i n g r o o m t e m p e r a t u r e 

m a g n e t i c moments o f a p p r o x i m a t e l y 0 . 9 BM, w o u l d p r o v i d e a s s i s t a n c e i n 

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

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



A P P E N D I X 

OBSERVED ( F O ) AND C A L C U L A T E D ( F C ) S T R U C T U R E FACTORS 

FOR C u ( L 2 a £ ) ( C 1 0 4 ) - H 2 0 , C u ( L 2 p y r ) ( C 1 0 4 ) - C H 3 C N , 

C u ( L 2 a m ) ( C 1 0 4 ) , AND C u ( L 3 L H ) ( C 1 0 4 ) - % C H 3 0 H 



Cu(L2a l ) (C10 4 ) -H 2 0 

H K FO FC M K 

L = -13 6 2 
7 2 

2 1 23 21 1 3 
4 1 13 13 2 3 
5 . 1 27 26 3 3 
4 2 11 10 4 3 
5 2 16 15 6 3 
2 3 28 28 7 3 

3 23 21 4 4 
5 3 34 32 5 4 
3 4 15 14 6 4 

7 4 
L = -12 1 5 

2 5 
1 1 12 10 3 5 
2 1 21 20 4 5 
3 1 12 9 5 5 

1 15 16 6 5 
5 1 8 8 7 5 
6 1 11 13 1 6 
1 2 21 20 3 6 
2 2 35 35 4 6 
3 2 19 18 5 6 
5 2 16 13 1 7 
6 2 34 34 2 7 
7 2 22 23 3 7 
1 3 16 17 4 7 
2 3 21 22 6 7 
4 3 16 17 1 8 
5 3 9 6 5 8 
6 3 11 8 2 9 
1 4 29 3 0 3 9 
2 4 31 32 4 9 
3 4 14 13 
4 4 13 1 1 L = 
5 4 13 13 
6 4 43 42 1 1 
1 5 12 7 2 1 
6 5 12 1 1 4 1 
1 6 18 17 5 1 
2 6 37 38 7 1 
3 6 29 29 1 2 
5 6 30 30 2 2 
4 7 13 9 3 2 

4 2 
L = -11 5 2 

6 2 
1 1 12 9 7 2 
2 1 15 17 8 2 
3 1 20 20 2 3 
5 1 23 23 3 3 
6 1 12 12 5 3 
7 1 49 48 7 3 
1 2 18 19 2 4 
4 2 16 15 4 4 
5 2 9 9 5 4 

FO FC H K FO FC 

14 1 5 6 4 16 1 6 
9 6 7 4 24 2 3 
9 9 8 4 40 41 

31 31 1 5 26 26 
61 58 3 5 16 1 4 
37 37 5 5 14 1 2 
35 36 7 5 13 1 2 
2 6 24 1 6 18 1 8 
18 16 3 6 46 48 
8 10 4 6 56 55 
9 12 5 6 21 21 
8 7 6 6 14 14 

16 17 7 6 23 24 
40 40 1 7 8 8 
46 49 2 7 8 6 
28 27 3 7 16 1 4 
10 10 5 7 13 1 1 
30 30 1 8 18 1 7 
22 24 2 8 9 . 7 

2 3 8 33 3 6 
20 20 4 8 44 45 

4 5 8 23 22 

21 21 6 8 15 1 6 
16 17 1 9 11 13 
4 3 44 2 9 14 1 5 
27 26 3 9 27 26 
14 12 4 9 8 9 
22 20 5 9 10 10 
8 5 6 9 16 1 4 
6 4 1 10 15 14 

22 23 2 10 18 1 7 
3 3 34 3 10 25 24 
19 17 4 1 0 17 1 6 

5 10 15 18 
10 2 11 13 9 

3 11 11 8 
16 14 
11 15 L = -9 
12 11 
22 23 1 1 65 68 
15 20 2 1 11 8 
18 17 3 1 66 68 
12 8 4 1 66 67 
34 37 5 1 32 32 
31 32 6 1 29 29 
24 23 8 1 38 40 
9 6 1 2 15 1 4 

30 3 0 2 2 13 1 5 
34 34 3 2 37 33 
11 14 4 2 18 17 
16 19 5 2 21 22 
11 7 6 2 19 20 
14 10 7 2 9 5 
34 33 8 2 13 13 
16 15 1 3 29 31 
14 13 2 3 74 70 

H < FO FC 

4 3 83 8 1 
5 3 58 59 
6 3 24 23 
7 3 14 15 
8 3 31 31 
1 4 16 16 
2 4 10 9 
3 4 12 14 
5 4 20 19 
6 4 15 16 
7 4 10 10 
1 5 27 24 
2 5 18 21 
4 5 26 27 
5 5 30 31 
6 5 18 18 
7 5 8 5 
8 5 21 19 
2 6 9 6 
3 6 18 18 
4 6 9 5 
5 6 20 19 
6 6 12 13 
1 7 44 44 
3 7 32 31 
4 7 16 14 
5 7 13 12 
6 7 25 25 
1 8 10 9 
2 8 19 21 
4 8 8 6 
5 8 9 9 
7 8 13 12 
1 9 29 29 
2 9 12 1 1 
4 9 33 33 
5 9 43 42 
6 9 15 12 
2 10 22 20 
3 10 16 19 
4 10 12 10 
5 10 8 4 
1 11 19 19 
2 11 23 21 
4 1 1 34 34 
5 1 1 39 39 
1 12 10 10 
3 12 21 22 
4 12 10 14 

L = -8 

1 1 21 23 
3 1 12 13 
4 1 30 29 
5 1 17 19 



H K f-o FC 

6 1 25 2 7 
/ 1 9 IT 

a 1 17 14 
9 1 10 u 
1 2 6 0 8 0 
2 2 6 7 66 
4 2 5 4 56 
5 2 55 55 
6 2 41 41 
/ 2 22 2 1 
8 2 20 18 
9 2 26 2 7 
1 3 1 1 1 1 
3 3 17 15 
4 3 33 35 
5 3 27 26 
6 3 1 1 1 1 
1 4 74 76 
2 4 77 79 
4 4 57 55 
5 4 28 2 9 
6 4 31 32 
7 4 39 39 
8 4 13 10 
1 5 18 20 
2 5 16 16 
4 12 12 
6 5 22 22 
8 5 15 15 
1 6 19 20 
2 6 37 37 
3 6 54 56 
4 6 7 5 
5 6 50 47 
6 6 41 42 
7 6 15 14 
1 7 10 8 
2 7 9 6 
3 7 14 13 
4 7 8 8 
6 7 15 14 
7 7 10 10 
1 8 24 • 24 
3 8 28 26 
4 8 17 1 7 
5 8 28 28 
6 8 30 29 
3 9 12 15 
4 9 3 3 33 
6 9 28 29 
7 9 12 13 
1 1 0 52 55 
2 l u 32 31 
3 10 9 5 
4 10 28 25 
5 IG 22 21 

H K FO FC 

6 l u 1 9 2 0 
2 11 1 5 14 
3 11 10 1 1 
1 12 37 3 7 
2 ] 2 3 1 31 
4 12 27 27 
5 12 3 4 3 3 
1 1 3 14 13 
3 1 3 9 10 

L = - 7 

1 1 60 59 
2 1 105 105 
3 1 95 92 
4 1 10 8 
5 1 50 50 
6 1 26 25 
7 1 41 4 3 
8 1 25 26 
9 1 19 20 
1 2 45 48 
2 2 16 15 
3 2 1 1 8 
6 2 11 12 
7 2 26 25 
9 2 20 21 
1 3 27 28 
2 3 3 9 41 
3 3 84 84 
4 3 41 41 
5 3 46 49 
6 3 71 71 
7 3 39 40 
9 3 14 12 
1 4 15 14 
2 4 20 18 
3 4 16 15 
4 4 22 24 
5 4 55 53 
6 4 19 2 0 
7 4 20 18 
1 5 26 26 
2 5 51 50 
3 5 36 38 
4 5 17 15 
5 5 18 16 
6 5 4 5 47 
7 5 3 9 40 
2 6 9 12 
3 6 18 14 
4 6 20 21 
5 6 49 49 
7 6 17 19 
1 7 55 57 
2 7 76 75 

H K KO FC 

3 7 54 5 3 
4 7 14 1 4 
5 7 28 3 0 
6 7 3 3 33 
7 7 42 39 
8 7 26 ?B 
} 8 27 2 8 
2 8 14 1 2 
3 8 22 22 
4 8 8 8 
5 8 22 2 1 
1 9 38 3 9 
2 9 41 39 
3 9 40 39 
4 9 28 27 
5 9 2 5 2 5 
6 9 4 5 4 4 
7 9 24 24 
2 10 8 9 
3 1 0 9 7 
5 10 12 1 7 
6 10 19 1 9 
1 1 1 27 26 
2 1 1 15 1 6 
3 1 1 10 1 1 
5 1 1 13 1 4 
6 1 1 26 27 
2 12 12 1 1 
3 12 9 7 
4 12 22 20 
5 12 18 1 9 
1 13 28 29 
2 13 37 ^7 
3 13 12 1 3 
4 13 10 7 
1 14 18 1 9 
2 14 8 8 
3 14 9 1 o 

L = -6 

1 1 13 1 4 
3 1 41 42 
5 1 27 ^0 
6 1 25 25 
7 1 13 2 
3 1 15 1 5 
9 1 9 5 
2 2 42 45 
3 2 63 63 
4 2 53 48 
5 2 8 6 
6 2 12 7 
7 2 24 24 
8 2 4 0 4 0 
1 3 37 34 

H K FO FC 

2 3 8 5 
3 3 3 8 36 
4 3 26 2 5 
6 3 29 3 0 
7 3 1 3 5 
1 4 27 2 9 
2 4 8 5 B 1 
3 4 98 9 2 
4 4 5 8 56 
5 4 1 1 12 
6 4 20 23 
7 4 38 38 
8 4 45 45 
9 4 14 15 
1 5 59 59 
2 5 24 23 
3 5 3 0 30 
5 5 8 2 
] 6 16 17 
2 6 54 53 
3 6 72 74 
4 6 80 79 
5 6 10 9 
6 6 67 67 
7 6 61 62 
8 6 23 25 
1 7 15 1 1 
3 7 14 12 
4 7 1 2 6 
5 7 8 7 
6 7 13 9 
1 8 23 22 
2 8 36 38 
3 8 4 8 47 
4 8 36 37 
5 8 16 9 
6 8 45 45 
7 8 41 41 
8 8 14 17 
1 9 8 7 
2 9 15 12 
3 9 28 26 
4 9 16 16 
5 9 24 22 
6 9 13 14 
1 10 9 1 1 
2 10 ^5 54 
3 10 49 48 
4 10 22 24 
6 10 13 13 
7 10 19 17 
1 11 15 1 3 
2 1 ]. 16 1 7 
3 11 9 5 
4 11 18 18 
6 11 9 6 



h K. F O F C 

1 1 2 1 B 1 3 

2 1 2 2B 2 6 

3 1 2 3 2 3 1 

4 1 2 2 5 2 6 

5 1 2 1 3 1 6 

1 1 3 1 6 1 J 
2 1 3 1 3 1 3 

3 1 3 1 4 1 1 

1 3 1 7 1 8 

1 1 4 1 3 1 1 

2 1 4 9 9 

3 1 4 1 0 LO 

1 4 1 9 2 0 

L = - 5 

1 1 6 0 6 3 

2 1 4 5 4 2 

3 1 5 3 5 5 

1 5 8 5 6 

5 1 1 8 1 3 

6 1 2 6 2 4 

7 1 1 4 1 5 

8 1 3 4 3 4 

9 1 3 5 3 8 

1 2 3 4 3 8 

2 2 5 8 5 9 

3 2 1 8 2 2 

2 6 6 6 7 

5 2 8 9 

6 2 2 3 2 3 

7 2 1 5 1 1 

1 3 5 9 5 1 

2 3 4 2 4 0 

3 3 6 1 5 7 

3 1 0 0 1 0 4 

5 3 9 1 9 4 

6 3 9 1 1 

7 3 6 1 6 1 

8 3 4 0 4 1 

9 3 1 8 1 6 

2 4 6 1 

3 4 1 1 8 

6 4 1 0 9 

7 4 1 1 8 

8 4 1 7 2 0 

1 5 4 3 5 1 

2 5 4 7 4 7 

3 5 7 0 7 2 

5 7 7 7 3 

5 5 4 5 4 3 

6 5 2 7 2 5 

7 5 4 2 4 1 

8 5 3 3 3 3 

1 6 3 0 3 3 

2 6 9 1 4 

H K F O F C 

3 6 2 3 2 3 

4 6 4 8 4 6 

5 6 1 0 1 2 

6 6 3 2 2 9 

H 6 1 3 ] 1 

1 7 7 5 7 4 

2 7 2 4 2 3 

3 7 8 b 8 5 

4 7 6 3 6 2 

5 7 2 0 2 2 

7 7 2 0 1 9 

8 7 2 5 2 6 

1 8 1 4 1 2 

2 8 4 4 4 3 

3 8 9 8 

4 8 2 5 2 2 

6 8 9 5 

8 8 1 5 1 3 

1 9 3 5 3 4 

2 9 7 8 

3 9 3 5 3 5 

4 9 5 2 5 3 

5 9 5 1 5 0 

7 9 2 9 3 0 

2 1 0 1 8 1 9 

3 1 0 1 2 1 2 

4 1 0 1 1 1 1 

1 0 1 4 1 6 

6 1 0 1 1 1 1 

7 1 0 1 0 1 1 

1 1 1 1 4 1 6 

2 1 1 1 5 1 5 

3 1 1 1 2 1 0 

4 1 1 3 0 3 0 

5 1 1 4 2 4 3 

1 1 2 9 9 

3 1 2 1 4 1 2 

4 1 2 2 1 2 1 

5 1 2 9 9 

6 1 2 2 1 2 2 

1 1 3 4 0 3 9 

2 1 3 1 0 6 

ro
 1 3 2 6 2 6 

4 1 3 2 2 2 1 

5 1 3 1 8 2 0 

2 1 4 1 2 1 2 

1 1 5 1 5 1 6 

3 1 5 1 5 1 5 

L = - 4 

1 1 3 2 3 6 

2 1 3 4 3 8 

3 1 2 1 2 3 

5 1 9 1 5 

8 1 1 8 1 9 

H K F O F C 

1 2 7 8 0 2 

2 2 3 7 4 0 

3 2 1 2 1 4 

4 2 7 0 6 8 

5 2 7 8 7 4 

6 2 2 0 1 8 

8 2 2 2 1 9 

9 2 3 4 3 7 

1 3 4 0 4 2 

2 3 3 9 3 7 

3 3 4 0 3 7 

4 3 3 9 3 7 

5 3 1 3 1 4 

8 3 2 5 2 6 

9 3 1 3 i 1 

1 4 1 4 7 . 1 4 7 

2 4 6 2 5 3 

3 4 3 9 4 2 

4 4 8 1 7 9 

5 4 3 9 4 2 

9 4 2 5 2 6 

1 5 3 2 3 4 

2 5 4 6 4 7 

3 5 1 5 1 o 

4 5 2 6 2 6 in 5 4 0 - 5 7 

7 5 1 7 1 5 

1 6 1 1 5 n o 

2 6 5 5 5 2 

3 6 2 9 2 5 

4 6 4 5 4 6 in 6 7 8 7 8 

6 6 5 8 5 8 

7 6 1 6 1 5 

8 6 2 9 3 0 

1 7 2 6 2 8 

2 7 2 9 2 8 

3 7 8 7 

4 7 1 4 1 6 

6 7 2 2 2 4 

7 7 1 2 1 2 

1 8 5 2 5 8 

2 8 3 7 4 0 

3 8 2 1 2 4 

4 8 3 6 3 5 

5 8 5 4 5 2 

6 8 4 5 4 4 

7 8 9 6 

8 8 2 7 2 5 

1 9 1 5 1 4 

2 9 1 2 1 5 

3 9 7 5 

4 9 2 3 2 2 

5 9 2 9 3 0 

6 9 1 8 1 8 

7 9 2 8 2 7 

H K F O F C 

1 1 0 7 7 7 6 

2 l n 4 8 4 8 

3 1 0 3 6 3 4 

4 1 0 4 2 4 1 
r. 1 0 2 3 2 5 

6 1 0 2 2 2 1 

1 1 1 9 7 

2 1 1 1 7 1 6 

3 1 1 3 6 3 6 

4 1 1 8 7 

5 1 j 1 1 1 1 

1 1 2 3 5 3 7 

2 1 2 1 6 1 6 

4 1 2 2 0 1 9 

5 1 2 3 5 3 4 

6 1 2 1 8 1 7 

1 1 3 8 7 

2 1 3 1 4 1 6 

3 1 3 2 2 2 2 

5 1 3 1 3 1 2 

1 1 4 1 5 1 8 

4 1 4 1 1 9 in 1 4 2 9 3 0 

1 1 5 1 1 7 

L = - 3 

1 1 1 6 1 9 

2 1 1 6 2 1 6 5 

3 1 4 4 4 0 

4 1 8 6 8 9 

5 1 9 0 9 3 

6 1 4 9 4 8 

7 1 8 4 

8 1 1 6 1 4 

9 1 2 6 2 8 

1 2 1 4 5 1 4 5 

2 2 2 6 2 6 

3 2 1 0 8 1 1 3 

4 2 3 1 2 9 

5 2 2 8 2 7 

7 2 9 8 

9 2 1 3 1 5 

1 3 9 3 9 3 

2 3 9 7 9 0 

3 3 9 7 9 4 

4 3 1 0 6 

5 3 7 5 7 2 

6 3 9 6 9 8 

7 3 5 2 5 1 

8 3 1 9 1 8 

9 3 3 0 3 2 

1 4 7 9 

2 4 2 8 2 4 

3 4 1 7 1 5 

4 4 1 4 1 1 



H K FO FC 

5 4 1 2 9 

7 4 1 7 1 6 

1 5 LUL 98 

2 5 7 1 7 1 

3 5 4 4 ' 4 2 

5 1 1 1 2 

B 5 4 6 4 5 

6 5 3 2 5 0 

7 5 2 8 2 7 

8 5 1 0 7 

1 6 1 9 2 0 

4 6 1 1 1 0 

5 6 1 9 1 5 

7 6 2 3 2 3 

8 6 1 0 7 

1 7 1 0 6 1 0 6 

2 7 1 5 4 1 5 6 

3 7 3 3 3 0 

4 7 5 2 5 0 

b 7 2 5 2 7 

6 7 1 8 1 9 
7 7 1 3 1 5 

1 8 4 2 4 3 

2 8 1 6 1 5 

3 8 3 7 3 6 

4 8 2 8 2 6 

5 8 9 6 
6 8 1 4 1 5 

7 8 9 7 

1 9 82 8 4 

2 9 7 5 7 5 

3 9 9 1 0 

5 9 2 1 2 1 

6 9 5 1 5 1 

7 9 2 0 1 9 

1 1 0 1 8 1 8 

3 1 0 2 6 2 7 

4 1 0 1 8 1 8 

5 1 0 1 3 1 3 

6 1 0 9 5 

7 1 0 1 4 1 3 

1 1 1 3 9 3 9 

2 1 1 1 0 1 4 

3 1 1 9 8 

5 1 1 2 3 2 5 

6 1 1 4 3 4 5 

7 1 1 2 2 2 3 

1 1 2 1 7 1 4 

2 1 2 1 0 9 

4 1 2 1 0 1 0 

5 1 2 1 2 1 4 

1 1 3 2 3 2 2 

2 1 3 4 1 42 

3 1 3 1 3 1 4 

4 1 3 2 4 2 6 

5 1 3 3 0 3 0 

H K FO FC 

2 1 4 8 3 

4 1 4 1 4 1 1 

1 1 5 2 1 2 2 

2 1 5 2 8 2 7 

3 1 5 8 7 

4 1 5 1 3 1 2 

1 1 6 1 1 1 2 

L = - 2 

2 1 1 2 1 1 1 5 

3 1 1 5 1 2 
4 1 4 5 4 7 

5 1 2 4 2 1 

6 1 3 2 3 1 

7 1 1 3 1 4 

8 1 1 6 1 7 

1 2 2 5 2 6 

2 2 7 6 6 9 

4 2 4 2 4 3 

5 2 4 0 3 8 

6 2 6 3 6 4 

7 2 3 6 3 6 

8 2 1 2 1 1 

9 2 8 4 

2 3 6 2 5 7 

3 3 4 0 3 9 

4 3 2 5 2 8 

5 3 2 3 2 2 

6 3 2 7 2 6 

7 3 1 0 1 0 

8 3 1 7 1 7 

1 4 1 9 1 6 

2 4 7 9 7 9 

3 4 1 7 4 1 7 2 

4 4 1 2 9 

5 4 7 6 7 5 

6 4 3 5 3 5 

7 4 2 9 2 8 

8 4 1 7 1 8 

1 5 5 3 

2 5 2 7 2 8 

3 5 3 6 3 6 

4 5 5 0 5 1 

1 6 8 1 8 3 

2 6 1 2 4 1 1 5 

3 6 7 0 6 8 
4 6 2 3 2 2 
5 6 1 6 1 7 

6 6 3 5 3 6 

7 6 5 8 5 9 

8 6 1 9 1 9 

1 7 1 3 1 2 

2 7 7 6 

3 7 7 6 

4 7 8 8 

H K FO FC 

5 7 1 2 1 O 

6 7 1 6 1 4 

8 7 ] 0 7 

1 8 5 4 5 0 

2 8 90 OO 

3 8 2 3 2 0 

4 8 14 1 7 

5 8 1 8 2 0 

6 8 2 9 28 

7 8 40 4 0 

8 8 1 4 I 3 

1 9 2 3 2 4 

3 9 9 6 

4 9 1 7 1 6 5 9 1 2 1 1 

7 9 1 9 2 1 

1 1 0 1 6 1 5 

2 1 0 7 1 7 3 

3 1 0 90 9 1 

5 1 0 3 3 3 4 

6 1 C 2 5 2 4 

7 1 0 2 2 2 1 
1 1 1 2 5 2 8 

2 1 1 20 1 9 

4 1 1 1 3 1 4 

6 1 1 10 L 2 

1 1 2 7 7 

2 1 2 4 2 4 3 

CO 1 2 4 5 4 3 

4 1 2 7 7 
5 1 2 1 6 1 8 

6 1 2 2 9 2 8 

2 1 3 1 6 1 4 CO 1 3 9 1 O 

4 1 3 2 6 2 4 

1 1 4 2 7 2 6 

2 1 4 1 8 1 8 

3 1 4 1 1 1 2 
4 1 4 9 1 O 
1 1 5 7 5 

4 1 5 1 1 1 0 

1 1 6 1 5 1 3 

2 1 6 2 5 2 4 

L = - 1 

1 1 7 2 6 9 
2 1 1 6 I 4 

3 1 1 2 7 1 3 0 
4 1 1 1 6 1 2 0 

6 1 4 5 4 4 

7 1 2 9 2 9 

8 1 2 3 2 5 

1 2 6 5 

2 2 5 1 4 9 

4 2 30 2 9 

H K FO FC 

5 2 2 8 2 8 

6 2 9 9 

8 2 1 3 1 4 

1 3 1 3 6 1 2 8 

2 3 9 5 8 8 

3 3 1 2 9 1 2 7 

4 3 7 9 7 0 

5 3 2 6 2 4 

6 3 7 4 

7 3 4 5 4 6 

8 3 40 4 1 

J 4 1 9 1 6 

3 4 5 1 4 7 

5 4 2 5 2 4 

6 4 3 2 3 3 

7 4 2 2 2 1 

8 4 1 7 1 5 

1 5 7 8 

2 5 6 7 6 6 

3 5 7 6 6 2 

4 5 2 8 2 7 

5 5 1 1 1 1 

6 5 8 9 

7 5 3 6 3 7 

8 5 2 6 2 8 

1 6 1 7 1 6 

2 6 2 4 1 9 

3 6 2 9 2 8 

4 6 1 2 1 1 

5 6 1 6 1 3 
6 6 2 1 2 2 

8 6 1 7 1 9 

1 7 2 4 2 5 

2 7 1 1 1 0 

3 7 7 2 7 9 

4 7 8 1 8 2 

5 7 1 4 1 7 

6 7 4 2 4 1 

7 7 3 1 2 9 

CO
 

7 2 6 2 5 

1 8 1 1 1 1 

2 8 4 6 4 7 

3 8 1 4 1 5 

4 8 3 6 3 7 

5 8 1 4 1 4 

6 8 1 1 1 1 

7 8 1 1 1 2 

1 9 1 8 1 7 

2 9 4 8 5 0 

3 9 5 3 5 2 

4 9 3 7 3 6 

5 9 2 2 2 1 

6 9 1 7 1 5 

7 9 38 3 9 

1 1 0 30 3 3 

2 1 0 2 2 2 0 



83 

H K FO FC 

3 10 11 lu 
5 10 16 1 3 
7 10 13 12 
1 1 1 6 3 
2 1 1 43 43 
3 11 4 5 43 

1 1 24 24 
11 19 19 

1 12 25 26 
1 13 23 24 
2 13 1 1 9 
3 13 57 57 

13 41 41 
1 14 7 4 
2 14 8 7 

14 13 14 
1 15 15 16 
2 15 11 1 1 
3 15 25 25 
4 15 23 23 

L = 0 

2 0 147 150 
3 0 44 53 
4 0 132 134 
5 0 82 81 
6 0 13 13 
7 0 13 8 
8 0 28 29 
2 1 50 43 
3 1 32 29 
5 1 27 25 
6 1 13 10 
7 1 24 22 
8 1 8 6 
1 2 109 104 
2 2 10 2 
3 2 67 63 
4 2 100 96 
5 2 57 59 
6 2 7 0 
7 2 13 14 
8 2 21 21 
1 3 45 48 
2 3 21 21 
4 3 14 13 

3 1 1 1 1 
0 4 18 16 
1 4 13 1 1 
2 4 48 51 
3 4 31 31 
4 4 95 102 
5 4 47 49 
6 4 10 9 
7 4 25 26 

H K FO FC 

8 4 24 24 
1 5 5 9 5 7 
2 5 42 35 
3 5 57 58 
4 5 1 1 9 
5 5 26 27 
7 5 13 13 
8 5 12 12 
0 6 103 106 
1 6 56 59 
3 6 49 52 
4 6 52 51 
5 6 38 36 
6 6 16 17 
7 6 22 23 
8 6 40 40 
1 7 16 14 
2 7 52 52 
3 7 12 12 
4 7 18 22 
7 7 14 7 
0 8 61 65 
1 8 51 52 
3 8 38 37 
4 8 42 39 
5 8 2 7 27 
6 8 12 9 
7 8 16 15 
1 9 63 67 
2 9 16 14 
3 9 22 24 
4 9 9 5 
6 9 1 1 13 
7 9 14 14 
0 10 30 30 
1 10 40 42 
2 10 37 38 
3 10 33 33 
4 10 71 71 
5 10 32 32 
1 11 9 7 
2 11 1 7 17 
3 11 19 17 
4 11 14 12 
5 11 28 25 
6 11 12 12 
0 12 35 39 
1 12 45 48 
2 12 13 13 
3 12 40 40 
4 12 36 36 
5 12 23 23 
6 12 14 15 
2 13 14 17 
3 13 17 17 
5 13 16 15 

1 ' K FO FC 

•J 14 64 6 7 
1 14 30 3 1 
2 14 13 1 2 
3 14 20 1 7 
4 14 22 ^ 9 
1 15 11 1 4 
2 15 9 7 
0 1 6 30 ^0 
1 16 18 i 8 

L = 1 

2 1 3 3 32 
3 1 13 1 7 
4 1 79 80 
5 1 81 83 
6 1 15 l 6 
8 1 11. 7 
0 2 14 l 4 
1 2 143 139 
2 2 101 103 
3 2 54 49 
4 2 56 56 
5 2 12 12 
6 2 15 1 5 
7 2 11 1 o 

2 13 1. 5 
2 3 80 85 

O
J 3 18 i 9 

4 3 36 37 
5 3 58 59 
6 3 49 51 
7 3 8 5 
8 3 24 24 
u 4 51 49 
1 4 109 104 
2 4 29 24 
3 4 45 45 
6 4 24 23 
0 5 9 6 
1 5 94 94 
2 5 93 85 
3 5 14 1 0 
4 5 33 31 
5 5 57 56 
6 5 34 33 
7 5 9 5 
1 6 39 34 
2 6 74 82 
3 6 12 8 
4 6 31 33 
5 6 8 8 
7 6 17 1, 4 
0 7 49 48 
1 7 20 1 8 
2 7 31 34 

H K FO FC 

3 7 38 4 2 
4 7 60 6 1 
5 7 70 73 
6 7 20 20 
0 8 41 36 
1 8 15 1 3 
3 8 46 45 
4 8 1 8 17 
5 8 34 3 3 
6 8 23 23 
7 8 10 7 
0 9 72 74 
1 9 66 67 
2 9 31 36 
3 9 9 6 
4 9 38 38 
5 9 38 37 
6 9 24 24 
1 10 28 26 
2 10 16 15 
3 10 21 21 
4 10 11 10 
5 10 11 15 
6 10 15 16 
0 11 49 53 
1 11 77 80 
2 11 26 26 
3 11 14 16 
4 11 13 13 
5 11 1 9 19 
6 11 24 24 
0 12 23 25 
1 12 37 39 
2 12 37 36 
3 12 10 7 
0 13 32 32 
1 13 41 40 
2 13 28 28 
4 13 21 19 
5 1 3 29 27 
2 14 8 6 
3 14 8 6 
4 14 9 5 
0 15 23 24 
1 15 \b 16 2 15 11 14 
0 16 1 4 14 
1 16 12 1 1 

L = 2 

0 0 72 72 
2 0 61 59 
3 0 27 26 

0 11 12 
6 0 34 35 



H K FO FC H K F 0 FC 

0 1 84 88 2 9 59 61 
1 1 5 7 3 9 34 37 
2 1 26 25 4 9 16 14 
3 1 16 16 5 9 8 9 
4 1 9 11 0 1U 3 0 28 
5 1 17 17 1 1 o 30 30 
6 1 16 13 2 10 54 54 
7 1 15 1 1 3 10 37 36 
8 1 11 8 4 10 1 5 1 1 
0 2 17 16 5 10 3 3 32 
1 2 66 69 6 10 26 27 
2 2 22 22 0 11 7 4 
3 2 30 28 1 11 25 25 
4 2 22 22 3 11 9 1 1 
5 2 53 52 4 11 20 20 
6 2 43 45 0 12 20 22 
7 2 8 9 1 12 41 40 
0 3 21 16 2 12 32 32 
1 3 73 69 3 12 8 6 
2 3 40 36 4 12 11 9 
3 3 35 38 5 12 20 20 
4 3 15 15 1 13 18 18 
6 3 9 6 2 13 7 3 
0 4 28 28 4 13 10 11 
1 4 146 142 1 14 26 25 
2 4 97 92 2 14 22 23 
3 4 45 45 0 15 31 35 
4 4 8 7 1 15 1 7 18 
5 4 75 74 2 15 14 15 
6 4 58 60 3 15 1 1 12 
0 5 13 1 1 1 16 12 10 
1 5 16 10 
2 5 52 50 L = 3 
3 5 25 25 
4 5 41 41 0 1 17 13 
5 5 15 17 2 1 60 62 
6 5 26 24 3 1 51 51 
7 5 16 13 4 1 41 40 
1 6 130 129 5 1 8 1 
2 6 148 1 53 6 1 45 44 
3 6 51 48 7 1 27 28 
4 6 13 12 0 2 59 60 
5 6 31 30 1 2 65 68 
6 6 42 44 2 2 26 28 
7 6 30 33 3 2 12 13 
0 7 17 18 4 2 22 24 
3 7 8 8 7 2 18 17 
7 7 9 4 0 3 110 120 
1 8 38 39 1 3 46 48 
2 8 90 9 0 2 3 111 114 
3 8 50 47 3 3 49 46 
4 8 7 8 4 3 8 10 
5 8 20 21 5 3 7 1 
6 8 22 22 6 3 21 19 
0 9 19 20 7 3 29 30 
1 9 10 7 0 4 25 26 

i 1 K FO FC H K FO FC 

1 4 21 21 4 0 ] 8 ] 8 
3 4 28 29 5 0 8 7 
4 4 26 25 7 0 22 22 
1 5 44 4 0 0 1 22 21 
2 5 85 85 1 1 4 5 53 
3 5 52 51 2 1 23 24 
4 5 39 3 9 3 1 2 8 3 0 
5 5 8 1 1 4 1 16 14 
6 5 35 36 5 1 13 1 1 
7 5 20 21 0 2 86 83 
0 6 14 1 1 1 2 37 37 
1 6 40 39 2 2 47 47 
3 6 44 44 3 2 45 4 8 
4 6 15 i 9 4 2 4 8 49 
1 7 33 33 5 2 39 39 
2 7 89 87 6 2 17 1 3 
3 7 1 14 11 ] 7 2 28 29 
4 7 44 41 0 3 53 57 
5 7 25 23 1 3 25 23 
6 7 40 41 2 3 9 7 
1 8 33 34 3 3 38 35 
3 8 23 22 4 3 37 39 
5 8 15 1 4 6 3 8 5 
u 9 28 27 0 4 93 97 
1 9 24 24 1 4 12 6 
2 9 80 77 2 4 13 13 
3 9 64 63 3 4 56 56 
4 9 15 1 3 4 4 87 85 
6 9 19 1 7 5 4 31 31 
(J 10 10 6 6 4 24 22 
2 10 19 1 8 0 5 83 88 
3 10 8 6 1 5 13 12 
0 1 1 34 34 2 5 58 58 
1 1 1 9 8 4 5 15 15 
2 1 1 22 23 5 5 25 24 
3 1 1 13 1 3 0 6 84 90 
5 1 1 8 1 1 6 42 45 
0 12 25 28 2 6 56 56 
1 12 42 43 3 6 83 82 
3 12 23 23 4 6 25 22 
4 12 8 1 1 6 6 9 7 
3 13 22 20 0 7 10 14 
4 13 18 1 7 1 7 11 8 
0 14 27 29 3 7 9 5 
1 14 18 19 4 7 9 5 
2 14 11 8 5 7 11 7 
3 14 8 8 0 8 39 38 
u 15 9 8 1 8 34 34 
2 15 19 20 2 8 37 35 

3 8 45 44 
L = 4 4 8 9 8 

0 9 19 20 
0 0 110 127 1 9 35 34 
1 0 45 48 4 9 11 8 
2 0 81 89 0 10 16 17 
3 0 84 88 1 10 11 13 



H K FO FC 

2 10 2 0 16 
3 LU 34 37 
4 10 48 48 
5 10 18 18 
1 11 11 15 
2 11 13 15 
0 12 35 36 
1 12 23 21 
3 12 30 30 
4 12 36 36 
0 13 9 12 
0 14 27 28 
1 14 16 15 
2 14 10 10 
1 15 2 1 22 

L = 5 

0 1 73 68 
1 1 106 109 
2 1 29 32 

1 33 35 
1 49 51 

5 1 6 1 63 
6 1 23 23 
0 2 64 67 
1 2 21 19 
2 2 16 15 

2 24 21 
5 2 10 13 
6 2 14 16 
0 3 124 128 
1 3 89 94 
2 3 14 14 
3 3 76 75 

3 67 68 
5 3 14 13 
2 4 22 22 

4 20 19 
6 4 9 7 
0 5 60 67 
1 5 41 37 
3 5 32 29 

5 26 27 
5 5 15 15 
6 5 8 5 
0 6 11 12 
2 6 15 21 
3 6 27 27 
4 6 15 10 
5 6 12 10 
6 6 9 9 
0 7 65 66 
1 7 12 8 
2 7 23 21 
3 7 25 22 

H K FO FC 

4 7 2 1 2 3 
5 7 35 36 
0 8 23 24 
1 8 12 11 
3 8 14 11 
U 9 44 46 
1 9 45 44 
2 9 23 22 
3 9 2 1 18 
4 9 2 7 27 
5 9 18 17 
2 10 15 16 
3 10 10 8 
U 11 44 45 
1 11 35 35 
2 1 1 9 8 
3 1 1 25 25 
4 1 1 33 32 
0 12 16 15 
1 12 8 7 
2 12 28 27 
0 13 38 38 
1 13 12 12 
2 13 8 9 

13 9 7 
0 14 7 5 
1 14 14 13 
2 14 12 7 
0 15 17 19 

L = 6 

0 0 56 50 
1 0 151 159 
2 0 78 78 
3 0 17 18 
4 0 61 61 
5 0 51 52 
6 0 2 1 18 
0 1 38 41 
1 1 31 33 
2 1 7 1 
3 1 11 7 
6 1 12 12 
0 2 53 56 
1 2 72 72 
2 2 54 56 
4 2 25 25 
5 2 33 32 
6 2 27 27 
0 3 25 29 
4 3 11 10 
6 3 8 5 
U 4 81 82 
1 4 32 31 
2 4 23 24 

H K FO FC 

3 4 27 26 
5 4 21 22 
0 5 32 3 4 
1 5 36 35 
2 5 16 1 5 
4 5 20 20 
0 6 34 ?3 
1 6 53 ^2 
2 6 47 47 
3 6 9 6 
4 6 27 26 
5 6 22 21 
3 7 21 21 
0 8 20 20 
1 8 53 50 
4 8 21 1 9 
0 9 21 2 1 
2 9 24 21 
3 9 14 1 4 
0 10 58 58 
1 10 27 26 
2 10 12 1 1 
3 10 17 1 5 
1 1 1 10 1 1 
2 1 1 15 1 6 
0 12 26 28 
1 12 23 23 
2 12 32 30 
3 12 11 7 
2 13 11 1 0 
1 14 31 33 

L = 7 

0 1 12 1 5 
1 1 57 59 
2 1 36 36 
3 1 19 20 
4 1 9 8 
0 2 25 24 
1 2 37 35 
2 2 13 13 
5 2 24 ?6 
0 3 27 27 
1 3 37 37 
2 3 82 81 
3 3 40 39 
4 3 13 1 1 
5 3 22 22 
1 4 13 1 2 
2 4 23 25 
4 4 15 1 3 
1 5 28 28 
2 5 49 50 
3 5 37 36 
5 5 17 1 5 

H K FO FC 

1 6 22 19 
3 6 17 17 
0 7 39 39 
1 7 60 61 
2 7 13 12 
3 7 18 16 
4 7 15 15 
0 8 12 1 1 
1 8 27 25 
2 8 14 1 1 
0 9 10 6 
1 9 32 3 1 
2 9 27 29 
3 9 28 28 
0 10 7 7 
1 10 12 10 
2 10 11 10 
3 10 13 8 
0 1 1 15 16 
1 1 1 16 16 
2 1 1 40 39 
1 12 8 7 
2 12 13 1 1 
1 13 23 24 

L = 8 

0 0 50 5 1 
1 0 8 10 
2 0 36 37 
3 0 45 46 
4 0 17 17 
1 1 7 6 
2 1 14 15 
3 1 9 9 
4 1 12 14 
0 2 39 40 
1 2 15 14 
2 2 29 30 
4 2 18 17 
4 3 8 9 
0 4 33 33 
1 4 29 2 7 
2 4 43 43 
3 4 21 19 
4 4 12 12 
0 5 38 40 
2 5 26 24 
4 5 9 7 
1 6 8 7 
2 6 35 36 
3 6 43 42 
4 6 21 19 
1 7 8 3 
0 8 22 19 
2 8 21 22 



86 

H K HO FC 

3 8 40 39 
0 9 9 9 
1 9 13 16 
2 9 8 5 
3 9 15 14 
0 10 28 28 
1 10 16 17 
2 10 24 24 
0 11 22 24 
1 11 7 4 
0 12 14 2 0 

L = 9 

0 1 61 62 
1 1 18 19 
2 1 15 15 
3 1 22 23 
4 1 19 18 
0 2 28 26 
1 2 10 12 
2 2 14 14 
0 3 27 28 
1 3 34 34 
2 3 13 1 1 
3 3 35 35 
0 4 14 12 
0 5 41 41 
1 5 22 21 
2 5 8 12 
3 5 20 2 1 
0 6 14 14 
2 6 6 1 1 
0 7 47 48 
1 7 1 1 10 
2 7 12 12 
0 8 25 28 
1 8 26 27 
0 9 31 30 
0 10 25 26 
1 10 15 13 
0 11 22 22 

L= 10 

H K FO FC 

1 4 3 6 36 
1 5 26 27 
2 5 9 9 
0 6 26 25 
1 6 3 5 34 
2 6 18 19 
0 7 8 1 
1 7 13 13 
0 8 28 29 
1 8 32 31 
0 9 9 11 
0 10 31 32 

L = 1 1 

0 1 14 14 
1 1 20 21 
2 1 18 16 
0 2 17 19 
2 2 15 14 
0 3 17 18 
1 3 2 1 20 
1 4 9 1 
0 5 13 11 
1 5 33 34 
0 6 9 10 
1 6 1 1 10 
0 7 20 21 

L = 12 

0 3 9 7 

0 0 21 21 
1 0 27 25 
2 0 23 23 
3 0 19 20 
1 1 18 18 
3 1 9 6 
0 2 32 34 
1 2 33 34 
2 2 9 6 
1 3 8 9 
0 4 39 40 



Cu(L2pyr)(C104)-CH3CN 

K L FO FC K L FO FC 

H = 0 8 5 50 49 
8 7 26 25 

0 4 14 15 8 8 12 12 
0 6 137 163 8 9 30 29 
0 8 96 98 8 10 19 19 
0 10 19 18 8 11 6 5 
0 12 64 70 10 0 20 18 
0 16 12 12 10 1 8 8 
0 18 8 8 10 2 7 6 
2 2 98 77 10 3 25 26 
2 3 20 24 10 4 17 16 
2 4 19 27 10 5 13 13 
2 5 16 22 10 6 14 17 
2 6 99 112 
2 7 113 115 H = 1 
2 8 48 50 
2 9 25 26 0 2 118 123 
2 10 8 9 0 4 142 157 
2 11 69 72 0 6 53 46 
2 12 32 31 0 8 72 84 
2 13 25 25 0 10 9 14 
2 14 7 6 0 12 43 47 
2 16 5 3 0 14 40 39 
2 19 6 6 0 16 21 20 
4 0 100 97 0 18 22 21 
4 1 139 133 1 0 196 199 
4 2 129 129 1 1 156 152 
4 3 165 162 1 2 224 236 

77 77 1 3 17 19 
4 5 120 125 1 4 185 180 
4 6 12 10 1 5 8 9 
< • 7 110 114 1 6 70 67 
4 9 49 53 1 7 12 14 
4 10 58 60 -1 6 84 93 
4 11 48 48 1 9 54 55 
4 12 13 15 1 10 87 90 
<• 14 7 4 1 11 56 60 
4 15 11 13 1 12 11 9 
4 18 12 12 1 13 27 29 
6 0 67 68 1 14 6 5 
6 1 23 22 1 16 8 9 
6 2 110 104 1 18 a 6 
6 3 10 9 1 19 9 9 
6 4 114 118 2 1 7 2 
6 6 33 34 2 2 240 230 
6 7 10 10 2 3 113 110 
6 8 37 37 2 4 73 78 
6 10 47 45 2 5 55 51 
6 11 17 16 2 6 61 56 
6 13 a 7 2 7 13 14 
6 16 10 12 2 8 52 57 
8 Q 15 17 2 9 42 45 
a 1 47 47 2 10 23 25 
8 2 51 52 2 11 37 39 
8 3 68 70 2 12 a 8 
8 4 37 36 2 13 50 50 

K L FO FC K L FO FC 

2 14 18 18 6 1 11 9 
2 15 29 30 6 2 12 12 
2 17 24 24 6 3 11 11 
2 18 7 5 6 4 39 39 
2 19 21 20 6 5 23 23 
3 C 249 230 6 6 30 29 
3 1 206 205 6 10 32 32 
3 2 8 15 6 11 7 4 
3 3 154 143 6 12 39 40 
3 5 111 109 6 14 8 10 
3 6 14 10 6 16 1 8 19 
3 7 94 95 7 0 54 53 
3 a 26 28 7 1 54 56 
3 9 57 58 7 2 24 23 
3 10 12 11 7 3 27 26 
3 11 58 59 7 4 47 46 
3 12 52 54 7 5 44 45 
3 13 8 8 7 6 59 59 
3 14 8 5 7 7 30 30 
3 15 9 7 7 8 52 53 
3 16 20 19 7 10 11 11 
4 1 31 31 7 11 17 16 
4 2 11 16 7 12 9 7 
4 3 5 1 7 14 8 7 
4 4 16 19 8 1 11 9 
4 5 59 57 8 2 15 13 
4 6 24 24 a 3 9 6 
4 7 17 17 8 4 13 11 
4 8 11 12 8 5 21 21 
4 9 33 34 8 6 12 12 
4 10 14 12 8 9 11 9 
4 11 2 7 29 8 10 11 11 
4 12 35 35 8 11 18 19 
4 13 29 27 9 1 3 4 35 
4 14 10 11 9 2 8 5 
4 15 14 13 9 3 31 31 
4 16 16 17 9 4 6 5 
4 17 15 14 9 5 37 36 
4 18 10 10 9 6 8 9 
5 0 151 151 9 7 30 31 
5 1 23 25 9 9 17 15 
5 2 76 72 10 3 7 3 
5 3 59 58 
5 4 82 76 H = 2 
5 5 63 64 
5 6 99 100 0 2 69 83 
5 7 63 65 0 4 163 154 
5 8 28 29 0 6 30 25 
5 9 66 65 0 8 26 27 
5 10 12 13 0 10 7 8 80 
5 11 12 12 0 12 68 73 
5 12 25 24 0 14 6 6 
5 13 7 7 0 16 9 7 
5 14 6 3 0 18 6 7 
5 15 9 9 1 1 21 29 
5 16 6 4 1 2 90 86 



K L FO FC K L FO FC K L FO FC K L FO FC 

3 30 30 4 5 51 52 6 1 34 33 2 3 46 45 
137 1 34 4 6 41 41 8 2 Q 10 2 4 61 56 

5 77 77 4 7 74 74 8 3 39 39 2 5 24 ?3 
6 20 24 4 8 17 17 8 10 11 2 6 70 70 
7 49 52 4 9 3 9 38 8 5 37 36 2 7 129 127 
8 23 21 4 10 36 38 8 B 15 15 2 8 66 70 
9 38 39 4 11 18 19 A 7 21 20 2 9 125 129 

10 75 78 4 12 34 35 8 8 13 12 2 10 47 47 
11 50 53 4 13 6 3 8 9 20 20 •? 11 87 91 
12 90 92 4 15 6 7 9 1 12 14 2 12 41 44 
13 43 43 4 16 9 11 9 2 16 14 2 13 82 82 
14 5 6 b 1 12 7 9 3 10 7 2 14 40 40 
15 24 25 5 2 70 76 9 4 6 3 2 15 43 44 
16 45 46 5 3 43 44 9 5 9 7 2 16 21 20 
17 25 24 5 4 19 18 9 6 12 12 2 17 39 39 
18 46 45 5 5 32 32 9 7 27 29 2 18 20 21 
19 17 17 5 6 20 20 9 9 20 21 2 19 39 37 

2 0 82 75 5 7 20 18 10 0 7 5 3 0 67 57 
2 1 135 129 5 8 72 72 10 1 17 16 3 1 14 14 
2 2 10 19 5 9 8 7 10 2 10 10 3 2 39 40 
2 3 53 51 5 10 17 20 10 3 14 13 3 3 26 26 
2 4 42 30 5 11 28 27 10 4 16 17 3 4 32 30 
2 5 36 *4 5 12 52 54 10 5 13 13 3 5 6 2 
2 6 63 58 5 14 54 56 10 6 8 7 3 6 35 77 
2 7 16 14 5 15 9 10 3 7 27 27 
2 8 44 44 5 16 32 31 H = 3 3 8 12 15 
2 9 20 23 5 17 22 19 3 9 11 7 
2 10 39 41 6 0 25 25 0 2 211 222 3 10 35 32 
2 11 65 65 6 1 20 18 0 4 118 116 3 11 18 16 
2 12 14 15 6 2 30 29 U 6 35 30 3 13 11 7 
2 13 30 31 6 3 14 14 0 8 145 150 3 15 10 9 
2 14 7 9 6 4 37 39 0 10 71 76 3 18 11 11 
2 15 8 7 6 5 5 4 0 12 94 99 4 1 3 4 34 
2 19 10 6 6 6 43 41 0 14 84 84 4 3 52 54 
3 1 123 114 6 7 15 14 0 16 53 51 4 4 33 36 
3 2 12 7 6 8 50 51 0 18 45 45 4 5 83 78 
3 3 35 33 6 10 28 28 1 0 87 81 4 6 24 21 
3 4 98 98 6 11 25 25 1 1 9 8 4 7 71 70 
3 5 14 17 6 12 7 2 1 2 123 118 4 8 18 19 
3 6 15 14 6 14 7 6 1 3 36 31 4 9 54 56 
3 7 7 5 6 15 8 8 1 4 64 61 4 10 35 31 
3 8 44 48 6 16 7 6 1 5 15 13 4 11 50 53 
3 9 42 44 7 1 25 27 1 6 53 55 4 12 49 50 
3 10 40 38 7 2 39 39 1 7 34 31 4 13 4 7 47 
3 11 80 80 7 3 6 5 1 8 25 25 14 6 7 
3 12 6 5 7 4 17 18 1 9 5 4 4 15 28 28 
3 13 67 69 7 6 31 31 1 10 4 2 4 16 20 20 
3 14 25 26 7 7 28 26 1 11 15 16 4 17 32 31 
3 15 46 47 7 8 52 50 1 12 72 74 5 0 31 31 
3 17 49 47 7 9 9 9 1 13 39 38 5 1 51 49 
3 18 8 8 7 10 21 22 1 14 9 8 5 2 31 31 
4 0 96 94 7 11 6 8 1 15 10 10 5 3 38 36 
4 1 60 58 7 12 16 16 1 16 25 24 5 4 35 36 
4 2 56 56 7 13 31 32 1 19 9 9 5 5 44 44 
4 3 42 44 7 14 25 25 2 1 151 142 5 6 8 8 
4 4 4 2 8 0 11 10 2 2 111 116 5 8 29 29 



89 

K L FO FC K L FO FC K L FO FC K L FO FC 

5 9 15 13 ! 5 57 61 4 9 7 7 1 7 1 1 8 
5 10 46 45 1 6 94 96 4 10 12 11 8 8 16 19 
5 11 13 15 1 7 124 119 4 11 1«4 15 8 9 9 9 
5 12 l * 13 1 8 97 96 4 12 23 22 8 10 28 27 
6 1 9 6 1 9 82 86 4 13 7 7 8 11 12 12 
6 2 10 8 1 10 37 38 4 16 12 14 9 1 6 1 
6 4 58 59 1 11 53 57 5 1 18 16 9 2 18 16 
6 5 17 19 1 12 76 77 5 2 44 44 9 3 13 13 
6 6 54 54 1 13 46 47 5 3 47 41 9 4 10 9 
6 8 36 37 1 14 71 70 5 4 33 33 9 5 18 18 
6 9 10 10 1 15 15 16 5 5 37 37 9 6 13 13 
6 10 51 50 1 16 37 38 5 b 49 48 9 7 13 12 
6 12 61 62 1 17 7 6 5 7 18 20 9 8 9 12 
6 14 34 34 1 18 31 29 5 8 38 40 9 9 20 19 
6 15 6 1 1 19 17 15 5 9 16 14 10 0 29 29 
7 0 61 60 2 0 262 237 5 10 44 45 10 1 7 8 
7 1 8 4 2 1 24 21 5 11 15 15 10 2 7 6 
7 3 16 16 2 2 118 102 5 12 49 4 9 10 3 9 11 
7 4 44 43 2 3 71 71 5 13 14 15 10 5 7 5 
7 5 9 9 2 4 19 23 5 14 36 36 
7 6 12 11 2 5 91 87 5 15 19 21 H = 5 
7 8 10 8 2 6 51 57 5 16 38 37 
7 9 35 36 2 7 92 95 6 0 36 34 0 2 23 4 2 0 9 
7 10 9 7 2 8 43 42 6 1 9 10 0 6 64 68 
7 12 10 11 2 10 26 27 6 2 48 50 0 8 12 11 
7 14 8 7 2 11 9 6 6 3 41 43 0 10 77 80 
8 2 9 7 2 12 43 43 6 4 37 37 0 12 79 82 
8 4 12 11 2 13 27 28 6 5 26 27 0 14 26 26 
8 5 22 23 2 14 5 3 6 6 7 3 0 16 13 12 
8 6 8 4 2 15 13 14 6 7 17 17 0 18 21 20 
8 7 15 16 2 16 8 8 6 8 22 22 1 0 25 21 
a 9 12 12 2 17 6 7 6 9 8 10 1 1 4 4 
8 10 26 25 2 18 8 7 6 10 37 36 1 2 76 74 
8 11 24 23 3 1 41 31 6 11 16 16 1 3 105 101 
8 12 13 13 3 2 45 50 6 12 6 1 1 4 147 147 
9 2 6 5 3 3 74 68 6 13 6 2 1 5 42 44 
9 3 21 23 3 4 46 38 6 15 10 10 1 6 103 102 
9 5 10 10 3 5 110 108 7 1 11 13 1 7 62 66 
9 8 8 5 3 6 38 38 7 2 23 25 1 8 61 65 

10 3 7 8 3 7 104 103 7 3 13 15 1 9 26 27 
10 5 18 17 3 8 8 9 7 4 39 38 1 10 73 74 

3 9 66 68 7 5 14 11 1 11 28 2 9 
H = 4 3 11 68 69 7 6 21 21 1 12 11 9 

3 13 71 70 7 7 15 16 1 13 1 3 14 
0 2 49 56 3 14 18 21 7 8 21 21 1 14 11 13 
0 4 16 23 3 15 49 49 7 9 11 10 1 15 26 26 
0 6 136 136 3 16 20 20 7 10 41 40 1 16 19 19 
0 a 63 83 3 17 43 42 7 11 10 9 2 1 35 2 9 
0 12 10 9 4 0 25 26 7 12 32 32 2 2 100 90 
0 14 12 11 4 1 75 76 7 13 11 11 2 3 4 5 
0 16 7 5 4 2 46 43 7 14 19 20 2 4 54 62 
0 18 9 12 . 4 3 5 2 8 0 7 2 2 5 42 45 
1 1 114 106 4 4 114 114 8 1 30 30 2 6 84 7 9 
1 2 78 64 4 5 43 45 8 2 13 11 2 7 95 90 
1 3 109 98 4 7 57 57 8 3 33 33 2 8 16 16 
1 4 23 14 4 8 12 13 8 5 13 14 2 9 52 53 



90 

K L FO FC K L FO FC 2 10 42 43 6 6 26 27 Z 11 

70 70 6 7 39 40 2 12 21 22 6 8 57 54 2 13 54 57 6 10 32 33 2 14 7 6 6 
11 

16 16 2 15 22 23 6 u 21 20 2 16 23 23 6 14 31 32 2 17 
11 

10 
7 

0 59 60 2 18 11 11 
7 

1 46 46 3 0 64 66 
7 

2 36 36 3 
1 

176 169 
7 

3 28 28 3 2 
11 

16 
7 

4 
18 

15 3 3 89 89 
7 

5 45 44 3 4 25 21 
7 

6 41 42 3 5 105 107 
7 

7 31 34 3 6 58 60 
7 

8 33 33 3 7 75 75 
7 

10 30 29 3 8 19 18 
7 

11 18 19 3 9 46 47 
7 

12 20 20 3 10 17 17 8 1 17 16 3 11 22 21 8 3 21 23 3 12 6 5 8 4 23 24 3 13 9 8 8 6 13 11 3 15 13 11 8 7 10 10 3 17 11 11 
8 8 

19 17 1 

12 14 8 9 11 11 2 56 55 8 10 12 13 4 6 10 8 11 17 15 4 5 38 38 8 12 8 6 <• 

6 49 51 9 1 49 50 7 36 35 9 2 6 1 8 67 65 9 3 25 24 9 29 28 9 4 14 13 4 11 24 23 9 5 32 31 4 13 14 14 9 7 25 27 4 14 26 27 9 8 13 13 4 15 29 29 9 9 9 8 4 17 24 23 10 4 18 19 5 0 171 170 5 
1 

67 66 H = 6 5 2 25 26 5 3 46 47 0 0 136 138 5 4 59 56 0 2 257 245 5 6 86 86 0 4 216 224 5 7 5 7 0 6 156 149 5 8 56 58 0 a 70 75 5 9 29 29 0 10 65 68 5 10 11 10 0 12 22 23 5 11 21 19 0 14 26 27 5 12 28 27 0 16 17 16 5 16 8 7 0 18 14 15 6 1 34 33 1 1 22 20 6 2 42 42 1 2 152 140 6 3 34 33 1 3 32 29 6 4 12 10 1 4 18 20 6 5 14 16 1 5 24 24 

< 

L FO FC 
< 

L FO FC 1 6 26 24 4 14 9 6 l 7 41 39 
4 

16 9 5 1 

8 38 41 
4 

17 7 
4 

1 y 19 19 5 1 22 21 1 10 20 2C 5 2 19 20 1 11 

16 16 5 3 13 11 1 12 29 29 5 4 60 60 1 13 10 11 5 5 13 13 1 

14 30 30 5 6 33 32 1 16 13 13 5 7 6 
4 

1 17 6 6 5 8 23 25 2 0 108 95 5 9 25 25 2 1 122 119 5 10 15 13 2 2 46 50 5 11 20 20 2 3 105 105 5 14 3 9 2 
4 

89 79 5 15 10 8 2 5 133 128 5 16 6 10 2 7 100 99 6 0 109 106 2 8 48 49 6 1 19 21 2 9 47 46 6 2 70 73 2 10 50 50 6 3 22 20 2 11 44 47 6 4 55 54 2 12 26 29 6 5 17 18 2 13 20 21 6 6 70 70 2 14 8 7 6 7 16 15 2 15 29 28 6 8 39 38 2 16 7 8 6 9 19 20 3 1 4 1 6 10 35 
75 

3 2 46 46 6 12 33 33 3 5 34 34 6 14 8 9 3 6 4 2 7 1 20 19 3 7 33 32 7 2 28 29 3 8 21 20 7 3 22 23 3 9 9 9 7 4 44 46 3 10 34 34 7 5 28 29 3 11 20 21 7 6 33 34 3 12 23 24 7 7 10 11 3 13 16 16 7 8 15 15 3 14 17 17 7 10 7 5 3 15 21 22 7 11 16 18 3 16 10 10 7 12 7 7 3 17 7 2 8 0 53 53 <• 

0 72 69 8 1 57 57 4 

1 157 159 8 2 36 35 4 

2 30 30 8 3 42 42 4 3 100 99 8 4 10 10 4 4 61 63 3 5 50 52 4 5 89 88 8 6 17 16 4 6 77 77 8 7 34 34 4 

7 56 55 3 8 10 10 4 

8 61 60 8 9 10 10 4 9 56 56 8 10 7 3 4 10 28 28 3 11 25 25 4 11 45 45 8 12 9 8 4 12 16 16 9 1 16 16 4 13 21 22 9 2 14 12 



K L FO FC K L FO FC 

9 4 8 8 3 4 19 18 
9 5 13 14 3 5 168 169 
9 7 7 4 3 7 102 102 

10 0 9 8 3 9 75 75 
10 1 32 33 3 10 25 26 
10 2 9 9 3 11 43 41 
10 3 19 18 3 12 19 18 
10 19 19 3 13 23 22 

3 14 7 8 
H = 7 3 16 8 9 

3 17 8 6 
0 2 39 36 3 18 10 11 
0 4 83 85 4 1 30 29 
0 6 53 47 4 2 35 36 
0 8 19 22 4 3 11 8 
0 10 12 10 4 4 46 45 
0 12 35 38 4 5 23 23 
0 14 25 26 4 6 23 25 
0 16 22 19 4 7 43 42 
0 18 14 16 4 9 40 41 
1 0 213 204 4 10 i.2 12 
1 1 30 27 4 11 22 23 
1 2 133 132 4 12 19 20 
1 3 10 12 4 13 24 24 
1 4 148 144 4 14 13 12 
1 5 111 107 4 15 6 5 
1 6 2 0 * 2 0 9 4 16 16 16 
1 7 87 89 5 0 52 50 
1 8 62 67 5 1 60 61 
1 9 15 17 5 2 88 88 
1 10 21 21 5 3 42 39 
1 11 45 45 5 4 99 98 
1 12 60 58 5 5 63 67 
1 13 30 30 5 6 36 35 
1 14 12 12 5 7 59 59 
1 15 14 15 5 8 47 47 
1 16 12 13 5 9 14 14 
2 1 52 50 5 10 52 50 
2 3 16 18 5 11 29 29 
2 4 35 38 5 12 6 1 
2 5 72 67 5 13 10 11 
2 6 4 3 5 15 6 7 
2 7 36 35 5 16 14 13 
2 8 37 35 6 1 22 23 
2 9 19 19 6 2 13 11 
2 10 11 11 6 3 24 25 
2 11 23 23 6 4 7 8 
2 12 17 19 6 5 22 23 
2 13 17 18 6 7 7 8 
2 14 21 22 6 8 23 24 
2 15 9 8 6 10 22 22 
2 17 17 18 6 12 25 26 
3 0 79 81 6 13 6 7 
3 1 98 97 7 0 22 23 
3 2 29 31 7 1 25 27 
3 3 127 1 1 9 7 2 60 60 

K L FO FC K L FO FC 

7 3 33 34 1 17 22 24 
7 4 54 54 1 18 26 23 
7 5 27 ?7 2 0 3 13 
7 6 34 34 2 1 48 46 
7 7 22 21 2 2 51 50 
7 8 23 22 2 3 106 107 
7 9 24 23 2 4 70 70 
7 10 31 31 2 5 79 75 
7 11 8 8 2 6 16 13 
7 12 12 11 2 7 25 23 
8 1 14 14 2 8 47 46 
8 2 18 19 2 9 39 40 
8 6 13 14 2 10 48 47 
8 7 14 16 2 11 22 23 
8 8 8 9 2 12 11 11 
8 9 11 11 2 13 27 28 
8 10 7 8 2 14 12 11 
8 11 10 11 2 15 7 7 
9 1 26 27 2 16 11 11 
9 2 15 16 2 18 12 11 
9 3 38 39 3 1 34 32 
9 4 21 19 3 2 24 24 
9 5 26 26 3 3 14 11 
9 6 13 14 3 4 49 4 9 
y 7 20 17 3 5 26 25 

10 2 9 6 3 6 7 7 
10 3 8 8 3 7 80 81 

3 8 28 28 
H= 8 3 9 57 58 

3 10 19 18 
0 0 78 76 3 11 40 41 
0 2 284 268 3 13 39 37 
0 4 148 149 3 14 15 14 
0 6 135 129 3 15 31 31 
0 8 8 9 3 16 10 9 
0 10 51 53 3 17 31 30 
0 12 13 14 4 0 60 61 
0 14 8 11 4 1 56 55 
0 16 8 7 4 2 12 13 
0 18 I B 15 4 3 8 9 91 
i 1 40 38 4 4 42 42 
1 2 92 89 4 5 75 73 
1 3 65 60 4 6 72 71 
1 4 57 49 4 7 48 45 
1 5 75 70 4 8 10 12 
i 6 69 70 4 9 60 61 

7 19 18 4 10 10 7 
1 8 80 83 4 11 18 17 
1 9 25 27 4 12 29 28 
1 10 28 29 13 23 23 
1 11 43 42 4 14 7 4 
1 12 35 35 4 16 9 9 
1 13 17 17 4 17 8 8 
1 14 27 27 5 2 10 11 
1 15 10 12 5 3 12 15 
1 16 24 25 5 4 23 23 



K L FO F C K L FO F C 

5 5 12 10 0 4 111 108 
5 6 57 56 0 6 95 96 
5 7 7 8 0 8 19 20 
5 8 53 61 0 10 91 94 
5 10 42 42 0 12 55 57 
5 11 15 15 0 14 17 16 
5 12 35 35 0 16 53 55 
5 13 23 22 0 18 54 53 

14 14 16 1 0 17 18 
5 15 8 7 1 1 4 3 
5 16 24 23 1 2 46 48 
6 0 64 62 1 3 7 10 
6 2 34 36 1 4 31 29 
6 3 29 28 1 5 9 12 
6 4 32 32 1 6 26 25 
6 5 14 14 1 7 4 2 
6 6 66 66 1 8 7 9 
6 7 9 11 1 10 12 10 
6 8 17 17 1 11 11 10 
6 12 26 24 1 12 6 7 
6 14 7 6 1 14 6 4 
6 15 9 5 2 1 7 0 
7 1 5 1 2 2 6 4 
7 2 9 12 2 3 66 66 
7 4 22 21 2 4 43 43 
7 5 22 21 2 5 83 85 
7 6 24 23 2 6 61 61 
7 7 34 35 2 7 61 60 
7 8 13 13 2 8 27 26 
7 9 25 25 2 9 59 59 
7 10 25 24 2 10 45 47 
7 11 18 19 2 11 67 66 
7 12 29 29 2 12 37 37 
7 13 14 12 2 13 39 39 
8 0 28 28 2 15 46 47 
8 1 46 45 2 16 19 19 
8 2 19 20 2 17 51 50 
8 3 18 17 2 18 18 17 
8 4 20 19 3 0 11 4 
8 5 27 26 3 1 30 32 8 6 11 9 3 2 70 68 
8 7 27 29 3 3 43 40 
a 11 11 7 3 5 70 68 
9 1 7 11 3 7 6 6 
9 2 10 7 3 8 8 8 
9 3 12 12 3 9 18 18 
9 5 11 10 3 10 19 20 
9 6 7 9 3 11 27 27 
9 7 15 17 3 12 12 11 
9 8 13 14 3 13 14 15 
10 1 13 11 3 15 8 8 
10 2 12 11 4 1 9 13 

4 2 48 47 
H = 9 4 3 5 8 

4 4 5 6 
0 2 21 22 4 5 27 27 

K L FO F C K L FO F C 

4 6 44 47 9 8 7 3 
4 7 53 49 
4 8 82 77 H = 10 
4 9 35 37 
4 10 13 14 0 0 14 13 
4 11 38 37 0 2 43 35 
4 12 15 14 0 4 99 100 
4 13 39 39 0 6 54 50 
4 14 32 32 0 8 63 64 
4 15 32 32 0 10 42 42 
4 16 18 19 0 12 5 1 
5 0 20 19 1 1 6 5 
5 1 9 9 1 2 16 20 
5 2 37 35 1 3 14 17 
5 3 21 21 1 4 6 7 
5 «• 50 51 1 5 58 57 
5 5 24 23 1 6 70 65 
5 6 16 15 1 7 87 84 
5 7 15 16 1 8 84 31 
5 8 6 7 1 9 43 44 
5 10 10 9 1 10 41 40 
5 11 11 10 1 11 27 27 
5 15 8 2 1 12 33 32 
6 1 16 13 1 13 28 27 
6 2 37 37 1 14 70 72 
6 3 9 6 1 15 34 34 
6 6 54 58 1 16 43 43 
6 7 32 34 1 17 27 26 
6 8 77 77 1 18 34 31 
6 9 16 16 2 0 48 43 
6 10 28 29 2 1 22 20 
6 12 39 38 2 2 76 74 
6 14 45 46 2 3 23 24 
7 0 22 24 2 4 21 21 
7 1 9 9 2 5 54 55 
7 2 11 10 2 7 57 55 
7 3 31 32 2 8 22 24 
7 4 7 9 2 9 44 44 
7 5 15 13 2 10 29 27 
7 8 7 6 2 11 29 31 7 9 6 9 2 12 22 23 
7 10 23 21 2 13 6 0 
7 11 11 10 2 14 7 8 
7 12 6 5 2 16 10 10 
8 1 21 21 2 17 8 3 
8 2 18 18 3 1 23 23 
8 3 8 8 3 2 69 66 
8 4 6 5 3 4 31 31 
8 6 7 8 3 5 32 30 
8 7 35 36 3 6 29 28 
8 8 15 15 3 7 90 89 
8 9 20 22 3 8 42 42 
8 11 22 20 3 9 50 50 
9 1 9 12 3 11 61 61 
9 3 15 15 3 12 9 4 
9 4 7 6 3 13 63 64 



93 

K L FO FC K L FO FC 

3 14 17 18 9 7 15 15 
3 15 51 50 
3 17 40 39 H = 11 
4 1 32 32 
4 2 5 4 0 2 96 92 
4 3 6 7 0 4 57 57 
4 5 13 9 0 6 42 43 
4 6 26 26 0 8 34 35 
4 7 35 36 0 10 55 57 
4 9 25 24 0 12 36 35 
4 10 14 14 0 14 61 60 
4 11 19 19 0 16 53 53 
4 12 14 14 1 0 174 172 
4 15 9 7 1 1 43 47 
5 1 32 31 1 2 74 76 
5 2 33 36 1 3 40 35 
5 3 7 5 1 4 46 41 
5 4 32 33 1 5 61 62 
5 5 a 6 1 6 95 96 
5 6 50 51 1 7 28 29 
5 7 33 39 1 8 36 39 
5 8 15 14 1 9 35 36 
5 9 24 22 1 10 11 9 
5 10 53 51 1 11 10 10 
5 12 54 56 1 12 37 37 
5 13 27 28 1 14 8 7 
5 14 32 31 1 16 7 3 
5 15 18 18 2 1 60 56 
6 0 63 64 2 2 17 19 
6 1 12 12 2 3 13 11 
6 2 6 4 2 4 26 25 
6 3 6 3 2 5 47 47 
6 5 15 13 2 6 30 30 
6 6 43 42 2 7 66 66 
6 7 12 14 2 8 32 33 
6 11 13 14 2 9 52 53 
6 12 16 16 2 10 45 44 
7 1 11 10 2 11 51 51 
7 4 24 24 2 12 43 43 
7 6 40 40 2 13 39 3 8 
7 7 6 6 2 14 19 18 
7 8 26 25 2 15 43 43 
7 9 13 13 2 16 14 15 
7 10 20 20 2 17 36 34 
7 11 26 27 3 0 62 62 
7 12 26 27 3 1 103 106 
9 3 13 13 3 2 9 9 
3 4 11 10 3 3 62 58 
8 5 13 13 3 4 45 45 
3 6 18 19 3 5 80 82 
8 7 7 8 3 6 31 30 
8 10 9 11 3 7 57 56 
9 2 16 14 3 8 20 21 
9 3 12 10 3 9 21 20 
9 4 11 9 3 10 35 34 
9 5 17 18 3 11 42 43 

K L FO FC K L FO FC 

3 12 30 28 7 12 13 13 
7 13 15 15 °i 2 7 7 
3 14 11 12 5 13 10 
3 15 6 6 8 6 12 10 
4 1 10 10 8 7 11 11 
<+ 2 17 17 a 8 7 5 
4 3 16 13 3 9 12 11 
4 5 29 30 9 0 21 21 
4 6 8 6 9 1 19 20 
4 7 39 39 9 3 26 26 
4 9 37 38 9 4 7 5 
4 10 25 26 9 5 21 23 
4 11 46 45 
4 12 10 9 H = 12 
4 13 30 30 
4 14 9 10 0 0 87 79 
4 15 19 19 0 2 146 146 
4 16 14 12 0 4 138 138 
5 0 27 27 0 6 68 70 
5 1 44 43 0 8 81 82 
5 2 82 81 0 10 77 77 
5 3 19 19 0 12 10 11 
5 4 65 63 0 16 16 15 
5 5 37 38 1 1 11 17 
5 6 18 18 1 2 60 56 
5 7 8 7 1 3 19 18 
5 8 11 10 1 4 31 35 
5 9 9 10 1 5 46 46 
5 10 46 48 1 6 35 38 
5 11 16 16 1 7 23 22 
5 12 9 11 1 8 16 18 
5 13 20 20 1 9 28 29 
5 14 6 6 1 10 24 26 
6 2 5 5 1 11 12 12 
6 3 9 7 1 12 6 6 
6 5 18 16 1 14 7 8 
6 6 16 16 1 15 9 7 
6 7 10 9 1 16 18 18 
6 8 35 34 1 17 10 10 
6 10 36 36 2 1 113 112 
6 11 7 4 2 2 63 63 
6 12 29 28 2 3 117 114 
6 13 8 6 2 4 42 45 
6 14 35 35 2 5 84 86 
7 0 24 24 2 6 33 33 
7 1 23 24 2 7 46 44 
7 2 39 40 2 9 58 58 
7 3 28 28 2 10 36 36 
7 4 55 54 2 11 11 10 
7 5 16 17 2 12 10 11 
7 6 10 9 2 14 21 21 
7 7 6 3 2 16 9 9 
7 8 6 4 3 1 21 21 
7 9 16 17 3 2 15 16 
7 10 16 18 3 3 16 18 
7 11 14 13 3 4 29 33 



K L FO F C K L FO F C 

3 5 12 14 8 6 23 23 
3 6 24 23 8 7 22 23 
3 7 8 5 6 8 16 14 
3 8 14 13 8 9 15 13 
3 9 20 20 9 1 3 5 
3 11 17 17 9 2 13 13 
3 12 16 18 9 3 10 9 
3 13 7 9 9 5 7 6 
3 15 19 19 
4 0 108 103 H = 13 
4 1 91 92 
4 2 59 62 0 2 11 12 
4 3 108 108 0 4 25 29 
4 4 26 26 0 6 36 36 
4 5 72 71 0 10 21 18 
4 6 81 78 0 12 37 38 
4 7 20 21 0 14 13 12 
4 8 23 22 0 16 18 16 

9 11 10 1 0 57 59 
4 11 28 27 1 1 33 36 
4 12 13 13 1 2 102 103 

13 24 24 1 3 60 56 
4 15 11 11 1 4 134 131 
5 1 8 7 1 5 61 61 
5 2 19 18 1 6 88 83 
5 3 15 15 1 7 30 29 
5 4 21 20 1 8 46 47 
5 5 23 23 1 9 46 48 
5 6 14 16 1 10 39 38 
5 7 11 10 1 12 31 32 
5 8 23 23 2 2 46 47 
5 10 14 15 2 3 13 21 
5 14 17 17 2 4 21 20 
6 0 85 83 2 5 13 14 
6 1 27 26 2 7 15 15 
6 2 60 61 2 8 40 42 
6 3 12 9 2 9 11 13 
6 4 57 58 2 10 31 32 
6 5 9 9 2 11 8 6 
6 6 58 57 2 12 21 22 
6 7 17 16 2 13 19 20 
6 8 17 18 2 15 11 11 
6 10 22 20 2 16 12 12 
6 12 33 34 3 0 18 17 

2 25 25 3 1 112 113 
3 7 7 3 2 25 22 
4 10 8 3 3 122 120 
5 13 13 3 4 11 9 
6 13 13 3 5 104 103 
8 16 16 3 6 8 10 

8 0 12 9 3 7 57 54 
8 1 62 62 3 8 16 18 
8 2 7 4 3 9 25 24 
8 3 29 29 3 10 7 6 
8 4 16 16 3 11 27 26 
8 5 38 39 3 12 22 22 

K L F O F C K L F O F C 

3 13 19 18 9 0 19 19 
3 14 12 12 9 1 34 36 
4 1 8 7 9 3 27 26 
4 2 41 40 9 4 6 4 
4 3 5 7 
4 4 26 26 H = 14 
4 5 27 26 
4 8 14 13 0 0 121 120 
4 9 12 12 0 2 116 116 
4 10 21 19 0 4 121 118 
4 11 22 22 0 6 102 102 

12 13 11 0 8 53 53 
4 13 10 10 0 10 12 10 
4 14 23 25 0 12 15 16 
4 15 8 8 0 16 15 14 
5 0 72 74 1 2 29 30 
5 1 45 44 1 3 11 15 
5 2 89 89 1 4 12 15 
5 3 23 24 1 5 6 8 
5 4 55 54 1 6 35 34 
5 5 38 37 1 7 29 29 
5 6 57 58 1 8 50 51 
5 7 28 26 1 10 5 7 
5 8 15 17 1 11 12 11 
5 9 9 8 1 12 31 31 
5 10 27 27 1 13 28 28 
5 11 18 18 1 14 57 58 
5 12 14 12 1 15 23 24 
5 13 19 19 1 16 26 26 
5 14 9 8 2 0 44 44 
6 1 22 21 2 1 4 9 46 
6 2 18 18 2 2 51 49 
6 4 25 25 2 3 75 74 
6 5 22 22 2 4 23 22 
6 7 12 11 2 5 74 72 
6 8 20 20 2 6 56 56 
6 9 14 15 2 7 44 43 
6 10 8 7 2 9 45 46 
6 13 12 12 2 10 14 14 

0 49 49 2 11 11 10 
1 51 52 2 12 29 29 
2 25 26 2 13 9 8 
3 38 37 2 16 10 6 
4 28 27 3 1 21 22 
5 22 21 3 3 26 26 
6 37 36 3 4 17 16 
7 7 8 3 5 24 24 
8 32 32 3 7 50 51 
9 15 15 3 8 33 32 

10 23 23 3 9 25 25 
8 1 12 12 3 11 32 33 
8 2 8 8 3 12 1 4 14 
8 4 8 8 3 13 39 40 
8 5 7 7 3 15 26 25 
8 7 16 15 4 0 19 19 
8 8 12 12 4 1 72 70 



K L FO FC K L FO FC K L FO FC K L FO FC 

4 2 61 60 0 16 40 40 5 9 9 10 3 2 47 48 
k 3 58 59 1 1 24 23 5 10 6 6 3 3 15 13 
4 4 45 45 1 2 76 73 b 1 19 17 3 5 23 22 
4 5 53 54 1 4 67 67 6 o 12 11 3 7 29 29 
4 7 41 41 1 5 9 12 6 4 21 20 3 9 37 78 
4 8 33 31 1 6 10 10 6 5 17 17 3 10 11 14 
4 9 25 26 1 7 22 22 6 6 27 29 j 11 45 44 
4 10 31 31 1 8 49 48 6 7 9 6 3 13 47 46 
4 11 30 30 1 9 36 37 6 8 25 25 3 14 11 13 
4 12 12 14 1 10 31 30 6 10 34 34 4 0 51 49 

13 15 15 1 12 23 23 6 11 10 12 4 1 20 19 
5 3 8 9 1 13 9 9 6 12 29 29 4 3 28 26 
5 4 16 15 2 3 47 47 7 0 33 32 4 4 6 7 
5 5 12 13 2 5 32 34 7 1 14 13 4 5 29 28 
5 6 18 17 2 6 35 35 7 6 21 21 4 6 17 16 
5 7 46 47 2 7 41 41 7 10 10 8 4 7 7 4 
5 8 6 5 2 8 21 21 8 3 6 5 4 8 10 11 
5 9 26 25 2 9 13 14 8 4 10 10 4 10 11 12 
5 10 27 27 2 10 12 13 8 5 8 9 5 1 17 18 
5 12 34 34 2 11 38 38 8 6 9 12 5 2 33 35 
5 13 10 10 2 12 18 18 8 7 22 21 5 3 18 18 
5 14 18 17 2 13 49 49 5 4 7 5 
6 0 49 50 2 14 27 27 H = 16 5 6 28 26 
6 2 51 52 2 15 41 41 5 8 45 47 
6 3 12 12 3 0 7 7 0 0 32 31 5 9 17 17 
b k 33 34 3 1 34 34 0 2 26 26 5 10 36 35 
6 5 12 12 3 2 32 30 0 4 16 16 5 11 17 16 
6 6 17 16 3 3 53 54 0 6 13 13 5 12 28 27 
6 7 8 9 3 4 12 14 0 8 21 21 6 0 12 12 
6 8 28 26 3 6 34 33 0 lu 29 29 6 1 25 24 
6 10 17 18 3 7 21 22 1 2 5 11 6 3 10 6 
6 12 8 7 3 8 20 19 1 3 40 40 6 5 12 10 
7 2 23 23 3 9 37 37 1 4 60 56 6 6 25 24 
7 3 6 8 3 10 16 17 1 5 35 33 6 8 10 9 
7 6 22 21 3 11 6 5 1 6 52 52 6 9 15 14 
7 8 1* 15 3 12 6 8 1 7 16 17 6 11 7 5 
7 10 11 10 3 15 11 9 1 8 6 8 7 2 12 10 
8 0 9 8 4 2 39 36 1 9 10 10 7 3 13 12 
8 1 37 37 4 3 6 5 1 10 45 45 7 5 9 10 
8 2 14 15 4 4 14 13 1 11 32 31 7 6 14 16 
8 3 22 22 4 5 28 27 1 12 45 43 7 7 17 17 
8 k 23 21 4 7 32 32 1 13 32 32 7 8 35 35 
8 5 20 19 4 9 21 22 1 14 34 35 7 9 15 16 
8 6 10 10 4 10 31 31 1 15 24 24 8 1 7 9 
8 7 16 15 4 11 29 28 2 0 43 43 9 3 8 8 
9 1 7 7 4 12 24 25 2 1 37 36 

4 13 32 31 2 2 16 18 H = 17 
H = 15 4 14 29 28 2 3 17 18 

5 0 49 49 2 4 64 62 0 2 91 89 

C
D

 2 20 19 5 1 24 27 2 5 31 30 0 4 32 33 
0 4 53 53 5 2 22 22 2 9 10 9 0 6 10 10 
0 6 bk 65 5 3 23 22 2 10 8 8 0 8 41 40 
0 8 20 20 5 4 11 10 2 11 10 12 0 10 26 25 
0 10 22 21 5 5 15 15 2 12 6 9 0 12 36 77 
0 12 49 50 5 6 22 20 2 14 6 3 0 14 40 40 
0 Ik 57 57 5 8 9 9 2 15 7 6 1 0 80 79 



K L F O F C K L F O F C 

1 72 70 5 11 9 9 
2 76 7 5 5 1 2 7 8 
3 20 1 9 6 1 1 0 9 
4 5 8 5 7 6 2 1 0 8 
5 2 7 2 8 6 3 1 0 6 
6 4 2 4 2 6 4 2 3 2 3 
7 1 8 1 9 6 5 2 9 2 8 

10 11 7 6 6 2 6 2 7 
1 1 11 9 6 8 2 5 2 4 
1 2 1 8 1 9 6 10 3 7 3 6 
1 3 7 6 7 0 30 2 8 

2 1 1 2 1 8 7 1 1 1 1 2 
2 2 3 7 3 7 7 2 3 1 3 2 
2 3 5 4 5 5 7 3 7 4 
2 4 1 3 1 3 7 4 2 0 2 0 
2 5 3 9 4 0 7 5 9 1 0 
2 6 1 3 1 4 7 6 1 6 1 6 
2 7 20 2 0 7 7 8 7 
2 8 51 5 1 8 2 7 5 
2 9 31 3 0 
2 1 0 2 2 2 1 H = 1 8 
2 11 3 8 3 9 
2 1 2 1 2 11 0 0 1 1 3 1 0 5 
2 1 3 3 9 3 8 0 2 7 5 7 8 
2 1 4 20 2 0 0 4 4 4 4 7 
3 0 2 3 2 5 0 6 1 0 3 1 0 0 
3 1 5 6 5 6 0 8 2 1 2 1 
3 3 4 6 4 5 0 10 2 5 2 6 
3 4 3 8 4 1 0 1 2 3 8 3 7 
3 5 5 3 5 5 1 3 5 8 60 
3 6 1 1 1 3 1 4 6 2 6 2 
3 7 22 2 1 1 5 3 4 3 3 
3 8 6 6 1 8 8 8 
3 9 2 4 2 4 1 9 1 6 1 5 
3 1 1 1 9 1 9 1 10 3 6 3 6 
3 1 3 1 8 1 8 1 1 1 1 4 1 3 

2 11 1 1 1 1 2 2 2 2 3 
4 51 5 2 2 0 8 2 81 
6 3 4 3 6 2 1 6 6 6 4 
7 2 8 2 8 2 2 2 8 3 0 

4 8 1 2 1 2 2 3 4 6 4 9 
4 9 4 1 3 9 2 4 2 3 2 2 
4 1 0 1 9 1 9 2 5 6 6 6 6 
4 1 1 2 4 2 5 2 6 4 1 4 0 
4 1 2 1 6 1 8 2 7 4 6 4 5 
4 1 3 2 3 2 1 2 8 1 6 1 8 
5 0 4 6 4 7 2 9 2 6 2 7 
5 1 1 2 1 0 2 1 1 2 9 2 9 
5 2 2 7 2 8 2 1 2 1 2 1 3 
5 3 2 3 2 5 2 1 3 1 8 20 
5 4 2 4 2 2 3 2 2 6 2 5 
5 5 1 6 1 8 3 3 2 9 2 9 
5 6 3 2 3 2 3 4 1 3 1 3 
5 7 1 2 1 1 3 5 4 6 4 6 
5 8 1 1 1 2 3 6 7 6 
5 1 0 1 5 1 2 3 9 2 4 2 4 

K L F O F C K L F O F C 

3 1 0 1 8 1 9 3 0 1 5 1 5 
3 11 2 7 2 7 3 1 6 5 6 6 
3 1 2 7 9 3 3 5 4 5 3 
3 1 3 11 1 1 3 5 5 1 4 9 
4 0 2 3 2 2 3 6 2 9 30 
4 1 5 1 5 2 3 7 4 4 4 5 
4 2 3 5 3 4 3 8 1 6 1 5 
4 3 4 6 4 6 3 9 4 9 49 
4 4 3 4 3 5 3 10 7 1 0 
4 5 4 4 4 4 3 1 1 2 3 2 3 
4 6 1 2 11 3 1 2 1 6 1 6 
4 7 33 3 3 4 2 7 9 
4 8 1 7 1 7 4 4 1 1 1 1 
4 9 31 31 4 6 7 9 
4 10 1 8 1 9 4 8 1 3 1 0 
4 1 1 1 6 1 6 4 9 1 4 1 2 
5 4 1 1 1 2 4 1 0 8 7 
5 5 8 6 4 1 1 6 2 
5 6 1 1 1 2 5 0 5 9 5 8 
5 7 1 4 1 4 5 1 2 1 2 1 
5 8 1 3 1 2 5 2 3 3 3 2 
5 9 1 5 1 6 5 3 3 5 3 5 
5 1 0 1 1 1 2 5 4 3 1 3 1 
5 1 1 1 2 1 1 5 5 8 7 
6 0 2 7 2 6 5 6 4 3 4 4 
6 2 5 2 5 2 5 7 1 1 1 0 
6 3 8 3 5 8 3 5 3 5 
6 4 4 7 4 8 5 9 2 2 2 1 
6 6 2 1 21 5 10 1 9 1 8 
6 8 2 5 2 4 6 4 7 7 
7 6 9 7 6 5 1 0 8 

6 6 7 8 
H = 1 9 6 7 1 2 1 1 

7 0 2 3 2 3 
0 4 2 3 2 2 7 1 2 3 2 1 
0 6 3 2 3 4 7 2 2 8 2 8 
u 8 2 2 2 1 7 3 1 7 1 6 

0 2 2 2 3 7 4 2 4 2 4 
1 1 7 2 1 7 5 2 0 1 9 
2 6 7 6 6 
3 4 4 4 2 H = 2 0 
4 6 1 6 2 
5 3 6 3 6 0 0 6 7 6 9 
6 2 5 2 7 0 2 4 2 4 5 
7 21 2 1 0 4 3 1 3 1 
8 5 4 5 3 0 6 6 2 6 4 
9 1 5 1 5 0 8 5 4 5 4 

10 4 9 4 8 0 10 2 3 2 2 
1 1 21 2 1 0 1 2 1 5 1 6 
1 2 1 1 1 1 1 4 2 0 1 8 
1 3 6 7 1 5 1 2 1 4 

2 3 2 9 2 9 1 6 2 7 2 7 
2 4 8 7 1 7 1 6 1 4 
2 5 1 9 20 1 8 1 8 1 8 
2 7 1 7 1 7 1 9 2 0 2 2 
2 1 0 1 9 1 7 1 1 0 3 6 3 7 
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K L FO FC K L FO FC K L FO FC K L FO FC 

1 11 12 12 ! 1 20 20 1 10 36 36 5 4 9 9 
1 12 19 17 1 2 35 37 1 11 19 18 
1 13 10 8 1 4 19 21 2 0 14 14 H = 24 
2 0 43 43 1 6 22 21 2 4 26 26 
2 1 48 47 1 7 22 22 2 5 9 10 0 0 69 72 
2 3 38 38 1 8 20 21 2 6 22 20 0 2 39 4l 
2 5 33 34 1 9 9 7 3 2 7 6 0 4 37 35 
2 6 23 24 2 2 26 27 3 4 10 13 0 6 32 32 
2 7 41 40 2 3 15 16 3 5 23 21 0 3 28 29 
2 8 32 31 2 5 20 21 3 7 27 28 1 6 7 5 
2 9 24 26 2 7 48 46 3 8 13 12 1 7 8 8 
2 10 11 6 2 8 22 22 3 9 36 36 1 8 26 26 
2 11 16 16 2 9 42 4l 4 0 11 14 1 9 18 17 
2 12 7 10 2 10 10 8 4 3 13 12 2 0 24 26 
3 2 16 19 2 11 22 22 5 2 11 11 2 1 47 47 
3 3 12 16 2 12 12 12 5 3 9 11 2 2 70 30 
3 4 30 30 3 1 39 39 5 4 12 13 2 3 30 70 
3 5 28 28 3 3 39 39 5 5 12 10 2 4 23 24 
3 40 40 3 5 13 15 5 6 15 15 2 5 31 30 
3 8 24 25 3 7 13 13 5 7 8 8 2 6 20 20 
3 9 18 20 3 8 7 10 6 0 15 16 2 7 26 26 
3 11 17 17 3 9 14 14 2 8 11 10 
4 0 19 20 4 1 8 10 H = 23 3 2 11 11 
4 1 50 50 4 2 16 18 3 6 7 4 
4 2 24 24 4 3 27 28 0 4 14 11 4 0 14 13 
4 3 32 32 4 4 8 8 0 6 20 20 4 1 28 29 
4 4 34 32 4 5 26 26 0 8 25 25 4 2 19 18 
4 5 26 28 4 6 25 25 0 10 30 31 4 3 26 26 
4 6 15 13 4 7 25 27 1 0 12 11 4 4 16 15 
4 7 33 32 4 8 15 15 1 1 29 29 4 5 26 25 
4 8 19 19 4 9 19 19 1 2 23 25 
4 9 22 24 4 10 12 14 1 3 12 13 H= 25 
4 10 16 15 5 0 18 18 1 4 20 21 
4 11 6 6 5 1 18 20 1 5 13 12 1 0 57 57 
5 2 11 11 5 2 21 21 1 8 15 15 1 1 33 33 
5 3 13 12 5 3 16 16 1 10 15 16 1 2 42 44 
5 5 21 21 5 4 24 25 2 4 17 16 1 3 26 26 
5 6 28 28 5 5 3 7 2 5 6 8 1 4 39 39 
5 8 25 27 5 8 13 14 2 7 16 16 1 5 17 17 
6 0 20 18 6 1 12 11 2 9 30 30 1 6 32 31 
6 2 33 33 6 3 9 11 3 0 16 17 1 7 10 9 
6 3 9 8 6 4 24 23 3 1 23 23 2 4 15 17 
6 4 32 31 3 2 7 7 3 1 35 35 
6 6 18 17 H = 22 3 3 21 22 3 3 4l 40 
7 1 7 4 3 4 6 9 3 5 34 35 
7 2 9 8 0 0 9 16 3 5 17 17 

0 2 29 35 3 6 8 6 H = 26 
H= 21 0 4 21 22 3 7 12 13 

0 6 13 11 3 9 15 16 0 0 35 35 
0 2 46 53 1 3 12 12 4 2 10 8 0 2 4l 40 
0 4 6 5 1 4 8 11 4 3 11 13 0 4 42 43 
0 6 31 31 1 5 13 13 4 5 7 4 0 6 9 9 
0 8 67 66 1 6 23 23 5 0 14 13 1 4 7 10 
0 10 39 40 1 7 19 19 5 1 6 6 2 1 35 34 
0 12 25 24 1 8 27 26 5 2 8 8 2 2 18 18 
1 0 56 56 1 9 24 24 5 3 13 13 2 3 34 33 
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K L FO FC 

2 4 16 19 
2 5 19 19 

H = 27 

1 0 27 29 
1 1 14 15 
1 2 11 12 



Cu(L2am)(C10j 

K L FO F C K L FO F C K L F O F C K L F O F C 

H = -13 6 5 12 13 5 1 9 9 1 4 24 24 
6 6 23 23 5 3 22 22 1 5 5 5 

4 2 9 9 6 7 11 10 5 4 21 21 1 6 4 6 
4 3 8 8 6 9 6 5 5 5 27 28 1 8 6 6 
4 5 6 7 7 1 11 11 5 6 12 12 1 10 6 5 
4 6 5 5 7 2 8 9 5 8 4 4 1 11 9 9 
5 1 13 11 7 3 8 9 6 1 12 12 2 1 22 21 
5 2 19 19 7 4 9 10 6 2 3 1 2 2 9 8 
5 3 15 15 7 5 15 16 6 3 14 13 2 3 21 21 
5 5 3 4 7 6 20 21 6 4 9 9 2 4 23 23 
6 1 12 12 7 8 8 7 6 5 13 13 2 6 8 8 
6 2 18 18 8 1 4 3 6 6 6 6 2 7 10 10 
6 3 4 4 8 3 8 8 6 7 9 8 2 8 12 12 
7 1 6 5 8 4 11 10 6 10 4 3 2 9 14 14 
7 2 14 13 8 5 12 12 7 1 4 6 2 12 12 12 
7 3 6 4 8 6 4 3 7 2 7 8 3 1 16 15 
7 5 4 9 4 9 9 7 3 7 7 3 2 18 19 
8 1 10 11 9 5 10 11 7 4 27 27 3 3 20 20 
8 2 22 22 9 6 13 12 7 5 21 21 3 4 29 28 
8 3 16 17 10 3 6 5 7 6 11 11 3 5 16 16 
8 8 7 10 4 7 6 7 8 9 9 3 6 10 10 
9 1 12 12 7 9 9 9 3 7 25 25 
9 2 19 19 H = -11 8 1 17 17 3 A 18 18 
9 3 9 9 8 2 11 10 3 9 16 16 

10 1 8 9 0 4 10 9 8 3 16 17 3 LL 13 13 
0 5 5 5 6 4 27 28 3 12 18 18 

H = -12 0 6 5 4 8 5 14 15 4 1 33 34 
1 1 5 4 6 6 9 9 4 3 7 7 

2 2 13 13 1 2 7 9 8 8 8 7 4 4 8 7 
2 3 7 7 1 3 9 10 9 1 25 24 4 6 10 9 
2 4 7 7 1 4 18 18 9 2 15 14 4 7 14 15 
2 5 4 4 1 5 21 21 9 4 9 8 4 8 10 11 
3 1 20 19 1 6 7 7 10 1 28 28 4 9 10 11 
3 2 13 13 2 1 5 6 10 2 10 10 4 10 10 9 
3 3 4 3 2 2 8 8 10 4 9 9 4 11 15 16 
3 4 4 3 2 3 8 8 11 1 17 17 5 1 30 29 
3 5 5 5 2 4 16 16 5 2 4 4 
3 6 9 10 2 5 17 16 H = -10 5 3 15 16 
3 9 11 11 2 6 4 4 5 4 5 5 
4 1 15 15 2 8 10 10 -1 3 17 16 5 5 3 2 

2 5 4 2 9 9 9 -1 4 14 13 5 6 8 8 
5 6 6 2 10 4 4 -1 5 5 6 5 7 21 20 
6 11 11 3 1 9 9 -1 6 4 4 5 8 21 20 

4 8 9 9 3 2 9 9 -1 8 7 8 5 9 11 11 
4 9 16 16 3 3 8 8 -1 9 7 8 5 10 6 6 
5 1 11 11 3 5 16 16 0 2 8 9 5 11 5 5 
5 3 4 3 3 6 8 9 0 3 11 12 6 2 10 10 
5 5 7 7 3 8 16 16 0 4 23 23 6 3 23 24 
5 6 13 14 4 1 12 11 0 5 12 12 6 4 4 4 
5 7 3 0 4 2 11 11 0 6 3 3 6 5 6 5 
5 8 5 5 4 3 7 6 0 8 10 10 6 6 10 10 
5 9 12 12 4 4 12 12 0 9 6 6 6 7 19 18 
6 1 17 16 4 5 33 33 0 10 4 5 6 8 23 23 
6 2 5 6 4 6 19 18 1 1 7 9 6 9 18 18 
6 3 10 9 4 9 4 3 1 2 9 10 6 10 8 8 
6 4 17 17 4 10 8 8 1 3 14 14 7 1 17 15 
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K L FO FC K L FO FC K L FO FC K L FO FC 

7 3 7 8 1 7 26 25 7 9 10 10 0 9 12 12 
7 4 16 16 1 8 24 23 7 10 15 15 0 10 24 24 
7 6 5 6 1 9 6 6 8 1 3 4 0 11 11 12 
7 7 5 6 1 10 4 4 8 2 23 24 0 13 12 11 
7 8 15 15 2 1 5 4 8 3 20 21 1 1 34 36 
7 9 8 7 2 5 8 8 8 4 15 15 1 2 78 80 
5 1 13 13 2 6 22 21 8 5 9 10 1 3 39 38 
8 2 4 2 7 25 24 8 6 7 8 1 4 18 18 
8 3 8 8 2 8 20 20 8 7 11 11 1 5 10 9 
8 4 9 9 2 9 3 3 8 8 4 0 1 6 3 3 
8 6 4 3 2 10 4 4 9 1 8 7 1 7 8 8 
8 7 8 7 2 12 8 7 9 2 23 22 1 9 5 5 
8 8 19 19 3 1 3 2 9 3 18 19 1 10 21 22 
9 1 5 3 3 2 4 3 9 4 28 29 1 11 4 5 
9 3 4 3 3 3 22 22 10 2 23 23 1 12 12 13 
9 4 7 7 3 4 17 15 10 3 19 19 2 1 29 28 
9 5 9 8 3 5 25 25 10 4 15 15 2 2 48 48 
9 6 8 8 3 6 31 32 11 2 19 18 2 3 5 4 
9 7 16 17 3 7 35 36 11 3 12 11 2 4 2 1 

10 3 3 3 3 8 15 15 2 5 17 18 
10 4 19 19 3 10 9 9 H = -8 2 6 31 33 
10 5 13 13 3 11 4 4 2 7 15 15 
11 3 11 12 4 2 14 15 -3 3 9 7 2 8 19 19 

4 3 17 17 -3 5 9 8 2 9 6 6 
H= -9 4 4 8 8 -3 6 13 13 2 10 31 31 

4 6 36 36 -3 7 14 14 2 11 21 22 
-2 2 13 13 4 7 46 46 -3 9 9 9 2 12 9 9 
-2 3 16 17 4 8 18 18 -3 10 10 10 3 1 7 5 
-2 7 8 4 9 10 10 -2 2 9 9 3 2 33 32 
-2 5 4 4 4 10 4 1 -2 3 20 21 3 3 17 17 
-2 6 11 10 4 11 14 14 -2 4 8 7 3 5 7 6 
-2 7 17 17 4 12 6 8 -2 5 4 5 3 6 23 23 
-2 8 12 12 5 3 36 37 -2 6 11 12 3 7 6 5 
-2 10 8 8 5 4 24 25 -2 7 13 13 3 9 3 2 
-1 1 4 5 5 5 3 3 -2 10 6 5 3 10 22 21 
-1 2 5 5 5 6 9 8 -2 11 9 8 3 11 11 11 
-1 4 9 9 5 7 20 21 -2 12 6 7 4 1 6 7 
-1 7 10 9 5 9 5 0 -1 2 10 9 4 2 65 66 
-1 8 7 7 5 11 10 10 -1 3 11 11 4 3 39 40 
-1 9 3 1 6 1 18 17 -1 4 3 0 4 4 5 5 
-1 10 2 6 2 16 16 -1 5 24 24 4 5 11 10 
-i 11 11 11 6 3 43 42 -1 6 25 24 4 6 3 3 
0 2 8 9 6 4 34 33 -1 7 19 18 4 7 31 29 
0 13 14 6 5 10 10 -1 8 7 7 4 8 18 18 
0 5 4 4 6 6 4 2 -1 9 15 13 4 9 5 6 
0 6 9 10 6 7 15 16 -1 10 12 13 4 10 15 15 
0 7 18 19 6 10 6 7 -1 11 16 15 4 11 19 18 
0 8 19 18 6 11 19 18 -1 12 9 9 4 12 4 3 
0 9 7 8 7 1 3 2 -1 13 13 13 5 1 33 33 
0 10 6 6 7 2 17 17 0 1 8 7 3 2 55 56 
0 11 5 6 7 3 34 35 0 2 25 24 5 3 36 35 
1 1 4 5 7 4 25 25 0 3 33 33 5 4 8 9 
i 2 8 9 7 5 13 13 0 4 10 9 5 7 8 8 

3 9 9 7 6 19 20 0 5 23 23 5 9 20 21 
i 5 14 15 7 7 21 22 0 6 12 13 5 10 30 30 
1 6 34 35 7 8 8 7 0 7 10 9 5 11 33 33 
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K L FO F C K L FO FC K L F O F C K L F O F C 

5 12 4 6 - 3 8 14 13 2 4 24 25 7 6 8 8 
6 1 26 27 - 3 9 23 23 2 5 30 30 7 8 9 8 
6 2 35 38 - 3 10 18 19 2 6 56 58 3 1 8 8 
6 3 29 33 - 3 11 13 13 2 7 22 22 8 2 20 20 
6 5 7 9 - 2 1 13 13 2 3 U 2 3 3 4 4 
6 6 4 2 - 2 2 14 14 2 9 9 8 3 5 31 32 
6 7 14 15 - 2 3 4 3 2 10 15 14 8 6 18 17 
6 8 15 16 - 2 4 15 15 2 12 11 10 3 7 16 17 
6 9 21 21 - 2 5 14 13 2 13 5 6 8 8 9 8 
6 10 23 27 - 2 7 6 6 3 1 32 32 9 1 8 7 
6 11 17 17 - 2 8 6 6 3 2 26 25 9 2 26 26 
J 1 35 35 - 2 9 17 17 3 3 28 29 9 3 5 4 
7 2 26 26 - 2 10 15 15 3 4 13 13 9 5 25 26 
7 3 48 48 - 2 11 16 17 3 5 34 34 9 6 24 24 
7 4 19 19 - 2 12 4 4 3 6 42 43 9 7 9 9 
7 5 10 10 - 2 13 14 14 3 7 15 14 10 1 9 8 
7 6 12 12 -1 1 4 l 4 l 3 8 22 22 10 2 26 26 
7 7 18 19 -1 2 26 26 3 9 22 23 10 3 8 8 
7 8 11 12 -1 3 25 25 3 10 30 30 10 5 12 12 
7 9 16 16 -1 4 9 9 3 11 7 8 11 1 15 15 
7 10 9 8 -1 5 12 12 3 12 13 14 11 2 21 21 
8 1 30 29 -1 6 17 17 3 13 12 11 
8 2 15 15 -1 7 20 20 4 1 24 22 H = - 6 
8 3 23 28 -1 8 7 7 4 2 7 7 
8 5 7 7 -1 9 24 25 4 3 39 4 l - 5 2 7 6 
8 6 10 9 - 1 10 29 29 4 4 3 3 - 5 4 5 4 
8 7 5 5 -1 11 19 20 4 5 27 27 - 5 5 5 5 
8 8 9 9 - 1 12 15 15 4 6 34 35 - 5 6 4 5 
9 1 . 7 8 - 1 13 9 9 4 7 12 14 - 5 7 8 7 
9 2 7 6 - 1 14 7 7 4 8 25 25 - 5 8 19 18 
9 3 4 4 0 1 48 50 4 9 18 19 - 5 9 10 10 
9 4 7 8 0 2 29 29 4 10 18 18 - 5 10 11 11 
9 6 14 14 0 3 23 23 4 12 4 3 - 4 3 3 2 
9 7 11 10 0 4 3 2 5 1 16 17 - 4 4 6 5 

10 1 17 17 0 5 5 4 5 2 14 15 - 4 5 14 14 
10 2 7 7 0 6 14 13 5 3 24 21 - 4 6 6 6 
10 3 6 6 0 7 3 2 5 4 21 23 - 4 a 25 26 
10 4 4 4 0 8 8 8 5 5 50 51 - 4 9 17 1 9 
11 1 14 14 0 9 48 49 5 6 4 l 4 l - 4 10 7 8 
11 2 12 11 0 10 29 29 5 7 29 27 - 4 12 6 6 

0 11 5 6 5 8 4 4 - 3 1 14 12 
H = - 7 0 14 13 12 5 10 6 5 - 3 2 13 13 

1 1 51 51 5 11 10 10 - 3 3 16 16 
- 4 1 16 16 i 2 28 26 6 1 9 9 - 3 4 23 22 
- 4 2 19 18 1 4 8 8 6 2 26 25 - 3 5 33 32 
- 4 3 13 13 1 6 18 18 6 4 16 14 - 3 6 35 37 
- 4 9 10 10 1 7 7 5 6 5 57 57 - 3 7 7 7 
- 4 10 14 13 1 8 16 17 6 6 24 23 - 3 8 24 23 
- 4 11 13 13 1 9 31 31 6 7 17 17 - 3 9 8 9 
- 3 1 9 9 1 10 19 18 6 8 19 19 - 3 10 10 9 
- 3 2 14 15 1 11 5 5 6 9 11 10 - 3 11 8 9 
- 3 3 12 13 1 12 13 12 6 11 4 4 - 3 12 6 6 
- 3 4 8 8 1 14 14 13 7 1 7 7 - 3 13 13 13 
- 3 5 11 11 2 1 49 51 7 2 10 10 - 2 1 7 6 
- 3 6 9 9 2 2 35 36 7 4 13 14 - 2 2 7 6 
- 3 7 5 5 2 3 6 7 7 5 44 46 - 2 3 9 8 
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K L FO FC K L FO FC K L FO FC K L FO FC 

2 4 18 18 2 12 31 31 7 9 22 22 -2 3 33 35 
2 5 51 49 2 13 21 22 8 1 43 44 -2 4 48 49 2 6 19 19 2 14 16 16 8 2 9 8 -2 5 25 25 
2 7 5 5 3 1 40 40 8 3 8 8 -2 7 18 13 2 8 26 25 3 2 59 58 8 4 5 6 -2 8 14 14 
2 9 15 15 3 3 24 25 3 5 9 9 -2 9 37 38 
2 10 18 18 3 4 54 54 8 6 7 5 -2 10 4 4 
2 11 12 12 3 5 74 74 8 7 7 6 -2 11 16 17 2 13 21 20 3 6 46 45 8 8 12 11 -2 12 22 24 2 14 10 10 3 7 9 10 9 1 51 51 -2 13 12 12 

1 5 5 3 8 20 19 9 2 20 20 -1 1 42 40 
2 27 27 3 9 11 11 9 3 5 7 -1 2 7 7 7 6 3 10 11 11 9 5 5 5 -1 3 43 42 5 25 25 3 11 5 6 10 1 19 20 -1 4 36 37 
8 20 20 3 12 17 17 10 2 11 11 -1 5 30 30 9 16 17 3 13 13 13 10 3 8 8 -1 6 14 13 10 4 5 4 1 30 29 11 1 14 13 -1 8 27 26 11 11 12 4 2 49 48 -1 9 64 65 12 6 6 4 3 9 8 H = -5 -1 10 5 6 13 16 16 4 4 73 72 -1 11 30 30 
14 11 12 4 5 38 38 -6 2 6 7 -1 12 12 12 0 1 7 9 4 6 22 22 -6 3 6 6 -1 13 16 16 0 2 19 19 4 7 7 6 -6 4 12 13 0 1 67 69 

0 3 32 32 4 8 16 16 -6 7 11 11 0 2 30 30 0 4 40 40 4 9 12 12 -6 8 4 5 0 3 43 43 0 5 57 57 4 10 9 9 -5 2 9 8 0 4 7 8 0 6 39 39 4 11 4 3 -5 3 20 20 0 5 6 5 0 8 6 5 4 12 21 21 -5 4 24 25 0 6 32 34 
0 9 9 9 5 1 38 41 -5 5 16 16 0 7 10 11 
0 10 18 18 5 2 29 31 -5 6 11 9 0 8 44 44 0 11 6 7 5 3 14 13 -5 a 9 10 0 9 25 25 
0 12 4 4 5 4 52 52 -5 9 12 13 0 10 3 4 
0 13 14 14 5 7 19 19 -5 10 6 6 0 11 26 26 0 14 20 21 5 8 3 3 -5 11 4 3 0 12 12 12 2 14 14 5 9 25 26 -5 12 21 21 0 13 17 18 

3 52 53 5 10 10 10 -4 2 7 7 1 1 64 63 4 37 38 5 12 17 17 -4 3 26 25 1 2 14 13 5 41 42 6 1 49 48 -4 4 46 45 1 3 60 58 
6 19 20 6 2 23 19 -4 5 27 27 1 4 24 24 7 14 13 6 3 23 20 -4 6 16 16 1 5 16 17 9 4 5 6 4 44 46 -4 10 17 17 1 6 38 38 
10 11 10 6 5 20 20 -4 11 17 18 1 7 45 43 11 5 5 6 6 a 8 -4 12 28 27 1 8 36 34 12 21 22 6 7 5 4 -4 13 13 13 1 9 32 31 13 31 32 6 8 25 25 -3 1 28 27 1 10 26 28 
14 27 27 6 9 39 40 -3 3 17 17 1 11 14 14 2 1 7 6 6 10 8 8 -3 4 45 46 1 12 8 9 2 2 18 19 6 11 4 2 -3 5 13 13 2 1 35 34 2 4 33 31 7 1 54 55 -3 6 11 10 2 2 23 23 2 5 41 38 7 2 a 8 -3 7 13 13 2 3 55 57 2 6 37 36 7 3 n 11 -3 8 11 12 2 4 11 11 2 7 5 6 7 4 51 52 -3 10 21 20 2 5 19 19 

2 8 14 14 7 5 22 23 -3 11 16 15 2 6 48 46 2 9 9 9 7 6 9 9 -3 12 26 26 2 7 50 53 2 10 5 6 7 7 17 17 -3 13 16 17 2 8 40 41 2 11 17 17 7 8 12 12 -2 1 37 37 2 9 32 34 



1 0 3 

K L FO F C K L F O FC K L FO F C K L F O F C 

2 10 8 8 8 3 13 14 - 3 14 14 14 2 1 35 35 
2 11 30 29 8 5 14 15 - 2 1 8 6 2 2 10 10 
2 12 9 8 8 7 23 22 - 2 2 60 58 2 3 56 57 
2 13 9 9 9 2 17 18 - 2 3 25 27 2 4 61 62 
3 1 29 28 9 3 8 7 - 2 4 18 18 2 5 30 31 
3 2 12 11 9 4 13 13 - 2 5 23 23 2 6 38 36 
3 3 47 45 9 5 13 13 - 2 6 5 3 2 7 47 45 
3 4 5 10 1 9 9 - 2 7 7 7 2 8 15 14 
3 5 5 7 10 3 15 15 - 2 8 29 29 2 11 16 16 
3 6 16 15 - 2 9 18 19 2 12 25 25 
3 7 12 12 H = - 4 - 2 10 29 29 3 1 32 32 
3 8 25 24 - 2 11 8 8 3 2 13 13 
3 10 6 8 - 7 3 15 15 - 2 12 20 20 3 3 4 4 44 
3 11 25 25 - 7 5 4 4 - 2 14 11 11 3 4 47 46 
3 12 13 12 - 7 6 4 3 - 2 15 25 26 3 5 5 3 
3 13 5 7 - 7 7 14 14 - 1 1 11 10 3 6 16 15 
4 1 35 35 - 7 8 20 20 -1 2 18 19 3 7 48 50 

2 3 3 - 7 9 4 4 - 1 3 47 45 3 8 24 25 
4 3 32 33 - 6 2 19 19 - 1 4 15 14 3 9 12 12 
4 4 32 31 - 6 3 22 22 -1 5 13 12 3 10 11 10 

5 29 2 9 - 6 4 7 6 -1 6 6 7 3 11 14 15 
4 6 2 3 - 6 5 7 8 - 1 7 82 80 3 12 26 26 
4 7 13 14 - 6 6 13 14 -1 8 60 58 4 1 41 41 
4 8 48 49 - 6 7 28 28 -1 9 30 30 4 2 15 17 

9 22 22 - 6 8 16 17 -1 10 9 9 4 3 30 32 
10 15 15 - 6 10 4 5 - 1 12 e 8 4 4 41 43 

5 2 7 6 - 6 11 13 13 -1 13 7 6 4 6 10 10 
5 3 3 2 - 6 12 16 16 -1 14 9 10 4 7 27 27 
5 22 22 - 5 3 13 13 -1 15 24 24 4 8 5 4 
5 5 29 29 - 5 4 7 7 0 1 63 60 4 9 8 9 
5 6 12 13 - 5 6 11 12 0 2 4 1 4 10 11 11 

IT, 7 10 10 - 5 7 13 13 0 3 11 13 4 11 5 4 ir< 8 58 57 - 5 8 17 16 0 4 39 39 4 12 19 1 9 
5 9 24 24 - 5 9 7 7 0 5 7 6 5 1 8 9 
5 10 11 11 - 5 10 5 5 0 6 81 81 5 2 71 72 
5 11 6 6 - 5 11 15 16 0 7 81 82 5 3 48 50 
6 1 5 2 - 5 12 10 11 0 8 42 44 5 4 71 73 
6 2 6 4 - 4 2 3 1 0 9 31 32 5 5 16 16 
6 3 28 28 - 4 3 3 9 0 11 13 13 5 6 16 15 
6 4 13 13 - 4 4 4 3 0 12 31 32 5 9 3 0 
6 5 44 45 - 4 5 4 1 0 13 9 8 5 10 16 16 
6 6 5 6 - 4 6 28 28 0 14 9 8 5 11 20 20 
6 7 19 19 - 4 7 31 32 1 1 77 76 6 2 62 63 
6 8 30 30 - 4 8 36 36 1 2 4 3 6 3 73 76 
6 9 13 13 - 4 13 10 9 1 3 4 9 48 6 4 64 65 
7 1 28 28 - 4 14 7 6 1 4 73 69 6 5 16 16 
7 2 11 10 - 3 1 15 15 1 5 9 7 6 6 28 27 
7 3 42 42 - 3 2 22 21 1 6 2 9 29 6 8 9 8 
7 4 18 18 - 3 3 29 29 1 7 39 38 6 10 19 18 
7 5 23 25 -3 4 16 15 1 8 25 24 7 1 22 21 
7 6 15 14 - 3 6 52 53 1 9 5 5 7 2 4 6 4 8 
7 7 13 13 -3 7 34 35 1 10 18 19 7 3 42 43 
7 8 18 17 - 3 8 39 39 1 11 10 11 7 5 6 7 
7 9 15 14 - 3 9 9 11 1 12 25 25 7 6 12 12 
8 1 16 16 -3 10 10 11 1 13 4 5 7 8 4 2 
8 2 16 15 - 3 12 9 8 1 14 13 14 9 2 24 23 
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K L F O F C K I F O F C 

8 3 2 4 2 3 - 4 10 2 6 2 6 
8 4 2 2 2 1 - 4 1 1 4 3 
8 5 1 3 1 3 - 4 1 2 8 7 

A 7 A 7 - 4 1 3 6 4 
9 1 8 7 - 4 1 4 20 1 9 
9 2 1 0 1 0 - 3 1 2 3 2 2 
9 3 2 6 2 5 - 3 2 6 3 6 2 
9 4 9 8 - 3 3 5 2 5 1 
9 5 5 5 - 3 4 2 5 2 6 

1 0 1 8 9 - 3 5 10 1 1 
- 3 6 2 9 2 8 

H = - 3 - 3 7 3 1 
- 3 8 1 7 1 7 

- 8 6 10 1 0 - 3 10 3 7 3 6 
- 8 7 1 9 2 0 - 3 1 1 2 1 2 1 
- 7 2 4 2 - 3 1 3 3 2 
- 7 3 9 1 0 - 3 1 4 1 4 1 5 
- 7 4 9 1 0 - 3 1 5 7 8 
- 7 5 5 4 - 2 1 1 4 1 6 
- 7 6 1 3 1 3 - 2 2 6 9 6 8 
- 7 7 2 9 2 9 - 2 3 6 2 5 9 
- 7 9 10 1 0 - 2 4 1 2 1 1 
- 7 1 0 7 8 -2 5 2 1 2 1 
- 6 1 1 3 1 3 -2 6 7 0 70 
- 6 2 1 6 1 6 - 2 7 20 20 
- 6 3 1 5 1 5 - 2 8 1 6 1 7 
- 6 4 9 9 -2 9 1 9 1 9 
- 6 5 1 8 1 7 - 2 10 4 7 4 7 
- 6 6 2 6 2 4 - 2 11 3 9 3 7 
- 6 7 2 8 2 7 - 2 1 3 8 7 
- 6 1 0 7 6 - 2 1 4 1 8 1 8 
- 6 11 8 9 - 2 1 5 1 3 1 3 
- 6 1 2 16 1 7 - 1 1 1 3 1 1 
- 6 1 3 5 5 - 1 2 4 7 4 6 
- 5 1 6 6 - 1 3 9 2 8 9 
- 5 2 1 2 1 2 - 1 4 31 2 8 
- 5 3 10 9 - 1 6 4 6 4 8 
- 5 4 5 5 - 1 7 2 9 2 8 
- 5 5 3 7 3 7 - 1 A 2 6 2 6 
- 5 6 3 6 3 5 - 1 9 1 9 1 8 
- 5 7 4 5 4 7 - 1 1 0 2 7 2 7 
- 5 8 22 22 - 1 i i 2 7 2 8 
- 5 9 6 6 - 1 1 2 1 0 8 
- 5 1 0 2 8 2 7 - 1 1 3 8 7 
- 5 1 1 1 8 1 9 - 1 1 4 2 2 2 2 
- 5 1 2 1 6 1 7 - 1 1 5 1 2 1 2 
- 5 1 3 9 9 0 1 1 1 7 1 1 9 
- 5 1 4 1 4 1 4 0 2 1 3 1 1 3 0 
- 4 2 4 8 5 1 0 4 2 7 2 7 
- 4 3 2 9 3 0 0 5 5 3 4 9 
- 4 4 2 0 2 0 0 6 2 4 2 3 
- 4 5 2 7 2 7 0 7 4 5 
- 4 6 1 9 2 0 0 8 6 6 
- 4 7 2U 2 0 0 9 6 6 
- 4 8 1 1 1 1 0 1 0 1 4 1 5 
- 4 9 2 0 2 0 0 11 4 0 4 0 

K L F O F C K L F O F C 

0 1 2 1 2 1 1 5 5 3 6 3 8 
0 1 4 7 8 5 6 1 9 1 9 

2 7 8 7 3 5 7 1 9 2 0 
3 4 4 4 2 5 8 2 0 2 0 
4 1 2 1 0 5 9 7 7 
5 8 6 5 10 2 7 2 6 
6 2 4 2 4 5 1 1 1 3 1 2 
7 1 6 1 5 6 1 2 2 2 3 
8 10 1 0 6 2 5 6 5 6 
9 2 3 2 3 6 3 1 9 1 8 

10 5 6 5 6 6 4 1 3 1 2 
1 1 5 9 60 6 5 6 5 
1 2 2 0 1 9 6 6 3 5 3 4 
1 3 4 6 6 7 2 6 2 6 
1 4 4 3 6 8 8 9 

2 1 1 1 1 1 6 9 7 8 
2 2 9 7 7 1 4 7 4 6 
2 3 5 6 5 5 7 2 4 9 4 9 
2 4 3 7 3 3 7 4 1 5 1 5 
2 5 2 1 1 8 7 5 7 7 
2 6 1 2 1 3 7 6 2 3 2 3 
2 7 1 3 1 2 7 7 2 4 2 4 
2 8 2 3 2 2 7 8 5 5 
2 9 4 2 4 1 8 1 1 1 9 
2 1 0 2 1 2 0 3 2 5 5 
2 1 1 2 7 2 9 A 3 1 9 1 9 
2 1 2 9 10 8 4 8 7 
2 1 3 6 5 3 5 4 4 
3 1 4 5 4 7 8 6 2 4 2 3 
3 2 6 8 9 1 8 6 
3 3 3 9 4 0 9 2 5 3 
3 4 4 9 5 0 9 3 1 0 1 0 

TO 5 10 8 9 4 8 8 
3 6 3 3 3 6 
3 7 3 5 3 6 H = - 2 
3 8 2 8 2 9 
3 9 1 8 1 9 - 8 1 1 7 1 8 
3 1 0 1 7 1 6 - 8 2 2 2 2 2 
3 1 1 2 4 2 5 - 8 3 1 3 1 4 
3 1 2 1 2 1 1 - 8 6 1 2 1 1 
4 1 5 6 5 7 - 8 9 1 3 1 3 
4 2 4 5 4 6 - 8 1 0 1 3 1 3 
4 3 5 8 5 9 - 7 1 1 8 1 9 
4 4 3 8 3 9 - 7 2 9 9 
4 5 9 8 - 7 3 8 9 
4 6 3 2 3 2 - 7 4 1 3 1 3 
4 7 1 4 1 5 - 7 5 1 9 1 8 
4 8 1 8 1 8 - 7 6 1 6 1 6 
4 9 21 2 0 - 7 7 4 3 
4 10 2 2 2 2 - 7 8 9 1 0 
4 1 1 2 2 2 2 - 7 9 2 0 1 9 
4 1 2 1 5 1 5 - 7 10 1 6 1 5 
5 1 3 6 3 5 - 7 1 1 2 1 2 2 
5 2 3 4 3 4 - 7 1 3 8 8 
5 3 6 5 - 6 1 3 4 3 5 
5 4 9 8 - 6 2 2 1 2 1 
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K L FO F C K L F O FC K L F O F C K L F O F C 

6 3 17 17 -2 7 55 53 3 1 6 5 - 3 1 8 6 
6 4 28 28 -2 9 11 12 3 2 26 28 - 3 2 7 7 
6 5 5 5 -2 10 4 9 50 3 3 26 24 • 3 3 5 4 
6 7 6 5 -2 11 7 8 3 4 4 2 - 8 5 4 3 
6 8 20 20 -2 12 12 12 3 5 54 54 - 3 6 16 14 
6 9 9 9 -2 14 6 6 3 6 43 41 - 8 7 8 7 
6 10 10 10 -2 15 9 9 3 7 2G 20 - 8 8 27 27 
6 11 19 19 -1 1 20 17 3 8 10 12 - 3 9 19 19 
6 13 15 15 -1 2 110 105 3 9 29 29 -8 10 13 13 
6 14 6 7 -1 3 5 6 3 11 6 6 - 8 11 5 5 
5 1 57 57 -1 4 94 89 4 1 5 7 -7 1 22 21 
5 2 35 35 -1 5 9 8 4 2 51 52 -7 2 25 24 
5 3 25 24 -1 6 65 63 4 3 24 24 -7 3 3 2 
5 4 8 6 -1 7 29 28 4 6 5 -7 5 46 46 
5 5 5 6 -1 8 9 8 4 5 36 37 -7 6 34 34 
5 6 30 29 -i 9 37 37 4 6 43 43 -7 7 15 15 
5 7 9 10 -1 10 50 49 4 7 18 19 -7 8 20 20 
5 8 22 22 -1 11 4 3 4 8 16 16 -7 9 3 4 
5 9 34 35 -i 13 20 19 4 9 9 7 -7 10 4 2 
5 10 28 30 -1 14 11 11 4 10 6 6 -7 11 8 8 
5 11 12 13 0 1 24 24 4 11 9 11 -7 13 13 14 
5 12 7 6 0 2 118 117 5 1 26 26 -6 1 24 24 
5 13 12 12 0 4 32 28 5 2 27 26 -6 4 8 9 
5 14 7 7 0 5 63 61 5 3 18 16 -6 5 43 43 
4 1 55 54 0 6 51 50 5 4 25 26 -6 6 14 13 

2 58 54 0 7 31 31 5 5 38 41 -6 7 5 5 
3 32 31 0 8 24 25 5 6 26 27 -6 8 19 21 
4 20 18 0 9 22 21 5 7 23 23 -6 9 28 29 

4 5 8 7 0 10 11 12 5 8 8 8 -6 11 16 17 
4 6 18 18 0 13 16 16 5 9 5 5 -6 12 9 9 

7 31 34 0 14 14 13 5 10 11 12 -6 13 28 28 
8 33 34 i 1 68 67 6 1 6 5 -6 14 19 19 
9 59 60 1 2 49 47 6 2 73 72 -5 2 18 17 

4 10 61 62 1 4 8 6 6 3 16 15 -5 3 10 9 
11 17 17 1 5 74 73 6 4 17 18 -5 4 15 15 
12 19 19 I 6 84 84 6 5 18 18 -5 5 49 50 
13 5 5 1 7 54 55 6 6 20 21 - 5 6 25 24 
14 10 10 1 8 22 22 7 1 37 36 -5 7 9 8 

3 1 57 54 1 9 18 18 7 2 34 33 -5 8 30 29 
3 2 71 68 1 10 5 4 7 4 11 11 - 5 9 41 43 
3 4 29 29 i 11 4 4 7 5 18 18 -5 10 6 6 
3 5 3 0 i 13 24 24 7 6 21 20 -5 11 11 11 
3 6 33 31 1 14 14 14 7 7 4 3 -5 12 5 5 
3 7 3 2 2 1 44 43 8 2 14 14 -5 13 22 22 
3 8 16 16 2 2 58 57 8 3 9 9 -5 14 18 17 
3 9 40 40 2 3 41 41 8 4 18 16 -4 1 3 6 
3 10 60 61 2 4 38 39 8 5 24 24 -4 2 11 11 
3 11 7 6 2 5 117 118 9 1 18 17 -4 3 47 47 
3 12 12 13 2 6 92 91 9 2 20 20 -4 4 59 58 
3 13 4 3 2 7 31 31 9 3 12 13 -4 5 77 77 
2 1 38 41 2 8 28 29 -4 6 53 54 
2 2 70 68 2 9 39 38 H = -1 -4 7 18 17 
2 3 18 17 2 10 17 17 -4 8 3 4 
2 4 49 49 2 11 13 13 -9 7 6 6 -4 9 30 29 
2 5 14 15 2 12 9 9 -9 8 23 23 -4 10 6 6 
2 6 54 55 2 13 24 24 -9 9 22 22 -4 11 3 4 
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K L FO FC K L FO FC K L FO FC < L FO FC 

4 12 11 11 0 13 36 36 6 4 20 19 -6 10 27 29 
4 13 14 13 0 14 20 21 b 5 13 13 -6 11 10 9 
4 14 19 19 1 2 8 6 6 7 5 5 -6 12 25 25 
4 15 5 4 1 3 50 49 6 8 22 22 -6 13 26 26 
3 1 17 18 1 4 56 56 7 1 17 18 -5 1 47 48 
3 2 24 22 5 90 89 7 2 9 10 -5 2 5 6 
3 3 23 23 1 6 33 29 7 3 13 12 -5 3 50 50 
3 4 79 78 1 7 12 12 7 6 7 7 -5 4 73 74 
3 5 75 76 1 8 17 16 8 1 18 19 -5 5 64 63 
3 6 25 26 1 9 40 40 8 2 18 17 -5 6 7 7 
3 7 34 30 1 10 7 7 8 4 4 2 -5 7 29 28 
3 9 30 30 1 11 4 3 9 1 10 10 -5 8 18 17 
3 10 24 23 1 12 33 34 -5 9 31 31 
3 11 16 16 1 13 28 28 Hs C -5 10 17 16 
3 12 28 27 2 1 135 157 • 5 11 33 34 
3 13 20 20 2 2 47 48 -9 1 4 4 -5 12 20 21 
3 14 34 33 2 3 21 20 -9 3 16 16 -5 13 20 1 9 
2 1 11 10 2 4 59 56 -9 4 28 28 -5 14 4 4 
2 2 55 53 2 5 79 77 -9 5 13 12 -4 1 53 52 
2 3 31 27 2 6 28 28 -9 6 13 13 -4 2 9 9 
2 4 48 4 8 2 7 20 20 -9 7 5 4 -4 3 64 64 
2 5 41 38 2 9 28 27 -9 9 5 5 -4 4 50 4 7 

6 21 20 2 10 15 14 -9 10 8 7 -4 5 25 23 
2 7 12 13 2 12 15 14 -9 11 4 4 -4 6 18 20 
2 8 28 28 3 1 10 12 -8 2 15 15 -4 7 7 7 
2 9 9 8 3 2 56 54 -8 4 25 25 -4 8 6 5 
2 10 16 16 3 3 54 57 -8 5 16 17 -4 9 24 23 
2 12 22 23 3 4 47 52 -8 6 9 10 -4 11 35 34 
2 13 28 30 3 5 52 56 -8 7 4 4 -4 12 18 17 
2 14 25 26 3 6 8 9 -8 8 12 12 -4 13 20 21 

1 33 28 3 7 22 21 -8 9 4 2 -3 1 40 41 
2 86 82 3 8 6 6 -8 1<J 10 10 -3 2 33 35 
3 89 85 3 9 26 26 -8 11 16 16 -3 3 26 25 
4 113 109 3 10 16 16 -8 12 31 31 -3 4 3 4 
5 82 7 9 3 11 6 5 -7 1 28 27 -3 5 46 4 4 
6 65 64 4 1 55 55 -7 2 18 18 -3 6 34 32 
7 5 5 4 2 54 52 -7 3 6 7 -3 7 27 26 
8 28 27 4 3 25 26 -7 4 39 41 -3 8 4 7 46 
9 29 28 4 4 9 9 -7 5 15 16 -3 9 25 25 

10 15 13 4 5 22 22 -7 6 4 5 -3 10 22 22 
11 31 30 4 6 15 16 -7 7 7 7 -3 11 2 4 
12 20 21 4 8 5 5 -7 8 23 23 -3 12 18 18 
13 19 18 4 9 26 26 -7 9 13 14 -2 1 45 41 
14 16 15 4 10 25 24 -7 11 15 15 -2 2 9 8 

0 1 58 55 5 1 64 67 -7 12 28 29 -2 3 108 105 
0 2 6 5 5 2 73 77 -7 13 23 24 -2 4 15 1 4 

C
D

 

3 47 47 5 3 13 13 -7 14 4 5 -2 5 27 27 
0 4 137 139 5 4 9 9 -6 1 56 56 -2 6 19 16 
0 5 71 70 5 5 9 9 -6 2 12 13 -2 7 16 16 
0 6 50 46 5 6 14 14 -6 3 40 39 -2 8 61 59 
0 7 4 4 5 7 5 5 -6 4 4 7 46 -2 9 4 4 42 
0 8 6 7 5 8 21 21 -6 5 43 44 -2 10 21 20 
0 9 38 37 5 9 30 31 -6 6 14 14 -2 11 37 37 
0 10 23 23 6 1 60 62 -6 7 17 18 -2 12 28 28 
0 11 19 20 6 2 28 29 -6 8 6 8 -2 13 7 7 

0 12 28 28 6 3 21 20 -6 9 49 52 -2 14 17 17 
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K I FO F C K L FO F C K L F O F C K L F O F C 

1 86 86 4 1 23 25 -8 1 9 8 -4 4 30 26 
2 41 36 4 2 11 10 -8 2 8 8 -4 5 4 2 
3 81 80 4 3 7 9 -8 3 18 18 -4 6 42 41 
4 50 48 4 4 14 15 -8 4 4 3 -4 7 77 77 
5 24 22 4 5 12 11 -8 5 13 13 -4 8 4 7 48 
6 3 1 4 6 7 8 -8 6 25 24 -4 9 41 39 
7 21 19 4 7 20 19 -8 7 28 28 -4 11 4 3 
8 87 87 4 8 31 31 -8 8 31 32 -4 12 21 21 
9 19 20 4 9 22 23 -8 9 13 14 -4 13 10 9 

11 17 17 4 10 4 3 -8 10 6 6 -4 14 3 3 
12 19 19 5 0 26 26 -8 11 11 11 -3 0 23 2 3 
13 11 11 5 1 10 10 -8 12 13 13 -3 1 8 8 
14 13 13 5 2 4 6 -7 0 44 45 -3 2 25 26 

0 2 20 16 5 3 20 20 -7 1 9 10 -3 3 69 65 
0 3 12 1 4 5 4 11 11 -7 2 46 43 -3 4 30 28 
0 5 34 35 5 5 28 27 -7 3 32 30 -3 5 6 6 
0 6 21 22 5 6 15 15 -7 4 10 9 -3 6 15 16 
0 7 17 1 7 5 7 24 24 -7 6 40 40 -3 7 65 65 
0 8 68 69 5 8 25 24 -7 7 33 33 -3 8 25 24 
0 9 35 34 6 0 21 20 -7 8 19 18 -3 9 36 36 
0 10 21 20 6 1 34 34 -7 9 19 19 -3 10 3 2 
0 11 12 11 6 2 29 29 -7 10 17 18 -3 11 17 17 
0 12 13 13 6 3 24 24 -7 11 9 9 -3 12 15 16 
0 13 6 6 6 4 35 35 -7 12 13 14 -3 14 13 12 

1 22 16 6 5 24 23 -7 13 8 7 -2 0 26 23 
2 33 33 6 7 14 14 -7 14 8 8 -2 1 66 64 
3 3 1 7 0 7 6 -6 0 52 53 -2 2 61 58 
4 24 26 7 1 13 12 -6 2 29 29 -2 3 69 67 
5 45 44 7 3 5 4 -6 3 23 24 -2 4 59 58 
6 25 26 7 4 23 22 -6 5 8 10 -2 5 10 10 
7 49 4 8 7 5 15 13 -6 6 3 2 -2 6 39 38 
8 68 67 8 0 6 7 -6 7 24 22 -2 7 61 62 
9 47 46 8 1 15 16 -6 8 28 26 -2 8 37 40 

10 8 7 8 2 9 9 -6 9 19 19 -2 9 21 21 
13 8 8 8 3 7 6 -6 10 28 28 -2 11 4 6 

2 0 52 53 9 0 4 4 -6 11 17 18 -2 12 30 30 
2 1 33 34 -6 12 6 7 -2 13 6 7 
2 2 55 57 H = 1 -6 14 11 11 -2 14 4 4 
2 5 26 2 7 -5 0 54 55 -1 0 46 4 6 
2 6 4 0 -10 3 22 21 -5 1 35 33 -1 1 1 2 9 
2 7 31 30 -10 4 13 12 -5 2 20 1 9 -1 2 31 33 
2 8 39 40 -10 5 5 6 -5 3 7 10 -1 3 26 22 
2 9 15 14 -10 6 9 9 -5 4 2 7 28 -1 h 85 87 
2 10 13 14 -10 7 10 10 -5 5 35 35 -1 5 7 8 
3 0 27 28 -10 8 22 22 -5 6 31 30 -1 6 2 4 2 7 
3 1 32 36 -10 9 6 5 -5 7 67 69 -1 7 71 69 
3 2 20 17 -9 0 19 19 -5 8 47 47 -1 8 4 8 4 8 
3 3 40 4 4 -9 3 9 10 -5 9 32 32 -1 9 22 2 4 
3 25 2 8 -9 5 9 8 -5 10 18 18 -1 10 13 13 
3 5 49 51 -9 6 8 8 -5 11 4 3 -1 11 5 5 
3 6 28 28 -9 7 10 10 -5 12 21 21 -1 12 1 7 17 
3 7 24 23 -9 8 19 20 -5 13 13 14 -1 13 9 9 
3 8 24 23 -9 10 8 9 -4 0 23 22 0 0 4 2 
3 9 19 19 -9 11 15 15 -4 1 34 34 0 1 4 7 4 8 
3 10 5 5 -9 12 16 16 -4 2 17 16 0 2 33 31 
4 0 29 32 -8 0 33 32 -4 3 27 25 0 3 9 8 



K L FO FC K L FO FC K L FO FC K L FO FC 

0 4 44 43 5 4 25 25 -7 7 8 8 -3 7 3 1 
0 5 3 1 5 6 10 10 -7 8 3 4 -3 8 3 3 
0 6 53 50 6 0 30 30 -7 9 10 11 -3 9 40 40 
0 7 43 43 6 2 17 16 -7 10 12 12 -3 10 38 37 
0 8 23 23 6 3 32 32 -7 11 23 23 -3 11 49 49 
0 9 26 25 6 4 5 5 -7 12 14 14 -3 12 13 13 
0 10 10 11 6 5 7 7 -7 13 5 6 -3 13 3 
0 11 13 12 6 6 5 5 -7 14 15 15 -3 14 5 3 
0 12 28 28 7 0 22 21 -6 0 4 3 -2 0 84 84 
0 13 12 12 7 1 6 7 -6 1 13 13 _2 1 32 30 

0 83 81 7 2 12 12 -6 2 26 26 -2 2 37 37 
1 7 8 7 3 19 19 -6 3 35 36 -2 3 35 33 
2 64 66 7 4 11 11 -6 4 27 24 -2 4 6 6 
3 93 100 8 0 17 16 -6 5 11 12 -2 5 16 14 
4 110 114 -6 6 54 56 -2 6 13 11 
5 45 43 H = 2 -6 7 13 15 -2 8 39 40 
6 40 42 -6 8 4 5 -2 9 25 25 
7 6 7 -10 0 6 6 -6 10 21 21 -2 10 29 29 
8 20 19 -10 2 15 15 -6 11 39 40 -2 11 20 20 
9 18 18 -10 3 13 12 -6 12 19 18 -2 12 12 12 

10 15 15 -10 4 10 9 -6 14 20 20 -2 13 5 6 
11 29 28 -10 5 15 14 -5 0 26 25 -1 0 87 88 
12 22 22 -10 6 18 19 -5 1 6 7 -1 2 44 44 

2 0 9 10 -10 7 29 29 -5 2 47 43 -1 3 98 102 
2 1 56 53 -10 8 12 13 -5 3 79 77 -1 4 34 37 
2 2 36 38 -10 10 10 10 -5 4 34 31 -1 5 10 10 
2 3 126 132 -9 1 4 3 -5 5 39 37 -1 6 26 26 
2 4 42 42 -9 2 17 16 -5 6 80 79 -1 7 21 19 
2 5 20 22 -9 4 11 11 -5 7 14 14 -1 3 43 41 
2 6 36 34 -9 5 21 21 -5 8 5 5 -1 10 4 2 
2 7 11 11 -9 6 33 34 -5 9 10 10 -1 11 17 16 
2 8 12 12 -9 7 27 28 -5 10 22 22 -1 12 28 28 
2 10 14 15 -9 8 29 29 -5 11 25 25 -1 13 6 6 
2 11 30 30 -9 10 10 10 -5 12 14 16 0 0 28 27 
3 0 34 35 -9 11 6 6 -5 13 3 2 0 1 101 106 
3 1 42 44 -9 12 10 9 -5 14 25 24 0 2 86 90 

O
J 2 14 12 -8 0 13 13 -4 0 9 9 0 3 33 34 

3 3 56 55 -8 1 11 10 -4 1 54 51 0 4 17 18 
3 4 24 24 -8 2 9 a -4 2 106 107 0 5 19 19 
3 5 13 12 -8 3 14 14 -4 3 101 103 0 6 32 32 
3 6 23 24 -8 4 26 26 -4 4 57 57 0 7 11 12 
3 10 7 6 - a 5 5 6 -4 5 6 9 0 8 26 27 
4 0 6 10 -8 6 29 28 -4 6 86 83 0 9 10 11 

1 7 8 -8 7 20 19 -4 7 17 18 0 10 32 31 
2 13 11 -8 8 13 13 -4 8 5 6 0 11 33 33 

4 3 63 62 -8 9 17 17 -4 9 38 39 0 12 25 24 
4 35 34 -8 10 6 5 -4 10 30 30 1 0 74 73 

4 5 20 20 -8 11 13 12 -4 11 <»8 50 1 1 9 8 
4 6 5 5 -8 12 6 6 -4 12 16 17 1 2 83 83 
4 7 10 10 -8 13 11 11 -4 13 5 4 1 3 31 29 
4 8 15 15 -7 0 21 19 -4 14 l*f 13 1 4 6 5 
4 9 7 8 -7 2 38 37 -3 1 87 90 1 5 19 19 
5 0 12 12 -7 3 40 40 -3 2 36 34 1 6 15 15 
5 1 4 5 -7 4 30 31 -3 3 146 154 1 7 25 24 
5 2 8 9 -7 5 3 0 -3 4 33 32 1 8 3 3 
5 3 52 53 -7 6 39 39 -3 6 35 36 1 9 18 18 



K L FO FC K L FO FC 

1 10 34 34 -10 9 17 17 
1 11 21 21 -10 10 18 18 
2 0 37 39 -10 11 6 5 
2 1 46 42 -9 0 12 12 
2 2 8? 85 -9 1 43 43 
2 3 33 35 -9 2 37 36 
2 4 25 25 -9 3 15 14 
2 5 4 3 -9 5 7 7 
2 6 49 49 -9 6 10 10 
2 7 34 34 -9 7 11 11 
2 9 5 5 -9 8 9 9 
2 10 26 26 -9 9 13 13 
3 0 3 5 -9 10 33 34 
3 1 3 2 -9 11 14 14 
3 2 60 63 -8 0 11 10 
3 3 20 21 -8 1 35 35 
3 6 6 -8 2 34 35 
3 5 12 13 -8 5 7 6 
3 6 22 23 -8 6 6 4 
3 7 28 28 -8 7 8 8 
3 8 4 5 -8 8 18 18 
3 9 7 7 -8 9 24 24 

0 5 3 -8 10 43 44 
1 8 5 -8 11 13 14 

4 2 13 14 -8 12 13 14 
4 3 10 10 -7 0 11 10 
4 4 16 15 -7 1 28 28 

5 8 9 -7 2 42 41 
6 9 8 -7 4 9 10 

4 7 27 2 7 -7 5 5 5 
4 8 10 11 -7 6 7 6 
5 0 14 13 -7 7 28 27 
5 1 18 19 -7 9 4 4 
5 2 13 14 -7 10 21 22 
5 3 3 4 -7 11 21 21 
5 4 13 13 -7 12 11 12 
5 5 4 4 -7 13 5 6 
5 6 19 20 -6 0 7 4 
6 0 8 8 -6 1 44 42 
6 1 19 19 -6 2 47 48 
6 2 17 17 -6 3 34 34 
6 4 8 8 -6 4 10 11 
7 1 8 8 -6 6 48 50 

-6 7 62 63 
H = 3 -6 8 6 6 

-6 9 20 19 
11 3 20 18 -6 10 36 36 
11 4 6 7 -6 11 16 17 
11 5 14 15 -6 14 4 4 
11 6 13 13 -5 0 6 1 
11 7 10 9 -5 1 63 67 
10 1 22 21 -5 2 110 113 
10 2 18 18 -5 3 52 51 
10 3 16 16 -5 4 22 21 
10 5 18 19 -5 5 16 16 
10 7 7 7 -5 6 47 4 7 

K L FO FC K U FO FC 

-5 7 43 44 0 1 34 34 
-5 8 31 31 0 2 21 20 
-5 9 39 38 0 3 23 21 
-5 10 44 43 0 4 10 10 
-5 11 13 13 0 5 59 60 
-5 13 8 7 0 6 61 60 
-5 1 4 7 7 0 7 36 33 
-4 0 26 27 0 8 29 28 
-4 1 65 61 0 9 15 15 
-4 2 41 40 0 11 11 11 
-4 3 3 0 1 0 11 10 
-4 5 17 16 1 1 29 31 
-4 6 21 22 1 2 40 38 
-4 7 32 33 1 3 9 9 
-4 8 29 27 1 4 42 42 
-4 9 48 48 1 5 56 54 
-4 10 40 40 1 6 64 64 
-4 11 10 10 1 7 15 15 
-4 12 15 15 1 9 20 19 
-4 13 5 5 2 0 24 26 
-4 14 9 10 2 1 12 9 
-3 0 54 51 2 2 41 40 
-3 1 67 66 2 3 21 20 
-3 2 56 53 2 4 20 21 
-3 3 7 8 2 5 18 19 
-3 4 12 13 2 6 26 26 
-3 5 37 41 2 7 3 1 
-3 6 17 19 2 8 12 13 
-3 7 55 55 2 9 11 12 
-3 9 42 41 3 1 12 12 
-3 10 25 25 3 2 28 28 
-3 11 3 4 3 3 23 2 4 
-3 12 7 7 3 4 18 18 
-3 13 14 14 3 5 18 17 
-2 0 58 58 3 6 25 24 
-2 1 85 83 3 7 5 3 
-2 2 25 27 3 8 4 2 
-2 3 7 8 4 0 11 10 
-2 4 13 13 4 1 13 1 4 
-2 5 39 40 4 2 13 14 
-2 6 54 54 4 3 19 20 
-2 7 70 69 4 4 14 14 
-2 9 46 47 4 5 13 14 
-2 11 15 15 4 6 1 9 1 9 
-2 13 13 13 4 7 10 10 
-1 0 96 98 5 1 26 26 
-1 1 40 41 5 2 27 28 
-1 2 23 25 5 3 21 22 
-1 3 47 48 5 5 16 16 
-I 4 1 7 18 6 0 11 11 
-I 5 35 36 6 1 30 31 
-1 6 60 61 6 2 20 20 
• 1 7 13 15 6 3 10 1 2 
-1 9 12 12 
-1 11 4 5 
0 0 6 7 



1 1 0 

K L F O F C K L F O F C K L F O F C K L F O F C 

H = 4 - 6 0 4 3 - 2 2 2 4 2 5 4 0 3 4 3 4 

- 6 1 1 3 1 1 - 2 3 2 5 2 4 4 1 2 4 2 3 

- 1 1 1 1 8 1 9 - 6 2 2 1 2 1 - 2 4 1 9 2 1 4 2 2 5 ? 5 

- 1 1 2 1 3 1 1 - 6 3 1 7 1 8 - 2 5 5 5 5 8 4 3 7 7 

- 1 1 3 IK 1 5 - 6 4 4 8 4 7 - 2 6 2 8 2 9 4 5 1 0 1 0 

- 1 1 5 2 0 2 0 - 6 5 4 5 4 3 - 2 7 1 1 1 1 5 0 2 8 2 8 

- 1 1 6 1 2 1 3 - 6 6 5 1 5 1 - 2 8 5 4 5 1 3 4 3 4 

- 1 1 7 5 6 - 6 8 1 3 1 4 - 2 9 1 7 1 6 5 2 1 6 1 6 

- 1 1 8 6 5 - 6 9 1 0 1 0 - 2 1 0 1 5 1 6 6 0 2 1 2 1 

- 1 1 9 1 3 1 4 - 6 1 0 8 7 - 2 1 2 2 0 2 0 6 1 2 0 1 9 

- I D 0 1 9 1 9 - 6 1 1 1 0 1 0 - 1 G 3 9 3 7 

- 1 3 1 2 a 2 0 - 6 1 2 1 5 1 4 - 1 1 4 5 4 4 H = 5 

- 1 0 2 7 7 - 6 1 3 2 0 2 0 - 1 2 2 6 2 6 

- 1 0 3 9 8 - 5 0 2 1 1 8 - 1 3 9 1 1 - 1 1 1 1 7 1 7 

- 1 0 4 K 5 - 5 1 5 0 5 3 - 1 4 6 7 6 9 - 1 1 3 7 6 

- 1 0 5 3 0 3 0 - 5 2 4 5 4 5 ^ 1 5 6 8 6 5 - 1 1 4 2 6 2 6 

- 1 0 6 1 3 1 3 - 5 3 1 6 1 6 - 1 6 2 4 2 2 - 1 1 5 2 1 2 2 

- 1 0 7 9 8 - 5 4 8 9 8 9 - 1 7 3 0 2 9 - 1 1 6 4 4 

- 1 0 8 7 7 - 5 5 7 5 7 3 - 1 9 1 4 1 4 - 1 1 8 8 8 

- 1 0 9 3 0 3 0 - 5 6 4 2 4 1 - 1 1 0 3 5 3 6 - 1 1 9 8 8 

- 1 0 1 0 1 0 1 1 - 5 7 5 3 - 1 1 1 7 6 - 1 0 0 6 6 

- 9 1 2 2 2 3 - 5 8 4 4 0 0 6 0 5 9 - 1 0 1 2 4 2 4 

- 9 2 1 4 1 3 - 5 9 8 7 0 1 7 5 7 7 - 1 0 2 6 5 

- 9 3 9 9 - 5 1 0 1 5 1 5 0 2 5 3 5 4 - 1 0 3 1 8 1 9 

- 9 5 2 2 2 0 - 5 1 1 2 2 2 1 0 3 3 3 - 1 0 4 2 5 2 6 

- 9 6 2 3 2 3 - 5 1 2 9 8 0 4 1 1 1 1 - 1 0 5 3 2 3 2 

- 9 7 7 7 - 5 1 3 1 7 1 8 0 5 3 3 3 3 - 1 0 6 7 8 

- 9 8 7 8 - 4 0 5 3 5 2 0 6 9 1 2 - 1 0 7 1 1 1 1 

- 9 9 2 8 2 9 - 4 1 3 0 2 8 0 7 4 4 - 1 0 8 5 5 

- 9 1 0 K 4 - 4 2 2 9 2 5 0 8 6 5 - 1 0 9 1 2 1 2 

- 9 1 2 9 9 - 4 3 1 6 1 7 0 9 2 1 2 1 - 1 0 1 0 1 5 1 6 

- 8 0 1 0 1 0 - 4 4 1 1 0 1 1 0 0 1 0 3 2 3 1 - 1 0 1 1 7 7 

- 8 1 2 6 2 5 - 4 5 5 3 5 4 1 0 4 0 4 2 - 9 1 l « i 1 5 

- 8 2 K 4 - 4 6 3 0 3 0 1 1 7 3 7 6 - 9 2 1 2 1 4 

- 8 4 2 0 1 9 - 4 7 1 2 1 1 1 2 5 6 5 8 - 9 3 2 6 2 6 

- 8 5 4 5 4 6 - 4 8 1 6 1 9 ' 1 3 4 2 - 9 4 1 3 1 3 

- 8 6 5 5 5 5 - 4 9 1 9 1 8 1 4 1 9 2 1 - 9 5 3 6 3 6 

- 8 7 9 9 - 4 1 0 1 6 1 6 1 5 2 6 2 5 - 9 6 LH 1 5 

- 8 8 1 4 1 3 - 4 1 1 7 6 1 6 9 8 - 9 7 5 4 

- 8 9 7 7 - 4 1 2 1 7 1 7 1 8 1 2 1 1 - 9 a 6 8 

- 8 1 0 8 8 - 4 1 3 2 2 2 2 1 9 2 2 2 2 - 9 9 1 3 1 3 

- 8 1 1 7 7 - 3 0 6 3 6 1 2 0 3 5 3 7 - 9 1 0 9 1 0 

- 8 1 2 1 0 1 0 - 3 1 6 6 6 7 2 1 2 7 2 9 - 9 1 1 2 1 2 1 

- 8 1 3 1 2 1 1 - 3 2 7 5 7 5 2 2 3 4 3 6 - 9 1 2 2 3 2 3 

- 7 0 2 5 2 4 - 3 3 3 6 2 3 3 1 3 0 - 8 0 2 4 2 4 

- 7 1 3 5 3 5 - 3 4 2 9 2 6 2 4 1 4 1 2 - 8 1 2 9 2 8 

- 7 2 9 1 0 - 3 5 1 6 1 5 2 5 8 9 - 8 2 1 3 1 3 

- 7 3 1 8 1 9 - 3 6 8 7 2 8 1 8 1 8 - 8 3 1 3 1 3 

- 7 4 4 8 5 0 - 3 7 4 3 3 0 2 5 2 6 - 8 4 6 6 

- 7 5 5 0 5 1 - 3 8 2 0 2 0 3 1 1 7 1 8 - 8 5 3 5 3 5 

- 7 6 3 8 4 0 - 3 9 2 1 2 1 3 2 1 6 1 6 - 8 6 6 5 

- 7 7 1 4 1 3 - 3 1 0 9 1 0 3 3 4 4 - 8 7 i < . 1 4 

- 7 9 1 3 1 1 - 3 1 2 1 7 1 6 3 4 5 5 - 8 8 1 6 1 6 

- 7 1 0 2 0 1 9 - 3 1 3 3 2 3 1 3 5 4 4 - 8 9 4 3 

- 7 1 2 1 9 1 9 - 2 0 2 3 2 3 3 6 1 2 1 2 - 8 1 0 3 4 

- 7 1 3 2 6 2 6 - 2 1 4 4 4 5 3 7 9 1 0 - 8 1 1 1 6 1 6 



I l l 

K L FO F C K L F O F C K L F O F C K L F O F C 

8 12 21 22 -3 3 22 24 3 0 12 11 -7 6 31 29 
0 62 63 -3 4 24 26 3 2 5 5 -7 7 10 10 
1 36 38 -3 5 11 10 3 3 5 4 -7 8 26 27 
2 9 11 -3 6 9 9 3 4 22 23 -7 9 4 3 
3 37 34 -3 7 34 34 3 5 12 12 -7 11 8 7 
4 28 25 -3 8 60 61 4 1 13 13 -7 12 9 10 
5 17 14 -3 9 42 42 5 0 9 8 - 6 0 40 39 
6 3 2 -3 11 5 5 -6 1 5 4 
7 4 8 -3 12 11 11 H = 6 - 6 2 35 34 
8 22 21 -2 0 48 49 - 6 3 17 16 
9 15 15 -2 1 53 51 -11 0 19 18 -6 4 54 53 

10 22 21 -2 2 24 23 -11 1 9 9 -6 5 20 18 
11 8 8 -2 3 8 7 -11 2 13 14 -6 6 13 12 
12 21 21 -2 4 3 1 -11 3 15 15 -6 7 25 27 
13 11 11 -2 5 40 42 -11 4 15 15 -6 8 39 40 

6 0 50 53 -2 6 18 18 -11 6 10 10 -6 9 7 5 
6 1 23 23 -2 7 33 34 -11 7 15 16 -6 12 12 12 
6 2 13 11 -2 8 22 21 -11 8 20 20 -5 0 51 52 
6 3 60 59 -2 9 16 16 -11 9 21 21 -5 1 23 22 
6 4 56 55 -2 10 7 9 -10 0 28 29 -5 2 13 12 
6 5 30 28 -2 11 12 11 -10 1 21 22 -5 3 27 26 
6 6 22 20 -i 0 98 101 -10 2 18 19 -5 4 42 42 
6 7 3 4 -1 1 58 61 -10 4 4 3 ~5 5 5 5 
6 8 43 43 -1 2 14 15 -10 6 7 6 -5 6 34 33 
6 9 3*. 33 • 1 3 16 15 -10 7 32 31 -5 7 45 45 
6 10 7 6 -1 4 16 16 -10 8 25 25 -5 8 49 50 
6 11 10 12 • 1 5 30 28 -10 9 16 17 -5 9 10 10 
6 12 13 13 -1 6 6 5 -10 10 14 15 -5 10 9 7 
6 13 9 9 -i 7 4 4 -10 11 9 9 -5 11 6 6 
5 0 107 107 -1 8 9 9 -9 0 38 38 -5 12 12 12 
5 1 87 83 -1 9 19 19 -9 1 19 19 -4 0 49 46 
5 2 12 11 0 0 41 41 - 9 2 10 9 -4 1 24 25 
5 3 39 38 0 1 23 22 -9 3 13 14 -4 2 34 31 
5 4 35 35 0 2 8 9 -9 4 6 5 -4 3 50 48 
5 5 7 6 0 4 6 5 -9 5 5 6 -4 4 45 46 

UN 6 7 7 0 5 9 7 -9 7 52 53 -4 5 17 18 
5 7 8 8 0 6 15 16 -9 8 29 28 -4 6 42 41 ir\ 8 45 47 0 7 22 22 -9 9 18 17 -4 7 39 38 
5 9 39 39 0 8 34 34 -9 10 3 3 -4 8 34 34 
5 11 5 2 0 9 25 25 -9 11 10 8 -4 9 4 3 
5 12 19 18 1 0 15 14 -8 0 9 11 -4 11 7 6 
4 0 91 95 1 1 20 21 -8 1 11 13 -3 0 27 30 
4 1 89 88 1 2 5 7 -8 2 20 19 -3 1 24 24 

2 4 4 1 4 18 19 -8 3 13 12 -3 2 21 23 
3 5 7 1 5 23 24 -8 4 8 8 -3 3 45 49 
4 10 11 1 6 16 16 -8 5 11 9 -3 4 63 66 
5 8 9 1 7 28 27 -8 6 17 16 -3 5 34 34 

4 6 11 10 i 8 22 22 -8 7 44 43 -3 6 21 20 
4 7 15 16 2 0 14 13 -8 8 18 18 -3 7 14 15 

8 57 58 2 1 10 8 -8 9 13 13 -3 8 13 13 
9 51 52 2 2 14 14 -8 12 7 7 -3 11 15 15 

11 7 7 2 3 18 18 -7 0 11 10 -2 0 25 24 
4 12 9 9 2 4 34 32 -7 2 15 16 -2 2 23 23 
3 0 57 56 2 5 27 28 -7 3 3 4 -2 3 28 29 
3 1 37 37 2 6 8 9 -7 4 31 29 -2 4 53 53 
3 2 20 22 2 7 14 13 -7 5 14 15 -2 5 9 9 



112 

K L FO F C 

- 2 b 24 23 
- 2 7 18 19 
- 2 8 12 11 
- 2 9 12 12 
-1 0 10 8 
-1 1 28 3C 
-1 2 8 8 
- 1 3 33 35 
-1 4 16 18 
-1 5 17 18 
-1 6 10 9 
-1 7 10 9 
-1 8 11 11 
- 1 9 13 13 

0 0 14 14 
0 1 6 5 
0 2 10 12 
0 3 37 38 
0 4 44 45 
0 5 30 30 
0 6 5 6 
0 7 6 5 
0 8 10 10 
1 0 13 14 
1 1 3 5 
1 2 20 19 
1 3 53 52 
1 4 29 29 
1 5 7 5 
1 6 11 11 
1 7 5 6 
2 0 34 34 
2 1 4 4 
2 2 14 13 
2 3 27 27 
2 4 15 16 
3 0 19 18 
3 2 10 9 
3 3 20 19 
3 4 10 10 

0 12 12 
1 4 4 

H = 7 

- 1 2 2 6 7 
- 1 2 3 10 10 
- 1 2 4 13 14 
- 1 2 6 17 17 
- 1 1 0 14 15 
- 1 1 2 19 19 
- 1 1 3 20 21 
- 1 1 4 15 16 
- l i 5 5 5 
- 1 1 6 24 25 
- 1 1 7 13 14 

K L FO FC 

- 1 1 8 9 8 
- 1 0 0 7 7 
- 1 0 2 12 12 
- 1 0 3 13 13 
- 1 0 4 8 9 
- 1 0 6 42 42 
- 1 0 7 26 27 
- 1 0 8 9 8 
- 1 0 10 5 5 

- 9 0 6 6 
- 9 3 23 23 
- 9 4 14 14 
- 9 5 6 6 
- 9 6 41 41 
- 9 7 21 21 
- 9 8 4 2 
- 9 9 5 5 
- 9 10 6 6 
- 9 11 24 23 
- 8 0 13 12 
- 8 1 23 20 
- 8 2 16 15 
- 8 3 70 69 
- 8 4 23 22 
- 8 6 10 11 
- 8 7 8 9 
- 8 8 15 15 
- 8 9 4 6 
- 8 10 7 8 
- 8 11 25 25 
- 7 0 14 13 
- 7 1 14 15 
- 7 2 24 25 
- 7 3 48 49 
- 7 4 8 8 
- 7 7 16 15 
- 7 8 10 11 
- 7 9 9 9 
- 7 10 20 19 
- 7 11 26 26 
- 6 0 47 44 
- 6 1 4 4 
- 6 2 31 31 
- 6 3 52 54 
- 6 4 39 39 
- 6 5 18 17 
- 6 6 6 3 
- 6 7 7 5 
- 6 8 9 10 
- 6 9 7 6 
- 6 10 13 12 
- 6 11 15 15 
- 5 0 23 25 
- 5 1 28 27 
- 5 2 71 71 
- 5 3 69 70 

K L FO F C 

-5 4 47 48 
-5 5 18 18 
-5 6 7 8 
- 5 7 12 12 
- 5 8 5 5 
-5 9 8 7 
- 5 1G 16 16 
- 5 11 14 15 
- 4 1 19 20 
- *» 2 54 55 
- 4 3 53 52 
- 4 4 7 6 
- 4 5 31 32 
- 4 7 11 10 
- 4 8 3 1 
- 4 9 5 5 
- 4 10 23 23 
-3 0 9 11 
-3 1 3 2 
-3 2 38 38 
- 3 3 15 15 
- 3 4 15 16 
- 3 5 21 21 
- 3 6 11 11 
- 3 7 17 17 
- 3 10 24 24 
- 2 0 22 22 
- 2 1 5 6 
- 2 2 47 48 
- 2 3 22 23 
- 2 5 14 15 
- 2 6 18 17 
- 2 7 24 24 
- 2 8 12 12 
- 2 9 4 2 
-1 0 17 16 
-1 1 23 24 
-1 2 35 35 
-1 3 14 14 
-1 4 14 13 
-1 5 7 7 
-1 6 9 9 
-1 7 24 24 
-1 8 I F 14 

0 0 20 21 
0 1 9 11 
0 2 12 11 
0 3 22 22 
0 6 10 9 
0 7 23 23 
1 0 29 28 
1 2 17 19 
1 3 12 13 
1 4 8 9 
1 5 6 4 
2 1 15 15 

< L F O F C 

2 14 14 
3 0 4 1 
3 1 7 7 

H = n 
- 1 2 1 13 13 
- 1 2 2 27 26 
- 1 2 3 16 15 
- 1 2 4 4 4 
- 1 2 5 11 11 
- 1 1 0 6 6 
- 1 1 1 14 15 
- 1 1 2 28 28 
- 1 1 3 6 7 
- 1 1 4 5 4 
- 1 1 5 9 9 
- 1 1 7 9 10 
- 1 0 0 11 12 
- 1 0 1 24 25 
- 1 0 2 38 38 
- 1 0 3 9 9 
- 1 0 4 4 4 
- 1 0 6 10 10 
- 1 0 7 24 24 
- 1 0 9 5 5 

- 9 0 19 19 
- 9 1 14 13 
- 9 2 33 33 
- 9 3 4 3 
- 9 4 9 9 
- 9 5 13 13 
- 9 6 6 6 
- 9 7 18 17 
- 9 8 5 6 
- 9 9 20 21 
- 9 10 27 27 
- 8 0 8 7 
- 8 1 15 16 
- 3 2 27 29 
- 3 3 4 2 
- 8 4 15 13 
- 8 5 11 12 
- 3 6 5 4 
- 8 7 18 19 
- 3 8 4 3 
- 3 9 21 21 
- 8 10 19 20 
- 7 0 7 7 
- 7 1 32 32 
- 7 2 17 17 
- 7 3 37 37 
- 7 4 3 3 
- 7 5 20 20 
- 7 6 23 22 
- 7 7 31 31 
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K L FO FC K L FO FC K L FO FC < L FO FC 

7 8 1H 13 0 1 4 4 - 7 8 15 15 - 1 1 3 10 10 
7 9 22 22 0 2 5 5 - 7 9 4 3 - 1 1 4 15 15 
7 10 16 17 0 3 11 11 -6 C 8 B -11 5 16 16 
6 0 8 8 0 4 4 5 -6 1 2? 21 - 1 1 6 8 9 
6 1 30 29 0 5 19 19 -6 2 21 20 - 1 0 0 20 20 
6 2 32 31 1 0 11 10 - 6 C 10 9 - 1 0 1 12 11 
6 3 35 33 1 1 6 8 - 6 4 18 19 - 1 0 3 16 15 
6 5 25 23 1 2 16 17 - 6 5 36 38 - 1 0 4 25 25 
6 6 34 33 1 3 14 14 - 6 6 8 9 - 1 0 5 15 14 
6 7 18 17 1 4 4 2 - 6 7 8 8 - 1 0 6 15 15 
6 a 9 8 2 1 13 13 -6 8 5 3 - 1 0 7 5 5 
6 9 19 20 -6 9 6 5 - 1 0 8 12 12 
6 10 11 12 H = 9 - 5 1 24 25 - 9 0 23 24 
5 0 3 3 -5 2 29 28 - 9 1 22 23 
5 1 25 25 - 1 2 1 16 17 - 5 3 5 6 - 9 2 8 9 
5 2 5 5 - 1 2 4 10 10 - 5 4 20 21 -9 3 8 8 
5 4 6 6 - 1 2 5 13 13 - 5 5 34 35 - 9 4 20 20 
5 5 14 13 - 1 1 0 9 9 - 5 6 21 21 - 9 5 7 7 
5 6 25 24 - 1 1 1 15 16 - 5 7 7 7 - 9 7 4 3 
5 7 14 14 - 1 1 4 16 16 - 5 8 6 5 - 9 8 13 14 
5 8 10 10 - 1 1 5 19 19 - 5 9 9 9 - 8 0 39 38 
5 9 16 16 - 1 1 6 24 23 - 4 0 9 9 - 8 1 23 22 
5 10 11 10 - 1 1 7 6 6 - 4 1 33 33 - 3 2 3 7 
4 0 7 6 - 1 0 1 8 8 - 4 2 32 31 - 3 3 5 6 
K 1 21 21 - 1 0 2 11 11 - 4 4 7 7 - 8 4 21 22 

2 5 5 - 1 0 3 20 20 - 4 5 23 23 - 3 5 11 9 
3 13 14 - 1 0 4 14 14 - 4 6 9 9 - 9 6 12 12 

< • 5 15 15 - 1 0 5 22 23 - 4 8 5 4 - 3 8 17 16 
4 6 38 39 - 1 0 6 23 28 - 3 0 34 35 - 7 0 16 15 
K 7 20 20 - 1 0 7 4 4 - 3 1 35 37 - 7 1 17 16 
K 8 9 9 - 1 0 8 9 9 - 3 2 30 31 - 7 2 10 10 
K 9 9 9 - 1 0 9 7 6 - 3 5 11 11 - 7 3 4 4 
3 0 17 17 - 9 0 7 7 - 3 6 11 11 - 7 4 19 20 
3 1 28 29 - 9 2 14 14 - 3 7 5 4 - 7 5 7 6 
3 2 7 7 - 9 3 20 19 - 2 0 28 29 - 7 6 11 12 
3 3 23 22 - 9 4 31 31 - 2 1 24 24 - 7 7 4 5 
3 5 5 - 9 5 36 76 - 2 2 11 11 - 7 8 20 19 
3 5 20 20 - 9 6 28 28 - 2 4 16 15 - 6 0 19 20 
3 6 37 37 - 9 7 7 9 - 2 5 11 11 - 6 1 32 32 
3 7 21 21 - 9 8 13 12 -1 0 13 14 -6 2 10 11 
3 8 5 4 - 8 0 24 22 -1 1 10 10 - 6 4 12 11 
3 9 13 13 - 8 2 4 6 -1 2 10 11 - 6 5 6 7 

0 4 6 - 8 3 4 3 -1 4 10 10 - 6 6 12 12 
2 1 3 7 - 8 4 35 33 0 0 8 9 - 6 7 7 7 
2 2 20 20 - 8 5 23 27 0 1 27 28 - 6 8 15 14 
2 3 17 18 - 8 6 9 7 0 2 24 24 - 5 0 34 35 
2 7 6 - 8 7 6 6 1 0 12 11 - 5 1 36 38 
2 5 14 15 - 8 8 11 12 1 1 25 26 - 5 2 12 12 
2 6 31 31 - 7 0 3 2 - 5 3 7 8 
2 8 12 13 - 7 1 21 22 H = 10 - 5 4 6 6 

1 22 22 - 7 2 3 3 - 5 5 3 2 
2 11 10 - 7 3 7 7 - 1 2 2 10 10 - 5 6 11 10 
3 12 11 - 7 4 8 8 - 1 2 3 9 8 - 5 7 12 12 
5 17 18 - 7 5 19 19 - 1 1 0 22 22 - 4 0 29 30 
6 19 19 - 7 6 7 5 - 1 1 1 16 16 - 4 1 25 25 
7 8 9 - 7 7 5 3 - 1 1 2 10 10 - 4 2 5 3 



114 

K L FO F C K L FO FC 

-4 3 9 9 -5 4 15 14 
-4 5 5 6 -5 5 8 8 
-4 6 6 6 -4 3 16 16 
-3 C 17 18 -4 4 15 14 
- 3 2 7 6 - 4 5 10 11 
-3 3 5 6 -3 3 15 14 
- 3 4 9 9 -2 0 10 10 
- 3 5 13 14 - 2 1 9 9 
- 2 0 17 18 -1 0 12 12 
- 2 1 6 6 
- 2 4 19 17 H = 12 
-1 0 11 11 
-1 1 5 4 - 1 1 1 6 6 
0 0 5 5 - 1 1 2 6 5 

- l u 0 7 7 
H = 11 - 1 0 1 6 6 

- 1 0 2 7 7 
11 0 19 18 - 1 0 3 14 14 
11 1 7 7 - 1 0 4 13 14 
11 3 4 4 - 9 0 11 11 
11 8 7 - 9 2 16 17 
11 5 7 5 - 9 3 25 24 
10 0 24 24 - 9 4 14 14 
10 1 4 3 - 9 5 7 7 
1Q 18 17 - 8 0 6 7 
1G 5 7 8 - 8 1 6 4 
10 6 7 7 - 8 2 26 25 
- 9 0 16 15 - 8 3 19 18 
- 9 1 4 5 - 8 5 9 9 
- 9 4 13 12 - 7 0 13 14 
- 9 5 5 5 - 7 2 19 19 
- 9 6 13 13 - 7 3 16 16 
- 9 7 21 20 - 7 4 6 5 
-8 G 6 5 - 6 0 14 14 
- 8 1 6 5 - 6 2 21 22 
- 8 3 4 5 - 6 3 17 18 
- 8 4 14 14 - 6 4 5 7 
- 8 5 12 12 - 5 0 5 5 
- 8 6 5 4 - 5 2 18 18 
-8 7 11 11 - 5 3 13 13 
- 7 0 12 13 - 4 0 12 13 
-7 1 4 5 - 4 2 7 7 
-7 2 11 11 - 3 0 8 9 
- 7 3 13 14 
- 7 24 24 H = 13 
- 7 5 22 22 
- 7 6 4 3 - 9 1 8 8 
- 7 7 11 10 - 9 2 4 4 
- 6 0 19 19 - 8 1 9 9 
- 6 2 7 6 - 8 2 4 3 
- 6 3 24 23 - 7 1 9 9 
- 6 4 20 20 - 7 2 4 3 
- 6 5 13 13 - 5 0 5 4 
- 6 6 10 10 
- 5 1 4 5 
- 5 3 15 15 
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CU(L3LH)(C10 4)-3sCH 3 OH 

K L FO F C K L FO F C K L F O F C K L F O F C 

H = - 8 0 11 5 5 b 12 9 10 - 3 16 21 21 
0 14 10 10 6 14 13 14 - 3 13 15 16 

1 4 13 13 0 16 10 11 7 1 10 9 - 3 19 8 8 
1 6 17 16 1 3 17 17 7 3 13 12 - 2 1 6 7 
2 2 6 5 1 4 9 8 7 5 11 12 - 2 2 8 7 
2 3 9 9 1 5 13 12 7 7 7 6 -? 4 12 11 
2 7 6 4 1 9 9 9 8 2 20 21 - 2 7 14 15 
2 9 6 8 1 11 5 3 8 4 15 15 - 2 8 6 6 
3 2 6 5 1 12 10 9 8 6 22 23 - 2 9 1 9 20 
3 10 9 1 13 8 7 8 8 16 16 - 2 11 12 14 
3 10 7 7 1 15 9 9 8 10 9 10 - 2 12 7 8 
4 1 12 14 2 2 22 22 9 2 6 7 - 2 13 11 12 

3 7 9 2 4 21 21 9 3 13 13 - 2 14 6 6 
5 8 9 2 6 31 30 9 4 6 6 - 2 15 20 21 

4 7 13 14 2 8 19 18 9 5 12 11 - 2 17 20 21 
9 10 11 2 10 13 13 9 7 6 5 - 2 19 17 17 u\ 2 6 6 2 11 6 5 9 9 11 11 -1 1 6 7 

5 4 10 9 2 12 19 19 -1 2 16 15 
5 6 6 5 2 13 6 5 H = - 6 -1 3 6 6 
5 8 11 9 2 14 17 16 -1 4 19 17 
6 5 9 8 2 16 23 23 - 6 3 9 9 -1 5 20 20 
7 2 15 16 3 1 7 7 - 6 5 9 10 -1 6 11 10 
7 4 13 13 3 3 18 18 - 6 7 11 13 -1 8 6 4 

3 5 9 9 - 6 8 7 4 -1 9 7 9 
H = - 7 3 7 8 8 - 6 9 14 15 -1 11 11 10 

3 9 18 18 - 6 11 10 12 -1 12 7 6 
3 2 6 4 3 10 10 10 - 5 3 8 7 -1 13 11 10 
3 8 7 8 3 11 8 8 - 5 8 11 10 -1 14 7 6 
3 9 9 11 3 12 8 8 - 5 9 8 7 -1 15 12 11 
3 10 7 7 3 13 11 11 - 5 10 12 12 -1 17 10 10 
2 2 11 11 3 15 20 20 - 5 12 10 9 0 1 21 20 
2 3 7 6 3 17 13 14 - 5 14 11 11 0 2 14 14 
2 4 14 13 4 2 9 9 - 4 1 6 6 0 3 16 18 
2 5 8 7 4 4 17 18 - 4 2 7 7 0 4 9 8 
2 8 8 9 4 6 5 7 - 4 3 10 10 0 5 26 26 
2 10 8 9 4 9 9 9 - 4 4 12 12 0 7 22 22 
2 11 10 9 4 11 8 8 - 4 5 6 7 0 8 12 12 
2 12 7 6 4 12 6 5 - 4 6 14 13 0 9 8 8 
2 13 10 9 4 13 8 8 - 4 7 5 6 0 11 6 7 
2 14 9 10 4 14 6 5 - 4 9 10 10 0 12 9 9 

1 22 23 5 1 32 30 - 4 10 11 10 0 13 17 15 
3 15 15 5 3 22 21 - 4 11 8 8 0 14 16 17 
5 20 21 5 5 21 22 - 4 12 9 8 0 15 21 21 
7 23 24 5 7 18 18 - 4 13 7 7 0 17 25 27 
9 16 16 5 11 13 12 - 4 16 6 5 0 19 2 3 23 

11 19 19 5 13 14 15 - 3 2 13 12 0 21 16 16 
12 9 8 5 14 7 7 - 3 3 14 15 1 2 12 12 
13 13 13 5 15 13 13 - 3 4 17 16 1 3 14 13 
14 9 9 6 1 5 3 - 3 6 19 19 1 4 15 15 
15 11 10 6 2 12 12 - 3 7 6 5 1 5 6 5 

0 2 12 12 6 3 9 8 - 3 8 27 27 1 6 12 14 
0 4 13 13 6 4 16 16 - 3 9 7 5 1 7 10 11 
0 6 10 8 6 8 11 11 - 3 10 33 31 1 8 17 18 
0 8 20 1 9 6 9 6 6 - 3 12 28 27 1 9 9 11 
0 9 8 7 6 10 15 16 - 3 13 14 13 1 10 10 10 
0 10 13 12 6 11 12 10 - 3 14 24 24 1 11 17 16 
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K L FO FC K L FO FC K L FO FC < L FO FC 

12 5 4 5 5 6 5 1G 5 5 6 - 5 19 13 13 
13 U 10 5 6 8 9 10 6 12 13 - 5 20 12 12 
14 8 10 5 8 7 7 10 7 8 7 - 4 2 6 5 
15 9 8 5 9 7 6 10 9 11 11 ~ -r 3 10 9 
16 24 24 5 11 8 10 10 11 9 9 -4 4 14 13 
17 7 8 5 14 5 6 11 3 6 8 -4 6 15 15 
18 21 22 5 15 8 10 11 5 6 4 - 4 9 11 13 
20 20 19 5 17 5 3 11 8 6 2 - 4 10 17 17 

2 1 22 22 5 19 9 9 12 1 8 10 - 4 11 9 10 
2 2 8 9 6 1 26 26 12 3 9 9 - 4 12 15 15 
2 3 28 25 6 2 8 8 - 4 14 18 19 
2 5 19 20 6 3 17 18 H = - 5 - 4 16 30 30 
2 6 6 5 6 4 14 14 -4 18 15 15 
2 7 15 16 6 5 21 20 - 3 4 9 8 - 4 20 10 10 
2 8 22 22 6 6 6 4 -8 6 10 1G - 4 21 6 7 
2 10 5 6 6 7 29 28 - 8 7 10 9 - 4 22 15 14 
2 12 15 16 6 8 5 5 - 8 8 17 18 - 3 1 16 16 
2 13 12 14 6 9 25 26 - a 9 6 5 - 3 2 9 9 
2 14 6 7 6 10 9 8 -8 10 12 12 - 3 3 14 15 
2 15 7 9 6 11 27 26 - 8 12 13 13 - 3 4 22 23 
2 18 7 7 6 13 25 26 - 7 2 7 6 - 3 5 24 23 
2 20 9 10 6 15 20 20 - 7 5 6 8 - 3 6 6 5 
3 2 56 57 6 17 11 12 - 7 9 15 16 - 3 8 18 18 
3 3 19 19 7 1 21 20 - 7 11 16 18 - 3 9 8 8 
3 4 55 57 7 2 18 16 - 7 13 8 9 - 3 10 8 7 
3 6 53 51 7 3 6 6 - 7 15 9 10 - 3 11 1 9 18 
3 8 30 30 7 4 16 14 - 6 1 7 4 - 3 12 7 8 
3 9 12 12 7 5 5 7 - 6 3 12 10 - 3 14 10 11 
3 10 10 12 7 6 12 10 - 6 4 10 10 - 3 16 14 14 
3 12 15 16 7 a 21 20 - 6 5 16 15 - 3 18 13 1 3 
3 13 9 10 7 10 18 19 - 6 6 7 7 - 3 20 9 9 
3 14 23 22 7 n 12 11 - 6 7 10 10 - 3 22 6 8 
3 15 5 5 7 12 14 16 - 6 9 14 12 - 2 1 12 14 
3 16 20 22 7 14 19 19 - 6 10 9 8 - 2 2 43 41 
3 18 13 13 7 16 7 9 - 6 11 12 11 - 2 3 24 25 
3 20 7 6 7 17 7 8 - 6 13 11 11 - 2 4 28 29 
4 1 19 19 8 2 11 11 - 6 15 15 14 - 2 5 6 6 
4 3 27 26 8 4 9 7 - 6 17 9 9 - 2 6 25 23 

4 9 9 8 5 5 7 - 5 1 11 10 - 2 7 12 12 
4 5 22 22 8 6 7 8 - 5 2 14 14 - 2 8 24 23 
4 6 18 17 8 7 8 9 - 5 3 21 21 - 2 9 7 7 
4 7 14 16 8 8 7 6 - 5 4 8 5 - 2 10 7 8 
4 9 19 19 8 9 10 9 - 5 5 9 10 - 2 12 36 36 
4 10 14 14 a 14 11 10 - 5 6 10 9 - 2 13 22 22 
4 11 11 12 9 2 17 16 - 5 7 25 26 - 2 14 42 41 
4 12 10 9 9 3 14 14 - 5 8 15 16 - 2 15 14 13 
4 13 14 13 9 4 13 12 - 5 9 23 22 - 2 16 18 18 
4 15 17 18 9 6 17 17 - 5 10 8 8 - 2 17 11 10 
4 16 12 11 9 8 18 18 - 5 11 15 16 - 2 18 19 18 
4 17 14 13 9 9 7 7 - 5 12 10 11 - 2 1 9 17 17 
4 18 11 11 9 10 13 13 - 5 13 25 26 - 2 20 6 8 
4 1 9 12 12 9 12 12 11 - 5 14 16 16 - 2 21 10 9 
5 1 6 5 10 1 6 6 - 5 15 19 19 - 2 22 7 7 
5 2 15 15 10 2 13 12 - 5 16 10 10 - 2 23 7 9 
5 3 14 14 10 3 10 10 - 5 17 14 14 -1 1 24 25 
5 4 12 12 10 4 8 7 - 5 18 13 14 - 1 2 23 21 
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K L FO F C K L FO FC K L F O F C < L F O F C 

3 12 11 2 5 15 14 5 8 9 11 9 1 13 13 
5 31 29 2 6 32 29 5 9 21 20 9 2 11 9 
6 4 3 2 8 26 28 5 10 10 11 9 3 7 5 
7 8 9 2 9 12 13 5 11 17 17 9 5 6 8 
8 13 14 2 10 44 43 5 14 5 8 9 8 11 8 
9 8 7 2 11 14 14 5 15 15 15 9 11 9 9 

10 38 37 2 12 15 15 5 16 15 18 9 14 10 11 
11 20 19 2 13 10 11 5 17 17 19 10 1 7 6 
12 10 8 2 14 13 14 5 18 13 13 10 2 21 21 
13 15 16 2 15 5 5 5 19 17 14 10 3 14 14 
15 35 35 2 16 32 31 5 20 7 8 10 4 11 10 
16 18 18 2 17 22 23 5 21 12 12 10 7 7 6 
17 21 21 2 18 16 15 6 2 11 12 10 8 19 18 
18 11 12 2 19 16 16 6 3 23 22 10 9 11 10 
20 9 9 2 20 19 19 6 4 24 25 10 10 12 12 
21 15 15 2 21 10 12 6 6 29 28 10 12 13 12 
22 10 12 2 22 22 22 6 7 6 3 11 1 11 10 
23 14 16 3 1 23 22 6 9 5 4 11 2 11 10 

0 1 37 39 3 2 6 2 6 10 10 11 11 4 6 4 
a 2 5 3 3 3 6 4 6 11 11 11 11 5 8 7 
0 3 40 40 3 5 35 32 6 13 9 8 11 6 14 13 
0 4 10 8 3 6 22 20 6 15 11 9 11 7 8 7 
0 5 44 42 3 7 22 21 6 16 8 7 11 8 3 7 
0 6 22 22 3 10 17 18 6 17 8 7 11 9 6 6 
0 9 21 21 3 11 8 5 6 19 10 10 11 11 10 11 
0 10 17 15 3 12 32 33 7 1 26 28 12 3 6 6 
0 11 9 10 3 13 8 8 7 2 24 24 12 6 6 5 
0 12 17 18 3 14 9 8 7 3 42 41 13 1 9 3 
0 13 13 12 3 18 14 15 7 4 12 14 13 3 15 15 
0 16 7 4 3 20 9 11 7 5 24 25 
0 17 8 7 4 1 20 19 7 7 36 37 H = - 4 
0 19 12 13 4 2 31 30 7 8 17 17 

1 44 42 4 3 34 29 7 9 31 32 - 9 1 8 8 
2 33 30 4 4 43 41 7 10 5 5 - 9 3 7 6 
3 31 31 4 5 14 15 7 11 18 18 - 9 10 14 14 
4 20 19 4 6 48 50 7 13 26 26 - 9 12 7 8 
5 19 20 4 7 23 22 7 14 12 12 - 9 14 11 10 
6 9 11 4 8 59 61 7 15 17 19 - 9 16 10 11 
7 52 50 4 9 20 21 7 17 10 10 - 8 2 6 3 
8 21 20 4 10 19 18 7 19 12 12 - 8 3 8 10 
9 39 38 4 11 10 11 8 1 22 23 - 8 4 9 8 

10 11 10 4 13 21 22 8 2 13 15 - 8 5 9 10 
11 16 18 4 Ik 14 14 8 3 9 9 - 8 6 18 18 
12 19 20 4 15 6 7 8 4 16 16 - 8 8 14 13 
13 39 38 4 16 14 14 8 5 14 12 - 8 12 15 14 
14 16 17 4 18 18 19 8 6 25 24 - 8 14 16 16 
15 23 24 4 19 6 7 8 7 10 10 - 8 16 11 10 
16 5 4 4 20 14 15 8 8 16 16 - 3 18 7 7 
17 17 17 4 21 6 4 8 10 20 19 - 7 2 33 33 
1 9 26 24 5 1 10 8 8 11 13 12 - 7 3 12 13 
20 6 7 5 2 39 40 8 12 16 17 - 7 4 9 9 
21 19 19 5 3 5 4 8 13 12 12 - 7 5 18 18 
23 17 18 5 4 37 39 8 14 13 14 - 7 6 11 11 (\J 2 4 4 5 5 33 32 8 15 13 13 - 7 8 13 12 

2 3 6 2 5 6 31 31 8 16 12 11 - 7 9 9 9 
2 4 23 22 5 7 24 24 8 17 7 9 - 7 10 13 13 
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K L FO FC K L FO FC K L FO FC < L FO FC 
11 10 10 -4 15 6 7 -1 10 23 23 2 6 42 45 
12 28 29 -4 16 18 17 -1 11 42 42 2 7 64 62 
13 16 16 -4 17 13 11 -1 12 50 49 2 8 31 34 
14 18 19 18 9 8 -1 lo. 30 31 2 9 64 60 
15 23 24 -4 19 14 14 -1 14 39 39 2 10 44 45 
16 10 11 -4 20 13 14 -1 15 27 26 2 11 22 ?0 
17 17 17 -4 21 10 10 -1 16 7 3 2 12 24 25 
18 lH 14 -4 22 10 11 -1 17 11 10 2 13 38 35 
19 14 14 23 20 19 -1 18 14 12 2 14 10 13 
21 11 12 -4 24 9 10 -1 19 14 15 2 15 30 32 

6 3 18 20 -3 1 6 5 -1 20 7 8 2 16 15 14 
6 4 3 8 -3 2 10 8 -1 21 23 23 2 17 23 23 
6 5 13 13 -3 4 39 40 -1 22 11 11 2 18 12 13 
6 6 7 6 -3 5 7 5 -1 23 13 14 2 19 23 23 
6 7 15 16 -3 6 22 22 -1 24 14 15 2 20 15 16 
6 8 16 15 -3 7 13 11 -1 25 8 7 2 21 15 15 
6 10 7 8 -3 9 18 17 0 1 10 7 2 22 15 14 
6 11 18 19 -3 10 38 38 0 2 21 21 2 23 13 14 
6 12 13 13 -3 12 32 31 0 4 10 12 2 24 7 7 
6 13 14 15 -3 13 6 7 0 5 53 52 3 1 15 15 
6 14 3 8 -3 14 19 19 0 6 14 13 3 3 13 9 
6 15 20 21 -3 15 5 5 0 7 32 31 3 4 38 41 
6 16 6 6 -3 16 21 21 0 8 34 36 3 5 25 24 
6 17 15 17 -3 17 9 10 0 9 42 41 3 6 46 43 
6 18 13 12 -3 19 9 10 0 10 33 37 3 7 31 31 
6 19 7 7 -3 20 12 12 0 11 42 39 3 8 31 31 
6 20 10 10 -3 21 5 6 0 12 37 38 3 9 29 27 
6 21 16 16 -3 22 22 24 0 13 8 9 3 10 47 48 
6 22 10 9 -3 23 11 11 0 14 26 27 3 12 11 11 
5 1 23 23 -3 24 17 17 0 15 37 37 3 13 21 21 
5 3 22 24 -2 2 53 51 0 16 17 19 3 14 17 18 
5 4 22 23 -2 3 9 6 0 17 15 15 3 15 19 17 
5 5 11 11 -2 4 29 30 Q 18 19 20 3 16 36 37 
5 6 13 12 -2 5 29 28 0 20 6 7 3 17 23 24 
5 7 5 2 -2 6 28 26 0 21 28 28 3 18 7 8 
5 8 16 16 -2 8 15 14 0 22 9 9 3 19 26 27 
5 9 23 24 -2 9 21 20 0 23 14 16 3 20 16 16 
5 10 26 26 -2 11 17 17 0 24 15 15 3 21 16 18 
5 13 25 25 -2 12 29 70 0 25 15 15 3 22 16 17 
5 15 10 9 -2 13 3 7 1 1 13 10 3 23 16 16 
5 17 9 9 -2 14 13 12 1 3 14 15 3 24 8 7 
5 18 7 5 -2 15 17 16 1 4 25 24 4 2 21 21 
5 19 7 5 -2 16 12 13 1 5 20 21 4 3 11 7 
4 1 46 47 -2 17 8 8 1 6 20 18 4 4 16 17 
4 2 24 23 -2 18 6 3 1 7 26 25 4 5 31 32 

3 27 27 -2 22 5 5 1 10 35 35 4 6 12 14 
4 4 36 34 -2 23 6 7 1 12 7 4 4 7 10 9 
4 5 14 14 -1 1 30 30 1 15 19 17 4 8 5 3 
4 6 23 23 -1 2 41 40 1 16 19 17 4 9 18 19 

7 28 28 -1 3 32 33 1 18 11 10 4 11 16 16 
8 8 8 -i 4 26 27 1 24 8 8 4 12 19 21 

*f 10 15 14 -1 5 36 34 2 1 6 4 4 13 23 23 
11 29 29 -1 6 75 72 2 2 8 9 4 15 9 7 

4 12 24 22 -i 7 39 39 2 3 6 4 4 16 17 18 
4 13 39 40 -1 8 68 64 2 4 29 31 4 17 10 11 
4 14 30 29 -1 9 46 47 2 5 17 15 4 18 11 11 
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K L FO F C K L FO F C K L F O F C < L F O F C 

4 20 13 13 8 5 16 18 - 1 0 5 11 10 - 6 9 30 33 
4 21 7 7 8 6 20 19 - 1 0 7 3 7 - 6 10 28 28 

22 11 10 8 7 36 36 - l u 11 16 14 - 6 11 39 40 
5 1 32 33 8 8 13 12 - 1 0 13 17 17 - 6 12 28 28 
5 2 41 40 8 9 27 26 - 9 1 19 19 - 6 13 29 29 
5 3 30 30 8 10 14 13 - 9 2 15 13 - 6 14 14 14 
5 4 43 43 8 12 7 9 - 9 3 10 11 - 6 15 27 26 
5 5 43 42 8 13 21 20 - 9 4 24 23 - 6 16 13 14 
5 b 34 34 8 14 10 10 - 9 10 11 11 - 6 18 11 11 
5 7 32 29 8 15 10 10 - 9 11 6 8 - 6 19 12 12 
5 8 60 58 8 16 13 12 - 9 12 13 13 - 6 20 11 10 
5 9 26 27 8 17 13 12 - 9 13 9 8 - 6 21 23 23 
5 l u 20 20 8 18 7 7 - 9 14 25 24 - 6 22 10 10 
5 11 23 22 9 1 23 24 - 9 15 11 11 - 6 23 14 15 
5 13 13 11 9 3 24 23 - 9 16 18 17 - 6 24 7 7 
5 14 7 8 9 4 20 19 - 9 17 15 15 - 5 1 28 26 
5 15 12 12 9 5 17 17 - 9 19 8 10 - 5 2 42 43 
5 16 I D 11 9 6 23 22 - 9 20 14 13 - 5 3 19 1 9 
5 17 8 8 9 7 27 28 - 8 1 21 20 - 5 4 7 7 
5 18 27 27 9 9 13 14 - 8 2 15 16 - 5 5 23 24 
5 20 18 19 9 10 15 14 - 8 5 5 4 - 5 6 15 15 
6 1 9 6 9 11 11 11 - 8 6 5 5 - 5 7 13 12 
6 2 53 51 9 12 8 7 - 8 8 13 13 - 5 8 16 16 
6 4 44 39 9 13 20 20 - 8 9 14 13 - 5 9 22 20 
6 5 23 22 9 15 17 17 - 8 11 5 5 - 5 10 12 12 
6 6 40 40 9 16 13 12 - 8 12 20 18 - 5 11 34 ?4 
6 7 8 9 9 17 10 10 - 8 13 11 12 - 5 12 42 42 
6 8 37 38 10 1 19 20 - 8 14 6 9 - 5 13 19 18 
6 9 28 27 10 5 15 14 - 8 15 7 8 - 5 14 6 6 
6 11 31 30 10 6 10 8 - 8 16 13 12 - 5 15 4 2 
6 14 11 11 10 8 10 10 - 8 17 20 20 - 5 17 6 3 
6 15 21 20 10 10 10 9 - 8 18 14 15 - 5 18 18 18 
6 16 17 17 10 11 10 9 - 8 1 9 9 9 - 5 19 9 8 
6 17 21 22 10 12 7 7 - 8 20 8 9 - 5 20 6 7 
6 18 16 16 10 14 8 8 - 8 22 6 9 - 5 21 18 20 
b 19 14 14 11 1 13 13 - 7 1 17 19 - 5 22 19 18 
6 20 7 7 11 2 34 33 - 7 2 21 19 - 5 23 16 16 
6 21 12 13 11 4 15 16 - 7 3 13 14 - 5 24 20 20 
7 2 10 8 11 5 8 8 - 7 4 12 11 - 5 25 10 9 
7 3 5 6 11 7 7 6 - 7 5 6 6 - 4 1 18 19 
7 4 38 36 11 8 11 12 - 7 6 28 27 - 4 2 24 23 
7 5 14 16 11 12 7 9 - 7 7 9 11 - 4 3 13 14 
7 6 25 25 12 1 8 10 - 7 9 9 11 - 4 4 14 16 
7 8 8 6 12 5 15 15 - 7 10 5 4 - 4 5 48 46 
7 9 6 6 12 6 8 7 - 7 12 30 31 - 4 6 7 7 
7 10 10 8 12 8 13 12 - 7 14 7 8 - 4 7 56 57 
7 11 18 17 13 3 7 8 - 7 15 5 5 - 4 8 8 7 
7 12 10 10 - 7 22 1C 10 - 4 9 7 7 
7 13 9 8 H - - 3 - 6 1 23 23 - 4 10 18 18 
7 14 9 8 - 6 2 4 7 46 - 4 11 11 12 
7 15 7 7 - 1 1 4 6 5 - 6 3 48 49 - 4 13 2 9 29 
7 17 6 7 - 1 1 9 6 6 - 6 4 22 21 - 4 15 10 10 
8 1 27 26 - 1 1 11 7 9 - 6 5 42 41 - 4 16 5 5 
8 2 24 23 - 1 1 12 6 7 - 6 6 12 12 - 4 17 8 5 
8 3 48 48 - 1 0 1 13 12 - 6 7 4 2 - 4 1 9 10 12 
8 4 29 29 - 1 0 3 7 6 - 6 8 14 13 - 4 20 7 7 
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K L FO FC K L FO FC K L FO FC K L FO FC 

4 21 5 2 _! 4 21 17 1 17 12 15 4 7 6b 71 
4 22 b 6 -1 5 18 17 1 18 26 24 4 8 43 42 
3 1 28 28 -1 b 40 40 1 19 5 5 4 9 47 U7 

3 2 11 9 -1 7 6 7 1 21 10 11 4 10 33 29 
3 3 20 18 -1 8 40 78 1 22 13 14 4 11 22 23 
3 55 56 -1 9 22 22 1 23 8 8 4 12 27 29 
3 5 38 36 -1 10 22 20 1 24 21 21 4 13 55 56 
3 6 57 56 - 1 11 14 15 1 25 15 14 4 14 22 21 
3 7 56 53 - 1 12 14 13 2 1 37 40 4 15 32 32 
3 8 65 61 - 1 14 10 11 2 2 8 7 4 16 22 23 
3 q 39 37 -1 16 9 8 2 3 57 50 4 17 26 27 
3 10 63 64 -1 18 12 10 2 4 8 9 4 18 21 22 
3 11 50 46 -1 19 7 8 2 5 9 10 4 19 20 20 
3 12 20 19 - 1 20 5 3 2 6 2C 19 4 20 16 16 
3 13 26 24 -1 21 5 4 2 7 25 28 4 21 13 13 
3 14 40 41 - 1 22 b 7 2 8 20 23 4 23 17 18 
3 15 17 19 -1 26 10 9 2 9 28 25 5 1 13 13 
3 16 28 30 0 1 23 20 2 10 12 13 5 2 17 16 
3 17 14 15 0 2 11 12 2 11 9 8 5 3 23 20 
3 18 13 12 0 3 80 78 2 12 7 11 5 4 4 10 
3 19 14 16 0 4 b8 64 2 13 10 10 5 5 11 14 
3 20 42 42 0 5 92 90 2 14 8 7 5 7 25 28 
3 21 24 24 0 b bO 63 2 15 30 29 5 8 9 9 
3 22 22 23 0 7 42 37 2 16 8 9 5 9 21 19 
3 23 17 18 0 8 53 47 2 17 9 8 5 10 14 19 
3 24 11 11 0 9 71 71 2 18 6 8 5 11 5 6 
3 25 14 13 0 10 55 53 2 19 11 10 5 12 12 13 
3 26 19 18 0 11 42 43 2 21 11 10 5 13 5 6 
2 1 17 16 0 12 20 20 2 25 6 9 5 14 1 3 15 
2 2 14 13 0 13 11 12 3 1 12 13 5 15 6 4 
2 3 7 4 0 14 21 23 3 2 23 20 5 l b 20 20 
2 4 41 43 0 15 '•9 49 3 3 19 20 5 18 14 14 
2 5 10 6 0 16 19 19 3 4 52 58 5 22 13 13 
2 6 29 27 0 17 10 12 3 5 4 9 51 6 1 10 9 
2 7 47 50 0 19 8 10 3 6 58 58 6 2 27 28 
2 8 32 31 0 21 23 23 3 7 37 37 6 3 18 22 
2 9 27 26 0 22 7 7 3 8 55 54 6 4 20 22 
2 10 48 53 0 24 11 11 3 9 80 81 6 5 39 43 
2 11 45 44 0 25 12 10 3 10 93 99 6 6 15 13 
2 12 12 12 0 26 11 11 3 11 50 48 6 7 15 13 
2 13 36 39 1 1 8 7 3 12 37 36 6 8 35 32 
2 14 13 13 1 2 38 3 9 3 13 34 34 6 9 36 36 
2 16 22 25 1 3 24 24 3 14 31 31 6 10 11 11 
2 17 32 31 1 4 5 3 3 15 33 34 6 11 18 18 
2 18 10 9 1 5 38 37 3 16 3 9 37 6 13 9 9 
2 19 2b 26 1 6 59 59 3 17 21 19 6 14 11 10 
2 20 21 21 1 7 22 20 3 18 10 12 6 15 23 23 
2 21 17 17 1 8 50 49 3 19 22 21 6 16 15 14 
2 22 26 27 1 9 37 34 3 20 22 22 6 17 22 22 
2 23 30 30 1 10 b 5 3 21 9 9 6 18 23 24 
2 24 13 14 1 11 27 26 3 22 11 11 6 19 16 16 
2 25 17 18 1 12 49 53 4 1 34 35 b 20 19 19 
2 26 15 15 1 13 5 5 4 2 21 18 6 21 13 14 
1 1 21 18 i 14 32 32 4 3 4 2 7 1 24 22 
1 2 35 35 1 15 19 19 4 4 17 14 7 2 17 1 9 
1 3 20 16 1 16 12 14 4 b 27 24 7 3 21 21 



1 2 1 

K L FO FC K L FO FC K L FO FC K L FO r c 

7 4 9 1 1 5 6 7 -8 3 21 20 - 5 3 6 8 6 3 
7 5 a 6 11 6 11 10 - 3 4 4 0 4 0 -5 4 2 1 2 3 
7 6 3 8 3 7 1 2 1 1 4 1 3 - 3 6 2 3 2 3 - 5 5 4 7 4 5 
7 7 5 1 1 2 2 1 9 20 -8 7 9 9 - 5 7 2 4 2 1 
7 8 4 6 4 7 1 2 4 1 2 11 - 8 8 2 7 2 7 -5 8 1 4 1 5 
7 10 5 4 1 2 5 1 5 1 5 - 3 9 2 4 2 5 - 5 9 5 3 5 9 
7 11 9 1 0 1 2 9 7 7 -3 10 3 7 3 3 -5 10 1 4 1 6 
7 1 3 7 9 1 2 10 8 7 -8 1 1 5 2 -5 1 1 1 5 1 4 
7 1 4 1 3 1 4 1 3 2 1 3 1 2 -8 1 2 2 7 2 9 - 5 1 3 3 0 3 1 
7 1 5 1 2 1 3 1 3 3 6 5 - a 1 4 2 9 2 9 -5 1 4 2 2 2 4 

7 1 6 21 1 9 1 3 4 6 2 - 3 1 5 2 4 2 4 - 5 1 5 4 2 4 3 

7 1 7 1 8 1 9 1 3 5 6 6 - d 1 6 1 6 1 5 -5 1 6 1 6 1 8 
7 1 8 2 4 2 5 1 3 6 a 7 - 8 1 7 2 1 2 2 - 5 1 7 1 9 1 7 
7 1 9 1 9 1 8 - 3 1 8 1 4 1 4 -5 1 8 7 8 

7 2 0 1 2 1 2 H = - 2 - 8 1 9 1 8 1 7 - 5 1 9 2 8 2 8 
8 1 4 2 4 2 - 3 20 2 6 2 6 - 5 2 0 1 0 10 
9 2 2 3 2 6 - 1 2 2 7 5 - a 2 2 1 7 1 8 - 5 2 1 3 1 3 1 
8 3 3 5 3 4 - 1 2 4 6 3 - 7 1 2 8 2 7 - 5 2 3 1 7 1 7 
8 4 2 4 2 1 - 1 2 5 8 10 - 7 4 7 8 - 5 2 5 2 1 21 
3 5 1 3 1 2 - 1 2 6 6 4 - 7 5 7 8 - 5 2 6 1 0 1 1 
8 6 1 3 1 4 - 1 2 7 1 4 1 5 - 7 6 3 8 3 8 - 4 1 1 3 7 
a 7 5 3 - 1 2 1 0 8 6 - 7 7 1 3 1 5 - 4 2 6 4 6 4 
8 8 1 2 1 1 - 1 2 1 2 1 3 1 1 - 7 8 1 2 1 2 - 4 3 1 6 1 4 
3 9 1 4 1 3 - 1 1 1 1 0 10 - 7 10 1 6 1 8 - 4 5 1 8 1 9 
8 1 2 11 1 4 - 1 1 2 6 7 - 7 11 1 9 20 - 4 6 4 4 4 8 
a 1 3 7 8 - 1 1 3 1 5 1 6 - 7 1 2 2 7 2 8 - 4 7 2 9 2 7 
8 1 5 1 4 1 4 - 1 1 4 6 6 - 7 1 3 1 5 1 4 - 4 8 2 0 1 9 
9 1 4 6 4 6 - 1 1 8 1 8 1 7 - 7 1 4 7 7 - 4 9 4 0 
9 2 2 3 2 2 - 1 1 9 8 10 - 7 1 5 1 3 1 3 - 4 1 0 3 2 30 
9 3 51 5 1 - 1 1 10 7 9 - 7 1 6 11 9 - 4 1 2 5 3 5 7 
9 4 5 3 5 3 - 1 1 1 1 1 7 1 7 - 7 1 7 30 30 - 4 1 3 7 6 
9 5 1 9 2 1 -11 1 3 1 7 1 7 - 7 1 8 2 6 2 6 - 4 1 4 2 4 2 3 
9 6 30 2 9 - 1 1 1 4 7 7 - 7 1 9 2 3 2 3 - 4 1 6 3 3 3 2 
9 7 1 3 1 7 - 1 1 1 5 1 1 1 2 - 7 20 10 11 - 4 1 7 2 0 1 8 
9 9 1 2 1 0 - 1 1 1 7 6 5 - 7 2 1 1 5 1 6 - 4 1 8 2 9 2 9 
9 1 0 1 4 1 4 - 1 0 1 1 6 1 7 - 7 2 2 1 0 9 - 4 1 9 8 1 1 
9 1 3 6 6 - 1 0 10 1 0 10 - 7 2 3 1 4 1 4 - 4 2 0 2 1 20 
9 1 5 3 7 - 1 0 1 1 1 5 1 6 - 7 2 4 7 6 - 4 2 1 7 8 
9 1 6 1 2 1 3 - 1 0 1 2 1 5 1 5 - 6 1 5 9 5 5 - 4 2 2 2 7 2 6 
9 1 7 11 9 - 1 0 1 6 1 3 1 2 - b 2 2 6 2 7 - 4 2 3 1 2 1 2 

1 0 1 2 1 1 9 - 1 0 1 7 8 8 - 6 4 4 5 4 3 - 4 2 4 2 2 2 2 
1 0 2 I d 1 9 - 1 0 1 8 1 2 1 2 - 6 5 2 1 21 - 4 2 5 9 8 
1 0 3 2 5 2 4 - 9 1 2 2 2 2 - 6 6 5 4 5 5 - 4 2 6 2 3 2 2 
10 4 1 7 1 6 - 9 3 11 1 2 - 6 7 1 9 1 9 - 3 1 6 5 
10 5 1 8 1 9 - 9 4 9 9 - 6 8 2 4 2 5 - 3 2 5 8 5 8 
1 0 6 9 9 - 9 5 1 6 1 6 - 6 9 2 9 3 1 - 3 3 2 9 2 9 
1 0 7 38 3 7 - 9 6 18 1 9 - 6 1 0 2 2 2 1 - 3 4 1 1 1 0 
10 9 1 3 1 1 - 9 7 8 7 - 6 11 4 6 - 3 5 5 2 50 
1 0 1 0 7 3 - 9 a 9 9 - 6 1 2 2 3 2 3 - 3 6 7 7 
1 0 1 2 6 7 - 9 i i 15 1 4 - 6 1 7 2 2 2 3 - 3 7 5 9 5 8 
10 1 3 1 2 1 2 - 9 1 3 11 1 1 - 6 1 8 6 5 - 3 9 7 4 
1 0 1 5 10 9 - 9 1 6 18 18 - 6 1 9 1 5 1 4 - 3 1 0 2 8 2 5 
1 1 1 1 4 1 6 - 9 1 8 10 1 1 - 6 2 1 1 7 1 6 - 3 1 1 2 1 2 3 
1 1 2 2 1 2 0 - 9 2 1 1 2 1 1 - 6 2 5 9 6 - 3 1 2 4 0 4 1 
1 1 3 1 5 1 4 - 9 2 2 6 5 - 5 1 3 9 3 8 - 3 1 3 2 1 2 2 
1 1 4 7 5 - 8 2 2 7 2 5 - 5 2 4 5 4 4 - 3 1 4 1 6 1 5 



1 2 2 

K L FO FC 

3 15 5 3 
3 17 9 9 
3 16 12 10 
3 19 7 7 
3 20 13 12 
3 21 5 7 
3 22 8 6 
3 26 11 10 
2 1 47 39 
2 2 114 1 0 9 
2 3 60 55 
2 4 126 124 
2 5 9 11 
2 6 29 31 
2 7 27 25 
2 8 123 1 1 7 
2 9 86 83 
2 10 107 110 
2 11 45 43 
2 12 27 28 
2 13 12 12 
2 14 43 43 
2 15 32 32 
2 16 30 31 
2 18 13 14 
2 19 14 13 
2 20 25 24 
2 21 26 24 
2 22 14 13 
2 23 6 8 
2 24 15 14 
2 26 16 15 
1 1 91 82 
1 2 62 53 
1 3 5 7 
1 4 31 23 
1 5 27 22 
1 6 25 29 
1 7 63 61 
1 8 64 58 
l 9 61 54 
1 10 61 51 
1 11 76 77 
1 12 29 31 
1 13 30 31 
1 14 4 4 
1 15 22 21 
1 16 18 18 
1 17 37 38 
1 18 22 21 
1 19 21 21 
1 21 26 27 
1 22 8 10 
1 23 32 32 
1 24 9 9 
1 25 18 19 

K L FO FC 

0 1 28 37 
0 2 72 63 
0 3 51 46 CD 4 15 12 
0 5 4 3 
0 6 47 53 
0 7 17 23 
0 8 54 46 
0 9 13 17 
0 10 6 'Z 

0 11 10 6 
0 12 12 13 

C
D

 

15 10 12 
0 17 6 5 
0 18 22 22 
0 19 5 9 
0 20 11 10 

C
D

 

21 7 7 
0 22 15 17 
0 23 15 14 
0 24 7 7 
0 26 10 10 

1 54 44 
2 13 16 
3 51 47 
4 118 109 
5 72 62 
6 8 7 
7 55 59 
8 36 31 
9 98 97 

10 76 75 
11 73 72 
12 3 10 
13 29 33 
14 11 10 
15 51 51 
16 18 18 
17 41 43 
19 37 36 
20 20 19 
21 17 17 
22 7 9 
24 11 12 
25 11 10 
26 13 12 

2 1 27 75 
2 2 42 48 
2 3 42 3 9 
2 4 83 77 

ro
 

5 42 43 
2 6 72 80 
2 7 47 59 
2 8 65 64 
2 9 4 4 
2 10 70 72 

K L FO FC 

2 11 16 17 
2 12 45 51 
2 13 22 24 
2 14 35 34 
2 16 35 37 
2 17 46 47 
2 18 33 32 
2 19 31 32 
2 20 14 13 
2 22 19 19 
2 23 9 10 
2 24 19 19 
3 1 89 83 
3 2 20 23 

fO
 3 46 40 

3 4 15 3 
3 5 5 2 
3 6 51 54 
3 7 16 16 
3 8 24 23 
3 9 5 6 
3 10 7 14 
3 12 26 27 
3 13 13 13 
3 15 14 14 
3 16 16 16 
3 17 17 17 
3 18 18 20 
3 19 13 14 
3 20 20 20 
3 21 12 12 
3 23 11 9 
3 24 6 6 
4 1 47 38 
4 2 77 79 
4 3 44 41 
4 4 69 65 
4 5 40 44 
4 6 53 55 
4 7 8 1 
4 8 36 35 
4 9 43 46 
4 10 34 34 
4 11 18 20 
4 12 20 21 
4 13 13 14 
4 14 32 32 
4 15 30 30 
4 16 33 34 
4 13 20 20 
4 20 19 19 
5 1 7 5 
5 2 102 105 
5 3 5 3 
5 4 19 14 
5 5 48 49 

K L FO FC 

5 6 9 13 
5 7 45 44 
5 3 7 5 
5 9 41 43 
5 10 27 30 
5 11 34 36 
5 12 24 25 
5 13 45 46 
5 15 34 34 
5 17 27 26 
5 18 23 23 
5 19 19 19 
5 21 13 12 
5 23 14 14 
6 1 13 7 
6 2 64 63 
6 3 41 39 
6 5 12 13 
6 6 13 13 
6 7 49 56 
6 8 7 8 
6 9 16 16 
6 10 16 15 
6 11 8 9 
6 13 21 20 
6 14 13 13 
6 16 13 12 
7 1 39 38 
7 2 42 40 
7 3 40 40 
7 4 21 24 
7 5 34 30 
7 6 8 6 
7 7 30 30 
7 8 17 17 
7 9 43 45 
7 10 30 30 
7 11 21 21 
7 13 11 11 
7 14 13 17 
7 15 23 23 
7 16 14 1 5 
7 17 12 11 
7 19 10 9 
7 20 8 9 
8 1 56 55 
3 2 14 13 
3 3 26 25 
8 4 13 15 
8 6 39 38 
8 7 13 12 
8 8 37 36 
3 11 26 27 
8 12 8 8 
8 13 23 23 
3 14 17 17 



1 2 3 

K L FO FC K L FO FC K L FO FC K L FO FC 

8 16 16 15 - 1 1 9 8 8 -8 24 12 10 -5 10 23 20 
8 17 6 6 - 1 1 10 9 8 - 7 2 36 37 - 5 11 29 30 
8 18 18 18 - 1 1 12 7 5 - 7 3 19 20 - 5 12 9 10 
8 19 6 k - 1 1 13 6 5 - 7 4 43 45 -5 14 23 23 
9 1 28 28 - 1 1 Ik 3 9 - 7 5 5 5 -5 15 14 14 
9 2 9 9 - 1 1 17 7 5 - 7 6 53 53 -5 16 10 10 
9 3 12 11 - 1 1 19 10 9 - 7 7 15 15 - 5 17 47 47 
9 4 13 12 - 1 0 1 14 15 - 7 8 44 44 - 5 18 12 12 
9 5 3 6 - 1 0 2 16 15 - 7 9 30 32 - 5 19 7 6 
9 6 10 9 - 1 0 3 21 23 - 7 10 32 31 - 5 20 9 8 
9 7 9 7 - 1 0 5 3 - 7 11 8 6 - 5 26 7 6 
9 8 10 8 - 1 0 5 37 38 - 7 12 33 33 - 4 1 131 123 
9 10 19 19 - 1 0 7 28 29 - 7 13 9 8 - 4 2 12 13 
9 12 11 11 - 1 0 8 21 21 - 7 14 29 31 - 4 3 97 92 
9 15 10 11 - 1 0 9 26 27 - 7 15 12 12 - 4 4 4 6 
9 17 6 6 - 1 0 11 30 30 - 7 16 42 40 - 4 5 36 38 

10 2 16 17 - 1 0 13 14 15 - 7 17 18 18 - 4 6 14 16 
10 3 11 10 - 1 0 14 11 13 - 7 18 32 34 - 4 7 70 67 
10 4 30 29 - 1 0 15 13 12 - 7 19 10 10 - 4 8 21 26 
10 5 15 Ik - 1 0 17 19 20 - 7 20 21 20 - 4 9 83 81 
10 6 17 18 - 1 0 19 18 18 - 7 21 10 8 - 4 10 13 11 
10 8 15 15 - 1 0 21 17 16 - 7 22 20 19 - 4 11 55 58 
10 9 10 10 - 9 1 5 6 - 7 24 16 16 - 4 13 41 44 
10 10 12 11 - 9 2 13 13 - 6 1 11 10 - 4 14 21 22 
10 15 8 8 - 9 k 14 15 - 6 2 17 16 - 4 15 46 45 
11 1 22 21 - 9 5 16 15 - 6 3 15 15 - 4 16 15 14 
11 2 7 6 - 9 6 17 18 -6 ' 4 12 12 - 4 17 56 56 
11 3 20 19 -9 8 35 35 -6 5 11 10 - 4 18 22 21 
11 k 12 10 - 9 10 15 17 -6 6 38 38 - 4 19 18 19 
11 5 16 15 - 9 11 9 9 -6 7 33 33 - 4 20 13 12 
11 7 26 2k - 9 12 10 10 > - 6 8 6 2 - 4 21 10 10 
11 9 9 8 - 9 13 8 6 -6 9 32 10 - 4 22 10 8 
11 12 9 10 - 9 14 18 17 - 6 10 25 25 - 4 23 19 19 
12 1 17 17 - 9 16 9 10 - 6 11 6 9 - 4 25 12 12 
12 3 12 12 - 9 17 9 9 - 6 12 20 20 - 4 26 8 8 
12 k 9 7 - 9 18 21 20 - 6 13 31 30 - 3 1 31 31 
12 5 7 6 - 9 20 18 18 -6 14 17 15 - 3 2 90 84 
12 6 5 1 - 9 23 7 7 - 6 15 46 46 - 3 3 37 38 
12 7 10 10 - 8 1 14 16 - 6 16 9 9 - 3 4 9 8 
13 1 11 11 - 8 2 8 7 - 6 17 41 43 - 3 5 52 56 
13 3 11 11 - 8 3 31 31 - 6 18 11 11 - 3 6 28 31 
13 k 9 10 - 8 4 14 13 -6 19 36 35 - 3 7 72 69 
1 3 5 12 11 - 8 5 19 21 - 6 20 5 4 - 3 8 37 37 

- 8 6 19 19 - 6 21 10 11 - 3 9 39 30 
H = -1 - 8 7 16 17 - 6 22 6 6 - 3 10 44 47 

- 8 9 14 15 - 6 23 14 14 - 3 11 29 33 
13 k 9 9 - 8 10 19 20 - 6 25 26 24 - 3 12 41 46 
13 7 9 9 - 8 12 14 13 - 5 1 35 32 - 3 13 5 2 
13 10 13 12 - 8 13 17 16 - 5 2 47 50 - 3 14 36 37 
12 3 8 11 - 8 14 10 10 -5 3 41 42 - 3 15 4 3 
11 2 16 Ik - 8 15 8 9 - 5 4 43 43 - 3 16 4 9 51 
11 3 8 9 - 8 16 20 19 - 5 5 10 13 - 3 17 38 40 
11 k 12 12 - 8 17 6 4 - 5 6 32 34 - 3 18 43 43 
11 5 5 6 - 8 19 6 6 - 5 7 26 27 - 3 19 12 13 
11 6 10 10 - 8 20 15 16 - 5 8 3 9 39 - 3 20 22 21 
11 8 15 15 - 8 22 5 3 - 5 9 61 62 - 3 22 9 11 



124 

K L FO F C K L FO FC K L FO FC K L FO F C 

3 23 9 8 0 16 27 29 3 12 12 13 15 29 29 
3 24 21 21 0 17 49 50 3 13 22 22 6 17 7 3 
3 26 24 23 0 18 35 35 3 14 39 38 6 13 6 8 
2 1 15 19 0 19 44 43 3 15 6 8 6 19 11 11 
2 2 97 84 Q 21 31 32 3 16 31 33 6 21 12 12 
2 3 84 72 0 23 20 20 3 17 23 22 7 1 6 5 

CM
 4 42 33 0 25 22 22 3 18 21 20 7 3 13 14 

2 5 28 29 1 1 90 79 3 20 26 26 7 5 16 16 
2 6 50 39 1 2 74 70 3 22 21 20 7 6 9 10 
2 7 46 45 1 3 101 105 3 23 7 fl 7 7 24 21 
2 8 71 66 4 34 44 3 24 20 20 7 8 10 8 
2 9 42 39 1 5 36 36 4 1 114 103 7 9 13 12 
2 10 7 6 1 6 13 21 4 2 69 62 7 10 13 12 
2 11 17 20 1 7 66 75 4 3 60 57 7 11 5 7 
2 12 11 12 1 9 97 86 4 4 14 10 7 12 11 11 
2 13 10 8 1 10 9 3 4 5 3 4 7 13 12 13 
2 14 14 15 1 11 57 65 4 6 33 34 7 18 8 8 
2 15 7 9 1 14 4 4 4 7 10 13 3 1 19 20 
2 16 18 17 1 15 10 9 4 9 35 36 3 2 9 9 
2 18 28 28 1 17 7 9 4 10 7 6 3 4 26 25 
2 19 7 6 1 19 18 19 4 12 7 6 3 5 26 25 
2 20 13 10 1 20 8 9 4 14 14 14 8 6 9 7 
2 22 18 16 1 21 15 15 4 17 9 10 9 7 43 44 
2 23 6 5 1 22 15 16 4 19 6 7 8 8 5 6 

1 14 6 1 23 15 14 4 20 7 9 3 9 23 30 
2 121 115 1 24 6 7 4 23 9 10 3 10 17 18 
3 99 97 2 2 35 36 5 1 21 20 9 11 22 21 
4 5 7 2 3 36 41 5 2 85 82 3 13 16 16 
5 55 54 2 4 41 47 5 3 20 20 8 14 8 9 
6 94 95 2 5 59 49 5 4 64 56 8 15 10 12 
7 11 8 2 6 20 21 5 5 8 9 3 17 10 8 
8 81 93 2 7 58 66 5 6 70 74 9 1 26 25 
9 26 27 2 8 34 36 5 7 4 4 9 2 11 11 

10 103 95 2 9 33 26 5 8 4 9 48 9 4 20 20 
12 68 75 2 10 46 40 5 9 41 41 9 5 5 6 
14 36 39 2 11 64 65 5 10 57 57 9 6 16 17 
16 70 70 2 13 26 28 5 11 6 2 9 7 6 5 
18 61 62 2 14 12 14 5 12 51 50 9 8 27 26 
20 14 18 2 15 29 29 5 14 17 18 9 9 6 5 
22 18 18 2 17 46 45 5 15 17 18 9 10 18 18 
24 10 14 2 18 9 8 5 16 19 17 9 11 15 14 
26 10 10 2 19 13 17 5 18 7 6 9 12 11 11 

0 1 71 57 2 20 15 14 5 22 12 11 9 14 18 18 
0 2 13 19 2 21 14 14 6 1 32 28 9 16 12 12 
(3 3 87 91 2 22 7 7 6 2 23 23 10 1 11 10 
Q 4 59 61 2 23 15 15 6 3 50 52 10 4 15 14 
0 5 9 12 2 25 11 11 6 4 17 17 10 6 9 10 
0 6 85 76 3 2 47 41 6 5 4 7 48 10 10 12 12 
0 7 47 47 3 4 110 104 6 6 8 8 10 11 3 9 
0 8 39 37 3 5 22 23 6 7 40 38 10 13 8 7 
0 9 109 108 3 6 13 9 6 9 58 57 11 1 7 6 
0 10 31 28 3 7 21 18 6 10 9 8 11 2 12 11 
0 11 72 71 3 8 56 56 6 11 29 31 11 4 6 7 
a 12 22 23 3 9 27 29 6 12 19 20 11 5 9 7 
0 13 41 42 3 10 65 67 6 13 32 32 11 6 18 20 
0 15 55 54 3 11 23 26 6 14 13 14 11 8 15 15 



K L FO F C K L FO F C K L F O FC K L F O FC 

11 9 6 6 - 8 18 20 18 - 3 17 110 111 2 8 45 49 
12 1 11 9 - 8 20 7 8 - 3 19 24 25 2 10 20 12 
12 3 1 * 14 - 8 22 8 8 - 3 21 l 7 13 2 12 24 23 
12 4 7 8 - 8 24 26 23 - 3 23 22 21 2 14 10 10 
12 5 13 12 - 7 1 6 7 - 3 25 14 14 2 16 11 11 
12 7 3 7 -7 3 iZ 33 - 2 2 139 157 2 13 7 11 
13 1 9 9 -7 5 18 18 - 2 4 15 7 2 22 7 9 
13 2 7 5 -7 7 40 43 - 2 8 5 15 2 24 6 5 

-7 9 22 23 - 2 10 16 12 3 1 145 140 
H = 0 -7 13 35 35 - 2 12 56 55 3 3 11 8 

- 7 19 22 21 - 2 14 52 52 3 5 73 83 
13 1 9 9 - 6 2 53 50 - 2 16 78 77 3 7 95 97 
13 3 7 8 - 6 3 4 0 - 2 18 68 68 3 9 118 115 
13 7 13 13 - 6 4 62 66 - 2 20 23 21 3 11 100 103 
13 13 9 10 - 6 6 126 125 - 2 24 29 28 3 13 14 16 
12 2 9 10 - 6 8 98 98 - 2 26 31 30 3 15 2 9 27 
12 4 25 25 - 6 10 99 104 -1 5 73 73 3 17 2 9 29 
12 6 21 22 - 6 12 51 53 -1 6 3 0 3 19 7 7 
12 8 14 11 - 6 14 33 35 -1 7 19 24 3 21 30 28 
12 10 20 19 - 6 16 77 79 -1 9 29 31 3 23 18 19 
12 12 9 10 - 6 18 43 43 -1 11 34 26 4 0 16 24 
12 14 9 8 - 6 20 a 7 -1 13 21 21 4 2 66 68 
12 16 20 19 - 6 22 18 18 -1 17 18 18 4 4 46 46 
12 18 13 13 - 6 26 9 9 — i 21 7 7 4 6 32 33 
11 1 9 7 - 5 1 3 8 -1 23 10 8 4 8 104 106 
11 3 23 23 - 5 3 36 35 0 3 7 1 4 10 63 60 
11 7 20 19 - 5 5 5 4 0 4 22 18 4 12 15 15 
11 9 6 7 - 5 7 82 89 0 6 151 130 4 14 41 42 
11 13 16 17 - 5 9 67 62 0 8 7 14 4 16 14 15 
11 17 10 11 - 5 11 17 17 0 10 87 84 4 18 17 15 
11 19 22 23 - 5 13 38 36 0 12 65 67 4 20 31 32 
l u 2 34 32 - 5 15 59 57 0 14 21 20 4 22 20 19 
10 4 18 17 - 5 17 74 73 0 16 49 48 5 1 6 3 
10 6 15 13 - 5 19 40 38 0 18 16 16 5 3 51 49 
10 8 29 29 - 5 23 14 14 0 20 6 7 5 9 37 36 
10 10 9 9 - 5 25 17 17 0 22 24 24 5 11 18 18 
10 12 12 9 - 4 2 75 79 0 24 9 10 5 13 5 7 
10 14 8 10 - 4 4 24 25 1 1 83 65 5 17 15 17 
- 9 1 31 31 - 4 6 3 12 1 3 1 3 5 136 5 21 7 7 
- 9 3 28 30 - 4 8 30 33 1 4 3 0 6 0 45 47 
- 9 5 51 51 - 4 10 33 30 1 5 59 58 6 1 4 0 
- 9 7 30 30 - 4 14 16 18 1 7 33 38 6 2 13 15 
- 9 8 4 0 - 4 16 20 19 1 9 85 88 6 4 54 57 
- 9 9 27 26 - 4 17 5 0 1 11 44 44 6 6 60 59 
- 9 11 33 35 - 4 18 12 11 1 13 47 54 6 8 19 19 
- 9 15 19 18 - 4 20 a 7 1 15 40 41 6 10 36 34 
- 9 17 22 23 - 4 22 10 8 1 17 13 14 6 12 23 22 
- 9 19 8 8 - 3 1 1 3 9 121 1 19 34 34 6 16 14 14 
- 9 21 16 16 - 3 3 66 56 1 21 26 26 7 1 1 3 14 
- 9 23 19 18 - 3 4 6 2 1 23 19 17 7 3 45 42 
- 8 2 38 41 - 3 5 1 0 6 88 1 25 26 26 7 5 19 18 
- 8 4 6 3 - 3 7 12 12 <L 0 32 29 7 7 31 31 
- 8 6 17 18 - 3 9 4 6 2 2 90 79 7 9 49 46 
- 8 8 69 68 - 3 11 66 63 2 3 4 0 7 11 13 11 
- 8 12 14 17 - 3 13 45 45 2 4 21 19 7 13 22 22 
- 8 14 32 33 - 3 15 87 87 2 6 54 54 7 15 20 20 



1 2 6 

K L FO FC K L FO FC < L FO FC < L FO FC 

CO
 0 l i 1C -11 13 18 17 -8 21 19 19 -5 10 54 57 

3 2 6 6 -11 20 16 16 -8 23 16 16 -5 11 5 2 
8 4 16 15 -10 1 12 14 -7 0 11 10 -5 12 40 44 
8 6 9 8 -10 3 14 15 -7 1 17 16 -5 13 20 23 
a 8 10 12 -10 4 15 15 -7 2 14 15 -5 14 44 45 
3 12 7 8 -10 5 16 18 -7 o 12 12 -5 15 16 15 
a 14 8 10 -10 7 35 75 -7 4 11 10 - 5 16 55 55 
9 1 2b 22 -10 9 15 16 -7 5 38 33 -5 17 20 21 
9 5 34 34 -10 10 9 9 -7 6 33 34 -5 18 18 19 
9 7 37 37 -10 11 10 10 -7 7 7 2 -5 19 13 12 
9 9 17 15 -10 12 3 6 -7 8 33 30 -5 20 10 10 
9 11 21 22 -10 13 13 17 -7 9 24 24 -5 21 9 8 
9 13 16 16 -10 14 5 1 -7 10 6 8 -5 22 19 19 
9 15 7 8 -10 15 9 9 -7 11 20 20 -5 24 10 11 

10 0 10 10 -10 16 10 10 -7 12 31 29 -5 25 3 8 
10 2 13 19 -10 17 22 20 -7 13 16 15 -4 0 30 31 
10 4 25 24 -10 19 17 17 -7 14 45 45 -4 1 88 84 
10 6 5 6 -10 21 6 7 -7 15 9 10 -4 2 37 38 
10 8 17 19 -10 22 6 7 -7 16 40 42 -4 3 10 9 
10 10 16 17 -9 0 14 16 -7 17 11 11 -4 4 51 56 
10 12 10 9 -9 1 8 6 -7 18 36 35 -4 5 28 31 
11 1 20 20 -9 2 31 32 -7 20 10 11 -4 6 73 70 
12 0 6 8 -9 3 13 13 -7 21 7 7 -4 7 36 37 
12 6 14 16 -9 4 19 21 -7 22 13 13 -4 8 38 32 

-9 5 19 19 -7 24 24 24 -4 9 44 47 
H = 1 -9 6 16 17 -6 0 35 33 -4 10 28 33 

-9 8 15 14 -6 1 45 48 -4 11 40 45 
-14 3 8 3 -9 9 18 20 -6 2 41 41 -4 12 4 2 
-14 6 8 9 -9 11 13 13 — 6 3 43 42 -4 13 35 37 
-14 9 12 12 -9 12 17 16 -6 4 10 14 -4 14 4 2 
-13 2 7 10 -9 13 11 10 -6 5 33 35 -4 15 50 51 
-12 1 15 13 -9 14 8 9 -6 6 26 26 -4 16 37 39 
-12 2 9 8 -9 15 20 19 -6 7 39 40 -4 17 40 43 
-12 3 13 11 -9 18 7 6 -6 8 60 62 -4 18 12 12 
-12 4 6 6 -9 19 16 16 -6 9 24 21 -4 19 21 20 
-12 5 9 9 -9 20 5 5 -6 10 29 29 -4 21 10 10 
-12 7 15 14 -9 23 12 10 -6 11 9 9 -4 22 10 8 
-12 8 6 8 -8 1 36 34 -6 13 22 22 -4 23 21 21 
-12 9 8 8 -8 2 20 20 -6 14 15 14 -4 25 23 23 
-12 11 7 5 -8 3 43 44 -6 15 11 11 -3 0 14 18 
-12 12 6 5 -8 5 53 53 -6 16 47 48 -3 1 94 84 
-12 13 10 10 - a b 14 14 -6 17 12 12 -3 2 81 72 
-12 15 7 6 -8 7 43 45 -6 16 6 5 -3 3 42 34 
-12 18 9 9 - a 8 30 31 -6 19 9 8 -3 4 28 31 
-11 0 15 15 -8 9 32 32 -6 24 6 5 -3 5 51 37 
-11 1 15 14 - a 10 8 6 -6 25 6 6 -3 6 45 47 
-11 2 21 23 -8 11 3 3 34 -5 0 127 123 -3 7 70 66 
-11 4 38 38 -8 12 9 9 -5 1 11 12 -3 8 41 40 
-11 6 27 29 -8 13 29 31 -5 2 94 93 -3 9 7 5 
-11 7 21 21 -8 14 12 13 -5 3 6 4 -3 10 17 ?0 
-11 8 26 27 -8 15 40 39 -5 4 36 39 -3 11 10 12 
-11 10 30 30 -8 16 18 18 -5 5 14 17 -3 12 10 9 
-11 12 14 14 -8 17 31 33 -5 6 71 68 -3 13 14 15 
-11 13 12 13 -8 18 10 10 -5 7 21 24 -3 14 7 8 
-11 14 13 12 -8 19 20 20 -5 8 84 81 -3 15 17 17 
-11 16 19 19 -8 20 9 8 -5 9 13 12 -3 17 27 27 



127 

K L FO F C K L FO FC 

3 19 6 6 0 5 13 19 
3 19 13 11 0 6 66 74 
3 21 17 15 0 8 95 85 
3 22 6 5 0 9 9 3 
3 25 5 3 u 10 57 65 
2 G 14 6 0 13 4 5 
2 1 116 115 U 14 10 9 
2 2 96 97 0 16 8 10 
2 3 6 8 0 18 18 19 
2 54 55 0 20 14 14 
2 5 94 94 0 21 15 16 
2 6 12 9 0 22 14 14 
2 7 80 91 0 24 6 6 
2 8 25 26 1 1 35 36 
2 9 102 94 1 2 35 39 
2 11 68 73 1 3 40 48 
2 12 5 9 1 4 58 49 
2 13 35 39 1 5 20 18 
2 14 10 13 1 6 57 64 
2 15 7u 70 1 7 34 36 
2 16 14 12 1 8 33 26 
2 17 62 62 1 9 45 40 
2 18 5 5 1 10 63 64 
2 19 19 19 1 12 26 27 
2 20 14 13 1 13 12 13 
2 21 18 19 1 14 29 29 
2 23 14 14 1 16 45 45 
2 24 12 1C 1 18 18 17 
2 25 10 11 1 19 14 14 
1 0 68 58 1 20 13 14 
1 1 13 19 1 22 15 14 
1 2 86 91 1 24 10 11 
1 3 60 59 2 1 47 43 
1 4 10 10 2 2 3 3 
1 5 84 77 2 3 110 106 
1 6 46 47 2 4 22 23 
1 7 39 35 2 5 14 10 
1 8 10 8 108 2 6 20 17 
1 9 31 28 2 7 56 55 
1 10 70 72 2 8 27 29 
1 11 22 23 2 9 65 66 
i 12 40 43 2 10 22 26 
1 14 53 54 2 11 12 13 
1 15 28 29 2 12 22 22 
i 16 49 50 2 13 38 38 
1 lr* 36 35 2 15 29 33 
1 18 43 42 2 16 22 22 
i 19 9 8 2 17 21 20 
i 20 31 31 2 19 25 26 
1 22 19 20 2 2i 19 20 
1 24 22 21 2 23 20 20 
0 0 83 79 3 0 115 103 
0 1 75 71 3 1 70 63 
0 2 101 105 3 2 60 58 
J 3 35 44 3 3 14 11 
0 4 37 35 3 4 4 3 

K L FO F C K L F O F C 

3 5 32 34 6 10 6 6 
3 6 10 12 6 11 11 11 
3 7 4 8 6 12 13 13 
3 8 34 34 6 17 9 8 
3 9 6 5 7 0 20 21 
3 10 4 4 7 1 8 9 
3 11 8 6 7 3 26 24 
3 12 5 1 7 4 26 25 
3 13 14 14 7 5 9 7 
3 16 10 9 7 6 43 43 
3 19 8 9 7 7 6 6 
3 22 8 9 7 8 27 29 
4 0 21 20 7 9 17 18 
4 X 84 82 7 10 22 21 
4 2 20 20 7 12 15 16 
4 3 b2 56 7 13 7 9 
4 4 9 9 7 14 11 11 
4 5 69 72 7 16 8 8 
4 6 5 5 8 0 26 25 
4 7 50 49 8 1 10 11 
4 8 41 41 8 3 20 19 
4 9 5b 57 3 5 15 17 
4 10 5 2 8 6 5 5 
4 11 51 49 8 7 27 27 
4 13 16 18 9 8 6 5 
4 14 18 18 8 9 19 19 
4 15 18 17 8 10 15 14 
4 17 8 6 9 11 10 11 
4 21 12 11 8 12 6 5 
5 0 32 29 8 13 19 18 
5 1 22 22 9 15 11 11 
5 2 48 51 9 0 10 10 
5 3 17 16 9 3 15 14 
5 4 46 47 9 4 5 4 
5 5 9 9 9 5 9 9 
5 b 40 38 9 9 12 12 
5 8 57 57 9 10 9 9 
5 9 9 9 9 12 7 7 
5 10 29 31 10 0 8 6 
5 11 19 20 10 1 12 11 
5 12 30 32 10 2 5 4 
5 13 14 13 10 3 7 7 5 14 28 28 10 4 3 7 
5 lb 8 7 10 5 19 20 
5 17 6 8 10 7 16 15 
5 18 11 12 11 0 10 9 
5 20 12 12 11 2 15 14 
6 0 7 4 11 3 7 8 
6 1 5 7 11 4 12 11 
6 2 13 14 11 6 9 6 
b 4 16 17 12 0 9 9 
6 5 8 10 
6 b 23 21 H = 2 
6 7 9 9 
6 8 13 12 -14 3 9 10 
6 9 11 12 -14 5 13 14 



1 2 8 

K L FO F C K L F O FC K L F O FC K L F O F C 

- 1 4 8 7 6 - 9 6 11 12 - 6 3 17 19 - 4 17 14 13 
- 1 4 10 12 11 - 9 8 16 18 - 6 4 42 46 - 4 18 25 24 
- 1 3 0 7 7 - 9 9 19 20 -6 5 27 26 - 4 19 25 24 
- 1 3 1 15 16 - 9 10 27 28 - 6 6 20 18 - 4 20 13 13 
- 1 3 2 6 6 - 9 i i 14 14 - 6 7 4 0 - 4 21 7 8 
- 1 3 6 18 17 - 9 12 6 7 - 6 8 32 30 - 4 22 14 14 
- 1 3 7 9 10 - 9 13 13 13 - 6 10 51 56 - 4 23 10 9 
- 1 3 8 9 9 - 9 14 11 10 - b 11 8 6 - 4 24 15 16 
- 1 3 9 17 17 - 9 15 30 30 - 6 12 22 22 - 3 0 60 52 
- 1 3 11 17 16 - 9 16 26 26 -6 14 32 32 - 3 1 5 6 
- 1 3 12 5 7 - 9 17 23 23 -6 15 20 18 - 3 2 30 24 
- 1 3 13 12 12 - 9 18 9 10 - b 16 27 29 - 3 3 25 23 
- 1 3 15 6 5 - 9 19 14 15 - 6 17 8 10 - 3 4 24 30 
- 1 2 3 6 4 - 9 20 10 9 - 6 18 20 20 - 3 5 60 61 
- 1 2 8 9 10 - 9 21 14 14 - 6 19 6 8 - 3 6 63 59 
- 1 2 9 15 15 - 9 22 6 6 - 6 20 27 26 - 3 7 61 53 
- 1 2 10 14 15 - 8 0 26 26 - 6 21 14 12 - 3 8 61 51 
- 1 2 12 6 5 - 8 2 44 43 - 6 22 22 22 - 3 9 76 76 
- 1 2 14 12 12 - 8 3 20 20 - 6 23 8 8 - 3 10 29 31 
- 1 2 15 3 9 - 8 4 53 55 - 6 24 23 21 - 3 11 30 30 
- 1 2 16 13 12 - 8 5 17 19 - 5 0 57 59 - 3 12 4 5 
- 1 2 18 6 5 - 8 6 23 24 - 5 1 28 28 - 3 13 21 20 
- 1 1 1 11 12 - 8 7 29 30 - 5 2 9 9 - 3 14 18 18 
- 1 1 2 9 9 - 8 8 21 20 - 5 3 4 9 48 - 3 15 37 37 
- 1 1 3 16 16 - 8 9 4 6 - 5 4 7 8 - 3 16 23 21 
- 1 1 4 1 9 19 - 8 10 23 23 - 5 5 57 57 - 3 17 21 21 
- 1 1 5 7 8 - 8 12 5 6 - 5 7 7 3 - 3 19 26 27 
- 1 1 6 9 9 - 8 15 23 23 - 5 8 26 24 - 3 20 8 9 
- 1 1 9 14 15 - 8 16 6 5 - 5 9 21 22 - 3 21 3 2 31 
- 1 1 11 11 10 - 8 17 14 13 - 5 10 38 40 - 3 22 8 9 
- 1 1 14 18 18 - 8 19 15 16 - 5 11 21 21 - 3 23 18 18 
- 1 1 16 11 11 - 8 20 7 7 - 5 12 16 15 - 2 0 6 9 64 
- 1 1 18 6 6 - 8 23 9 6 - 5 13 5 4 - 2 1 48 47 
- 1 1 19 12 10 - 7 0 44 44 - 5 15 6 9 - 2 2 14 11 
- 1 0 0 25 24 - 7 1 66 69 - 5 16 11 10 - 2 3 4 2 
- 1 0 1 20 19 - 7 2 21 23 - 5 17 6 7 - 2 4 46 51 
- 1 0 2 39 40 - 7 3 45 46 - 5 18 12 12 - 2 5 19 25 
- 1 0 4 23 22 - 7 5 23 21 - 5 19 6 7 - 2 6 5 3 45 
- 1 0 5 9 9 - 7 6 14 15 - 5 20 7 6 - 2 7 10 15 
- 1 0 6 26 27 - 7 7 52 57 - 5 24 11 10 - 2 8 6 1 
- 1 0 7 23 24 - 7 8 15 17 - 4 0 109 107 - 2 9 9 7 
- 1 0 8 37 37 - 7 9 14 13 - 4 1 57 53 - 2 10 12 13 
- 1 0 10 27 28 - 7 11 30 31 - 4 2 120 1 2 3 - 2 13 10 11 
- 1 0 11 6 5 - 7 12 22 24 - 4 3 8 10 - 2 14 4 5 
- 1 0 12 28 29 - 7 13 40 42 - 4 4 28 31 - 2 15 7 5 
- 1 0 13 23 24 - 7 14 16 18 - 4 5 26 24 - 2 16 23 22 
- 1 0 14 16 15 - 7 15 18 16 - 4 6 120 117 - 2 17 7 9 
- 1 0 15 21 22 - 7 16 6 8 - 4 7 84 82 - 2 18 12 10 
- 1 0 16 14 14 - 7 17 28 28 - 4 8 108 110 -2 19 7 6 
- 1 0 17 18 17 - 7 18 10 10 - 4 9 45 43 - 2 20 15 17 
- 1 0 18 27 26 - 7 19 29 30 - 4 10 27 28 - 2 21 15 13 
- 1 0 20 17 18 - 7 21 17 17 - 4 11 12 12 - 2 22 6 6 

- 9 2 7 9 - 7 23 22 21 - 4 12 42 43 - 2 24 9 10 
- 9 3 6 7 - 7 24 10 10 - 4 13 31 31 -1 0 17 16 
- 9 4 37 39 - 6 0 62 63 - 4 14 2 9 29 -1 1 48 46 
- 9 5 13 14 - 6 1 15 13 - 4 16 12 13 - 1 2 115 109 
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< L FO F C K L FO FC 

3 69 b2 1 16 19 20 
4 8 b 1 17 12 13 
5 55 59 1 18 19 19 
6 35 31 1 19 12 12 
7 97 97 1 21 7 8 
8 75 72 2 0 77 81 
9 71 71 2 1 44 41 

10 7 10 2 2 69 65 
11 29 32 2 3 40 44 
12 11 10 2 4 54 55 
13 53 50 2 5 8 2 
14 18 18 2 6 35 36 
15 41) 43 2 7 43 46 
17 36 35 2 8 34 34 
18 20 18 2 9 19 20 
19 17 17 2 10 20 21 
20 9 9 2 11 13 14 
22 10 12 2 12 31 31 
23 11 10 2 13 29 30 
24 12 12 2 14 33 34 

u 0 42 48 2 16 21 20 
0 1 42 39 2 18 19 18 
0 2 82 78 3 0 102 104 
0 3 40 43 3 1 4 3 
0 4 72 81 3 2 20 14 
0 5 46 59 3 3 48 49 
0 6 65 b5 3 4 9 12 
0 7 4 4 3 5 44 43 
0 8 72 71 3 6 5 5 
0 9 16 17 3 7 41 43 
0 10 44 50 3 8 27 29 
0 11 23 24 3 9 34 36 
0 12 34 33 3 10 23 24 
0 14 34 36 3 11 45 45 
0 15 46 46 3 13 33 34 
0 16 32 31 3 15 25 26 
0 17 30 32 3 16 22 22 
0 18 13 13 3 17 19 19 
0 20 18 19 3 19 12 11 
u 21 9 10 3 21 14 14 
0 22 18 19 4 0 64 63 
0 23 7 6 4 1 42 40 
1 0 20 24 4 3 11 13 
1 1 44 40 4 4 14 13 
1 2 15 3 4 5 49 54 
1 3 3 3 4 6 8 9 
1 4 51 53 4 7 16 16 
1 5 16 17 4 8 16 15 
1 6 24 22 4 9 9 9 
1 7 6 7 4 11 21 20 
1 8 6 13 4 12 12 13 
i 10 25 27 4 14 11 12 
1 11 12 12 4 18 6 7 
1 13 13 15 5 0 42 40 
i 14 l b 15 5 1 41 40 
1 15 l b 16 5 2 21 23 

K L FO FC < L F O F C 

5 3 33 30 10 1 12 11 
5 4 7 6 10 2 3 7 
5 5 29 31 10 3 6 5 
5 6 18 17 10 5 10 10 
5 7 44 45 11 1 11 11 

b 8 30 29 11 2 8 10 
5 9 21 21 11 3 9 11 
5 11 11 10 
5 12 17 17 H = 3 
5 13 23 23 
5 14 14 14 - 1 4 8 9 9 
5 15 13 11 - 1 4 9 7 7 
5 17 10 9 - 1 3 2 10 10 
5 18 10 9 - 1 3 4 8 7 
6 0 14 13 - 1 3 8 16 14 
6 1 26 25 - 1 3 10 17 17 
6 2 12 15 - 1 2 0 10 11 
6 4 40 38 - 1 2 1 24 23 
6 5 13 12 - 1 2 7 10 10 
6 6 36 36 - 1 2 a 6 7 
6 9 26 27 - 1 2 9 14 13 
6 10 8 9 - 1 2 10 6 8 
6 11 23 23 - 1 2 11 24 24 
6 12 17 18 - 1 2 12 9 10 
6 14 16 15 - 1 2 13 17 17 
b 15 7 7 - 1 2 14 14 15 
6 16 16 18 - 1 2 16 10 10 
7 0 9 8 - 1 2 17 13 13 
7 1 12 11 - 1 1 2 6 4 
7 2 13 12 - 1 1 5 14 13 
7 3 8 6 - 1 1 6 15 13 
7 4 10 9 - 1 1 8 5 5 
7 5 8 8 - 1 1 9 1 9 18 
7 6 9 8 - 1 1 10 11 11 
7 8 17 19 - 1 1 11 10 8 
7 10 10 10 - 1 1 12 7 7 
7 12 5 3 - 1 1 13 13 12 
7 13 9 10 - 1 1 14 20 19 
7 15 6 6 - 1 1 15 15 14 
8 0 16 17 - 1 1 16 9 9 
8 1 11 11 - 1 1 17 8 9 
8 2 29 28 - 1 1 19 9 8 co 3 15 13 - 1 0 0 12 13 
8 4 18 17 - 1 0 1 11 11 
8 6 14 15 - 1 0 2 6 7 
8 7 1C 10 - 1 0 3 27 26 
8 8 11 11 - 1 0 4 10 11 
8 13 7 8 - 1 0 6 8 11 
9 0 7 6 - 1 0 7 5 4 
9 1 20 19 - 1 0 9 30 30 
9 2 12 11 - 1 0 10 5 2 
9 3 14 14 - 1 0 11 7 8 
9 5 25 24 - 1 0 12 5 5 
9 6 6 5 - 1 0 14 5 4 
9 7 10 8 - 1 0 15 5 2 
9 10 9 10 - 1 0 19 10 9 



1 3 0 

K L FO FC K L FO FC K L FO FC K L FO FC 

-9 0 47 48 - b 0 19 19 - 4 9 13 13 -1 6 27 24 
-9 1 22 21 - b 1 52 56 - 4 11 10 11 -1 7 12 12 
-9 2 40 41 -6 2 36 37 -4 13 q 8 -1 8 10 8 
-9 3 12 13 - b 3 54 5b - 4 15 12 10 -1 9 8 10 
- 9 5 14 14 -6 4 54 53 - 4 16 6 8 -1 10 10 10 
-9 6 30 32 - 6 5 61 60 - 4 23 3 8 -1 11 7 6 
- 9 7 27 28 - 6 6 38 37 - 3 0 76 77 -1 12 30 29 
- 9 8 37 38 - 6 7 59 63 - 3 1 66 64 - 1 13 7 9 
- 9 9 28 28 - 6 8 47 46 - 3 2 83 91 -1 14 9 8 
- 9 10 28 29 - 6 9 20 19 - 3 3 57 63 -1 15 7 7 
- 9 11 13 14 -6 10 24 24 - 3 4 41 37 -1 16 9 10 
-9 12 26 25 - 6 11 40 40 - 3 5 50 47 -1 18 11 10 
- 9 13 12 13 - 6 12 17 18 - 3 6 68 71 -1 22 10 9 
-9 15 11 11 - 6 13 28 29 - 3 7 55 54 0 0 19 20 
- 9 16 11 12 - 6 14 15 15 - 3 8 43 43 0 1 51 58 
- 9 17 10 10 - 6 15 13 12 - 3 9 2U 20 0 2 47 49 
- 9 18 22 22 - 6 16 15 15 - 3 10 12 12 0 3 55 57 
- 9 19 9 9 - 6 17 42 41 - 3 11 21 22 0 4 36 35 
- 9 20 14 14 - 6 18 23 23 - 3 12 48 48 0 5 54 53 
-9 21 8 7 - 6 19 23 22 - 3 13 18 19 0 6 79 80 
- 8 0 19 19 - 6 20 17 17 - 3 14 10 12 0 7 91 97 
- 8 1 8 7 - 6 21 11 10 - 3 16 9 10 0 8 49 47 
- 8 2 22 24 - 6 22 12 12 - 3 17 6 5 0 9 36 36 
- a 3 16 16 - 6 23 18 18 - 3 18 23 22 0 10 34 33 
- 8 4 12 11 -5 0 7 4 - 3 19 8 7 0 11 30 30 
- 8 5 15 16 - 5 1 39 42 - 3 20 6 4 0 12 33 35 
- 3 6 20 20 - 5 2 9 7 - 3 21 10 11 0 13 3 8 37 
- 8 7 12 12 - 5 3 27 25 - 3 22 10 10 0 14 20 19 
- 8 8 33 34 - 5 4 46 50 - 3 23 12 10 0 15 10 12 
- 8 9 41 41 - 5 5 31 30 - 2 0 23 23 0 16 21 21 
- 8 10 18 18 - 5 6 26 26 - 2 1 6 4 0 17 22 21 
- 8 11 7 6 - 5 7 47 52 - 2 2 38 36 0 18 10 9 
- 8 14 5 4 - 5 8 44 43 - 2 3 58 57 0 19 9 10 
- 8 15 18 17 - 5 9 11 11 - 2 4 22 20 1 0 6 2 
- 8 16 8 8 - 5 10 35 3 8 - 2 5 4 7 48 1 1 17 14 
- 8 17 6 7 - 5 11 13 14 - 2 6 37 34 1 3 26 24 
- 8 18 18 19 - 5 13 21 25 - 2 7 6 4 1 4 63 69 
- 8 1 9 18 17 - 5 14 33 31 - 2 8 26 26 1 5 41 43 
- 8 20 15 15 - 5 15 10 8 - 2 9 49 52 1 6 46 46 
- 8 21 19 19 - 5 16 25 25 - 2 10 5 5 1 7 32 29 
- 8 22 9 9 - 5 17 20 21 - 2 11 32 32 1 8 22 22 
- 7 0 13 13 - 5 18 18 17 - 2 12 19 18 1 9 27 29 
- 7 1 13 15 - 5 19 26 27 - 2 13 11 15 1 10 54 55 
- 7 2 4b 46 - 5 20 29 29 - 2 14 12 14 1 11 22 21 
- 7 3 7 7 - 5 21 14 14 - 2 15 25 24 1 12 30 31 
- 7 4 54 57 - 5 22 17 17 - 2 18 11 11 1 13 22 23 
- 7 5 8 6 - 5 23 16 15 - 2 19 13 13 1 14 26 26 
- 7 6 7 6 - 4 0 19 16 - 2 20 8 8 1 15 22 22 
- 7 7 17 17 - 4 1 20 17 - 2 21 20 20 1 16 20 20 
- 7 8 10 12 - 4 2 18 17 - 2 22 14 13 1 17 15 16 
- 7 10 28 28 - 4 3 37 40 -1 0 55 50 1 18 12 12 
- 7 12 9 10 - 4 4 4 7 -1 1 9 9 1 20 17 17 
- 7 14 6 5 - 4 5 38 39 -1 2 8 11 2 0 22 19 
- 7 16 11 11 - 4 6 21 21 -1 3 2G 19 2 1 4 9 
- 7 17 7 7 - 4 7 21 19 - 1 4 25 27 2 2 11 14 
- 7 22 5 3 - 4 8 12 13 - 1 5 21 23 2 3 4 2 
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K L FO F C K L FO F C K L F O F C K L F O F C 

2 4 25 28 b 2 19 21 - 1 1 11 22 23 - 7 0 38 T 9 
2 5 7 9 b 3 28 29 - 1 1 12 9 11 - 7 1 6 U 

2 6 20 19 b 4 16 16 - 1 1 13 16 16 - 7 2 21 22 
2 7 14 17 b b 11 10 - 1 1 14 14 14 - 7 3 12 11 
2 9 12 12 b 7 14 13 - 1 1 15 14 13 - 7 4 4 5 
2 10 6 5 b 10 5 6 - 1 1 17 13 12 - 7 5 16 16 
2 11 13 14 b 12 7 7 - 1 0 0 8 8 - 7 6 35 37 
2 12 5 4 6 13 13 13 - 1 0 1 11 13 - 7 8 31 31 
2 13 20 20 b 14 9 9 - 1 0 2 8 6 - 7 9 6 7 
2 15 14 13 7 0 26 24 - 1 0 3 15 17 - 7 10 19 19 
2 19 13 12 7 1 16 16 - 1 0 4 16 15 - 7 12 20 20 
3 0 13 22 7 2 17 18 - 1 0 6 7 7 - 7 13 9 10 
3 1 20 22 7 3 10 9 - 1 0 7 18 19 - 7 15 7 9 
3 2 39 43 7 4 37 36 - 1 0 8 12 12 - 7 16 11 11 
3 3 14 13 7 6 13 11 - 1 0 9 13 14 - 7 17 5 6 
3 4 14 14 7 7 6 8 - 1 0 1C 9 7 - 7 18 23 23 
3 5 34 32 7 9 b 7 - 1 0 11 19 20 - 7 19 11 11 
3 6 35 36 7 10 11 12 - 1 0 12 6 5 - 7 20 17 16 
3 7 11 11 7 12 9 8 - 1 0 13 16 17 - 6 0 27 30 to a 17 17 8 0 13 14 - 1 0 14 11 11 - 6 1 26 28 
3 10 9 9 8 2 7 8 - 1 0 15 6 7 - 6 2 28 26 
3 n 11 10 8 3 9 9 - 1 0 16 11 9 - 6 4 14 14 
3 12 23 23 8 7 5 5 - 1 0 17 15 16 - 6 5 19 19 
3 13 14 14 9 0 6 5 - 1 0 18 10 9 - 6 7 16 17 
3 14 21 22 9 1 10 11 - 9 0 22 23 - 6 8 28 29 
3 15 21 23 9 2 14 15 - 9 1 12 11 - 6 9 6 7 
3 16 16 16 9 6 8 7 - 9 2 12 12 - 6 10 11 11 
3 17 17 1 9 9 7 7 7 - 9 4 15 16 - 6 11 16 16 
3 18 13 14 10 3 8 8 - 9 5 23 24 - 6 12 11 12 
4 0 23 22 - 9 6 25 26 - 6 13 5 8 
4 1 9 10 H = 4 - 9 9 25 24 - 6 14 6 4 
4 2 8 6 - 9 11 10 8 - 6 19 7 7 
4 3 38 37 - 1 3 0 6 7 - 9 13 10 9 - 6 21 6 6 
4 5 45 46 - 1 3 6 13 14 - 9 14 6 5 - 5 0 25 26 
4 8 10 10 - 1 3 8 7 8 - 9 15 7 5 - 5 1 34 34 
4 10 8 9 - 1 3 10 9 10 - 8 G 35 34 - 5 2 72 71 
4 11 15 14 - 1 3 12 11 11 - 8 1 14 13 - 5 3 36 38 
4 12 11 12 - 1 2 0 10 8 - 8 2 22 22 - 5 4 64 62 
4 13 19 18 - 1 2 1 10 10 - 8 3 27 27 - 5 5 43 46 
4 14 18 18 - 1 2 2 17 17 - 8 4 8 8 - 5 6 22 22 
4 15 24 24 - 1 2 4 14 13 - 8 5 5 4 - 5 7 40 41 
4 16 19 17 - 1 2 7 5 2 -a 6 14 13 - 5 8 50 49 
4 17 12 11 - 1 2 a 14 14 - 8 7 27 27 - 5 9 29 31 
5 0 34 34 - 1 2 10 15 16 - 8 8 22 20 - 5 10 37 38 
5 1 24 21 - 1 2 12 11 10 - 8 9 37 38 - 5 11 26 26 
5 2 13 12 - 1 2 14 7 7 - 8 10 28 28 - 5 12 7 8 
5 3 14 13 - 1 1 0 10 9 - 8 11 6 7 - 5 13 12 10 
5 5 11 11 - 1 1 1 17 13 - 8 12 16 17 - 5 14 14 12 
5 6 14 13 - 1 1 2 11 11 - 8 13 12 12 - 5 15 14 15 
5 8 7 4 - 1 1 4 12 12 - 8 14 8 9 - 5 16 7 7 
5 9 11 13 - 1 1 5 8 9 - 8 15 13 14 - 5 17 22 22 
5 10 3 7 - 1 1 6 12 13 - 8 16 14 14 - 5 18 10 10 
5 12 14 14 - 1 1 7 10 10 -a 17 11 10 - 5 19 14 14 
5 14 b 6 - 1 1 a 28 28 - 8 18 10 10 - 5 20 14 14 
6 0 49 51 - 1 1 9 16 16 - 8 19 20 19 - 5 21 7 7 
6 1 53 53 - 1 1 10 13 19 - 8 2G 10 9 -4 0 8 12 



1 3 2 

K L FO FC K L FO FC K L FO FC K L FO FC 

4 1 50 5 1 - ! 5 28 27 2 1 2 1 7 1 7 7 3 8 9 
4 2 1 3 1 3 - 1 6 45 48 2 1 3 20 2 1 3 1 1 5 1 6 
4 3 30 31 - 1 8 1 1 1 3 2 1 4 1 6 1 5 3 2 7 7 
4 4 33 3 6 - 1 9 2 1 22 2 1 5 1 3 1 3 3 3 6 4 
4 5 40 4 1 - 1 10 1 6 1 7 2 1 6 6 7 3 4 1 4 1 3 
4 6 32 36 - 1 1 1 1 8 1 7 2 1 7 1 2 1 3 
4 7 40 39 - 1 1 2 36 36 3 0 38 36 H = 5 

8 35 37 - 1 1 3 23 24 3 1 1 5 1 5 
4 9 3 9 - 1 1 4 6 7 3 2 24 24 - 1 3 1 1 0 1 0 
4 1 0 25 26 - 1 1 5 2 7 26 3 4 8 6 - 1 3 2 1 1 9 
4 1 1 37 36 - 1 1 6 1 5 1 5 3 5 5 6 - 1 3 3 1 7 1 3 
*• 1 2 1 7 1 8 - 1 1 7 1 5 1 7 3 6 9 8 - 1 3 4 7 5 
4 1 3 1 5 1 5 - 1 1 8 1 6 1 6 3 7 1 8 1 7 - 1 3 5 1 3 1 2 
4 1 4 20 1 9 - 1 1 9 1 5 1 5 3 8 9 10 - 1 3 7 1 2 1 3 
4 l b 5 6 - 1 20 7 7 3 9 9 8 - 1 3 8 7 8 
4 1 7 28 27 0 0 1 6 1 6 3 10 9 8 - 1 2 0 6 8 
4 1 8 8 9 0 1 30 32 3 1 1 7 7 - 1 2 4 1 4 1 5 
4 1 9 1 5 1 5 0 2 1 1 1 3 3 1 2 6 5 - 1 2 5 5 0 
4 20 1 6 1 5 0 3 1 0 9 3 1 3 6 6 - 1 2 6 1 6 1 7 
4 2 1 1 5 1 5 0 4 4 4 4 0 28 28 - 1 2 8 6 9 
3 0 24 2 4 0 5 1 8 1 8 4 1 1 6 1 8 - 1 2 1 0 9 1 0 
3 1 1 9 2 1 0 7 1 6 1 6 4 2 1 9 1 9 - 1 1 0 1 6 1 5 
3 2 1 9 1 8 0 8 1 9 2 1 4 3 3 6 36 - 1 1 1 8 7 
3 3 25 2 4 0 9 22 22 4 4 1 2 1 2 - 1 1 2 1 0 1 0 
3 6 35 35 0 1 1 8 7 4 5 26 26 - 1 1 4 1 5 1 2 
3 8 6 5 0 1 2 1 8 1 7 4 6 1 3 1 3 - 1 1 5 9 7 
3 1 1 1 8 1 7 0 1 3 1 0 1 1 4 7 6 7 - 1 1 6 1 2 1 1 
3 1 2 1 9 1 7 0 1 4 1 1 1 1 4 8 7 8 - 1 1 8 1 1 10 
3 1 4 9 9 0 1 6 1 3 1 3 4 9 20 20 - 1 1 10 1 5 1 4 
3 20 7 8 0 1 7 6 7 4 1 0 9 1 0 - 1 1 1 2 9 9 
2 0 27 30 0 1 8 1 0 9 4 1 1 10 9 - 1 0 0 7 1 0 
2 1 1 6 1 4 1 0 42 42 4 1 2 1 2 1 1 - 1 0 1 a 8 
2 2 40 44 1 1 42 4 1 4 1 3 1 1 1 1 - 1 0 2 2 5 25 
2 3 60 6 1 1 2 33 34 5 0 20 1 9 - 1 0 3 1 5 1 5 
2 4 30 33 1 3 3 1 30 5 1 1 6 1 7 - 1 0 4 2 2 2 2 
2 5 60 60 1 4 5 8 5 7 5 2 2 3 22 - 1 0 5 8 7 
2 6 43 44 1 5 2 5 26 5 . 3 2 6 28 - 1 0 6 1 5 1 5 
2 7 20 1 9 1 6 20 20 5 5 1 4 1 4 - 1 0 7 1 0 10 
2 8 24 24 1 7 2 3 22 5 6 1 5 1 4 - 1 0 8 2 5 2 6 
2 9 37 3 4 1 9 1 3 1 1 5 7 1 2 1 1 - 1 0 9 1 5 1 5 
2 1 0 10 1 3 1 10 9 8 5 8 8 7 - 1 0 10 1 9 1 8 
2 1 1 30 3 1 1 1 1 1 2 1 2 5 9 1 9 1 9 - 1 0 1 1 9 1 0 
2 1 2 1 4 1 2 1 1 2 9 1 0 5 1 1 1 5 1 6 - 1 0 1 2 1 3 1 4 
2 1 3 23 22 1 1 3 6 8 5 1 2 1 1 1 2 - 1 0 1 3 1 4 1 4 
2 1 4 1 1 1 2 1 1 4 26 26 5 1 3 1 1 1 0 - 1 0 1 4 1 2 1 3 
2 1 5 23 22 1 1 6 1 8 1 8 6 1 1 5 1 4 - 1 0 1 5 1 1 1 2 
2 1 6 1 5 1 6 2 0 43 39 6 2 1 0 8 - 9 1 1 4 1 5 
2 1 7 1 4 1 4 2 1 22 22 b 4 1 0 1 0 - 9 4 1 1 1 2 
2 1 8 1 4 1 3 2 2 3 9 40 6 6 9 9 - 9 5 1 7 1 7 
2 1 9 1 4 1 4 2 3 9 9 6 7 1 1 9 - 9 6 9 1 0 
2 20 6 7 2 4 36 38 6 8 8 7 - 9 7 1 4 1 5 

0 36 40 2 5 28 27 6 10 a 8 - 9 9 1 8 1 8 
1 2 5 2 4 2 7 30 30 7 0 1 6 1 6 - 9 10 6 3 
2 46 43 2 8 5 6 7 1 8 9 - 9 1 1 2 9 2 9 
3 3 1 32 2 1 0 1 1 1 1 7 3 5 6 - 9 1 3 1 4 1 4 
4 3 1 3 1 2 1 1 20 20 7 4 1 1 1 2 - 9 1 5 9 1 0 
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K L FO FC K L FO FC K L FO FC < L FO FC 

-9 16 7 6 - 5 12 7 7 -1 13 20 18 5 4 11 10 
-9 17 14 14 - 5 14 11 12 -1 15 14 15 5 5 12 12 
- 8 0 24 23 - 4 0 18 19 U 0 32 31 5 7 11 12 
-8 1 6 5 - 4 1 9 11 0 1 30 30 6 0 7 7 
-3 3 19 18 - 4 2 51 49 0 2 23 24 6 1 13 13 
- 8 4 7 9 - 4 3 20 19 0 3 9 11 6 2 9 7 
- 8 5 8 7 - 4 4 37 37 0 4 21 20 6 3 9 7 
-3 6 18 18 - 4 5 10 10 0 5 10 10 5 4 6 6 
- 8 7 6 8 - 4 6 16 18 0 6 17 17 6 5 6 4 
- 8 8 5 4 - 4 7 19 19 0 10 14 14 6 6 12 11 
-3 9 9 11 - 4 8 38 37 0 11 16 17 7 2 6 3 
- 8 11 13 14 - 4 9 16 17 0 12 18 18 
- 8 13 13 13 - 4 10 23 24 0 13 13 13 H = 6 
- 8 15 10 9 - 4 12 17 17 0 14 13 13 
- 8 17 9 8 - 4 14 24 24 0 15 8 7 - 1 2 1 12 13 
- 7 1 24 23 - 4 15 5 7 0 16 11 12 - 1 2 3 14 15 
- 7 2 11 12 - 4 16 18 18 1 1 28 28 - 1 2 5 10 11 
- 7 3 23 22 - 4 17 5 4 1 4 6 4 - 1 1 2 10 10 
- 7 6 7 - 4 18 17 17 1 5 10 11 - 1 1 3 8 7 
- 7 5 6 8 - 3 0 14 14 1 6 11 11 - 1 1 4 12 11 
- 7 6 5 4 - 3 1 31 29 1 8 9 7 - 1 1 6 11 9 
- 7 7 35 35 - 3 3 25 27 1 10 10 9 - 1 1 8 11 11 
- 7 8 21 21 - 3 4 11 13 1 11 8 7 - 1 1 10 9 9 
- 7 9 40 40 - 3 5 41 42 1 12 7 7 - 1 0 0 13 13 
- 7 10 13 12 - 3 6 14 14 1 14 11 10 - 1 0 3 9 10 
- 7 11 13 18 - 3 7 14 14 2 0 24 25 - 1 0 4 11 10 
- 7 12 10 9 - 3 8 9 11 2 1 5 1 - 1 0 5 8 8 
- 7 13 19 18 - 3 9 13 14 2 2 35 37 - 1 0 6 8 7 
- 7 14 17 17 - 3 11 31 30 2 3 17 16 - 1 0 7 7 7 
- 7 15 8 7 - 3 12 21 22 2 4 2 9 32 - 1 0 10 5 5 
- 7 16 8 9 - 3 13 15 14 2 6 18 18 - 9 0 19 19 
- 7 17 8 7 - 3 14 15 15 2 8 26 26 - 9 2 27 27 
- 7 18 9 8 - 3 15 18 18 2 9 12 12 - 9 3 8 5 
- 6 0 29 29 - 3 16 10 12 2 10 18 18 - 9 4 31 30 
- 6 2 8 9 - 3 17 22 21 2 12 9 10 - 9 6 28 27 
- 6 3 12 13 - 2 0 35 31 2 14 12 12 - 9 7 13 13 
- 6 4 8 7 - 2 1 20 19 3 0 14 12 - 9 8 23 23 
- 6 5 36 36 - 2 2 22 21 3 1 24 24 - 9 10 20 20 
- 6 6 19 18 - 2 5 17 17 3 2 12 11 - 9 12 15 16 
- 6 7 10 8 - 2 6 7 5 3 3 16 16 -9 13 9 8 
- 6 8 14 15 - 2 7 31 33 3 4 5 5 - 8 1 14 15 
- 6 10 34 34 - 2 8 8 8 3 5 19 19 - 8 2 6 6 
- 6 11 17 17 - 2 9 9 8 3 6 14 12 - 8 3 18 19 
- 6 12 21 21 - 2 12 6 4 3 7 15 17 - 8 5 13 1 3 
- 6 13 11 11 - 2 13 14 14 3 8 13 11 - 8 6 8 7 
- 6 15 8 9 - 2 15 9 10 3 9 13 13 - 8 7 11 12 
- 6 16 14 15 -1 0 14 15 3 10 13 13 - 8 8 6 6 
- 6 17 11 11 -1 1 47 50 3 11 10 11 - 3 9 19 20 
- 6 18 15 15 - 1 2 23 22 3 12 7 8 -3 11 20 20 
- 5 0 42 41 -1 3 58 60 4 0 6 9 -3 13 17 16 
- 5 1 22 23 -1 4 20 21 4 1 5 5 - 7 0 11 9 
- 5 4 21 21 - 1 5 16 18 4 3 10 9 - 7 3 7 9 
- 5 5 16 15 -1 6 11 11 4 6 10 9 - 7 5 11 10 
- 5 6 10 9 - 1 8 21 22 4 9 10 11 - 7 6 7 6 
- 5 7 16 17 -1 9 13 14 5 2 6 6 - 7 7 10 10 
- 5 9 13 12 -1 11 14 14 5 3 20 19 - 7 8 7 6 
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K L FO FC K L FO FC K L FO FC 

7 9 11 11 -2 6 10 9 -9 6 10 8 
7 10 5 3 -2 7 12 12 -9 7 8 9 
7 11 10 9 -2 9 18 18 -8 0 22 23 
6 1 21 21 -2 10 11 10 -8 c 16 16 
6 2 13 12 -2 11 15 13 - a 4 19 19 
6 3 7 8 -2 12 9 10 -8 5 9 7 
6 5 7 7 -2 13 12 12 -8 6 12 12 
6 6 3 8 -1 0 7 8 -8 7 8 9 
6 7 17 15 -1 2 7 7 -8 8 10 9 
6 8 15 16 -1 3 3 7 -7 1 20 19 
6 9 2J 20 -1 5 9 9 -7 2 7 7 
6 11 25 26 -1 7 6 4 -7 3 12 12 
6 13 23 22 -1 9 10 9 -7 7 11 9 
6 14 6 5 -1 13 8 8 -7 8 6 4 
6 15 15 15 0 0 7 4 -7 9 11 10 
5 G 11 14 0 1 27 28 -6 0 6 5 
5 1 8 10 0 2 5 5 -6 2 9 9 
5 2 17 18 0 3 25 26 -6 5 8 9 
5 3 9 10 0 4 8 8 -6 6 9 7 
5 4 10 9 0 5 26 26 -6 7 6 6 
5 5 16 16 0 7 26 25 -6 8 9 9 
5 6 5 4 0 9 20 20 -6 9 6 4 
5 7 10 10 0 11 12 12 -5 1 18 17 
5 8 9 9 1 0 11 10 -5 3 12 12 
5 9 8 7 1 2 21 20 -5 5 19 18 
5 10 24 23 1 4 18 19 -5 6 6 5 
5 11 6 8 1 5 11 11 -5 7 16 15 
5 12 20 21 1 6 15 16 -5 9 23 21 
5 14 13 18 1 7 6 5 -4 0 8 9 in 15 7 7 1 8 18 19 -4 2 18 18 

0 7 4 1 10 8 9 -4 3 9 9 
1 15 15 1 11 7 8 -4 4 9 8 
2 21 22 2 0 8 8 -4 5 8 8 

4 4 5 6 2 1 7 9 -4 6 10 11 
4 6 14 15 2 2 8 6 -4 8 19 19 
4 7 12 13 2 3 10 9 -4 10 14 13 
4 8 6 7 2 5 6 2 -3 2 8 8 
4 9 9 8 2 8 11 10 -3 4 7 8 
4 12 5 6 3 0 17 17 -3 5 6 4 
4 14 10 9 3 2 18 18 -3 6 9 8 
3 0 51 51 3 3 6 7 -3 8 6 4 
3 2 29 30 3 4 12 13 -2 0 18 18 ro 3 12 12 3 6 11 11 -2 4 12 12 
3 4 11 12 4 0 13 13 -2 6 14 14 
3 6 13 15 4 1 8 7 -2 7 6 6 
3 7 9 10 4 3 11 11 -2 8 13 13 
3 8 22 21 4 5 9 9 -1 1 11 11 
3 9 o 6 -1 3 14 16 
3 10 20 21 H= 7 -1 4 11 10 
3 12 12 12 -1 5 9 10 ro 14 8 6 -10 1 7 3 -1 7 13 14 
2 0 13 17 -10 2 7 11 0 0 6 6 
2 1 16 16 -10 3 8 7 0 1 6 6 
2 3 19 19 -9 1 9 9 0 2 6 7 
2 4 13 13 -9 3 8 8 1 1 15 16 
2 5 13 12 -9 4 9 8 1 3 9 10 

K L FO FC 

2 0 7 5 
2 11 11 

H = 8 

6 1 8 8 
5 2 7 6 
4 1 9 10 ro 0 11 10 



135 

L I T E R A T U R E C I T E D 

1. J . A . B e r t r a n d and J . A . K e l l e y , I n o r g . C h i m . A c t a , 4 , 203 ( 1 9 7 0 ) 

2 . J . A . B e r t r a n d and P. G . E l l e r , P r o g r e s s i n I n o r g a n i c C h e m i s t r y , 
2 1 , 29 ( 1 9 7 6 ) 

3 . L . T s c h u g a e f f , Chem. B e r . , 3 8 , 2520 ( 1 9 0 5 ) 

4 . L . E . G o d y c k i and R. E . R u n d l e , A c t a C r y s t . , 6 , 487 ( 1 9 5 3 ) 

5 . A . C h a k r a v o r t y , C o o r d . Chem. R e v . , 1 3 , 1 ( 1 9 7 4 ) 

6 . S . B e z z i , E . B u a , and G . S c h i a v i n a t o , G a z z . C h i m . I t a l . , 8 1 , 856 
( 1 9 5 1 ) 

7 . A . V a c i a g o and L . Z a m i b o n e l l i , J . Chem. S o c . A , 218 ( 1 9 7 0 ) 

8 . J . W. F r a s e r , G . R . H e d w i g , H . K . J . P o w e l l , and W. T . R o b i n s o n , 
A u s t . J . C h e m . , 2 5 , 747 ( 1 9 7 2 ) 

9 . E . 0 . S c h l e m p e r and R . K. M u r m a n n , I n o r g . C h e m . , 1 3 , 2424 ( 1 9 7 4 ) 

10 . R . B e c k e t t and B. F . H o s k i n s , J . Chem. S o c . D a l t o n T r a n s . , 291 
( 1 9 7 2 ) 

11 . E . U h l i g and D. S c h n e i d e r , Z . A n o r g . A l l g . C h e m . , 3 3 3 , 90 ( 1 9 6 4 ) 

12 . A . V . A b l o v , N . I . B e l i c h u k , and M. S . P e r e l i g i n a , R u s s . J . I n o r g . 
C h e m . , 1 7 , 534 ( 1 9 7 2 ) 

13 . J . G . M o h a n t y , S . B a r a l , R . P . S i n g h , and A . C h a k r a v o r t y , I n o r g . 
N u c l . C h e m . L e t t e r s , 1 0 , 655 ( 1 9 7 4 ) 

14 . A . V . A b l o v and N. I . B e l i c h u k , R u s s . J . I n o r g . C h e m . , 7 , 1066 ( 1 9 6 2 ) 

15 . G . B a h r and G . S c h l e i t z e r , Z . A n o r g . A l l g . C h e m . , 2 8 0 , 176 ( 1 9 5 5 ) 

16 . B. N . F i g g i s and J . L e w i s , J . L e w i s and R . G . W i l k i n s , e d i t o r s , 
" M o d e r n C o o r d i n a t i o n C h e m i s t r y , " I n t e r s c i e n c e P u b l i s h e r s , I n c . , 
New Y o r k , New Y o r k , ( 1 9 6 0 ) , p . 403 

17 . F . C a r t e r , " M a s t e r C a r d P r o g r a m f o r t h e P i c k e r F o u r - A n g l e P r o g r a m m e r , " 
P i c k e r I n s t r u m e n t s , C l e v e l a n d , O h i o , ( 1 9 6 8 ) 

18 . A . Z a l k i n , F o r t r a n F o u r i e r A n a l y s i s P r o g r a m , F 0 R D A P . 



1 3 6 

19. W. R. B u s i n g , K. 0 . M a r t i n , and H . A . L e v y , F o r t r a n C r y s t a l l o -
g r a p h i c L e a s t S q u a r e s P r o g r a m , O R F L S , Oak R i d g e N a t i o n a l 
L a b o r a t o r i e s 

20 . W. R. B u s i n g , K. 0 . M a r t i n , and H . A . L e v y , F o r t r a n F u n c t i o n and 
E r r o r P r o g r a m , O R F E E , Oak R i d g e N a t i o n a l L a b o r a t o r i e s ( 1 9 6 5 ) 

21 . C . K. J o h n s o n , A F o r t r a n T h e r m a l - E l l i p s o i d P l o t P r o g r a m f o r 
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 ( 1 9 6 5 ) 

22 . J . M. S t e w a r t , G . J . K r u g e r , H . L . Amnion, C . D i c k i n s o n , and 
S . R. H a l l , T h e X - r a y S y s t e m o f C r y s t a l l o g r a p h i c P r o g r a m s ( 1 9 7 2 ) 

2 3 . D. T . C r o m e r and J . T . W a b e r , A c t a . C r y s t , 1 8 , 104 ( 1 9 4 5 ) 

24. R. F . S t e w a r t , E . R . D a v i d s o n , and W. T . S i m p s o n , J . Chem. P h y s . , 
4 2 , 3175 ( 1 9 6 5 ) 

25 . D. T . C r o m e r , A c t a C r y s t . , 1 8 , 17 ( 1 9 6 5 ) 

26 . N. F . M. H e n r y and K. L o n s d a l e , E d . , " I n t e r n a t i o n a l T a b l e s f o r 
X - r a y C r y s t a l l o g r a p h y , " V o l . I , K y n o c h P r e s s , B i r m i n g h a m , E n g l a n d , 
1965 

2 7 . J . A . B e r t r a n d and C . E . K i r k w o o d , I n o r g . C h i m . A c t a , 6 , 248 
( 1 9 7 2 ) 

28. D. Y . J e t e r , D. L . L e w i s , J . C . H e m p e l , D. J . H o d g s o n , and 
W. E. H a t f i e l d , I n o r g . C h e m . , 1 1 , 1958 ( 1 9 7 2 ) 

29 . J . L e w i s and D. H o d g s o n , I n o r g . C h e m . , 1 3 , 143 ( 1 9 7 4 ) 

30 . J . K. B e a t t i e , A c c o u n t s Chem. R e s . , 4 , 253 ( 1 9 7 1 ) 

3 1 . I . B. B l i s s and E . 0 . S c h l e m p e r , I n o r g . C h e m . , 1 4 , 3037 ( 1 9 7 5 ) 

3 2 . B. B l e a n y and K. D. B o w e r s , P r o c . R o y . S o c , A 2 1 4 , 451 ( 1 9 5 2 ) 

33 . A . P. G i n s b e r g , I n o r g . C h i m . A c t a R e v . , 5 , 45 ( 1 9 7 1 ) 

34. R. W. J o t h a m a n d S . F . A . K e t t l e , I n o r g . C h e m . , 9 , 1390 ( 1 9 7 0 ) 

35 . D. M. L . G o o d g a m e , N. J . H i l l , D. F . M a r s h a m , A . C . S k a p s k i , 
M. L . S m a r t , a n d P. G . H . T r o u g h t o n , Chem. C o m m u n . , 629 ( 1 9 6 9 ) 

36 . K. T . M a c G r e g o r , N. T . W a t k i n s , D. L . L e w i s , R. F . D r a k e , 
D. J . H o d g s o n , and W. E . H a t f i e l d , I n o r g . N u c l . Chem. L e t t e r s , 9 , 
423 ( 1 9 7 3 ) 

3 7 . J . A . B e r t r a n d and F . T . H e l m , J . A m e r . Chem. S o c , 9 5 , 8184 ( 1 9 7 3 ) 



137 

3 8 . D. M. D u g g a n and D. N. H e n d r i c k s o n , J . Chem. S o c . Chem. C o m m u n . , 
411 ( 1 9 7 3 ) 

39 . A . P . G i n s b e r g , R . L . M a r t i n , R . W. B r o o k e s , and R . C . S h e r w o o d , 
I n o r g . C h e m . , 1 1 , 2884 ( 1 9 7 2 ) 

4 0 . S . S d a r n i c a r and B. M a t k o v i c * , A c t a . C r y s t . , S e c t . B , 2 4 , 2046 ( 1 9 6 9 ) 

4 1 . W. E . H a t f i e l d , J . A . B a r n e s , D . Y . J e t e r , R . W h y m a n , and E . R . J o n e s , 
J r . , J . A m e r . Chem. S o c , 9 2 , 4982 ( 1 9 7 0 ) 

4 2 . W. E . H a t f i e l d and G . W. I n m a n , J r . , I n o r g . C h e m . , 8 , 1376 ( 1 9 6 9 ) 

4 3 . G . A . B a r c l a y a n d B. F . H o s k i n s , J . Chem. S o c , 1979 ( 1 9 6 5 ) 

44 . J . E . A n d r e w a n d A . B. B l a k e , J . Chem. S o c . A , 1408 ( 1 9 6 9 ) 

4 5 . P . J . H a y , J . C . T h i b e a u l t , and R . H o f f m a n n , J . Am. Chem. S o c , 9 7 , 
4884 ( 1 9 7 5 ) 

46 . J . B. G o o d e n o u g h , P h y s . R e v . , 100 , 564 ( 1 9 5 5 ) 

4 7 . J . B. G o o d e n o u g h , J . P h y s . Chem. S o l i d s , 6 , 287 ( 1 9 5 8 ) 

4 8 . P . W. A n d e r s o n , " S o l i d S t a t e P h y s i c s , " V o l . 1 4 , F . S e i t z and 
D. T u r n b u l l , E d s . , A c a d e m i c P r e s s , New Y o r k , N . Y . , 1966 , p p . 99-214 

4 9 . J . K a n a m o r i , J . P h y s . Chem. S o l i d s , 1 0 , 87 ( 1 9 5 9 ) 



138 

V I T A 

JOHN HOWARD SMITH WAS BORN I N WEST PALM B E A C H , F L O R I D A , ON 

DECEMBER 4 , 1946. HE ATTENDED PALM BEACH COUNTY P U B L I C PRIMARY AND 

SECONDARY SCHOOLS. 

H I S UNDERGRADUATE WORK WAS DONE AT DUKE U N I V E R S I T Y I N DURHAM, 

NORTH C A R O L I N A , AND HE R E C E I V E D A BACHELOR OF SCIENCE DEGREE I N 

CHEMISTRY I N 1968. HE ENTERED GRADUATE SCHOOL AT GEORGIA I N S T I T U T E 

OF TECHNOLOGY I N 1968. I N 1969 HE WAS DRAFTED I N T O T H E U N I T E D S T A T E S 

ARMY WHERE HE SERVED I N M I L I T A R Y I N T E L L I G E N C E I N T H E REPUBL IC OF 

V I E T N A M . HE RETURNED TO GRADUATE SCHOOL I N 1971 AND BEGAN RESEARCH 

UNDER T H E D I R E C T I O N OF DR. J . A . BERTRAND I N 1973. 


