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By P e t e r  M. Vo i i o i , D. R. F i tx w a te r  and  R. E .  R u n d l t

In s t i tu te  fo r  A tom ic  R h and  D e p a r tm e n t  of C h e m i s t r y

Iowa S ta te  U n iv e r s i ty ,  A m e s ,  Iow a, U. S. A.

A b s t r a c t

L iC u C l j ’ f o r m s  g a r n e t - r e d ,  m o n o c l in ic  c r y s t a l s ,  a *

6. 078 , b * 1 i .  145, c * 9. 145A (a l l  *0. 003), p  * 108*50*, s p a c e  g ro u p  

P 2 j / c ,  Z * 4 . T he  s t r u c t u r e  c o n ta in s  p l a n a r  C u ^ C l^ - io n s  jo in e d  by 

lo n g e r  Cu* • * C l  l in k s  to  fo r m  c h a in s .  O xygen  p o s i t io n s  w e r e  found; 

ha lf  of the  w a te r  m o le c u le s  a r e  c o o r d in a te d  to  c o p p e r ,  l i t h i u m  and  

h y d ro g e n  p o s i t io n s  w e r e  not r e v e a l e d  by th i s  t h r e e - d i m e n s i o n a l  d e 

t e r m in a t io n .

A f in a l  r e f in e m e n t  u s in g  the  L e v y - B u s s in g  a n i s o t r o p ic  t e m p e r a t u r e  

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

f a c t o r ,  R , of 10, 5% fo r  o u r  v i s u a l ly  d e t e r m i n e d  i n t e n s i t i e s .  S ta n d a rd  

d e v ia t io n s  a s  d e t e r m i n e d  f r o m  l e a s t  s q u a r e s  a r e  ab o u t  0 . 0 0 7 A fo r  

o x y g en  p a r a m e t e r s ,  l e s s  fo r  o t h e r s ,  w h ile  im p o r t a n t  i n t e r a to m ic  

d i s t a n c e s  have  b e e n  d e te r m i n e d  w ith  e ta n d a r d  d e v ia t io n s  of ~ 0 .  002 SA.

T h e  s t r u c t u r e  h ae  v e ry  i n t e r e s t i n g  m a g n e t ic  p r o p e r t i e s ,  r e p o r t e d  

e l s e w h e r e . B e c a u s e  of t h i s ,  a  n e u t r o n  d i f f r a c t io n  s tu d y  i s  u n d e rw a y  

a t  B ro o k h a v e n .

* C o n t r ib u t io n  N o. 9 3 4 . W ork w a s  p e r f o r m e d  in the  A m e s  L a b o r a to r y  
of th e  U, S. A tom ic  E n e r g y  C o m m is s io n .  T a k e n  in p a r t  f r o m  the  th e e is  
p r e s e n t e d  to  Iow a S ta te  U n iv e r s i ty  by P e t e r  H. V oeeoe  in  p a r t i a l  f u l 

f i l lm e n t  of the r e q u i r e m e n t s  fo r  th e  M a s t e r  of S c ie n c e  d e g r e e .
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An i n t e r e s t i n g  c o r r e l a t i o n  b e tw e e n  s t r u c t u r e  and  c o lo r  o l c o p p e r  

c h lo r i d e s  i s  n o ted .
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In t ro d u c t io n

T he g a r n e t - r e d  c r y s t a l s  of Id C w C lj '  w e r e  f i r s t  r e p o r t e d

by C h a s s e v a n t  ( I 8 9 H ,  bu t the  c o m p o s i t io n  w as  s e t t l e d  by M e y e rh o f fe r  

(1892). A t te m p ts  to  i n t e r p r e t  the  f o r m u la  and  d i s c u s s  the  c o lo r  in 

t e r m s  of c o m p le x  ions  by D onnon (1905), W e r n e r  (1911) a n d  G e tm a n  

(1922) d id  not s e t t l e  the  n a tu r e  at th i s  doub le  s a l t ,  and  w hen  o u r  p r e 

l im i n a r y  s tu d y  r e v e a l e d  the  p o s s ib i l i t y  of the  h i th e r to  unknow n C u ^ C l^ *  

ion , c o m p le te  s t r u c t u r a l  w o r k  w a s  u n d e r ta k e n .  S im u l ta n e o u s ly  th i s  

ion w a s  found in K C uC l  ̂ (D w ig g m s , 1958).

P r e p a r a t i o n  and  P r o p e r t i e s

L iC uC l 2H20  w a s  p r e p a r e d  by the  m e th o d  of G e tm a n  (1922).

T he  p r i s m a t i c ,  m o n o c im ic  c r y s t a l s  a r e  e lo n g a te d  a lo n g  w hat we have  

c h o s e n  a s  the a - a x i s .  T h e  m o s t  p r o m in e n t  fa c e  is  ( O i l ) ,  w ith  (001) 

and  (010), and  a c o m p le x  s e t  o f end  f a c e s .  T he g a r n e t - r e d  c r y s t a l s  

a r e  p ie o c h r o ic ;  w hen  v iew ed  th ro u g h  the  (O i l )  fac e  th in  c r y s t a l s  a p p e a r  

w ine  r e d  w ith  the  e l e c t r i c  v e c to r  a t  66* to  a ,  g r e e n - y e l lo w  w ith  the  

e l e c t r i c  v e c to r  n o r m a l  to  th i s  d i r e c t i o n .

T he c r y s t a l  d e n s i ty ,  d e t e r m i n e d  by f lo ta t io n ,  i s  2 .3 6  g / c c .  In 

a l l  bu t v e ry  d r y  a i r  the  c r y s t a l s  a r e  d e l iq u e s c e n t ,  f o rm in g  a  g r e e n  

s u r f a c e  q u ic k ly .  Upon f u r t h e r  s ta n d in g  in  m o i s t  a i r  the  c r y s t a l s  

d i s s o lv e .
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X - r a y  Study

X - r a y  d a ta —-S in g ia  c r y s t a l *  w e r e  m o u n te d  in t h i n - w a i l e d  c a p i l l a r y  

tu b e * ,  in e v i t a b ly  with the  long a x i s  of the  c r y s t a l ,  a ,  p a r a l l e l  t© the 

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

sh o w ed  L au e  s y m m e t r y .  L a t t i c e  c o n s t a n t s  d e t e r m i n e d  by the  

bach  r e f l e c t i o n  W e i s s e n b e r g  t e c h n iq u e  ( B u e r g e r ,  1942) w e r e :  a  * 

b. 07®, b * 11. 145, c * 9 .  145*0. 000 3A, p * 10#*50*. The  X - r a y  

d e n s i ty  f o r  Z * 4 i s  2. 39 g / c c ,  in  good a g r e e m e n t  w i th  the  o b e e r v e d  

d e n s i t y ,  a b o v e .

R e f l e c t i o n s  {h0j§ w e r e  o b s e r v e d  only with  ,jf e v e n ;  {0k0} r e f l e c t i o n s  

w e r e  o b s e r v e d  only  fo r  k e v en .  T h e  s p a c e  g ro u p  a p p e a r s ,  then^to  be 

P 2 j / c ,  vhich the  s t r u c t u r e  c o n f i r m s

T hough  a v a r i e ty  of d a ta  w e r e  u s e d  in the  p r e l i m i n a r y  s t a g e s ,  

s u b s e q u e n t ly  t h r e e  d i m e n s i o n a l  d a ta  w e r e  ta k e n  w i th  an  e q u i - i n c l m a t i o n  

W e i s s e n b e r g  c a m e r a ,  a n d  f i l t e r e d  MoKc r a d i a t i o n ,  wi th  i n t e n s i t i e s  

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

f i lm  m e t h o d s  a n d  a s t a n d a r d  s e t  of d i f f r a c t i o n  m a x i m a .

S t r u c t u r e  d e t e r m i n a t i o n ——T h e  s t r u c t u r e  d e t e r m i n a t i o n  p r o c e e d e d  

t h r o u g h  P a t t e r s o n  p r o j e c t i o n s  to  f ind  c o p p e r  p o s i t i o n s  and a c lu e  a s  

to  c h l o r i n e  p o s i t i o n s ,  and  th e n c e  t h r o u g h  F o u r i e r  p r o j e c t i o n s  to  a 

ro u g h  s t r u c t u r e .  O xygen  p o s i t i o n s  a p p e a r e d  on the  e a r l i e s t  F o u r i e - s ,  

a n d  i t  s e n m s  u n n e c e a s a r y  to r e c o r d  the  c o u r s e  of the  d e t e r m i n a t i o n  

in m o r e  d e t a i l  h e r e .

P a t t e r s o n  and  F o u r i e r  p r o j e c t i o n s  w e r e  c o m p u t e d  by m e a n s  of  the  

" T D F 4 0 -  80 P r o g r a m  fo r  th e  I B M - b 5 0 "  w r i t t e n  h e r e  by D r .  D. R .  F i t a w a t e r

II i



~  "X- a t *  ' ._ . .  , ,  s h t a j a

f
' £

f

fi

I

4

( u n p u b l i  s h e d ,  but  a l a t e r  v e r s i o n  T . D ,  F .  2 a v a i l a b l e  upon r e q u e s t ) .  

R e f in e m e n t  p r o c e d u r e s ,  f i r s t  two d i m e n s i o n a l  and l a t e r  t h r e e  d i m e n 

sio n a l, w e r e  m a d e  u s in g  th e  l e a s t  s q u a r e s  p r o g r a m  fo r  the  I B M - 6 5 0  

w r i t t e n  by D r a .  M. £ .  Senkc  and D. M. T e m p le t o n .  T h is  p r o g r a m  

ia l . m t t e d  to 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 # ,  and  in a f ina l  r e f i n e m e n t  

the  full  m a t r i x  p r o g r a m  of B us ing  and  L ev y ,  w i th  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 a s  u s e d  on th e  MURA IB M -7 0 4  at  M a d i s o n ,  W is c o n s in ,

F in a l  p a r a m e t e r s ,  T a b l e s  1, II and  III, a r e  f r o m  th i s  p r o g r a m ,  which  

gave  p o s i t io n a l  p a r a m e t e r s  in qu i te  e x c e l l e n t  a g r e e m e n t  w i th  t h o s e  of 

th e  i s o t r o p i c  r e f i n e m e n t .  S ince  t h e r e  h a s  b een  s o m e  i n t e r e s t  in  the  

a g r e e m e n t  b e tw e e n  the two t r e a t m e n t s ,  both s e t s  of p o s i t i o n a l  p a r a m e t e r s  

a r e  g iv en .  T h e  s t r u c t u r e  f a c t o r  a g r e e m e n t  i s  g iv en  in T a b le  IV.

T h ro u g h o u t  t h i s  w o r k ,  the  s c a t t e r i n g  f a c t o r s  u s e d  w e r e  t h o s e  of 

B e r g h u ia  e t  a l . (1955).  C o r r e c t i o n s  fo r  a n o m o l o u s  d i s p e r s i o n  w e r e  

m a d e ,  fo l low ing  T e m p le t o n  and  Dauben  (1955) .

D i s c u s s i o n  of the  S t r u c t u r e

G e n e r a l  d e s c r i p t i o n — L iC u C i  ? 214^0 is  m a d e  up of n e a r l y  p l a n a r  

C u 2C l fcS of a p p r o x i m a t e l y  D ^ h s y m m e t r y .  T he  C u - C i  d i s t a n c e s  witn in  

the  ion a r e  To ,  and  the  io n s  a r e  c o n n e c te d  into  (C u ^ C l^ * )^  c h a i n s  

th r o u g h  two Cu* * *C1 l in k s  of a bou t  2. 9A, to the  ion a b o v e ,  a n d  two 

o t h e r s  to  the  ion  b e low ,  a s  ih o w n  in F i g .  1. Inc lud ing  on ly  th e  c l o s e s t  

c h l o r i n e  n e i g h b o r # ,  the  c o n f i g u r a t i o n  about  e a c h  C u l l  ie  a p p r o x i m a t e l y  

s q u a r e  p l a n a r ,  but  in a d d i t io n  e a c h  c o p p e r  a to m  ha# a c h l o r i n e  a to m  

ab o v e  the  p lan e  a t  2 . 9 A ,  and a w a t e r  m o le c u l e  (Ol) b e lo w  a t  2 bA, so  th a t

<



the  o v e r - a l l  co n i ig u  r a t i o n  ab o u t  C u l l  is a p p re s i iT U te  1 y * t e t r a g o n a l !  y 

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

Half  the  w a t e r  m o l e c u l e s  a r e  bound to  C u l l ,  and  half  a p p e a r  b e tw ee n  

c h a i n s ,  g r o u p e d  m  p a . r » which  s u g g e s t  t h a t  they  f o r m  p a r t  of a p o ly -  

h e d r  t about  the  l i t h iu m  ion. The X - r a y  d a ta  do not  s e e m  to  be s u f f i c i e n t  

to  lo ca te  the  l i t h iu m  ion,  a l though  w® did  not o b ta in  a fu l l  t h r e e - d i m e n s i o n  

F o u r i e r  fo r  the  s t r u c t u r e ,  s i n c e  a n e u t r o n  d i f f r a c t i o n  i n v e s t i g a t i o n  by 

D r .  S idney  A b r a h a m s ,  u n d e r w a y  at  B ro o k h a v e n ,  sh o u ld  p r o v id e  an  u n « m -  

b iguous  p o s i t io n .

An e x a m in a t io n  of the  s t r u c t u r e  show s  th a t  the  c h l o r i n e  io n s  and  

w a t e r  m o l e c u l e s  a r e  n e a r l y  r e s o l v a b l e  in to  c l o s e - p a c k e d  p l a n e s  p a r a l l e l  

to (010). T h e s e  a r e  w a r p e d  enough  by the  i n t e r a c t i o n s  with Cu* + and 

Li*  ions so  th a t  no v e r y  long r a n g e  cub ic  o r  h e x ag o n a l  a r r a n g e m e n t  of 

the  l a y e r s  i s  m a i n t a i n e d .  A c o m p l e t e  l i s t  of i n t e r a t o m i c  d i s t a n c e s  is 

g iv e n  in  T a b le  V; a c o m p a r i s o n  of bond d i s t a n c e s ,  a v e r a g e d  o v e r  t h e r m a l  

m o t i o n ,  i s  g iv en  in T a b le  VI. It is  i n t e r e s t i n g  to n o te  th a t  the  a v e r a g e s  

in the  c a s e  of in d e p e n d en t  m o t io n  d i f f e r  by m o r e  th an  t h r e e  s t a n d a r d  

d e v ia t i o n s  f r o m  the  n o m n d e p e n d e n t  a v e r a g e s .
as

T he  C u ^ C l^  ion— In the  c r y s t a l  t h i s  ion is  r e q u i r e d  to have  a 

c e n t e r  of s y m m e t r y ,  and  it  d e v i a t e s  a s m a l l  but  s i g n i f i c a n t  a m o u n t  

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

C l  io n s .  If we le t  n o r m a l s  to the  p l a n e s  c o n ta in in g  C U - C u - C u ,  

C U i - G u - G u  and CHII- C u - C u  be d e n o te d  by N ^ a n d  N  ̂ th e  an g le  

b e tw e e n  Nj and  is  I . ? * ,  t h a t  b e tw e e n  Nj and  i s  5 .0 5 *  and  th a t
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b t t w f t n  a n d  N } is  6. 7*»*. C l  1 f o r m *  an  e x t e r n a l  C u - C i  bond of 

2. 2S&A. w ith in  t h s  C u ^ C l ^ '  ion and  * w e a k e r  bond of l .  <*ZlA to  t h s  

c o p p e r  of a  n e ig h b o r i n g  Cw^ClL*. C l  U i©rm» an  e x t e r i o r  C u - C l  

bond of 2, 284A with  no f u r t h e r  bond to c o p p e r .  S t a n d a r d  d e v ia t io n *  of 

©. ©olsA i n d ic a t e  tha t  the  d i f f e r e n c e  b e tw e e n  th«*e  two C u -C J  bond* i* 

r e a l ,  and  s in c e  th ia  i* in the  o p p o s i t e  d i r e c t i o n  e x p e c t e d ,  we e x p e c t  

th a t  Ci II i* m o r e  s t r o n g l y  h y d r o g e n  bonded than  Cl 1. T h e r e  a r e  two 

c r y s t a l l o g r a p h i c  C u - C l  111 b r id g e  bonds  of 2, 300 and  2. lO hk .  T he  

d i f f e r e n c e  i s  of doub tfu l  s i g n i f i c a n c e .  Bond a n g le *  a r e  g iven  in F ig ,  l a .  

T hey  d e v ia t e  s i g n i f i c a n t l y  f r o m  the  r i g h t  a n g le s  e x p e c t e d  fo r  m o s t  

d e s c r i p t i o n s  of th e  bonding to  C u l l ,  but p r o b a b ly  t h e s e  d e v ia t i o n s  a r t  

no g r e a t e r  than  to  be e x p e c te d  f r o m  the v a ry in g  e n v i r o n m e n t s  of the  

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

d i s t a n c e s  of b r i d g e d  and  e x t e r i o r  c h l o r i n e *  is s u r e l y  s ig n i f i c a n t ,  and  

in a g r e e m e n t  w i th  th o se  r e p o r t e d  fo r  C u C i ^ 'Z H ^ O  ( P e t e r s o n  and  L ev y ,  

I f f ? )  fo r  n o n - b r i d g e d  C u - C I  bonds  (2, 27SA) a n d  b r i d g e s  in C u C l^  

( W e l l s ,  1947a) (2, iA) ,
L i th iu m  p o s i t i o n  and h y d r o g e n  bonding— Tw o O jj o x y g e n s  a r e  

s e p a r a t e d  by o n ly  2 ,ftA , and a r e  r e l a t e d  by a c e n t e r  of s y m m e t r y .  

B e c a u s e  of t h i s  r e l a t i o n s h i p  they  c an n o t  be h y d ro g e n  bonded  u n l e s s  

t h e r e  i s  a s t a t i s t i c a l  d i s o r d e r  in the  s t r u c t u r e .  H o le s  on e i t h e r  s i d e  

of t h i s  o x ygen  p a i r ,  a n d  the  a r r a n g e m e n t  of c h i o r i n e g  about  t h e s e  h o le s  

l e a d  a s  t© e x p e c t  t h a t  e a c h  i s  c o o r d i n a t e d  to  two l i t h iu m  i o n s ,

F i g .  l b .  On t h i s  b a s i s  we w e r e  a b le  to  a r r i v e  a t  a  s a t i s f a c t o r y  

h y d r o g e n  bonding  s c h e m e  fo r  the  c r y s t a l .



U n f o r tu n a te ly  when a it* hi turn iem was prffea€:«4 tn th e  |i»#i:ti*wt

• r id  ‘e a s t  - i q u a r e a  r e f i n e m e n t  t y c  i p » w a r *  a r  r ie-d p u t  utr. n$ t h e  l« * v y -  

Busing  ?04 p r o g r a m ,  the  t e m p * r a - t e n  *  tf tr*  o r  the  l i th iu m  ion  i n c r e a s e d

r a p i d l y  a n d  w« r s a a o n a b i y  l o a d i w g  u s  t o  - i i s t a r d  t i n s  * p p r o a «  h. We h a v e  

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

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

C o lor and s t r u c t n r e ----A i  no ted  a b o v e ,  L tC u C l^  ZH is  r e d  b ro w n .

T h e r e  a r e  a n u m b e r  of su ch  c o p p e r  c h l o r i d e s ,  ami upon  e x a m i n a t i o n  it 

w a s  no ted  tha t  fo r  a l l  t h o s e  w hose  s t r u c t u r e  i s  known t h e r e  a r e  Cu' ' ^ C u  

b r i d g e s  w h e re  t h e  b r id g e  a n g le  i * ~o<>* and  w h e r e  hoth b r id g e  bCMM§* 

a r e  - 2 .  *A. T h o s e  in c lu d e  CuCl (aahyd .  ) ( W ells ,  O C u C t .

( W e l l s ,  i 9 4 7 b ) ,  K C u C l , ( Dw 1 gjg.; r.*,  i 9 5 b j .  NH ^CuCl , a p p e a r s  to  be  

i s o m o r p h o u s  w i t h  KCuC* a n d  i s  r e d -  It i s  a l s o  w o r t h  n o t i n g  t h a t  in  

a l l  ©I t h e s e  c o m p o u n d s  t h e  f o u r  n e a r e s t  n e i g h b o r s  t o  C u l l  a r e  c h l o r i n e ,  

if  in  a l t  o f  t h e  Cu'" '  C u  b r i d g e s ,  t h e r e  -.s o n e  lo n g  b o n d —' 2 d A, t h e n  t h e  c o lo r  

i s  b l u e .  A f u r t h e r  s t u d y  o f  t h e  c o l o r s  of C u l l  co m p o u n d s i s  u n d e r w a y ,

but the p r e l i m i n a r y  da ta  on the p l e o c h r u i a m  in L iC u C l  , £HLO and  C u d ,
5- m i

* « « * « • * «  *hat f o r  m a x i m u m  a b s o r p t i o n  of  v i s i b l e  l i g h t  th e  e l e c t r i c  

v e c to r  i s  a long the  l ine  of  c e n t e r s  o f  the  c l o s e l y  b r i d g e d  c o p p e r  i o n s .

M a g n e t i c  prop** r t i e s —- L u C u C  1 I H  .O r e m a i n s  p a r a m a g n e t i c  to  

about 5 .9 * 1 1 ,  w h e r e  m a g n e t i c  o r d e r i n g ,  p r e s u m a b l y  a n t i f e r r o m a g n e t i c , 

ta k e s  p l a c e  ( V o s s o s ,  J e n n i n g s  a n d  H a n d l e ,  19601. T h e  g ro u n d  s t a t e  for the  

C u ^ C l^ i  i o n  i s  a g g M .reo t ly  a  t r i p l e d  i n  a g r e e m e n t  w i t h  a  t h e o r y  of m a g n e t i c  

i n t e r a c t i o n  of  b r i d g e d  t r a n s i t i o n  m e t a l  h a l i d e s  ( H a n d l e  a n d  V o s s o s ,  1959) ,  

T h e  m a g n e t i c  o r d e  *m g i s  a l s o  r e c e i v i n g  a t t e n t i o n  m  t h e  n e u t r o n  d iffr a c t io n  

Study a t  B r o c k h a v e n .
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T ab le  I: R e f in e d  p o s i t i o n a l  p a r a m e t e r s

A tom P a r a m e t e r IBM 650 w i th  # v
u n o b s e r v e d  F

IBM 704 without  
u n o b s e r v e d  F**

9

X 0 .8 2 5 1 0. 0003 0 .8 2 4 7 6 0 . 0O020
Cu Y 0 .0 0 7 0 0. 0001 0 .0 0 6 9 7 0. noon

Z • . ' l U t 0 .0 0 0 2 0 .1 1 1 7 7 0 .0 0 0 1 3

X 0. 5312 0 .0 0 0 6 0. 53272 0 . 0 0 0 4 0
C1I Y 0. 1295 0. 0003 0 .1 2 9 5 6 0 .0 0 0 2 0

Z 0 . 1 1 9 4 0. 0003 0 .1 1 9 4 2 0 .0 0 0 2 8

X 0 .2 0 1 2 0 .0 0 0 6 0 .2 0 1 0 8 0. 00039
cm Y 0. 3981 0 . 0 0 0 3 0 .3 9 7 9 1 0. 00021

Z 0 .1 8 2 7 0. 0004 0 .1 8 2 8 0 0 .0 0 0 2 6

n X 0 8913 0 .0 0 0 5 0 .8 9 1 2 6 0. 000 39
Ci  III Y 0. 3809 0 .0 0 0 3 0. 38142 0 .0 0 0 2 0

Z 0 .4 1 8 6 C. 0003 w. 41853 0  00026

X 0. 1568 0 . 002C 0. 15507 0 .0013 ' ,
O I Y 0. 1321 0 .0 0 0 9 0 .  13108 0. 000 ',^

Z 0. 3062 0 .0 0 1 1 0. 304 35 0 . c e c a 2

X 0. 6466 0. 0019 0 .6 4 6 6 1 0. noio ?
O H Y 0. 3954 0. 0009 0. 39556 0. 00065

Z 0. 0350 0. 0011 0. 03522 0. 00081

.*
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

mm
A n is o t r o p i c  t h e r m a l  p a r a m e t e r s



11

T a b le  U: Sca le  f a c t o r *

L a y e r Sca le  f a c t o r 9

0 0. 2419 0, 0033

1 0 .2 4 1 1 0. 0021

2 0, 2408 0 .0 0 2 0

3 0. 2408 0. 0022

4 0. *369 0 .0 0 2 1

5 0. 2310 0 .0 0 2 3

& 0, 2285 0. 0024

7 0 .2 1 8 3 *

Not v a r i e d  in a n i s o t r o p i c  c y c le*



T ab ic  III: A n ia o tro p ic  t e m p e r a tu r e  fa c to r*

A tom " u *22 *31 *12 On *2 3

Cu
a

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

0. 00142 
0. 00009

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

0 .0 0 1 7 0  
0 . 00011

0 .0 0 5 1 2
0 .0 0 0 1 4

0 .0 0 1 1 0  
0. 00009

C U
9

0 .0 1 5 4 0  
0 .0 0 0 5 6

0 .0 0  3 30 
0 .0 0 0 1 5

0. 00764 
0 .0 0 0 2 6

0. 00124 
0. 00021

0. 00573 
0 .0 0 0 2 9

0 .0 0 0 6 4  
0 .0 0 0 1 6

C H I
9

0 .0 1 4 4 2  
0 .0 0 0 5 5

0. 00 390 
0. 00015

0 .0 0 5 9 9  
0 .0 0 0 2 4

0. 00056 
0. 00021

0. 00452 
0 .0 0 0 2 8

0 .0 0 0 9 1  
0 .0 0 0 1 5

C l 111
9

0 .0 1 6 1 3  
0 .0 0 0 5 4

0. 00149 
0 00015

0 .0 0 6 5 9  
0 .0 0 0 2 7

O. 00199 
0. 00022

0 .0 0 5 3 0  
0 .0 0 0 3 0

0 .0 0 1 2 7  
0 .0 0 0 1 6

O I
9

0 01977 
0 .0 0 2 0 9

0 .0 0 5 5 5  
0 .0 0 0 6 1

0. 00626 
0 .0 0 0 8 2

0 .0 0 0 7 5  
0 .0 0 0 8 5

0. 00546 
0 .0 0 1 0 3

0 .0 0 0 4 4  
0 .0 0 0 5 9

o n
9

0. 00908 
0 .0 0 1 6 1

0 .0 0 4 5 9  
0. 00052

0 .0 0 7 1 4  
0 .0 0 0 9 0

-0 .0 0 0 7 4  
0. O00t>6

0 .0 0 0 2 9  
0 .0 0 0 9 1

0 .0 0 0 5 0  
0 . 00054



T a b le  IV- L is t  o f  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 s  T h e  c a l c u 
l a t e d  s t r u c t u r e  f a c t o r s  a r e  s c a l e d  to the o b s e r v e d  da ta .  

(Continued on p a g e s  14-19)
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X I t • 8*088 •8 .1 1 8 » 9 —• 2 .0 00 2 .6 9 9 * • -1 0 4 .9 9 6 4 *8 0 2
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1 19 - * 8*188 -8 .1 0 9 » 0  - f 6 .9 6 0 - 9 .4 * 9 9 9 lA 2*46 6 2 .9 9 ?
X 1* 9 •  *2«« •  *028 9 0 9 9 . 8 V 9.921 f 9 —i® 0 .8 0 6 —4 .8 9 0
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4 .4 8 6  
X .686  
9 .9 9 «  
9 .6 9 6  
* « 9 V  
4 .9 * 4  
2 ,2 * 6  
* . * V

-X .0 X *  
-2 .4 2 6  

2*124  
-1 .4 4 1  

2 ,4 8 *  
- 2 .2 * 9  

1 .9 8 9  
9 .6 8 9  

- 2 . M X  
,  ?999

9
1
I

•
« *

9 .8 *0
1 9 *8 *0

-9 *2 9 9
-1 8 *9 X 9

8
1

9 1
9 -9

4 .9 * 0
1 0 .0 V

4 , * V
1 8 ,6 9 9 9

,
19
i  ( -11

-4 .6 9 8
2 .9 9 8
2 ,0 4 9
4 .2 6 4

- l .  V I  
- 2 .4 4 9

9
9
9
9

1
1
X
X
5

-1 9
1
2
9
A

9*98 8
19 .190

2 .9 0 8  
1 .9 88  
•  *890 

1 9 .9 *8  
8 .9 9 0  

1 1 .988  
4 .9 * 9  
2 ,9 9 6  
4 .2 6 ft

* * * * *
§ .0 0 0

.9 . 1 0 *  
0 *8 1 8  
9 .9 * 9  

9 * .2 ? ?  
-8 .0 2 1  

-1 1 .0 0 9  
9 .1 9 9  
2 .8 0 5  

- 0 .9 9 *

9
9
9
9
*

9 •
? - *  
9 9
9 -8

9 .280
4 . 9 V
8 .8 9 8

14 .960  
1 ,0 1 6  
1 .8 9 0  
1 .8 46  
4 *840  
2*8X6 
8 *8 8 8  
4.11®

9 .9 9 4
- 4 .4 2 9

8 .7 0 1  
1 0 , M 2

, - iir*

3X
4
9
9
1

19
19
19
14

w
-4
—4
-8

6
9

9
9
9
9
9
9

m
X
1 
X 
X 
t
2

•

9
- #

•
- *

9

w
9
*
9
1
1
9

T 2
9 - *  
9 —9 
f  - 8  
9 2 
9 - 2  
9 -1 6

*  7 
2 .8 4 6  

-9 .0 1 8  
4 .8 1 4  

-X .9 9 ?  
- 1 6 . l» *  

-4 .6 8 4

9
9
1
9
9
4

14
14
14
14
14
14

1
- |

2
-2

I
4
a

9 .9 6 6
9 .1 9 0
2 . i? e
2 .1 1 9
2 .4 9 0
9 * | V  
X .4X6 
4 . *9 0  
2 . * V  
2 ,2 9 4  
2 ,6 4 6„  a*

- 4 . * 2 4  
-2 .8 1 4  
-S .6 4 8  
- 1 .0 0 6  

9 .4 ? 4  
4 .* 4 8  
1 .9 8 4  
4 .1 4 0  
2 .9 2 4  

-4 ,0 0 8  
-2 .9 6 8  
-6 *9 8 1  

1 .9 0 9

9
9

2
2 •

2 ,9 *9  
3 .8 * 0

2 .9 *9
- 2 . 9 * 0

9
9

9 -1 9
8 •

9 .* 1 0  
1 9 ,8 *6

4 . * # ;
-1 8 .4 6 8 *

f
1 *  
1 4

5
-8
-9

9
>
1

1
t
2

- t
9

- 9

9 .8 28
8 .1 8 8
9 ,*1 9

-9 .1 2 8
9 .0 0 9

- 1 .9 8 9

9
9
9

t  1
*  -1
8 I

8 .8 1 8
9 .8 * 0
1 ,8 *0

•  ,4 9 9
-9 *9 4 6
-1 ,4 X 9

f
*
§

rn-m

14
19
19

- •
1

• 1
21 t 18 9 .1 90 *9 *0 9 8 9 8 - I 1 . 8 * 6 I  . f i x <§

* * 
| t

■y „
9 .> 6 5

f X - 1 9 * .8 9 ® - 0 .9 1 9 9 8 -9 * .9 X 0 -4 .9 4 9
9 i - U * « 8 * 0 - 0 .2 2 6 t 8 * 8 .9 9 6 8 .6 1 9 4 19 - 2 9 .4 6 0 - 4 .6 0 *
9 i - I f 2 .890 2 .9 *9 * « -2 18 .900 2 6 ,2 2 9 9 18 9 4»X*4 2 .6 6 0
9 x -1 9 * . 9 9 * 0 .9 J * 9 •  -9 8 .9 *® 8*8 6 9 9 1* - 1 4 .9 9 9 6 .0 * 6
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(
m

i

K L €>— IM E B C A L C U L A T E D M X 1 0 ® * fW V E O C A L C U L A T

I t  * I * t t « l . t t t 4 * 1 2 . - 4 6 - 1 . 6 * 4
I t  * 7 ,4 1 * t . 1 6 1 4 9 - 1 W V # - 1 .4 * 7
I t  - 4 ! . « • * 4 » t * .6 * 3 * .1 4 4
I t  - * 4 .7 * 4 4 • - i ♦ .6 0 6 - 7 * 6 4 4
I t  - t t . t t t - i . t c t 4 • * 4 .6 * 0 - * . 4 7 4
i t  - • 7 . 4 | « 1 * * 4 ? 4 4 - i 6 .4 * 0 7 ,* 4 4
I t  - « * • * * # . * . 4 * 7 4 4 —4 4 .7 6 * - 2 . « 1 *
14 * 4 » * ;o -4 * 0 0 1 4 S - * * ♦ » * • 4 .2 * 4
I t  1 * .4 7 4 4 t 7 4 * 1 4 * 7 .7 * 1
I t  - I t . t t n - 4 , » * 4 4 * -7 U . M f - 1 4 .* 4 4
I t  f I I I ! '* - 7 . 4 * 4 4 » - * 4 .7 4 6 7 * 6 )7
I t  - 7 > . w - . 0 4 0 4 * - I I 1 .7 * 6 7 .* 4 4
1* *1 4 . * ’ “ - t . 4 t « 4 t - I f 7 .* * C 7 .4 * 1
t t  *A t . t t n 4 .4 7 1 4 » - 1 0 4 .0 * 6 - . 4 * 8
I t  - 4 1.171* 4 * 5 6 2 4 * # 2 * 2 1 0 - 1 .4 * 1
l *  -ft < # « " * • * * 6 4 * 1 4 .* * 6 * .* * 4
I t  *7 7 .4 4 4 * . 4 l - 4 • - 1 2 .7 0 6 - 2 .4 * 2
I t  - « 7 .4  T- - 7 .4 * 1 4 • 7 1 0 .0 4 0 - * .7 * 4
I t  - 4  
I t  - 1 «

7 .4 1 *
4 * * I «

. I I I
- 4 . 7 * 7

4
4

•
*

- 1
4

i * .* » e
* • 1 * 6 ".-Mi

I t  | 4 * 6 1 * - 4 ,7 4 # 4 * —4 1 4 .M 0 - 1 4 .4 4 *
I ?  t t . I J * * * 1 70 4 * 4 W * » 0 1 .7 * *
I t  - t 4 * 6 * 0 4 .6 * 4 4 4 - 4 2 .  * 2 6 7 .2 * 4f t  « 7 * * 4 # 1 .0 * 7 4 * 4 4 .4 * 6 4 .7 6 4
| ; f  - 4 f . t l t - 4 .1 * 4 4 * -4 7 « * tO 7 .4 * 7
I t  » t . f t t * u r n 4 4 ft 2 ,4 1 6 2 .4 1 0
f t  * 4 1 .* 7 * 4 . *74 4 * -ft 7 .2 * 0 - * .* * 4
I t  t 6 *6 6 * - 4 . l t ! 4 * 7 t . l t ® - 2 * * 4 4
I t  « t 7 .7 * 4 7 .4 7 4 4 * . 7 7 .1 4 0 7 .4 * 7
I t  - • 7 .4 4 * 1 .* * ? 4 * -f t 4 .2 4 6 - 4 .1 * 7
I t  - t 7 .4 * 4 - 2 . * 2 1 4 ft -1 7 * .* * « * .* * 1
I t  . f t I 4 | * - ? . * t # 4 • - I t 2 .* 2 6 - 2 .4 * 1
I t  t 4 * 4 4 4 4 .1 * 4 4 4 6 * .7 ftO - 7 ,7 4 7
l *  *1 7 .4 7 f t - . * 1 4 4 T 1 7 ,* 7 8 - 7 .* 4 1
I t  - 1 I . 4 t 4 l  » 2 4 f 4 7 - 1 * .2 4 9 7 .4 0 *
I t  - 4 7 .4 4 4 - 7 .4 0 1 4 T 7 « .* * « 1 .2 4 2

»* 4 .1  7 " » * » » • 4 7 • 1 7 .4 * 0 - * . * 4 4
I t  * 4 .1 4 4 - l . * * 0 4 7 t ♦ .4 2 0 - 1 6 .2 6 *
«  t u . t e « - 1 7 ,7 * 4 4 7 - 4 1 0 * * 4 0 IO .* * T
*  * * » 4 t 4 — 7 .:# § * 4 7 4 2 .* 4 0 4 .1 * 0
f  t I * .* * * 4 6 * 6 6 * 4 7 ft 2 .* * e - 7 .6 7 4
#  - * i ; « * * * -■*4**4# 4 7 t 4 .0 * 0 * .4 4 *
*  - 8 6 » * # « - ! • * * » 4 7 - 7 4 .1 * 0 - * .* 7 7
S - f t t * 6 6 6 4 .* 9 7 4 7 *6 7 .# * C * .1 7 7
t  - I * » ,» * * - 7 . * 7 4 4 7 -1 > 4 .4 4 0 * . 4 0 8
I I I t . t t t —t * .  It** 4 7 - 1 7 2 . 0 * 6 - 2 . 1 * 2
I  2 f t . 1*5 . 7 . 4 4 4 4 • 6 4 ,1 4 6 —7 * 4 7 8
I I 6 * 6 0 6 —* • 4 0 7 4 • - 1 1 .7 * 9 - 1 .4 6 1
I  * i » f # * l . * * 7 * 4 7 1 1 *0 * 0 • 1 1 * 6 * 6
t t 4 * 0 * 5 t . t t l 4 4 - 7 4 .4 * 9 4 .7 0 1
I t 1 . 4 M 7 .7 * * 4 • 4 2 ** 2 6 7 .4 * 7
I t • « * • * t . f t t 4 • - 1 4 .1 * 0 > 4 .1 * 1
I - t 6 * 6 6 - 4 .1 * 7 4 • 4 4 .4 * 9 - * . * 7 7
I  - f t U . T t ' ’ - 1 1 .1 7 * 4 • **# 4 .2 2 6 4 .4 * 8
I  - 6 7 .7 * 4 - l . t t t 4 • 1 4 .0 * 6 4 .7 * 7
! -1 1 4 .4 4 4 4 .* 4 * 4 » « f 4 .4 7 0 * .* 7 8
1 - I * t . t t « 4 .  t * * 4 * * f t .  * 4 0 7 .4 * 4
1 - I t 1 , 0 ?* 1 * 4 4 * 4 • - * 4 .7 0 0 - 4 .* 2 4
1 - I t l . t * « . 1 . 1 7 * 4 • 7 1 .6 0 6 - 7 . -ft*
I  1 * • * 4 0 - * ♦ * # * 4 • • 1 * * 4 6 4 .6 1 4
* 2 l l . t f f t - f f t . 4 4 7 4 • - • 5 .* 7 6 - * . * t t
1 t 1 .4 4 4 - l . * # 7 4 • - 6 4 .0 4 0 - 4 .2 7 f t
I  > 4 .4 7 0 - 4 . 0 * t 4 • - 1 6 t# * * 0 2 .4 * 4
t  t 4 .6 * 6 t . T l t 4 • - I * 2 .2 7 8 - t . t t l
* - t W - * .7 6 2 4 * 6 4 .4 * 6 - 4 .4 1 f t
t  - t t . * 4 « - * .* * 7 4 * 1 1 6 .1 4 6 —1 0 .4 9 *
1 - * 4 .2 4 0 * * .1 6 4 4 * - 1 * .7 * 6 0 .4 * 4
* - i e I . M 8 l . W 4 4 t 1 .7 0 0 - . 7 6 4
2 - i l 4 .* 4 f t * * * * * 4 * t 4 .2 7 6 —4 * * 4  f
i  - i # * • 1 4 * * # • * * 4 f - * * * * * * * .* & *
i  e ft. » * 6 M i l 4 * 4 7 .4 1 8 2 * 4 * 4
> i t . t t o - * « 4 * l 4 * - 4 * .* 7 6 f t .* * *
t  ? •  **76 - 7 . * 7 * 4 * * 4 .4 6 6 t . f t l l
t  t l . t t e • M i l 4 * 7 4 .4 4 0 7 .4 7 2
i  * 2 .4 * 0 1 .4 1 7 4 4 - * 4 .4 1 0 - 4 .4 * 7
t  - * t . t i o t . * T * 4 * - f t 1 .1 4 0 - 2 .1 * 1
l  t 2 .4 * 3 2 .* 4 1 4 * - 1 7 2 .1 * 6 1 .4 1 7
i  t 7 . * 1 0 7 .* 7 * 4 4 - I t 4 .7 6 6 1 .1 * 4
t  - t t . t t o 4 .0 1 * 4 1 0 6 4 .7 4 0 - 7 , 0 0 6
t  » t  
)  - t  
t  - t  
t  - 1 0

u * « ? e
1 1 .4 7 9

* . t t o
7 .7 4 0

- 1 7 .7 4 *
- 1 7 .7 * 7

- 4 . 4 * 4
- l . * l *

4
4
4
4

16
16
16
16

1
-1

t
- t

4 .0 0 0
1 * 6 6 6
4 .4 2 0
8 .4 * 0

- 4 .7 * 8
- i . t r *
- 4 .5 * 6

8 .4 4 7
t  - u * . f t * * • * 7 1

4 .0 7 4
4 * * 4 1

.* 4 4
- 1 . 4 7 7
- 4 . 1 0 4
* * * * * *
1 7 .* 7 *

1 .7 * 4
4 .7 * 4
4 * 4 * 4
4 .4 * 4

- 7 .4 2 *
. ♦ * •

- . * » *
- 4 . 4 7 4
-# .* 7*

* » • * *

4 16 4 1 . 6 * 0 - 2 .2 * 7
t  - l i  
t  - i t  
i  - i t  
* 1 
*  - 1  
*  1
* - t
* t
*  - t
4  *
4  > 4
4 t
4  - §
4 t
4 - t  
4  - #
4 * 1 1

4 « | t #
4 , *48  
» .5 * C  
1 .6 * 8  
4 . t * 0  
4 .4 0 6  

1 4 . , 4 0
7 . ’ »8
1 .1 1 0
t . t t o
4 .8 7 9
2 .7 8 9
* .* t®
l . t t e
* .4*0
t . t t o
t . t t o

4
4
4
4
4
4
4
4
4
4
4
4
4
4
*
4
4

10
10
16
i e
16
10
i®
10
16
10
11
11
u
11
11
11
11

—ft
- 4

ft
- ♦
-7
- •

- 1 «
- I t
- 1 *

1
- I

t
- 1

t
- *
—4

7 .4 6 6
1 . 6 * 6
4 .0 0 6
4 .2 * 6
4 .4 * 5
* .1 * 0
* .S * 0
2 . * 1 0  
1 .  * 1 6  
> •* * »  
4 .0 0 0  
1 * 6 6 0  
3 .  *40 
2 . 2 * 0  
l . * * 0  
4 .1 * 6  
4 .4 6 0

7 . 4 J I  
7 .4 * 7  
4 . 2  7 f  

- 7 . 4 7 4  
- 4 .7 4 7
- * .4 2 4  
—4 * * 7 2  

2 .* * *  
1 .2 * 4
4 .  * f 7  

- 4 ,* 4 1
2 .2 * 7

- 4 .0 0 *
1 .7 * 1
5 .  f t t*  
7 .0 4 4  
* •  144

H K L

1 1  « 2 . 6 2 * 2 .0 * 7
1 1  « 6 f t .4 * 0 - 7 .1 1 *
11 - 4 4 * 4 4 0 - 4 . 1 » 4
11  - 1 1 2 . 1 * 0 7 * 6 6 *
1 1  - 1 2 7 .7 4 0 7 .1 * *
I f  - 1 1 ,4 * 0 - 1 .4 1 *
1 2  t l .* 7 0 1 .* 0 4
12 - 4 1 .4 4 0 4 .2 * 4
12 -4 4 .4 * 0 4 .1 f t*
12 4 f . * t c - 2 .4 * *
1 2  - * 1 .0 0 6 - 4 , 0 4 *
1 2  - 8 4 .2 7  ft - 4 .1 4 *
l i  - 1 1 2 * 6 4 6 - 1 .1 4 *
1 2  - I f 2 .9 7 6 * .* * 4
I t  2 2 . 0 0 0 1 .4 4 0
I t  •>« 4 * * 4 0 - 4 .* 4 4
19 t 1 . 2 * 6 —l , * 4  7
1 * - t 4 * 6 4 0 7 .7 1 0
I t  - 4 7 .4 6 * - 1 .4 * 4
I t  -f t 4 .4 1 0 4 .4 1 *
14 - 7 4 .9 7 6 - 4 .  742
1*  0 2 . ' 2 0 .7 2 4
I *  - 1 3 .4 6 0 - 4 ,2 2 4
1*  2 3 .4 * 6 - 1 .4 8 *
14 - 2 * .7 0 0 7 .6 * *
14 4 4 . * i e » .* 4 7
14 - 4 3 .1 4 6 - 4 .1 2 0
14 - * 4 .0 * 6 - 4 .0 * 4
14 - 7 4 * 1 1 0 7 .* * *
14 0 2 ,  790 - 7 . * 0 8
19 1 1 .1 4 0 - . 6 * 4
I t  - I 2 .4 4 0 1 .4 7 *
I t  * 2 * * 7 0 2 .7 7 *
1 * *« 4 , * 2 0 - 4 * 6 * 2
I t  t * .  * 2 ® • 4 ,0 4 0
I t  - 4 2 * * 7 6 2 ,8 7 4
1* —7 4 .0 0 0 -4 .* 4*
t *  2 4 .7 0 0 - 4 .4 1 0
1* - 2 * . * 2 0 4 .7 * 2

I* - t 2 . 2 1 0 7 .4 4 7
17 6 2 . 6 * 0 - 4 .4 2 7
I t  1 2 .2 7 C - 2 .1 * 7
I t  - 1 2 . 2*® .4 1 ft
IT  - 4 2 .2 4 0 l . f  7*
17 —4 1 . 1 * 0 4 .0 * 0
t  0 7 .4 * 0 4 .7 0 f t
* 2 *»**0 -* .* * 6
•  4 1 .4 * 0 - 1 .4 2 4
0  - 4 • •4 1 6 * .7 1 2
6  - 1 6 4 * 7 7 0 4 .1 * 4
6  - 1* 7 ,6 7 9 - t **60
1 6 2 .2 4 0 1. 4*7
1  1 2 . 1 * 8 - 1 . 2 * 1
1 f *•4*6 -4 , 40ft
1 4 2 . 0 * 0 - l . f t l l
1 4 2 . 1 * 6 - 1 .7 2 1
1 - t 1 6 * 4 4 0 -* .4 | |
1 -* 4 * 6 2 0 4 .1 7 4
I t 1 . 2 * 8 4 .0 * 6
1 * 1 .6 6 0 1 .1 * 4
1 - f t 7 ,2 7 0 -  f t .* * *
1 - 1 6 * • 2 6 0 -7 .7 * *

l  - 1 * 1 * 6 6 0 .4 7 *
1 - 1 4 2**46 - > .4 0 4
l - 1* 2 . I 4 0 1 .4 * 7
2 « 1 4 .2 6 6 • .4 4 0
2  1 4 .6 6 6 4 * * 4  4
2  I f t . 0 4 0 - 4 .4 4 1
2  • 4 .0 6 9 - 2 ,7 4 0
2  * 4.4KM? -4 * * 2  7
2  -* 4 .4 0 0 - 4 .* 7 *
1 4 » .* * « - 4 .1 * 1
1  - 4 4 * 4 0 9 4 » * 4 *
2 ft 2 .2 * 9 1 .6 1 *
I  - * 6 . 6 6 C - * • 4 4 0
1  7 2 .* 4 6 4 .4 * 0
2  8 2 .  * 1 0 7 * 1 0 1
i  -1 6 7 .1 7 8 7 .4 4 1
2 - 1 1 1 .4 1 0 - 4 .4 4 2
2 - 1 2 1 * 6 1 6 1 .1 4 1
2 - 1 4 2 .1 4 0 - 7 .1 7 2
2 - 1 4 4 .1 4 0 - 4 .0 1 4
1  - I t 3 .2 6 0 4 .9 2 0
2  - t * 2 . 1 * 0 - .* * 0
1 6 1 .4 4 0 - . * 2 9
4 1 1 * * 1 0 1 .4 4 4
t  - 1 I t .  468 l* .® 9 *
t  I * .4 4 0 -f t* 48*
4 - 2 4 .6 9 6 2 .8 4 *
t  t 1 0 .2 6 0 - 1 0 .4 7 9
|  - 4 9 .6 6 0 2 .7 2 *
t  - 4 4*666 . 4 . 0 * 4
t  t 2 .4 * 6 - 2 .4 7 1
t  - t 1 4 .1 2 0 - 1 4 .3 1 4
4 ft 2 .4 1 0 • 1 .4 0 4
* -* * . • • • 4 .7 4 2
i  t 2 .4 1 0 2 .2 2 8
t  -T 8 .4 1 0 - * • * * »
|  -* 4 .8 7 0 4 .7 4 4
t  - 1 6 * . * 0 0 - 4 .6 4 4

4 - 1 1 7**1© 8 .* * *
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M K  L n t o r w r r C A LC U LA T E D

9 * - f l i . § * e
9 > - I t t «9 * 0 - 7 . * 8 0
9 * - 1 4 i * # i t «P »
t * - i * 1 , 9 * 0 - 1 . 8 * 1
9 > - l * 1 . 1 * 8 .* * *
9 9  8 9 . 8 8 0 * . * 0 9
9 * » t M l *
9 *  1 t . n * - 1 . 9 4 '
* 4  •? i * . n e 1 9 . 7 * 4
t 4  - 9 * . 1 9 8 4 . 8 8 8
* 4  4 9 . 4 1 0 - * . 9 9 1
9 *  * 4 4 . 4 * 8 —*«»9 |
9 *  * l . * * 0 . 4 * 8
9 4  -» * , 9 6 8 1 . 8 * 8
4 4  * 1 . 9** . 1 * 0
* 4  -# 1 4 . 4 4 0 - 7 1 . 9 4 4
9 4  f 1 . 4 4 5 1 . 9 9 4
9 4 - 1 4 . 1 9 8 -4 . 4 I 9
9 4 • 4 , 1 9 4 4 . 4 7 1
9 4 «* 1 .4 * 8 7 . 11*
• 4  - ! * 9 * * 4 8 8 . 1 * 8
9 4 - 1 1 1 . 4 * 8 1 . 9 * 1
9 4 - 1 9 ?.»** . 9 9*
9 4  - 1* 7 . 4 1 * - 7 .4 * 1
9 9 1 1 . 7 * 1 - 9 . 1 * 7
9 9 1 1 . 8 8 C i . * l *
9 9 - 1 1 9 . 19* 1 8 ,9 8 1
9 * 9 i n  *e* - 1 7 . 1 1 4
9 9 4 4 .»»® 4 . 8 **
9 9  - 4 9 . 9*® 1 . 7 * 7
4 9 9 7 . 1 * 9 - 7 . 4 4 4
9 * - 9 4 . 8 * 4 -8 . 4 * 4
9 9 • 1* 9 * 8 : .* * *
9 9 -# 9 . 7 1 0 - 7 . 9 *1
« 9  f !•#•# 1 . 1 * 4
9 9 - 9 9 «M # - * , 7 8 1
9 * * 1. 8 8® - U 9 H
9 9 - 9 7 . 4 * 0 - 7  . 4 1 9
9 9 4# 9 <rfMt * * ♦ 9 9
9 9 - 1C 7 , 9 * 0 1 , 4 9 4
9 9 - 1 1 * . 7 4 8 9 . 4 * 4
9 t  - i f 9. 8 * 5 1 . 4 4 1
9 9 - 1 9 1 . * * 8 -7 .* * *
9 9 - 1 9 9* 7 * 8 - 7 . 4 * 8
9 9 - 1# 7 . 1 * 8 - 7 . 19*
9 • * 9» * * f 4 . 1*1
9 * 1 •«*•* •M M #
4 * *» 1*4 * 4 - 1 . 4 8 *
* 9 f 1 * 9 4® - 1 . 7 * 1
* * *» 4 . 7 1 8 • * 9 * 4
4 * 9 9 . 4 1 4 4.*#*
* « 4 4 . 1 * 8 -4 , 1 * 8
9 4  —4 ».7 *C •1*4 H i
9 * * 4 , 9 8 8 * , 4 9 f
9 9  «* iS . l t ® -9 1 , 1 4 9
9 4  4 1 * * 1 8 -7 . 7 * 9
9 4 - t 7*« # - 7 . 9 * 1
9 4  4 9 . 9 * 4 9. * 9*
t 4  - 4 7 . 7 1 5 7 . 1**
* 4 « H 4 *79«* 4 , 0 * 4
9
9 : : n S i

9 . 9 7 9
7 . 7 * 9

9 4 - 1 9 9 . 7 * 4 - 1 . 99*
9 » - * * 7. 1 * 8 - 1 . 4 1 7
4 t  * 7 . 9 * 8 - 1 . 9 * 1
4 * - 1 7 . 9 9 5 7 . 1 * 9
4 9 1 4 , 1 * 7 4 . 8 9 9
* 1 * f 9 .8 4 ® - !• * * *• » 9 *»f #* - 1 . 4 7 8
9 1 4 i «#i » i .» J4
9 t  -* 9 , * 9 5 1 . 4 * 1
t f  - i 1 * 4 4 5 - 1 . 9 9 1
9 ’  «# 4 . 4 7 4 -* . 4 1  9
* *  -* 7 . 4 * 8 - 1 . 1 * 4
9 f  - 9 1 *8 * 0
* » - 5* . , * * 5 *.*?*
t 9 -» i l . * * S 1 * 8 8 1
9 * -** 7«#t * - » * # » 9
9 i  - 1 9 7 . 9 9 4 - 1 . 7 4 *
9 9 —14 7 , 4 * 5 - 1 . 9 1 4
t * 1 9 . 8 * 4 —4 , 9 7 1
* * * 1 7 . 9 1 8 u * w
9 * f 7 . 4 * 5 *7 . 4 4 1
9 9 - 7 7 , 8 4 5 - . 4 9 1
9 * - 9 1 * * 4 4 - . 4 * 9
§ * * 4 7 . 1 4 0 - 1 . 0 9 8
9 4  * 4 f « * * 8 - 7 . 4 * 9
9 ■# - 4 9 . 5 1 8 7 . * 8 1

4 - 9 > • * * 0 7 . 1 8 4
4 • - 4 1. 4 * 8 - 1 .8 * 1
i * - 1 9 1 . 9 4? 1 . 9 7 0
i * - 1 1 * . m W 8 t *
9 * - 1* 9, 1 * 0 - 9 . 1 1 9
9 • - 1 9 7 . 1 * 8 - 1 . 9 1 '
9 4 ! 1 . 8 4 0 - 1 , 9 * 8
t * - 1 S . 9 4 8 - , » 7  7
9 4 -» 7 «4* f 7 . 1 9 8
* 9  4 7 . 8 1 0 - 1 * * 8 0
9 9  ~4 7 . 4 * 5 1 *4 * 4
9 * - 9 4 . 9 * 8 - 4 . 1 * 9
t 4 - 4 9 . 49-0 4 . 7 * 4
9 4 !.**« . r * 5

m k l m m .....  c a lc u la tid H K L OMEftVCD CALCULATE

: :
0
f

i* -*
i* f
10 - 1
10 4
10 - 4
10 -0
19 -0
10 - 4
1* - 1 8
1* -1 1
11 0
u - 1
11 1
11 -»
I t 9
11 - 9
11 -4
11 -9
11 - 9
11 - 4
»* - 1#
l i -1 1
I t -1 7
17 8
17 -1
17 «
t> - f
17 - 9
I t 4
17 - 4
1* - 9
17 4 *
17 - 9
17 —to
19 8
1* -1
19 7
19 - 1
19 9
19 •
19 - 9
19 —9
19 - I t
19 -1 1
1* 0
1* 1
14 -1
14 - t
14 —4
t* - 4
1* - 8
I* - 1
1* - I t
0 m
8 7
0 -8
4 - l*
» - i f
8 - 1*
1 4
1 t
t 7
1 1
> 1
t -»
i - 4
i - 9
i - 4
i - 1 5
t * 1 1
i - 1 4
» *
7 1
7 - t
1 7
> 9
7 4
7 *4

i
*i

i
- t

t

- 4
- 1*

»«*w

1.810
l . - m
7.48C
? . n ?
?.»*
I.H«
i .41’5
l.w e
* .« # •
M * '

1 , 47s
o**lo
7 . M*
f «8 8 *»
7 . 8 8 ?
7 .7 8 #
* .« «
* .t*«
* . t« e
» .’ 5«

7 .»8 *
k t l f*
I .
! . « «
MW*
4.1*0
8 , 9 »o

4 .**®

*.**?
7 . 8 * 0

4. * 4 *  
4. * , *
» .o ie

*.*»«

*»8ie
4, 4* -
! .* •*
l## t*
4 .? * - *
1 .4 1 5

*.!*«
1 .* * '

I . W
*.8 4 >'
8.8*0

9 *9 8 *

•!,.*»-
M m#
4.
l* # # #
U W *

n .* * e
?.**«
M l *
1* 9*8
».444

1 . 4 1*
1 . 4 8 *
M l"
tw it t

11. 87*
M f *
#.>*-
1 * * * 4
*****
4 , 5 1 5
4 * 11 '  
7 .  S’ *
4,415 
» .4»" 
T.*5 -  
* .* 1 * 
4 ,  *** 
1.890 
5 ,54  *  

4. 41,5

1. 4*4
1.444

1 . 1 * 4

9 . 9 4 4 • 1 - 1 9 1 . 1 1 8 - 7 . 0 0 1
- 4 . 1 * 7 • 9 - 1 8 7 . 8 * 0 1 . 1 8*

7 . 9 * 0 8 * 0 9 , 9 * 8 * . 8 *0- 1 . 9 9 1 * * * 9 . * 8 * 4 . 8 8 *
7 . 4 8 * * * * 7 9 . 9 7 0 - 8 . 1 8#- 9 , 0 9 * 8 * 1 l . t f O - 4 . 9 0 7

- 7 . 9 1 1 8 * * 4 * * 8 0 - 4 , 1 9 8
1 * 8 1 9 8 8 - 8 7 . 7 * 8 —1 , 9 8*

- 1 . 8 1 9 8 * 8 9 . 4 * 8 - * .  9 1 9
- 1 . 9*1 8 8 -* 1 . 7 * 0 - 4 . 9 8 9

9 . 1 4 9 • 4 - 9 l . l *« - 1 . 8 7 1- 7 . 1 9 1 8  8 - 8 8 . 4 * 0 8 . 4 4 8
- 7 . 4 9 9 8 8  4 1 1 . 4 4 0 1 . 8 4 *

9 . 1 4 7 8 8  - 1 1 0 . 8 8 0 - * .  1 * 8- 1 . 4 0 0 8  *  0 8 . 1 7 0 4 . 9 * 8
7 . 9 1 4 8 * 1 8 , * 9 4 * • * 1*- 7 . 4 ** 8 9 - 1 4 . 1 8 0 #.»**
7 . 4 0 9 8 9 - 7 7 . 0 * 8 . 8 8 8
1 . 8 9 9 8 f  - 4 * . 1 * 0 -#.**«

- 4 . 9 1*
- 4 .5 9 9

* 9 - 4 8 . 0#o . 4 , 9 1 4
8 9 - 8 8 .  *J 0

4 , 7 4 4 8 9 - 8 7 . * 4 8 - 7 . * 9 8
—7 . 0 7 0 8  9 * 9 * . 9 0 4 * . » * 4

1 . 4 9 9 8  9 - 8 7 . 0 8 0 1 . 8 * 5
1 . 9 1 9 8 9 - 4 * . # * 0 - 1 . 4 1 #
4 . 4 * 4  < 8 9 - 1 8 7 . 1 * 0 7 . 1 * 4- 1 . 9 9 * 9 * 0 * . 9 0 0 8 . 7 * 1

- 1 . 4 1 9 8 8 1 * . 7 4 t 8 , 8 * 4
♦ . l * ’ 8  8 -1 9 . * 1 0 M 9 »
4 . 0 * 7 8  8  7 1 , 0 * 0 7 . 4 1 *

. * . * 9 4 8  8  8 * . 4 1 0 - 9 . 1 1 8
- 1 . 7 4 1 8 8 -* 0 . 8 * 4 - 4 . 9 * 4

4 # 997 8  8  - 4 8 , 7 8 0 - 4 , 9 7 *
- 9 . 5 4 9 8 8 - 4 0 * * 1 4 - * , * 1 *-4 . 8 8 5 8  8 - 0 * , * * 0 * . 8 8 4

4 . 4 9 8 8 8 - 4 1 . 4 8 ’ * . 7 9 0
- 4 . 4 4 4 8 8 - i t 8 *i t # * . 9 1 8

M W * ♦ 8  4 * 1 4 . 9 1 0 - 8 . 8 9#
—7 . 8 4 5 * 9 4 4 .* 4 ? 9 . 8 * 9

1 . 4 8* 8  4 J ? . * * 0 ' . 9 0 *
-4 . 8 4 9

4 . 9 * 9 i  l  : J m .? :s ;-4 . 7 4 1 8  4 - 9 M W * -8 . 1 * 8—4 . 94# 8  4 - 8 » . i v - * .* * •
4 . 9 1 9 8  9 - 8 4 , * 0 0 . 0 . 8 7 *
4* * 1* * 5 - 8 1 »0#« - 7 . 8 * 9
1 , 0 * 1 |  * * 4 1 . 1 0 0 4 . 4 9 4

- 1,  9 * 9 * 5 - 8 7 . 0 * 0 • 7 , 1 1—7 . 7 9 4 * 4 - 8 M M * * .♦ *-* . I* * 8  4 - | * 8* * 8 * 8 . 9 * 4
*•*## 8 9 - i f 0 . 7 * 5 - 4 . 8 5 9•—! . * 4 1 . 8  8 8 fc. 1 t *-4 * 1 1 8

- 9 , 9 * 5
8  8  1 I , * * * 1 - ,* . i *
8  8 - 4 1 . 9 7 0

1 * * 4 1
4 , 9 * 5 9  f  «* %##*> - 8 , 8 * 7

8 8 - 8 1 * 7 1 5 . 4 , 9 8 4
—1 , 1 1 8  

4 . 1 4 7
8  * - 8
* 8 - 1 5 * . n *

*,»*«
*****

* , 4 8 9 * 8 - f t 1 *8 * 0 - 1 . 9 * 8-# .* 9* 8  * - 1 8 «.**»?. 4 9 # 8  9  5 1 ♦» * 0 - i . 4**—4 . * * 9 * 9 1 fc. f l ? 8 . 9 4 9* , 4 4 4 * « 1 7* 1*» -> ,***—1 * 4 0 4 8  4 —V * , * 4 0 - * * 5 9 8- 1 . 8 4 4 *  9  —8 ***** 9 . 9**-4 . 9 8 9 8 * 9 1 * 1 * 0 - 1 * 9 * 8
# 9 - 4 * . 0 * 0 - * . 4 1 9. 194 8 * 8 1 . 1 * 0 »•**♦■1 . 8 * 4 8  8  - 4 7* t # t 5 . 0 0 7

1 4 . 9 1? 8  4 - 8 I .#*- - * . 7 1*
- 7  . * ' 1 * 9  - 4 8 . 8 1 *-4 . 4 * 8 . 8  8  - f * ♦ .*4 '

1 . ' 4 5 8  1*  ’4 8 * 8 ** * .  4#-*
5 * * 1 4 8  1"  | * . * 9 0 - 0 . 8 5 4—4 . !  1 * 8 14 «* * . 4 * 5 *,*»#- 1 . 8 9 8 *  1# - 8 9 , 1 * 5 - 5 , 8 9 *
9 .  O ft 4  I f  * i M M I .**-?- 4 . 0 7 1 *■ i *  «# I .***- 1 . 8 1 *—1 . *4 * 8 IS  - 5 1 . 7 7 0 - 7 , 9 * 4• fO . 9 8* 8  ■ 1-4 —8 ».*«- * . 4 0 1

M fM k * 11 * 1 , 1 4 * — *#■*♦*
8 . 9 8* * 11 t * , t « 4 4 . 8 * 1- 1 . 1 8 5 8 11 7 7 . 8 * 0 - 9 . 8 1 *
- . * * 8 8  M  - 7 4 ,*»- * . ! ' *- 4 . 1 4 9 8  11 - 1 0* 1 * 0 - * . * « 9
9 . 1 9 8 8 f t  -* 1 , 1 4 0 4, 5 * 4

- 8 . 1 9 1 ■ * > 8 # *  ■ *«8 * o 5 , 8 4 *
7 . * 4 f • 11  7 *****

. 1 . 1 4 8 * 11 - 7 7 . 0 4 5 — . 8 7 1-1 , * t l 8  f t  4 7 . 1 4 5 - 5 . 8 8 J- 8 . 9 * 8 8  f t  - 4 >•«## - 7 . 8 8 0
4 . 8 * 9 8 H  - 1 I .* * - 5 . 4 1*
4 . 4*> * 11 •* 7* * 0# ».8 4 ?

—1 #4 8* 8  I f f  - 4 4 . 0** - 1 . 4 * 1
4 .* * * 4 8  4 1 , 9 4 * - 5 . 1 * 1- 9 . 8 9 1 9  0  f 8 , 9 4 0 4 . 4 1 4
9 . 9#* 1  8 * 1 . 4 * 0 9 . * 8 4—1 , 8 1 9 4 8 - 8 9 . 8 1 9 # . * 4 4

-1 . 4 1 8 4 8 - 8 8 , 8 1 0 8 , 9 9 9* , * 9 * 9 • 8  »*« * . * 8 5 -8 . 4 * 8- 1 . 9 1 1 4 5 - 1 7 M t t # - 4 . 8 1 *

i

$

j
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H K L O W O M E D C A L C U L A T E H If w (M M O fV g P CMJZULATW M «  L o n w v t i : O A L C U L A T fS

f » # * W * * * * * 9 1 1 !.* * ? > - • • i f * f t #  «* t « 4 # t
t ! i i . * n » 9 * —9 7 .1 1 3 ! . * ! 9 ? P  * 1 1 * * * * * . » . o n
f 1 1 * ,* 4 * 9 * 9 1 .9 * 9 u i * t T n  i f « 9 * *
9 i • 1 * , # # * - t f t f t * 9 * - * 1 * * * 9 - • . * » ♦ 9 i t » .* • * - .* * 1
9 i 1 ! * * * « ! • * * * 9 » «* ! * • » * - { . * * « ' 9 i t  - * 1 . I t * - l . * f *
t I f t .* * * * * * * * 9 * - 1 * . ! * ' * * * * * 9 1 ! - # l . t t - f f i . * t *
f 1 * '1 t t f * . 1 . 1 * 1 9 i - * %.**«■ - f * » * * 9 11 -1 1 | * * t # - . * • !
* 1 . * ft.lftff •  ♦ f i t 9 f - I ' i * * f ' l  * * « « '* * 9 11 - I f i . l * « - » .* * *
f I 4 # * • 4 * 4 * * * * * 9 * - 1 ? ? . e * 9 n m 9 11 - f t
9 I - * * * * * * ♦ 1 - 1 9 t »** 9 ? .* * * 9 11 *7 l . t t * I # # f 9
9 i «*# 1 « * # • « t # 9 9 - 1 * i .■>' - . ! * « 9 I I  -1 1 l . t t t . M
9 i  - i f l . * * * 9 * • f t 5 4 * * * 1 . * * ’ 9 *t - 1 * I , * * -
* i  - i * * ,* * « 9 * m ? .* * * * .* » * 9 I f  - * i t * * t • 1 * 9 * 1
* i  - i » - n * n 9 * 1 ! .* * » • .» « » 9 11 - t I . * * * i . m
f i - i t ? . ! * * 9 * I * * * * * * * * e i 9 I f  *11 * * * * * - t  « i  i f
9 l  - i * t * # t » • * » « 9 * **#’ * * * * * f 1*  - 1 l . * f « j . t * «
* f t * # » * - * i  * *#* 9 9 » . n * f 1* - I >,«**! - « * m
9 i -1 » . * f  I 9 • 9 # . » .» * • '  ■ 9 t*  • * i* n t - s * ft**
♦ > 9 ft*#** f • HI * * * * * * .# © * 9 1* - * f . t * " ? .« * *
f * - f t f t f t ? - f t .* * ? ' 9 * **f ♦  .■*** « * .* * * 9 t * !•**!? - i . m
9 } t IftS*** . # * * * • 9 * * • * * # 9 »* -1 1 I t * * * i . n #
9 t  *» « * n * * * * * * 9 * ml* » , * K - * .* * « i 1* - I f f . t t c - l . l i t
* l  «* 4#** * * * * * 9 * ml* » ,* w * ? .* * * 9 1* -1 i * * f P
9 t  - # # * * * • * * i i » 9 * * 4 # *»**■#: * # # * * # I*  - I i  .  **ff l . f t t
9 I - t « ***** 9 9 # »*9M* n * * i 9 t *  - f i •*•'* - • . . • 1 *
♦ ? * w *»** # 9 » i *»,.«*-* * * * * * 1 1* -* l . f * *
f t  « t » **9M» * * * * * * f * - t — **# 9 I f  - * ***** - 4 *  t*ft
9 ? • § * I'#*** • * * i T * ? f * * t " - f * * * 1* f I t  - * t t t t *
♦ # * H 1 ,* * * i . t t t f * - 4 *■«***•- M l 9 I t  -1 1 ? .* » *
9 1 • * * M * # * * * * * f * * * •* 9 1 9 1* - I i . * t c * * * * *
9 * t 1 .* * * 9 f - * * . * * ' -4  a * * * i i t  - i f  * « • »
9 f t l a i i t «** * f * -ft r . * ! * - 9 .* * * 9 It: —* t  J IH I - t . l t *
9 1 *1 * * * * * - * t # * 9 * » * n * ’ * 9 i*  *4 ! . * • « I . * * #
9 1 1 * * * * * p * t r « 9 * - * n * * ' - * f .* * * 9 •  «» f . *  ‘
9 ♦ . f 9 * .» • * * * 9 *  «* f t . f t * « . ! # •
9 f *»9 * * * * * - i  ..■•** | • * | * * * * * * 9 •  **> t , * * ' 1* '*'1 #'
*f t * i . * m f - 1 * s * ^ * ' f * - i f f ?•**-■ - # * f » »
9 9 ■*'9 #***'■ « ? * * # ♦ f * t 1*1 1  1 9 * - i t * .« * * «**♦*#■
9 9 ' *9 * * * * * ft*ft#f 9 * ? *»*«'* * ,♦ * 1 9 •  - f t
9 1  —* ****** ft . f t # ! 9 * « * f * i » * * > •
9 1 • * ! * * * * * -ft*  i t * 9 • * ! •*"! "* - .* * ■ ■f * i ft .'tftf * . » n
9 1 - I f * » * * « - * * * * H» 9 • *% ! •* * '* ! . * * * f * « i 1*1
■f * - ? ♦ m i * 9 i * * * l |9 »-»*** 9 *  * ? ,* * *
t « - f t i * * t t * • • **» *«* —*•1-** * * i9 *  * # * # * * 9 * - * n * r ** 9 * - i * * * * *9 % 1 * * * * * 9 • - ♦ * * * *  * * * * * * t * * n t * ' - i •* * *
9
9

9
9

*1 * * * * *
»'****

* *♦**** ||— j.• 4  * • *
9
9 m

“ 1
*

n * # *
? » * * *

! • * * (
i * « P

f
9

t  - *  
*  —* i* * * t

9 9 % I#**'* *t* * ftft 9 $* - t i . « * t * *9 * .  • ’ ******
f 9 -9 1 * » * * ’ f t * 1 1 . * 4  ' *»*M H t *  - * i f # * * . l * f9 9 -*t, * **** ***** f l # « * * .* » « . » * « B # t *  —i ' i 5 * * * • ** I
* * tffjF f . f t * * *  f t * f t « - * * « ! * * f *  - i t * * * * * - 9 * 1 ift9 *  * • s .*#*■ * * * * * f 5# - 4 t . * * 9 « j  « *** 9 •  - * « ’ ***** - ! • * * #■f * «*» 9 ♦ft#** - * ♦ # * * 9 1* - r 1*1*" • * i * t l *  * l . t * t
9 ■ * *4A * * » • * ****** 9 §* • « *#**»■■

1
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T able V: In tera tom ic  d is ta n c e s  < J. 5A

Bond Ot s t a n c e wiK)
( i )  (2) A

C u - C i I 2 .2 5 4 0 . 0 0 2 5
2 . 4 2 2

C u - C l  11 2 .2 * 5 0 . 0 0 2 5
C u - C i  III 2. 301 0. 0024

2 . 307 * 0 .0 0 2 4
C o - O I 2. 600 0 .0 0 * 4
C u - C u 3. 344 0. 0026

O I - C I I y.  2b i 0. 0077
O I - C 1 I I 3. 40* 0 .0 0 * 4
O I - C 1 U j .  m 0. 0073
O i - C l U 3.201 0 .0 0 * 3
oi-ciin 3. 375 0. 00*0
O l - C i  m 3 ,4 0 7 0 .0 0 * 2
O I -C 1  III 3 .5 3 4 0 . 00*1
O I - O I 1 3 .0 5 * 0 .0 1 0 5
0 1 - 0 II 3 .0 4 6 0 .0 1 0 6

O U C H 3. 145 0 .0 0 7 5
© U - C l I I 3. 345 0 .0 0 7 4
O I I -C l  II 3. 201 0. 0060
ou-cni 3. 365 0 .0 0 7 4
O 11-C l  HI 3. 340 0. 00??
0 1 1 -0 1 1 2. §76

C H I - C l  1 3. 266 0 . 0 0 3 5
C I O - C l  III 3 .2 4 4 0 00 36

C l  U1-C1I 3 .2 7 5 0 . 0 0  37
Cl UI-C1 III 3 112 0. 0044



1 1

T a b le  VI: Bond d is ta n c e s  a v e ra g e d  o v e r  th e r m a l  m o tio n

( U B w d {2i
A tom  (2) r id in g  
on  a to m  (1 ). (A)

A tom  (1) r id in g  
cm a to m  (2). 4A)

In d e p e n d e n t a  (A) 
m o tio n  (A)

Crlft ♦ C-l I 2. 258 * JMŴ 2 .2 1 1  0 .0 0 2 §
C o - C l 11 2 .2 1 4 2. 214 2 .3 0 7  0 . 00Z§

C o - c i m 2. >00 2* 302 2. 323 0 .0 0 2 4

C o  - CH 1I 2 304 2. 300 2. 329 0. 0024
C o - O l 2. §97 2 .4 0 4 2 .4 1 7  0 .0 0 1 4

i
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FIGURE CAPTIONS

F ig u re  li  ft) T he C ^ C l *  ic n  in p e r s p e c t iv e  d ra w in g

b) T he c o m p le te  ftt rue  to r e  m o d e l, 
b e lo n g  to  the  O I! e e l.

The labeled atom*
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