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\hstract ’ The title compound (C H A B , in bricO is one of the best realisations of ID , S = 1/2 Ht'iscnbcrg like Icriomagnci as evidenced by the 
‘.[Hcdic heat studies and the existence of a 3D ordering temperature at 1 SO K. EPR lincwidths in several crystallographic planes are measured at X - 
!\uk1, .it room temperature and L N T  temperature and analysed on the basis of the anisoiropic exchange theories of McGregor and Soos and Riticr t'l 
ai shed light on the spin dynamics in C H A B  The principal findings are .

h ) Anisotropic antisymmetric exchange (1.47 c n r ‘ > is ot the same order of magnitude as that of the anisotropic symmetric exchange 11 21 
cm ') Th is  indicates that the well known M oriya relations regarding anisotropic exchange interaction requiies revision

III)  The z-direclion of the anisotropic antisymmetric exchange is along the b-axis of the orthorhombic crystal l e  at right angles to the chain axis 
(c-axis).

Uii) Pionounced orthorhombicity in the anisotropic symmetric exchange icnsor is indicated 

Piincipal ionic g-factors are evaluated from crysiallmc g-factois and the nature t>f the ligand field in this ionic compound has been discussed
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1. Introduction

In recen t e x te n s iv e  in v e s t ig a t io n s ,  b o th  th e o re tic a l a n d

ex p e rim en ta l, o n  th e  m a g n e t is m  o f  lo w -d im e n s io n a l  ( lo w -D )  
tn insiiion  m e ta l c o m p o u n d s  [ 1 - 3 ] ,  h a v e  b e e n  c a r r ie d  o u l. E P R  
im eshape a n d  lin e  w id th  s tu d ie s  h a v e  b e e n  o f  im m e n s e  h e lp  in 
u n d e rs tan d in g  th e  sp in  d y n a m ic s  a n d  m a g n e t ic  in te ra c t io n s  in  

low -D  c o m p o u n d s , sp e c ia lly , M n ^ ’̂ sy s te m s  in  te rm s  o f  sp in - 
liillu sion  th e o ry  [ 4 - 7 ) .  In  s y s te m s  so  fa r  s tu d ie d , h o w e v e r , 

alw ays s o m e  d e v ia t io n s  f ro m  p r e d ic t io n s  o f  th e  id e a l sp in -  
fusion  th e o ry  h a v e  b e e n  o b s e rv e d . S o o s  a n d  c o w o rk e rs  ( 8 | 

fuivc s h o w n  th a t  b e s i d e s  m a g n e t i c  d i p o l a r  i n t e r a c t io n s ,  
a n is o tr o p ic  s y m m e t r i c  e x c h a n g e  ( a . s . e )  a n d  a n i .s o tro p ic  

a n tisy m m etric  e x c h a n g e  (a .a .c .)  in te ra c t io n s  a rc  re q u ire d  to  he 
^am sidered in  e x p la in in g  th e  l in e w id th  a n is o tro p y  in  so m e  ID  

and 2D  c o p p e r  s y s te m s . S tr u c tu ra l  s tu d ie s  [9 , 10] in d ic a te  th a t 
‘-o p p er c y c lo h e x y la m m o n iu m  b r o m id e  ( in  b r ie f , C H A B )  is 

^cnipo,sed o f  l in e a r  c h a in s  o f  c o p p e r  io n s  ly in g  o n  th e  2 , ax is  
parallel to  th e  c -a x is  o f  th e  o r th o rh o m b ic  c ry s ta l  h a v in g  sp a c e  

group P2,2j2, (F ig u re  1). T h e  a d ja c e n t  Cu^"^ io n s  in  a  c h a in  a rc
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n o t m a g n e tic a l ly  e q u iv a le n t w h ile  a d ja c e n t to n s  in  c h a in s  ly in g  

s id e  by  s id e  a re  e q u iv a le n t. E a c h  C u  a to m  is c o o rd in a te d  to  five

Figure 1. infinite lineur chain along c-axis of the orthorhombic crystal 
of CHAB.
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B r  lig a n d s  in  a  n ea rly  p e rfe c t sq u a re  p y ra m id a l g eo m e try  h a v in g  

sy m m etry . T h e  e q u a to r ia l C u -B r  b o n d s  p a rtic ip a te  in  fo rm in g  

tw o  sy m m e tr ic a l  b r id g e s  b e tw e e n  a d ja c e n t c o p p e r  io n s  a lo n g  

th e  c h a in  a n d  s e rv e  a s  th e  su p c re x c h a n g c  p a th w a y s . T h e  n e a re s t 

in tra> ch a in  C u -C u  d is ta n c e  is 3 .2 3 4 A .  T h e  C u -a to m s  a lo n g  th e  

a -d irec tio n  are  se p a ra te d  by  c y c lo h e x y la m m o n iu m  (C H A ) c a tio n s  

a n d  th e  in te rc h a in  d is ta n c e  is 1 0 .7 A . In  th e  b -c  p la n e  a lo n g  th e  

b -d ire c t io n , r a d ic a ls  o f  th e  c y c lo h e x y l a m m o n iu m  g ro u p s  

k e e p  th e  c h a in s  fa r  a p a r t  ( 8 .7  A ). S o , s tru c tu ra l ly , th e  t i t le  

c o m p o u n d  c a n  b e  c o n s i d e r e d  a s  g o o d  o n e - d i m e n s i o n a l  

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

m a g n e tis a tio n  m e a s u re m e n ts  in  th e  te m p e ra tu re  ra n g e  ( ) .5 ~ 2 9 0 K  

[ 1 1 ], an  is o tro p ic  e x c h a n g e  p a ra m e te r  (J ) o f  3 7 .8  e n r  * a lo n g  th e  

c h a in  h a s  b e e n  d e r iv e d . A  s im i la r  v a lu e  o f  J is a lso  o b ta in e d  

fro m  s p e c if ic  h e a t m e a s u re m e n ts  in  th e  te m p e ra tu re  ra n g e  0 .4 -  

5 5 K  (1 2 ] . S l ig h t  a n is o tro p y  ( - 5 % )  in  th e  is o tro p ic  e x c h a n g e  

w h ic h  is  X Y  ty p e  h a s  b e e n  c o n f i rm e d  in  m a g n i tu d e  an d  n a tu re  

by  F M R  e x p e r im e n ts  [1 3 ].

P re s e n t s in g le  c ry s ta l  E P R  s tu d ie s  o f  C H A B  a re  c a r r ie d  o u t 

w ith  a  v iew  to  e x a m in e  h o w  fa r  th e  o b se rv e d  lin e w id th  an iso tro p y  

a n d  lin e s h a p e  in  d i f f e re n t  p la n e s  o f  th e s e  c ry s ta ls  ta lly  w ith  th e  

p re d ic tio n s  o f  1 D  sp in  d if fu s io n  th eo ry . F u rth e r, a n a ly s is  o f  th e se  

d a ta  h a s  b e e n  a tte m p te d  o n  th e  b a s is  o f  th e  th e o r ie s  o f  M c G re g o r  

a n d  S o o s  [8 ] a n d  R i t te r  et al (1 4 ] . S u c h  a n a ly s is  is e x p e c te d  to  

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

p h e n o m e n a  s u c h  a s  a .s .c .  a n d  a .a .c .  i n t e r a c t io n s  b e s id e s  

is o tro p ic  e x c h a n g e . F ro m  p r in c ip a l io n ic  g - fa c to rs , th e  n a tu re  o f  

th e  l ig a n d  f ie ld  in  th is  io n ic  c o m p o u n d  is a ls o  a s s e s se d .

2. Experimental

S in g le  c ry s ta ls  o f  C H A B  a re  g ro w n  b y  s lo w  e v a p o ra t io n  a t ro o m  

t e m p e r a t u r e  f r o m  a n  e q u i m o l e c u l a r  s o l u t i o n  o f  

c y c lo h e x y la m m o n iu m  b ro m id e  a n d  a n h y d ro u s  c o p p e r  b ro m id e  

in  1 -p ro p an o l. D a rk  n e e d le - lik e  c ry s ta ls  w ith  n e e d le  a x is  p a ra lle l 

to  th e  c -a x is  a rc  o b ta in e d . W ith  th e  h e lp  o f  a  V a rian  E - lin e  (E - 

10 9 ) C e n tu ry  S e r ie s  X -b a n d  E P R  S p e c tro m e te r , E P R  s p e c tra  in  

th re e  c ry s ta llo g ra p h ic  p la n e s  (0 1 0 ), ( 1 0 0 ) an d  (0 0 1 ) a re  re c o rd e d  

a t ro o m  a n d  a t l iq u id  n it ro g e n  (L N 2) te m p e ra tu re s .

3. Results and  discussion

J?. 1 Principal crystalline and ionic g-tensors :

F ro m  m e a s u re m e n ts  in  (0 1 0 )  a n d  (1 0 0 )  p la n e s , th e  p r in c ip a l 

c ry s ta l l in e  g - f a c to rs ,  a n d  g  ̂a re  o b ta in e d  w h e re  g ,̂ ĝ  
a r e  p r i n c ip a l  c r y s t a l l i n e  g - f a c to r s  a lo n g  a, b a n d  r - a x e s  

re sp e c tiv e ly . T h e  p r in c ip a l c ry s ta l l in e  g - f a c to rs  re m a in  id e n tic a l 

a t  r o o m  a n d  L N 2 t e m p e r a t u r e s .  E P R  s ig n a l s  d u e  to  tw o  

m a g n e t ic a l ly  in e q u iv a le n t  Cu^'*' c o m p le x e s  in  th e  u n it  c e ll a re  

n o t re s o lv e d , a n d  s o  th e  s im p l i fy in g  a s s u m p tio n  o f  te t ra g o n a l 

s y m m e try  o f  th e  l ig a n d  f ie ld  a r o u n d  e a c h  c o p p e r  ( 1 1 ) io n  is  

re q u ire d  to  d e r iv e  th e  p r in c ip a l  io n ic  g - f a c to rs  (g# a n d  ) fro m

the principal crystalline g-factors with the help of the following
relations:

= (gh^ - g c ^ - Y l )  = igc^-gJ)fiYi  -oci) n )

' ^1

w h e re  « i , jS j, y |  a re  th e  d ir e c t io n  c o s in e s  o f  g,, -d ire c t io n  wnh 

re s p e c t to  a, b, c a x e s  o f  th e  c ry s ta l .  V a lu e s  o f  g „ , gj^ so  derived  

a rc  sh o w n  in  T a b le  I . F o r  f ru itfu l a s s e s s m e n t o f  th e  l ig a n d  field 

in  th is  c ry s ta l ,  o p tic a l d a ta  a re  a ls o  re q u ire d . U n fo rlu n a ic lv , 
c ry s ta ls  o f  C H A B  a re  q u ite  o p a q u e  a n d  so  in  a b s e n c e  ol any 

d ilu ta n t d ia m a g n e tic  is o m o rp h , o p tic a l m e a s u re m e n ts  o f  ilit 
lig a n d  f ie ld  b a n d s  c o u ld  n o t be  c a r r ie d  o u t. F o r  th e  sak e  .d 

c o m p a r is o n , g - f a c to rs  o f  a  s im ila r ly  c o n s t i tu te d  h a lo g e n  lo 
o rd in a te d  c ry s ta l ,  n a m e ly , sq u a re  p la n a r  C u^^ : K.>PdBr^ [ 1 5 1 aic 

in c lu d e d  in  th e  T a b le  1. O p tic a l  d a ta  fo r  th is  c ry s ta l  is ulsu 
a v a ila b le  [1 5 ] . R ig o ro u s  l ig a n d  f ie ld  a n a ly s is  o f  A ra m b u ru  and

Table 1. Principal ionic g-faefors (ĝ  g^)

Coinpouiul Ligand Con format ion P.

CHAB .Square -  pyramidal 2.140 2 OSD

CV^K.PdBr. Square -  planar 2 14.^ 2 04 <

M o re n o  [1 5 ] w h ic h  a ls o  la k e s  c a re  o f  lig a n d  s p in -o rb it  (s 

c o u p lin g  a s  w e ll a s  c h a rg e  tr a n s fe r  in te ra c t io n  h a s  re v e a le d  lh.l  ̂
in  c a se  o f  b ro m in e  c o -o r d in a te d  C u^"^: K ^P d B r^  Ig-g^J icns^n 
d o m in a te d  by  th e  c h a rg e  tr a n s fe r  c o n tr ib u t io n  w h ile  th e  ligand 

f ie ld  c o n tr ib u tio n  is q u ite  sm a ll a n d  n e g a tiv e . F ro m  T ab le  1 , u 

se e n  th a t b o th  C u^^ : K 2 p d B r^  a n d  C H A B  h a v e  v e ry  sin iik u  g 
v a lu e s  (2 .1 4 ) . T h u s , th e  lig a n d  f ie ld s  m a y  b e  d if fe re n t  b u t iIk 
d i f f e r e n c e s  s h o u ld  n o t a f f e c t  th e  g - f a c lo r  i f  A ra m b u ru  and 

M o re n o 's  [1 5 ] th e o ry  is a ls o  a p p lic a b le  in  c a s e  o f  C H A B  and 

f ro m  th e  s a m e  a rg u m e n t  it fo l lo w s  th a t  th e  p r im a ry  factiw 
re s p o n s ib le  fo r  th e  o b s e r v e d  g jj-v a lu es is  c h a rg e  tran sfe r .

3 .2  Lineshape and linewidth anisotropy :

L in e s h a p e  a n a ly s is  s h o w s  th a t in  a ll d ir e c t io n s  in c lu d in g  the 

c h a in  (c -a x is )  a n d  th e  m a g ic  a n g le  (5 4 .7 ” to  c -a x is )  d ire c tio n s  llic 
l in e sh a p e  is L o re n tz ia n . D e riv a t iv e  lin e w id th s  m e a su re d  in (010). 

(1 0 0 )  a n d  ((K )l) p la n e s  a re  p lo t te d  versus o r ie n ta t io n  in  F igu res 
2 (a , b , c). It is n o te d  th a t th e  lin e w id th  is m in im u m  (9 .8  n iT ) along 

th e  c h a in  a x is  a n d  m a x im u m  (1 5 m T )  a l a n  a n g le  9 0 ” to  the  chain 
a x is . T h e  a b o v e  o b s e r v a tio n s  o n  l in e s h a p e  a n d  lin e w id th  arc 

c le a r ly  a t  v a r ia n c e  w ith  th e  p re d ic t io n s  fo r  a  tru ly  ID  spin 
d if fu s io n  s y s te m  w h ic h  s ta te s  th a t  ( i )  th e  l in e s h a p e  is non 
L o re n tz ia n  a lo n g  th e  c h a in  a x is , w h ile  it is L o re n tz ia n  at the 
m a g ic  a n g le  a n d  ( i i)  l in e w id th  is m a x im u m  a lo n g  th e  c h a in  axi^ 

a n d  m in im u m  a t th e  m a g ic  a n g le  a n d  sh o w s  a  s e c o n d  maximum  
a t  a n  o r ie n ta t io n  9 0 ” to  th e  c h a in  a x is . S in c e  th e  c h a in s  arc 
s t ru c tu ra l ly  f a r  a p a r t  (1 0 .7  A  a n d  8 .7  A  a lo n g  a  a x is  an d  b-axn^ 
re sp e c tiv e ly ) , th e  in te rc h a in  e x c h a n g e  (d e n o te d  b y  J j ) is  expected
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to be sm all an d  h as  little  e ffe c t o n  th e  lin esh ap e . I 'h is  is c o n firm e d  
from  su s c e p tib i li ty  a n d  sp e c if ic  h e a t m e a s u re m e n ts  o f  J j at lo w

2(a)

figure 2. Derivative linewidths va orientation (9 )  m the (a)
(b) (100) and (001), (c) (101) planes of CHAB,

Experimental points

te m p e ra tu re s  ( lO , 1 2 ]. J j is a b o u t th re e  o rd e rs  o f  m a g n itu d e  

sm a lle r  th an  in tra c h a in  e x c h a n g e  p a ra m e te r  J, C u (II )  ion  h as a 

la rg e  sp in -o rb it c o u p lin g  ( A =  ~ e n r ’) an d  it fo llo w s  th a t 

b o th  a .s .e . an d  a .a .e  in te ra c tio n s  (s in c e  c o p p e r  s ite s  in a  ch a in  
la c k  in v e rs io n  sy m m e try , F ig u re  1 ) m ay  be  p re se n t and  arc  

e x p e c te d  to  p la y  im p o rta n t ro le s  in re g u la tin g  th e  lin e w id th  

b e h a v io r  o f  th e  p re se n t C u ( I l )  ID  FM  sy s te m . It is a lso  p o ss ib le  

th a t a .s .e  an d  a .a .e  in te ra c t io n s  a ls o  c a u se  d e v ia t io n  o f  the  

lin e sh a p e  fro m  its id ea l sp in  d if fu s io n  b e h a v io u r  ( in te rc h a in  

e x c h a n g e  is n e g lig ib ly  sm a ll) . S o o s  an d  o th e rs  [ 8 , I 4 | took  
c o g n iz a n c e  o f  a n iso tro p ic  e x c h a n g e  in te ra c tio n s  in fo rm u la tin g  

a  c o m p re h e n s iv e  lin e w id th  th e o ry  fo r C u ( I l )  low  D  sy s tem s . 
fTheir th e o r ie s  h av e  b een  a d o p te d  in  the  p re se n t an a ly s is .

\ M c G re g o r  an d  S o o s  [8 ] c a lc u la te d  the  w id th  o f  the F P R  line 

by  u sin g  g enera l lin ew id th  th eo ry  [1 6 ,1 7 ]  fo r a C u ( ll)  1 D system  
by  in c lu d in g  the  B lu m e -H u b b a rd  (18] re su lt lo r sp in -d y n a m ic s  

$nd  p re fe re n tia lly  w e ig h tin g  a .s .e  a n d  d ip o la r  te rm s  m one  
d im e n s io n . R itte r  et al\ 14] e x te n d e d  th e  th eo ry  to  s itu a tio n s  

w h e re  th e  sy m m e try  o f  a .s .e  is o r th o rh o m b ic  an d  in a d d itio n  
a .a .e . in te ra c tio n  is p re se n t. In  e a se  C H A B , e x c e p t the  tw o  

n e ig h b o u r in g  s ite s  in a c h a in , all o th e r  s ite s  a re  s itu a te d  at large 
d is ta n c e s  and  th e  m a g n e tic  d ip o la r  c o n tr ib u tio n s  d u e  to  them  

h av e  b e e n  ig n o re d  in th e  se c o n d  m o m e n t c a lc u la tio n . S in ce  the 
n e a re s t n e ig h b o u rs  in  a c h a in  a re  q u ite  c lo s e , th e  hyper fine 

in te rac tio n  te rm  in c o m p a r iso n  to  d ip o la r  te rm s c an  be n eg lec ted . 
T lie  n o n -s e c u la r  c o n tr ib u tio n s  o f  the  d ip o la r  an d  a .s .e . te rm s to  

th e  se c o n d  m o m e n t in th e  c o o rd in a te s  o l F ig u re  3 is g iv en  by 

[141

y '  +  (3 +  2 /l)}
/ r  '

+Dl(cos-’ d + 1) - /  3 ){ [(3  +  4 ) c o s -  f - { \  + A)]

( 3 c o s ^ 0 - l )  +  ( l / 3 ) [ - 2 ^ + ( 3  +  / i ) s i n ^ y '] s i n ^ O c o s l 2 ( a  +  <io)}]

(3)

w h ere

D , .  ( * / ) ) ’ / . ’

+  (5)

w h e re  r is th e  n e a re s t -n e ig lib o u r  in ira c h a in  se p a ra tio n  a lo n g  

th e  c h a in  a x is  (z ) . D,  an d  A a rc  re s p e c tiv e ly  th e  ax ia l an d  
o r th o rh o m b ic  c o m p o n e n ts  o f  th e  a .s .e  ten so r. T h e  a n g le  a  
re p re se n ts  th e  ro ta tio n  o f D / ' " '  (a .s .e . te n s o r  in  th e  m o le c u la r  

fra m e ) a b o u t Z  (th e  /.-d irec tio n  o f  th e  p r in c ip a l g - te n so r)  w h ic h  
re su lts  f ro m  th e  tra n s fo rm a tio n  to  la b o ra to ry  c o -o rd ih a te s .

: a.s.e. having axial symin.+non-zero p and ot 
—) : a. s. c. having orthorhomb.symm.+non-zero p and a  
~) : a. s. c. having oithorhoinb. symni + a.a.c. non-zero p and 

a  (Sec Text)

= ( £ ) c ) / 3 (6)
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w h e re  q a n d  p a re  g iv e n  hy A a n d  /? =  - 1  +  in  o rd e r

to  m a in ta in  a  z e ro  tr a c e  o p e r a to r  T h e  a n g le s  B a n d  (p d e f in e  th e  

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

c ry s ta l lo g ra p h ic  a x e s  a n d  is  th e  a n g le  b e tw e e n  a n d  Z  

(F ig u re  3 ). It h a s  b e e n  c u s to m a ry  to  a s s u m e  th a t  th e  p r in c ip a l 

a x e s  o f  th e  a .s .c . a n d  g - lc n s o rs  a rc  c o in c id e n t. l"he  p u re ly  s e c u la r  
p a r t is g iv e n  by

A / ' ( 0 )  =  [ ( D ,  /  3 ) [ (3  +  4 ) c o s  V ' - ( 1  +  4 ) ]

-Z ),y (3cos^  0 - 1 ) ] ^ . (7)

Z II r (chain)

Figure 3. Coordinate system for the theoretical treatment with z axis 
along the direction of strong exchange f (61, <p) defining the orientation 
of applied field and anisotropic syinincthc exchange direction (a.s.c) is 
chosen in the xz plane.

T h e  a .a .c . in te ra c t io n  i.e. S  x  S in te ra c t io n  is a ls o  d e s c r ib e d  

in  th e  c o o rd in a te s  o f  F ig u re  3 a c c o rd in g  to  th e  s y m m e try  ru le s  
o f  M o r iy a  [1 9 ] . I f  d ( a n t i s y m m e t r i c  e x c h a n g e  v e c to r )  l ie s  

c o m p le te ly  w ith in  th e  a -c  p la n e , th e  c o n tr ib u t io n  to  th e  s e c o n d  

m o m e n t is g iv e n  by

/ 8 ) { 2  +  s i n ^ O - 0 ^ ) } , ( 8 )

w h e re  d  is  th e  s c a la r  m a g n i tu d e  o f  th e  a n tis y m m e tr ic  e x c h a n g e  

in te ra c t io n  a n d  0 ^ is  th e  a n g le  m a d e  b y  th e  a n tis y m m e tr ic  

e x c h a n g e  v e c to r  w ith  th e  a -a x is  o f  th e  c ry s ta l .

N e g l e c t i n g  n e x t - n e a r e s t  n e i g h b o u r s  a n d  h y p e r f i n e  
in te ra c t io n s ,  th e  r e la t io n s h ip  b e tw e e n  c a lc u la te d  a n d  o b s e rv e d  

l in e w id th s  is  e x p r e s s e d  a s

i S / 2 )AH pp  =  ( V 2  / 3J ) + p M J ( 0 )  +  M ^ ] .  (9 )

Table 2. Best fitted parameters for cyclohexylammonium copper bromide (CHAB)

T h e  a d ju s ta b le  p a ra m e te r s  in  c q . (9 )  a re  J, , A, d, 6^ ai,d

p .  T h e  s e m i p o s i t i v c  p a r a m e t e r  p  e n h a n c e s  th e  sccu la i 
in te ra c t io n  ie, w h e n  p  =  0 , s e c u la r  c o n tr ib u t io n s  to  aic 

e q u a lly  w e ig h te d , w h ile  fo r  p  >  0  th e  s e c u la r  c o n tr ib u tio n s  an  
p re f e re n tia l ly  w e ig h te d . T h e  e x p e r im e n ta l  l in c w id th  d a ta  haw  

b e e n  f i tte d  to  eq . (9 ) . S in c e  th e  n u m b e r  o f  p a ra m e te r s  a re  quiic 
l a r g e ,  w e  f i r s t  a s s u m e  th e  v a lu e s  o f  i s o t r o p i c  exchan^n. 

p a ra m e te r s  d e te rm in e d  fro m  m a g n e t ic  s u s c e p tib i l i ty  v a lu es and 
a s s u m e  o n ly  th e  p re s e n c e  o f  a n is o tro p ic  sy m m e tr ic  cxcham?,, 
p a ra m e te r  (D ^) h a v in g  ax ia l sy m m e try , n o n -z e ro  p  an d  a  as ilu 
th re e  a d ju s ta b le  p a ra m e te r s . T h e  f i t t in g  is  n o t a t a ll sa tisfac iu rv

i.e. th e  f i tte d  c u rv e  h a s  c u rv a tu re  o p p o s ite  to  th a t o f  experim enia! 
c u rv e  (F ig u re  2 a ). N e x t a s s u m in g  a .s .e  to  h a v e  ortho rhon ibK  

s y m m e try  Le, n o n -z e r o  A^ a  c o n s id e ra b le  im p ro v e m e n t in the 
f i t t in g  is  o b ta in e d  in  th a t  th e  c u r v a t u r e  o f  th e  f i t te d  and 

e x p e r im e n ta l  c u rv e s  a rc  s im i la r  b u t th e  f i t te d  v a lu es  arc 

m u c h  le s s  th a n  th e  e x p e r im e n ta l ly  o b ta in e d  v a lu e s  a t m<^st ot 
th e  o r ie n ta t io n s . W ith  a  v ie w  to  o b ta in  f u r th e r  im p ro v e m e n t m 

f i t t in g ,  a .a .e  p a r a m c tc r ( d )  is  a l s o  c o n s id e r e d .  R c m a rk a h k  

im p r o v e m e n t  in  f i t t in g  is  o b ta in e d  in  th a t  th e  f i t te d  ami 
e x p e r i m e n t a l  c u r v e s  a r e  a l m o s t  c o i n c i d e n t .  T h e  fitted  

p a r a m e t e r s  , a ,  p ,  zl a n d  d h a v e  a l s o  p r o v i d e d  qu ite  

s a t is f a c to ry  f i t t in g  in  tw o  o th e r  p la n e s , n a m e ly  (1 0 0 )  an d  (O ld ) 
o f  th e  c ry s ta ls  (F ig u re  2 b ). T o  v e r ify  th e  a u th e n t ic i ty  of om 
f i t t in g , l in e w id th s  o b ta in e d  in  a n o th e r  p la n e  ( 1 0 1 ) a rc  al.so fitted  

e m p lo y in g  cq . (9 )  a n d  th e  a b o v e  f i tte d  p a ra m e te r s  a n d  th e  fiHiiu: 
is  q u ite  e x c e l le n t  (F ig u re  2 c ). It is  o b s e r v e d  th a t th e  fitiin.^ is 
m o s t s a t is f a c to ry  w h e n  th e  z -d i r e c t io n s  o f  th e  a .s .c . a n d  ol the 
a .a .e . te n s o rs  a re  c h o se n  a lo n g  th e  c h a in  a x is  (c -a x is ) ,  an d  the h

a x is  (6^ = 9 0 ® )  re s p e c tiv e ly . T h e  b e s t f i tte d  param eter.^  a:, 

sh o w n  in  T a b le  2 . T h e  n o n -z e r o  v a lu e s  o f  p  i.e. 0 .2 0  sh( v 
so m e  e n h a n c e m e n t o f  th e  s e c u la r  c o n tr ib u t io n  to  th e  scluiki 

m o m e n t .  I t  is  a ls o  n o te d  th a t  a .s .e .  t e n s o r  h a s  a p p re u a M . 

o r th o rh o m b ic ity  in  C H A B  ( A =  1 .0 0 ). V a lu es  o f  a n d  d can 

e s t im a te d  w ith  th e  h e lp  o f  w e ll- k n o w n  M o r iy a  re la tio n  |

[ \  -  (4*? /  J a n d  d -  (A^ /  ^ ) 7  w h e re  Ag is  th e  d it lc r c n u  

o f  m e a n  g -v a lu c  fro m  th e  f re e  e le c tro n  g v a lu e  (g^). T h e  valu^^ 
a rc  sh o w n  w ith in  p a r e n th e s e s  in  T a b le  2 . It is  o b v io u s  ifiai 

M o r iy a  re la t io n s  fa il to  a c c o u n t fo r  th e  f i tte d  v a lu e s  o f  aiul u 
o b ta in e d  fro m  l in c w id th  a n a ly s is . It is  s ig n if ic a n t  to  n o te  tun  

th a t th e  p re s e n t s y s te m  s tu d ie d  is a  h a lo g e n  c o -o rd in a te d  Curil* 
c o m p o u n d  a n d  h a lo g e n  Br"* h a s  a  la r g e  s p in -o rb i t  couplin.i: 

c o m p a re d  to  th a t o f  Cu^"^ io n  ( fo r  B r“ it is 2 2 0 0  c m '*  m o re  than 
th a t fo r Cu^"^ w h ic h  is -  8 3 0  c m ” *). S in c e  th e  e x c h a n g e  interaction'' 

ta k e  p la c e  th ro u g h  th e  in te rm e d ia ry  h a lo g e n  lig a n d  a to m s, ii i''

Compound J ( C I l l * ‘ ) (cm •) ^ (cm ‘) a  O  d (cm'^’) e . o P

CHAB 38.5 1.21 1 00 83.00 1.47 90 0.20

(37.8;38.5)* (0.13)** (2.21)**

* Values in parentheses arc obtained from magnetic susceptibility and specific heat studies [11, 12, 
14]
** Values in parenthesis are obtained by Moriya relation [20]
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possible that ligand spin-orbit coupling has some important 
role to play in determ in ing  supcrexchange and hence the 
Strengths o f the different kinds o f exchange parameters. For 
biominc coordinated C u(ll)  com pounds, in addition, charge 
transfer interaction may also be involved in the super-exchange 
process. From above, it is evident that the M oriya relations 
uquire m odification for a proper description o f anisotropic 
exchange interactions present in halogen coordinated CHAD 
.iiul similar systems.
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