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ABSTRACT 

N Q R  spectra  were observed for  =-(CI~):TeX:.  (X=CI, Er, I) and (CHs).Te_I, at various 
tempera tures  The  two BZBr NQR hnes ~,ere observed above 110 K in =-(CH_.)..TeBr= The  
charac~eristlc t empera tu re  dependence  of the ~2=! N Q R  hne in =-(CH3):TeI.  can be ex- 
plained by  the 3c--4e bond of  the hnear  I - -To-- I  group The  positive tempe_,-~are depen- 
dence of  the lowest  ~:~I NQR line m (CH~)=TeI~ ~s discu=~ed on  the basis o f  the  electron 
popula~,.on calculated f rom Townes---Da~ley ~reatment.  

INTRODUCTION 

T h e  X - r a y  s t r u c t u r a l  a n a l y s i s  c t a r i f m d  t h a t  a - ( C H 3 ) 2 T e X =  ( X = C ! ,  I )  m o l e -  
c u l e s  in  t h e  c r y s t a l  a r e  b o u n d  t o  e a c h  o t h e r  b y  w e a k  h a l o g e n  b r i d g e s  t o  f o r m  
a n  m f m i t e  c h a i n  [1 ,  2 ]  T h e  t e l l u r i u m  a t o m  is o c t a h e d _ ~ l l y  s ' ~ r r o t m d e d  b y  
f o u r  h a l o g e n  a n d  t w o  c a r b o n  a t o m s  b u t  t h e  s t r u c t u r e s  o f  a - ( C H ~ ) z T e C l z  a n d  
~ - ( C H ~ ) ~ T e I 2  d i f f e r  b e c a u s e  h a l f  t h e  c h l o r i n e  a t o m s  in  t h e  fo . -zner  a n d  a l l  
i o d i n e  a t o m s  Lu t h e  l a t ~ e r  f o r m  w e a k  i n t e r m o l e c u ! a r  b o n d s .  F o r  ~ - ( C H 3 ) z -  
T e B r ~  t h e  c r y s t a l  s t r u c t u r e  is n o t  y e t  k n o w n .  

O n  t h e  o t h e r  h a n d ,  ( C H 3 ) 2 T e L  c o m p r i s e s  a-(CH3)_~TeI~ a n d  I= m o l e c u l e s  
[ 3 ] .  T h e  I :  m o l e c u l e s  axe,  o n  bor2~ s ides ,  b o u n d  1:o ( C H s ) 2 T e I - .  io  ~d2ne a t o m s  
a n d  f o r m  a l i n e a r  c h a i n  d e s i g n a t e d  as  a n  I4 grou~, .  O n l y  o n e  io~]ane a t o m  o f  
( C H ~ ) 2 T e I 2  m b o u n d  t o  t h e  iz  m o l e c u l e s .  

I n  a l l  t h e  c o m p o u n d s  m e n t n o n e d  a b o v e ,  t h e  lirLear X - - T e - - X -  b o n d  is c o n -  
s l d e r e d  t o  b e  f o x . n e d  b y  a 3 c - - 4 e  b o n d  [ 8 ]  _As t h e  v w o  b o n d s  in  ~ e  ~ , e a x  
X - - T e - - X  b o n d  a r e  s t r o n g l y  c o r r e l a t e d ,  i~ is o f  i n t e r e s t  t o  e x a m i n e  th.e~r 
b o n d  c h a r a c t e r .  I n  t h e  p r e s e n t  w o r k ,  w e  t r i e d  t o  o b t a i n  i n f o r m a t i o n  r e g a r d -  
m g  t h e  3c- - -4e  b o n d  a n d  i n t e r m o l e c u l a r  b o n d  f~o~ ,  t h e  N Q R  s p e c t r a .  

F o r  a - (CH3)=TeC12 ,  K o n d o  e t  a l .  [ 4 ]  h a v e  a l r e a d y  r e p o r t e d  t w o  3sc1 N Q R  
l£ues a t  s e v e r a l  t e m p e r a t u r e s  a n d  a s s i g n e d  L h e m  t~) t-wo c h l o r i n e  a t o m s  in  t h e  
m o l e c u l e  f r o m  t h e  Z e e m ~ n  e f f e c t  s t u d y .  
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Using t h e  met~hod o f  V e r n o n  [ 5 ] ,  ~- (CH3)zTei2  was  p r e p a r e d  f r o m  T e  and  
CH3I, enid ~-(CH3)2TeX,_ (X=CI,  Br)  w e r e  p r e p a r e d  f r o m  a - (CH3)2TeI , ,  
AgNO3,  a nd  HX.  (CH3)=TeL was p r e p a r e d  f r o m  a-(CH3)~TeI= a n d  I= b y  t h e  
p r o c e d u r e  Ln t h e  l i r e m ~ r e  [6]  T h e s e  c o m p o u n d s  w e r e  idenzifued b y  Ct-LN 
elemen~.~ 1 analys is  as h s t e d  ~.n T a b l e  ! .  

T h e  :~QR spec~,ome-ters  u sed  w e r e  s u p e r r e g e n e r a t i v e  osc i l l a to r s  ~u th  
f r e q u e n c y  m o d u l a z i o n  o r  Z e e m a n  m o d u l a t i o n .  R e s o n a n c e  l ines  w e r e  o b s e r v e d  
o n  an e sc / ' doscope  o r  a r e c o r d e r .  T h e  NQ~Zt f r e q u e n c m s  we re  m e a s u r e d  w i t h  a 
signal g e n e r a t o r  a n d  a f r e q u e n c y  c o u n t e r  w i t h  an  estL, n a t e d  a c c u r a c y  o f  
± 0 . 0 0 2  M H z  f o r  JsC1 a n d  -+0 02  M H z  f o r  S 'Br  a n d  IzvI. T h e  Z e e m a n  e f f e c t  on  
t h e  N Q R  lines was  o b s e r v e d  us ing  a magnez i c  f ie ld  c f  a b o u t  25  m T  a n d  
e x a r m p e d  b y  m e a n s  o f  t h e  ze ro - sp l i t t i ng  c o n e  m e t h o d  a t  r o o m  t e m p e r a t u r e .  

RESULTS AND DISCUSSION 

T a b l e  2 shows  t he  3sC1 ~.nd SlBr N Q R  f r e q u e n c m s  a t  r o o m  Zemperazure .  
a-tCH,)._TeC12 y i e l d e d  t w o  ~sC1 N Q R  lines w h o s e  r e s o n a n c e  f requenc , -es  are  
L-_ g o o d  a g : e e m e n t  w i t h  t h o s e  r e p o r t e d  by  K o n d o  e t  al. [ 4 ] .  a - (CH3)2TeBr2 
also y i e l d e d  t w o  S'-Br N Q R  l ines.  T h e  d i f f e r e n c e  m f r e q u e n c y  be~'~veen t w o  
h a l o g e n  a t o m s  is la rger  m t h e  b r o r m d e  t h a n  in  t h e  ch lo r i de .  H o w e v e r ,  ~a_king 
i n t o  a c c o u n t  t h e  q u a d r u p o l e  m o m e n z ,  t he  d i f f e r e n c e  in e l e c t r i c  f ie ld  g r a d i e n t  
b e t w e e n  ~ v o  h ~ o g e n  a t o m s  is la rger  m t h e  c h l o r i d e  t h a n  in t h e  b r o m i d e .  
Th i s  r e f l ec t s  t h e  f a c t  zha~ m t e r m o l e c u l a r  Br- - - T e  into_r-action is weak_er t h a n  
t h e  CI- - - T e  m t e r a c t m n .  

T a b l e  3 shows  Lhe z2vI N Q R  f r e q u e n c i e s  a t  r o o m  t e m p e r a t u r e ,  a - (CH3)zTeIz  
y i e l d e d  sLx v:(1/2--3/2) N Q R  l ines  o f  ~"-vI, i n d i c a t i n g  t h e  p r e s e n c e  o f  mx n o n -  
e q t n v ~ e n t  i o d i n e  a t o m s ,  Le. ,  t h r e e  c r y s t a l l o g r a p h l c a l ! y  n o n e q u i v a l e n t  
(CH~)~TeI2 m o l e c u l e s  in t~he c rys ta l  Th i s  is c o n s i s t e n t  w i t h  ivs c r y s t a l  s t ruc -  
t u r e  [ 2 ] .  T h e  Z e e m a n  e f f e c t  on  th~ l o w e s t  and  t h e  h i g h e s t  v~ N Q R  l ines  o f  
~2~I w e re  o b s e r v e d  and  thezr  zerc~spb_~tmg p a t t e r n s  are s h o w n  m Fig.  1. T h e  
angles b e t w e e n  "the c r y s t a l  b axis  and  t h e  p r inc ipa l  z axes  o f  e l e c t r i c  fueld 
g rad i en t s  a t  t h e  t w o  ,_odine a t o m s  are  142 .1  ° and  i 4 3 . 6  ° w h i c h  are  m g o o d  

TABLE I 

Melding point and aaalytical data 

wompound M.p (°C) Found (Ca]c.) 

C (%) H (%) 

=-(CH~)=TeCI: 92 I0 70(10 50) 2 61(2 62) 
a-(CH~)=TeBr= 91 7 71(7 56) 1.74(1 $9) 
~-(CH~):Tei= 127 5 88(5.83) 1 46(1 46) 
(CH~)=Tel, S9 3 66(3 61) 0 90(0.90) 



TABLE 2 

N Q R  f r e q u e n c i e s  i n  a - ( C H . ) : T e C I ~  a n d  a - ( C H , ) : T e B r =  
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C o m p o u n d  N u c l e u s  Fm~-quency 

(MHz) 

T ( K )  

a - ( C H , ) . T a C L  3"CI 15 309 
~C] 17.872 

a-(CH~)~TeBr= B:Br 1 2 0  0 9  
e~Br 124 64 

2 9 2  
2 9 2  

3 0 0  
3 0 0  

T A B L E  3 

' = ' I  N Q R  para_.-neters in  = - ( C H  3 ) : T e I :  am.d ( C H , ) : T e I ,  a t  a b o u t  3 0 0  K 

C o m p o u n d  Line F r e q u e n c y  ( M H z )  

• J ]  V .  

n (%) e = Q q zz /h  

( M H z )  

~- (CI -~)~TeI=  

(CH,):TeI, 

v a 1 1 9  72 2 3 9 . 1 2  
v b 1 3 5 . 7 6  2 6 8  9 8  
~c 145 87 288.01 

v d 149.65 299.02 

~e 1 6 7  5 4  3 3 5  0 6  
. f  1 7 5 . 9 2  3 5 0 . 0 2  

v a 1 1 4 . 6 5  2 0 7 . 8 7  
v b 141 4 6  2 5 5  7 9  
~e 314.14 -- 

~d 3 2 5 . 2 7  - 

3 O3 
8 5 3  

IO 02 

2 69 

0 04 

632 

28 65  
2 9  08  

7 9 7 . 2 5  
8 9 7  9 3  
9 6 1 . 9 8  
9 9 6  8 7  

1116 89  
1167.69 

703 96 

8 6 6  6 3  

150 

5 0  

, [ 

° o  50  Joo 150 2 0 0  

F i g  ! .  T h e  z e r o - s p l i t t , n g  p a t L e r r s  o f  t h e  l o w e s t  a-no t h e  h i g h e s t  v L N Q R  f i r e s  o f  ' = ' I m  
~ - ( C H j  )~TeI :  
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a~_oTeement wit/u t h o s e  f r o m  the  X-ray cryst~J analy.~s [ 2 ] .  T h e  angle b e t w e e n  
t / le  ~_ncipal  axes  was 1 7 6 . 4  ° w h i c h  is compm-able  w i t h  ! 7 8 . 3  ° f r o m  the  
X-ra'] crystal  analy ~ms. Th~-e fore ,  the  l o w e s t  and t h e  h ighes t  N Q R  hues  are 
assigI~ed t - )  t w o  zo -dine a t o m s  o f  a hnear  I - - T e l  b o n d .  T h e  o t h e r  N Q R  l ines  
were  -~_lso assigned to  ~he i od ine  a t o m s  f r o m  Te- - I  b o n d  lengt_~- s, in~.arrnolec- 
ul~r i" • • T ~ - d i s t a n c e ,  b o n d  angles and  N Q R  paramete_rs. T h e  resuiZs o b t a i n e d  
are l isted ~ Table  8. S ix  NQK l ines  are c lass i f ied i n t o  three  groups ,  va, ~ ;  ~b, 
P~; P¢, "d, and each o f  groups  c o r r e s p o n d i n g  t o  o n e  lhnear I - -Te - - I  b o n d .  

(CH~)~TeI~ gave f o u r  ~, NQI% l ines  o f  '~-vI, mcl icat ing the  presence  o f  f o u r  
n o n e q u i v M e u t  i od ine  a toms  in t_he crystal .  This  m consiste_n~ w i t h  the  m o l e c -  
ular struchxre o f  (CHa)~TeI~- !~ d e t e r m i n e d  by X-ray c.~]s.ta! analysm. F r o m  
c o m p a r i s o n  o f  the  ~-~I N Q K  frequencms  o f  a-(CH~),_Tei~ in fine o r e s e n t  w o r k  
and I2 in ~./ne l i terature [ 7 ] ,  the  t w o  l o w e r  v~ NQl% -hn_es are assigned to  the  
(CHa)=TeI= m o i e t y  and the  t w o  higher l ines ,  to  the  I~ m o i e t y .  

Temperature dependence o f  NQR frequency zn ry-(CH~)2TeX2 (X=Cl, Br) 

T h e  t emperature  d e p e n d e n c e  o f  NQI~ frequenczes  ~.u cv-(CHa)2TeCI2 is 
s h o w n  in Fig  2. T h e  N Q R  frequenc i e s  at 77  K and 2 0 5  K are in g o o d  agree- 
men~ wi th  ~hose reported  b~- _~ondo e t  al. [4 ]  w h o  observed  the  N Q R  lmes  
at several t emperatures  B o t h  asC1 N Q R  l ine  f requenc i e s  d e e r e ~ d  m o n o t o -  
n ou s l y  wi th  increasing ~em~ erature a l though  o n e  o f  the t w o  ch lorh le  a t o m s  
in the  m o l e c u l e  f o r m s  ~n i n ~ e r m o i e e ~ a r  C 1 . . - T e  b o n d  [ i ] .  T h e  d i ~ e r e n e e  
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Fig 2 The temperature dependence of 35C1 NQR lines In a-(CHa).TeCI; 
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in frequency between two }sCl I~$Q~ line~ seems ~) be ~]n~ost independent of 
temperate, as shown in _~g. ~. T;fls Z m d m g  can_nob be exp)aineO o~ foe 
basis of the crysra~l struc~c~[re from X-ray diffract] on [ 1 ] ; the structure leads 
us ~o expect a £e~mperature dependence as shown Jot the bromide zn F!g. 8. 

For ~-(CH3)=TeBr=, no NQ_~ lines were observed a~ 77 El. _As the tempera- 
ture was rinsed, two SIBr NQR lines were detected at II0 K. The lower NQR 

whereas the higher NQR h_ne frequency decreased with increasing tempera- 
tnze. This feature of ib_he temperature dependence cf NQP~ frequencies suggests 
that the crystal structure is analogous ~o that of the chloride repo_~ed by 
C_h_ristofferson et al [ 1 ]. 

The  t e m p e r a t u r e  d e p e n d e n c e  o f  '=7! N Q R  f r e q u e n c i e s  in a-(CH3)2TeI~ is 
show-c, ~ ~'t~.. ~.  ~ . ~  ~ x ' , ~  h~e ~ ~ ~ i ~  ~n_x?~ ~9.,  ~ ~x~o_v'~9~ ~__~ 
s y m m e t r i c a l  w i t h  respec~ to  t he  f r e q u e n c y  o f  a b o u t  1 4 9  MHz .  This  t e m p e r a -  
# [ r e  ~e iDen6ence  can 's~ ex~Dha/n~b k)y e s s u m / v g  D~a~ Da~ ))me, m" ] - -T~- - ]  :b~.~D 
~s f o r m e d  b y  t h e  3 c - - 4 e  b o n d .  The  va l id i ty  o f  t he  3 c - - 4 e  b o n d  was  sugges t ed  
b y  t h e  X- ray  c rys t a l  ana lys i s  [ 2 ] ,  w.hich m d m a t e d  t h a t  t_he ax-el  q-e--I b o n d s  
are c o n s i d e r a b l y  l o n g e r  c o m p a r e d  wish  the  s u m  o f  t he  cevalPmt ~ d l i  [ S ] .  
The two Te--I bonds in the hnear l--Te--I bond are str¢.ng/y correlated. 
%~,rhen one ~odine atom in the I--Te--i bond form. =, intermole au/ar bonds, one 
I--Te bond is weakened and lengthened and this results m a hortenmg of the 
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other .  ~ i  N Q R  f r e q u e n c i e s  o f  fine t w o  i o d i n e  a t o m s  in t h e  I - - T e - - I  b o n d  are 
~ o  s t r o n g l y  corre la ted .  ~rhen  o n e  i o d i n e  a t o m  m t h e  I ~ T e - - I  b o n d  f o r m s  a n  
m t e r m o l e c u ] ~ r  b o n d ,  its  N Q R  f r e q u e n c y  decreases ;  t h e  inte_,-mo!ecular b o n d  
is fo_,-med b y  e l e c t r o n  transfer  f z o m  a p orb i ta l  o f  t h e  i o d i n e  a t o m  t o  an 
e m p t y  orbi ta l  o f  the  ~ei!urium a t o m .  T h e  f r e q u e n c y  decrease  for  o n e  ':odme 
atom results m a ~ e q u e n c y  increasing for the other. When the temperature 
rises, t h e  m t e r m o l e c u l a r  b o n d  ~mll part ly  br~.ak a n d  t h e  N Q R  f r e q u e n c y  o f  
-,,he i o d i n e  a t o m  partScipat ing in. ~ e  Lntermo.,ecular b o n d  wi l l  increase .  H o w -  
ever,  t h e  f r e q u e n c y  o f  t h e  o t h e r  wfl! decrease  a l t h o u g h  t h e s e  e f f ec t s  are 
m o d i f i e d  s o m e w h a t  by  t h e  la t t i ce  v i b r a t i o n  e f f e c t .  T h e  curves  o f  t h e  t w o  
~odme a t o m s  are t h u s  symr-e~r iea l  a b o u t  a certa~_ f r e q u e n c y .  

Temperature depencence o f  NGR frequency ,.n (CH3)=TeI~ 

T h e  t e m p e r a t u z e  d e p e n d e n c e  o f  J'2"ll N Q R  f r e q u e n c i e s  in (CHs)=TeI4 is 
s h o w n  m F!g.  5. T h e  t w o  h i g h e r  N Q R  l ines ,  w h m h  are ass igned t o  t h e  I= 
m o i e t y ,  decreased  the ir  f r e q u e n c i e s  w i t h  increas ing  t e m p e r a t u r e ;  t h e  vwo 
curves  are s l rnos t  parallel .  Wi th  r e s p e c t  to  t h e  r e m a i n i n g  t w o  l ines  w h i c h  are 
ass igned t o  (CH~)2TeI= m o i e t y ,  t h e  f r e q u e n c y  o f  t h e  l o w e r  N Q R  h n e  h~_creased 
b u t  t h a t  o f  t h e  o t h e r  decreased  as th e  t e m p e r a t u r e  was  raised.  S i n c e  t h e  
l o w e r  N Q R  l ine  ~x]ses f r o m  t h e  L~iply-bridgn_ng i o d i n e  a t o m ,  i ts  posi tave 
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F i g  5 T h e  t e m p e r a t u r e  d e p e n d e n c e  o f  u 1 N Q R  h n e s  o f  3=~I m ( C H ~ ) : T e I  4. 

2 0  

Fxg 6 T h e  t e r n p e r ~ u r e  d e p e n d e n c e  o£ e = ~ q n / h  a n d  ~ o f  t h e  l o w e s t  ~=~I N Q i ~  l tne in 
( C H ~ ) : T e I ,  
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temperature dependence Js of in.rest. The temperature dependence of the 
nuclear qu~_.drupole couphng constants, e2Qq,./h (i = x. y. z) and r~e asym- 
metry parameter. ~ were derived from r/le tempezature dependence of the vl 
a n d  v2 NQI% l ines ,  as  s h o w n  in Ylg.  6. e 2 Q q ~ . / h  s h o w s  a p o s i t a v e  t e m p e r a t u r e  
d e p e n d e n c e  a n d  e2Qq,_=/h s h o w s  a l a r g e  n e g a t i v e  ~ e m p e r a t u r e  d e p e n d e n c e ,  n 
I n c r e a s e s  w i t h  i n c r e a s i n g  t e r n p e r a t u _ r e .  S i n c e  t h e  ~,~ N Q R  f r e q u e n c y  o f  1:7I m 
e x p r e s s e d  a p p r o x m a a z e l v  b y  

v~ = ( 3 e = Q q . , / 2 O h ) ( 1  + ! . 0 9 2 6 ~ =  - -  0 . 6 3 4 0 ~ ' )  (1 )  

t h e  f r e q u e n c y  v a r i e s  w~th  ~7 a n d  e : Q q ~ z / h .  I n  Cn =_ p r e s e n t  c a s e ,  as t h e  t e m -  
p e r a t u r e  is r i n s e d ,  e 2 Q q = / h  d e c r e a s e s  s l i g h t l y  b u t  77 i n c r e a s e s  c o n s i d e r a b l y  
T h e r e f o r e ,  t h e  c o n t r i b u t i o n  f r o m  t h e  l a t t e r  o v e r c o m e s  t h a t  f r o m  tb_e fo_-xner 
a n d  t h e  v~ f r e q u e n c y  i n c r e a s e s  w i t h  x n c r e a s i n g  t e m p e r a t u r e .  

T h e n ,  t h e  p o s i t i v e  t e m p e r a t u r e  d e p e n d e n c e  o f  7/ IS d i s c u s s e d  m t e r m s  o f  
t h e  vai~_ation o f  e l e c t r o n  p o p u l a ~ o n  T h e  t r i p l y - b r i d g i n g  i o d i n e  a t o m  fo_rms 
t h r e e  b o n d s  w i t h  a t e l l u r i u m  a t o m  in  t h e  ( C H ~ ) 2 T e I 2  m o x e t y  a n d  x o d i n e  
a t o m s  m z h e  12 m o i e t i e s  o n  e a c h  sxde. T h e  I - - T e  d i s t a n c e  IS 3 . 0 8 2  A a n d  
I - - - i  d i s t a n c e s  a r e  3 . 4 5 6  a n d  3 . 4 0 4  A .  T h e  T e - - I - - - I  a n g l e s  a r e  $ 4 . 6 5  ° a n d  
9 5 . 7 5  ° a n d  t h e  I . - - I - - - I  a n g l e  is 1 4 0 . 4 5  ° [ 3 ] .  q ~ n e r e f o r e ,  t h e  i o d i n e  a t o m  
f o r m s  a ~ p l y - b r i d g i n g  b o n d  b y  p= a n d  sp ~ h y b r i d  o r b i t a l s .  O n e  p o r b i t a l  is 
u m d  t o  f o r m  o n e  I - - T e  b o n d .  T w o  sp ~ h y b r i d  o r b i t a l s  a r e  u s e d  t o  f o r m  
t w o  • q u i v a l e n t  I - - - I  b o n d s  a n d  t h e  l a s t  is a l o n e  p a i r  n o n b o n d m g  orbx  -tal. 
W h e n  t h e  d i r e c t i o n  o f  t h e  l o n e  p a i r  o r b x m /  is c h o s e n  t o  b e  t h e  z a x i s .  t h e  
orbxtm/s are given by 

~_ = ( 1 - - A ) ~ n ¢ , - - A l a C p ~  

¢~ = ( 1 / 2 ) l a ( A * n ¢ ,  - -  (1 - - A ) ~ a ¢ ~ y  + ¢p~) 

= - -  A i Q p ~  - -  P p x ) ,  I (2) 

w h e r e  A = (1 - - c o t 2 0  ) a n d  20 xs t h e  I o - - I -  • - I  ang l~ .  T h e  e l e c t r o n  p o p u l a t a o n s  
o f  ~,.. ~2,  @3, a n d  ~4 a r e  r e p r e s e n t e d  b y  a ,  2, b ,  a n d  b ,  r e s p e c t i v e l y .  T h e n ,  
e 2 Q q , , / h  a n d  ~ a r e  e x p r e s s e d  as  f o l l o w s  

e = Q q = / h  = [ ( A / 2 ) ( b  - -  2)  + (a - -  b ) ] e 2 Q q o / h  

e~-Qqy~/h = ( 1 / 2 ) [ A ( b  - -  2)  + (b - - a ) ] e = Q q o / h  

e ~ Q q x ~ / h  = [ ( A ( 2  - -  b)  + ( 1 / 2 ) ( b  - - a ) ] e 2 Q q o / h  (3 )  

= 3 ( b  - -  2 ) / [ 2 ~ 4 ( a  - -  b )  + (b  - -  2 ) ]  (4 )  

w h e r e  e 2 Q q o / h  is t h e  q u a d r u p o l e  c o u p h n g  c o n s t m n t  o f  o n e  p e l e c t r o n  T h e  
v a l u e s  o f  a a n d  b a r e  c a l c u l a t e d  f r o m  t h e  o b s e r v e d  e 2 Q q = / h  a n d  ~? T h e  
r e s u l t s  a r e  l i s t e d  in T a b l e  4.  T h e  v a n a t i c n  o f  e l e c t r o n  p o p u l a ~ o n s  ,_s l a r g e r  an 
b t h a n  in  a T h u s ,  t h e  va r i a -Aon  o f  t h e  p c p l H ~ t i o n  n~itln t e m p e r a t u r e  is s m a l l e r  
i n  ~he I - - T e  b o n d  /xhan in  t h e  I - - -  I - - -  ! b o n d ,  m,Saca~mg t h a t  t h e  I - - -  I - - -  I 



3 1 6  

T A B L E  4 

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

T (K) a b 

77 t . 6 5 9  1 . 9 4 5  
1 2 2  I 657  1 . 9 4 i  
173  1 6 5 6  1 . 9 3 8  
2 2 9  1 6 5 6  1 9 3 4  
2 7 0  1 6 5 5  1 9 3 3  
3 0 0  1 6 5 5  1 9 3 3  

b o n d  is w e a k e r  t h a n  t h e  ! - - T e  b o n d .  Th is  is c o n s i s t e n t  w i t h  t h e  resu l t s  o f  t h e  
X-ray  analys is  [ 3 ] .  When  *uhe t e m p e r a t u r e  is r a i sed ,  t h e  I - - - I - - - i  b o n d  is 
p a r t l y  b r o k e n  b y  t/~,e e n h a n c e d  t h e r m a l  v i b r a t i o n  ar, d o_~/y smal /amou_n~s  o f  
e l e c t r o n s  m i g r a t e  t o  t h e  I2 m o i e t y ;  t h e  I ,  m o i e ~ ,  charges  nega t i ve ly .  T h e  
r e d u c t i o n  o f  b resu l t s  m an  inc rease  Ln 7,  as s h o w n  m Fig.  6.  

REFE_W_E_~CES 

1 G D. C h r i s z o f f e r s o n ,  R A S p a r k s  a n d  J D M c C u l l o u g h ,  A c t a  C r y s t a l l o g r . ,  11 ( 1 9 5 8 )  
7 8 2  

2 L Y Y .  Cha.n a n d  F .  W B. E i n s t e i n ,  J C h e m .  Soc .  D a l t o n  T r a n s  , ( 1 9 7 2 )  3 1 6  
3 H.  P n t z . k o w ,  I-__org Chem_,  18  ( 1 9 7 9 )  311 .  
4 S K o n d o ,  E.  K a k ] u c h l  eund T. Shu-n izu ,  Bull  C h e m .  S o c .  J p n  , 4 2  ( 1 9 6 9 )  2050_ 
5 R H V e r n o n ,  J C h e m .  S o c . ,  117  ( 1 9 2 0 )  86  
6 J.  S T h a y e r  a n d  K V.  Smlt_h, S y n t h  I n o r g  M e t . - O r g  C h e m . ,  3 ( 1 9 7 3 )  1 0 ! .  
7 ]C T s u k a d ~  J P h i . ,  S o c  J p n . ,  11  ( 1 9 5 6 )  9 5 6  
8 L P a u h n g ,  T h e  N a . u r e  o i  t h e  C h e m m a l  B o n d ,  C o r n e ~  U m v e r s i t y  P r e s s ,  I t h a c a ,  N Y ,  3 r d  

e d n  , 1 9 6 0 ,  p .  22  t- 


