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ABSTRACT 

The Mbssbauer emission s p e c t r a  of t h e  compounds 

( N H ~ ) ~ ~ ~ ~ ~ T ~ x ~  and 1 2 g m ~ e ~ 4  ( X  = C1, B r ,  I )  have ?den 

repor ted  a g a i n s t  a  N a  1 2 g ~  absorber  a t  ~ O K .  The s p e c t r a  

g ive  evidence i n  t h e  case of t h e  ( M H ~ ) * T ~ x ~  compounds 

f o r  t h e  formation i n  t h e  r ad ioac t ive  decay of the  oc tahedra l  
- - - 

ions I C 1 6  , I B r 6  and 116 , which a r e  observed over t h e  

l i f e t i m e  of  t h e  M8ssbauer t r a n s i t i o n .  It i s  shown t h a t  

t h e  12'1 isomer s h i f t s  f o r  these  ions a r e  c o n s i s t e n t  k i t h  

the  values t o  be expected from t h e  1 2 5 ~ e  isomer s h i f t s  of 

t h e  parent  compodnds, and the  previous ly  repor ted  125Te/1291 

isomer s h i f t  r a t i o .  

In  t h e  TeX4 compounds, t h e  emission s p e c t r a  a r e  

much more complex and i n d i c a t e  t h a t  t h e  '''1 atoms a r e  

not  found i n  an environment i s o s t r u c t u c t u r a l  and i s o e l e c t r o n i c  

with t h a t  of t h e  parent .  These s p e c t r a  a r e  t e n t a t i v e l y  

interpre-ked a s  evidence f o r  t h e  presence of t h e  square p lanar  
- 

I X 4  i.ons i n  each case.  

The l P 5 ~ e  ~ e s s b a u e r  absorpt ion  s p e c t r a  of t h e  

parent  compounds were z l s o  s tud ied  t o  aLd i n  t , h e i r  iden- 

t i f i c a t i o n ,  and t h e  parameters obtained a r e  compared with 

those i n  t h e  l i t e r a t u r e .  The 125 
Te borney s h i f t s  f o r  t h e  

2- '&X6 anions are i n t e r p r e t e d  3.n terms of pur-e p-bonding 



and, i n  con juc t ion  wi th  d a t a  from t h e  emiss ion s p e c t r a  

and d a t a  from p rev ious ly  r epo r t ed  N.Q.R.  work, an isomer 

s h i f t  ve r sus  p-hole d e n s i t y  r e l a t i o n s h i p  i s  e s t a b l i s h e d  

f o r  t e l l u r i w n :  

-1 + G (mm. sec .  ) = 0.45('0.01)hp - 0.15(-0 .03)  
( I / C U  s o u r c e s )  

It i s  shown t h a t  t h i s  exp res s ion  i s  c o n s i s t e n t  wi th  

t h a t  p rev ious ly  der ived  by o t h e r  workers f o r  1291 

~ 8 s s b a u e r  isomer s h i f t s .  
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T .  Tn t ro i luc t ion .  

Radioac t ive  decay m y  be used as a t o o l  t o  p r ena re  

and s t114 y chemical  comnound s , wblch %'?sve no t  ~ r e v i o u s l y  beerl 

orenared by pore  conven t iona l  t e chn iaues .  T h e  o b j e c t i v e  o f  

t h i s  work wns t o  rtlrrly t h e  f o ~ m q t j 0 1 1  of s e v e r a l  nove l ,  

polyhalogen complex i o n s  i n  t h e  s o l i d  s t a t e  foll-ow in^ r ad io -  

a c t i v e  decay and t o  stu4;y t h e  borldina i n  t h e s e  comnounds 

u s i n r  t h e  MBssbai~er e f f e c t ,  The r a d i q a c t i v e  decay even t  

s e r v e s  bo th  t o  s y n t b s i z e  t h e  now ~ o l e c u l e  and t o  nonula te  

t h e  r\Tdsebauer l e v e l  i n  t h e  daupWter n l ~ c l i d e .  The N d s s h ~ u e r  

i somer  s h i f t  snd qi~adrupo3e c o u n l i n r  d a t a  obta ined pay the?  

be r e l a t e d  t o  t h e  e l e c t r o n i c  s t r u c t u r e  of  t h e  newly forved 

molecule ,  nanoseconds a f t e r  i t  has been formed i n  t h e  

c r y s t a l .  

Tn sllch ~ r l  e ~ ~ e r i m e n t  t h e  i n t e r ~ r e t a t i o ?  of the 

MbssSauer s p e c t r a  oh ta ined  i s  ~ r e s t l v  s i r n ~ l i f i e d  i f  t h e  

n a t u r e  of t h e  bondinp: i n  t h e  pa ren t  rnolecule h a s  been 

n r e v i o u s l y  s t u d i e d  by Dldsshauer and n u c l e a r  quadrunole  

r e so rance  s ~ e c t - o s c o ~ y ,  and i f  t h e  s t r u c t i ~ r e  h a s  been 

d e terminee by X-rev crystal.lom-anhy , Such s t u d i e s  have 

n ~ ~ v i o l ~ n l : ~  been c a r r i e d  oil t for t h e  rmrent  t e l l i l r l  UP corn- 

nollnds 11scd i n  t h e  ~ \ r e ~ e n t  work aqd the r e l e v ~ n t  i n f ' o r ~ ~ t i o m  

ohtsivled v i l l  be r r v l  ewed in l ~ t e r  s c c t l o n s ,  I n  a d d i t i n n ,  

p rev ioys  st l l i f les of  t h e  hovj l n m  and s t r u c t u r e s  of t h e  i n t e r -  



The ob , jec t lve  o f  t h e  p r e s e n t  i n v e s t l a a t i o n  was t o  

s t udy  the molecules  formed i n  t h e  r a d i o a c t i v e  decay of 

2- 1P977e 3 -  b 3 2 9 ~  i q  1'9~e l a b e l l e i '  l'evb 2nd TeY6 corn- 

?oi~nds,  urhere y = $1, ?r, o r  I .  !.!beer! t h e  rad io r ic t ive  decny 

i s  n o t  ~ccnr~r~an l . ec3  by  rnol.eci~l.ar f r z r m e n t a t i o n ,  t h e  i s o -  

e l e c t r o n i c  and  i s o s t r i ~ c t ~ ~ r a l  i o d i n e  ana lom~e:  of  the p a r e n t  

tellurium molecule w i l l  be formed as shown below. 

It wa? of  i n t e r e s t  t o  determine whether t h e s e  

unusua l  and novel  i o d i n e  comwounds would e x i s t  as stable 

chemical  s n e c i e s  over  t h e  l i f e t i m e  of t h e  Kdssbauer 

t r a n s i t i o n .  



I n  m d  i o n c t i v e  decay ,  t h ~  n u c l e a r  transformation 

i s  o f t e n  accomprnied bv f r s ~ m e n t n t i o n  ~ f  t h e  n e r e n t  molecule 

as a consequence of  e l e c t r o n i c  e v c i t a t i o n  result in^ from t h e  

n u c l e a r  Drocess ,  

In b e t a  decay , t h e  e l e c t r o n  cloud of t h e  atom i s  not  

d i s tu rbed ,  i. e .  t h e r e  i s  l i t t l e  o r  no e x c i t a t i o n .  By c o n t r a s t  

i n  an isomeric t r a n s  it ion  which i s  h ighly  i n t e r n a l l y  

converted o r  i n  e l e c t r o n  capture ,  a  hole  i s  c rea ted  i n  t h e  

inner  s h e l l  of t h e  decaying atom, leading  t o  extens ive  

i o n i z a t i o n  through Auger charging. As a  r e s u l t ,  b e t a  decay 

r a r e l y  r e s u l t s  i n  bond rupture ,  whereas i n t e r n a l  conversion 

and e l e c t r o n  captare  u s u a l l y l e a d  t o  extens ive  mol.ecular 

decomposition, a t  l e a s t  i n  t h e  gas phase. 

TfiHssha~ier e f f e c t  t o  s t u d y  dauph te r  molecules  s y n t h e s i z -  

e d  i n  b e t a  decay.  Tn t h e  i v i t ; 1 . ~ 1  ~:ro?-k of P e r l o w  2nd 

Y b s ~ b s i ~ e r  trsnsikl on i n  7 ? 7 ~  hv hrta  d e c q v  and i t  was con- 



e x ~ e r i v e n t ,  on ly  now u s i n r  the 1 2 9  
I Mdssbauer t r a n s i t i o n  as 

a nrobe.  A . ~ a l n  t h e  isomer sh? ft of t h e  139 I spectrum 

5 -  corresnonded t o  t h a t  of 106- , 
i63 

P e r l g ~ :  2nd Perlow a l s o  i n v e s t i m t e d  t h e  form- 

a t i o n  of  t h e  yecon comnounds veC1b and YeC12 from t h e  b e t a  
- - 

d e c a y  of  IC12 and I C 1  l p b e l l e d  wi th  4 12?1. T h e  Yenon 

comnolxnds were found t o  he s t ~ b l e  over  t h e  m e  nanosecond 

l i f e t i m e  of t h e  39.5R keTJ. i somer i c  l e v e l  i n  
129 

Ye, 

Work done i n  t h i s  l a b o r a t o r v  by Jones  and ?*?amen 
i 7 3  

1 2 9 ~ e  
8 - 

u t i l i z e d  t h o  b e t a  decay of D129 I i n  v a r i o u s  

t e l l u r i u m  o r y w n  comgounds t o  popula te  t h e  27.7 kelT. 

N8s.sbauer l e v e l  i n  i o d i n e .  They found no molecular 

f r s m e n t a t j  on i n  the product iodine compounds. It 
- 

w s s  a l s o  sh0wr-1 t h a t  t h e  ICl6 ion  f o m e d  i n  t h e  decay 

' "TPCI (, 2' 8' 
D ' ? ~ T c ~ ~ -  w v ~ i v e d  stahl e .  Th i s  d i s cove ry  

comno~lnclc i rc inc r  the 7 3  ICPV., h r-~anosecond Mf i~sha l~e r  tr9.n- 

s i t l n n  In  
7 93 T r .  T h r ~ r  o h s ~ r v ~ ~  t h a t  1 ; h ~  n r l m e r : ~  d ~ l ~ p h t e r  

molecule f o r m 4  ~ Y I  t h e  h e t a  decay I.?'30s B -  was 

Ln ~uhich molecular decomposition has been observed 

in simple beta decay. 



P a s t e r n ~ k  and Sonnino used t h e  9.7 keV. , 147 
nanosecond N O s s h n u e r  l a v e 1  i n  R 3 ~ r  t o  s tudy  t h e  e f f e c t s  of 

t h e  b e t a  denao R 3 ~ r  D B 3 ~ r  i n  v n r i o u s  b r o r i n s  com- 

no l~nds .  For  e ~ m n p l e ,  t hey  found t h a t  i n  exper iments  w i t h  

*%3r0< \:he corresnond i n a  "~r0 s p e c i e s  was n o t  d e t e c t e d .  3 
7-39 

I n  t h e  c a s e  o f  t h e  I B' p  '''Ye decay ,  d i s cus sed  

e a r l i e r ,  t h e  fo rmat ion  of ye  comnounds w a s   roba ably 

observed because  t h e  lP91 b e t a  decay ~ o n u l a t e s  t h e  Pbssbauer  

123  
l e v e l  of  83 

y e .  Tn c o n t r a s t  i n  t h e  B r  c a s e  t h e  decay t o  

t h e  Nbssbauer l e v e l  occurs th rouah  t h e  me ta s t ab l e  s t a t e  

( t$ = 1 .9  h r . )  of 8 K r .  I t  i s  then  p o s s i b l e  t h a t  wi t h i n  

t h i s  t ime t h e  '%r i o n ,  formerly  i n  a hinh-valence s t a t e ,  

i s  t r s n s f o r ~ . e d  i n t o  a n e u t r a l  atom. 

R, V ~ ~ S Z ~ R I I P T  Sf;l!di pr: of pi)l C C ~ T O Y I  C?ntllre 2nd Tsor?erf c  

T r a n s i t l n n  (EC and I T ) .  

V i o l e t  and Booth r 3 . i  , and subsequent ly  Jung  and 

T r i f t h g u s e r  
ill] , i n v e s t i ~ a t e d  t h e  e f f e c t s  o f  e l e c t r o n  

1 2 5  (EC)  
c a n t u r e  and Anper c h n r ~ i n ~  i n  t h e  I P l P 5 ~ e  decay.  

I n  t h i s  l n v e s t i  rrati on molecu la r  f r a ~ r n e n t a t l o n  was observed 

e l e c t r o n  c a p t u r e .  Jones  and Warren C73,  i n  t h p l  r s t l l d i e s  on 

129mTp (IT 8 - 129 t h e  decny D 1 2 ' ~ e  D 1, a l s o  

observed mo? ecu l  qr f r ~ m e n t a t i o ?  I n  a cov::l d r r n b l e  f r a c t i o n  

I ?om 1 791 
of t h e  Te [> re decay e v e n t s  i n  t e l l u r i u m  



111, The Fbssbauer E f f e c t .  

The Ebssbauer e f f e c t  was discovered i n  1958 by 

Rudolf Nbssbauer Applications o" the effect have ranid-  

l y  expanded t o  cover many aspec t s  of phys ica l  and chemical 

phenomena, 

Many books and a r t i c l e s  have been w r i t t e n  on t h e  

s u b j e c t  14' 15' 16' giv ing  a complete d e s c r i p t i o n  of i ts  

o r i a i n  and uses  i n  d e t a i l ,  A b r i e f  d i scuss ion  of t h e  Mbss- 

bauer  parameters of importance i n  t h i s  research  p r o j e c t  i s  

presented below, 

A ,  IsoRer S h i f t ,  

Only when both t h e  source and absorber  a r e  sub- 

jected t o  t h e  same phys ica l  condi t ions  such as equal  temper- 

a t u r e s  and equal  l o c a l  f i e l d s  of t h e i r  c o n s t i t u e n t  nuc le i  

w i l l  a F18ssbauer spectrum be symmetric about zero v e l o c i t y ,  

Any d e v i a t i o n  from zero v e l o c i t y  I s  an isomer s h i f t  which is 

d i r e c t l y  r e l a t e d  t o  t h e  pe r tu rba t ion  caused by the  d e n s i t y  
2 

of t h e  s - e l e c t r o n s  I S s ( 0 )  I a t  t h e  source and absorber  

nuc le i  accordinp t o  t h e  expression:  

2 
6 = constant [ I $s ( 0 )  l2 - I $s ( 0 )  I s  ] (F) (111-1) 

a 

* 
where 6 R  = Rex-Rpnd and R = + RPnd* The m b s c r i p t s  "a1* 

2 

* ex - excited, gnd - ground 



and "s" r e f e r  t o  absorbing and source nuc le i  r e s p e c t i v e l y ,  

The r e l a t i o n s h i p  between t h e  sign of t h e  observed isomer 

s h i f t ,  t h e  change i n  nuc lea r  r a d i u s  of t h e  ground and exc i t ed  

s t a t e s ,  and t h e  change i n  s -e l ec t ron  d e n s i t y  a t  t h e  nucleus 

f o r  any given MQssbauer source-absorber combination is 

shown below, 

I t  i s  d i f f i c u l t  t o  ob ta in  

t r o n  d e n s i t i e s  from a s l n e l e  isomer 

information 

s h i f t ,  s i n c e  both source 

and absorber  s -e l ec t ron  d e n s i t i e s  a r e  included. However, by 

measuring r e l a t i v e  s h i f t s  f o r  a s e r i e s  of compounds w i t h  

r e spec t  t o  a s tandard  source o r  absorber ,  t h e  r e l a t i v e  

change i n  s -e l ec t ron  d.ensity can be determined, 

Under t h e  inf luence  of an e l e c t r i c  f i e l d  c r a d i e n t ,  

t he  enerqy l e v e l s  r e s u l t i n g  from t h e  quadrupole hyperf ine 

s p l i t t i n q  of a nuc lea r  enerpy l e v e l  are riven b y :  



where 

2 a s s u m i n ~  only terms up t o  need be considered,  Yere eq 

i s  the  e l e c t r i c  f i e l d  g rad ien t  i n  t h e  z d i r e c t i o n  ( t h e  sym- 

metry a x i s  of t h e  f i e l d )  a t  t h e  nuclear  s i t e ,  which has its 

origin i n  t h e  d i s t r i b u t i o n  of e l e c t r o n s  i n  the  atom contain-  

inq  t h e  M8ssbauer nucleus.  eQ is t h e  nuc lea r  quadrupole 

moment, I is  t h e  nuc lea r  s p i n  (121) and m r e f e r s  t o  the  z 

component of the  n u c l e a r  s p i n , I .  

We de f ine  t h e  devriation of t h e  e l e c t r i c  f i e l d  

p rad ien t  7 i n  a molecule from a x i a l  symmetry by t h e  

equat ion : 

'I = vxx - vyx 
vzz 

(VJJ being t h e  e l e c t r i c  f i e l d  e r a d i e n t  I n  d i r e c t i o n  3 ) .  



The interpretation of the quadrupole splitting of 

the 1 2 9 ~  Mdssbauer spectrum requires one to take into account 

the splittins of the nuclear enerm levels of the ground and 

the excited state, Hence the position of each line 613 

corresponding to the mi - mJ transition in a quadrupole split 
spectrum is aiven by the expression C 171 

aij = 

where 6 is the isomer shift of the centroid of the MBssbauer 
Y n 

spectrum with respect to zero velocity. The superscript 

denotes the excited nuclear state, Ey is the energy of 

the ~8ssbauer transition, and c is the velocity of 1Lght. 



IV. 125~e NOssbauer . 
125~e Mbssbauer absorption erperiments on Tey4 and 

(NH ) TeY6 (X = Cl, Br, I) were carried out to characterlse 4 2 
these compounds by comparison of the lZ5~e MOssbauer parame- 

ters with those values previously reported in the literature. 

The Mbssbauer transition for 125~e and the methods 

by which it may be populated are shown in Figure 1. 

I2srn~e 58 DAY 52 
0.145 MeV 

16 nru .  

Te 

Fipure 1, 3ecay Scheme Showing the Population 

of the Mdssbauer Transition in 125~e. 



From ~ r e c e e d i n p  s t u d i e s  [ l o ,  11. 181 
I t  has  been 

shown t h a t  t h e  35.5 keV., 1.6 nanosecond Mdssbauer t r a n s i t i o n  

i n  1 2 5 ~ e  i s  charac te r i sed  by a very la r*e  n a t u r a l  l i n e  w i d t h .  
-1 * 

2 r =  5.32 mm. sec .  , while the  observed isomer s h i f t s  a r e  

r e l a t i v e l y  small as a consequence of a small Rex-Rpd va lue .  
2 Moreover, t he  quadrupole coupling cons tan t s  e qQ, observed 

f o r  t e l l u r i u m  n u c l e i  i n  an e l e c t r o s t a t i c  f i e l d  g rad ien t ,  q ,  

a r e  r e l a t i v e l y  small because of t h e  small value of t h e  quad- 

rupole moment &, T h i s  l eads  t o  unresolved s p e c t r a  and d i f f i -  

c u l t i e s  i n  s p e c t r a  a n a l y s i s ,  The l i n e  spacing A i n  t h e  two 

l i n e  1 2 5 ~ e  quadrupole s p l i t  spectrum i s  given by rJ 37 

Since only two l i n e s  a r e  p resen t  i n  a quadrupole s p l i t  spec- 
6R trum, a value f o r  q can n o t  be obtained.  - f o r  
R 1 2 5 ~ e  w a s  

+ found t o  be (1.3 - 0.9) x 10 -4L19? This should  on ly  be 

t a k e n  as a  rough e s t i m a t e  s i n c e  o t h e r  c a l c u l a t i o n s  1 ,  391 

y i e l d  va lues  t h a t  d i f f e r  by a n  o r d e r  of magnitude. 

I n t e r p r e t a t i o n  of 1 2 5 ~ e  Mbss bauer Spec t r a  

A .  I s o m r  S h i f t .  

The isomer s h i f t  i s  measured by de te rmin ing  the  

s h i f t  of the  c e n t r o i d  of t h e  MBssbaucr spectrum wi th  

r e s p e c t  t o  ze ro  v e l o c i t y .  



Representat ive va lues  of l Z 5 ~ e  isomer s h i f t s  a r e  

shown i n  Fipxre 2 C 201 

The p o s i t i v e  va lue  f o r  Rex-Rpnd f o r  l Z 5 ~ e  i n d i c a t e s  
2 

t h a t  i f  the  s -e lec t ron  d e n s i t y  1 $s ( 0 )  ( at  t h e  absorbing 

nucleus is  g r e a t e r  than  a t  t h e  source nucleus ,  then the  

isomer s h i f t  w i l l  be p o s i t i v e  i n  s ign .  Conversely, a 

low s -e lec t ron  d e n s i t y  a t  t h e  absorbing nucleus corresponds 

t o  a l a r g e  negat ive isomer s h i f t .  

k r g e  p o s i t i v e  va lues  f o r  t h e  isomer s h i f t s  may be 

r e a d i l y  understood i n  terms of  t h e  fol lowing model f o r  bond- 
2 

i n g  i n  t h e s e  compounds. The 5s e l e c t r o n s  of t h e  t e l l u r i u m  

may be considered t o  form a otereochemical ly  i n a c t i v e  "lone 

p a i r " .  T h i s  w a s  suggested by D.S.  Urch C 211 who has  consid- 

ered t h e  na tu re  of t h e  bonding i n  hexa-halogen complexes of 

non- t rans i t ion  meta ls ,  He proposed t h a t  i f  t h e  ns  o r b i t a l  

(alg) of t h e  c e n t r a l  atom plays  l i t t l e  p a r t  i n  t h e  &ndIng 

then an e x t r a  p a i r  of e l e c t r o n s  may be accomodated i n  t h e  

alg antibonding molecular o r b i t a l ,  a "lone p a i r " ,  without 

d i s t o r t i n g  the  oc tahedra l  symmetry, H e  a l s o  argues t h a t  

e l e c t r o n s  i n  such ns  o r b i t a l s  will decrease t h e  "e f fec t ive  

e l e c t r o n e g a t i v i t f o f  t h e  p-e lec t rons ,  thus  al lowing them t o  

play a g r e a t e r  p a r t  i n  bonding. Therefore, t he  l o s s  of p- 

e l e c t r o n s  i n  bonding would then  lead ta i n c r e ~ s e d  de-shield- 

l n g  of t h e  5s2 e l e c t r o n  "lone p a i r "  from t h e  nucleus, with a 
L 

commensurate inc rease  i n  1 $ s  (0) 1, which would be evidenced 



MnTe 

Figure 2. A Corrperison of Isomer S h i f t s  f o r  125~e-Labelled 

Tel lur ium Compounds. A P o s i t i v e  Veloci ty  Corres- 

ponds t o  t h e  ZnTe Source Moving Towards t h e  Absorber. 

* Tu = (H N) CS 2 2 



by an inc reas inp ly  more p o s i t i v e  isomer s h i f t ,  For example 

if one c o m ~ a r e s  t h e  isomer s h i f t s  f o r  t h e  s e r i e s  TeY 2- 6 
(Y = I ,  B r ,  C l ) ,  they inc rease  w i t h  t h e  l luand poinw from I 

t o  C 1  correspondinp t o  an inc rease  i n  the  s -e lec t ron  dens i ty  a t  

t h e  t e l l u r i u m  nucleus.  With t h e  inc rease  i n  e l e c t r o n e g a t i v i t y  

of t h e  haloqen more w e l e c t r o n  d e n s i t y  from t e l l u r i u m  leads  

t o  a high s -e lec t ron  d e n s i t y  a t  t h e  nucleus.  Large negat ive  

isomer s h i f t s  may be explained by t h e  presence of hybridiza-  

t i o n  involv ing  d e l o c a l i z a t i o n  of the  5s e l e c t r o n s  on the  

t e l l u - r i m  i n t o  bonding o r b i t a l s .  

The parameter d i r e c t l y  obtained from t h e  l e 5 ~ e  

Mgssbauer experiment i s  A t h e  l i n e  spacing (Equation I V - 1 ) .  

When = 0, t h a t  i s  the  e l e c t r i c  f i e l d  ~ r a d i e n t  q i s  sym- 

m e t r i c a l  about t h e  z-axis ,  then:  

2 Hence, whenr)# 0 a va lue  f o r  e  qQ can n o t  be d i r e c t l y  ob- 

ta ined,and t h e r e f o r e  only comparisons of t h e  A va lues  can be 

made. Thus f a r  very l i t t l e  u s e f u l  information has been der -  

ived from lZ5'J!e quadru~ol-e  s p l i t t i n n  d a t a  i n  t h e  l i t e r a t u r e .  

This may i n    art stem from t h e  f a c t  t h a t  many t e l l u r i u m  com- 

pounds a r e  polymeri c  . 



v. 1 2 9 ~  Mdssbauer . 
The n a t u r e  of t h e  1 2 9 ~  MBssbauer t r a n s i t i o n  has  

been w e l l  c h a r a c t e r i z e d  and t h e  decay scheme i s  shown i n  

F inure  3. The 27.7 keV. , 16.8 nanosecond 1 2 9 ~  Mdssbauer 

t r a n s i t i o n  y i e l d s  a narrow n a t u r a l  l i n e  wid th ,  2 r = 0.59 mm. 

-1 s e d .  wi th  r e l a t i v e l y  l a r n e  isomer s h i f t s  and quadrupole 

coupl inq  c o n s t a n t s .  However a n a l y s i s  of t h e s e  Mdssbauer 

s p e c t r a  is complicated by t h e  f a c t  t h a t  t h e  t r a n s i t i o n  is  a 

5/2 ( e x c i t e d  )-7/2 (around)  t r a n s i t i o n  and t h i s  leads t o  

e i s h t  l i n e s  i n  t h e  quadrupole s p l i t  spectrum. I n  o r d e r  t o  

o b t a i n  t h e  isomer s h i f t ,  (F iqure  4), t h e  c e n t r o i d  of  t h e  e i p h t  

l i n e  spectrum must be found us in^ equa t ion  111-7, Cohen L 22) 

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

shown t h a t  only  t h e  p o s i t i o n s  of  l i n e s  f o u r  and e i p h t  a r e  i n  
2  f a c t  s e n s i t i v e  t o  q ,  Therefore  t h e  p a r m e t e r s  6 ,  e qQ. and q  

can be determined from equa t ion  111-7 by: 

1. u s i n g  t h e  p o s i t i o n s  of t h e  l i n e s  o t h e r  t han  f o u r  
2  and e i g h t  t o  de te rmine  6 and e  qQ ground by nep- 

2  l e c t i n ~  t h e  terms i n  q  and 

2. t h e n  de te rmin ing  from t h e  p o s i t i o n s  of  l i n e s  

f o u r  and e i g h t ,  

I n t e r p r e t a t i o n  of 1 2 9 ~  Mdssbauer Spec t r a .  

A. Isomer S h i f t .  

For lZ91 F3ssbauer s p e c t r a  t h e  re l -a t ion- .  

s h i p  between t h e  iscmer  s h i f t  and zhe s - e l e c t r o n  den- 

s i t y  a t  t h e  nuc leus  as g iven  i n  equa t ion  111-1 becomes 
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2 
F i m r e  4. Iz91 Quadrupole S p l i t t i n g  f o r  e qQmd. 

P o s i t i v e  Clebsh-Gordon Coef f i c i en t s ,  E2 
e-J 

A r e  Given Showing t h e  Rela t ive  Tran- 

s i t i o n  P r o b a b i l i t i e s ,  



where 

As f o r  125~e ,  t h e  lZ91 M8ssbeuer t r a n s i t i o n  has a 

p o s i t i v e  Rex-Rpnd and thus  a neea t ive  isomer s h i f t  cor res-  
2 ponds t o  a lower 1 ('~(0) I i n  t h e  absorber  than  i n  t h e  source ,  

2 and a p o s i t i v e  isomer s h i f t  a h igher  I 4 s  ( 0 )  la.  
I n  Figure 5 is  presented t h e  isomer s h i f t  d a t a  

repor ted  i n  t h e  l i t e r a t u r e  for 1 2 9 ~ .  Those compounds with 
2 

-6 have r e l a t i v e l y  low I 4 s (0 ) 1 and t h i s  may be explained 

I n  terms of hybr id iza t ion  involving t h e  5s2 e l e c t r o n s  on t h e  

iodine .  I n  those compounds with + 6 ,  t h e  5s2 e l e c t r o n s  on 

t h e  iod ine  may be considered as a "lone p a i r " ,  Removal 

of p-electrons i n  bonding l eads  t o  desh ie ld ing ,  and in-  

c reas ing  

iodine  i s  

compounds 

2 1 s 0 1 .  The removal of p-electrons from t h e  

l i n e a r l y  r e l a t e d  t o  the  isomer s h i f t  i n  these  

6 
where hp i s  t h e  number of p-e lec t ron  holes  i n  the  5p s h e l l  

of iodine  (I- has  hp = 0 )  and 6 i s  measured r e l a t i v e  t o  a 

ZnTe source.  

A s  a r e s u l t  of t h e  l a r g e  e l e c t r c n e q a t i v i t y  



+ -+. IF, w 

Figure 5. A Comparison of Isomer S h i f t s  f o r  1 2 9 ~  - Labelled 

lodine  Compounds. A P o s i t i v e  Veloc i ty  Corres- 

ponds t o  the ZnTe Source Moving Towards t h e  Absorber. 



d i f f e r e n c e  between iodine  and f l u o r i n e ,  s -e l ec t rons  par- 

t i c i p a t e  i n  t h e  b ~ n d i n n  of  I F  2nd IF [ 241 
7 5 . A te rm 

invo lv inp :  h s ,  t h e  rvlmber o f  s - e l e c t r o ~ s  e r t r a c t e d  from t h e  

'js2 s h e l l ,  n u s t  t h e n  be inc luded  i n  t h e  e x p r e s s i o n  

6 = 1 . 5  hp - 0 .54  p s ,  26J , t o  e x p l a i n  t h e  M s s b a u e r  i somer  

s h i f t s  i n  t h e  a n a l y s i s  o f  t h e  c h a r z c t e r  o f  t h e  I - F bond. 

i 761 The e q u y f i o n  t h e n  Fecnmes- 9 

However t h e  i s o n e r  s h i f t  could be a f f e c t e d  by d - e l e c t r o n  

p a r t i c i n a t i o n  i n  t h e  m o l e c u l a r  o r S i t a l s  o f  I F  and IF,, a 5 
p o i n t  which h a s  been n e g l e c t e d  i n  t h i s  s i m ~ l e  approach ,  

9, 0 1 1 s < ~ u n o l  e C ~ l l n l  l r ? ~ ,  

The t h e o r y  used t o  i n t e r p r e t  2 9 ~  MBssbauer 

quadrunol  e c o u p l i n n  d a t a  w ~ s  f i r s t  proposed by Tovrnes and 

D a i  l e y  L273 t o  a n a l y s e  n u c l e a r  quadruno le  r esonance  ( N . Q  .R, ) 

d a t a ,  Yo~iever  th3.s a n a l - y s i s  can  be ca r r i ed  f u r t h e r  w i t h  

1 2 9 ~  Mdsshauer th8.n w i t h  N . Q . R .  s i n c e  t h e  s i p n  o f  t h e  quad- 

r u n o l e  c o u p l i n p  cam a l s o  be o b t a i n e d .  

  accord in.^ t o  t h e  t h e o r y  of  Tovrnes and D a i l e y ,  t h e  

e l e c t r o s t a t i c  f i e l d  ~ r a d i e n t ,  q m o l e c I l l e ,  a r i s e s  from En 

imbalance  i n  t h e  p o p u l a t i o n  of  n orb3. tal .s  I n  t h e  molecule  and 

crln be  r e l a t e d  t o  that f o r  e n  atom w i t h  j u s t  one h o l e  i n  



i t s  p s h e l l ,  qatom by 

i s  t h e  p -e l ec t ron  d e f i c i t  o r  excess  a l o n a  t h e  z axis, 

and 

2 The v a l u e  f o r  e qat  2 f o r  1291, as deduced from . 
-1 

nucl-ear  q u a ? r u ~ o l e  resonance s t u d i e s ,  I s  -1607 flc, s e c ,  

( v - 9 )  

where hn cavl be obta ined f ro~r .  6 as ~ r e v i o u s l y  d e s c r i b e d .  



22 

Thus t h e  v a l u e s  determined f o r  Ux, U and UZ w i l l  p rov ide  
Y' 

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

i n  t h e  molecule.  

A number of c a l c u l a t i o n s  of  t h i s  s o r t  have r e c e n t l y  

been r e ~ o r t  
- 

SnI ,. C31, 3 2 1  

ine  co~pound  s 

, IFgr 
[243 

, I C N  
L 33 J , and 



The MClssbauer e f f e c t  of t h e  57 ,6  keV. 1 . 9  nano- 

second t r a n s i t i o n  i n  t h e  ground s t a t e  of  1 2 7 ~  ( F i m r e  6 )  
127a 

which fo l l ows  t h e  b e t a  decay of Te has  been used t o  

measure t h e  isomer  s h i f t s  of  a v a r i e t y  of com~ounds a t  

4.2OK. C4'3h1. Althouph t h e  quadrupole  coup l ina  c o n s t a n t s  

f o r  t h e  12?1 n u c l e i  a r e  s l i n h t l p  n e a t e r  t h a n  t hose  f o r  

1 2 9 ~  n u c l e l  i n  t h e  same chemical  environment,  t h e  very  
- 1 

broad r x t u r a l  l i n e  wict ;? ,  2 r .- 2,54 mr, s e c ,  an? small 

isorr.er s ' --~jf ts  of t h e s e  s ~ e c t r a  make them. h a r d  t o  r e s o l v e .  

For t h i s  r ea son  1 2 7 ~  MBssbauer s p e c t r a  were no t  s t u d l e d  i n  

t h e  s resent work, 

The e x ~ e r i m e n t a l l y  measured isomer s h i f t  and 

quadrupolc  coupl ing  r a t i o s  p r ev ious ly  r epo r t ed  i n  t h e  

l i t e r a t u r e  

r a t i o s  p r ev ious ly  r epo r t ed  i n  t h e  l i t e r a t l ~ r e  



These comparisons a r e  developed f u r t h e r  in 

t h e  discussion. 

12m 
52Te 109 DAY - 0.0887 MeV 

0.0576 McV 
1.9 nsec. 

F l a r e  6 ,  Decay Scheme Showing t h e  Population 

of the Mdssbauer Transition in 1271 



V I T ,  Yucl e a r  Q i ~ n d r l ~ n o l e  9 e s o ~ s n c e  S ~ e c t r o s c o n v  . 
Pure quadru?ole resonence ,  o r  n u c l e a r  qua6rrunole 

r e s o n m c e  snec t roscony  ( N . Q . R . ) ,  nrov ides  i n fo rma t i cn  about  

t % e  e l e c t r o n i c  s t r u c t u r e  of chemical  bonds analoaous  t o  

t h a t  de r ived  from Ybssbauer spec t ro scopy .  N .Q ,I?. measure- 

Other r e l e v a n t  compounds which have been s t u d i e d  i n c l u d e  

Only t h o s e  i s o t o p i c  n u c l e i  whj-ch have a 

n u c l e a r  spivl I 1 1 posses s  a measurable n u c l e a r  

q u a d r u ~ o l e  nowent  Q .  Tab le  I shorm t h e  haloaens  whlch have 

an  e l e c t r i c  quadrupole  moment and a r e  a c c e s s i b l e  t o  s tudy  

Atomic, ? u n d r ? ~ m l s  r o u n l i ? ~  Constavlts eQa Atom of Yalonens 
a  

R Q I s  n p ~ r a t I 7 ~ ~ 3  f o r  $ 7  and 'I. b61  
h Tt n h o y ? ?  he tcd t hs t  ti19 i o r l l ne  i s o t o p ~ n  a r e  d e n i ~ -  

n r i t ~ d  r ,  l q B T  p t p , ,  v h l  ,P 1 oq ~ t s  own i s  t h e  i-enernl 
svmbol f o r  r i l r l ~ n r  c n i v .  



T"l eenerFy d i a ~ r a m ~  f o r  n u c l e i  hav1n.p en e l e c t r i c  q u a d r u n o l e  

+ + moment o f  - 5/2 s v d  - 3/2 nl-aced i n  an  i n h o n o v n e o u s  e l e c t r i c  

f i e l d  

4 

E Q 

are shown be low.  

A .  l \ i , n , Y ,  of  T c l l l ~ r i ~ ~ v  Cr)rn?~i~nrIs.  

Townes an? DaJ 1 ey -  "?' o b t a i n e d  r e l a t i o n s h i m  on  

hond i n r  f rom W . Q .  R .  measurements  f o r  d i a t o m i c  m o l e c u l e s  i n  

t e r m s  cf a s i m p l e  t h e o r y .  They have  shown t h a t  t h e  quad- 

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

t h e  c o v a l e n t  c h a r a c t e r  (1-i) o f  t h e  bond i n v o l v i n v  t h e  

h s l o m n  a tom : 

w h e r e " i " d e n o t e s  t h c  i o n i c  c h a r a c t e r  o f  t h e  bo?d and " s "  i s  

t h e  s - c h 2 r a c t e r  emplovcd by t h e  h n l o ~ e n  I n bond  in^. 

The n e t  c h a r ~ e ,  p ,  on t h e  c e n t r a l  a tom is  t h e n  



c a l c u l a t e d  t o  be 

2- f o r  Te i n  Teyh . C a l c u l a t i o n s  f o r  s e v e r a l  nolyatomic 

molecules  have been c a r r i e d  o u t  C41, 4 4 ~ 9  471 551 which has 

extended t h i s  theory  t o  c e r t a i n  s p e c i a l  c a s e s .  I n  

141' h s v e  s t u d i e d  t h e  ha lo ren  P.Q.R. p a r t i c u l a r  i ' T a k ~ m u w  e t  q l .  

2- 
s p e c t r a  of  Teyh i o n s  and t h i s  work w i l l  be  resented i n  

some d e t a i l  i n  t h e  d i s c u s s i o n ,  

Also t h e  eesuLts  of t h e  N , Q  ,Fl, erper imevt  c a r r i e d  

o u t  f o r  TeCl 
[ 4 h ]  

4 
z a r e e  q u i t e  w e l l  wi th  t h e  c r y s t a l  s t r u c t u r ~  

of this comr:n~rnd s!nce t h e  s ip l i n ~ s  ohqerved c o r r e s ~ o n d  t o  

t h e  s l i w h t l y  d i f f e r e n t  envjronments of t h e  s i x  chlor l .ne  atoms 

surroimd i n ~  t h e  o c t a h e d r a l l y  co-ord i n a t e d  t e l l u r i u m .  The 

c r y s t a l  s t r u c t u r e  of TeC14 i s  d i s cus sed  i n  d e t a i l  i n  a 

1 -a t e r  s e c t i o n .  

R. fir.? ,R S t l ~ J i  e . ~  on Po lyhs lomns  . 
Yavasaki and Cowwell  

L4R. 491 
c a r r l e d  o i ~ t  l T . Q . R ,  

m ~ a s u r m e n t s  on h o t 5  t h e  i o d i ~ e  and ?.iwind c h l o r i n e  i n  t h e  
- - 

c r y s t a l l i ~ t i  corn~ounds I C 1 ,  T C 1 2  , I C 1 4  an6 12f-'16, T h e i r  

r e s u l t s  S ~ I F E . C S ~ P ~  t h g t  (i orb1 t3 ls  a r e  cons ide rab ly  IPSS 

imnor tan t  i n  bond t r ? ~  t h e s e  coanounds t han  had p rev ious  1 y 

been sunnosed an4 t h a t  t h e  a-bondinp model ~roposec l  by 



Pimentel C571 represented a better approximation than the 

spd hybridization model. The N.Q.R. measurements also veri- 

fied the prediction that the iodine coupling constants 
- 0 

calculated for IC12 and IC14 are the same as that of IC1 

except for a change in sign In the case of 1C14-. This 

is consistent with a p-bonded model because in the case of 

IC1 there is one short covalent bond while in the linear 
- 

ICIZ ion the two lonq ionic bonds have the same net effect 

on the electrostatic field gradient at the iodine. In the 
- 

case of the square planar IC14 ion there are two p orbltals 

involved in bonding and one "lone pair" of electrons. In 

IC12- there are two "lone pairs" and one p orbital involved 

in bonding, (Figure 7), so that the quadrupole coupling 

constants on the central iodine should be equal in mag- 

nitude but opposite in sign. This observation was born out 

experimentally through Mdssbauer and N.Q.R. measurements C4, 48, 4.3) 

Ymasaki and Cornwell also calculated the electron dis- 

tributions using a L.C.A.O. - MOO', approach, It was found 

that the general features of the electron distribution 

obtained were not markedly different assuming an s-character 

of the chlorine u orbital in the range 0.0 - 0.3. 

- - 
Fipure 7. Orbital Populations in IClb and I C 1 2  



I.. Hexahalides. 

Knowlpdye of t h e  c r y s t o l  s t r u c t 2 ~ e c  o f  t h e  

TABLE II -- 
Jc 

Crystal Structures of the Telluriuo Halides 

0 
T e - C L 2 . 5 4 1  A 
T ~ c I ~ * -  r e g u l a r  

oc t ahed rcn  

T e - B r = 2 . 7 0  x 
d ~ e ~ r ~ * -  r e g u l a r  

oc tahedron  
( p r o b s b l y  t e t r a , g o m l )  

TebCi16 u n i t s  i n  a see Figu re  8. 
cubane- l ike  s t r u c t u r e  

Reference 

5f3 

(?!!I1 ) TeClh DoFresses t h e  cubic R 2 P t C 1 6  structure 
7 

with the T ~ C I ~ ' -  an lon  a recvliir  oc tahedron  
[?"L' , ( W q ) 9 T ~ ~ r f  

t l  

a l s o  has  t h e  K2PtC16 s t r u c t u r e  b u t  bccowes distorted a t  

t empe ra tu r e s  below ? 3 ! O ?  
[ h l ' j  

h c c s ~ ~ s e  1:hp ~ r r ~ o n l l m  I on i s  

c w a l l e r  than t h e  c a v i t y  formed by t h e  twelve su r round ing  

bron1r.e 2to;r.s. However I t  was fou.nd that t h c  r e p u l a r  
2- 

oc.tahedron of T e B r  6 i s  r e t a i n c d  i n  both t h e  K+ and CS' 



Figure  8, C r y s t a l  S t r u c t u r e  o f  TeC14 [59,60] The Te4Cl16 

Molecular  Unit  (Two Fold C r y s t a l l o g r a p h i c  Axis 

v e r t i c a l )  i s  Shown With Some I n d i v i d u a l  Bond 
0 

Dis t ances  i n  A and Mean Values of Chemically 

Equ iva l en t  Bond Angles, 



s a l t s  so  t h a t  i n  t h e s e  c r y s t a l s  t h e  c a t i o n  has l i t t l e  

e f f e c t  cn t h e  geometry of the  an ion .  

The c r y s t a l  s t r u c t u r e  o f  (lPlb);.Te1 has n o t  6 
bee? r e n n r t e d ,  but Cs2Te16 vn': fnl.zr?d t o  p o s s e s s  t h e  

c u b i c  K P t C l  s t r u c t u r e  [62] 
2 6 . T h e r e f o r e  as i n  t h e  hexa- 

bromide c a s e ,  t h e  (?T3 ) T e I h  p robab ly  p o s s e s s e s  n d l s -  h. 2 
2- t o r t e 6  K P t C l  s t r u c . t u r e  w i t h  t h e  T,eTF; i o n  b e i n q  a 

2 6 
r e m ~ l a r  o c t a h e d r o n .  The o c t a h e d r a l  Te lC2-  u n i t  " I n s  a l s o  - 
bean r e p o r t e d  ?n  YP (H20) 6Te16 C 631 and K2Te16 I361 

re spec t  t o  t o t a l  s u b s t i t u t i o n ,  i nc reases  i n  going from C 1  t o  

p4J . T h i s  c o r r e s ~ o n d s  t o  an i n c r e a s e  i n  c o v a l e n t  cha r -  

a c t e r  of t h e  Te-K hnnd m t h e  e l . e c t r o n e n ~ t i v i t y  d i f f e r e n c e  

dec-rcases t e t x e e n  tell lxrll-~rn and h a l o p e n .  N .Q ,Re measllre- 

ments L 41-1 have  a190 deaonstrzl ted.  t h l s ,  

2 ,  T~trshsl i d e s .  

The c r y s t ~ l  s t n i c t l t r e  o f  TeC14 h a s  been r e ~ o r t e d  

i591 603. T ~ C I . ~  forms monoc l ln ic  c r y s t a l s  c o n s i s t i n p  o f  

TeqCl16 iuv! ts ( F i q u r e  8). The s h o ~ t e r  Te-C1 bond 1 pnpth 

c o r r e s p o n d s  t o  t h e  sum o f  t h e  c o v a l e n t  r a d i i ,  Ion?  c hond- 

 in^  lays a more domi-nant r o l e  i n  t h e  much weaker Te-C1 

bricifrinq bonds. Th1.s s t r u c t u r e  suwpor t s  t h e  model which 

slxrwests t h a t  t h e  t e l l u r i u m  atom u t i l i z e d  5p o r b i t a l s  o n l y ,  

I n  bondin? s i n c e  z l l  o f  t h e  bond n n ~ l e s  a r c  90•‹ 2 5 O .  

Each p o r b i t a l  on t h e  t e l l u r l u ~ ~  atom forms one s h o r t  



32 

cova l en t  Fond and one long i o n i c  bond r e s u l t i n g  i n  oc t a -  

h e d r a l  co-ord ino t icn .  It  j s  found t h a t  t h e  Te-C1 bonds i n  

+ t h e  TeCl prollp o f  TeC14 z r e  much s h o r t e r  t han  t h o s e  o f  3 
2- ~e"-C!l i n  (CB ) T?C12 and TeC16 . Tr. thepp  l a t t e r  corn- 3 2 

~ o u n d s  t h e  same p o r b i t a l  i s  probably  bonclir? w i th  two 

chi-or in^ atoms t h u s  r e s u l t i n g  i n  two weak bonds wi th  bond 

o r d e r  o f  one -ha l f ,  There 1s a l s o  evidence t o  sugges t  t h a t  

t h e  c rys ta l .  s t r u c t u r e s  of TeBr4 and Te14 a r e  slmilar t o  t h e  

s t r u c t u r e  o f  TeC14. C r y s t a l  s t r u c t u r e  d a t a  o~ SaClb,  TeC14 

and TeEr4 C651 i n d i c ~ t e d  t h a t  t h e s e  molecules a r e  i s o -  

s t r u c t u r a l .  Blackmore e t  al. 
C661 

prepared t e t r a c o n a l  c ry s -  

t a l s  o f  Te14, t h e  s t r u c t u r e  of  which w a s  exp la ined  by con- 

s i d e r j n g  an o c t a h e d r a l  bond d i s t r i b u t j  on f o r  t h e  t e l l u r i u m  

atom. However two c r y s t a l  forms o f  t h e  t e t r a i o d i d e  a r e  

r e p o r t e d ,  t h e  o r tho rhonb ic  one be ing  t h e  more common. 
- - - 

C r y s t a l  d a t a  on SbC14-, Sb14 , B i B r 4  and R i I b  

C 6 7 p  6R1 , i n d i c a t e d  t h a t  t h e s e  i o n s  e x h i b i t  o c t a h e d r a l  

co -o rd ina t ion  mound t h e  c e n t r a l  meta l  atom wi th  l i n k i n g  

h a l o p n  b r idges  between me ta l  atoms. Fur thermore ,  t h e r e  * 
i s  l i t t l e  ev idence  f o r  In f luence  of t h e  " lone p a i r "  o f  

s - e l e c t r o n s  i n  t h e  above s t r u c t u r e c .  There fore  it may be 

surmised t h a t  t h ~  TeXb (Y = C 1 ,  R r ,  I )  compou?dn p robab ly  

have o c t ~ h e i l r n l l y  co-ordinated s t r ~ ~ c t u r e s  i n  t h e  c r y s t a l  

s l m l l a r  t o  t h e  i s o - e l e c t r o n i c  btsml-rth and antimony h . ~ l i d c  

i o n s  f o r  vrhich ths c r y s t a l  s t r u c t u r e s  have been r e p o r t e d .  

* or "inert pair" 



The format  i o n  o f  t h e  p o l y h a l o g e n s  
+ - - 

I5 , IC16, I B ~ ~ -  and I was e x p e c t e d  t o  r e s u l t  from 7 
t h e  b e t a  decay of  t h e  t e l l u r i u m  h a l i d e s .  I n  t h i s  

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

ha lopen9  v i l !  be d i s c u s s e d .  

Two c l a s s e s  of  p o l y h a l o ~ e l z  conpounds e x i s t :  t h e  

l n t e r h a l o g e n  compounds a r e  electrically n e u t ~ a l ,  and t h e  

p o l y h a l i d e s  c o n t a i n  c h a r p d  n o l y h a l i d e  i o n s  (Tab le  111). 

Wiebenqa, Ilavinpa and Eoswyk i691 have  reviewed t h e  e r t e n -  

s l v e  l i t e r a t u r e  on t h e  s t r u c t u r e s  o f  t h e  polyhalop-en com- 

plexes, I t  a p p e a r s  t h a t  t h e s e  s t r u c t u r e s  a r e  c h a r a c t e r i z e d  

by : 

(i t h e  presence o f  " p o l y v s l e n t "  h s l o s e n  a toms,  

( i t )  bond angles c l o s e  t o  90•‹ o r  180•‹ and 

( i i i )  bond l e n g t h s  which are some t e n t h s  of  an anps t rom 

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

A more r e c e n t  revier:. by Wlebenm and Kracht  Cml d e s c r i b e s  

t h e  bond ina  i n  i n t e r h a l o a e n  comnounds , p o l y h a l i d e  i o n s  and 

p o s i t i v e l y  char red  p o l y h n l o ~ e n  i o n s  by t h e  u s e  of  a modif ied  

W c k e l  t h e o r y ,  

I n  t h i s  s t u d y  we a r e  p a r t i c u l a ~ l y  i n t e r e s t e d  I n  

t h e  s t a b i l i t y  and s t r u c t u r e  of  p e n t a h a l o ~ e n s  and h e n t s -  

h a l o r e n s ,  C r y s t a l  s t r u c t u r e s  of  t h e  n e n t a h 2 l i d e  i o n s  



IF 

BrF 

C 1F 

T C 1  

I B r  

RrC 1 



I n  t h e  f i r s t  two c a s e s ,  t h e  i o n s  have R squa re  p l a n a r  

c o n f i m r a t i o n  x i t h  an ior!ln? ( o r  b r o ~ i n e )  atom i n  t h e  

c e n t r e  whi le  i l l  t h e  l a t t e r  c a se  t h e  i o d i n e  a t o m  form a 

"u" sha7ed i o n  and  t h e  s t r u c t u r e  can be d e s c r i b ~ d  as con- 

s i s t i n g  of an i o d i d e  i o n  t o  which two i o d i n e  r o l e c u l e s  

are a t t a c h e d .  The d i f f e r e n c e  i n  t h e  two s t r u c t u r e s  i s  

a l s o  manifes ted by t h e i r  d j  f f e r e n c e  i n  s t a b i l i t v .  In 
- 

 articular t h e  Icll i o n  i s  c h a r a c t e r l z c d  S:; ! t s  thema] .  4 - 
s t ~ b i l - i t y  x h i l e  t % c  I <  1 0 ~  r e a d i l y  d i s s o c i a t e s  i n  s o l -  

J - 
u t i o n s  and upon heatin,- .  The mixed p e n t a h a l i d e  i o n s  I CJ 

2 3 
and 1 2 C 1 2 ? r  -1.71J a r e  a l s o  thour r9 t  t o  have a s t r u c t u r e  

- 
similar t o  t h a t  of I, . Pla7 r s ib l e  e l e c t r o n i c  s t r u c t u r e s  

J 

a?d shapes  have been pronosed f o r  I,' as shown below. I t  
J 

was f i r s t  d e t e c t e d  by C i l l n s l i e  and 791 i n  a  

s o l i l t i o n  of i o d i n e  ox id ized  by S2O6F2 i n  f l u o r o s u l f u r i c  

a c i d .  

+ 
The  I 2nd I?+ i o n s  are  a l s o  formed i n  t h e  R ~ O V ~  s o l u t l o v s ,  2 

1749 7 9 ~  P O ] ,  and on coo l in*  t h ~  diner I~ 
2-t 

I s  formed t 761 

2+ 
The t e t r n h c d r e l  a d  squa re  n l a n n r  s t r x c t u r e s  f c r  Iq were 

e l i m j  n s t d  i n  f s v o u r  of t h ~  acyc15 c  chnl n : 



on t h e  basis o f  a q v a l i t s t i v e  m ~ l e c u l a r  o r b i t a l  d e s c r i ~ t i o ?  

of  t e t r a - a t o - i  c  r . o l e c u l e s .  

D e l o c s l i ~ a t i o n  ene- - ips  f o r  d i f f e r e n t  ~ c s s i b l e  

c o n f i ~ - l ~ r a t i o ~ s  o f  r i v e n  nw-'ner o f  ha lopen  a toms have b e e n  

r 6a-l c a l c l ~ l a  te? - . 'For t h e  p e r t x b 2 i c l e  i o n  i t  was shown t h a t  

thp a r r a n ~ e - e n t  r e z r e s e n t e d  i~ (a) below h a s  t h ?  l o x e s t  

e n e r n y  i q  t ? e  f i r s t  a n n r o x i m ~ t i n q  us in^ e n  L.C . A . C  , - Y  . O m  

t r e a t m e n t .  

A - A - A  
I 

A  
1 

A (a) 

A - A - A - A - A  ( d )  

A 
I 

A - A - A  
I 

A (c) 

A - A - A - A  
i 

A  ( e )  

Yovever s eve ra l  T - s 9 s ~ e d  t ~ t r q - a t o m i c  molec i .~ les  s u c h  as 

C 1 F  a d  RrF3 C69, 701 3 
, have beev d i s c o v e r e d .  Nelson  and 

P i K e n t a l  [I 78 1 a l so  ~ r o p o s e d  t h e  e p i s t n n c e  o f  s e v e r 2 1  T- 

e i t h e r  t h e  Cl-Fr-O1 o r  t h e  C 1 - P - - R r  u n i t .  

I n  t h e  c o ~ m n n d  " ((:,u, )&I7 M 9 3  , no senarqte 

.. - 
I7 i o n s  can bs d i ~ t i n w i  9 h d .  C e n t r o s y m ~ ~ t r i r n l  T 3 i o ~ s  

nnA T p  m o l e c l ~ l n s  form a t h r e e  d l v e n s i o n a l .  p n t t r r n  i n  wh ich  

- 
each 1 I o n  i s  sv r rounded  by f o ? ~ r  I2 m o l e c l ~ l e s  and each  3 - 
I molecu le  i s  su r rounded  by tv:o I jons. However t h e  
2 3 



- 
d i s t a n c e s  between t h e  I ions  and I2 molecules i s  smal ler  

3 
than t h e  in termolecular  s p a c i n ~  i n  c r y s t a l l i n e  iodine  

(3.56 1) i n d i c a t i n e  a r a t h e r  s t ronq  i n t e r a c t i o n .  The 
2- - com~ound Ie has a l i n e a r  s t r u c t u r e  similar t o  I5 . 

It is found t h a t  t h e  ~ o l y h a l i d e s  a r e  no t  s t a b l e  

with r e spec t  t o  d i s s o c i a t i o n  i n t o  a monohalide and halonen 

o r  in terha lonen con~ound L691. The d i s s o c i a t i o n  always t akes  

p lace  i n  such a way t h a t  t h e  halouen o r  in terha loqen mol- 

ecu les  formed conta in  t h e  heav ies t  halogen atoms. T h i s  

po in t  must be remembered when i n t e r p r e t i n g  t h e  Mdssbauer 

s p e c t r a  of t h e  po lyha l ide  ions  s t u d i e d  here. 

Therefore,  t o  d a t e ,  no po lyha l ide  
-k + + 

i o n s  w l t h  t h e  molecular formula I C l 4  , I B r b  , I5 , I C 1 6 - ,  

- - 
I B r 6  , and I have been synthesized by ordinary chemical 

7 
methods. 



IX Experimental .  

A. The Mossbauer Spectrometer  ( ~ i g u r e  9). 

The ~ 8 s s b a u e r  experiments 1~2r-e c a r r i e d  ou t  on 

a n  Nuclear Science and Engineering Corporat ion (NSEC)  

AM-1 d r i v e  system and c r y o f l a s k ,  used i n  con juc t ion  wi th  

a  Nuclear Data 2200 s e r i e s  1024-channel ana lyse r .  Routine 

c a l i b r a t i o n  of t h e  spec t rometer  u s ing  s t anda rd  

IYa2~e( ( C N )  N O )  2 ~ ~ 0  and a -Fe 0  abso rbe r s  - 
5 2 3 

'lo': showed that 

+ t h e  v e l o c i t y  s c a l e  was l i n e a r  ( -0 .55)  over  t h e  v e l o c i t y  

range used i n  t h i s  work and t h a t  t h e  z e r o  v e l o c i t y  

+ channel  was r ep roduc ib l e  t o  w i t h i n  -0.2 channels  

g e n e r a 1 , s e t s  of 2x256 channel  m i r r o r  image spectr? .  were 

ob ta ined  w i t h  t h e  t r a n s d u c e r  ope ra t ing  a t  25 c y c l e s  

p e r  second and an  a n a l y s e r  m u l t i s c a l a r  dwell- t ime of 

80 microseconds p e r  channel .  

The c r y o f l a s k  used wi th  t h i s  system was a metal  

vacuum c r y o s t a t  which h e l d  l i q u i d  n i t r o g e n  f o r  ca.  35 

hours ,  main ta in ing  t h e  source  and abso rbe r  a t  8 0 " ~ .  

The c r y o f l a s k  a l s o  h e l d  l i q u i d  helium f o r  ca.  10 hours.  

The ~ 8 s s b a u e r  source  and abso rbe r  compounds 

were mixed wi th  a  small amount of s i l i c o n  g r e a s e  b e f o r e  

being p laced  i n  t h e  source  o r  absorber  hol-ders. This 

was done f i r s t l y  t o  g i v e  good thermal  c o n t a c t  between 

t h e  compcund and secondly t o  evenly d i s t r i b u t e  t h e  

m a t e r i a l  over  t h e  h o l d e r  ensu r ing  uniform th i ckness .  
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A t e f l o n  abso rbe r  h o l d e r  wi th  a n  o - r i np  s e a l  w a s  

used t o  hold t h e  abso rbe r  compounds s t u d i e d  1 3 8 1  
8 

S. P r ~ m ~ a  t l  OYI of  t h e  C O V T ? O I ~ ~ ~ S  , 

T h e  p r e n a r z t i o n  of t h e  p a r e n t  t e l l u r i u m  corrlpoilnd s 

used i n  t h i s  ~ t u d y  were c a r r i e d  o u t  as reyor ted  i n  t h e  l l t-  

The ~ r o c e d l l r e s  a r e  summarized below: 

Te l lu r ium metal  w a s  d i s s o l v e d  i n  HVO /Y 0 and t h e  
3 2 

s o l u t i o n  evanorated t o  d rynes s .  While s t i l l  h o t  t h e  

Te 0 9"03 r e s i d u e  w a s  d i s s o l v e d  i n  t h e  c o r r e s o o n d i n ~  concen- 2 4 

t r a t e d  a c i d ,  W e  A f t e r  cool in^ i n  i c e ,  concen t r a t ed  s u l -  

f u r j  c  a c j  d w a s  added t o  p r e c i n i t a t e  TeuL,  whj ch w a s  t hen  

f i l t e r e d  from t h e  s o l u t i o n  by s u c t i o n ,  

2 ,  T e I b .  

A s  w e l l  as us in^ t h e  ahove method, TeTb can be pre-  

pared by t:vo o t h e r  methods [ 6 h ,  Q?]. 
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of concentrated n i t r i c  acid p r e c i p i t a t e d  t e l l u r i c  a c i d ,  

which was then  f i l t e r e d  and washed wi th  concent ra ted  

n i t r i c  a c i d .  The t e l l u r i c  a c i d  was then  d i s so lved  i n  

concen t r a t ed  hydr iod ic  a c i d ,  and on slow evapora t ion ,  T e I  
4 

p r e c i p i t a t e d .  

(iii ) The absorber  T ~ ~ ~ ~ I ~  was a l s o  prepared. The 

N ~ ~ ~ ~ I  s o l u t i o n  obtained from Oak Ridge w a s  a c i d i f i e d  with 

d i l u t e  n i t r i c  ac id  and t h e  iodine  was p r e c i p i t a t e d  ou t  of s o l -  

u t i o n  by adding an excess of a s a t u r a t e d  s o l u t i o n  of sodium 

n i t r i t e .  A f t e r  c e n t r i f u g i n g  and removal of t h e  mother l i q -  

uor ,  t h e  iodine  w a s  sublimed throuph calcium carbonate i n t o  

a tube conta in ing  t e l l u r i u m  powder. The tube ,  evacuated and 

sea led ,was  heated t o  500•‹C f o r  e i p h t  hours t o  ensure complete 

r e a c t i o n .  

A s  i n  t h e  p repara t ion  f o r  Tev4, t e l l u r i u m  meta l  was 

d isso lved  I n  HXO /9 0 and t h e  sollrltion evaporated t o  dryness ,  3 2 

While s t i l l  h o t ,  t h e  r e s idue  w a s  d i sso lved  i n  t h e  correspond- 

i n g  concentrated ac id  Hu. A few drops of N34u i n  concentrat-  

ed HY p r e c i ~ i t a t e d  out  (NHb)2TeY6. 

Zinc te1lur id.e  was prepared by hea t ing  a s t o i c h i o -  

me t r i c  amount of powdered t e l l u r i u m  and z inc  I n  an evacuated 

s i l i c a  tube at 750•‹C f o r  s e v e r a l  hours.  T h i s  produced r e d ,  

C, Rsman Snect ra  2nd ElernentaI  Annlysis  - . 
The Raman Spectrn of  Teylr and ( N H ~ ) * T ~ Y ~  (Y = C1, 



V R ? ~ I ~ S .  A bmv! s~ectrum could not be obttiined f o r  the very 

?45s 
solid) 250s 

(?Jyh) ?TE?Ih 
( d s r k  red solid) 

The elemental  a n a l y s i s  r e s u l t s  a r e  in good 

agreement with t h e  c a l c u l a t e d  values f o r  t e l l u r i u m  and 

halogen con ten t  i n  a l l  of t h e  halides   able V). 



Compound Calculated obtainedb 

Te xa Te X 

b A n c l y s J  s c a r r i e d  o u t  s t  A l f r e d  P e r r l h ~ r d t  Analvti  cel. 
I a b o r a t o r y  , !*jest C e r m n v .  The a n a l y s i s  on TeCl4 and 
TeBy4 w a s  not ca r r i ed  out  because  t h e  s a m ~ l e s  were wet 
with s u l f u r i c  ac id .  

I n  c h s r ~ c t e r ?  z i n p  t h e  t e i l i i r i ux !  comaounds u s e d  i n  

t h i s  work ,  t h e  lP5'J?e Ntlsshauer nbso rp t ion  s p e c t r a  were 

measured 2nd comnared w i t h  t h o s e  r epo r t ed  i n  t h e  l i t e r a t u r e .  

The  f e a t u r e s  of t h e  F ~ S S ~ R I J ~ T  e f f e c t  with 17577, 

( 1 0 ,  1-19 1 8 ,  20, 9 2 ,  933 
hnve been r e o o r t c d  i n  s e v e r a l  m n e r s -  . 
The  ~ r i n c i c l e  d i f f i c u l t y  i n  de tec t iov l  of  t h e  3 5 . 5  keV. 

pampa r a y  from the hHscbsucr t r n w i t i o n  i n  1 2 5 ~ e  d e r i v e s  f r o v  

t h e  f a c t  t h a t  t h i s  t r ~ n ~ i t i o n  h a s  n K-she l l  i n t e r n a l  con- 

v e r s i o n  c o e f f i c i e n t  n f  11. T h i s  l e a d s  t o  n vPrg h i v h  

t e l l u r i u m  Y - x y  h a c k ~ r o u n d  (TeK, = 27.4 keV, TeK = 3 1 . 2  B 



keV. ) which cannot, be resolved from t h e  F!bsshauer t r a n s i t i o n ,  

-4 Ye(T0 ) nronor t i nqn l  d e t e c t o r  WRS used because t h e  e n e r q  2 

of the K - ~ h s o r n t i c n  p d f f p  ( 7 1 ~ ~ 5 1  keV, )  is hetween 25Te 

Y-TRY Q P . ~  gamma r a y  energies, Thus, only the 35.6 keV, 

mmwa r ?y  i s  ca?able  of R - r h e l  l ? h o t s ) - ~ 7 e c t r i c  e b s o r p t i c n  snd  

subseq l~e? t  exc i t . i t i nn  of Tenon Y-rovs. The 6 .9  keV, escane 

A. 20 m i l l i c u r i e  "51 on co?ner sou rce  from N e w  

Fnwlnnd T\Tuclear T + ! ~ ~  u s e d .  The 
1 7 5  1 2 5 ~ - p  T P  e 1 ~ c t l - o n  can- 

t h e  d e t r c t o r .  The 8 keV. conner Y-rays ~ r o d u c e d  were 

efficiently ahsorbed i n  thp q h s o r b ~ r  h o l d e r  and t h e  vaciwm 

d ewar wind nw. 
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n h o t o - m l t i ~ l - i e r  t u b e ,  t o n e t h e r  w i t h  a n  O r t e c  model 113 

~ r e a m ~ l j  f i e r  and p o d e l  4-40 A s e l e c t i v e  f i l t e r  a m ~ l i f i e r .  

?#:hen us in^ 
1 3 9 ~  

Te s o u r c e s ,  27 .47  keV. t e l l u r i u m  y - r a y s  

a r e  s e e n  i n  a l l  i s o r c e r i c  t r a n s i t i o n s  f e e d l - n p  1 7 ? ~ e .  The 

~ u l s e  h e j  c h t  a n a l y s i s  s r ec tmln ,  showed o n l y  a s i n v l e  broad  

~ e a k ,  t h e  37.7 keV IvTbssbsuer t r a n s i t i o n  n o t  be in^ r e s o l v e d  

from t h e  v - r a y s  i n  t h e  d e t e c t o r  t h u s  makina t h e  Fack-  

r round c o u n t  v e r y  h j  ~ h .  

The lP9? 'e  w a s  o b t a i n e d  by t h e  i r r s d l a t t  on of  
128 

50 mn, amounts of 99.46% T e  metal in quartz 
14 -2 

nvmoul.es f 'or  two v r e ~ k s  a t  c  .a, 1 0  
-1 n.c!r,  s e c .  , i n  

t h e  R.9.TJ. r e a c t o r  a t  Chalk  R i v e r .  The t e l l u r i u m  v e t a l  

w s s  t h e n  uce? i~ t h e  n r e n a r r t i o n  o f  t h e  cornnounds 

d e s c r i b e d  e a r l i e r .  These  s o u r c e s  p e n e r a l l y  r a n ~ e d  i n  

a c t i v i t y  f r o n  0 . 5  t o  2.0 mCi. and were usually less 

t h a n  10  nz.cm.'2 i n  t h i c k n e s s .  

A p r e p a r a t i v e  r o u t e  a p p l i e d  by  J .  L. 

I J s r r en  C71 ,as used i n  t h e  p r e n n r a t i o n  o f  t h e  ' 7 9 ~ e  MHssbnuer 

so l~r . ce .  i s o ~ c r  s e r a r a t i o n  o f  "'~e and l e o r n ~ e  ,as 

nchieved  t h r o l ~ m h  t h ~ f  c h e m j c a l  e f f e c t s  o f  t h e  i ~ o : n e r i c  
13% 

t r a n s i t i o n  i n  s n l l ~ t i o n .  Te l a b e l l e d  t e l l l ~ r j c  a c i d  vas 
129 

d i s so l -ved  i n  4-r\! Y C 1 .  I n  t h i s  s o l u t i o n  t h e  1 2 9 n ~ e  4 Te 

j s o m e r l c  t r n n c i t i o n  n roduces  band r u n t ~ ~ r e  i n  more t h a n  9Vt 

o f  e v e n t s ,  A v l n ~  ' ? 'Tc( Iv)  i n  s o l u t i o n .  I n  t h e  p r r s c n c e  o f  



Te (111) c a r r i e r ,  S O ,  i s  bubbled t h r o u , ~ h  t h e  s o l u t i o n ,  t h i s  
L. 

s e l e c t i v e l y  r e d u c i n ~  t h e  1 7 9 ~ e  (17) t o  tellurium m e t a l ,  

729m 
t h ~  Te r e n a i ~ i n p  i n  s o l m t i c n  as H ~ ~ ? ~ ~ T ~ o ~ .  The s e n -  

a r n  t ed "'~c l a b e l l e d  m e t a l  was t h e n  used  i n  t h e  immediate  

p r e p a r a t i o n  o f  TeC14. 

\:R'?~I o b h i n e d  from Oak Ridge .  T t  covltninerl a n n r o r -  

-2 1291 
i m a t ~ l y  1 5 m ~ - . c m ,  of  , T h l s  a b ~ o r b e r  w?s used i n  

 ill 1 2 9 m ~ e  e m i s s i o n  e u n e r i m e n t s .  I t  was confirmed a s  a 

-1 
w v . s e c ,  a t  l i q u i d  h e l i u ~  t e m n e r a t u r e s .  The e ~ n e r i n c n t a l  

-I 
l i n e  w i d t h s  i n  t h i s  work v a r i e d  from 1 . 0  t o  1 . 9  mrn.sec. 

-1 
a t  l i q u i d  n i t r o p e n  t e m p e r a t u r e s  and from 1 . 5  t o  3.8 mm.sec. 

a t  liquid helium t e m p e r a t u r e s .  



shovld be removed d l ~ r i n w  t h e  latter n a r t  of t h e  c o m ~ u t a t i o n ,  

However, f o r  t h e  m o w  cornplea 1 2 9 ~  s n e c t m ,  some of which 

I t vas found necess7ry  t o  c o ~ s t r ~ l n  mnvy o f  t h e  absorn t io r?  

l i n a  nammete r s  throi1~11011t the fit tin^ nroces s .  TGIP nro- 
7 

E r n 9  w V e  8 vaI.11e of ch i - squa red ,  XI, f o r  each f i t ,  which 

allowed a readv a s ~ e s s 3 e n t  of  t h e  s t a t i s t i c a l  a c c e n t a b i  lity 

3 
o f  t h e  fit. Only when t h e  11 value indicated a r l e ~ r e e  of 

N 2 
covlf j f l~nce l e s s  t h a n  t h e  0~1% p o i n t ,  that i s  X <I.?, 

FT 
w a s  t h e  c o m ~ u t e r  f i t  o f  a spectrum judged t o  be accep- 

t a b l e ,  Here IV i s  t h e  number of  dep rees  of  freedom, 

A l l  of t h e  s n e c t r a  ob ta ined  i n  t h i s  work were 

m i r r n r - i m a ~ e  s n p c t r ?  2nd t % e  t w o  ha lves  were always 

c o m ~ u t e ?  s e n a r s t e l y  . 



The 1 7 5 ~ e  I f H s s b p l ~ ~ r  iohcnrnti  on s ~ e c t r - 7 .  v ? e r ~  
125 

r e c o r g e ?  a t  P n • ‹ K  r e l a t i v e  t o  an 1/31 s o u r c e ,  The 

q i i ~ d r u n o l e  s ~ l i 2 t i n : ~ s  and i s c m e r  s h l f t c  a r e  r e ~ o r t e d  i n  

T a h l ~  V I  , T"I d a t a  a r e  c o r n t ? ~ r ~ d  w i  t,h s e v e r a l  v s 1 7 ~ e s  

n r ~ v i o i i s l  y r e m r t e d  i n  t h e  l i  t e r a t l i r e .  P e ~ r e s e n t s t i v e  

I t  can hs s e e n  t h a t  t 3 e  i s o m e r  s h i f t q  f o r  t h e  

'revh 2- compounds a r e  i n  good a w - e e ~ s n t  w i t h  Gukasyan 

e t  a1, C953 but i n  ~ o o r  nvreernent w i t h  Gibb. e t  a1. 11931 

F r i c k s o n  and Faddock C 961 have  no ted  t h a t  t h e  i s o m e r  s h i f t  

comnol~nds s h o v  a wide r n n m  of v a l u e s ,  ~resurnzb1.v as a 

r e s u l t  o f  d i f f e r e n t  s o u r c e  ~ r e n a r a t i o n s .  Ano the r  s o u r c e  

o f  e r r o r  m 9 j r  he t h e  I n c o r r ~ c t  r ~ n n r t i n r  of  t h e  s t s n d z r ?  

f o r  t h e  i s o m e r  s h i f t .  Thus Gibb e t  a l e ' s  d a t a  shows a 

c o n s i s t e n t  t r e n d  t o  more p o s i t i v e  i r o n e r  s h l  f t s  t h ~ n  

t h o s e  o f  ot;hor v o r k ~ r s .  T h i s  nlav he e y ~ l a i n e d  i n  p a r t ,  

if t l ? e i r s d a t q  a r e  q u o t e d  w i t h  r e s ~ e c t  t o  GZnTe = 0 r a t h e r  

t h e  s t a t  isti cal cccuracg of t he  r e s u l t s  of t he  l a s t  

worlrt?rs was v e r y  poor. 
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T e C l  
4 

T e P r 4  

TABLE VI 

l Z 5 ~ e  Ndssbauer Absorption Parameters. 

-1 -1 mn. sec.  mm. sec .  

Reference 

(YH ) ~ e c 1 ~  +1.7 -+ 0.1 0.0 
4 2 .  

+1,70 2 0.05 0.0 

+1.95 -$ 0.05 0.0 

( 3  ) Perry6 +1.4 2 0 . 1  0.0 4 2 

a w i t h  r e s n e o t  to R n  
0 

/ I  SOII7-CP 
L -1 

h f:o,lrewion i n t o  e 'qQ(1  t q2/1)7 in KC. set. 1s o b t a i n e d  

'l 'hts wcrk 



The % resonance absorpt ions  f o r  t h e  s p e c t r a  were smal l ,  

reflect in^ small  r e c o i l - f r e e  f r a c t i o n s  i n  these  compounds. 

This  i s  due t o  t h e  low r i g i d i t y  o f  t h e  t e l l u r i u m  h a l i d e  la t -  

t i c e s  (evidenced by t h e i r  low mel t ing  p o i n t s ) ,  along with t h e  

h i ~ h  e n e m y  , 35.5 keiJ. ,  of  t h e  Fldssbauer pamm ray .  An 

eaner iment  on l P 5 ~ e ~ 1 4  a t  l i q u i d  he1 iurn t ~ m p e r s t u r e  Dro- 

duced a marked i n c r e a s e  i n  t h e  $ resonance a b s o r p t i o n  ( t o  

I ? % ) ,  b u t  lead t o  a  l o s s  i n  r e s o l u t i o n  i n  t h e  spectrum 

through l i n e  broaden in^. T h i s  was a s i ~ n i f i c a n t  d i s a d -  

van tape  i n  m e a s u r i n ~  t h e  ve ry  small A i n  t h e  'Feu4 compounds 

Therefore  a l l  measurements were made a t  8G•‹K. 

,411 s p e c t r a  were recorded a t  b•‹K and a l s o  a t  

80•‹K where t h e  $ resonance a b s o r p t i o n  w a s  l a r p  e n o i l ~ h  t o  

be d i s t i n ~ u i s h e d  from t h e  backpround. These emiss ion 

s p e c t r a  were recorded npninn t  a s i n p l e - l i n e  ? ! R ~ ~ ~ I  abso rbe r  

whlch had been i n d ~ ? p e n d e n t l y  calibrated u s i r l r  3 Zn lZgnTa 

obta ined  f o r  t h e  corn~nunds 1nves t ; imted  i v l  t h e  work al-e 

showq i n  Table  7 / 1 1 .  To a l l a w  a ready c o ~ n s r i s o n  of t h e  d a t a  

w i t h  t h e  a b s o r n t i o n  v a i u ~ s  "o r  i29~ comnound s r eno r t ed  i n 

t h e  l i t e r a t ~ r r ~ e ,  all t h e  emi?sion d a t a  h n s  been c o r r e c t e d  

t o  co r r e snon i  t o  t h a t  f o r  ar. a h s o r p t i o n  expe~ ' i r r~ent  r e l a t i v e  



t o  a ZnTe s o u r c e ,  To ach i eve  t h i s  c c r r e c t i o n  f o r  t h e  

isomer  s h i f t s  t h e  fo l l owinq  r e l a t i o n s h i p  was used: 

r evo r t ed  6 = - ( e x ~ e r i r n e n t a l l y  observed 6 + 0,46)mm,sec,  -1 

( X - 1 )  

-1 
where +0.46 mm.sec. is  t h e  isomer  s h i f t  f o r  a N a  1291 

absorber r e l a t i v e  t o  a ZnTe sou rce  (Table  V I I ) .  

The quadrupole  c o u ~ l i n p  measurements were c o r r e c t e d  

by chana ina  t h e  s i a n .  The emiss ion s ~ e c t r a  shown i n  F igu re s  

11 - 15 a r e  t h e  e ~ p e r i m e n t a l l y  recorded s ~ e c t r a  w i thou t  

convers ion  i n t o  a b s o r p t i o n  paramete rs ,  
i29mr, 

1. Emission S p e c t r a  of t h e  ( N R ~ ) ~  l ey6  Comnounds. 

I n i t i a l l y  t h e  emiss ion  s p e c t r a  f o r  a l l  t h r e e  

compounds were neasured a t  8o0K as shown i n  Fimlre  l i ( b )  

f o r  (PJH ) TeRr6. Very small % resonance a b s o r n t i o n s  were 
4 2 

observed,  p a r t i c u l a r l y  i n  t h e  c a s e  of ( N H 4 )  2TeT6. 

Measurements were t h e n  made a t  4' K and t h e  s p e c t r a  a r e  

shown in F i m r e s  3.2 and 1 3 ,  A s  can be s e e n , a n  i n c r e a s e  i n  

t h e  % a h s o r ~ t i o n  was observnd.  Moruover, i n  t h e  (MT? ) TeC16 
4 2 

and (NH ) TeErc s o u r c e s ,  I n  a d d i t i o n  t o  t h e  s l r a l e  int-ense 4 2 

l i n e  of l a r v e  isomer s h i f t  observed a t  80•‹K, n d d i t i o n a l  

l i n e s  of  r e l a t i v e l y  low i n t e n s i t y  were observed a t  4 O K  

(F1pure 11)* For t h e  ( N z b ) 2 ~ e ~ 6  sou rce  t h e s e  o t h e r  l i n e s  

appeared t o  dominate t h e  spectrum ( F i m r e  13). 
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Figure 11. Mdssbauer Elrlsslon Spectra of ( N H ~ ) ~ T ~ R ~ ~ .  
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Figure  12. 1 2 9 ~  Emission Spectra of the  ( N H , + ) ~ T ~ X ~  

(y = Cl, Br, I) C o l Z p ~ ~ d s .  



Figure 13, 1 2 9 ~  Emission Spectrum of (NH4)2Te16. 



I n  each of  t h e  s ~ e c t r a  a t  b•‹K it i s  p o s s i b l e  t o  

i d e n t i f y  a s i n r l e  l i n e  of l a r g e  isomer s h i f t  which i s  

ass ipned  t o  t h e  I Y ~  i o n  i n  each cape ( F i g u r e  1 2 ) .  The 

ev idence  which s u p p o r t s  t h i s  conc lus ion  w i l l  be p resen ted  

i n  d e t a i l  i n  a l a t e r  s e c t i o n .  The isomer  s h i f t s  f o r  t h e  

p o s t u l a t e d  IT; an ions  a r e  shown i n  Table  V I I .  The add- 

i t i o n a l  l i n e s  observed i n  each spectrum mav have t h e i r  

o r i f f i n  i n  

(i) i m p u r i t i e s  p r e s e n t  i n  t h e  sou rce  samnle ,  

( i i  ) decomnosi t ion p roduc t s  formed i n  t h e  129flTe 

Iz911e i s o m e r i c  t r a n s i t i o n  p receed ina  t h e  b e t a  decay. 

(iii ) decomposi t ion produc ts  r e s u l t i n g  from t h e  

i n s t a b i l i t y  of  t h e  1791y- 
6 i o n s  themse lves .  

The chemical  a n a l y s e s  of  t h e  compounds gave 

no ev idence  o f  macroscopic amounts of  i m p u r i t i e s .  More- 

o v e r , r e p e a t e d  p r e ~ a r a t i o n s  of  each sou rce  compound pave 

e s s e n t i a l l y  i d e n t i c a l  r e s u l t s  f o r  a r y  one compound. The 

second p o s s i b i l i t y  l i s t e d  could have been checked h r ?  i t  

hegn no~sihle t o  s t u d y  1?97'~ I e h ~ l l e d  s o u r c e s  where t h e  

e f f e c t s  of t h ~  i s o m ~ r i c  transition would no  l o n ~ e r  be 

nresent. Thi s  s tudy  was no t  p o s s i b l e  because o f  t h e  69 

minute h a l f - l i f e  o f  t h i s  i so tope ,  t o g e t h e r  wi th  t h e  

t ime taken  t o  p repare  t h e  compounds, mount them i n  t h e  

dewar a n d  coo l  t h e  exper imenta l  appara tus  t o  4%. 



A f u r t h e r  po in t  which i s  r e l e v a n t  t o  t h e  presen- 

t a t i o n  of t h e  e ~ p e r i m e n t a ~ l  r e s u l t s  i s  t h e  measured l i n e -  

widths i n  t h e  emission spec t ra ,  which ranged from 1.5 

-I - - - 
through 1.7 t o  2.3 mm.sec. f o r  t h e  I C 1 6  , I B r 6  and 116 

ions r e spec t ive ly .  These compare with a  n a t u r a l  l inewidth  

-1 f o r  t h e  t r a n s i t i o n  of 0.59 mm.sec. . The observed l i n e -  

broadening could no t  have a r i s e n  exc lus ive ly  from t h e  

absorber  o r  source th ickness  o r  from mechanical v i b r a t i o n s  

due t o  l i q u i d  helium b o i l - o f f ,  s ince  t h e  l inewidth  of t h e  

N ~ ~ ~ ~ I  absorber  recorded a g a i n s t  a  Zn 12gm~e source of 
-1 s i m i l a r  mass was found t o  be 1.25 mm.sec. a t  8 0 " ~  and 

1 . 4  mm.sec. a t  4"~. The o the r  l i k e l y  causes of l i n e -  

broadening may be l i s t e d  a s :  

( i)  decomposition of t h e  129 - I X 6  ion  over t h e  l i f e t i m e  

of t h e  ~ b s s b a u e r  t r a n s i t i o n  which would shor ten  t h e  e f fec -  

t i v e  h a l f - l i f e  of t h e  s t a t e  p 7 . j  . 
(ii) a spectrum of isomer s h i f t s  and/or quadrupoie 

s p l i t t i n g s  a r i s i n g  from a spectrum of l a t t i c e  s i t e s  which 

t h e  1 2 g ~  impurity atoms may occupy i n  t h e  c r y s t a l .  

(iii) c r y s t a l  d i s t o r t i o n s  a t  4 " ~  which may g ive  r i s e  t o  

small  quadmpole s p l i t t i n g s ;  (such d i s t o r t i o n s  have been 
2- 

repor ted  i n  t h e  X-ray c r y s t a l  s t u d i e s  of TeBr6 ('Table 11)). 

The r e s u l t s  of t h e  present  experiments do not  3 . 1 1 0 ~  

us  t o  d i s t i n g u i s h  between t h e s e  s e v e r a l  p o s s i b i l i t i e s .  It 

may be noted however t h a t  l ine-broadening i s  genera l ly  

observed i n  emission s p e c t r a  and no f i r m  explanat ion  has 

y e t  been o f fe red  t o  exp la in  t h i s  phenomenon. 



2, Emission S n e c t r a  of t h e  129% eY lL Com~or~nd s . 
With t h e  129m~eYb sou rces  !v=Cl ,  T 3 r . T )  no 

measurenble resonance a b s o r p t i o n  was observed a t  R O O K ,  

Thus a l l  t h ~ e e  comnounds were s t u d i e d  a t  k • ‹ K  ( F ' l ~ u r e  1 4 ) .  

Even a t  k4K only  about  1.5% a b s o r ~ t i o n  w a s  observed and 

t h i s ,  c o m l e d  w i t h  broad l i n e w i d t h s ,  r e s u l t e d  i n  very  

~ o o r l y  r e so lved  s n e c t r a .  

F o l l o t r i n ~  a d e t a i l e d  examination of t h e s e  s ~ e c t r a  

i t  w a s  f i r m l y  concluded th3.t t h e  1 2 9 ~  d a u e h t a r  ntom w a s  

n o t  p r e s e n t  i n  a l a t t i c e  environment i s o e l e c t r o n i c  o r  

i s o s t r u c t u r a l  wi th  t h a t  of  t h e  p a r e n t ,  i , e .  molecu la r  

rearranrrenent  o r  d ecornnosi ti on appeared t o  accompany 

t h e  129T)Te - 129 D I decay i n  a l l  e v e n t s .  Atrain, t h e  de- 

t a i l e d  arfruments supnort ing;  t h e  conc lus ion  w i l l  be 

presen ted  l a t e r ,  The Teul+ emiss ion  s n e c t r a  were com- 

pu.ter f i t t e d  and a s t a t i s t i c a l l y  a c c e p t a b l e  f i t  ob ta ined  

assuminn t h e  presence of a s i n a l e  quadrupole  s ~ l - i t  

s o e c i e s  wi th  a l s r n e  q u a d r a ~ o l e  counl lnv  c o n s t a n t  and 

one a d d i t i o n a l  s i n ~ l e  l i n e  ( F i m r e  1 b ) .  The computed 

~ a r a m e t e r q  for t h e  q u a d r u ~ o l e  s n l i t  and t h e  s l n ~ 1 e  l i n e  

s n e c l e s  g iven  i n  Table  VIII have large e r r o r s  r e f  l e c t i n a  

t h e  very  noor  q u a l i t y  of t h e  s n e c t r ~ ,  In d i scus s inw the 

f i t s  t o  t h e  s ~ e c t r a  i t  should be noted t h a t  i n  a quail- 

r i inole  s n l i t  snectrum t h e  r e l a t l v e  line p o s l t l o n s  a r e  

2 ~ l v e n  RS a f u n c t i o n  of  e  q Q  and 6 by equa t ion  ITI-7  
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Figure 14. 1 2 9 ~  Emission Spectre of the TeY4 
(X = C1, E r ,  I) Ccnpounds. 





and t h a t  t h e  r e l a t i v e  l i n e  i n t e n s i t i e s  must be i n  accord 

w i t h  t h e  squa re  of  t h e  Clebsh-Gordon coeff i c i e n t s ( F i g  .4) f o r  the  

v a r i o u s  t r a n s i t i o n s .  Thus i f  a s t a t i s t i c a l l y  a c c e p t a b l e  

computer f i t  can be ob ta ined  which r i v e s  l i n e  n o s i t i o n s  

i n  accor?  w i th  equa t ion  I T T - 7  and r e l s t i v e  i n t e n s i t i e s  i n  

r ea sonab le  a ~ r e e ~ e n t  w i t h  t h e  t h e o r e t i c a l  v a l u e s ,  t hen  

t h e  f i t  may be j u d ~ e d  t o  be a good one. 

The l i n e  wid ths  observed i n  t h e  s p e c t r a  were 

a g a i n  ve ry  broad.  

3. The % i s s i o n  Spectrum of 1 2 9 ~ e ~ l h  

The r e a r r a n ~ e m e n t  o r  molecu la r  decomyosi t l  on 

which aopears  t o  accompany t h e  decay i n  t h e  129mTey 
4 

compounds may have o r i g i n a t e d  i n  t h e  e x t e n s i v e  e l e c t r o n i c  

12913, 
e x c i t a t i o n  accompanying t h e  ~e  -blZ9l?e i somer i c  . 

t r a n s i t i o n .  I n  t h i s  c a s e  i t  was found p o s s i b l e  t o  check 

t h i s  p o s s i b i l i t y  by r a p i d l y  p r e p a r i n ~  TeCI-),, l a b e l l e d  wi th  

1 2 9 ~ e  and measur ina  t h e  emiss ion spectrum a t  b•‹K b e f o r e  

t h e  69 min. sou rce  had decayed. away. A comparison of  
129 

t y p i c a l  s p e c t r a  f o r  1 ' 9 m ~ n ~ 1 4  and TeC14 i s  shown i n  

F ipu re  1.5. I t  can be s een  t h a t  t h e  two s n e c t r a  were very  

similar i n  t h e i r  penern1 f e a t u r e s ,  a l t h o u ~ h  t h e  s i n ~ l e  

more prominant t han  t h a t  i n  t h e  129v~e(!11+ s o r ~ r c e  . 
I t  Should be no t i ced  t h a t  t h ~  $ a h s o r ~ t j o n  

f o r  t h ~  s 2 9 ~ e ~ 1  s o l ~ r c e  i s  much l n r ~ e r  (crr. 4. $,%)than 
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Figure  15. 1 2 9 ~  Emission Spectrum of TeC14. 



t h a t  f o r  t h e  1 2 9 m ~ e ~ 1  s o ~ l r c e  ( c a .  1.5%) hecause i n  t h e  4 
former  t h e r e  i s  no t e l l u r i u m  Y-ray backoround ~ r l s i n r ; .  from 

t h e  I. 2 9rnT 139 -D Te i somer ic  t r n n s i t i o n ,  The l a r ~ e r  

% e f f e c t  and t h e  apna ren t ly  narrower  l i n e w i d t h s  f o r  

t h e  1 2 ? ~ e  ~ n u r c e  lend t o  a nuch  ore c l e a r l y  reso lved  

spectrum and t h e  i n d i v i d u a l  components i n  t h e  spectrum 

a r e  more obvious i n  t h i s  ca se .  The i n c r e a s e ?  r e l a t i v e  

i n t e n s i t y  of  t h e  s i n ~ l e - l i n e  component i n  t h e  s ~ e c t r u r n  

i n  essence  n rov ides  s u ? p o r t i n ~  ev idence  t h a t  such a 

component does  e x i s t ,  i t  be in6  much less obvious i n  t h e  

12Pm 
c a s e  of  TeC14. 

12gI 4, The Absorption Spectrum of Te Q,* 

The MBssbauer absorpt ion  experiment with a 

~ n ~ ~ ~ ~ ~ e  source versus  a lZ91 l a b e l l e d  T e I k  absorber ,  was 

performed i n  o r d e r  t o  observe t h e  Te-1 bond from t h e  po in t  

of view of t h e  l igand ,  Two quadrupole s p l i t  spec ies  were 

observed, one with a very l a r g e  quadrupole s p l i t t i n g  and 

small isomer s h i f t  and t h e  o t h e r  with a small quadrupole 

couplinq and l a r ~ e  isomer s h i f t .  (Unfortunately t h e  para- 

meters obtained (Table V I I I  B )  could not  be r e l a t e d  t o  t h e  

emission Mdssbauer data, ) 



X I  Discussion of t h e  1 2 5 ~ e  MOssbauer Absorption Spect ra .  

A .  Sipn l f l cance  of T ~ Y ~ ~ -  Isomer S h i f t s .  

is apparent  t h a t  t h e  MBssbauer isomer s h i f t s  inc rease  i n  t h e  

s e r i e s  6 ( T ~ I ~ * - )  < 6 ( T e ~ r ~ ~ - )  < 6 ( ~ e ~ 1 6 ~ - )  (Table V I ) .  A s  

pointed o u t  i n  t h e  in t roduc t ion  Rex-Rpnd i s  p o s i t i v e  f o r  t h e  

1 2 5 ~ e  MBssbauer t r a n s i t i o n  i n d i c a t i n q  t h a t  t h e  inc rease  i n  
2- 

Isomer s h i f t  i n  t h e  Tev6 s e r i e s  corresponds t o  an inc rease  

i n  s -e l ec t ron  d e n s i t y  on t e l l u ~ i u m .  If t h e r e  a r e  two e lec -  

t r o n s  l o c a l l s e d  i n  t h e  5s o r b i t a l ,  t h e  t e l l u r i u m  nucleus be- 

comes deshielded as p-electrons a r e  removed i n  bonding t o  t h e  

l igand  halogens. The inc reas ing  e l e c t r o n e g a t i v i t y  of t h e  

halogens,  where I < B r  < C 1 ,  r e s u l t s  i n  g r e a t e r  removal of p- 

e l e c t r o n s  from t h e  t e l l u r i u m  which i n  t u r n  causes an inc rease  

i n  t h e  s -e lec t ron  dens i ty  on t e l l u r i u m ,  

P r e v i o u s l y  r epo r t ed  N . Q . R .  d a t a  a long  w i t h  t h e  

~ b s s b a u e r  in format ion  r epo r t ed  he re ,  a l lows  t h e  above theo ry  

to  be represented more q u a n t i t a t i v e l y .  It can be shown t h a t  

a l i n e a r  r e l a t i o n s h i p  e x i s t s  between fhe number of holes  hp 

i n  t h e  5p s h e l l  on t h e  t e l l u r i u m  atom as ca lcula ted  from N . Q . 4 . ,  

and t h e  lZ5Te MOssbauer isomer s h i f t s  f o r  t h e  T ~ x ~ ~ -  anions.  

Nakamurs e t  a l .  i41J have measured t h e  halogen N.Q.R. s p e c t r a  

of these  oc tahedra l  ions  and u t i l i z i n q  t h e  theory of Tomes 

and Dailey 12'? ca lcu la ted  the  n e t  chsrpe,  p , on t h e  t e l l u r -  

ium a ton ,  For oc tahedra l  ions  



where i i s  t h e  i o n i c i t y  of  t h e  bond. I n  determining ( 1  - I )  

I t  was assumed t h a t  t h e  l igand  halogen employs 15% s- 

c h a r a c t e r  i n  bonding t o  t h e  t e l lu r ium.  Th i s  s i m p l i f y i n g  

assumption may n o t  be completely v a l i d  C98', however I n  t h e  

absence of any o t h e r  approach t o  t h i s  problem we have assumed 

Nakamura's e s t i m a t e s  of t h e  n e t  charge on t h e  t e l l u r i u m  t o  be 

a c c u r a t e  va lues .  I f  one assumes t h a t  only t e l l u r i u m  5p e l e c -  

t r o n s  a r e  involved i n  bonding, t h e  v a l u e s  f o r  hp on t e l l u r -  

ium can be d i r e c t l y  obtained from t h e  N0Q.R.  p va lues  

 a able Ix).  The isomer s h i f t  f o r  C R T ~  recorded by J u n ~  and 

T r i f t s h h s e r  i s  a l s o  included i n  Table I X  and it is  assumed 

t h a t  i n  CaTe, t h e  t e l l u r i u m  i s  p r e s e n t  as t h e  ~ e ~ -  Ion ,  

Table IX 

The Tel lur ium 5~ S h e l l  E lec t ron  Populat ions and t h e  125Te 

Mossbauer Isomer S h i f t s  of t h e  T~v~'- Ions  (X = C l ,  B r ,  I )  

a with r e s p e c t  t o  a CU/ 
125 C1llj source.  

b Jung and T r i f t s h k s e r  



A plot of this data gives the linear solution: 

-1 
6(mrn. sec. ) = (0.45 2 0.01)hp - (0.15 2 0.03) 

(I/CU sources) (XI-2) 

The above expression is considerably different from 

that predicted by Ruby and Shenoy C393 rho calculated I $(o) I 2 

values for various electronic configurations of tellurLum 

and then related them to the MCjssbauer isomer shifts for a 

number of tellurium compounds. These workers concluded 

-1 that 6 should shift by 0.3 mm. see. for each 5p hole. 

However, their work may be criticised since the electrcnic 

configurations that they assigned to various tellurium 

compounds vould zppear to be unreasonable. For example, 

2-  they proposed that in Te16 , the tellurium has the 

configuration 5s2 5p0, which is a totally unreasonable 

assumption. 

B. Significance of the TeXI, Isomer Shifts and Quadrupole 

1. Isomershift . - 

The tellurium tetrahalides TeX4, where X = C1, 

Br and I, all have identical isomer shifts. This suggests 

a similar removal of 5p electrons from the tellurium in 

TeCIII, ?'eEr4 and Te14. The change in electronegativity 



of halogen appears to be offset by a rearrangement. in the 

geometry about the central tellurium atom. 'Thus whereas 

in TeCl],, there are three short covalent Te - C1 bonds 
T 

and three long Te --- C1 bridging bonds r-601, in Te14 

the environment about the tellurium may in fact be 

much closer to octahedral with six long Te - I bonds. 

Then an increased effective co-ordination around tellurium 

with a corresponding increase in the removal of p-electrons 

would counteract the decrease in ligand electronegativity. 

2 2. Quadrupole Coupling e qQ 

2 Tile small e qQ values observed for the TeX4 

compounds are consistent with a pseudo-octahedral environ- 

ment around the tellurium. The quadrupole coupling 

decreases with TeC14> TeBr4> Te14 as the electronegativity 

of the ligand decreases, this being consistent with the 

above discuss ion. 



Y I I  Discussion of t h e  12% Mdssbauer Spect ra .  

A ,  I d e n t i f i c a t i o n  of t h e  1 ~ ~ -  Anions. 

There a r e  t h r e e  p ieces  of  evidence t h a t  i d e n t i f y  
- 

t h e  I X 6  ions  i n  t h e  MBssbauer emission s p e c t r a  of t h e  

1 2 9 m ~ e ~ 2 -  compounds : 

1. For i s o s t r u c t u r a l  and i s o e l e c t r o n i c  s p e c i e s , a  con- 

s t a n t  isomer s h i f t  r a t i o  6 (125~e )/6 ( 1 2 9 ~  ) i s  observed. A 

pl-ot of t h e  1 2 5 ~ e  isomer s h i f t s  f o r  i s o e l e c t r o n i c  and i s a -  

s t r u c t u r a l  molecules inc luding  t h e  compounds s tudied  he re  

g ives  a s t r a i g h t  l i n e  of s lope:  

(Figure 1 0 ) .  The l i n e a r i t y  of t h i s  p l o t  is  suppor t ing  evi-  

dence f o r  the  formation of t h e  I Y ~ -  anions i n  rad ioac t ive  

decay. 

S i m i l a r  isomer s h i f t  p l o t s  have been repor ted  by 

Sung and T r i f t s h h u s e r  C1ll f o r  125Te - 12?1,by Buby and 

Shenoy L393 f o r  125Te , 12gI, l2Isb , 1 2 5 ~ e  and 1271 , 1 2 9 ~ e  

and by Jones and Warren C343 f o r  t h e  same 1 2 5 ~ e  - I% p l o t .  

The graphs made by Jung and T r i f t s h a u s e r  and by Ruby a n d  Shenoy 

were n o t  made f o r  i s o e l e c t r o n i c  and i s o s t r u c t u r ~ l  compounds 

i n  a l l  cases ,  s o  as a r e s u l t  t h e  l i n e a r  r e l a t i o n s h i p s  they 

obtained may i n  p a r t  have been f o r t u i t o u s ,  The isomer s h i f t  
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r a t i o  reported here i s  i n  agreement with t h e  va lue  of 0.29 

repor ted  by Jones and Warren [ 341 . 
- 

2. The isomer s h i f t  of t h e  proposed I C 1 6  i on  is  con- 

s i s t e n t  with t h a t  t o  be expected on t h e  basis of t h e  Mbss- 

127~~12- and 
- 

bauer  s p e c t r a  of 127~~14 recorded by Per lon  

C41 and Perlow 

The Mdssbauer isomer s h i f t  recorded here f o r  

1 2 9 ~ ~ 6 -  can be r e l a t e d  t o  t h e  number of holes  hp i n  t h e  129, 

5p s h e l l  v i a  t h e  equat ion 1261 

&(rnm. set..') = 1.5hp - 0.54 (ZnTe sources )  (~11-2) 

See Table X f o r  t h e s e  d a t a .  Prom hp t h e  n e t  charge on t h e  

1 2 9 ~  atom and t h e  charge on t h e  l iqand can be ca lcu la ted .  
n r 
P 

l29n\Tecl6 2- 
- 

I n  t h e  case  of P ' * ~ I c ~ ~  , t h e  n e t  

charge on t h e  iodine  is  +3,5 which corresponds t o  t h e  t r a n s -  

f e r  of 0.73 e l e c t r o n s  from t h e  I- conf igura t ion  t o  t h e  chlor -  

i n e  l ipand f o r  each of t h e  s i x  I - C 1  bonds and compares wel l  

with t h e  va lues  of 0.80 e- and 0.75 e' ca lcu la ted  r e c e n t l y  

by Ruby and Shenoy C391, The above a n a l y s i s  t h e r e f o r e  shows 

t h a t  t h e  bondlnp i n  t h e  pos tu la ted  1c16- ion  i s  c o n s i s t e n t  

with t h e  previously proposed na tu re  of  t h e  bonding i n  t h e  

known s t a b l e  iodine  chl.or1ne compounds. I t  a l s o  demonstrates  

t h a t  the l i n e a r  r e l a t i o n s h i p  between hp and 1 2 9 ~  isomer s h i f t s  

holds out  t o  a va lue  of hp = 4.5. 



T
a
b

le
 Y

 

C
o
m
p
a
r
i
s
o
n
 
of

 
M
d
s
s
b
a
u
e
r
 
an

d 
N.
Q.
R.
 

Re
su
lt
s,
 

P
-
h
o
l
e
s
 
(
h
p
)
 a
nd
 
Ch
ar
ge
s(
p)
, 

E
le

c
tr

o
n

e
g

a
ti

v
it

y
 

N
 ,
Q 
.R
. 

N.
Q.
R.
 

C
o
m
p
o
u
n
d
 

Dl
f 
f
 er

en
ce

 
(1
5%
 s
 o

n
 Y
 )
 

(n
o 
s
 o

n
 Y
)
 
M
O
s
s
b
a
u
a
r
 
(12
'1)
 



3. I n  t h e  emission s p e c t r a  of t h e  1 2 9 ~ ~ 6 -  anions a 

s i n g l e  l i n e  w a s  observed i n d i c a t i n r  a zero  e 2 q ~  value 

(Table V I I ) .  The most probable iodine  spec ies  having a 

2 zero e  qQ value  and such a l a r g e  isomer s h i f t  is t h e  daugh- 
- 

t e r  I Z 6  anion which i s  i s o s t r u c t u r a l  and i s o e l e c t r o n i c  with 

t h e  pa ren t  T ~ P ~ ' -  ion.  The only poss ib le  a l t e r n a t i v e  might 

be a t e t r a h e d r a l  I Y 4  spec ies  but  it i s  q u i t e  u n r e a l i s t i c  t o  

propose rearranpenent  t o  a t e t r a h e d r a l  ~ e o m e t r y  i n  t h i s  

c r y s t a l  environment.  Moreover t h e  isomer s h i f t  f o r  such 

a molecule would probably  be s m a l l e r  t h a n  t h a t  observed .  

B. S ign i f i cance  of Observing I Y ~ -  anions.  

The 1 ~ ~ -  anions where X = C 1 ,  B r ,  I have n o t  been 

previously prepared and t h e  p resen t  work demonstrates t h a t  

t h e  Mdssbauer e f f e c t  may be used t o  s tudy these  i o n s  formed 
B- 

i n  t h e  r a d i o a c t i v e  decay 129m~e~62----+ 1 2 9 ~ ~ 6 -  (Y C l  , 
B ,  I I t  must be emphasized t h a t  i n  t h e  Mdssbauer inves-  

t i g a t i o n s ,  t h e  dauehter  i o n s  a r e  o n l y  o b s e r v e d  over  

the  l i f e t i m e  of t h e  Xbsshauer l e v e l  (16.8 n s e c . ) .  These 

ions  may be chemically uns tab le  over  longer  times. The 
-1 

broadened l inewidths  of 2 r =  1.5 t o  2.3 mm, s e c ,  i n  t h e  

emission s p e c t r a  when compared with the l inewidths  of 1.0 t o  
-1 

1.4 mm, s e c ,  observed i n  1 2 9 ~  absorpt ion  experiments ind i -  

c a t e  evldence of  a chanpe i n  t h e  chemical environment of  t h e  

129 I atoms over  t h e  l i f e t i m e  of t h e  Mdssbauer t r a n s i t i o n  C971, 

The s p e c t r a  a t  b•‹K a l s o  i n d l c a t e  t h e  presence of some 12gI 



- 
atoms in a chemical environment other than that of the I X 6  

ion, 1.e. more than one line was observed, this being most 

pronounced in the case of the (NH4) Te16 compound . The 
2 

chemical stability was observed to decrease with XI6- > 

I B ~ ~ -  > 116- . This may r e l f e c t  the  s t a b i l i t y  o f  t h e  TeX6 2- 

anions i n  the  l a t t i c e  environment. 

The additional species observed in the (NHb)2T€!~6 

lattices (Figure 12) may have originated from the decompo- 

sition of 129m~e~6 2- in the isomeric transition 129m~e +129~e 

rather than as a result of the chemical instability of the 

Ix6- ions. The isomeric transition is highly internally con- 

verted which may lead to Auger charging 2nd hence t o  an 

extensive molecular decomposition. For example, decomposition 
A -  

P 129 occurs in ~ ~ ~ ~ ~ ~ ~ e 0 ~  ---b Hg 106, whereas in the case of 
B - 

~ ~ ~ ~ ~ ~ e 0 ~  -L, H ~ ~ ~ ~ I o ~ ,  no decomposition was observed. A 

MOssbauer emission experiemnt with an ( N H ~ I ~ ) ~  l2'~ey6 Bource 

compound would have clarified this point. However, the 

short half-life of 129~e ( 6  n ,  and the time involved 

in the chemical preparation and in cooling the sample and 

the dewar to b•‹K precluded thesa measurements. A probable 

decomposition product is the square planar 1 ~ ~ -  Lon. Evidence 

supportinq this proposal is discussed later (section YII-F ). 

In conclusion, there is evidence that the octahe- 
- - 

IC16 , IBrg- and 116 ions produced by radioactive de- 

cay exist over the lifetime of the MOssbauer transition. It 



is i n t e r e s t i n g  t o  note  t h a t  I - i o n s  previously prepared were 
7 

n o t  oc tahedra l  but  cons i s t ed  of  a three-dimensional a r r a y  of - 
I i o n s  and I2 molecules 

3 

C , Elec t ron  Recal l  follow in^ 8-Decay, 

Perlow and Perlow i6J have s t u d i e d  t h e  e f f e c t s  of' 
8- 

t h e  1 2 9 ~  4 1 2 9 Y e  r a d i o a c t i v e  decay i n  compounds conta in ing  

129~~12- and 
- 

t h e  129~~14 ions .  It w a s  observed t h a t  t h e  

XeC12 and XeC14 compounds formed were stable over  t h e  l i f e -  

time of  t h e  Mbssbauer t r a n s i t i o n ,  They ca lcu la ted  t h e  

charge on t h e  iod ine  atom and on t h e  daughter  Xenon follow- 

i n g  t h e  decay and observed t h a t  t h e  increased  electronega-  

t i v i t y  of t h e  daughter  xenon atom r e s u l t e d  i n  an increased 

e l e c t r o n  withdrawal from t h e  ch lo r ine  l i g a n d .  The n e t  charge 

on t h e  iod ine  before decay w a s  +0,39 and fol lowing t h e  decay, 

xenon had a n e t  charpe of +l.OO r a t h e r  than +1.39, 1.e. 

0.39 e l e c t r o n s  had been r e c a l l e d  from t h e  l i cands  by xenon, 

A similar a n a l y s i s  can be ca r r i ed  ou t  f o r  t h e  

r e s u l t s  of t h e  present  work. A s  discussed i n  a precedinp 

s e c t i o n ,  t h e  haloren N.Q.R. d a t a  of  Nekarnura et a l ,  f o r  t h e  

T ~ ? Y ~ ' -  i ons  allows t h e  c a l c u l a t i o n  of t h e  charge on t h e  cen- 

t r a l  t e l lu r ium,  The c h a r m  on t h e  dauqhter  iodine follow in^ 

t h e  rad ioac t ive  decay can be ca lcu la ted  from t h e  MBssbauer 

isomer s h i f t  d a t a  us inq  equat ion 711-2, The charpes on t h e  

t e l l u r i u m  and iodine  ca lcu la ted  from Mdssbauer data a r e  

compared t o  those ca lcu la ted  from N.Q.R. d a t a  i n  Table x .  



It i s  apparent  t h a t  t h e r e  i s  a discrepancy s i n c e  t h e  charge 

an the  dauphter  iodine  i s  more than +1 q r e a t e r  than t h e  

charne on t h e  t e l l u r i u m  and t h i s  would n o t  be expected as a 

r e s u l t  of t h e  increased e l e c t r o n e q a t i v l t y  of the  atom follow- 

i n e  t h e  decay, 

A p o s s i b l e  reason may be Nakamura's assumption of 

15% s -charac te r  i n  the  l lqand haloaens bondina o r b i t a l ,  From 

t h e  equat ion 

it can be seen t h a t  t h i s  assumption e f f e c t i v e l y  reduces t h e  

c h a r ~ e  on t h e  c e n t r a l  t e l l u r i u m  and thus  i t s  number of p- 

ho les  hp. I f  t h i s  assumption i s  omitted from t h e  c a l c u l a t i o n ,  

a h ipher  charqe i s  obtained f o r  t h e  t e l l u r i u m  (Table Y), 
2- Even then  t h e r e  i s  no neasureable  r e c a l l  i n  t h e  TeC16 -9 

I C 1 6 -  t r a n s i t i o n  whlle i n  t h e  case of ' T e ~ r ~ ~ -  and Te16 2- 

t h e r e  is r e c a l l  of 0.23 and 0.36 e l e c t r o n s  i n  each case ,  

The e l e c t r o n e g a t i v i t y  d i f f e r e n c e s  shown i n  Table Y a l s o  

r e f l e c t  t h e  chance i n  t h e  charqe of t h e  c e n t r a l  atom, 

a. l P 5 ~ e  Isomer S h i f t  Rela t ionships ,  

A graph of t h e  1 2 5 ~ e  M6ssbauer isomer s h i f t s  

f o r  t h e  t e l l u r i u m  hexahal ides  versus  the  hp va lues  ob- 

ta ined  from N .Q .He (Tables X) pives t h e  l i n e a r  s o l u t i o n s  



(a) assuming 15% s-character 

-1 
6(mm. sec. ) = (0.45 2 0.01)hp - (0.15 !: 0.03) 

(I/C~ sources) (XII-4) 

and (b) assuming no s-character 

(Figure 17). One can use the above equations to calculate 

hp values on tellurium from lZ5~e isome, shifts for other 

compounds assuming pure p bonding. Calculations on the 

tellurium tetrahalides studied in this work are discussed 

in a following section. 

It is also interesting to note that one can con- 

vert ~ukshpan's expression C261 for 129* 

by multiplying by the isomer shift ratio 



Figure 17. Comparison of 6 (125~e) Versus hp From 

N .Q.R. Data Assuming (a) 15% and (b) No 

s-Character in the Halogen Bonding Orbitals. 



which then aives for lZ5~e isomer shifts 

-1 
6 (mm. sec. ) = 0,44 hp - 0,16 (ZnTe sources) 

or 6 (mm. set,-l) = 0.44 hp - 0.27 (I/CU sources) (XII-6) 

This expression agrees within experimental error with the 

relationships obtained in this work, directly from the 

lZ5~e M6ssbauer data (equations xII-4 and XII-5). This 

lends some support to the interpretation of the tellurium 

hexahalide data which lead to equations (XII-4) and (XII-5). 

To determine unequivocally whether or not the 

2- ligand halogen in TeX6 employs any s-character in bonding 

it will be necessary to measure this parameter in a more 

direct way. For example the 12'1 MBssbauer absorption spectrum 

of ( N H ~ ) ~ T ~ ~ ~ ~ I ~  would provide sone evldence for or 

against s-participation. 

E. Posslbilitg of d-Orbital Participation in eon din^. 

It is of interest to compare the above analysis 

with the theoretical discussions in the literature which 

incorporate d-orbitals in the bonding scheme. 

Semi-empirical L.C .A .O ,-M .O . calculations have 
'- C42J and corn- recently been carried out on the 'FeC16 ion 

putational verification of the "inert pair effect" of the 
2 

tellurium 5s electrons was achieved, Self consistent 



charges and o r b i t a l  occupations i n  TeC16 2- were c a l c u l a t e d ,  

and from t h e s e  t h e  35~1 nuc lea r  quadrupole couplinp cons tant  

f o r  t h e  molecular ion  w a s  ca lcu la ted  t o  be -26.90 MHz,, 

which compares we l l  with t h e  experimental  one of 29,99 MHz, 

These workers a l s o  ca lcu la ted  a charpe of +1.03 on 

t h e  c e n t r a l  t e l l u r i u m  atom, This  is lower than t h e  value of 

+2,08 ca lcu la ted  by Nakamura e t  a l ,  us ing  t h e  Tomes  and 

Dailey theory because of t h e  incorpora t ion  of d - o r b i t a l s  i n  

t h e  bonding scheme, 

Also the  s -cha rac te r  of the  ch lo r ine  sigma bond i n  

TeC16 2- w a s  ca lcu la ted  t o  be 0.1, as compared t o  0.15 a s s u ~ e d  

i n  t h e  c a l c u l a t i o n s  done by Nakamura e t  a l , ,  

Other workers L48' 49J have a l s o  suggested involvement - - 
of d - o r b i t a l s  i n  t h e  bondlnq of t h e  ions  IC1 2 and I C 1 4  . 
They supyested t h a t  t h e  Iodine d - o r b i t a l s  a r e  probably s t ronp-  

ly polar ized  toward t h e  ch lo r ine  atoms, However t h e  pr in-  

c i p a l  sources  of bonding were assumed t o  be molecular o r b i t a l s  

c o n s i s t i n q  of iodine  p - o r b i t a l s ,  These c a l c u l a t i o n s  a l s o  

revealed t h a t  when the  number of l igands  i s  high, thus  in- 

c reas ing  t h e  formal p o s i t i v e  charge on t h e  c e n t r a l  atom, 

exci ted  molecular o r b i t a l s  must be involved i n  bonding ( i . e .  

d - o r b i t a l  p a r t i c i p a t i o n ) ,  This  may be t h e  case wi th  t h e  

2- 2- TeX and I X 6  ions  s tud ied  he re ,  which have a h igher  
- - 

number of l i c a n d s  than IC1 and IC1 
2 4 

However, t h e  ca lcu la ted  charpe of +1,3 on t e l l u r i u m  

2- i n  TeC16 i s  too smal l  t o  be c o n s i s t e n t  w i t h  t h e  charge c a l -  

cu la ted  from t h e  Mdssbauer experiments on t h e  c e n t r a l  iodine 



e l  
a f t e r  8-decay, Therefore,  no d e f i n i t e  conclusion can be 

made on d - o r b i t a l  p a r t i c i p a t i o n  i n  t h e  bondins scheme of 

iodine  o r  t e l l u r i u m  i n  t h e s e  compounds C271 361 

Another poss ib le  bonding scheme involves t h e  

" i n e r t "  t e l l u r i u m  5s e l e c t r o n  p a i r  i n  bond in^, I t  has been 

shown from e l e c t r o n i c  s p e c t r a  C991 t h a t  t h e  5s e l e c t r o n s  
2- e ~ i s t  i n  t h e  a l q P  l e v e l  i n  t h e  ~ e ~ 1 ~ ' -  and %Br6 and t h a t  

a small of p a r t i c i p a t i o n  of t h e  alpof e l e c t r o n s  

i n  bonding o c c u r s .  However as d iscussed  above a con- 

s i s t e n t  i n t e r p r e t a t i o n  of t h e  MBssbauer and N.&.R, d a t a  can 

be made without t h e  use  of s- o r  d - o r b i t a l s  i n  t h e  bonding 

scheme, 

F. The Decay Products of lZ9%ey 

The daughter  molecules r e s u l t i n g  from t h e  @-decay 

of t h e  1 2 9 m ~ e ~ 4  were no t  i s o s t r u c t u r a l  and i s o e l e c t r o n i c  

with t h e  parent  molecules, This  conc lus ion  was reached by 

comparing t h e  expe r imen ta l ly  observed le91 isomer s h i f t s  and 

quadrupole coupl ings  w i t h  t h e  va lues  c a l c u l a t e d  f o r  t h e  i s o e l e c -  

t r o n i c  s p e c i e s  from 125~e abso rp t ion  u s i n g  t h e  r e l a t i  n sh ips  
129 9 

6(12%e/6( I )  = 0.29 + 0 , 0 1 a n d  'l e 2 q ~ ( 1 2 5 ~ e )  (1 + -p = 
e L s ~ ( l L Y ~ )  3 

2 
0.45 (Table XI), The s i g n  of e  qQ cannot be determined from 

l Z 5 ~ e  absorpt ion  experiments,  the re fo re  two poss ib le  s e t s  of 

l i n e  p o s i t i o n s  may occur as shown i n  Table X I 1  and Flpure 15 

f o r  TeC14, 

I t  i s  immediately apparent t h a t  t h e  observed and 

predic ted  l i n e  p o s i t i o n s  do not  coincide.  Thus with 
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Table XI1 

LINE 

A Com~arison of the Predicted Line 

Positions for 1 2 9 ~ ~ $ +  Mdssbauer Frnlssion with 

the Fx~erimentally Observed Positions 

* 
Predicted (mm. 
e 2 q ~ ( - )  

Experimental (mm. sec ,-' ) 

e 2 s ~ ( + )  

* 
F o r  method of p r e d i c t i o n  see  page 81. 



129m~e~14 and 129~e~lg, the 129 I formed in the radioactive 

decay was not found in an environment isoelectronic and 

isostructural with that of tho tellurium in the parent. 

Therefore, rearranpement must have accompanied the decay in a 

larpe fraction of events, A similar observation was 

made for the 129m~e~r4 and 129m~e~4 sources, 

The question arises as to the identity of the 

iodine species formed in the TeY4 lattices. The computed 

parameters for the 129m~e~14, 129m~e~r4 and Te14 

sources are shown in Table VIII. The very large errors 

reflect the poor quality of the spectra. The Mdssbauer 
2 

parameters q , e qQ and 6 have allowed calculations of 

orbital populations Ui and the charge on the iodine species 

using equations V-3 and V-9 discussed in the introduction 

 able YIII) , The orbital populations Ux, Uy , and Uz 
indicate a square planar confieuration for the iodine 

tetrahalide @-decay products, For a square planar ion 

with two non-bonding electrons in the out of plane orbital, 

Uz = 2, Ux = Uy and 2Up = -hp, The orbital populations 

calculated for the tetrahalides (Table ~111) appear to 

apree well with these relations, A comparison of the 

127~ MBssbauer absorption parameters for the square planar 

I c ~ ~ - C ~ ~  ion with the emission parameters recorded here for 

the decay of 129m~e~14 (converted to lZ71 parameters via 

equations '11-1 and VI-2) is also shown in Table YIII. 



Table Y I I I  

A. Table of O r b i t a l  P o ~ u l a t i o n s  U i  and hp 

Values f o r  t h e  129m~e IMssbauer Emission 

Data i n  t h e  Decay 1 2 9 m ~ e ~ 4  --D B -  1291y4+a 

hp UP Ux Uy Uz Charge on 
Cen t ra l  I 

129VeClb 2.7 f 0.5 -1.3 f 0.1 0.6 0.7 2.0 +1.7 

Comparison of 1 2 9 m ~ e ~  l l r  Emi ss 1 on and 

'*27~~lb- Absorption Mdssbauer Spect ra .  

e 2 q ~  (12'11 6 (I27,) r e f .  - -1 
Mc, sec.  mm. sec .  

* This  work. 



1t can be seen t h a t  the  isomer s h i f t s  and quadrupole 

couplings f o r  the  two cases  a re  almost i d e n t i c a l .  

Consequently the  decay fragments observed may be 

- t e n t  a t  i v e l y  i d e n t i f i e d  a s  square p lana r  I X 4  i ons .  
- This i s  not  s u r p r i s i n g  s ince  the  I C 1  ion i s  very s t a b l e  

4  
chemically.  The i d e n t i f i c a t i o n  of the  s i n g l e  l i n e s  

observed i n  the  s p e c t r a  i s  f a r  from c l e a r ,  but i t s  

- 
isomer s h i f t  i s  s i m i l a r  t o  t h a t  expected f o r  an I X 6  ion .  

The p o s s i b i l i t y  of it being the  I- ion  i s  ru led  out 

because t h e  isomer s h i f t  i s  much t o  l a rge .  In  Figure 15, 

one can see t h a t  t h e  i n t e n s i t y  of t h e  s i n g l e  l i n e  

increased  when a 1 2 9 ~ e ~ 1 4  source was used, thus  bypassing 

t h e  lPgmTe - lP9Te isomeric t r a n s i t i o n .  If t h e  s i n g l e  
- 

l i n e  was caused by t h e  presence of oc tahedra l  I X 6  ions 

i n  t h e  c r y s t a l ,  t h l s  implies t h a t  t h e  formation of t h e  
- 

I X 6  ion  i s  p re fe r red  when t h e r e  i s  l e s s  d i s r u p t i o n  i n  

t h e  c r y s t a l  due t o  nuclear  decay. In  c o n t r a s t ,  t h e  
- 

formation of t h e  IX4 ion appears t o  be p re fe r red  when 

t h e r e  i s  more e l e c t r o n i c  e x c i t a t i o n  i n  t h e  c r y s t a l ,  a s  

was t h e  case when a  1 2 9 m ~ e ~ 1 4  source was used. This 

i s  c o n s i s t e n t  with the  pseudo-oc?ahedral environment 

around the  t e l l u r i u m  atom i n  t h e  source compound TeX4 ( ~ i g .  8 ) .  

This environment should be r e t a i n e d  when t ,here i s  l e s s  

e l e c t r o n i c  e x c i t a t i o n  i n  t h e  c r y s t a l .  



One can conclude t h a t  the  isomeric t r a n s i t i o n  1 2 9 ? l ' e ~ 2 9 ~ e  

was not  the s o l e  f a c t o r  r e s u l t i n g  i n  the  rearrangement of the  

t e t r a h a l i d e  molecules . The cause of the  rearrangement has 

not been e s t a b l i s h e d  and would be a  good poin t  f o r  f u r t h e r  

s tudy.  



XI11 Conclusion. 

The 12'1 M8ssbauer emission spectra of the 

( N H ~ ) ~ T ~ X ~  compounds have provided firm evidence 
- 

for the formation of the octahedral IX6 ions in the 

crystal as a result of the radioactive decay 129mTe - 

12'1. The lP9I isomer shifts for these ions are in 

good agreement with those values predicted from the 

125~e isomer shifts of the parent compounds using 

the isomer shift ratio 6(125~e)/6(129~) = 0.29 

('?able XI). 'This ratio w?-s arrived at from 

M6ssbauer measurements on isoelectronic and iso- 

structural tellurium and iodine compounds (~igure 16). 

As in all ~8ssbauer emission experiments, 

the presence of the daughter ions is only observed over 

the lifetime of the ~8ssbauer transition (t ~16.8 nsec.), 
1/2 

and these ions may be unstable over a longer period of 

time. Nevertheless, the present observations are 

unique since a chemical synthesis of these ions has not 

yet been reported. The spectra at 4 ' ~  (~igure 12) 

also indicate the presence of 129~ atoms in a 

chemical environment other than that of the octahedral 
- 

IX6 ions, i.e. a product giving rise to a very 
I 



2 
l a r g e  e  qQ value was observed, t h i s  being most 

pronounced i n  t h e  case of ( N H  ) Te16. These products 4 2 

may have a r i s e n  from xo lecu la r  f ragmentat icn which 

can accompany t h e  e l e c t r o n i c  e x c i t a t i o n  due t o  

Auger charging i n  t h e  12gmTe - 12'Te isomeric 

t r a n s i t i o n ,  o r  from chemical decomposition of t h e  
- 

daughter I X 6  anion following t h e  b e t a  decay. 

It was no t  poss ib le  t o  d i s t i n g u i s h  between these  

two p o s s i b i l i t i e s .  A probable decomposition product 
- 

i s  t h e  square p lanar  I X 4  ion. 

The daughter molecules r e s u l t i n g  from t h e  

be ta  deca>y of t h e  l e g r n ~ e x  compounds were not  i so -  4 
s t r u c t u r a l  and i s o e l e c t r o n i c  with the  parent  mole- 

cu les .  This was concluded on comparing the  experimen- 

t a l l y  observed lP91 isomer s h i f t s  and quadrupole 

couplings with t h e  values predic ted  from t h e  l P 5 ~ e  

absorpt ion  da ta   a able X I ) .  Two decay fragments were 

observed, one exh ib i t ing  a  l a r g e  quadrupole coupling 

and t h e  second a  s i n g l e  l i n e .  These fragments a r e  
- 

t e n t a t i v e l y  i d e n t i f i e d  a s  a  square p lana r  I X 4  ion 
- 

and an oc tahedra l  I X 6  ion.  The f i r m e s t  evidence 
- 

f o r  t h e  proposed formation of t h e  I X 4  ion  was found 

i n  t h e  case of TeC14, where t h e  lP71 ~ B s s b a u e r  



absorpt ion  parameters previously recorded f o r  t h e  
- 

square p lana r  1271~14 ion were found t o  be c o n s i s t e n t  

with t h e  lP91 emishion parameters recorded i n  t h i s  work 

b e  X I I )  The iodine 5p o r b i t a l  populat ions 

a r r i v e d  a t  from t h e  isomer s h i f t s  and quadrupole 

s p l i t t i n g s  of t h e  emission s p e c t r a  a l s o  i n d i c a t e  

a square p lanar  conf igura t ion  f o r  t h e  iodine  t e t r a -  

h a l i d e  b e t a  decay products.  The i d e n t i f i c a t i o n  of 

t h e  s i n g l e  l i n e  observed i n  t h e  s p e c t r a  i s  f a r  from 

c l e a r ,  but  i t s  isomer s h i f t  i s  s i m i l a r  t o  t h a t  
- 

expected f o r  IX ,  . 
U 

For TeC14 both t h e  l Z g r n ~ e  and l P 9 ~ e  sources 

were s tud ied  and shown t o  y i e l d  e s s e n t i a l l y  t h e  same 

spectrum ( ~ i g u r e  15). Thus t h e  extens ive  molecular 

rearrangement observed fol lowing t h e  r ad ioac t ive  decay 

does no t  appear t o  a r i s e  from t h e  Auger charging i n  

the  12gmTe - lP9!Te isomeric t r a n s i t i o n  but  appears t o  

r e f l e c t  t h e  inherent  r e l a t i v e  chemical s t a b i l i t i e s  of 

t h e  poss ib le  fragments which can be formed. The 

+ daughter IX- fragment would appear t o  be f a r  l e s s  
3 - 

chemically s t a b l e  than the  square p lana r  I X 4  ion,  and 

molecular rearrangement must occur i n  a  time s h o r t e r  

than  t h e  l i f e t i m e  of t h e  M'bssbauer t r a n s i t i o n .  

Aside from t h e  observat ion of some unusual 



129~-labelled polyhalide ions, the above studies 

have also shown that the chemical stabilities of the 

parent lattices and the daughter fragments appear 

to play a dominant role in leading to the observed 

products, In contrast, electronic excitation in the 

129mTe - 129~e isomeric transition or in the legTe - 

'*'I beta decay do not appear to greatly influence 

the nature of the products observed. 

Why rearrangement was observed in the case 

of the 129m~e~4 sources and not in the case of the 

( N H ~ ) ~ ~ ~ ~ ~ T ~ X ~  sources is not clear. In the TeX6 2- 

ions there are six long bonds, whereas in the TeX4 
+ 

compounds there is present the TeX group (~igure 8), 
3 

with three short covalent bonds. In the beta decay 

the oxidation state of the atom is increased by one, 

which results in a corresponding decrease Sn the atomic 

size. Thus steric factors may be the cause of the 
+ instability of the IX group. 

3 
The 125~e ~ b s s b a u e ~  absorption data for the 

( N H ~ ) ~ T ~ x ~  compounds have also provided information 

which may be useful. in the gemeral interpretation of 

lP5~e isomer shifts. Using the 125~e ~bssbauer isomer 

2- 
shifts for the TeX6 ions and the holes, hp, in the 

5p shell of the tellurium atom as calculated from 



N. Q. R. da ta ,  t h e  qua1:titative r e l a t i o n s h i p  f o r  t h e  

isomer s h i f t  

-1 + + b(mm.sec. ) = (0.45 - O.01)hp - (0.15 - 0.03) 
( I /CU sources)  

was found t o  e x i s t .  As discussed i n  s e c t i o n  X I I - C ,  

t h e r e  i s  a discrepancy between t h e  n e t  charge on the  

iodine  i n  the  hexahal ides  c a l x l a t e d  from t h e  M8ssbauer 

emission da ta  a s  compared t o  t h a t  on t e l l u r i u m  obtaLned 

from N. Q.R. da ta .  The reason f o r  t h i s  discrepancy may 

be Nakamurals assumption of 15 per  cent  s -cha rac te r  i n  

t h e  l igand halogen'  s bonding o r b i t a l .  I f  t h i s  assumption 

i s  omitted from t h e  c a l c u l a t i o n  a c l o s e r  c o r r e l a t i o n  

i s  obtained ??tween t h e  charges. This implies  t h a t  

t h e  s -cha rac te r  obtained from t h e  Townes and Dailey 

theory f o r  dia,tomic molecules i n  t h e  gaseous s t a t e ,  

and which was used by Nakamura i n  h i s  a n a l y s i s ,  can 

n o t  be extended d i r e c t l y  t o  s o l i d  s t a t e ,  systems. 

However, one can conclude t h a t  t h e  129 1 

M6ssbauer da ta ,  t h e  125ie . -  129~ isomer s h i f t  . r a t i o  

obtained from MBssbauer emission and absorpt ion  da ta  

and t h e  t e l l u r i u m  charges obtained from t h e  N. Q. R. 

da ta  using the  Townes and Dailey approach a r e  a l l  

reasonably c o n s i s t e n t  and support  t h e  pure p-bonding 

model proposed f o r  t h e  t e l l u r i u m  and iodine compounds 

s tud ied  i n  t h i s  work. 
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