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1 .  Intr oduct i on 

Supe r i o n i c  c onducto r s  ( so l i d  e l ectro l yte s ) are  s ol id 

mate r i a l s  character i zed  pr i ma r i l y  by the i r  h i gh i on i c  

conduct i v i t i e s  comparab l e  w i th those f ound i n  l iquid  e l ectrol ytes 

( mo l ten salts o r  aqueous s o l ut i ons of  sal ts ) .  I n  gene r a l , S I Cs 

-may be regarded as composed of two i nte rpenetrating i on i c

subsy stems : one i s  mob i l e ,  wh i l e  the other bui l ds a we l l  def i ned

so l i d  form common l y  named the cage . Acco r d i ng to the type of  the

cage S I Cs fal l into three catego r i es : ( i ) _inorgan i c  c r y sta l l i ne

so l i ds , ( i i )  g l asse s , and ( i i i )  po l yme r s . The typ i c a l  va l ue s  o f

the i o n i c  conduct i v i ty o f  t h e  best super i on i c  conductors are  o f

t h e  o rder  of  1 e n  cm ) - � .  Among mo re than 3 0 0  S I Cs d i scovered s o

far , most of  them be l ong to  g roup ( i ) ,  inc l ud i ng poth cat i on ( ff ,

L i , Na , K ,  Cu , Ag ) and ani on conductors ( F ,  O ,  S ) .

A ma j o r  factor moti vat i ng the i nvest i gat i on o f  S I Cs 

bes i des the i r  i nteresting phy s i ca l  properti e s  i s  thei r  

appl icab i l ity  i n  fuel  c e l l s ,  batter i es , i on - se lective 

membranes , gas sensors and other e l ectrochemi ca l  d ev i ce s . 

Al though the task o f  ful f i l l ing the most i mportant techno l og i cal  

demand - eff i c i ent energy storage - has not yet been f u l l y  

accomp l i shed , the re are  nume rous other  app l i cat i ons 

comp l ete l y  made up for  the efforts invested i n  th i s  

research � ' 2 ' 9 •

wh i ch 

f i e l d  

have 

of 

The most inte re sting  and sti l l  unreso l ved probl em of S I Cs 

i s  the o r i g i n  of the i r  h i gh i o n i c  conducti vity . W i th i n  the mode l 

of noni nteracting i ons ( pa rt i c l e  den s i ty n )  and i n  case of  a 

one - d i mens i onal peri od i c  potent i a l  ( he i ght E )  a i on i c  

conduct i v i ty may b e  e xpressed b y  the fo l l owing r e l at i on 
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whe re q i s  the effect ive  charge o f  an i on , . !  i s  the d i stance 

between potent i a l  min i ma , � is the attempt f requency at whi ch the 

parti c l e  � pproac�es the potenti a l  bar r i e r . There a re a l so more  

comp l e x  formu l a s  whi ch i nvo l ve corre l ation between .part i c l es� , 

but for  our purposes th i s  one i s  qui te instruc t i ve . 

I i  i s  obvi ous that the h i gh i on i c  con!uct i v ity  i s  

assoc i ated with h i gh part i c l e  den s i ty and low  bar r i e r  he i ght . 

Both these cond i t i ons are ful f i l l e d  i n  S I Cs . The above re l at i on 

a l so shows how the i on i c  conduct i v i ty i s  rel ated to the 

m i c roscopi c  properties  of the cage as  we l l  · as to the enti re 

structure of the S I C .  The j ump d i stance l i s  determined  by the 

cage structure , and the attempt f requency � is r e l ated to the 

part i cular  v i brati onal modes of the mob i l e  i ons . The activat i on 

energy E cons i sts of  two terms : one i s  the barr ier  he i ght between 

two c rysta l l ograph i c  s i tes  and the other i s  the conf i gurati onal 

cont r i buti on � r i g i nati ng from the arrangement of  the sur round i ng 

mob i l e  i ons . Thus , the knowl e dge of  the structure of i on i c  

subsystem and its  dynam i cs i s  extreme l y  i mpo rtant for  

understanding the  mechani sms of i on i c  t ransport i n  S I Cs .  The  

present work is  ent i r e l y  devoted to the  structure i nvesti gat i on 

of S I Cs ,  part i cu l ar l y  of the d i ffuse X -ray scatter i ng i n  

nonsto ich i omet r i c  cuprous s e l en i de . 

2 .  D i ffuse x - ray scatte r i ng i n  supe r i oni c co�ducto rs  

The  f i rst step  towards the  st ructure �robl�m so l ut i on was 

made by Strockd in  1 93 4 . Th i s  work enabled  the structural

separati on of two subsystems i n  AgI : the  so l i d  cage  bui l t  of I 

i ons , as a f ramewo rk for  the mob i l e  Ag+ i�ns , and the mob i l e

i on i c  subsystem itse l f . The cage structure determi nat i on o f  any 

S I C  never seemed to exceed the usua l l y  encountered probl ems . The 

cage c rysta l i zes i n  one o!  the h i gh symmetry l attices l eav tng a 

g reat numbe r of empty c ry stal  s i te s  and 

them ava i lable  for the i on d i ffus i on . 

open pathways between 

On the cont rary , the 

determinat i on of  the d i st r i but i on of mob i l e  i ons w i th i n  the cage 

has continuous l y  been poi nted out a s  a ser i ous p ro b l em .  What i s  

the real  d i st r i but i on o f  mob i l e  i ons within  the access i b l e  space 

and what is the actual dynam i ca l  behav iour of  ionic  subsy stem in  

t i me? 
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The answers  to these  questi ons would enab l e  one to c reate 

a real i st i c  mode l for cal cul at i on o f  the i on i c  conduct i v i ty . 

Among many spec i f i c  techn i ques used to answer the posed quest i on s  

we sha l l  pr i mar i l y  concentrate upon t h e  X - r ay ( and neutron ) 

scatte r i ng techni ques , �h i ch when app l ied to any S I C ,  reve a l  the 

strong d i f fuse scatter i ng . I t  was shown that the d i ffuse 

scatter i ng on S I Cs is at l east ten t i mes stronge r than on no rma l 

i on i c  so l i ds . Th i s  has not yet been quite  sat i sfacto r i l y  

expl a i ned . 

In order to account for  the enhanced d i ffuse X-ray 

scatter ing , the mobi l e  ion subsystem has  most often been t reated 

as a quas i l i gu i d8 ' 0 · �0 , meaning  that i ts cont r i but i on to the

d i f fuse scatter i ng is s i m i l a r  to that produced by amorphous 

so l i ds or , �o re prec i se l y ,  by b i nary so l i d  s o l ut i ons . 

As l ong as onl y the powder samp l es were ava i l ab l e , the 

quas i l i gu i d  model  had no a l te rnat i ve .  I t  was mo re or  less  

succe ssful l y used  for  the i nterpretat i on of  d i ffuse ( as we l l  as  

Bragg ) X-ray scatter i ng on  many S I Cs l i ke Ag ! ,  Ag2Se , Ag2S ,

AgCrS2 , CuI , CuBr etc . I n  the l ate 70 ' s  the f i rst s i ng l e  crystal

samp l es were prepared  offe r i ng a spec i f ic d i ffuse scatter ing 

d i str i but i on i n  the reci procal space which d i d  not f i t  the 

guas i l i qu i d  approach at a l l .  The new suggested mode l � 1 asserted

that the effect ent i r e l y  stems f rom one - phonon X - ray scatte ri ng 

processes , thus exc l ud i ng the possi b i l ity  that d i f fuse scatte r i ng 

coul d  conta i n  any i n format i on about the average random 

d i str i buti on of mobi l e  i on s  w i t h i n  the cage . It was the f i rst 

attempt to treat the i on i c  subsystem as a corre l ated system . 

The the rma l o r i g i n  of the d i ffuse X- ray scatte r i ng of an 

ord inary mater i a l  ( one phonon scatte r i ng ) has been known for a

l ong t i me � 2 • I n  S I Cs the same cause i s  as sumed to be re spons i b l e  

f o r  the enhanced d i ffuse X - ray scatte r i n g � 1 s i nce , us i ng the 

neutron scatte r i ng techni que , a very i ntense peak i n  phonon 

dens ity of  states  has been measured at l ow f requenc i es 

( � � ! � ) .  I t  has  been shown that th i s  peak con s i sts of  
d D 

d i spe r s i on l ess  acoust i c  and o pt i ca l  modes t 9 • Due to serious 

expe r i menta l probl ems the measurements were performed � l  on l y  for  

f:-Ag I i n  i ts l ow temperature phase 

comp l ete d i spe r s i on r e l a t i ons were  

( at 1 6 0  K )  for whi ch the 

dete rmine d . U s i ng t�e 

41



expe r i menta l l y  observed d i spers i on data , the·  d i ffuse one -phonon

X-ray scatter i ng i nten s i ty 

agreement w i th measured 

vi brat i onal  spectrum nor 

was . cal cul at�d ,  show ing  exce l l ent 

va lue s . Unfo rtunate l y ,  ne i ther  the 

the d i ffus i on scatte r i ng inten s i ty 

cal cul ati ons have been pe rformed i n  th� h i gh conducting  o - phase 

of any S I C . 

Most o f  the exper i�enta l work l ater  on d i m i n i shed 

s i gn i f i cant l y  the quas i l i qu i d  approach re l i ab i l ity , c l ea r l y  

indicating that the mob i l e  i ons ' behav i our i s  correl ated rather 

than s ing l e-part i c l e  l i ke . Bes i de s  the d i scovery o f  stat i c  i on 

corr e l ated behav i our  found in the one-d i mensi onal  ho l l and ite 1 4  

1 �  a n d  two-d i mens i onal  �-a l umina  recently  seve ra l est i mations o f

dynami c  corr e l at i on i n  three -d i mens i onal  mater i a l s  ( Ag2 S 1 d ,
1 ?  t o  Ag� S I  · ,  AgI ) have been reported .

Our structural 1 � ' 20 ( as wel l as transport2 1 ' 2 2 ' 2 5  and

therma 1 • 0 • 2 9 ' 2 4 ) prope r t i e s  i nvest i gat i ons have been concentrated

on the nonsto i ch i omet r i c  cuprous. se l en i de wh i ch_ bel ongs t.o an 

a l most i so structura l group of  copper and s i lver  sal ts ( Ag I , 

Ag
2
S� , Ag

2
S ,

devi at i on from 

CuB r ,  Ag2Te , Cu2S ,

sto i ch i ometry i n  

Cu
2_tse ,

cuprous 

Cul , ·!=!tc . ) .  

sel eni de l eaves 

The 

i t  l: 

structure unchange�, i n f l uenc ing on l y  the ave rage dens i ty o f  thP.  

copper i ons . The ionic  conduct i vi ty val ue is  of o r de r  n f  

1 c-•cm� and decreases w i th i ncreas i ng the dev i at i on f rom 

sto i c h i ometry 22'25 • The cage un i t  ee l 1 is of F43m symmetry 2 d  w 1 th

4 $e atoms in a and 4 Cu atoms in  c po�i t i ons . T�e r est of 4 ( 1 -l )

Cu atoms are mob i l e  occupy i ng d and eventua l l y  b s i te s .  Another 

structure with a l l coppe r atoms presumed to be mobi l e  ( Fm3m  
21 symmetry group ) was a l so suggested 

Our ma i n  task has been to �xamine the temperature and 

compos i t i on dependence of  the di ffuse X-r$y scatte r i ng of cuprous 

se l en i de i n  its  h i gh temperature 
' 

o-phas-e whe re the h i gh ion i c  

cof9:!uct i V i  ty i s  e x h i b ited . To  our  know l edge such depende'nce has 
not yet been expl ored i n  deta i l  for  any S I C. We shoul d  a l so 

carefu l l y  observe the Bragg scatter i �� behav i our , s i nce the 

prope r mob i l e  i on i c subsystem treatment is expected to make up 

f o r . some obvi ous d i sagreement between the calculated and 

expe r i mental Bragg scatte r i ng gpectrum . As a matter of  fact , a

qui te sat i sf y i ng a1reement between these two has been . · obta i ned 
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on l y  for very  few s i mp l e  S I C  systems , s ince the cal cu l at i on s  hav.e 

a l ways been based on s ing l e  i on treatment . For  examp l e , for  the 

r e f i nement of expe r i mental  data on the s i ng l e  c r y sta l sampl e  of  

o-AgI 28 the th i r d  and fourth-o rd�r therma l tensors  h ad t o  be

used .

In our case we chose to app l y  the dynamica l  c o r re l ated  

i on approach v i a  the we l l  def i ne d  phonon spectrum . The point i s  

that we l l  def ine d  phonons may a l so e x i st in  t h e  mob i l e  ion 

subsystek, whi ch can be eas i l y  expl ained by assuming two 

d i stingui shed types of behaviour for  an ion  in a c ertain 

c r y sta l l ograph i c  pos i t i on . Mos\ of th� t ime an i on exh i bits mor e  

o r  less  harmon i c  v i b r at i ons a round i t s ·  crystal  site . 

Occas i ona l l y ,  i t  j umps or di ffuses to  an ad j acent o r  d i s tant 

posit i on where  it resumes the osc i l l atory behaviour agai n .  Along 

certa i n  di rections def ined by the cage st ructure ( th e  channel s  

through the cage ) the sha l l ow potent i a l s  and consequentl y  l arge 

i on i c  v i brat i on amp l i tudes ( compared to the other d i rections ) are 

expected . In  such a complex  system one shou l d  expect two n ea r l y  

independent types / mode.s of  vi brati ons separated· on energ.t scal e :  

no rma l Debye modes at h i gh frequenc i e s  r e l ated to the cage , and 

l ow energy modes re l ated to the mobi l e  i on i c  subsystem . These l ow 

ene rgy modes are expected to be respon s i b l e  for  the remarkab l y 

intense d i ffuse X -ray scatter i ng � ' . 

3 .  The one -p�onon x -ray scatte ring : mode l ca l culations  

The  forma l i sm desc r i b ing the scatter i ng of X - rays  by  

phonons has been known since the t i me when the diffuse X -ray 

scatter i ng was the on l y  method ava i l a b l e  f o r  the .cryst a l  e l astic 

constants eval  uation2�'90 • The f i rst step i s  to write  down the 

dynamical  structure fa.ctor  ( D�F ) of the crystal  in  which i on 

displacements are  corre lated . The d i sp l acement corre l at i on 

function treated w i th i n  the harmon ic approx i mati on l eads to the 

power series  expan s i on 2 P , s o  i n  wh i ch the nt� term descri bes the 

contr i but i on of the n-phonon scatter ing pfocesses to the DSF . For 

n = 0 the stat ic structure factor is  obta i ne d , wh i le the term 

with  n = 1 desc� i be s  the scatte r i ng of  an X-ray photon on  a 

s ing l e  phonon , etc . For  the i nterpretat ion  of the dif fuse X-ray 

scatter ing we sha l l  rest r i ct to the n = 1 . term . T aking we l l  known 



express i on f o r  the atomi c  d i sp l acement in the harmon i c  crysta l

and fo l l ow i ng the procedure g i ven  e l sewhere 9 ' the i ntens ity o f

d i f fuse scatte r i ng i s  obta i ned . 

I (�) = N � 6 ( �- ( �+q) J L I Gj ( �, �) :
2

� j 

k T 
B 

� i s  the d i f f racti on vecto r , � i s  the r ec i pt ocal l att i ce vecto r , 

� i s  the phonon wave vecto r , � i s  the phonon frequency and j i s  

the po l a r i zat i on branch i ndex . G (q, �J  i s  the st ructur e  factor

of  the ce l l  for the d i ffuse scatte r i ng wri tten as

G/q, �J = L e 1 �a fd ( Q ) e -Wd ( Q )  H�-/2

wher e  a i s  the pos i t i on o f  the atom w i th i n  the cel l ,  fd i s  the

atomi c  structure facto r ,  Wd i s  the Debye-Wa l l e r  facto r , Md is the

atom i c  ma ss and &d
j i s  the phonon po l a r i z at i on vecto r . 

Due to t (� - ( �  + q) J the d i f fuse X-ray  scatte r ing i s

spread out over the enti re B r i l l ou i n  zone , 9ont rary  t o  the B r agg 

scatter i ng wh i ch i s  concentrated i nto a poi nt . There are two 

d i st i nct facto rs  that dete rmi ne the intens ity d i st r i but�on of 

d i ffuse scatter i ng with i n the ent i re  Br i l l ou i n  zone : one rema ins  

the  same f o r  al l B ragg pa i nt s  ( k T /u.'2 ( q ) ) , ·  • wh i l e the

othe r IG ( q , � )  2 change s f r om z one  to zone in  approx i mate ly the 

same way as  the structure f actor o f  the c e l l . The f i rst one 

r evea l s  that the d i f fuse scatte r i ng i s  the most i ntense for the 

l owest ener gy phonon branche s .  These are the 

acousti c  modes o r  l ow l a y i ng opt i c a l  mode s . 

weak l y  d i spe r s i ve 

I n  the f o l lowing  

p rocedure we sha l l  put  to t r i a l  a mode l phonon spectrum 

cons i st i ng essent i a l l y.. .. put w . ( q) = 2n V .  l q  , 
J Jq 

vel oc i ty . 

of  the

wher e  V.  
Jq 

a'ioust i c  mode s . Thus , we may 

i s  the wave propagat ion  

i Anothe r i mpo rtant part o f  the  d i ffuse scatte r i ng 

structure facto r [ �  t (q) ] po i nts out that the contr i but i on to 

the d i ffuse scatte r i ng comes ma i n l y  f rom the phonons whose 

pol a r i z at i on vecto r s  are  co l l i near  w i th the � ·vecto � .  Theref or e ,  

the expe r i menta l l y  obse rved ( on powder  samp l e s ) strong d i f fuse 

scatter i ng near the 220 Bragg peak , p r obabl y  o r i g i nates f r om 

the phonon hav i ng the po l a r i z at i on vector i n  o r  cl ose  to < 1 1 0 >  
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d i rect i on ( the cage channel d i rect i ons ) .

F rom the previ ous d i scus s i on i t  i s  c l e a r  that the l arge 

ampl itude , and con sequent l y ,  l ow frequency 3 1  i o n i c  v i brat i ons are

rest r i cted to the cage channel s ,  that is  the < 1 1 0> d i recti ons  

( s i x  of  them , each  with two  po s s i b l e  o r i entat i ons ) .  Thus i t  is  

natural  to  choose the  po l a r i z at i on vectors  po i nt i ng i n  these 

di rections . I f  two mutual l y  pe r pend i cu l a r  po l a r i z at i on vectors  

are  chosen f rom the  set  < 1 1 0> ,  the  th i rd must be  a l ong one  of the 

< 1 00>  d i rect i ons i n  o r d e r  to have the o rthogona l bas i s .  Hav ing 

chosen one set o f  bas i s  vecto r s ,  a l l  other poss i b l e  sets can be 

obta ined us i ng the po i nt g r oup symmetr y  ( 43m ) oper at i ons .

Once the po l a r i zat i on vector s ' d i recti ons a re spec i f i e d ,  

a l l  poss i bl e  phonon wave vectors  q emer ge quite  natura l l y . There 

are  1 2  phonon wave vector di rect i ons of the type < 1 1 0> and 6 of  

the type < 1 00> . I n  each spec i f i c  d i rect i on ,  e .  g .  [ 1 1 0] , ther e  i s  

a number o f  phonons . w ith wave vector s  � = n(. / a  • [ 1 1 0] , the i r  

magn itude r anging  ( a l most cont i nuous l y ) f rom g = 0 to g =  rr�2 /a .  

There i s  a l so a th i rd g roup of phonons expected -to contr i bute to 

the d i ffuse X -ray scatte r i ng wh i ch have only one po l a r i z at ion 

vecto r a l i gned w i th one of twe l ve < 1 1 0> d i recti ons . The other  two 

po l a r i zatio�  vector s  l i e w i th i n  the p l ane pe rpend i cu l a r  to the 

f i r st one . Co rrespond i ng phonon wave vector s  f a l l i nto two 

subgroup s : one w i th twe l ve phonon wave vector d i r ect ions  of  the 

type < 1 1 0> ,  and th·e .othe r f i l l in g  cont i nuousl y  the c ross secti on 

of the Br i l l ou i n  zone and the p l ane perpen d i c u l a r  to the chosen 

< 1 1 0> type po l ar i zat i on vecto r . Due to the l arge  o sc i l l at i on 

amp l itudes i n  < 1 1 0> d i rect i on s ,  a much weaker d i spe r s i on than i n  

any other d i rect i on ,  a n d  accord ing l y ,  a l ow p ropagati on ve l o c i ty 

i s  expected for  these po l a r i z at i on branches . 

Tak i ng i nto account the rest r i ct i on to the acousti c  

phonons with the s e l ected wave vector s  we obta i n  the new d i ffuse 

X-ray scatter i ng i ntens i ty express i on

I ( �) 
Nk T 

B L L 6 ( a-�- ipi ) I D ( � ) 1
2 rl L 

i = 1 � J

where  Pl '  i = 1 ,  2 ,  3 denote the l i sted g roups of phonons

cha racte r i zed by the i r  po l a r i z at i ons , D ( �) is the mass norma l i zed 
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structure factor of the eel  1 ,  C . ( q ) i s  the ang l e  between the Q 
_. -+ · 

J P• 
and c . ( g . )  vecto r-s and V i s  the p ropagat i on ve l oc i ty  a l ong the 

J pi �q 
tunne l d i rect i on . 

I n  o r d e r  to enab l e  compa r i son w i th the expe r i ments 

pe rfo rmed on the powd e r  samp l es , the l ast express i on has to be 

integrated over a l l  d i rect i ons of Q, keepi ng its magni tude

constant . The integ rat i on is l i m i ted to the parts of surface of 

the spher e  of rad i us Q w i t h i n  the B r i l l ouin  zones centered  at the 

Bragg po i nts � ( having  the same I �  ) for al l phonon wave 

vector s � . wh i ch ful f i l the cond i t i on a : �+� . 
p i  P• 
Afte r some cumbe r s ome ca l culat i o n ,  the tot a l  di ffuse 

X-ray scatte r ing  i ntens i ty , now depend ing on l y  on the magn i tude 

of  the d i f f ract i on vector ID may be f o r ma l l y  wr itten as

I ( Q ) = 

3 
Nk

8
T �I D { Q, 8) z Q2 H ( 8 )  L' Z ( Q , 8 ) 

9 2 P• 1 6� v1 1 e 1 =  1 

whe r e  H (B)  i s  the mul t i p l i c i ty o f  the B r agg po int I B , and 

Z (Q) are three d i ff erent compl i cated e x pr e c s i ons 9 2  g i ving  a
p 

deta i l ed account of  contr i but i ons of  the th r ee g roups of  phonons 

descr i bed ea r l i e r . 

4 .  Resu l ts and d i scuss i on 

The exper i mental l y  obt a i ned intens ity  data shoul d be 

cor rected i n  the usua l t 2  manner  in  o r de r  to ext ract the

cont r i but i on cor respond ing  to one -phonon X- ray scatte r i ng . 

After that we are  l eft w i th s i x  unknown quan t i t i e s  to be 

determi ned dur i ng the f i tt i ng procedure : the backg round 

scatte r i ng ( !8 ) ,  scal i ng constant k, th ree Debye - Wa l l e r  factors
we a.ge wca.ge wmob i l4i and  the  r enormal i z ed t i  Se cu , c... wave propaga on 

ve l o c i ty . The f i r st two of  them can be o bta i ned i ndependent l y ,  

f rom the l east squares  f i t  o f  th� expe r i menta l data i n  the curve 

ta i l  at h i gh Q val ues , where a l l  other contr i but ions  to the

d i f fuse scatter i ng are neg l i gi b l e  c ompared  t o  the background 

scatter i ng and the total  Compton scatte r ing .  Hav i ng determined 

and k f rom the successful  f i tt i ng p rocedure ( shown i n  F i g .  2 . a ) ,  

we are  sti l l  to dete rmine  the  va l ue s  o f  four unknowns .  Th i s  

numbe r can be furth e r  reduced , bea r i ng i n  mind  that. the 

Debye - Wa l l e r  factors  are ca l cu l ated w ith i n  the desc r i bed phonon 
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spectrum2 9 • As  we a r e  dea l ing w i th two d i stinct weak l y  bound 

subsystems , on l y  two qua l itat i ve l y  d i fferent OW factor s  are  

expected . Thus 

wc:a.go _1_ b  T (/; w<::o.qo 1 
b T Qz ; wmob 1 b T (/ = 

Se 2 M Cu 2 M Cu 2 H .. 
Se C u  c"' 

whe re  b and b represent the fu l l  but sl i ght l y  renorma l i ze d  .. 
v i brat i ona l spectrum of the cage and the mo b i l e i on i c  

subsystem2 9 , respect i ve l y . Rema i n ing three unknown paramete rs  

we re  determi ned us ing  l east squares  f it  through the  expe r i mental  

data  sets . The expe r i menta l data togethe r w i th the va l ues 

obta ined f rom the f i t  are shown in F i g .  1 .

C 

0 
0 
U) 

::, 0 �oo -...t'­.... 
- o

0 
N 

0.0 

0 
0 
N 

Q 

0.4 0.6 
x=2-rr a (A-1 )

o exp,
• cote. 
T:510 K

0.8 1.0 

F i g . 1  I ntens i ty ( I )  of d i ffuse  scatte r i ng vs . d i f f ract i on wave 
vector Q / 4 n  for  the sampl e  Cu Se  at 5 1 0  K ,  ·expe r i menta l ( open t .  e 
symbo l s ) and c a l cu l ated ( ful l symbo l s ) data . The calculated  data 
have been obta i ned assum i ng x - ray scatte r i ng on l ow energy 
acoust i c  phonon modes  w i t h i n  the no rmal Oebye phonon spectrum . 
I nsert a )  Least squares  f i t  ( fu l l  l i ne )  through the ta i l  o f  the 
measured i ntensity  curve . 

The ag reement i s  obvious l y  poor . After  a b r i ef ana l y s i s of
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d i fferent paramete rs  i n f l uence i t  becomes obv i ous that the ma i n  

cause of  d i sagreement a r e  the d i ve rgenc e s  nea r each Q = B ,  
o r i g i na t i ng f rom t h e  express i on

' 2 I ex 1 / q 

Th i s  means that for  our purposes the acoust i c  phonon 

concept is at  l east  not a dec i s ive  one . The i ntens i ty d i ve r gences 

near each B are the consequence of the sta r t i ng def i n i t i on of the 

s i ng l e  i on d i spl acement . W i th i n  the ha rmon i c  crysta l 

appro x i ma t i on ,  the pos i t i on of any i on at t i me t i s  a l i near 

functi on of the pos i t i on s  and momenta of a l l  i ons i n  the crystal  

at t i me zero . 

0 
0 .co 

0 
0 
N 

0.0 0.2 0.4 0.6 
x ur1 )

• exp.
• cote.
T= 510 K

0.8 1.0 

F i g .  2 I ntens i ty ( I )  of d i ffuse x -ray  scatte r i ng vs . d i ffrac t i on 
wave vector Q / 4 n  for  the samp l e  Cu Se at 5 1 0  K ,  expe r i ment a l  

1 . e 
( 9pen symbo l s )  and ca l cu l ated ( fu l l symbo l s ) data . The ca l cu l ated 
data have been obta ined assuming x - ray scatte r in g  on  l ow energy 
a l most  d i spe rs i on l ess opt i ca l  phonon modes r e l ated to i on -c l uster  
v i b rat i ons . 

Due to the evi dent l ack of l ong range order  i n  the i on i c  

subsystem and t o  i t s  h i gh mob i l i t y , w e  shoul d  rather  cons i de r  

i on - d i sp l acement cor re l a t i ons of l i m i ted spat i a l , a n d  perhaps 
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a l so of l i m i ted tempo ral  r ange . 

So , i n stead , we i nt r oauce a d i sp l acement o f  an ion  that 

i s  dete rmi ned by \ i t s  l i m i ted - s i z e ne i ghbourhood . As a 
con sequence , the co r r e l a t i on funct i on of the 

can be c a l c u l ated 

Ornste i n  - Z e rn i ke 

us i ng the conven i ent 
9 l approx i mat i on • Aft e r  

i on 

and 

d i s p l acements 

we l l  - known 

the Fourier  

transfo r mat i on9 1  we get the r ec i pr oca l space i nten s i ty 

d i st r i but i on ,  w i th the d i vergences nea r each B r emoved . 

I o: 1 / ( 
_1 _+ g2 ) 

c 2 

where � i s  the corre l at i on l ength of the i on i c  subsy stem . 

App l y ing the l east squa r es f i t  program once aga i n , th i s  

t i me w i th four f i tt i ng pa rame t e r s  ( i nc l ud i n g  � )  we get the 

agreement between the exper i mental  and ca l cu l ated v a l ue s  

enormous l y  i mproved ( F i g .  2 . ) .  I t  shou l d  a l so b e  noted that the 

mode l g i ve s  a very good account o f  the temper ature  dependence , 

too 9 2 •

Int roduc i ng the corre l at i on l ength a s  the f i tt ing 

pa r amete r had no i n f l uence on the b 

b = 0 . 2 1  x 1 0-2 and b = 0 . 8 5 >c 1 0-2
and bM va l ue s . They

c o r r e spond ing to mean 

are  

Cu 

atom d i spl acements of 0 . 1 3 A and 0 . 2 6  A, re specti ve l y . These 

va l ues  f a l l w i th i n  the range expected from the compa r i son w i th 

the resu l t s 9 3  for other  S I Cs .

The most  i nterest i ng paramete r ,  the cor r e l at i on l ength � 

i s  found to be 1 5  � 5 A ,  wh i ch i s  about four t i me s  the i nte r i on i c  

d i stance a l ong the channe l d i rect i on .  Th i s  v a l ue ,  

temperature i ndependent i n  the who l e  t emperature 

be i ng 

r ange 

( 30 0  - 5 1 0 K ) , i s  the s ame a s  the short range c o r r e l ation  l ength 

found in one -d i mens i on a l  ho l l and i te i 4
, two-di mens i ona l

Na -�- a l um i n a 1 5 and recent l y  i n  three -d i men s i onal  Ag S i �

Thus , we may �ay that there are  strong i nd i cat i ofts of 

the e x i stence of  short- range ordered i on i c  c luste r s  wh i ch , 

i r respect i ve of the i r  l i fe - t i me ,  are  respons i b l e  for  the obse rved 

d i ffuse scatte r i ng . Two cont r i buti on s  are  then e xpecte d . The 

f i rst , desc r i bed w i th i n  the presented mode l ,  i s  a 
( 80 - 90% ) stemming  exc l us i ve l y  f rom dynam i c s  

dominant one 

of c lusters
( opt i ca l  phonons ) .  The second one , cover i ng the rest  of  the
obse rved d i f fuse scatte r i ng ,  stems from  the shor t - r ange o r de r ing
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o f  i ons  w i th i n  the c l uste r . The  l atte r · contr i but i on may be

obse rved separate l y  i f  one measures  the d i f fuse scatt� r i ng of a

s i ng l e  c r y sta l a l ong c e r ta i n  d i r ect i ons . Indee d ,  the pre l i mi n a r y

measurements of  d i f fuse scatte r i ng on  s i ng l e  crysta l s 9 2  show the

ser i es of  weak and w i de L o r entz i a n  shaped peaks in reci proca l ·

space s l ight l y  � 2% ) i ncommen surate w i th the cage l att i ce .

The i r  e x i stence , d i str i but i on i n  rec i procal  space and the i r

w i dths i n d i cate the short range o r de red i on i c  l att i ce

supe rstructur e  w i th doub l ed ( an d  four f o l ded ) i ncommensur ate

per i od i c i ty . It g i ves  r i se to the d i f fuse scatte r i n g ,  wh i ch ,  when.
transfo rmed to the powder  r esponse just · f i ts the d i ffe rence

betwee n  the mod e l  and ex pe r i menta l data •

Do we now unde rstand the probl ems � f  ion i c  conduct i v i ty 

better?  I n  a certain  sense , yes , s i nc e  _we now know the attempt · 

f requency and the co r r e l at i on l ength needed for  the 

con f i gurat i on a l  pa r t  of act i vati on energy  ca l cu l at i on . In ordP;r

to c a l c u l ate i t  mo r e  exact l y ,  we  need  f u r ther  i nf o r mati ons about 

stati cs and dynami cs  of the sho rt  r ange co r r e l a t i on of i on i c  

subsystem . 
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