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NEUTRON SCATTERING STUDY'OF THE SOLID ELECTROLYTE: RbAg415 

S. M. Shapiro and D. Semmingsen 

Physics Department, Brookhaven National ~ a b o r a t o r ~ "  
Upton, New York 11973 

and 

Universi ty  of Illinois, Urbana, I l l i n o i s  61801 

Neutron s c a t t e r i n g  experiments were performed on RbAg415 i n  order  t o  
probe: i) The l a t t i c e  dynamics above and below t h e  phase t r ans i t i on .  
a t  TZ = 208.5K; i i )  The temperature dependence of t h e  A ~ +  occupancies 
below T2 and i i i )  The d i f fu s ion  of t he  A ~ +  ions.  No anomalous so£ ten- 
ing  of t he  e l a s t i c  constant  C44 was observed a s  had been reported by 
u l t r a son ic  s tud i e s .  Careful examination of t he  phonon in t ens i tPes  above 
and below T2 suggest t h a t  the  t r a n s i t i o n  is discontinuous. The behavior 
of allowed r e f l e c t i o n s  below T2 mirror  t he  temperature dependence of t h e  
A ~ +  occupation f ac to r s .  A broad overdamped e x c i t a t i o n  is  observed 
throughout Q-space and becomes a propagating mode a s  t he  temperature is 
decreased. Nothing c r i t i c a l  happens a t  T2 o r  Ti .  

* Work a t  Brookhaven performed under t he  auspices  of t he  U.S. Energy 
Research and Development Administration. 

t Work supported i n  p a r t  by t he  National Science Foundation. 



RbAgqI5 is an important Ag+ base2 s o l i d  
e l e c t r o l y t e  s ince  a t  room temperature i t  has one 
of the  h i  hes t  conduc t iv i t i e s  of a l l  s o l i d  e lec-  
t r o l y t e s .  f It is a l s o  known t h a t  RbAg415 under- 
goes two phase t r ans i t i ons2 :  i )  A t  T2 = 208K, 
t h e r e  is an  abrupt change in the  s lope  of t h e  
conduct iv i ty  versus temperature and many proper- 
t i e s  exh ib i t  a lambda-like behavior. The symme- 
t r y  changes from cubic ( 0 ~ - ~ 4 ~ 3 2  o r  0 ~ - ~ 4 ~ 3 2 )  f o r  
T > T2 t o  rhombohedra1 ( D ~ ~ - R ) ~ )  with very s m a l l  
changes in atomic pos i t ions .3  The most s i g n i f i -  
can t  d i f f e r ences  between the  two phases is the  
rod io t r ibu t ion  of the 1.6 A ~ +  -fnns over t he  56 
allowed sites.3 ti) A t  TI = 122K t he re  IS a d l s -  
continuous reduct ion by a f a c t o r  of * 100 in t h e  
isnic canduccivlcy r e l a t ed  tu a uore ordered 
s t r u c t u r e  o t  the  A ~ +  ions  Fzi the low temperature 
phase. The symmetry is  not completely known a t  
t h i s  s t a g e  but  is t r i g o n a l ,  t he  most probable 
space group being ~ ~ ~ - ~ 3 2 1 , ~  

By studying the  changes in l a t t i c e  dynamics 
a t  T2 and T i ,  one may c o r r e l a t e  any changes 
d i r e c t l y  wfth t h e  behavior of t he  Ag+ ca t ions .  
Several Raman s tudies4  3 5  of RbAgqIg revealed no 
l a r g e  changes i n  frequency a t  T2 o r  T1. The major 
change is the  appearance of add i t i ona l  l i n e s  
below T1 where the  s e l e c t i o n  r u l e s  are modified 
due t o  the  t r i p l i n g  of t h e  u n i t  c e l l .  I n  f a c t  
i t  has been emphasized4 t h a t  t he  Raman spec t ra  
a r e  remarkably simple and almost f ea tu re l e s s .  
This is  su rp r i s ing  when you consider  t h a t  t h e r e  
should be 120 v i b r a t i o n a l  modes! The major 
c r i t i c a l  dynamical f e a t u r e  thus f a r  observed w a s  
the  u l t r a s o n i c  i nves t iga t ion  of C44 which showed 
an  anomalous sof ten ing  and increase  i n  damping 
near  T ~ . ~  The purpose of our present  invest iga-  
t i o n  i s  t o  explore by neutron i n e l a s t i c  s c a t t e r -  
ing t h e  observed sof ten ing  and search f o r  o the r  
dynamical e f f e c t s  which w e  can r e l a t e  t o  t h e  
changes in ion ic  conduct ivi ty .  

The c r y s t a l s  used i n  t h i s  experiment were 
grown from so lu t ion  and had a volume of % 0.25 

The c r y s t a l  was mounted i n  a va r i ab l e  
temperature c ryos t a t  with t he  [ l lO]-axis  perpen- 
d i c u l a r  t o  t he  s c a t t e r i n g  plane. A l l  measure- 
ments were made on a t r i p l e  a x i s  spectrometer a t  
t h e  Brookhaven National Laboratory's HFBR with 
an inc ident  energy of e i t h e r  13.7 o r  5.0 meV. 

Figure 1 shows a high r e so lu t ion  spec t ra  of 
t h e  [loo]-TA above and below T2. The polar iza-  
t i o n  of t h i s  mode is along t h e  [Oil] d i r e c t i o n  
and corresponds co the  e l a s t i c  constant  C44. No 



observable s h i f t  is detected wi th in  a n  estimated 
d e t e c t a b i l i t y  og 0.82 meV. e  momentum t rans-  
f e r ,  q = 0.075a ( a  = 0 . 5 6 z 1 )  was t h e  minimum 
q we  were a b l e  t o  measure without being contami- 
nated by t h e  s t rong  e l a s t i c  Bragg sca t t e r ing .  
The va lue  of Cq4 obtained is  Cq4 = 0 . 5 1 5  .05 x 
1011 dpnes/cm2 which is in agreement with t h e  
high temperature u l t r a s o n i c  measurements. The 
observed sof ten ing  i n  t h e  u l t r a s o n i c  measure- 
ments most l i k e l y  a r e  due t o  very long wavelength 
s t r a i n s  which a r e  beyond the  c a p a b i l i t i e s  of 
neutron s c a t t e r i n g  measurements. One must a l s o  
consider  t h a t  t he  apparent sof ten ing  of C44 could 
be due t o  t h e  e f f e c t s  of domains i n t e r a c t i n g  wi th  
the  u l t r a s o n i c  pulses .  

The most s t r i k i n g  f e a t u r e  of Figure 1 is  
t h e  change in the  phonon i n t e n s i t y  a s  t h e  sample 
is cooled below T2. h i s  is most su rp r i s ing  
s ince  the re  is no change i n  frequency and can 
only a r i s e  as a r e s u l t  of a  change i n  s t r u c t u r e  
f a c t o r  of t h e  fundamental Bragg peak, (222), 
about where t h i s  phonon w a s  measured. Figure 2 
shows the temperature dependence of t he  phonon in- 
t e n s i t y  in t h e  v i c i n i t y  of T2. The abrupt  change 
i n  i n t e n s i t y  and the  observed h y s t e r e s i s  a r e  
s t rong  evidence of a f i r s t  o rder  phase t r a n s i t i o n .  
This  has  been predic ted  on the  b a s i s  of mean 
f i e l d  theory bu t  has  h i t h e r t o  been unobscrv- 
able.7 I n  f a c t  most e a r l i e r  evidence suggested 
a  continuous t r a n s i t i o n .  

Because of t h e  change i n  symmetry many 
Bragg peaks show l a r g e  changes i n  i n t e n s i t y  a t  
t h e  phase t r a n s i t i o n .  New Bragg r e f l e c t i o n s  
a l s o  appear because of the  lower symmetry. Ex- 
p l i c i t l y ,  f o r  T > T2 i n  the  cubic phase, t h e  
r e f l e c t i o n s  of type (hOO) wi th  h # 4n a r e  for -  
bidden but  become allowed i n  t he  low temperature 
phase. Figure 3 shows the  temperature dependent 
behavior of t h e  i n t e n s i t y  of two such r e f l e c t i o n s .  
A monotonic, ,almost l i n e a r  increase  i n  i n t e n s i t y  
below T2 is observed. Also the re  is  a s l i g h t  in- 
c rease  in i n t e n s i t y  on cool ing j u s t  above T2. 
This  behavior is very suggest ive of an order  para- 
meter. The quant i ty  r ep re sen ta t ive  of t h e  order  
parameter is the  f r a c t i o n a l  occupancy of t h e  A ~ +  
ions amongst t he  56 allowed s i t e s . '  Because of 
t h e  l a r g e  number of d i f f e r e n t  s i t e s  ava i l ab l e  i n  
t h i s  intermediate  phase i t  is d i f f i c u l t  on the  
b a s i s  of these  two r e f l e c t i o n s  t o  determine which 
s i t e  occupancies con t r ibu te  t o  these  r e f l e c t i o n s .  
A more complete s t r u c t u r e  ana lys i s  a t  seve ra l  
temperatures is required. Some i n t e r e s t i n g  f a c t s  



nonetheless  emerge. The appearance of some 
precurser  c r i t i c a l  s c a t t e r i n g  j u s t  above T2 is  
cons i s t en t  with the  o p t i c a l  s t u d i e s  which 
showed some b i re f r ingence  i n  cubic phase near 
T2.8 Within t h e  instrumental  r e so lu t ion ,  
(6Wm I 0.022-I) no q width was observed which 
says  t h a t  any c o r r e l a t i o n  amongst t h e  d i f f u  ing  
s i l v e r s  is over d is tances  g rea t e r  than%100 . 

A search  f o r  a s o f t  o p t i c  mode o r  some 
B 

dynamical e f f e c t s  r e l a t e d  t o  the  phase t r a n s i -  
t i o n  was made. No s o f t  mode w a s  observed i n  
t h e  Raman s c a t t e r i n g  measurements .4 s 5  We looked 
in  seve ra l  B r i l l o u i n  zones wi th in  t h e  energy 
Lasigc of 0 - 5 meV, A t  room oomperaturo a broad 
f e a t u r e  centered around4w = 0 wi th  a 6.0 meV 
f u l l  wi3cl1 a t  half maximum wao ebaervad at avary 
pohie studied. The l ~ i e e l l s i r y  was also greater  
f o r  t h e  l a r g e r  momentum t r ans fe r s .  A s  t he  temp- 
e r a t u r e  is lowered (Figure 4) a propagating mode 
becomes v i s i b l e  w i t h &  JI, 2.8 meV, Figure 4 
shows t h e  spec t r a  a t  4 = (0, 5.7, 5 .7) ,  a posf- 
t i o n  i n  Q space where the  i n t e n s i t y  of t he  
acous t i c  mode would be very weak, No c r i t i c a l  
change i n  l inewidth  o r  i n t e n s i t y  occurs  a t  e i t h e r  
T2 o r  T1. Instead the  behavior seems t o  depend 
more upon t h e  absolu te  temperature than on temp- 
e r a t u r e  d i f f e r ences  from the  t r a n s i t i o n  tcmpera- 
t u re s .  Because a s imi l a r  f e a t u r e  is observed a t  
s eve ra l  unre la ted  Q va lues  we tend t o  i n t e r p r e t  
t h i s  a s  an Einstein- l ike e x c i t a t i o n  r e l a t e d  t o  
t h e  Ag+ ions  moving i n  an  uncorrelated fashion. 
One of the  few prominent f ea tu re s  in t h e  Raman 
spec t r a  of RbAgqIg is  a broad f e a t u r e  centered 
around +io 1\. 2.5  me^, near ly  the same frequency 
observed i n  t h e  present  experiment. On the  b a s i s  
of po la r i za t ion  s t u d i e s  t h i s  w a s  presumed t o  be  
due t o  v ib ra t ions  of t he  Ag+ ions  wi th in  an im- 
mobile cage set up by the  I' ions>  

We a r e  cu r r en t ly  continuing these  measure- 
ments t o  probe in more d e t a i l  t h e  temperature 
and Q dependence of t h i s  exc i t a t i on .  
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FIGURE CAPTIONS 

FIGURE 1 I n e l a s t i c  s p e c t r a  of a TA mode propagating 
along [ loo]  and polar ized  along [Oil] above 

\ 

T2(+) and below T2(a) . 
FIGURE 2 Temperature dpendence o f ' t h e  peak intensity 

of t h e  phonon shown in Figure 1. 

FIGURE 3 Temperature dpendence of t h e  i n t e n s i t y  of 
(600) (+) and (700) - (e) Bragg peaks. These 
pea& are forbiddon by symmetry a b ~ v e  T2 . 

F I W  4 I n e l a s t i c  spec t r a  a t  Q = (0, 0.57, 0.57) f o r  
T = 250 K T2(s j ,  ,TI T a 205 IC ( T2(+), and 
T = 115K< T ~ ( U ) .  
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Q = (2.075,2,2) 
flup = 0.28 meV 
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