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W4AN INVESTIGATIONS OF BISELENATES. 

THE W A N  SPECTR9 OF iXbbHSeO, I N  THE RANGE 20-300K 

Key words: Raman s p e c t r a ,  .9bESeOd, f e r r o e l e c t r i c s  
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Bos ton ,  N a s s a c h u s e t t s  0 2 1 2 5  U S A  
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Depar tment  of Chenis  t r y  
Will ians  C o l l e q e  

I ! i l l i amstown,  N a s s a c h u s e t t s  0 1 2 6 7  USA 

I n t r o d u c t i o n  

I n  1 9 7 7  we under took  i n v e s t i g a t i o n s '  o f  t h e  ?.s!r,a:i 

spectra o f  RbIiSe04 and  NIi,:iSe@,, p r i o r  t o  t h e  d i s c o v e r y  

o f  t h e i r  f e r r o e l e c t r i c  n a t u r e  5.1 a g roup  of worke r s  i n  

Po land .  2 ' 3  Our s t u d i e s  d i d  n o t  r e v e a l  sone o f  t h e  

b e h a v i o r  r e p o r t e d  by t h i s  TroE;, and o t h e r  s t u d i e s  

have  i n d i c a t e d  p h a s e  t r a n s i t i o n s  n o t  observec? by u s  o r  

t h e  P o l i s h  g roup .  6-9 

p u b l i s h i n g  t h e  r e s u l t s  o f  o u r  m r l i e r  s t u d i e s  p e n d i n s  

t h e  c o m p l e t i o n  of i n v e s t i g a t i o n s  d e s i g n e d  t o  v e r i f y  our 

i n i t i a l  f i n d i n g s  and t o  d e t e r m i n e  t h e  r e l a t i o n s h i p s  

be tween o u r  Raman s p e c t r a  and  t h e  r e p o r t e d  b e h a v i o r  

of t h e s e  compounds. T h i s  p a p e r  r e p r e s e n t s  t h e  f i r s t  ir .  

a p l a n n e d  series of c o m u n i c a t i o n s  r e l a t i n g  o u r  e x p e r i e n c e s  

w i t h  t h e s e  b i s e l e n a t e s  and o u r  i n t e r p r e t a t i o n s  o f  t h o s e  

4 , s  

Consequen t ly  w e  have  wi thhe lc i  
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3 4 2  CARTER, EDMONDS, AND MC W O N  

p o i n t s  of d i s p a r i t y  be tween t h e  v a r i o u s  s t u d i e s  t h a t  

have  been  r e p o r t e d .  

RbHSe04 shows a p h a s e  t r a n s i t i o n  from a p a r a e l e c t r i c  

t o  a f e r r o e l e c t r i c  phase  when c o o l e d  below i t s  C u r i e  

p o i n t ,  Tc  = 370 .6 ! ( . - '  ' X-ray  s t u d i e s  s u g g e s t  t h a t  t h e  
. -  

t r a n s i t i o n  i s  f i r s t  o r d e r i u  f r o ~  a r ? o n o c l i n i c  l a t t i c e  

( P 2 ,  Z = 3 )  i n  t h e  p a r a e l e c t r i c  phase'' t o  a t r i c l i n i c  

l a t t i c e  (PI, Z = 3 )  i n  t h e  f e r r o e l e c t r i c  phase .  li The 

pseudo-o r tho rhombic  n a t u r e  of  t h e  s t r u c t u r e s  and  t h e i r  

s i m i l a r i t y  t o  t h e  non- i somcrnhous  s t r u c t u r e s  o f  PSBSO, 

and N H 4 H S 0  p rompted  lu'agkowska, e t  a l .  l2 t o  choose  

u n i t  c e l l s  w i t h  Z = 6 i n  t h e  u n c o n v e n t i o n a l  s e t t i n g s  I2 

and 11, r e s p e c t i v e l y .  The f a c t o r  g r o u p  s e l e c t i o n  r u l e s  

on which  t h e  i n f r a r e d  and  Raman s p e c t r a  depend ,  however ,  

are based  on t h e  p r i m i t i v e  c e l l s ,  making t h e  

c o n v e n t i o n a l  s e t t i n g s  more u s e f u l  f o r  s p e c t r o s c o p i c  

d i s c u s s i o n s .  ?he p r e s e n t  s t u d y  c o n c e r n s  t h e  Raman 

s p e c t r a  o f  RbIiSe04 i n  t h e  t e c p e r a t u r e  r ange  2 0 - 3 0 0 K ,  

where t h e  con.pound i s  presumably  f e r r o e l e c t r i c .  E lesu l t s  

of o u r  i n v e s t i g a t i o n s  fror!? room t e m p e r a t u r e  t o  above  t h e  

p h a s e  t r a n s i t i o n  p o i n t  ( > P S ° C )  w i l l  be ? r e s e n t e d  i n  a 

s e p a r a t e  p a p e r .  

4 

Baran ,  e t  a l .  l 3  r e c e n t l y  F u b l i s h e d  s i n g l e - c r y s t a l  

Raman d a t a  and  i n f r a r e d  data  from N u j o l  n u l l s  and  K B r  

p e l l e t s  f o r  RbIISe04 and  RbDSeC,.  

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

o f  t h a t  p a p e r  t o  d a t a  ob ta inec i  a t  3831i i s  a p p a r e n t l y  

t o  room- tempera tu re  i n f r a r e d  s p e c t r a  of samples  t h a t  

A l l  s p e c t r a  w e r e  
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RAMAN INVESTIGATIONS OF BISELENATES 343 

had undergone  p r i o r  h e a t i n g  t o  h i g h  t e m p e r a t u r e .  The 

i n f r a r e d  r e s u l t s  have  l i m i t e d  v a l u e  s i n c e  s e l e n a t e s  

react s t r o n g l y  w i t h  t h e  window m a t e r i a l s  i n  b o t h  pel le ts  

an6  m u l l s .  Consequen t ly  t h e  Raman d a t a  are most u s e f u l  

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

s p e c t r a  and c r y s t a l  s t r u c t u r e .  I t  s h o u l d  be p o i n t e d  

o u t ,  however,  t h a t  t h e  u s u a l  d i r e c t  compar i sons  between 

t h e  s p e c t r a  of d e u t e r a t e d  and n o n - d e u t e r a t e d  honolouous 

compounds c a n n o t  be  made i n  t h i s  case, because  RbRSe04 

and  RbDSeO, a r e  n o t  isomorphous.  l4 

on p o l y c r y s t a l l i n e  samples  o f  XbHSe04 a t  room t e r p e r a t u r e  

a g r e e  i n  most i m p o r t a n t  a s p e c t s  w i t h  t h o s e  of Baran ,  

- e t  &. The low t e m p e r a t u r e  r e s u l t s ,  however,  r e v e a l  

some a s p e c t s  which are n o t  e v i d e n t  a t  h i g h e r  t e m p e r a t u r e s .  

Expe r imen ta l  

Our Raman s t u d i e s  

Our e x p e r i e n c e  i n  s y n t h e s i z i n g  b o t h  RbASe04 and 

NH4HSe04 leads u s  t o  t h e  c o n c l u s i o n  t h a t  samples  o f  

h i g h  p u r i t y  a r e  n o t  o b t a i n e d  by m o s t  aqueous  methods .  

Ana lyses  o f  s amples  p r e p a r e d  by t h e  c lass ica l  method o f  

N o r r i s  and ECinghaml5 i n v a r i a b l y  showed s i g n i f i c a n t l y  

l o w  v a l u e s  f o r  H , s u g g e s t i n g  c o p r e c i p i t a t i o n  of SeO 

w i t h  HSe04 . 
i n c r e a s i n g  s i z e  of t h e  c r y s t a l s  o b t a i n e d .  The p r e s e n c e  

of s e l e n a t e  i o n  i n  water  i s  u n a v o i d a b l e ,  s i n c e  

K 2  = 1 . 2 ~ 1 0 - ~  f o r  I12Se04. 

Se04 and HSe04 t o  c o p r e c i p i t a t e  can  be s e e n  i n  t h e  

e x i s t e n c e  of w e l l - c h a r a c t e r i z e d  conpounds such  as  

( X H 4 )  2Se04.2NH4HSe0416 and  t h e  f e r r o e l e c t r i c  ( N H  ) H(Se0 ) 

1 

-I- - - 
4 

P u r i t y  problems seemed t o  i n c r e a s e  w i t h  
- 

Fur the rmore ,  t h e  t endency  of 
- - - 

17 
4 3  4 2 .  
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34b CARTER, EDMONDS, AND MC MAHON 

: ,nother  comp i c a t i o n  a r i ses  f r o 3  t h e  o x i d i z i n g  p o t e n t i a l  

rjf s e l e n a t e  o n  i n  a c i d :  

Eo = + O .  88v  + 
S e 0 4 =  + 8H + 6 e -  + S e  + 4 H 2 0  

i . l t h o u q h  s e l e n a t e  i o n  a p p e a r s  t o  be a q e n e r a l l y  s l u q q i s h  

o x i d a n t ,  i t  i s  s u f f i c i e n t l y  s t r o n g  t o  o x i d i z e  NH4 t o  

:i2. 

:iH4HSe04 b:i s l o w  e v a p o r a t i o n ,  w h e r e  t h e  a p p e a r a n c e  o f  

a f a i n t  p i n k  c o l o r a t i o n  i n  t h e  p r o d u c t  i n d i c a t e s  f o r m a t i o n  

r,f e l e m e n t a l  s e l e n i u m .  One c o n s e q u e n c e  o f  t h i s  i s  sample 

i n c i n e r a t i o n  i n  t h e  beam of a n  a r g o n  l a s e r  a t  e i t h e r  

5 1 4 .  jnm o r  488.0nrn. Of c o u r s e  t h i s  i s  less  of a 

; , r ~ h l e x  i r .  p r e p a r i n q  RbHSe04, b u t  t h e  p r e s e n c e  o f  

t r a c e  i n p u r i t i e s  o f  o x i d i z a b l e  r .ateria1 c a n  l e a d  t o  

?. Q t 1 c e a b  1 j .  d. i s co l o  red p r o d u c  t - 

+ 

T h i s  becomes  i m p o r t a n t  i n  p r e p a r i n g  c r y s t a l s  of  

k;e h a v e  f o u n d  t h a t  c o p r c c i o i t a t i o n  a n d  r e d o x  

-r?t!erns can be a v o i d e d  by n i x i n q  r e a c t a n t s  i n  a medium 

c ~ f  q . :ac ia l  a c e t i c  a c i d .  T h e  lower d i e l e c t r i c  c o n s t a n t  

a3.i h i ; .her  a c i d i t y  o f  t h i s  s o l v e n t  s u p p r e s s  t h e  s e c o n d  

d i s s o c i a t i ~ n  of s e l e n i c  a c i d ,  w h i l e  t h e  lower s o l u b i l i t y  

rif t h e  prr,ciuct causes  r a p i d  c r y s t a l l i z a t i o n ,  w h i c h  

n i n i x i z e s  r e d o x  p r o d u c e d  i r , y u r i t i e s .  P r o d u c t i o n  o f  

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

Eyr H 0:; t i t r a t i o n  q i v e s  ~ a l u e s  w h i c h  d e v i a t e  by  less 

t h a n  1% f rom t h e  e x p e c t e d  v a l u e s  f o r  t h e  compounds 

s y n t h e s i s e d  ( p u r i t y  ~ 1 9 9 . 5 % ) .  Our c o n c e r n  w i t h  p u r i t y  

a r i s e s  f rom o u r  e x p e r i e n c e  w i t h  IJI14HSe04, w h e r e  s a r ; p l e  

f-2 r e p a  r a  t 1 '3n method p r o f  o c n d  1y i n f l u e n c e d  t e m p e r a t u r e  

d e p e n d e n t  c h a n g e s  i n  t h e  %man s p e c t r a .  

+ 

1 
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RAMAN INVESTIGATIONS OF BISELENATES 345 

Samples o f  RbHSe04 for t h e  p r e s e n t  s t u d y  w e r e  

p r e p a r e d  by a d d i n g  2 .5g  of l?b2C03 t o  a s o l u t i o n  

c o n t a i n i n g  20ml of  3.95M H2SeOq i n  200ml of g l a c i a l  

a c e t i c  a c i d .  The s o l u t i o n  w a s  h e a t e d  t o  6OoC t o  

f a c i l i t a t e  d i s s o l v i n g .  Fo l lowing  f i l t r a t i o n  th rough  

a medium s i n t e r e d  g l a s s  f r i t ,  t h e  c o o l e d  s o l u t i o n  w a s  

a l l o w e d  t o  s t a n d  o v e r  CaC12 unde r  r educed  p r e s s u r e .  

C r y s t a l s  which formed o v e r n i g h t  w e r e  c o l l e c t e d  by 

f i l t r a t i o n ,  washed w i t h  g l a c i a l  acet ic  a c i d ,  and d r i e d  

o v e r  P 2 0 5  + vacuo. 

RbOH y i e l d e d  e q u a l l y  p u r e  p r o d u c t .  Compared to 

c r y s t a l s  o b t a i n e d  by t h e  u s u a l  aqueous  method, RbIISe04 

p r e p a r e d  f rom ace t ic  a c i d  s e e m s  to  be less h y d r o s c o p i c ,  

shows s u p e r i o r  s t a b i l i t y  on s t o r a g e ,  and better w i t h s t a n d s  

r e p e a t e d  h e a t i n g  above  12OoC. 

t h a t  o u r  s amples  have  t h e  same t r i c k i n i c  morphology 

found by WaSkowska, -- e t  as i n d i c a t e d  i n  T a b l e  1. 

An a n a l o g o u s  s y n t h e s i s  u s i n g  

X-ray e x a r r i n a t i o n  shows 

Raman s p e c t r a  w e r e  o b t a i n e d  w i t h  a Spex Ramalog 

s y s t e m  w i t h  an  add-on t h i r d  monochromator,  which 

f u n c t i o n e d  as a f ixed - f r equency  v a r i a b l e  bandpass  f i l t e r  

below 2OQcm . The come-off p o i n t  f r o m  t3e e x c i t i n g  

f r e q u e n c y  was t y p i c a l l y  10cm -. M o s t  s p e c t r a  were 

-1 

- 1  

TABLE 1 

S t r u c t u r e  Data  a t  Room Tempera ture  f o r  R b H S e 0 4  (11, Z = 6 )  

Source  a b C a B Y V 

Rev. 1 2  1 9 . 3 5 9  4 .619  7 .572  30.60 8 9 . 9 0  9 0 . 7 3  677E3 

T h i s  work 1 9 . 3 2 8  4 . 6 1 1  7 . 5 6 7  5 9 . 2 7  8 9 . 8 7  9 0 . 7 4  674E3 
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34 6 CARTER, EDMONDS, AND MC W O N  

e x c i t e d  w i t h  an  a r g o n  l a s e r  o p e r a t i n g  a t  514.5nn and 

-1 
600-1100mw. B e l o w  1 0 0 0 ~ ~  , where s h a r p  bands  axe  

o b s e r v e d ,  t h e  s p e c t r a l  banlpzss w a s  l c m  . Above 

lOOOcn , where b road  and weak bands  due  t o  0'1 mot ions  

a r e  o b s e r v e d ,  t h e  s p e c t r a l  bandoass  was 2-3cm I. 

C l a a s e n  f i l t r a t i o n  or  a s p i k e  f i l t e r  e l i n i n a t e d  unwanted 

laser  f r e q u e n c i e s ,  b u t  any  r e m a i n i n g  bands  o f  s u s p i c i o u s  

o r i g i n  w e r e  v e r i f i e d  by examin ing  s p e c t r a  o b t a i n e d  w i t h  

k r y p t o n  l a s e r  e x c i t a t i o n  (G4?. lnm, 5 0 0 ~ ~ ) .  A Cryogen ic  

Technology Model 2 0  C r y o c o o l e r  equ ipped  w i t h  a buck ing  

h e a t i n g  s y s t e m  p r o v i d e d  v a r i a b l e  t e m p e r a t u r e  s e t t i n g  

t h r o u g h o u t  t h e  r a n g e  20-200K.  A b r a s s  o r  a l u n i n w  

sample h o l d e r  p r o v i d e d  t h e r z a l  c o n t a c t  between t h e  c o l d  

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

c o n t a i n e d  i n  s e a l e d  0.9mm 0.6 .  c a p i l l a r y  t u b e s .  S e v e r a l  

h o u r s  e l a p s e d  be tween s e t t i n g  a d e s i r e d  t e m p e r a t u r e  and  

o b t a i n i n g  d a t a  t o  e n s u r e  t h a t  t h e  sample  was i n  t h e r m a l  

e q u i l i b r i u m  w i t h  t h e  c o l d  s t a t i o n ,  where t h e  the rmocoup le  

i s  l o c a t e d .  

-1 

-1 

- 1  

The s e l e c t i o n  r u l e s  g o v e r n i n g  i n f r a r e d  and  Raman 

a c t i v i t y  i n  t h e  P 1  p r i m i t i v e  c e l l  of f e r r o e l e c t r i c  

RbHSe04 a r e  n o n - r e s t r i c t i v e .  

o f  P a e t z o l d  and A m ~ u l o n g , ' ~  i t  i s  cus tomary  t o  a s s i g n  

t h e  f r e q u e n c i e s  of HSe04 

used  f o r  t e t r a h e d r a l  Se04  , r e c o g n i z i n g  t h e  d e s c e n t  

i n  symmetry f r o m  Tir t o  C3,,. I n  t h e  c r y s t a l ,  t h e  

remaing  two- fo ld  d e g e n e r a c i e s  o f  C a r e  l i f t e d  by 

t h e  t r i v i a l  C1 s i t e  symmetry i n  t h e  t r i c l i n i c  l a t t i c e ,  

Fo l lowing  t h e  p r a c t i c e  

- 
i o n s  a c c o r d i n g  t o  t h e  sys t em 

- - 

3v 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



RAMAN INVESTIGATIONS OF BISELENATES 347 

- 
and the motions of the three unique 3SeO4 

couple to give rise to 3(3N.-E) internal nodes active 

in both spectra. Additionally, there are 9 rotational 

external nodes due to HSe04 

external modes due to both HSe04 

Results and Discussion 

ions may 

- 
and 15 translational 

+ and Rb . 

._____ 

Figure 1 shows the spectrum of RbIiSe04 at 20K 

in the region below 1000cm-l. 

different scales are represented in Figure 1, with highest 

instrumental amplification in the region below 200cn . 
Figure 2 shows the region of 0-H stretching, v ( O H ) ,  and 

in-plane bending, 6 ( O I I ) ,  at temperatures between 20X 

and 300K. 

from the glass capillary. The relatively sharp band 

at 1 5 7 0 ~ n - ~ ,  which is most evident at low temperatures, 

appears to be genuine. Attempts to observe this band 

from capillary samples of K2S04, KIIS04, RbC1, an6 

RbC2H302 were unsuccessful. 

frequencies observed for RbIiSe04 at 20K and 300K with 

proposed assignments. Standard deviations for the data 

are better than 2l.lcn-’ below 1000~rn-~, better than 

- +6cm-’ in the region 1000-2000~n-~, and better than 

+7cm above 2000cm . Owing to the breadth of the 

bands above 2000cm , frequencies for the A and B 

components of w(OH) are limited to three significant 

figures. 

Note that three 

-1 

The features at 1880~rn-~ and 1960cn1-~ result 

Tables 2-4  show the 

-1 -1 
- 

-1 

Our room-temperature data agree in nost respects 
13 . with the results reported by Baran, et g i . ,  if 
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348 CARTER, EDMONDS, AND MC U H O K  

FIG. 1. Raman s p e c t r u m  o f  RbHSe04 below 1000cn1-~ a t  20K. 

F I G .  2 .  Raman s p e c t r u n  of RbI!Se04 i n  t h e  rancie 1 0 0 0  - 2OOOcr.i-' 

a t  t e m p e r a t u r e s  b e t w e e n  2Oi< anC 300I; .  

a l l o w a n c e s  a r e  made f o r  t h e  C i f f e r e n c e s  e x p e c t e d  b e t w c . i , n  

p o l y c r y s t a l  a n 2  s i n g i e - c r l r s t a l  s a n p l e s .  N o n e t h c l c s s ,  

we c a n n o t  v e r i f y  t h e  weak a n u  b r o a i  u n a s s i q n e l i  bar.c: 

a t  250cm w h i c h  the:: have rercr te i . .  F ' u r t i i e r m o r e ,  

i n  l i g h t  o f  t h e  s t a t e d  6cr.: r e s o l u t i o n  of t h e i i -  s t u d . : ,  

-1 

- 1  
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T."iaLE 2 

Raman Frequencies (en-') of 9bXSe04 a t  20K and 300K ( a b o v e  

1000cm-1) 

~- 2 OK 300K AssiFnnent 

2620 2650 U(OH)A 

2250 
2200 

1695 
1667 
1604 

2300 ] w ( O T i ) B  

1620 ] v(0H)C 
2Wl ( ? )  

v + w  
1 3  1570 

1256 
1233 

TABLE 3 

iiaman Frequencies (crn-l) of FibIISeOll a t  20!1 and 30011 (200 - 

10 0 ocm-1 

344(vw) 

821 

750(sh) 
739 

4 30 
420 
405 
397 
394 

802 

391 
373 

;;; ] "4 
375 

353 1 357 
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350 CARTER, EDMONDS, AND MC MAHON 

39 cransiation or libration 

w e  f e e l  t h a t  a l l  f r e q u e n c i e s  o b t a i n e d  f r o n  d i f f e r e n t  

o r i e n t a t i o n s  and s e p a r a t e d  by less t h a n  3cm s h o u l d  be 

r e g a r d e d  as  a c c i d e n t a l l y  d e g e n e r a t e .  W e  a g r e e  w i t h  

m o s t  o f  t h e i r  a s s i g n m e n t s  w i t h  some minor  e x c e p t i o n s ,  

which  may be  n o t e d  i n  T a b l e s  2 - 4 .  

-1 

A s  t h e  sample  i s  c o o l e d  t h e  Raman bands  na r row and 

a g r e a t  d e a l  o f  s t r u c t u r e  becomes e v i d e n t  w i t h i n  

e n v e l o p e s .  I.,Jith some e x c e p t i o n s ,  f r e q u e n c i e s  t e n d  t o  

s h i f t  downward s l i g h t l y ,  b u t  t h e r e  a r e  no  c l e a r  i n d i c a t i o n s  

of a phase  change  w i t h i n  t h e  t e m p e r a t u r e  r a n g e  of t h i s  

s t u d y .  

The m o s t  r e m a r k a b l e  f e a t u r e  of t h e  low t e m p e r a t u r e  

s p e c t r u m  i s  a s i m p l i c i t y  n e a r l y  c o n s i s t e n t  w i t h  a 

m o n o c l i n i c  s t r u c t u r e .  The l o w  symmetry o f  b o t h  t h e  

t r i c l i n i c  and  n o n o c l i n i c  s t r u c t u r e s  f o r  RbHSeO 4 
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351 RAMAN INVESTIGATIONS OF BISELENATES 

would g i v e  r i se  t o  2 7  i n t e r n a l  modes ( d i s r e g a r d i n g  OH 

m o t i o n s ) .  However, a m o n o c l i n i c  s t r u c t u r e ,  s u c h  as 

t h a t  o f  t h e  p a r a e l e c t r i c  p h a s e ,  p l a c e s  t h e  i o n s  on g e n e r a l  

(C,)  and s p e c i a l  ( C  ) s i t e s  i n  a 2 : l  r a t i o  of occupancy .  

A t  t h e  l i m i t  of d i m i n i s h i n g  i n t e r i o n i c  i n t e r a c t i o n  

t h e  s i t e  g r o u p  s e l e c t i o n  r u l e s  become o p e r a t i v e .  F o r  

example ,  i n  t h e  s p a c e  g roup  P 2 ,  t h e  s i t e  g roup  p r e d i c t i o n s  

are t w o  f r e q u e n c i e s  of t y p e  v l ,  f o u r  f r e q u e n c i e s  o f  

t y p e  v 2 ,  and 6 f r e q u e n c i e s  e a c h  o f  t y p e s  v3  and v d .  

Fu r the rmore ,  s i n c e  t h e  r a t i o  of occupancy  o f  g e n e r a l  

t o  s p e c i a l  s i t e s  i s  2 : 1 ,  bands  a r i s i n g  from s i m i l a r  

mo t ions  o f  i o n s  on C1 and C 2  s i t e s  migh t  be  e x p e c t e d  

t o  show a 2 : l  i n t e n s i t y  r a t i o .  W e  have  found s u c h  a 

r a t i o  o f  i n t e g r a t e d  i n t e n s i t i e s  i n  a t  l e a s t  t h r e e  

unambiguous band p a i r s :  ( 1 3 6 , 1 4 O ~ m - ~ ) ,  (331 ,326cm- l ) ,  

and (821 ,802cm-l ) .  

c a n n o t  be  v e r i f i e d ,  owing t o  t h e  u n c e r t a i n t y  i n h e r e n t  

i n  g r a p h i c a l  r e s o l u t i o n  o f  complex band e n v e l o p e s .  

The number o f  i n t e r n a l  node f r e q u e n c i e s  o b s e r v e d  a t  

20K i s  n e a r l y  c o n s i s t e n t  w i t h  t h e  s u g g e s t e d  m o n o c l i n i c  

s i t e  model,  were it n o t  f o r  one " e x t r a "  component e a c h  

of v*, v3 ,  and v 4 ,  which it c o u l d  b e  a rgued  a r i s e  from 

minimal i n t e r i o n i c  v i b r a t i o n a l  c o u p l i n g .  

2 

O t h e r  examples  are s u s p e c t e d  b u t  

The a p p a r e n t  ag reemen t  of t h e  low- tempera tu re  

Raman spec t rum o f  RbASe04 w i t h  a m o n o c l i n i c  s i t e  model 

s h o u l d  n o t  be t a k e n  a l o n e  as e v i d e n c e  f o r  s u c h  a 

s t r u c t u r e .  R a t h e r ,  t h e  spec t rum serves t o  emphas ize  

t h e  s t r u c t u r a l  s i m i l a r i t y  be tween t h e  p a r a e l e c t r i c  
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352 CARTER, EDMONDS, AND MC MAHON 

f x o n o c l i n i c )  a n d  f e r r o e l e c t r i c  ( t r i c l i n i c )  p h a s e s .  

The loss of  t h e  t w o - f o l d  a x i s  i n  p a s s i n g  t h r o u g h  T 

c a u s e s  s y m e t r y - r e l a t e d  pa i r s  of i o n s  o n  g e n e r a l  

p o s i t i o n s  t o  become d i s t i n c t .  Our  Raman r e s u l t s  

s u g g e s t  t h a t  t h e  d i s t i n c t i o n  b e t w e e n  t h e s e  p a i r s  of 

b i s e l e n a t e  i o n s  i n  t h e  t r i c l i n i c  p h a s e  is  s l i g h t  - 

p e r h a p s  less t h a n  t h e  X-ray d a t a  i n d i c a t e .  

C o n s e q u e n t l y ,  t h e  t r i c l i n i c  s t r u c t u r e  n i g h t  be 

d e s c r i b e < ;  a s  p s e u d o - n o n o c l i n i c .  

12 

-1 
The r e y i o n  o f  ' i ( 0 H )  a n d  6 ( 0 1 3 ) ,  a b o v e  i9OOcm , 

e z h i b i t s  some i n t e r e s t i n g  c h a n q e s  w i t h  c o o l . i n q  

i r i q u r e  2). T y p i c a l  of s t r o n g l y  h y d r o g e n - b o n d e d  CX 

s ; ' s t e n s ,  , ( O l i )  a p p e a r s  a s  a t h r e e - b a n d  ABC s y s t e n ,  

a r i s i n r !  f rom F e r r n i  r e s o n a n c e  w i t h  2 6 ( O H )  a n d  

2 / (QE). At 2 0 3  t h e  3 a n d  &(OF!) b a n d s  a r e  s p l i t  

i n t r ,  ",oi?b!ets. The  s p l i t t i n g  o f  t h e  C band  i s  inore 

c?r ;p lez ,  9win. j  t o  t h e  a p p e a r a n c e  of a r e l a t i v e l y  

s h a r p  band a t  1570cm a n d  a more d i f f u s e  band  a t  

1 6 0 4 ~ ; .  . The i570cm band i s  too  s h a r p  t o  b e  a 

,(r)H) m r p o n e n t  a n d  h a s  beer ,  t e n t a t i v e l y  a s s i g n e d  t o  

, : + ,  Its a p p e a r a n c e  o n  c o o l i n g  r e s u l t s  f r o m  

n a r r o v i n f ;  a n d  s h i f t i n g  of t h e  C b a n d .  The b a n d  a t  

1604cm-' may b e  a t h i r d  cor r?oncnt  of t h e  C b a n d  o r  

2,1. I n  a n y  e v e n t ,  t h e  s p l i t t i n g  o b s e r v e d  t h r o u g h o u t  

t h i s  r e q i o n  may b e  i n t e r p r e t e i  a s  t h e  s u p e r i m p o s i n g  of 

t h e  s p e c t r a  of e s s e n t i a l l y  two t y p e s  of OH b o n d s  i n  t h e  

p s e u d o - m o n o c l i n i c  s t r u c t u r e .  

19-21 

-1 

-1 -1 

i 3' 

We h a v e  n o t  o b s e r v e d  a band  w h i c h  c a n  be a s s i g n e d  
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RAMAh' INVESTIGATIONS OF BISELENATES 353 

t o  OH ou t -o f -p l ane  bending,  y ( O E ) ,  owing t o  i n t e r f e r e n c e  

from vl and v 3  bands.  From t h e  assignment  o f  y ( 0 D )  

t o  625cm-l, a &? s h i f t  would s u g g e s t  G84cm-' as t h e  

l o c a t i o n  of y ( O H ) .  However,. t h i s  r eason ing  may be f a u l t y ,  

s i n c e  RbHSe04 and RbDSeOq a r e  n o t  i s o s t r u c t u r a l .  

Odinokov and I o g a n s e n 2 l  have developed a r e l a t i o n s h i p  

by which y ( O H )  can be e s t i m a t e d  from t h e  ABC band 

c o n t o u r .  Using t h i s  w i t h  o u r  d a t a ,  w e  e x p e c t  y ( 0 H )  

a t  9 0 0 + 2 5 ~ m - ~  i n  t h e  t empera tu re  range of t h i s  s t u d y .  

Perhaps t h e  weak band a t  913cm i n  t h e  c ( b b ) a  spectrum 

of Baran,  e t  a l .  is t h i s  mode. We n o t e ,  however, t h a t  

f o r  RbHS04, a non-isomorphous compound w i t h  s i m i l a r  

hydrogen bonding, y ( 0 H )  i s  found i n  t h e  range 

730-825cm , depending on t empera tu re  and phase.  

13 

1 4  

-1 

-1 22 

The movement o f  t h e  OH bands s u g g e s t s  s t r e n g t h e n i n g  

o f  hydrogen bonding w i t h  c o o l i n g .  I t  i s  expec ted  t h a t  

v ( 0 H )  shou ld  s h i f t  down and 6 (OE)  and y (OH) shou ld  

s h i f t  up w i t h  i n c r e a s i n g  s t r e n g t h .  Only t h e  movement 

o f  t h e  C band a p p e a r s  t o  be c o n t r a r y  t o  t h i s .  S i n c e  

t h e  maximum of t h i s  band i s  expec ted  t o  be i n f l u e n c e d  

by 2 6  ( O H ) ,  w i t h  which i t  i s  i n  Fermi r e sonance ,  t h e  

p r o b a b l e  s h i f t  of 6 ( O H )  t o  h i g h e r  f requency may accoun t  

f o r  t h e  observed s h i f t  i n  t h e  C: component. 
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