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T H E I ~ M A L  D E C O M P O S I T I O N  S T U D I E S  O N  M A N G A N E S E ( I I I )  
S E L E N I T O  C O M P L E X E S  

B.L .  K H A N D E L W A L  a nd  S.P.  MALLELA 

Department of Chemtstry, Indian Institute of Technology, New Delhi-110029 (India) 

(Received 28 September 1979) 

In  o u r  ea r l i e r  c o m m u n i c a t i o n  [1 ]  w e  r e p o r t e d  t h e  t h e r m a l  d e c o m p o s i t i o n  
s t u d i e s  o n  s o m e  m a n g a n e s e ( I I I )  s e l en i t e s .  T h e  p r e s e n t  c o m m u n i c a t i o n  
d e s c r i b e s  t h e  p r e p a r a t i o n  a n d  t h e r m a l  s t u d i e s  o f  r u b i d i u m  d i s e l e n i t o  m a n -  
g a n e s e ( I I I )  s e s q u i h y d r a t e  a n d  c e s i u m  d i s e l e n i t o  m a n g a n e s e ( I I I )  t r-~hydrate.  

EXPERIMENTAL 

Prepare tion 

Rubid ium dzselenito manganese(llI)  sesquihydrate, RbMn(SeO3)=-1.5  
H20 (compound 1) 

T o  a 50  m l  s o l u t i o n  c o n t a m i n g  20  g o f  s e l e n i u m  d i o x i d e ,  so l id  r u b i d m m  
c a r b o n a t e  was  a d d e d  t o  ra ise  t h e  p H  t o  3 .5 .  C a r b o n  d i o x i d e  was  e x p e l l e d  b y  
h e a t i n g  t h e  s o l u t i o n  a t  l o w  t e m p e r a t u r e .  T o  th i s  s o l u t i o n ,  1 .2  g o f  m a n g a -  
n e s e ( I I I )  s e l e n i t e  t e t r a h y d r a t e  w a s  a d d e d  a n d  s t i r r ed  v i g o r o u s l y  f o r  2 - -3  ra in .  
T h e  u n d i s s o l v e d  s e l e n i t e  was  s e p a r a t e d .  T h e  d e e p  b r o w n  s o l u t i o n  gave d a r k  
b r o w n  c rys t a l s  o n  s t a n d i n g  o v e r n i g h t .  

Cesium diselenito manganese(IlI) trihydrate, CsMn(SeO3):- 3 H,_O (conz- 
pound  2) 

20  g o f  s e l e n i u m  d i o x i d e  was  d i s s o l v e d  in 50  m l  d i s t i l l ed  w a t e r  m~d so l id  
c e s i u m  c a r b o n a t e  a d d e d  t o  ra ise  t h e  p H  t o  3 .5 .  T h i s  s o l u t i o n  was  t r e a t e d  
e x a c t l y  as d e s c r i b e d  a b o v e  w i t h  m a n g a n e s e ( I I I )  s e l e n i t e  t e t r a h y d r a t e  a f t e r  
e x p e l l i n g  c a r b o n  d i o x i d e .  D a r k  b r o w n  c rys t a l s  w e r e  o b t a i n e d .  

Analysis 

S e l e n i u m  wa s  e s t i m a t e d  g r a v i m e t r i c a l l y  in  t h e  e l e m e n t a l  f o r m  a f t e r  r e d u c -  
t i o n  w i t h  s u l p h u r o u s  ac id  in  c o n c e n t r a t e d  HC1. M a n g a n e s e  was  e s t i m a t e d  
s p e c t r o p h o t o m e t r i c a l l y  as p e r m a n g a n a t e  a f t e r  r e m o v a l  o f  s e l e n i u m .  R u b i -  
d i u m  a n d  c e s i u m  w e r e  e s t i m a t e d  b o t h  b y  f l a m e  p h o t o m e t r y  u s i n g  f i l t e r s  N o .  
7 8 7  a n d  8 5 2 ,  r e s p e c t i v e l y ,  a n d  a lso  b y  t h e  t e t r a p h e n y l b o r o n  m e t h o d .  A n a -  
l y t i c a l  d a t a  a re  g iven  in  T a b l e  l .  
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2 6 3  

M a g n e t i c  s u s c e p t i b i l i t i e s  w e r e  d e t e r m i n e d  w i t h  a C a h n  F a r a d a y  E l e c t r o -  
m a g n e t i c  b a l a n c e  u s i n g  H g [ C o ( N C S ) 4 ]  as s t a n d a r d .  T h e  T G A  s t u d y  w a s  car-  
t i e d  o u t  w i t h  a S t a n t o n  r e c o r d i n g  t h e r m o b a l a n c e ,  m o d e l  H T - D ,  a n d  D T A  
w i t h  a S t a n t o n  R e d c r o f t  D T A  6 7 3 - 4  u n i t .  

R E S U L T S  A N D  D I S C U S S I O N  

T h e  t r i v a l e n t  s t a t e  o f  m a n g a n e s e  in  b o t h  t h e  c o m p l e x  s e l e n i t e s  is c o n -  
f i r m e d  b y  t h e  e f f e c t i v e  m a g n e t i c  m o m e n t  va lue  o f  4 .9  B M  a t  r o o m  t e m -  
p e r a t u r e ,  t h e  v a l u e  e x p e c t e d  f o r  a h i g h - s p i n  d 4 i o n  w i t h o u t  o r b i t a l  c o n t r i b u -  
t i o n .  

T h e r m o a n a l y t i c a l  c u r v e s  o f  t h e  c o m p o u n d s  are  p r e s e n t e d  in  Figs .  1 a n d  2. 
B o t h  c o m p o u n d s  lose  w a t e r  o f  c r y s t a l l i s a h o n ,  h a l f  a m o l e  f r o m  c o m p o u n d  1 
a n d  o n e  m o l e  f r o m  c o m p o u n d  2, in  t h e  t e m p e r a t u r e  r a n g e  5 0 - - 1 5 0 ° C .  T h e  
loss  u p  t o  a r o u n d  3 0 0 ° C  c o r r e s p o n d s  to  t h e  e l i m i n a t i o n  o f  o n e  m o l e  o f  c o o r -  
d i n a t e d  w a t e r  f r o m  c o m p o u n d  1 a n d  t w o  m o l e s  f r o m  c o m p o u n d  2.  T h e  co r -  
r e s p o n d i n g  e n d o t h e r m i c  e f f e c t s  w e r e  o b s e r v e d  in t h e  D T A  cu rves .  T h e  in f ra -  
r e d  s p e c t r a  o f  t h e  c o m p o u n d s  a f t e r  b e i n g  h e a t e d  t o  3 0 0 ° C  s h o w e d  t h e  
a b s e n c e  o f  w a t e r  vzb ra t i ons .  T h e  e x o t h e r m i c  e f f e c t s  f o r  c o m p o u n d  1 a t  
3 2 7 ° C  a n d  fo r  c o m p o u n d  2 a t  3 3 0 ° C  w i t h o u t  a n y  w e i g h t  loss  m a y  be  d u e  
t o  s o m e  s t r u c t u r a l  c h a n g e  o c c u r r i n g  in t h e  c o m p o u n d s  o n  d e h y d r a t i o n .  

T h e r m a l  d e c o m p o s i t i o n  t r a n s i t i o n  p r o c e s s e s  o f  t h e  a n h y d r o u s  r u b i d i u m  
c o m p o u n d  are  r a t h e r  c o m p l e x .  Seve ra l  c o m p l e x  r e a c t i o n s  o c c u r  in  t h e  r a n g e  
3 6 0 - - 6 3 0 ° C ,  as is q u i t e  e v i d e n t  f r o m  t h e  e n d o t h e r m i c  p e a k s  a t  3 9 7 , 5 3 7  a n d  

TemperotumneC DTA 
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Fig.  1. T G  a n d  D T A  c u r v e s  f o r  R b M n ( S e O 3 ) :  - 1 .5 H 2 0 .  
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Fig. 2. TG and DTA curves for CsMn(SeO3)z - 3 HzO- 

5 4 7 ° C .  H o w e v e r ,  the  w e i g h t  c h a n g e  up  to  6 3 0 ° C  c o r r e s p o n d s  to  the  loss o f  
o n e  m o l e  o f  s e l e n m m  d i o x i d e  and the  f o r m a t i o n  to  RbaSeO3 and m a n g a n e s e -  
(III) o x y s e l e n i t e .  T h e  latter  f inal ly  appears  to  d e c o m p o s e  to  Mn,_O3 via man-  
ganese  (III) ( d l ) o x y s e l e m t e .  T h e  f o r m a t i o n  o f  Rb,_SeO3 has been  c o n f i r m e d  
b y  treat ing the  hea ted  ( 6 3 0 ° C )  s a m p l e  w i th  water  and ana lys ing  the  s o l u t i o n  
o b t a i n e d  for  r u b i d i u m  and s e l e n i u m .  T h e  X-ray d i f f rac togram o f  the  p r o d u c t  
h e a t e d  to 9 0 0 = C  s h o w e d  character is t ic  d- l ines  for  b o t h  l~b,_SeOj and Mn:O~.  

T h e  a n h y d r o u s  c e s i u m  c o m p o u n d  d e c o m p o s e s  to  m a n g a n e s e  o x y s e l e n i t e  
and c e s i u m  se len i te  in the  t e m p e r a t u r e  range 3 6 0 - - 4 7 0  ° C. T h e  c o r r e s p o n d i n g  
e n d o t h e r m i c  e f f e c t  is observed  at 4 0 0 ° C .  T h e  trans ient  e x i s t e n c e  o f  o x y -  
s e l en i t e  is ev ident  f r o m  the  i n f l e x m n  in the  T G  curve.  T h e  f o r m a t i o n  o f  
Cs_,SeO~ at this stage has been  ascerta ined  b y  ana lys ing  the  a q u e o u s  extract  
o f  the  h e a t e d  ( 4 7 0 ° C )  c o m p o u n d  for  c e s i u m  and s e l e n i u m .  T h e  m a n g a n e s e  
o x y s e l e n i t e  f ina l ly  d e c o m p o s e s  to  Mn,_O3 via manganese ( I I I )  ( d i ) o x y s e l e m t e .  
T h e  d i f f rac togram o f  the  f ina l ly  h e a t e d  ( 7 5 0 ° C )  p r o d u c t  s h o w e d  characteris-  
t ic  d- l ines  for  b o t h  Cs_,SeOj and Mn:O~.  

In b o t h  these  c o m p o u n d s ,  the  observed  w e i g h t  losses  at h igher  tempera-  
ture  are m o r e  than  the  t h e o r e t i c a l l y  e x p e c t e d  values .  This  is d u e  to  s l ow  
d e c o m p o s i t i o n  o f  Rb,_SeO3 and Cs ,SeO3 as repor ted  earlier [ 2 , 3 ]  and  is also 
e v i d e n t  f r o m  the  c o n t i n u o u s  loss f o u n d  in the  T G  curves .  C o m p o u n d  1 
s h o w s  an a l m o s t  c o n t i n u o u s  loss o f  w e i g h t  and it is q u i t e  c o m p l i c a t e d  to  
d e t e r m i n e  t h e  e x a c t  t e m p e r a t u r e  range in w h i c h  a part icular  t rans i tmn  
occurs .  T h u s  it s h o w e d  a rather h igher  t e m p e r a t u r e  range for  the  f o r m a t i o n  
o f  o x y -  and ( d i ) o x y s e l e m t e s  c o m p a r e d  wi th  t h o s e  o f  p o t a s s i u m  [1 ]  and 
c e s i u m  c o m p l e x  se len i tes .  

T h e r m o a n a l y t m a l  results  and p r o p o s e d  t h e r m a l  d e c o m p o s i t i o n  processes  
o f  these  se len i tes  are given in Tab le  2.  
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