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ON T H E  CiEStlAIdISI4S OF R E A C T I O N S  O F  ME(I1)-PHOSPHATES 
IN T H E  s n m  S T A T E  

KARLHEINZ JOST,  MATTHIAS SCHNEIDER, HORST WORZALA 
Z e n t r a l i n s t i t u t  fur  a n o r g a n i s c h e  Chemie d e r  AdW 
d e r  D O R ,  Rudower Chaussee 5 ,  1 1 9 9  B e r l i n ,  DDR 

A b s t r a c t  By s t u d y  o f  t o p o t a c t i c  r e a c t i o n s  
c o n c l u s i o n s  o n  t h e i r  mechan isms  o n  a n  a t o m i c  
s c a l e  w e r e  d e r i v e d .  

INTRODUCTION 

A i m  o f  t h i s  p a p e r  i s  t o  g i v e  c o n t r i b u t i o n s  t o  t h e  k n o w l e d g e  

o f  mechan isms  o n  a n  a t o m i c  s c a l e  o f  s o l i d  s t a t e  r e a c t i o n s .  

One way t o  o b t a i n  i n f o r m a t i o n  i n  t h i s  r e s p e c t  i s  t o  i n v e s t i -  

g a t e  t o p o t a c t i c  r e a c t i o n s  b y  d i f f r a c t i o n  m e t h o d s .  We u s e  t h e  

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

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

o r i g i n a l  o r i e n t a t i o n  a r e  t a k e n  o v e r  n e a r l y  u n d i s t u r b e d  from 
t h e  e d u c t  i n t o  t h e  p r o d u c t  s t r u c t u r e .  

S u b j e c t  o f  o u r  i n v e s t i g a t i o n s  w e r e  s o l i d  s t a t e  r e a c -  

t i o n s  i n  t h e  s y s t e m s  Pb0-P205-H20 a n d  Ca0-P205-H20 which 

p r o c e e d  c r y s t a l l o g r a p h i c a l l y  o r i e n t e d  ( F i g u r e  1). The r e a c -  

t i o n s  were i n v e s t i g a t e d  b y  X - r a y  d i f f r a c t i o n ,  t h e r m o g r a v i -  

m e t r y  and  p a p e r  c h r o m a t o g r a p h y .  C o n c l u s i o n s  o n  t h e i r  me- 

c h a n i s m s  were deduceu b y  c o m p a r i s o n  o f  t h e  c r y s t a l  s t r u c t u r e s  

o f  e d u c t  a n d  p r o d u c t .  

C a 7 ( P  Ol7) .4H20 E Ce ( H 2 P 0 4 ) 2 . H 2 0  

P b 7 ( P 4 0 1 7 ) . 4 H 2 0  P b ( H 7 P U 4 ) 2  

P b 7 ( P 4 0 1 2 ) . 7 H 2 0  PbHP04 + H,PU4 C a 7 ( P p 0 , 7 ) . H Z 0  1 I 4 
CR(H~PO,)~ \ / 4 

Pb7HP,010 t H,P04 C a 7 ( P 4 0 1 7 )  / \ '  
amorphous p o l y p h o s p h n t e  

4 
P b 2 ( P 4 0 , 2 )  

F I G U R E  1. S u r v e y  of  i n v e s t i g a t e d  r e a c t i o n s .  

[ lOS]/S75 
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ORIENTATION TRANSFER I N  T O P O T A C T I C  R E A C T I O N S  

I n  F i g u r e  2 t h e  o r i e n t a t i o n s  a r e  shown i n  w h i c h  f r o m  

Pb2(P4012).4 H20 a t  f i r s t  t h e  2 -Hydra te  and t h a n  Pb2HP3010, 

a c h a i n  phospha te ,  a r e  fo rmed  ( F i g u r e  1)'. One can  see t h a t  

two o f  t h e  c r y s t a l l o g r a p h i c  axes  r e m a i n  s t r i c t l y  i n  one and 

t h e  same p l a n e  and t h e  c r o s s  s e c t i o n s  o f  t h e  u n i t  c e l l s  w i th  

t h i s  p l a n e  a r e  n e a r l y  c o n s t a n t  i n  a r e a .  T h i s  l e a d s  t o  t h e  

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

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

I n s p e c t i o n  o f  t h e  t h r e e  c r y s t a l  s t r u c t u r e s  shows l a y e r s  

o f  PbOx p o l y h e d r a  p a r a l l e l  t o  t h i s  p l a n e  and moreover  t h a t  

d u r i n g  t h z  r e a c t i o n s  e v e r y  second o f  t h e s e  l a y e r s  r e m a i n s  

unchanged i n  i t s  a t o m i c  a r rangement  ( F i g u r e  2). A l l  t h e  

s t r u c t u r a l  a l t e r a t i o n s  o c c u r  i n  t h e  l a y e r s  be tween them. 

T h e r e f o r e  t h e  f i r s t  ones s h o u l d  be t h e  s t r u c t u r a l  u n i t s  which 

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

obse rved  i n  t h e  r e a c t i o n s  s t a r t i n g  w i t h  Ca2(P4012).4 H20 

( F i g u r e  lI3. There  i s  an i n t e r m e d i a t e  amorphous phase w h i c h  

does n o t  i n t e r r u p t  t h e  o r i e n t a t i o n  t r a n s f e r .  T h a t  t h i s  phase 

i s  t r u l y  X- ray  amorphous was checked by  ove rexposed  X- ray  

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

An i n t e r e s t i n g  case o f  o r i e n t a t i o n  t r a n s f e r  has  been 

1 . . .  . . .  . .  
.L. !ri&r@.f.* 

-.l*wlo 

F I G U R E  2 .  O r i e n t a t i o n  o f  t h e  u n i t  c e l l s  i n  t h e  f i r s t  
s t e p s  o f  deh d r a t i o n  o f  Pb ( P  0 .4 H 0 and 
u n d i s t u r b e d  Yayers  i n  t h e  k s b .  l d t r u c ? u r e s  
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REACTIONS OF ME( 11)-PHOSPHATES I N  SOLID STATE [1071/577 

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

i n d u c e  t h e  o r i e n t e d  c o n t i n u a t i o n  o f  t h e  r e a c t i o n .  

CHANGE I N  CHENICAL FUNCTION OF ATOMS DURING REACTION 

I n  t h e  r e a c t i o n  Pb2(P4012) .4 H20-Pb2(P4Ol2).2 H20 o n l y  d e -  

h y d r a t i o n  t a k e s  p l a c e  a n d  n o  c h a n g e  i n  a n i o n  c o n s t i t u t i o n  

( F i g u r e  1). I n  o r d e r  t o  o b t a i n  i n f o r m a t i o n  o n  t h e  mechan isms  

a c t i n g  t h e r e  we compare  t h e  c r y s t a l  s t r u c t u r e s  i n  t h e i r  r e l -  

a t i v e  o r i e n t a t i o n  ( F i g u r e  3 ) .  We do t h i s  b y  3 - d i m e n s i o n a l  

s u p e r p o s i t i o n  o f  t h e  t w o  s t r u c t u r e s .  Wi th  t h e  h y p o t h e s i s  

t h a t  t h e  l a r g e  a t o m s  t e n d  t o  p r e s e r v e  t h e i r  p o s i t i o n s  we 

come t o  t h e  c o n c l u s i o n  t h a t  h a l f  o f  t h e  w a t e r  l o s t  i s  o r i g i -  

n a l  w a t e r  o f  c r y s t a l l i z a t i o n  w h i l e  t h e  o t h e r  h a l f  i s  f o r m e d  

f r o m  o x y g e n  o r i g i n a l l y  b o u n d  t o  P i n  t h e  a n i o n  ( F i g u r e  3 ) .  
Mass s p e c t r o m e t r y  o f  t h e  w a t e r  l o s t  d u r i n g  d e h y d r a t i o n  o f  

Pb2(P416012). 4 H 2 l 8 0  c o n f i r m e d  t h i s  c o n c l u s i o n .  

THE ROLE OF GLIDE PROCESSES 

By s h o r t  h e a t i n g  a t  100 " C  o r  s t o r i n g  i n  m o i s t  a i r  

Pb(H2PC14)2 becomes a n  o r i e n t e d  i n t e r g r o w t h  of  PbHP04 w i t h  

H3P04. I t s  amorphous  p a r t ,  H3P04, c a n  e a s i l y  b e  e x t r a c t e d .  

< .  
%; HzO 

FIGURE 3.  C o n s i d e r e d  r a n g e  i n  t h e  s u p e r p o s i t i o n  o f  t h e  
4 - H y d r a t e  ( f u l l  l i n e s ,  O =  w a t e r )  a n d  2-Hy- 
d r a t e  ( o p e n  l i n e s )  s t r u c t u r e s .  B r o k e n  l i n e s  
e n c l o s e  a toms  c h a n g i n g  t h e i r  c h e m i c a l  
f u n c t i o n s .  
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A S  : P = 59 : 4 1  

PbH(As,P)04 + H3(As ,P)04  
83  : 1 7  3 6  : 6 4  

(82 : 1 8 )  ( 3 5  : 6 5 )  

FIGURE 4 .  S t r u c t u r e s  o f  Pb(H PO ( t o p )  a n d  PbHPO 
a n d  e x a m p l e  f o r  o b z e r t e 8  a n d  e x p e c t e d  ( i A  
p a r a n t h e s e s )  As/P r a t i o s  i n  t h e  r e a c t i o n  
p r o d u c t  o f  a m i x e d  c r y s t a l .  L a y e r s  a n d  s l i p  
v e c t o r :  H o r i z o n t a l ,  H - b r i d g e s :  d o t t e d  

C o n i p a r i n g  t h e  s t r u c t u r e s  o f  Pb (H2P04)2  a n d  PbHP04 

(FIGURE 4 )  we h a v e  t h e  f o l l o w i n g  a s s u m p t i o n  o f  t h e  r e a c t i o n  

mechan isms :  L a y e r s  s h a r e d  w i t h  o n e  a n o t h e r  b y  h y d r o g e n  bonds 

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

I n  c o n n e c t i o n  w i t h  t h i s  p r o c e s s  f r o m  e v e r y  p a i r  o f  (H2P04) -  

i o n s  a l o n g  t h e  s l i p  v e c t o r  one  a t  a t i m e  i s  s e g r e g a t e d .  

f r o m  i t  s h o u l d  b e  f u l f i l l e d .  So we c a n  a s k  for a r u l e  o f  

s e l e c t i o n  o f  t h e  a n i o n s  t o  b e  s e g r e g a t e d .  With m i x e d  c r y s t a l s  

Pb (H2(As ,P)O4 I2  we f o u n d  n o  d i f f e r e n c e  b e t w e e n  t h e  occupat ion 

f a c t o r s  o f  t h e  t w o  c r y s t a l l o g r a p h i c a l l y  i n d e p e n d e n t  a n i o n  

p o s i t i o n s  b u t  l a r g e  d i f f e r e n c e s  b e t w e e n  As/P i n  t h e  t w o  

p r o d u c t  p h a s e s  ( F i g u r e  4). With t h e  r u l e  " p h o s p h a t e  i s  e x -  

s o l v e d  i n  p r i o r i t y  t o  a r s e n a t e "  o b s e r v e d  a n d  e x p e c t e d  As/P 

r a t i o s  a r e  i n  a c c o r d a n c e .  An e p i t a c t i c  r e a c t i o n  w i t h  f a -  

v o u r e d  i n c o r p o r a t i o n  o f  As i n  t h e  p r o d u c t  c r y s t a l s  i s  e x -  

c l u d e d  b e c a u s e  t h e  As/P d i s t r i b u t i o n  i n  t h e s e  c r y s t a l s  i s  

homogenous.  T h e r e f o r e  o u r  t o p o t a c t i c  m o d e l  i s  s u p p o r t e d .  

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