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CRYSTALLINE NITRIDOPHOSPHATES OBTAINED BY 
THERMAL REACTIONS 

WALTER FELDMANN 
Akademie d e r  Wissenschaf  t e n  d e r  DDR, Z e n t r a l -  
i n s t i t u t  f u r  Anorgan ische Chemie, B e r l i n ,  DDR-1199 

A b s t r a c t  Two t y p e s  o f  c r y s t a l l i n e  n i t  r idophospha-  
t e s  o b t a i n a b l e  b y  s i m p l e  t h e r m a l  r e a c t i o n s  a r e  r e -  
p r e  s e n t  e d * 

INTRODUCTION 

C r y s t a l l i n e  n i t  r i  dophospha t e s  a r e  h i  t h e  r t o  s c a r c e l y  
known. Marchand o b t a i n e d  a c r y s t a l l i n e  sodium n i t r i d o -  

phosphate  t h e  c o m p o s i t i o n  o f  w h i c h  i s  assumed t o  be 

Na3P306N2 by h e a t i n g  o f  amorphous sodium p o l y p h o s p h a t e  

u n d e r  NH3 f l o w  a t  550 OC. T h i s  p a p e r  i s  c o n c e r n e d  w i t h  
two t y p e s  o f  w e l l - d e f i n e d  c r y s t a l l i n e  n i t r i d o p h o s p h a t e s  

f o u n d  i n  o u r  l a b o r a t o r y .  

1 

2,384 TWO TYPES OF CRYSTALLINE NITRIDOPHOSPHATES 

These a r e :  

Type 1: 

[)(Bn~nOn-3~2Jx8 w h e r e i n  n= 4; 5; 

Type 2: 

~13M111P309N]x, w h e r e i n  M I =  Na ; 

and 

[M I p I1 2P309N]i, w h e r e i n  M I =  Na; 

(Owing t o  s i m p l i c i t y  t h e  i n d i c e s  

s e q u e n t l y )  

6. 

I<; MI1'= A1;Ga;Fe;Cr; 
Mn. 

x a r e  o m i t t e d  sub- 

The s p e c i e s  o f  t h e s e  two t y p e s  a r e  p r e p a r a b l e  by t h e r m a l  

r e a c t i o n s  u n d e r  r e l a t i v e  s i m p l e  c o n d i t i o n s .  The s t a r t i n g  
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m a t e r i a l ,  which must c o n t a i n  phosphorus w i t h  t h e  ox ida -  
t i o n  number +5, n i t r o g e n  h a v i n g  the  o x i d a t i o n  number -3 ,  
and the  a p p r o p r i a t e  c a t i o n  (Na o r  t h e  c a t i o n s  M I  and MI1' 
o r  !I1 and MI') and which may be a u n i f o r m  compound 

o r  a m i x t u r e  o f  s e v e r a l  compounds, 
i n c l u d i n g  P-N-compounds as p o l y m e r i c  phosphorus o x i d e  n i -  

t r i d e  PON, i s  hea ted  f o r  a p e r i o d  o f  about  l hour  a t  a 

temperature i n  t h e  range o f  f rom 450 t o  550 O C  f o r  p r e -  
p a r i n g  n i t r i d o p h o s p h a t e s  o f  t ype  1 and i n  t h e  range o f  
f rom 550 t o  850 O C  f o r  p r e p a r i n g  t h e  t ype  2 n i t r i d o p h o s -  
phates. S ince  t h e  sodium n i t r i d o p h o s p h a t e s  a r e  i n s o l u b l e  
i n  wa te r  and the  t ype  2 n i t r i d o p h o s p h a t e s  a r e  i n s o l u b l e  
i n  d i l u t e  HC1 i t  i s  easy t o  i s o l a t e  pu re  samples by ex- 
t r a c t i o n  o f  s o l u b l e  by-products .  

As t o  t h e  n i t r i d o p h o s p h a t e s  o f  type  1 t y p i c a l  r e a c t i o n s  
wh ich  a l l o w  t o  p repare  d e f i n e d  spec ies  and wh ich  g i v e  
some i n f o r m a t i o n s  concern ing  t h e  s t r u c t u r e  o f  t h e  reac-  
t i o n  p roduc ts  a r e  represented :  

e.g. Na3P306(NH)3.H20 

5OO0C 2 PON + Na4P207 .-3 Na4P4OgN2 
5OO0C 2 PON + Na5P3OI0 -) Na5P5Ol2N2 

" t e t  raphos- 
pha te  g l a s s "  

S ince  t h e  s t a r t i n g  p o l y m e r i c  phosphorus o x i d e  n i t r i d e  i s  
composed o f  PaN-P- and P-0-P groups , i t  i s  b e l i e v e d  
t h a t  these s t r u c t u r e  elements remain i n  t h e  r e a c t i o n  pro-  
duc ts  f o r  wh ich  a double c h a i n  c o n s t i t u t i o n  i s  supposed, 

8.g. 

5 

ONa 0 Na 0 Na 0 Na 
I I I I 

- P = N - P - O - P o N - P - O - . . .  

1 I1 I I1 

ONa ONa 6Na 6 Na 
- P = N - P - O - P = N - P - O - . . .  

I e 
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CRYSTALLINE NITRIOOPHOSPHATES [ 14311613 

f o r  Na4P4OgN2. T h i s  c o n s t i t u t i o n  i s  o f  t h e  same k i n d  as 

t h a t  o f  t h e  s i l i c a t e  t y p e  amphiboles6. The number o f  

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

c h a i n  l e n g t h  o f  t h e  used o l i g o p h o s p h a t e .  I n  accordance 

w i t h  t h i s  s t r u c t u r e  c o n c e p t i o n  a l l  sodium n i t r i d o p h o s p h a -  

t e s  a r e  i s o s t r u c t u r a l  ( c f . F i g u r e  1) 

1 . 1 .  

3 4 5 ,  6 A ,  
interpp/anor ~pncinfs d 

FIGURE 1. X-ray d i f f r a c t i o n  p a t t e r n s  o f  t h e  
n i t  r i d o p h o s p h a t e s  NanPn03n-3N2 (n= 4; 5; 6). 

S u i t a b l e  a g e n t s  ( " n i t  r i d i  f y i n g  a g e n t s " )  f o r  t r a n s f o r m i n g  

phosphates and m i x t u r e s  o f  phosphates  a n d  o x i d e s  i n t o  n i -  

t r i d o p h o s p h a t e s  a r e  - b e s i d e s  PON - u r e a  a n d  o t h e r  n i t r o -  

gen d e r i v a t i v e s  o f  c a r b o n i c  a c i d ,  e.g. 

5 NaH2P04 + 8 CO(NH2)2 .-) 5OO0C Na5P5OI2N2 + 8 CO2 

+ 14 NH, - 
2 Na3P309 + A1203 + 3 CO(NH2l2 _~lj 65OoC 2 Na3A1P309N 

+ 3 C 0 2  + 4 NH3 

A n o t h e r  u s e f u l  method f o r  p r e p a r i n g  n i t r i d o p h o s p h a t e s  i s  
t h e  t h e r m a l  d e c o m p o s i t i o n  o f  a condensed p h o s p h a t e  w i t h  
Na 2NCN : - 

2 Na3P309 + Na2NCN .-) 500°C Na4P40gN2 + Ne4P207 + C02  

By h e a t i n g  t h i s  m i x t u r e  a t  a t e m p e r a t u r e  C 45OoC Cyanami- 

dophosphate i s  fo rmed . 
~ll compounds o f  t h e  t y p e  2 n i t r i d o p h o s p h a t e s  a r e  i s o -  
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[144]/614 W. FELOMANN 

s t r u c t u r a l ,  format ion o f  mixed c r y s t a l s  was observed i n  
the i? s i t e s ,  as w e l l  as i n  the MI1' s i t e s  (cf .Figure 2)  

FIGURE 2 X-ray 
d i f f r a c t i o n  p a t t e r n s  
o f  Na Mg2P30gN and 
MI3MIZ1P3OgN 

C r y s t a l  s t r u c t u r e  a n a l y s i s  o f  type 1 and type 2 n i t r i d o -  
phosphates cou ld  not  y e t  made because we d i d  n o t  succeed 
i n  o b t a i n i n g  s u i t a b l e  s i n g l e  c r y s t a l s .  
The n i t r idophosphatss o f  type 1 are  i n s o l u b l e  i n  water, 
whereas the compounds o f  type 2 w i t h  M I f 1  a r e  i n s o l u b l e  
even i n  b o i l i n g  s o l u t i o n s  o f  concentrated a c i d  and a l k a l i  
hydroxydes w i t h  the except ion o f  b o i l i n g  H2S04. Type 2 

compounds w i t h  M I 1  a r e  s o l u b l e  i n  concentrated HC1. 
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