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PREPARATION AND PROPERTIES OF CYCLOPHOSPHATOPHOSPHONATES WITH 
6-AND CYCLOPHOSPHATES WITH 6- TO 20-MEMBERED RINGANIONS 

ULRICH SCHULKE 
Institute of Inorganic Chemistry, Rudower Chaussee 5, Berlin, 
0-1199 

Abstract Pure cyclotri-, -hexa-, -octa- and decaphosphates 
are prepared by topochemical controlled thermal dehydration of 
certain dihydrogenphosphates. Cyclophosphatophosphonates are 
prepared by heating geminal diphosphonic acids and phosphoric 
acid in molten urea. Cyclophosphatanions larger than cyclopenta- 
phosphateare very resistant against hydrolysis. The complexing 
abilities of cyclophosphates increase with ring size. Phospa- 
tophosphonates are more resistant to ring cleavage than the 
correspondend cyclophosphates. 

PREPARATION 

The eldest 
long chain polyphosphates is the thermal dehydration of metal 

and most common method for the preparation of cyclo- and 

dihydrogenphosphates. 
)17OoC 

n M I H ~ P O ~  _____t 

Whet 

M1PO3ln + n H20 
n i 3  

(1) 

er the thermal dehydr-tion of a dihydrogenp-mphate leads to a 
ring- or a long chain polyphosphate depends mainly on 
- the size of the cations 
- the thermal stability of the final product 
- and of the formation conditions. 
The influence of the formation conditions on the ratio of cyclo- to 
polyphosphates in the final products is caused by amorphous and 
crystalline intermediates and their ability to form cyclo- or poly- 
phosphate nuclei. In order to control these processes we use the 
directed nucleation, e.g. by seeding or by using topotactic reaction 
steps 2. In this way we obtained pure cyclotri- (2) , cyclohexa- (3,5), 
cycloocta- (6,7) and cyclodecaphosphates ( 4 ) .  
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Pb2P4012 * Pb4P8024 
320 OC,1 h 

(6) r Pb3 '4'1 3 

Pb2HP3010 

In contrast to the topochemical controlled thermal dehydration of 
metal dihydrogenphosphates we prepare the cyclophosphatophosphonatee 
in amorphous phases e.g. by heating diphosphonic acids and phosphoric 
acid in molten urea . 3 
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CYCtOPHOSPHATOPHOS PHONATES AND -PHOSPHATES [275]/97 

___l___t (NH413 
180 OC R2’ \ I ‘O 

O‘ 
[R1 = H, org. rad.; R2 = H, N(CH3)21 0 

Phosphoric acid and ammonium diphosphate [P (IV) -P (IV) I yield under 
the same conditions ammonium cyclotriphosphate, (NH4)3P309, and 
ammonium cyclotetraphosphate, (NH4)4P4010, [P(IV)-P(IV)-O-l2, re- 
spectively. The dehydration reactions of phosphates and phos-phona- 
tes in molten urea proceed most likely via carbamoylphosphates and- 
phosphonates as intermediates. 

,130 O C  

OC (NH2) 2 HNCO + NH3 ( 9 )  

\ ?  P 
P-0-CNH2 
II 
0 

+ C02 + NH3 
3- 

+ H2PO4- 

R2C, ”--.- (11) 

\ P  P 
POPOH 
II It 
0 0  

PROPERTIES 

Cyclophosphates are quite stable in aqueous solutions. In alkali- 
ne solutions the ringanions are cleaved to give the correspondend 
linear polyphosphates. Cyclophosphate anions larger than cyclo- 
pentaphosphat are very resistant to hydrolysis (cyclotriphosphat: 
2.72 = 4,5 h; cyclodecaphosphat:T/2 = about 1100 h, first order, 
0,4 nKOH, 30 “C). 
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The complexing abilities of cyclophosphates increase continu- 
ously with ring size. The complex formation of alkali cyclodeca- 
phosphate and of long chain alkali polyphosphates with calcium 
ions is of exact the same magnitude 4.  

The cyclophosphatophosphonate anion is more resistant to hy- 
drolysis than the corresponded cyclophosphate. 

02 3- 

(CH3)2N, / \ //” 1N NaOH 

~ H’{:/\] P-0 60 OC,3d 

L.- 

- 
1 N HC1 

J 5-- 60 OC.1 d 

y(CH3)2 
03P-CH-P (02) -OP03 
i 

(12) 

H 
\ 

HO 0 
\ p// (CH 3 2N\ 3 2 

+ 
/- \ 

H’ ‘ ~ 0 3 ~ 2  HO OH 

REFERENCES 

1. T.H. Graham; Philos.Trans.Roy.Soc.London, I1 253 (1833) 
2. U. Schiilke, R. Kayser; 2.anors.allq.Chem. 504, 77 (1983) 

3. U. Schiilke, R. Kayser, P. Neumann; 2.anorg.allq.Chem. 

4. U. Schulke, A .  Durif; Z.anorq.allq.Chem., to be publ. 

- 531, 165 (1985) 

- 504, 272 (1989) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


