This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
3

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

; S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Related Elements
[ — Preparation and Properties of Cyclophosphatophosphonates with 6-and
i i Cyclophosphates with 6- to 20-Membered Ringanions
' 1 Ulrich Schiillkem?®
* Institute of Inorganic Chemistry, Berlin
;
t
¢

To cite this Article Schiilkem, Ulrich(1992) 'Preparation and Properties of Cyclophosphatophosphonates with 6-and
Cyclophosphates with 6- to 20-Membered Ringanions', Phosphorus, Sulfur, and Silicon and the Related Elements, 65: 1,
95 —98

To link to this Article: DOI: 10.1080/10426509208055327
URL: http://dx.doi.org/10.1080/10426509208055327

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509208055327
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:12 29 January 2011

Downl oaded At:

Phosghoms, ‘Sulfur, ‘ami Siticon, 1992, Vol. 65, pp. 95-98 © 1992 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopying permitted by license only

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-
phosphate are 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 ! and most common method for the preparation of cyclo- and
long chain polyphosphates is the thermal dehydration of metal
dihydrogenphosphates.
>170°C
n MIH POy ——— (MIPO3), + n HyO (1)
n)3

¥Whether the thermal dehydration of a dihydrogenphosphate 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).
[273)/95
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380 °C,1 h, + NajP40q4 seeds
N&Hz?04 B ety N33P309 {2)

350 °C,1 h, + Li6P6018 seeds

23&(“2?04) 2 500 °C, + BaZZn3P1003O/ BaZZn3P10030 (4)
+ 3Zn(H,POy) 2 h
272 seeds

Li4P4012 et e L16P6018
450 °C,1 h
LiqHP0q ol (5)

— Li4P207

320 °C,1 h

L Pb3P4013

170°C, 24h 220°C,1 h
(7
300 °C,1 h

In contrast to the topochemical controlled thermal dehydration of
metal dihydrogenphosphates we prepare the cyclophosphatophosphonates
in amorphous phases e.g. by heating diphosphonic acids and phosphoric

acid in molten urea 3,
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132
R*R C(P03H2)2 + H3P04 + ZOC(Nﬂz)z 0\\ /O
P—
- 2009/-NH; Rl\ / \ ,°
- (NHy) 3 c P_ (8)
2 \
180 °C R2\ / 0
S°
(Rl = H, org. rad.; R? = H, N(CHj),] 0 o

Phosphoric acid and ammonium diphosphate [P(IV)-P(IV)] yield under
the same conditions ammonium cyclotriphosphate, (NH4)4P304, and
ammonium cyclotetraphosphate, (NHy)4P4019. [P(IV)-P(IV)-0-1,, re-
spectively. The dehydration reactions of phosphates and phos-phona-
tes in molten urea proceed most likely via carbamoylphosphates and-
phosphonates as intermediates.
»130 °C
OC(NHZ)Z ———————— HNCO + NH3 (9

2...
+ RzC(PO3H2)2 PO3H 2-
0
i
P-0-CNHy

—-Q

(@)

+ HoPOy_ PO, H 3-
2t¥4 /33

- RzC + C02 + NH3 (11)

\PP
POPOH
n

00

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:
T72 = 4,5 h; cyclodecaphosphat: T/2 = about 1100 h, first order,
0,4 nKOH, 30 °C).

PS.-K
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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.

B 0, -1 3-
P—0
(CH3) 0N / \\ 0 IN NaOH (12)
ELN p
c Pl -
e \ // 0 60 °c,3d
P—0
02
] N(CH) 7 5- 1 N HCl
04P-CH-P (0,) -0PO4 —- (13)
L 60 °C,1 d
g
(CHy) N PO, HO O
AN \ /
C// + /R:
B posH, wo' on
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