78 .~ JOURNAL OF CHROMATOGRAPHY °

CHROMATOGRAPHIC‘:‘STUDIES ON .THE HYDROLYSIS
OF PHOSPHORUS COMPOUNDS

vPART VI. THE HYDROLYSIS OF SODIUM HEPTAMETAPHOSPHIMATE-
AND OCTAMETAPHOSPHIMATE

F. H.. POLLARD G NICKLESS ANDR W WARRENDER

De[)artment of Chemzstry, University af anlol
Bristol (Great Britain)

(Recewed June 5th, 1962)"

SToKES reported that the metaphosphimic acid series ended at the hexamer, and that -
the heptamer and octamer members existed in a chain form,
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a.lthough he only 1sola.ted the heptamer: acld

StoxkEes! hydrolysed sodium heptametaphosphimate w1th acetic amd a.nd found
that tetrametaphosphimic acid (characterised by observation of its crystalline form)
was formed. SToOKEs did not isolate the octameric phosphomtnhc chloride or the
acid; but found that on hydrolysing the oil (presumably -higher cyclic -polymers)
left after. removal of the heptameric phosphonitrilic chloride, a mixture of higher :
acids was obta.med These acids on further acid hydrolysis, decomposed into tetra-
metaphosphmuc ‘acid, dJldeotmmetaphospha.te and trnmldotetraphospha.te PR

‘The pos51b111ty of ‘such chain meta,phosphlmlc acids existing in acid solutmn,f_v
is very doubtful since they would be expected to degrade directly to orthophosphate,:j_‘
as do imidodiphosphate or diimidotriphosphate. We believe that these higher acids
exist as ring acids, but lack of sufﬁment ma.terlal prevented ma.ny characterisation
tests from being performed. Work is in progress to prepare more of these, matena.lsv?
but’ the y1e1ds are e*ctremely low. Ana1y51s of the mfra.-red spectra of the meta.phos-]
phlmlc acids from the trimer.to the octamer show certa.ln m..uestmg trends, and E
details will be published elsewhere?. Pa.per chroma,togra.phlc results indicate that the"‘j
hepta.rnerlc and octameric acids hydrolyse by paths very similar to the lower acids, -
~and in no way suggest that they . ha.ve dlfferent types of structure T

PRBPARATION 01‘ SODIUM HEPTAMETAPHOSPHIMATE
"AND: SODIUM OCTAMETAPHOSPHIMATD

Both these amds ‘were prepared by exa.ctly srm_tla.r prepamtlons as those descr1be
]_for sodJum penta.meta.— and hexarneta.phosplumates“ ' )
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_ Sodzum kepmmemj)kosj)kzmate
.Found: P, 27.0; N, r1.5. o
" Calc. for P;N,0,,Na;H,: P, 27.8; N, 12.6.

- Sodium octaanetaj)kosj)hzmate

Fqund P, 27.5; N, 11.8. '
Calc for PgNgOsNaHg: P, 28.2; N, 12.7.

A PAPER CHROMATOGRAPHIC STUDY OF THE HYDROLYSIS OI‘ SODIUM
HEPTAMETAPHOSPHIMATE

Sodlum heptameta.phosphlma,te was dissolved in a sodlum aceta,te—-hydrochlonc acid
buffer pH 3.6, and was heated at 60°. Qamples were removed at intervals and eluted

in BIBERACHER’s basic solvent®. The species detected, with their R; values, are given
in Table I.

TABLE 1
" Time A o Species y
7 P , pecies (Ry values)
‘o HeptaMPm (o0.55) only
. 0.2 HeptaMPm (0.55) - Ortho (1.0)
2 ~  HeptaMPm (0.55) - Ortho (1.0) + trace DITMP (1.45)
.6 . HeptaMPm (0.55) -+ Ortho (1.0) -+ little DITMP (1.45) ‘
24 HeptaMPm (o.55) + Ortho (1.0) + little TMPm (1.20) + DITMP (x.45) + trace
ITMP (x1.80)
55 HeptaMPm (o.55). + Ortho (1.0) -+ little TMPm (r.20) -+ large DITMP (1.45) -
ITMP (1.80)
97 HeptaMPm (0.55) + Ortho (1.0) + l1tt1e TMPm (r.20) + large DITMP (1.45) -+
‘ ITMP(ISO) I C
Abbreviations: HeptaMPm': = heptametaphosphimate; TMPm = trimetaphosphimate;

DITMP =fdiimidotrimetaphosphate' ITMP = 1m1dotr1metaphosphate "Ortho == orthophosphate

: The hydroly51s was qulte rap1d compared w1th tha.t of the lower metaphosphlrmc‘
. ac1ds (trimer. e\cluded) and the formation of orthophosphate after only 0.2 h was
. particularly noticeable. The orthophospha.te 1ncreased with time and was present in

considerable concentration after 55 h. DITMP was also present in large quantities
~at 24 h and 55 h, but TMPm was never present in large amounts. As DITMP . was
detected before TMPm, and this indicates that these are formed by two different

'mechanisms rather than TMPm being formed as a ﬁrst step, and then DITMP being
. formed from the TMPm.

' Considerable tailing occurred below the orthophospha.te spot proba.bly due to

some chain phospha.tes but a spot near the starting line was probably TeMPm, and it
was present in lellar concentra,tmns to the TMPm

i A PAPER CHROMATOGRAPHIC STUDY OF THE HYDROLYSIS OF SODIUM
l,m" Lo e o OCTAMETAPHOSPHIMATE o

Sochum octametaph05ph1ma.te was dlseolved in a sodmm a.ceta.te~hydrochlor1c amd ‘
buffer pH 3.6, and was heated at 60°. Samples were removed.- a.t 1nterva.1s and eluted
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in BIBERACHER’s basic solvent®. The species detected, with their Rz values, are gtven
in TableII.

TABLE 11

o
A

Species (R values)

S
<

OctaMPm (o0.50)

OctaMPm {o.50} 4+ Ortho (1.0)

OctaMPm {0.50) + Ortho (1.0) -+ trace DITMP (1.45)

OctaMPm {0.50) -+ Ortho (1.0) + DITMP (1.45) .

OctaMPm (0.50) -+ Ortho (1.0) 4+ trace TMPm (r.20) 4+ DITMP (1.45) -+ trace
ITMP (1.80) L

OctaMPm {0.50) -+ Ortho (1.0) 4+ trace TMPm (1 20) + DITMP (1.45) + ITMP -
{1.80)

OctaMPm {0.50) 4+ Ortho (r.0) 4+ trace TMPm (1.20) + large DITMP (x 45) + ‘
lxttle ITMP (1.8S0)

0

N

N
4-0\(0‘0

[0
[V}
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The rate of hydrolysis was comparable to the rate of hydrolysis of the heptameric
acid. Orthophosphate was formed almost immediately and after 55 h was present
in large quantities. TMPm was again present in only small concentration, and was
detected only after DITMP was detected, indicating tha.t TMPm and DITMP are
formed by different mechanisms.

Tailing occurred below the orthophosphate spot, and was partla.lly due to Octa-
MPm, and to chain phosphates, but a small amount of TeMPm was also present.

THE \lECHA.\ ISM OF HYDROLYSIS

Although HeptaMPm and OctaMPm were only studied quahtatlvely by paper
chromatography, it was shown that the first step ‘of the hydrolysis was a breakdown
to a trimeric imidophosphate with productlon of vast amounts of crthophosphate3.4.
Small amounts of TMPm were formed in each case, probably by a mechanism in- -
volving bonding across the ring. DITMP was formed in greater concentration, prob-
ably through the mechanism involving ring rupture, as for lower metaphosphimates. -
DITMP was detected before TMPm in the hiydrolysis of the higher acid indicating
that they were formed by two different mechanisms. The presence of TeMPm is
explained by the mechanism mvolvmg bondmg across the ring similar to that for‘"\'
the preparatlon of TMPm.

'HO.1_OH HO\/OI-I HO-3 OH
P N P N

N, 1 1 = T 3N
so. I _om
HOOY1e & & s s &<om

HO-"¢~OH HO-s~0H

Bondmg between P(2) and x\(s) glves TeMPxn whjlst bondmg between P(3) 4
‘and N{5) will give TMPm. Work is in progress to elucidate the hydrolysis of the hlgher .
metaphosphimic acids, but yields of the lngher cychc polymers especxa.lly the hepta,
mer and octamer, are very low. i
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SUMMARY

A prellmmary study of the hydrolysis of sodium hepta.- and octarnetaphosphlmates
in weakly acid solution is described. From' paper chromatographlc studies, the prod-
ucts of the reaction appear to be trimeric ring 1m1dophosphates orthophosphate
and ammonia. A 1eaction mechanism is proposed to explam the formatlon of these

products. o
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