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Many examples of metal chelate catalysed hydro-
lysis of phosphoro and phosphonofluoridates have
been reported'™. The Cu(ll)-diamine complexes
(1:1) are effective catalysts; however, studies have
been confined mostly to Cu(lI) nitrate complexes.
Therefore, in our kinetic studies, attention has been
focussed on the effect of anions in CuX,-diamine
(1:1) and (1:2) complexes on the hydrolysis of DFP.

The CuX,: L complexes (where X = NO3, ClOg,
CF5;C0O07, CCl,COO™) were prepared from mix-
tures of Cu(Il) salts and diamine [L =N, N, N’,
N’-tetramethylethylenediamine (TMEN)], I, 3-di-
aminopropane (DAP), and N, N, N’, N'-tetra-
methyl-1,2-phenylencdiamine (TMPD) either in
water or methanol or aqueous methanol.

The rate of hydrolysis of DFP was followed by
measuring the change in conductivity of liberated
HF in unbuffered aqueous solution. Generally the
concentrations of metal chelates were kept higher
than that of DFP so that the reaction follows first
order kinetic rate equation.

A linear plot of In {a/(a—x)] against time proved
that the reaction follows first order kinetics. The
values of experimental 15‘ and k., for various
complexes are listed in table 1. Earlier reports
showed that only (1:1) complexes are effective

Table 1 Kineric results of DFP hydrolysis

[Conc. of the complex = § x 10°*M,
(DEP) = 288 x 10 *M, Temp. 35°C|

Complex 13008 Kops X
10* x s
Cu(Il) perchlorate : TMEN (1:1) 30 231.0
Cu(Il) perchlorate : TMPD (1:1) 40 173.3
Cu(ll) perchiorate: DAP (1:2) 120 57.8
Cu(Il) trichloroacetate : TMEN (1:1) 75 92.4
Cu(Il) trichloroacetate : DAP (1:2) 155 4.7
Cu(Il} trifluoroacetate : DAP (1:2) 165 42.0
Cu(ll) nitrate: TMEN (1:1 mixture) 570 12.16
C i) nitrate : T™EN (1:1) 300 231
©u(il) nitrate: DAP (1:2) 155 4.7
Cu(ID) nitrace - IMPD (1:1) 1200 S8

catalysts and a qualitative suggestion was made
regarding the Lewis acid character of the central
metal atom in promoting hydrolysis. However, the
effect of neither the anions nor the (1:2) metal
ligand complexes in the catalytic hydrolysis of
fluorophosphates has been reported. During the
present study, some of the (1:1) metal complexes
could not be isolated and even if isolated with
difficulty their stability was low in the reaction
medium and consequently showed high apparent 4
values. i

From the table it is evident that the equimolar
mixture of Cu(Il) nitrate and TMEN gave 13=570s
and the isolated Cu(II) nitrate: TMEN (1:1) com-
plex gave (4 = 300s. This proves that the assump-
tion made earlier® that 100% (1:1) complex forma-
tion had taken place is not valid and the reason for
high #3 (15 min) obtained by them was because of
the TMEN:Cu(ll) mixture used. Complexes of
Cu(I): DAP (1:1) could not be isolated and they
disproportionate to give (1:2) complex and
Cu(OH),. However, highly stable Cu(ll):DAP
(1:2) complexes gave quite high activity. This study
shows that both (1:1) and (1:2) complexes are very
effective catalysts and the catalytic activity increases
with increase of the Lewis acid character of the
central metal atom. It is also evident from the table
that the bulk of both the anion and the diamine
ligand plays an important role in the catalytic
activity.

The reaction mechanism proposed by Courtney
et al® may be operating in our system. But the UV
visible monitaring of the reaction system in excess
DFP indicates that as hydrolysis proceeds the
absorption peak due to complex progressively
vanishes- with shifting towards the longer wave-
length and -ultimately appearing at a particular
wavelength where the corresponding Cu(ll} salt
absorbs. This may be due to the neutralization of
amine ligand by liberated HF or it could be due to
the decomposition of the complex during catalysis,
leaving Cu(l]). salt and diamine. So the alternative
mechanism could be as follows:

Ry, CI)H2 Ry, OHj
N . N
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TMEN.Z = (CHz)z, R = CH‘;
DAP:Z = (CHj3);, R=H
TMPD:Z = O-C¢Hy, R = CH;
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Rearranges
—_—

Cu(Il) salt. x H;O + diaminehydrd-
flouride + diisopropylphosphoric acid.

It may be concluded that anion plays a vital role
in Cu(Il) chelate-catalysed hydrolysis thereby
changing the Lewis acid character of the central
metal atom. The bulk of the diamine also governs
the catalytic activity. The Cu(Il) perchlorate com-
plexes of TMEN and TMPD are the most effective
catalysts studied so far.
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