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Abstract: Kinetic study of the hydrolysis of p-propoxy aniline phosphate triester has been done in 1.0 to 6.0 mol dm™> HCI and pH 1.24
to 7.46 at 97+ 0.5°C in aqueous dioxan (v/v) mixture. The rate of hydrolysis was determined by measuring the rate of appearance of
inorganic phosphate by Allen’s modified colorimetric method [1]. The concentration of triester in all the kinetic runs was maintained
5.0x107 mol.cm™. The first order rate coefficients have been calculated using integrated form of the corresponding rate equation:

K,=K,..Cp..exp.u

Effects of variable factors such as temperature, pH, ionic-strength, concentrations etc. on the rate of hydrolysis of the triester have been
studied to find out the participation of water molecule. Concepts such as Hammett acidity function [2]. Bunnett parameters [3]. Zucker-
Hammett hypothesis [4] and Bunnett-Olsen plot [5] together with Arrhenius parameters [6], comparative isokinetic data and isokinetic
relationship [7-8] of other triesters of known mechanism were considered for deciding the molecularity, bond—fission and probable
mechanism. The p—propoxy aniline phosphate triester has been found to be reactive via conjugate acid and neutral species but for the

sake of convenience results for only conjugate acid species have been described and discussed in this study.
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1. Introduction

The study of kinetics means, the study of motion. It covers
all the important aspects of chemical reaction including
mechanism. The outcome of investigations indirectly
explain the path of certain complex biochemical processes,
the industrial applications as well as academic significance
of phosphate esters. The study of kinetics of phosphate
esters having C-O-P, C-N-P linkages cover a vast
dimensions of human race development. Organophosphate
esters have high applicability in industry, agriculture,
horticulture, public health, plastic technology and many
other related fields. The multi-dimensional importance of
organophosphates leads to vigorous research and
development. Also, many of the organophosphates play a
key role in biological systems, whereas on the other hand
some esters of neutral nature exhibit biocidal activities.

With the above developments in the field of
organophosphate esters having C—O—P, C-N-P linkages [9—
28] investigations of the kinetic study of the acid hydrolysis
of p—propoxy aniline phosphate triester have been made in a
wide range of various experimental conditions at 97°C.

2. Experimental Investigations

(i) Preparation of the Compound

The method of preparation of p—propoxy aniline phosphate
triester has been done by the general methods [29, 30],
which involves the direct reaction of POCI; with the present
aryl amine. 15.1 g of pure p—propoxy aniline was dissolved
in 100 ml of dry benzene in round bottom flask. 9.0 ml. of
POCIl; was added dropwise with constant stirring to the ice-
cooled amine in about half-an—hour. The mixture was than
refluxed for about 25 hours on the soxhlet heater at constant
temperature of 65°C and then distilled at reduced pressure.
The first fraction was removed by distillation at bsy 160°C.
The second fraction was distilled at bs, 160-180°C which
was supposed to dichloridate of  p—propoxy aniline

monoester. The residue left in the round bottom flask was
digested in hot SN NaOH solution, filtered and washed
several times with boiled distilled water. It was then dried
and re-crystallised with absolute ethyl alcohol to give a
white crystalline solid, which was indentified to be crude
triester of p—propoxy aniline with the following physical

properties

(i) Melting point =305C
(i1) Theoretical percentage of 'P' =6.23
(iii) Observed percentage of 'P' =6.19

(ii) Hydrolysis Via Conjugate Acid Species

Kinetic study of the hydrolysis of tri—-p—propoxy aniline
phosphate has been done in the acid region from 0.1 to 6.0
mol. dm™ HCI and pH 1.24 to 7.46 in 30% aqueous dioxin
mixture at 97 + 0.5°C. Pseudo first order rate coefficients
have been summarised in Table 1 and Fig. I describes pH-
log rate profile for the hydrolysis of triester.

Table 1: pH - log Rate Profile of TRI-p-Propoxy Aniline
Phosphate at 97 C
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HCI (mol.dm.”)| pH K.10° (mol.dm.” min™) | 5+log K,
6.0 -0.778 50.44 1.70
5.0 -0.699 114.82 2.06
4.0 -0.602 192.62 2.28
3.0 -0.477 170.86 2.23
2.5 -0.400 154.25 2.19
2.0 -0.300 138.72 2.14
1.0 0.000 91.89 1.96
0.5 0.301 70.14 1.85
0.2 0.700 50.08 1.70
0.1 1.000 35.88 1.56

Buffers:-

Composition 1.24 31.39 1.50
of buffers 2.20 17.79 1.25
have been 3.33 12.02 1.08

given in 4.17 7.08 0.85
experimental 5.60 4.92 0.69
section 6.43 3.88 0.59
7.46 3.64 0.56
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FIG. 1 pH - log RATE PROFILE OF TRI - p - PROPOXY ANILINE
PHOSPHATE AT 97°C
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It is clear from the table that the rate of hydrolysis of the
triester rises with the increases in acidity from 0.1 to 4.0
mol. dm™ HCL. On further rise in acidity, the rate of
hydrolysis decreases with a rate of maxima at 4.0 mol. dm™
HCI. This rate maxima may be due to complete protonation
of the triester as in amides [31, 32]. After maximum
protonation the rates should be constant but lowering of
rates with acid molarity may be due retarding effect of ionic
strength or water activity or simultaneous effect of both.

(iii) Ionic Strength Effect

In order to examine the effect of ionic strength on the rate of
hydrolysis of triester of p—propoxy aniline phosphate,
systematic kinetic runs at constant ionic strength using
appropriate mixtures of KCI and HCI at three different ionic
strengths ie 1.0, 2.0p and 3.0p were used to determine the
rate coefficients which have been summarised in Table-2
and Figll describes a plot between rate coefficients and acid
molarities.

Table 2: Hydrolysis of TRI-p-Propoxy Aniline Phosphate at
Constant Ionic Strength
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Composition Ionic k.10°
HCl1 KCl1 strength (mol.dm.*min™")
(mol.dm.®)  (mol.dm.”) (n) (Obsd.)
0.2 0.8 1.0 40.12
0.4 0.6 1.0 48.38
0.6 0.4 1.0 61.92
0.8 0.2 1.0 72.52
1.0 0.0 1.0 86.28
0.2 1.8 2.0 36.68
0.5 1.5 2.0 48.22
1.0 1.0 2.0 62.72
1.5 0.5 2.0 86.43
1.8 0.2 2.0 99.44
2.0 0.0 2.0 134.26
0.5 2.5 3.0 43.31
1.5 1.5 3.0 79.00
2.0 1.0 3.0 85.12
2.5 0.5 3.0 99.32
3.0 0.0 3.0 135.98
1204




International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391

FIG. II HYDROLYSIS OF TRI - p - PROPOXY ANILINE PHOSPHATE AT
CONSTANT IONIC STRENGTH AT 97° C
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As clear from the plot three linear curves are obtained for
the hydrolysis of the triester. Each curve represents the
hydrolysis at that ionic strength, kinetic law for each curve
may be represented as :

Ke = KH+.CH+exp.,u

Where k, is observed rate constant, K, is specific acid
catalysed rate constant and Cj;" is concentration of hydrogen
ion.

Since the value of slopes decreases with increasing ionic
strength, the value of acid catalysed are subjected to
negative effect of ionic strength.

In case of tri-p—propoxy aniline phosphate there is a
constant contribution of neutral species towards the overall
rates of hydrolysis of triester. Then, the equation (1) will be
represented as.

K,=K,..C.expu+Ky

or (K, = Acid Rate + Neutral rate)

3. Conclusion

It is clear from the results that there is a fairly good
agreement between observed and theoretical rates upto 4.0
mol. dm™. The observed deviation in acid solution (5.0 and
6.0 mol. dm™ HCI) can be removed by introducing water
activity as a parameter.

(iv) Molecularity

The molecularity of the acid catalysed hydrolysis of p—
propoxy aniline triester has been determined by the concepts
such as Hammett relationship [2], Zucker—Hammett
hypothesis [4], Bunnett parameters [3] and Bunnett—Olsen

parameters [5] (figs. not shown). The slope value of
Hammett plot is 0.286 which is far from unity and that of
Zucker—Hammett curve is 0.5 which is round about unity,
which indicates bimolecular hydrolysis of the triester
Bunnett and Bunnett—Olsen parameters whose slope values
are ® = 5.3 & o* = 12.5 (Bunnett) and ¢[] = 1.42 (Bunnett—
olsen), also supports bimolecular reaction.

Bimolecular nature of hydrolysis of the triester has also been
supported by Arrhenius parameters [6] at 3.0 and 5.0 mol.
dm™ HCI, summarised in Table. 3. The value of activation
energy is less than 25 kcal/mole, the value of frequency
factor (L) has the power less than 12 and the value of
entropy of activation is negative value.

Table 3: Arrhenius Parameters for the Hydrolysis of TRI -p-
Propoxy Aniline Phosphate aT 97°C

HCl1 Parameters Entropy
(mol.dm.”) |Energy of activation Frequency factor | —As” (e.u.)
(E) K. cals/mole () sec™
3.0 19.67 11.91 x 10° 28.58
5.0 2242 33.47 x 10’ 21.95

It may be concluded from the results, that magnitude of
Arrhenius parameters fall in the range of bimolecular
reactions via conjugate acid species.

Further, the effect of solvent on the rate of hydrolysis of
conjugate acid species of the triester has been observed to
seek another support for the molecularity of the reaction. A
series of kinetic runs has been made using various
compositions of water dioxan mixtures at 3.0 and 5.0 mol.
dm” HCI, which are summarised in Table—4.
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Table 4: Solvent Effect on the Hydrolysis of TRI -p-
Propoxy Aniline Phosphate at 97°C

The change in rate with the change in solvent of a reaction
has made to determine the nature of transition state and
hence the molecularity of the reaction. The observed
significant rise in the rates of hydrolysis favours the
formation of transition state in which charge is created and

dispersed in the rate determining step in the system. Hence
the reaction proceeds bimolecularity via conjugate acid

HCl1 percentage of| percentage of Ke. 10° species.
(mol.dm.™) Water Dioxan (mol.dm.™.min™")
() (k) (Obsd.) (iv) Bond—Fission

3.0 70.0 30.0 170.86 The bimolecular nature of hydrolysis of p—propoxy aniline
g 8 46188 288 347‘3(2) phosphate triester as determined, may involve either P-N or

- - - : C-N bond fission. The probability of former seems to be
28 Zgg 43188 Hggg more because of the stability of igtermgdiate fqrmed during
50 200 0.0 2128 the progress of the reaction. In this fission, amine molecule

formed as an intermediate will be stabilised to a large extent
by mesomeric effect. The probability of P-N bond fission is
also supported by comparative isokinetic data of other
triesters which have been summarised in Table—5.

Table 5: Comparative Kinetic Rate Data for the Hydrolysis of Some Phosphate Triesters Via Their Conjugate Acid Species
5. No.| Phosphate medium| Temp. EEK. -As(en) | Bond Molecularity| Ref.
di-ester cals'mole fission

1. p — toluidine 80 4.0 15.08 2583 B-N 2 33

2 m — toluidine g0 4.0 14.52 3202 P-N 2 33

3 p — nitro aniline 08 30 15.25 4271 P-N 2 34

4. p — chloro aniline 08 4.0 11.44 46.68 P-N 2 35

5. P — OCH; aniline 6.5 - 18.67 2270 P-N 2 36

6. P — OC;H; aniline o8 - 7.59 5220 P-N 2 37

IB tri—2, G—dimethyl o8 - 21.59 19.19 B-O - 38
phenyl

5 2.4.6- tri bromo o8 - 20.59 2228 P-O - 39
phenyl

9 cvclo hexylamine 30 1.0 1596 | 3747 B-N 2 40

10.  |p— propoxy aniline a7 30 19.67 | 2858 P-N* - This work

5.0 2242 2195 P-N* - This work

P—N bond fission of the conjugate acid species of the triester
have been invariably supported by the Fig. III, which
describes a plot between activation energy (E) and entropy
of activation (—As#). The plot is linear covering almost all
the points of similar phosphate triester. The point of the
conjugate acid species of p—propoxy aniline phosphate

triester lies on the straight line of other similarly substituted
phenyl phosphate triesters which undergo P-N rather than
C—N bond fission. Hence p—propoxy aniline phosphate
undergo hydrolysis bimolecularly via P-N bond fission.
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FIG. I COMPARATIVE KINETIC RATE DATA FOR THE HYDROLYSIS OF SOME
TRI-ESTERS VIA THEIR CONJUGATE ACID SPECIES
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(vi) Mechanism

On the basis of all the above observations and experimental following steps :
evidences, mechanism of the acid catalysed hydrolysis of p—

(a) Formation of conjugate acid species by fast pre—equilibrium proton transfer :

H O H

H O H
ol - ]
H7C3O@N—P—N—R — H7CO—@N P—N—R

| |

N—H H N—H
| |
R R

(b) Bimolecular nucleophilic attack of water on phosplhorus Sx2 (P) :

H O

H
‘ slow ‘ . H . H
N_—R = H7C3O@ N P 0%
\ /N H
H HN NH
. .
R OH, R R

(Conjugate acid species)

H (6]

Il

H,C;0 @ N _—p_
|

H N—

|

(Transition state)

lfast

H,C;0 — NH2+H—O—

H
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r
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propoxy aniline phosphate triester may proceed through the
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