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Abstract 
The acid hydrolysis of mono-5-chloro, 2- methylaniline phosphate in the acid range 0.1 to 6.0 M HCl at 80 + 0.5 0C has been 
performed in water. The concentration of monoester in all kinetic runs used was 5.0 × 10–4 moldm–3. The inorganic phosphate 
obtained in overall hydrolysis has been estimated colorimetrically by Allen’s modified method. The first order rate coefficients have 
been calculated using integrated form of the corresponding rate equation.  

Ke = KH
+. CH

+. exp.   
Conjugate acid, neutral, mononegative and dinegative species have been found to be reactive and contribute to the overall rates, but 
in this discussion only conjugate acid and neutral species are given. The rate coefficients estimated by above equation are fairly in 
good agreement with the experimentally observed rates. Factors such as hydrogen ion concentration, ionic strength, temperature, 
solvent, substrate concentration effects etc., have been studied to find the participation of water molecules, bond fission and 
molecularity of the reaction. Probable mechanism of the acid hydrolysis of mono-5-chloro,2-methyl aniline phosphate via different 
reactive species has been suggested on the basis of kinetic rate data and iso kinetic relationship. 
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1. Introduction
The effects of substituent on the hydrolysis of aryl phosphate 
esters having C-O-P linkage [1, 2] have been studied exhaustively 
by Mhala and his co-workers [3-5] and established that the effect 
of substituent of graded property [6-12] not only effect the 
reaction rates but also alter the course of the reaction paths, the 
substituent having positive inductive effect (+I) and tautomeric 
effect (+T) increase the electron density at the oxygen of the 
ester linkage.  
Consequently conjugate acid species is readily formed, which 
enhances the reaction rate, on the other hand substituent having 
(-I and -T) reduced the basicity of the ester oxygen, 
consequently, the formation of conjugate acid species is 
restricted and the reaction rates are reduced. In view of the 
above mono-5- chloro, 2-methylaniline phosphate ester having 
C-N-P linkage [13-24] is taken to study the effect of substituent 
on the reaction rates. The nitrogen atom in the ester linkage 
alone is sufficient to form the conjugate acid species due to the 
presence of lone pair of electron whether or not the substituent 
chlorine atom at para position having (-I and +M) effect would 
bring about any change in the reaction rates and the formation 
of reaction species is the purpose of the present study.  
 
Experimental:- The Mono-ester has been synthesized by P. 
Rudert [25-27] method. Both, the present aniline in benzene and 
POCl3 (3:1 ratio w/w) were stirred at 650C for about 40 hours 
and distilled at reduced pressure. The first fraction distilled at 
b50, 150 0C was rejected and second fraction which sublimed at 
1500 – 1700C was found to be dichloridate of monoester. It was 
dissolved in 100 ml of ice cooled water and kept at low 
temperature overnight. The 5-chloro, 2-methylaniline 
phosphoro-di-chloridate converted into 5-chloro, 2-
Methylaniline di-hydrogen phosphate, was extracted with 
solvent ether. After removing the solvent ether a light brown 

coloured crystalline solid was obtained which on 
recrystallisation with absolute ethyl alcohol gave a white 
crystalline solid and it was identified to be 5 chloro, 2-
methylaniline phosphate M.P. 2100C (found P.13.94 required 
theoretically P.14.0) and finally the structure was confirmed by 
I.R. spectrum. All the chemicals used belonged to BDH (A.R) 
and riedel qualities.  
 
Results and Discussion 
Table 1 summarises pseudo first order rate coefficients of the 
hydrolysis of 5-chloro, 2-methylaniline phosphate mono-ester 
at 80 ± 0.50C in 0.1 to 6.0 MHCl. In the region 0.1 to 1.0 MHCl 
the rate falls with increase in acidity due to the incursion of less 
reactive neutral species, while rise in rates with increase in 
acidity from 1.0 to 4.0 MHCl is due to ionic acceleration. Plot 
of log- rate constants Vs acid molarity (Fig. 1) gives three linear 
curves indicating the presence of acid catalysis. Different 
intercepts on the rate axis are neutral rates at the corresponding 
ionic strength. Variations of acid catalysed rates and neutral 
rates with the ionic strength are governed by the following 
kinetic equations.  
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Where KH

+, KN are the specific acid catalysed rates and specific 

neutral rates at that ionic strength, while 0HK 

 and 0NK
 are 

the specific acid catalysed and specific neutral rates at zero 
ionic strength respectively and b’

H+, b’
N are the constants. The 

equations (1) and (2) may be used to compute the acid catalysed 
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and neutral rates at each experimental acid molarity. Thus, both 
acid catalysed and neutral rates may represent the total rates in 
acid medium as  
 

+ +
e H H NK  = K . C  + K    …….3 

 
The rates estimated by the equations (1) and (2) are in fair 
agreement with the observed rates in the region 1.0 to 4.0 
MHCl, deviation in the very strong acid medium (from 5.0 to 

6.0 MHCl) is removed when water activity parameter is 
included in the above relation (eq-1 and 2) as 
  

 
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n
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and …….4 

20 0

'log log . logN H oN N
K K b n a    

 …….5 
 

The rates estimated by equation (4) and (5) agree well with the 
experimental rates observed at 5.0 and 6.0 MHCl.

 
Table 1: Calculated And Observed Rates For The Hydrolysis Of Mono-5-Chloro, 2-Methyl Aniline Phosphate At 800c. 

 

HCL 
(mol 
dm-3) 

105. KN 
(mol dm-3 min-1) 

from eq 2 

5+ log 
KN 

105 KH+. CH+ 
(mol dm-3 min-1) 

from eq 1 

105 KH+. CH+ 
(mol dm-3 min-1) 

from eq 4 

105 KN 

(mol dm-3 min-1) 
from eq 5 

Ke 105 
(mol dm-3 min-1) 
calcd. from eq 3 

105. Ke 
(mol dm-3 min-

1) obsd. 
1.0 59.56 1.77 37.06 - - 96.62 95.87 
2.0 56.23 1.75 68.86 - - 125.09 125.38 
2.5 54.63 1.73 83.65 - - 138.28 139.89 
3.0 53.08 1.72 96.38 - - 149.46 148.48 
4.0 50.11 1.70 119.67 - - 169.78 169.77 
5.0 47.31 1.67 139.31 19.49* 33.11* 52.60 52.42 
6.0 44.66 1.65 155.59 9.81* 16.90* 26.71 28.17 

n=0 for 1.0 to 4.0 mol. dm-3. HCl and n* = 1,2 respectively for 5.0 and 6.0 mol. dm-3 HCl. 
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FIG. I HYDROLYSIS OF MONO-5-CHLORO, 2-METHYL ANILINE PHOSPHATE
AT CONSTANT IONIC STRENGTH T 80°C

 
 
Table -2 summarises Arrhenius parameters [23] for the 
hydrolysis of 5-chloro, 2-methyl aniline phosphate monoester 
in 3.0 and 5.0 m HCl. The values show the similarity of 
mechanism at these acidities and also indicate bimolecular 
nature of hydrolysis, since according to Arrhenius parameters, 

if the value of E is < 25.0 kcal mol–1, the value of S≠ is 
negative and the value of frequency factor () has power less 
than twelve on the base ten (ie  < 1012), then the reaction in 
general will be bimolecular. Thus from table-2 it is clear that 
the parameters fall is the range of bimolecular reaction. 
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Table 2: Arrhenius Parameters for the Hydrolysis of 5-Chloro, 2- Methyl Aniline Phosphate Monoester. 
 

HCl (mol. dm-3) 
Parameters 

Entropy –S# (e.u.) 
Energy of activation E.K.cals/mole Frequency factors  . Sec-1 

3.0 22.42 18.81 x 108 18.42 
5.0 23.33 24.45 x 108 17.89 

 
Table -3 summarises comparative isokinetic data of some other 
phosphate monoesters, the bond fission and molecularity of 
which are known. Fig II describes a relationship between some 
other phosphate monoesters and the present monoester. 
Linearity of the curve show similarity of mechanism since the 

point of mono-5-chloro, 2-methyl aniline phosphate lies on the 
same line of other monoesters that undergo bimolecular 
hydrolysis with P-N bond fission for the acid catalysed 
hydrolysis.

  
Table 3: Comparative Kinetic Rate Data for the Hydrolysis of Some Phosphate Monoesters via Their Conjugate Acid Species. 

 

S. No. Phosphate Mono Ester Temp 0c Medium E.K. (Cals./Mol.) #S (E.U.) Fission References 

1 Cyclohexylamine 50 3.0 26.65 0.77 P-N 14 
2 H3 N+Coo 37 - 26.00 12.23 P-N 29 
3 4-Nitrophenyl - - 18.70 24.0 P-O 30 
4 Mono-B-naphthyl amine 98 3.0 14.56 39.46 P-N 31 
5 2,4- dinitroaniline 98 3.0 12.10 45.10 P-N 32 
6 Di- phenylamine 98 3.0 8.32 60.43 P-N 33 
7 p-propoxyaniline 97 3.0 19.68 29.28 P-N 34 
8 p-chloroaniline 20 - 20.4 12.60 P-N 35 

9 5- chloro,2 methylaniline 80 
3.0 
5.0 

22.42 
23.33 

18.42 
17.89 

P-N* 
P-N* 

36 
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Mechanism: The mechanism of hydrolysis of 5-chloro, 2-
methyl aniline phosphate monoester in the acid region involved 
the bimolecular nucleophilic attack of water on phosphorus of 
conjugate acid and neutral species, passing through a transition 
state in which the developed charges cause P–N bond fission 

and then liberate a proton by fast step giving the parent amine 
and phosphoric acid. 
I. Formation of conjugate acid species by fast pre-equilibrium 
proton transfer.  
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Hydrolysis Via Neutral Species 
Hydrolysis in the Region 0.1 to 1.0 M HCl and PH 4.24 to 7.46 
: Table 4 summarises pseudo first order rate constant for the 
hydrolysis of 5-chloro, 2-methylaniline phosphate mono-ester 
via neutral and mononegative species at 80°C Results show that 
the rate rises with the rise in pH value passing through maxima 
at 4.17 pH further rise in pH decreases the rate. Dissociation of 
neutral into mono negative species increases with the increase 
in pH and is almost complete at pH 4.17. Thus, the observed 
maximum is the specific mononegative rates (Km0). The 
increase in pH brings about the dissociation of monoanion into 
dianion and a proton. pK1 and pK2 values together with the 
fractions of the various species at different pH values were 
determined.

 
Table 4: Hydrolyssi of Mono-5-Chloro, 2-Methyl Aniline Phosphate Via Neutral And Mononegative Species At 80°C 

 

pH M/M + N N/N + M 
KM.105  

(mol. dm–3 min.–1) 
KN.105 

(mol. dm–3 min.–1) 
Ke.105 

(mol. dm–3 min.–1) (calcd.) 
Ke.105 

(mol. dm–3 min.–1) (obsd.) 
5 + log Ke 

(calcd.) 
5 + log KM

(calcd.) 
0.30 0.117 0.883 17.91 55.70 73.61 76.01 1.86 1.25 
0.70 0.251 0.749 38.42 47.25 85.67 86.25 1.93 1.58 
1.00 0.400 0.600 61.23 37.85 99.08 97.61 1.99 1.78 
1.24 0.537 0.463 82.20 29.21 111.41 108.01 2.03 1.91 
2.20 0.914 0.860 139.92 5.42 145.34 143.75 2.16 2.14 
3.30 0.992 0.008 151.86 0.50 152.36 152.05 2.18 2.18 
4.17 0.999 0.001 152.93 0.06 152.99 153.38 2.18 2.18 

 
Theoretical rates were computed from the following relation.  
(a) Region 0.1 to 1.0 MHCl and 0.0 to 4.17 

  Ke = KM + KN 

 

135135 min..1038.153min..1042.63 





 dmmol

NM

M
dmmol

MN

N
Ke

 
 

Where Ke, KN and KM are the rate constant of total hydrolysis, 
rate constant of neutral hydrolysis and rate constant of 

mononegative hydrolysis 
MN

N


 and 

NM

M


 are the 

fraction of neutral and mononegative species and KN0 = 63.09 
x 10-5 min-1, Km0 = 153.09 x 10-5 min-1 respectively are the 
specific neutral and specific mononegative rates.  
Table 5 summarises Arrhenius parameters for the hydrolysis of 
5-chloro, 2-methyl aniline phosphate ester via neutral species

 
Table 5: Arrhenius Parameters For The Hydrolysis Of 5-Chloro,2-Methyl Aniline Phosphate Ester Via Neutral Species 

 

HCl (mol.dm–3.) 
Parameters 

Entropy(–  s≠) (e.u.) 
Energy of activation E.K. cals./mol. Frequency factor () sec–1 

0.2 22.69 16.16 × 108 18.72 
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The reaction via neutral species have been found to hydrolyse 
bimolecularily, since the entropy of the reaction fall in the range 
of bimolecular hydrolysis. ie. Frequency factor () is < 1012, 
entropy of activation ( s≠) is negative value and energy of 
activation (E) is < 25 Kcal mol–1. Hence the reaction via neutral 
species shows bimolecular nature of hydrolysis. 

The neutral species of the monoester hydrolyse bimolecularly 
with P–N bond fission since in the isokinetic relationship plot 
(Fig III), the point of 5-chloro, 2-methyl aniline phosphate 
monoester lies on the same line of other phosphate monoesters. 
Table-6 summarises the range of isokinetic data for the 
hydrolysis of some phosphate monoesters supporting P–N bond 
fission.

 

40

60

80

100

7 8 9

2 3 4 5

This Work

–40

6
20

–20 0 20 40 60 80 100 120 140
–  s  (e.u.) 

E
.K

. 
C

al
s.

 m
ol

e–1

1

1  CYCLOHEXYLAMINE
2  p – NITRO PHENYL
3  p – BROMO PHENYL
4  DI – PHENYL AMINE
5  p – NITRO ANILINE
6  BENZAMIDE
7  2, 4 – DINITROANILINE
8  o  – TOLUIDINE
9  2, 4, 6 – TRIBROMOPHENYL

MONO – ESTERS

FIG. III  COMPARATIVE KINETIC RATE DATA FOR THE HYDROLYSIS
                OF SOME PHOSPHATE MONO ESTERS VIA THEIR
                NEUTRAL SPECIES

 
Table 6: Isokinetic Relationship Plot Data for the Hydrolysis of Some Phosphate Monoesters via Their Neutral Species. 

 

S. No. Phosphate Mono (Ester) Medium Temp 0c E.K (cals./mol.) #S  (e.u.) Fission Ref. 

1 Cyclohexylanine 1.24 50 27.40 -2.52 P-N 14 
2 p-nitrophenyl - - 18.70 24.00 P-O 37 
3 p-bromophenyl 1.00 98 17.40 38.94 P-O 38 
4 Di- phenylamine 1.24 98 13.08 46.68 P-N 33 
5 p-nitroaniline 1.20 40 11.44 48.82 P-N 39 
6 Benzamide - 37 26.40 10.00 P-N 40 
7 2,4- dinitroanilne 1.24 98 16.57 35.80 P-N 40 
8 o-toluidine 1.20 - 14.14 39.98 P-N 41 
9 2,4,6- tribromophenyl - 98 13.73 41.48 P-O 7 
10 5-Chloro 2- methylaniline 0.70 80 22.69 18.72 P-N* This work 

*Bond Fission Assumed.  
 
Bond Fission and Molecularity 
Molecularity of the hydrolysis of the monoester under 
investigation. as decided by the slopes of Bunnett plot(42) 
(slope value w=12.22 andw* 6.66). Olsen plots (43) (slope 
value	∅ ൌ 2.14ሻ which fall in the range of bimolecular reaction 
(fig not shown). It is further supported by the involvement of 
water molecule as a second reaction partner, since there is a 
dependence of the rates in the participation of the water 
molecule. The bimolecular nature has also been supported by 
Arrhenius parameters [28] and solvent effect, particularly high 
negative value of entropy of the reaction. Hence, the hydrolysis 
may be taken to be bimolecular.  
Bond fission may be examined by isokinetic relationship which 
has been performed by the Arrhenius parameters [28] of similarly 
substituted phosphate monoesters which used to hydrolyse with 

similar mechanism have been taken under similar experimental 
conditions.  
Bimoleacular hydrolysis of mono-5-chloro, 2-methyaniline 
phosphate may involve P-N and C-N bond fission. The 
isokinetic relationship plot of some mono-esters as represented 
by the linear curves show similarities of mechanism of acid 
catalysed hydrolysis. Since the other mono-ester have been 
found to undergo hydrolysis with P-N bond fission. The 
hydrolysis of 5-chloro, 2-methylaniline phosphate monoester 
has also been presumed to undergo wih P-N bond fission 
 
Mechanism: from the above results and discussion the 
hydrolysis of 5-chloro, 2-methyl aniline phosphate monoester 
via neutral species involved P-N bond fission with bimolecular 
nucleophilic attack of water on phosphorus atom. The reaction 
paths may be formulated as;  
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Bimolecular nucleophilic attack of mono-ester on 
phosphorus of neutral species involving P-N bond fission 
SN
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