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Abstract: - In aqueous system the hydrolysis of six aldimines N-

benzylideneaniline, substituted benzylideneaniline and   its o/p-

hydroxy-derivatives has been carried out to reveal the effect of 

substituents. Since the aldimines under study are insoluble in 

water, a mixed aqua-organic system containing 2% 1,4-dioxane 

(v/v) has been  chosen to carry out the hydrolysis. The hydrolysis 

has been studied spectrophotometrically by varying pH at 

constant temperature 270C. The pH-rate profile in aqueous 

systems consists of three distinct regions.  At acidic pH the rate is 

very fast which is followed by pH independent region, The rate 

remains almost constant within the region (pH independent 

region) and then increases with increase in pH . In micellar 

system(SDS,CTAB,TX-100, even though the same mechanism 

operate, the rates are found to be affected drastically due to the 

electrostatic stabilization of the transition states involved during 

the process by the surface charge of the surfactants and the 

distribution of the species in micellar and bulk water phases. 

CTAB is found to retard the rate constants drastically due to 

strong binding of the substrate with the micelle. The hydrolysis 

has been carried in two regions of each of the microemulsion, o/w 

and w/o regions(SDS,CTAB,BL-21). The rate constants of 

hydrolysis are always greater for o/w region than w/o region due 

to low reactivity of the water in later.  The rate data  has been 

explained on the basis of positioning of the   aldimines  at the 

interface. 

Key words: Hydrolysis of N-benzylideneaniline,  pH independent 

region,  Localization site of the aldimine,  o/w and w/o regions 

 

I. INTRODUCTION 

 Schiff base is a nitrogen analogue of an aldehyde or 

ketone in which the -C=O group is replaced by a -C=N-R 

group. They are usually obtained by the condensation of an 

aldehyde or ketone with primary amine. It is a class of 

compounds having azomethine  linkage (-N=CH-) as its 

characteristic moiety. Schiff bases with donors (N, O, S, etc.) 

have structural similarities with natural biological systems and 

imports in elucidating the mechanism of transformation and  

rasemination  reaction in biological systems due to the 

presence of imines  (–N=CH–) group [1-9]. The intermediacy 

of the Schiff bases in the catalytic mechanism of several 

enzymes including  acetoacetate decarboxylase [10] , 

dehydroquinase [11], 2-keto-3-deoxy-L-arabonate 

dehydratase [12], δ-aminolevulinic acid dehydratase [13], D-

4-deoxy-5-oxoglucarate hydrolase [14], and various aldolases 

[15] has generated a great deal of interest for these 

investigations.  

Spontaneous (non enzymatic) hydrolysis is a 

concomitant process during the formation of an aldimine. This 

process lowers the yield of the end product.  It is thus essential 

to find the optimal reaction conditions under which there is 

sufficient rate of the biocatalytic reactions and relatively low 

rate of spontaneous hydrolysis. The most sensitive parameter 

of such optimization is pH. The aldimine is present as 

protonated and unprotonated species over a wide range of pH 

differing in charge near the reaction centre and hence in 

reactivity. Study and quantitative description of the pH 

dependence of spontaneous hydrolysis is therefore, of 

theoretical interest.  

Since the formation of aldimine and hydrolysis of 

aldimines is an important step in biochemical system and is 

very much dependent on the environment such as the structure 

and functionality of enzyme and the surrounding media, the 

hydrolysis of some selected aldimines in absence and 

presence model of enzymes is very much essential to 

understand the mechanism of hydrolysis within the 

biosystems. It has reported that there are similarities between 

surfactant systems with globular proteins [16a-b]. Therefore 

the surfactant can function as a good model for enzyme, 

which is a globular protein.  Dash et al [17] have proposed a 

mechanism in which the water molecule is positioned with the 

help of acidic and basic groups similar to positioning effect of 

enzyme system. Though extensive studies on the hydrolysis of 

aldimine have been carried out, yet influence of surfactant has 

not been done extensively. 

II. EXPERIMENTAL 

2.1. Materials and Methods. Some tailor made aldimines  

(Benzylideneanilines & substituted Benzylideneanilines) were 

prepared by the sequential reaction of aniline/4-methoxy  

aniline  with  benzaldehyde & o/p-hydroxy benzaldehyde in 

ethanol medium[18-20]. 
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1a   R1 = p-OCH3, R2 = H,       1b  R1 = p-OCH3, R2 = o-OH,    1c   R1 = p-OCH3, R2 = p-OH 

                               1d   R1 = H,   R2 = H,               1e    R1 = H R2 = o-OH ,            1f   R1 = H ,R2 = p-OH 

 

         The purity of the synthesized compounds were checked 

by IR, UV-Vis and NMR spectral data and also by thin layer 

chromatography .The water used for preparation of 0.01N 

acid (HCl,) and 0.1N alkali ( NaOH,) is the millipore water. 

Isobutanol & hexane are spectroscopic grade solvents 

(Spectrochem, PVT, LTD, Mumbai, India) and were used 

without further purification. AOS and TX-100, BL 21 are 

used without further purification.SDS and CTAB was purified 

by procedures[21,22]. 

2.1.1 Preparation of Buffer Solution [20]: 

The buffer solution used for the purpose was a 

mixture of two solutions, solution A and B. Different volumes 

of solution A and B were mixed to obtain the buffer of desired 

pH[20]. The pH measurements were made by using Elico-

Model LI – 120 digital pH meter using a glass–calomel 

combination electrode. Saturated KCl solution was used as the 

electrolyte for the calomel electrode. The ionic strength of the 

solution was maintained at 0.1 by adding KCl. All solutions 

were prepared in milipore water, preserved in glass wares of 

corning grade and used within seven days of their preparation. 

The 1,4-dioxane was spectroscopic grade( Spectrochem.  

PVT.LTD), Mumbai India. 

2.1.2 Kinetic procedures hydrolysis of aldimines in presence 

and absence of  micellar systems 

Kinetic measurements were carried out 

spectrophotometrically at constant temperature by connecting 

to a thermostating system. The aldimines (1) of 5 X10
-5 

M in 

2% dioxane water (v/v) were taken for hydrolysis.  The 

reaction mixtures and the aldimine solution were kept at 27
0
C 

in a thermostat for at least half an hour before the 

measurement. Aldimine solution was added to the reaction 

mixtures (in absence and presence of cationic surfactant 

(CTAB), anionic surfactant (AOS) and nonionic surfactant 

(TX 100)) and the time was noted. The decrease in optical 

density with time was recorded at the max of the aldimine at 

the appropriate pH. The value of   max at the appropriate  pH 

were obtained from the plot of   max versus pH in 2% 

dioxane-water solution. The pseudofirst order rate constants 

were calculated by least square methods using Eq. (1). 

 

t
obs DD

DD
Log

t
k








 0303.2
      … (1) 

 kobs = Pseudo first order rate constants,  t = Time 

in second, D∞=Optical density after the completion of the 

reaction which is taken as zero, D0 = Optical Density at the 

start of the reaction which was obtained by extrapolation to 

zero time, Dt = Optical density at the time ―t‖. From duplicate 

experiment the rate constants were found to be reproducible 

with 1-2% deviation. The buffer used in the kinetic study is a 

dilute one and any catalysis by components has been ignored. 

This was justified by carrying out the hydrolysis of the 

aldimine in un-buffered solutions i.e in dilute HCl (pH = 4.12) 

and dilute NaOH ( pH = 10.72). The initial solution of the pH 

was measured and rate of hydrolysis was determined. This 

was compared with the rate of hydrolysis determined at the 

same pH in buffer solutions, in each case it was within the 

limit of experimental errors of 1-2 %. The increase in pH is 

negligible during the hydrolysis. This was justified by 

measuring the initial and final pH during a hydrolysis. The 

change was only 0.01 to 0.02 units. 

2.1.3 Construction of phase diagrams  

The phase diagrams were constructed by visual 

titration techniques reported earlier [23-25]. The phase 

diagrams of SDS system, CTAB Systems and BL-21 systems 

are given in (Figs.1 to 3).  
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                    Fig.1                                                                              Fig.2                                                                               Fig.3        

                             

Fig.1.  Phase diagram of SDS-isobutanol-hexane-water system(A) o/w region,(B) Bicontinuous regio (C) w/o region ---, represents emulsifier 

weight fractions with 30,35,40and 45%. 

Fig.2. Phase diagram of CTAB-isobutanol-hexane-water system(a and b represent solubilization composition 

Fig.3. Phase diagram of BL-21 Isobutanol- Hexane- Water system, I=Clear region, II = Turbid region, III=Gel-I (emulsifier 1:1) 

 

2.1.6 Spectral studies in presence of o/w and w/o 

microemulsion medium 

The absorption maxima values of the aldimine 1a-c 

in the oil rich and water rich regions of the microemulsions 

(SDS, CTAB, BL-21) at the point shown in phase diagrams 

under   neutral, acidic and alkaline pH were recorded 

spectrophotometrically. 

2.1.7 Kinetic measurements in microemulsion: 

Kinetic measurements were studied of neutral, acidic, 

and alkaline conditions.  0.1 cc of 0.01N acid and 0.1 cc of 0.1 

N alkalis were introduced into 5g of the reaction mixtures in 

place of equal volume of water to study the reaction at acidic 

and alkaline pH. The reaction mixtures containing 0.06 mg 

(0.3 cc of 10
-3

 M solution of aldimine) in   5 g of 

micromulsion was taken in a quartz cell and the change in OD 

with time was noted down. First order rate constant were 

calculated using equation.1. Composition of the 

microemulsion solutions chosen at both oil rich and water rich 

regions where kinetic studies have been carried out are given 

in ( supplementary Table 1). 

III. RESULTS & DISCUSSION 

The rate constant in absence and in presence of 

organized assemblies in different pH are given  in 

supplementary (Table 2-9). 

3.1. Hydrolysis in aqueous system 

Since the aldimines are insoluble in water, a mixed 

system has been chosen. The thermodynamics studies on 

different mixed systems [26] reveal that 1,4-dioxane-water 

could be a good reaction medium. Furthermore, Since the 

study is to be extended to micellar system and it is known that 

organic solvent perturb the structure of micelle [27 ], a mixed 

system with low percent of organic solvent has been chosen( 

i.e. 2 % dioxane only). The hydrolysis of aldimines 1a to 1f 

has been investigated at various pH maintaining the 

temperature of the system 27
0
C in 2% dioxane-water system 

in aqueous solution. The plots of first order rate constants 

against various pH are reported in  supplementary Table 2 -9 

and have been presented in (Fig.3). 

 

                                                                                    Fig .3. Plot of Log[kobsx 104] vs pH of the aldimine  in aqueous system 
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3.2 Analysis of kinetic data In aqueous system 

The pH-rate profile for all the six aldimines consists of three 

distinct arms.  At acidic pH the rate is very fast which is 

followed by pH independent region, Beyond this pH range the 

rate constant increases slowly. The rate constant is leveled off 

within the pH range 10.10   to 11.44 and to a value of kobs 

~1.6 x 10
-4

 sec
-1

, hence the region is referred as pH 

independent region for aldimine 1a. The rate remains almost 

constant within the region 9.63 to 10.58 (pH independent 

region) and then increases with increase in pH for aldimine 

1b. A huge pH independent region 7.58 to 12.36 (the rate is 

approximately equals to 2.3 x 10
-4 

sec
-1

) beyond which the rate 

of hydrolysis increases sharply for the aldimine 1c.  The rate 

constant is leveled off to 1.61 x 10
-4 

sec
-1

 within the pH range 

9.68 to 12.03 (pH independent region). The rate of hydrolysis 

undergoes an increase with further increase in pH for the 

aldimine 1d. At acidic pH the rate is very fast which is 

followed by pH independent region 9.94 to 10.90 and very 

fast rate of hydrolysis at highly alkaline pH for the aldimine 

1e . At neutral pH the rate of hydrolysis is very slowly 

decreases to an almost constant value till pH 11.90. Beyond 

this pH the rate increases slightly for the aldimine 1f. 

3.3 Mechanism of hydrolysis and theoretical interpretation of 

kinetic data: 

(i) pH rate profile for the aldimine 1a and 1d 

The overall pH rate-profile in all cases appears to 

have three distinct regions at different pH which may be 

attributed to acid catalysed, pH independent and hydroxide 

ion catalyzed regions. At acidic pH the attack of water on the 

protonated aldimines is rate determining. On protonation of 

the aldimines the electron density around nitrogen atom 

decreases which facilitates the delocalization of the 

azomethine double bond during the attack of water on carbon 

atom of azomethine group (Scheme1). The rate therefore is 

drastically accelerated. The pH independent region lies at 

moderately alkaline region in which the attack of OH
- 
on the 

protonated aldimine or the attack of water on the neutral 

aldimine is rate determining [28-31]. Due to low 

concentration of the protonated aldimine as well as that of 

OH
-
,  the rate of hydrolysis due to attack of OH

- 
on the 

protonated aldimine  can be  negligible and hence the rate of 

hydrolysis in this region can be attributed to the attack of 

water on the neutral aldimines (Scheme 2) alone. Due to low 

nucleophilicity of water  these rate constants are reasonably 

low.  At the extreme alkaline region, the rate determining 

steps involves the attack of  OH
-
 on the neutral aldimine 

.Since the  OH
-
 is a strong nucleophile its attack on the carbon 

atom of the azomethine linkage is facilitated leading to the 

easy formation of the carbinol amine intermediate (Scheme 3).  

 

 

 

 

 

 

                             Scheme 1.                                                Scheme 2.                                         Scheme 3. 

 

(ii) Theoretical treatment of  1a and 1d kinetic data 

The Consistent with the nature of curve, the rate of hydrolysis can be represented by Scheme- .4. 

 

                                                              

 

                                                                  

                                                              Scheme 4. 

Where P is the carbinol amine intermediate which leads to product. 

The overall rate of hydrolysis can be expressed by Eq.2 and 

the kobs is given in Eq. 3.                                                

Rate = k1[SH2
+
] + k2[SH] + k3[SH][OH

-
]……..2  

1

3211

][1

][])[(

KH

HKkkHKk
k W

obs 






 …...3   

At low pH value the equation .3 reduces to equation .4 in view 

of  k3 taking a very low value.  
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A linear Lineweavwe –Burk plot of 1/kobs vs.1/[H
+
]  up to pH 

8.2 for 1a and 1d  necessarily leads to assume that  k2 terms 

can be neglected from Eq.4, hence the equation.4 can be 

transformed to Eq.5. 

111 1][1.1 kHkKkobs  
….5 

A regression analysis of 1/kobs vs.1/[H
+
] (r = 0.99) gives the 

value of K1 and k1 from the slope and intercept respectively.  

        1a and 1d experience a pH independent region in 

between the pH   8 to 12 which has been attributed to the 

attack of water on the neutral aldimines, (k2). So the averages 

of these values are assumed to represent the ‗water reaction‘ 

of the ionized aldimine (k2).  

The rate constant is increased after pH 12 for 1a   and 1d.  

The Eq.3 can be reduced to Eq.6  since k1, k2 and  K1/[H
+
] are 

negligibly small in this pH range.  

kobs  = k3Kw/[H
+
]…6.  

The out put of a least square correlation of kobs vs.Kw/[H
+
] (r 

=0.99) yields  k3  

The calculated rate constant are given in Table1 

Table1. The calculated rate constant of 1a & 1d 

Compound k1 sec-1 k2 sec-1
 k3 sec-1 

1a 0.12 2.06 1.3x 10-3 

1d 1.676 1.88 1.7 x10-3 

 

(iii) Comparison of rate data in 1a and 1d: 

From the analyses of the kinetic data (Table 1) it is seen that 

under more acidic conditions, in which the benzylideneaniline 

are partly converted to their conjugate acids, the hydrolysis 

rates become pH-dependent. Literature survey reveals that 

aldimine possessing an electron withdrawing substituent 

exhibits either no change or an increase in hydrolysis rate with 

increasing acidity [32]. On the other hand, aldimine 

possessing an electron donating substituent exhibits decreased 

rates of hydrolysis with increasing acidity. Since the 

variations in the rates of hydrolysis parallel the conversion of 

the aldimine to their conjugate acids, the reaction of water 

with the protonated aldimine must become the predominant 

reaction path as the pH is lowered [32]. On substitution of a 

methoxy group in para position to azomethine moiety, a 

strong mesomeric effect is observed which increases the 

electron density around azomethine group. This in turn 

increases electron density around the double bond hindering 

the attack of water on protonated aldimines. Thus the rate of 

hydrolysis of aldimines having methoxy  substituted  are 

always lower than that of the unsubstituted aldimine in acidic 

region. Since these aldimines 1a and 1d do not have any 

functional group which can control the change in change in 

pH of the environment, small pH independent region is 

observed.   

 (iv) Mechanism of hydrolysis for the aldimines 1b , 1e    1c ,  

1f 

 The first order rate constant for the hydrolysis have 

been determined over the pH range 3 to 14 at 25°C. The pH 

rate profile has three distinct arms at different pH region a fast 

acidic region, a pH independent region (in neutral and 

moderate alkaline pH) and a fast or moderately fast at the 

extreme alkaline pH and the order of the rate constants is, 

acidic>alkaline>neutral (pH independent region).  

 At acidic pH the attack of water on the protonated 

aldimines is rate determining. On protonation of the aldimines 

the electron density around nitrogen atom decreases which 

facilitates the delocalization of the azomethine double bond 

during the attack of water on carbon atom of azomethine 

group. 

The pH independent region lies in neutral or 

moderately alkaline region in which the attack of water on the 

neutral aldimines is rate determining. The basicity of the 

nitrogen of the azomethine linkage of neutral aldimine is not 

affected.  Therefore, the attack of a low nucleophile like water 

on the –C=N- linkage of neutral aldimine is not much 

promoted due to less tendency of the delocalization of the 

double bond.  

At the extreme alkaline region, the rate determining 

steps involves the attack of  OH
-
 on the neutral aldimine or on  

ionized aldimine( for hydroxyl substituted aldimines), Since 

the  OH
-
 is a strong nuclephile its attack on the carbon atom of 

the azomethine linkage is facilitated leading to the easy 

formation of the carbinol amine intermediate. 

In hydroxyl substituted aldimine the existence of the 

tautomeric equilibrium has been reported in different solvents 

[33-35] at different pH which must be taken into account for 

the interpretation of the hydrolysis reactions. Our study on the 

keto-enol tautomerism in these aldimines however reveals 

very insignificant amount of shift of the equilibrium towards 

keto form [19-20]. So the possibility of 

intramolecular/intermolecular H-bonding may occur from the 

enol form of the aldimines. In acidic region the protonated 

species is involved in which a stable six membered ring may 

be formed in o-hydroxy substituted aldimines, (1b and 1e ). 

This causes a steric hindrance on the approach of water to 

carbon atom of the azomethine linkage which does not happen 

in case of p-substituted aldimines (1c and 1f  ). In acidic 

region the rate constant therefore, is in the order,   1c > 1b   

and 1f > 1e.   

 

But at neutral region the simultaneous attack of two 

water molecules, (i) entrapped water molecule through H-

bonding between the hydrogen of the incoming water 



Volume III, Issue V, May 2016                                               IJRSI                                                                    ISSN 2321 – 2705 

 

www.rsisinternational.org Page 60 
 

..

CH

H

O

N

H

O

H

O
H H

..

molecule and the oxygen atom of the  o-OH group and (ii) 

free water molecule from the opposite sides(Scheme-5)  

would promote the rate of hydrolysis in o-isomer more in 

compared to the para isomer. The hydrolysis occurs without 

much change in entropy. Para compound does not offer the 

required template and therefore suffers a loss of great deal of 

entropy during hydrolysis In the absence of this positioning 

effect, para compound reacts slower than ortho compound. 

Hence at the neutral and moderately alkaline region which 

involves the attack of the water molecule on the neutral 

aldimines as the rate determining steps, the order of 

hydrolysis rate is   1c <  1b   and  1f < 1e. In extreme alkaline 

region the order of hydrolysis   rate is   1c <  1b   and  1f < 1e. 

In this region the attack of OH
-
 on the ionized aldimines is 

rate determining. In addition to the attack of   strong 

nucleophile  OH
-
 one water molecule may be suitably 

positioned due to ionized O
-
 , thus enhancing the formation of 

carbinol amine intermediate in o-isomer. By this attack a six 

membered transition state is formed, with the negative charge 

delocalized over the substituent, the C=N bond [36]. The rate 

increases as the concentration of the ionized species increases 

(Scheme 6).  

 

 

 

 

 

               

 

                                                           Scheme 5                                                      Scheme 6           

 

(v) Theoretical treatment of  1b, 1c  and 1e, 1f    kinetic data 

Consistent with the nature of the curve the rate of hydrolysis can be represented by the Scheme-.7. 

 

. 

 

 

                               

                                                                       Scheme 7A                                                                     Scheme 7B 

 

The overall rate of hydrolysis can be expressed by equation .7 

and the kobs is given in .8.                

Rate = k1[ SH2
+
] + k2 [ SH ] + k3 [ S

-
]  + k4[S

-
] [OH

-
]…7 

k1, k2, k3 values correspond to the water reaction of protonated, 

free, and ionized aldimine on treatment of [OH
-
] by KW/[H

+
] 

the first order rate constant is given in equation-8 

 

Different form of equation 8 under various pH conditions are 

discussed below. 

 At low pH value the equation 8 reduces to equation 9 in 

view of K2/[H
+
] taking a very low value.  

1

211

][1

])[(

KH

kHKk
kobs 






 ….9 

A linear Lineweaver –Burk plot of 1/kobs vs.1/[H
+
]  up to pH  

8.52 for 1b and 1e and 6.5 for 1c and 1f  necessarily leads to 

assume that k2 terms can be neglected from Eq. 9 hence the 

equation can be transformed to Eq. 10. 

111 1][1.1 kHkKkobs  
…10 

A regression analysis of 1/kobs  vs. 1/[H
+
] (r = 0.99) gives the 

value of K1 and k1 from the slope and intercept , respectively. 
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          1b &  1e  experiences a pH independent region in 

between the pH  9 to 10.5  and  1c & 1f   in between the 

region 8 to 12 . This arm of the profile can be considered as 

due to water reactions with the neutral aldimine. So the 

average of these values is assumed to represent the water 

reactions of the neutral aldimine (k2). 

 The rate constant is increased after pH 10.58 for 

1b and 1e and the rate constant increase after 12.68 for 

aldimine 1c and 1f with increase in [OH
-
 ] in which the 

aldimine exist exclusively in the phenoxide form. Hence the 

limiting rate constant in this range can be attributed to the 

reaction of phenoxide ion with OH
-
 or in some extent attack of 

OH
-
 on the neutral species. The Eq. 8 can be reduced to 11. 

Since k1,k2 and K1/[H
+
] are negligibly small in this pH range.  

 

Which can be rearranges to Eq.12 
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The equation 12 can be written as Eq. 13 
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obs
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….13 

K2 can be calculated from the plot of  1/kobs vs [H
+
]. 

The Eq. 13 can be rearranged to Eq. 14  [37,38] 

kobs  = k3 +  k4Kw/[H
+
]….14 

The out put of a least square correlation of kobs vs.Kw/[H
+
] (r 

=0.99) yields  k3  and   k4 values.  

The calculated rates constant for aldimine 1b,1e  &  1c, 1f are 

given in Table 2 

The calculated rates constant are given in Table 2.           

Table-.2 Calculated rate constant 1b,  1e,  1c and 1f 

Compound 
k1  x104 

sec-1 
k2 

sec-1 
k3 x104 

sec-1
 

k4 x104 
sec-1 

1b 719.53 29.34 78.00 15.00 

1c 934.70 2.31 11.00 12.00 

1e 1259.75 20.80 70.00 19.00 

1f 2090.82 1.95 1.00 2.00 

 

In general it is observed that for p-substituted aldimines, a 

huge pH independent region is observed in contrast to 

unsubstituted and o-substituted aldimines where a smaller pH 

independent region is obtained. The free-OH group in p-

substituted compound is probably responsible for the buffer 

action which therefore adjusts the change in pH of the 

environment. In o-substituted aldimines –OH group is 

engaged in H-bonding and therefore cannot monitor the 

change in pH  similar to the unsubstituted  aldimines. 

IV. HYDROLYSIS IN MICELLAR SYSTEM 

Three aldimines, 1a, 1b and 1c, have been 

judiciously selected for carrying out the hydrolysis in 

presence of surfactant systems. The methoxy substitution in 

amine moiety may affect the positioning of aldimines inside 

micelles as well as the binding with the micelle. This would 

affect the overall binding of the aldimines with the micelle 

and hence on the rate of hydrolysis. 

(i) Localization site of the aldimine in surfactant micelles:  

The localization sites of aldimine have been 

determined by observing the spectral behaviour of the 

aldimines in absence and presence of the surfactant micelles.  

max  values with change in pH are given in Table 3 

Table: 3 Spectral behaviour in aldimine 1a-c 

  max  in nm 

Aldimine pH 
Aqueous 

system 
CTAB AOS TX100 

1a 

 

4.0 248.0 250.0 248.0 276.5 

7.0 324.0 333.0 329.0 329.0 

12.0 326.0 334.0 329.0 329.0 

1b 

4.0 328.0 351.0 320.0 326.0 

7.0 336.0 351.0 351.0 351.0 

12.0 380.0 382.0 374.0 378.0 

1c 

4.0 284.0 286.0 270.0 278.0 

7.0 328.0 336.0 329.0 335.0 

12.0 352.0 364.0 350.0 353.0 

 

The spectral data indicates that 1a absorbs at lower 

wavelength at acidic pH. This is due to the phenomenon 

called halochromism which entails that the absorption changes 

with change in pH. Usually hypsochromisn occurs when pH 

of the solution is lowered i.e. on acidification of chromophoric 

groups [39].  The same value in aqueous system, CTAB and 

AOS indicates that the protonated species stays in bulk water 

solution. The bathochromic shift in presence of TX-100 

micelles is due to the localization of the aldimine around the 

polyoxyethylene chain of the surfactant assemblies where it 

can stay comfortably interacting with oxyethylene chain 

through its positively charged centre. The strong interaction of 

the positively charged centre of CTAB surfactant with 

oxyethylene centre of a polyoxyethylene surfactant has been 

reported [40]. The max  in neutral and alkaline region are 

same and are higher than that of the aqueous medium.  This is 

because the molecule does not suffer any structural change 

with increase in pH. Due to nonpolar character it  stays 

preferably in nonpolar region of the micelle. 1c also shows the 

spectral behaviour similar to the 1a . At acidic pH absorption 

maximum shifts to lower values and at neutral pH, wave 

length increase is due to interaction of the neutral aldimine 
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with the nonpolar region of the micelle(indicated by its 

absorption spectra). In alkaline pH p-OH group ionizes 

facilitating the delocalization of the conjugated bonds and 

hence wave length maximum increases. Higher value in 

presence of CTAB micelle is due to the strong interaction of 

the ionized aldimines with the positively charged CTAB 

micelles. But 1b behaves in a different manner in CTAB 

micelles. The pK1 value of  1b is 3.6. So at pH 4.0 the 

aldimine exist  both as protonated and unprotonated form. The 

shifting of max  value towards lower pH in presence of  AOS 

and TX-100 micelles, suggests that 1b is protonated to 

sufficient extent. In CTAB the peak position is not altered as 

compared to pH 7.0 indicating the absence of measurable 

amount of protonated aldimines. This is possibly due to the 

partitioning of the aldimines and H
+
 ion in CTAB micelles 

and bulk phases respectively. This does not happen in 

presence of AOS and TX-100 micelles. At alkaline pH, the 

change in absorption maximum is due to the ionization of the 

–OH group. 1b is less protonated compared to 1c due to 

unavailability of the lone pair of electrons on nitrogen atom as 

a result of H-bonding. 

(ii) Mechanism of hydrolysis in presence of micelles 

The hydrolysis of 1a, 1b and 1c has been carried in 

CTAB (cationic micelle), AOS(anionic micelle) and TX-100 

(nonionic micelle) at 25
0
C. The pH-rate profiles are given 

Figs.4.  

 

                                                          Fig.4 . Plot Log[kobs*104]vs pH of the aldimine A= 1a  B = 1b   C = 1c  in  presence of micelle 

 

(iii) Analyses of pH-rate profile 

On analyzing the pH-rate profile, it is seen that the 

pH-rate profile of these three aldimines varies from that of the 

aqueous solution. For 1a and 1c, two distinct regions are 

realized (i) acidic region where the rate constant is very fast 

but decreases with increase of pH. This region also extends to 

neutral and moderate alkaline pH region, where the rates are 

low  and (ii) a pH independent region extending  beyond 

pH=13. A slight increase in rate of hydrolysis occurs at the 

extreme alkaline pH for 1c, but for 1a the pH independent 

region does not suffer any change. For 1b, three regions are, 

(a) acidic region where the rate constant is very fast but 

decreases with increase of pH, (b) a pH independent region at 

the neutral and moderate alkaline pH region, where the rates 

are low but remains constant with increase in pH and (c) at the 

extreme alkaline pH, where rate increases slowly with 

increase of pH. The overall effect may therefore, be attributed 

to the (i) incorporation of the aldimines into the 

micelles(medium effect) i.e. if the substrates are concentrated 

or diluted in the micellar region  and (ii) charge of the polar 

group(electrostatic effect) i.e. alteration of the stability of the 

transition state due to electrostatic effect by micellar charge.  

(iv) Mechanism of hydrolysis  

The general trend of hydrolysis in presence of 

micelle are, (i) the rate in presence of micelles are invariably 

less than that of aqueous solution., (ii) In 1a and 1c, a huge 

pH independent region is seen in presence of CTAB micelle, 

(iii) In acidic region the rate constant in presence of CTAB 

micelle is always less than that of AOS and TX-100 micellle 

and , (iv) three distinct regions are observed in case of 1b. 

In acidic region the rate determining step is the attack 

of water to the protonated aldimines. As already indicated 

from the spectral behaviour that the protonated species of 1a  

are in bulk phase, the extent of hydrolysis depends on the 

amount of protonated species in water. Since the unprotonated 

species is nonpolar, it has the tendency to stay in contact with 

the nonpolar region of micelle. Due to this partitioning effect, 

the amount of aldimines in bulk phase in presence of micelle 

is always less than that of the aqueous bulk phase in absence 

of micelles. This accounts for the decreased rate of hydrolysis 

in presence micellar systems compared to that of the absence 

of surfactant under the same conditions. Due to the positive 

charge of CTAB micelle, the neutral aldimines cann‘t come in 

contact with H
+
 ion as a result of which the concentration of 

protonated species is still reduced. In presence of AOS and 

TX-100 micelle, due to increase of effective concentration of 
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H
+
 ion through electrostatic interaction with negatively 

charged surface of AOS micelle and induced negative charge 

on TX-100 micelles, the unprotonated amine gets protonated 

and is dragged towards the bulk solution phase. The 

hydrolysis rate therefore, increases in presence of AOS and 

TX-100 compared to CTAB micelles.
 

 The rate of acid 

catalyzed hydrolysis is thus, minimum in presence of CTAB 

micelles.   

The pH independent region covers neutral and 

alkaline region in which the attack of water on neutral 

aldimine and/or the attack of OH
-
 on neutral aldimine is rate 

determining. In this pH independent region, aldimine stays in 

neutral form. The aldimine 1a does not have a functional 

group sensitive to increase in pH and therefore, stays in 

neutral form throughout the whole pH region beyond   

approximately after 8.0. Due to its nonpolar character it stays 

relatively deeper into nonpolar region of micelles and hence 

cann‘t come in contact with OH
-
 present near the surface of 

anionic and nonionic micelles which stays relatively away 

from the surface due to electrostatic repulsion. The nonionic 

micelle TX-100 also provide a negative potential [41,42 ] due 

to the oxyethylene oxygen atom  on its surface similar to AOS 

micelle. Due to low nucleophilicity of water the rate constants 

are low at the pH independent region for 1a.  OH
-
 gets 

screened by the trimethylammonium head group of CTAB 

micelle and hence cann‘t interact sufficiently with the 

nonpolar entrapped aldimines.leading to decreased rate of 

hydrolysis in presence of  CTAB also.    

The nature of pH-rate profile of 1c is also similar to 

1a. 1c  has  a –OH group at one end  and hence it can be 

oriented in a similar fashion to  1a except that its reaction site 

i.e. the azomethine linkage is relatively closer to surface of the 

micelle due to its hydrophilic p-OH group which would stay 

preferably in contact with water surface. The trend of rate 

constant for 1c, therefore remains same. In extreme alkaline 

region, where the rate of attack of water and/or OH
-
 on 

ionized aldimine for 1c are rate determining steps, a pH 

independent region (with very low rate constants) is observed 

and the rate constant for 1c is higher than that of 1a in 

presence of AOS and TX-100 micelles. This is because the 

reaction site of 1a  is less exposed compared to 1c due to –OH 

group which drag the whole molecule towards bulk water 

phase.  But the trend is just reverse, i.e. 1a>1c in presence 

CTAB. The ionized aldimine would be stabilized 

electrostatically by the positively charged ionic surface of 

CTAB micelle and hence becomes less sensitive  to the 

hydrolysis phenomenon.    

1b on the other hand, due to o-hydroxy group a steric 

hindrance is posed during the incorporation into micellar core 

and therefore, preferably places itself on the Menger micellar 

surface being in contact with bulk solution. The reaction site 

is also relatively closer to the bulk solution and hence to the 

reactants under study. Consequently the trend of  pH-rate 

profile similar to aqueous solution results. On comparing the 

rate of hydrolysis it is seen that the rate is in the order 

AOS>TX-100>CTAB in first and third arms i.e. in acidic and 

extreme alkaline region. Since the hydrogen ion concentration 

would be more near the surface of the anionic micelle and the 

transition state during the hydrolysis in acidic region i.e. the 

formation of the protonated aldimines would be more 

facilitated on the surface of an anionic micelle, the rate of 

hydrolysis would be more in presence of an anionic micelle 

than that of the cationic micelle in the acidic region (where the 

attack of water on the protonated aldimines is rate 

determining). Hence the rate of hydrolysis is in the order AOS 

> CTAB in the present case. Further, since the surface of the 

Triton X-100 as usual provides a surface similar to an anionic 

miclle, the rate of hydrolysis is higher than CTAB. The 

protonated aldimine can also be stabilized by the oxygen atom 

of oxyethylene units of in presence of Triton X-100 micelle   

In high alkaline pH, since the rate determining steps involve 

negatively charged species, the incorporation into the anionic 

and nonionic micelles is relatively lower leading to the 

reactions in bulk water, whereas in presence of CTAB, the 

incorporation is relatively higher due to favourable 

electrostatic interaction of the reactants with oppositely 

charged head group. The aldimines, are however, buried more 

due to hydrophobic interaction and hence stay away from the 

OH
-.
 group

.
 The pH independent region is always larger in 

presence of CTAB micelle in compared to that of AOS and 

TX-100. This is due to the stabilization of the ionized 

aldimines and OH
-
 on the surface of cationic micelle. A 

relatively small pH independent region in neutral pH followed 

by a distinct accelerated region at the alkaline pH is observed 

in case of 1b, because here the reaction centre(azomethine 

linkage) and –OH group are very close to each other and are 

present relatively near the surface of micelle unlike 1c in 

which case –C=N- group and –OH group are  far from each 

other. At extreme alkaline region, hydrolysis rate increases 

with increase in pH for 1c. In 1b on the other hand, a water 

molecule is entrapped by O
—

and acts on –C=N- bond to 

account for the increase of rate. At still higher pH, OH
-
 attacks 

on ionized aldimine resulting in increase of rate.         

 

V. HYDROLYSIS IN MICROEMULSION SYSTEMS 

Spectral characteristics and solubilization site in 

microemulsion 

 (i) In presence of SDS-Isobutanol-Hexane-water system 

Ignoring the curvature of the assumed spherical 

dispersed droplets an idealized microemulsion system can be 

represented as shown in (Scheme-8) in which water is 

confined to the aqueous pseudophase, hexane to the oil 

pseudophase, surfactants (SDS, CTAB, BL-21) to the 

interphase and isobutanol is distributed between the interphase 

and the oil pseudophase. The solubilization site of the 

aldimines in these systems can be proposed basing on their 

solubility and spectral characteristics in microemulsions.  
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Scheme 8 

In neutral, acidic and alkaline conditions 1a shows an 

absorption maximum, max  at 335nm  in w/o, formed from 
SDS,  and in presence of pure hexane alone indicating that 1a 
resides in an oil-like environment in presence of SDS w/o 
microemulsion. But in presence of neutral, acidic and alkaline 

conditions 1a shows an absorption maximum, max  at 331nm  
in o/w microemulsion of SDS. This difference of 4nm 
hypsochromic shift may be attributed to the solubilization of 
the aldimine in the large bulk oil medium of w/o 
microemulsion in contrast to small oil core in o/w 
microemulsion  which may therefore be placed little closer to 
the oil-water interphase having isobutanol as one of its 
component.   

   1b  is  soluble in both hexane and isobutanol.  The 

absorption maximum, max at ~350nm  for  1b  in all 
conditions in presence of both o/w and w/o microemulsions , 
but 355 nm in pure hexane suggests that  1b preferably stay 
within the oil environment remaining in contact with interface 
more in compared to 1a due to its –OH group.  This in turn 
implies that the formation of ionized species of 1b is difficult 
possibly due to interaction of H

+ 
ion with negatively charged 

surfactant at the interface. The formation of protonated 
species is also not very much promoted due to association of 
the nitrogen atom through H-bonding with o-hydroxy group. 

1c absorbs at 330nm in isobutanol and 337nm in 
hexane. Further, it is highly soluble in isobutanol and not 
soluble in hexane i.e thus it prefers to stay at the interface 
being associated with isobutanol. Due to p-OH group it 
penetrates into interfacial region and positions itself in such a 
way suitable intermolecular H-bonding is probable in between 
p-OH group and isobutanol. The wave length maximum is 
therefore, found to be same in all conditions for both o/w and 
w/o microemulsion.     

(ii) In presence of CTAB-Isobutanol-Hexane-Water system 

On comparing the spectral behaviour of all the three 
aldimines (Table 8) it is concluded that 1a stays within the oil 
environment whereas 1b and 1c stays at the interfacial region 
due to –OH bond. 1c is preferably positioned at the interface 
compared to 1b  due intramolecular H-bonding prevailing in 
later.  

(iii) In presence of BL-21-Isobutanol-hexane-water 

   BL-21 orients itself at the interface such that its laury 
group(C=12) is buried in oil atmosphere and 21 number of 
polyoxyethylene chain are oriented towards water phase. It is 
reported that these oxyethylene groups usually coiled at the 
micellar interface at the interface to give the appearance of a 
match stick, with coiled oxyethylene as the head of the match 
sticks[ 43]. It is seen that the absorption region of all of the 
aldimines resembles either isobutanol or ethylene glycol 
(Table-.9). This clearly suggests that all the three aldimines 
resides at the interface interacting with the oxyethylene group 
of surfactant head.    

(iv) Rationalization of the rate data 

In SDS-isobutanol-hexane water microemulsion the 
rate in acidic media becomes very fast in both the 
microemulsions (o/w and w/o). Since the rate of attack water 
on the protonated amine in this region is rate determining the 
extent of protonation decides the rate of hydrolysis.  The 
formation of protonated aldimine due to electrostatic 
stabilization by the anionic surfactant present at the interphase 
and favourable approach of the water from bulk solution to 
the protonated amine present in the interphase, the acid 
catalysed hydrolysis is more for all the three aldimines 1a, 1b 
and 1c.  The order is however, 1c >1a>1b.  This order can be 
explained on the basis of their positioning within the 
microemulsion (Scheme-9). The rates in o/w microemulsion 
in different media are found to be always greater than that 
from w/o microemulsions.  In the hydrolysis process, the rate 
of attack of water at the imino carbon is the rate determining 
step. Therefore, it is obvious that any change in the nature of 
the water will affect the reaction rate. Since w/o 
microemulsion has similarity with reversed micelles and it has 
been reported by many workers[44 ] that the water present 
inside reversed micelles behaves differently from that of the 
bulk water being less polar and more viscous in nature, the 
reactivity of water molecules is less in w/o microemulsion 
than in o/w microemulsion.  
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Since the neutral molecules of these aldimines are placed 

towards the oil region the rate of hydrolysis in alkaline 

medium  is also slow as the approach of OH
-
 to the neutral 

aldimine  becomes difficult due to electrostatic repulsion  with 

negatively charged head of SDS. The hydrolysis of 1b even 

though similar but are always lower than  1a due to the 

presence of intramolecular H-bonding which poses 

obstruction to the reaction site –C=N- linkage limiting thereby 

the rate of attack of the H
+
/ OH

-
 / H2O. 

The rate constants of 1c are higher in compared to 1b 

and 1a due to the exposure of the reaction sites more towards 

water as a result of favourable positioning through interaction 

of p-OH group with the interfacial isobutanol. This leads to 

the exposure of the reaction site i.e. azomethine group to 

water (neutral and acidic conditions) or to OH
-
(alkaline 

conditions) comparatively higher extent in compared to 1a 

and 1c. The possible orientation at the reaction site can be 

represented in such a way that –OH group and nitrogen atom 

lie in contact with the water surface and the aromatic nucleus 

inside the hydrocarbon chain of the surfactants. Such 

anchoring of the substrate at the reaction site is very similar to 

that found in enzyme systems. Thus the same mechanism 

operates in all the three aldimines in presence of SDS micelles 

It is observed that in presence of CTAB 

microemulsion, rate constant values are substantially lower in 

compared to that in SDS. In o/w microemulsion, aldimine is 

confined to the oil droplets and H
+ 

is in the water continuous 

phase whereas in w/o microemulsion the case is reversed, i.e., 

H
+
 is localized in the water droplets and the aldimine is in the 

oil continuous layer (Scheme 10). Therefore, it seems 

reasonable that in o/w microemulsion, acid is diluted and in 

w/o microemulsion, aldimine is diluted. But in the presence of 

a negatively charged surface like SDS system, dilution of acid 

is expected to be controlled to a large extent compared to 

CTAB system and reaction rate depends only on the 

concentration of the aldimine at the surface. The effective rate 

decrease in presence of CTAB is due to retardation of the 

protonation. Once ionized both the hydroxysubstituted 

aldimines get stabilized by the CTAB system and are thus less 

susceptible to alkaline hydrolysis. But the alkaline hydrolysis 

in o/w region  are higher in compared to that of SDS system 

because of the increase of the availability of OH
-
 near the 

cationic interface of CTAB. At acidic pH reaction is supposed 

to occur at the interface and extent of protonation determines 

the rate of the reaction. Therefore, the decrease in the reaction 

rate in CTAB microemulsion compared to that in SDS 

microemulsion can be due to the electrostatic destabilization 

of the protonated aldimine and decrease in [H
+
] at the cationic 

surface 

 

. 
 

 

 

 

 

 

Scheme 10 

In BL-21-Isobutanol-hexane-water system, the rate 

constants for 1a are greater than that of SDS o/w 

microemulsion in all the three conditions. The water can be 

attracted to the interfacial regions through H-bonding with 

oxygen atom of the oxyethylene group and thus can interact 

with the aldimines present at the interface in the neutral 

conditions, where the rate of attack of water is the rate 

determining steps. At the acidic conditions, H
+
 can be dragged 

through interaction with oxyethylene oxygen atom and hence 

can be protonated easily leading to the increase in protonated 

species, which thereby interacts with the water present at the 

interfacial regions. The slow rate constant in alkaline region is 

obvious due to non-approachability of OH
-
 to the aldimines 

present in at the interfacial region having 21 oxygen atoms.  

The rate in presence of w/o is always slower than that of o/w 

due to decrease in activity of water. 

 The trend in rates of 1b and 1c  are similar to SDS 

systems and hence mechanism similar to SDS system operate 

during hydrolysis.The microemulsion involving BL-21 

therefore, behaves similar to SDS microemulsion.            

VII. CONCLUSION 

Micelles and microemulsion afford the possibility of 

reagent compartmentalization and provide interfaces for 

chemical reactions similar to the lipid-water interfaces of the 

biosystem. The present study involves the hydrolysis of 

aldimines in micellar and microemulsion environment with 

variation of H
+
 and OH

-
 ions.  In micellar system, the 

variation in the concentration of the reactants at the micellar 

phases and bulk water phase accounts for the rate of 

hydrolysis. In microemulsion the orientation of the reactants 

at the interface and partitioning of the molecules among the 

oil phase, water phase and interface have been found to affect 
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the reaction rate remarkably. –OH hydroxyl substituted 

aldimines has the necessary template to accommodate a 

molecule of water. Thus the concept of intramolecular acid-

base catalysis often observed in enzyme catalysis is available 

in this molecule. The methoxy substituent in amine part of the 

aldimine  also affects the rate of hydrolysis due to its tendency 

to accumulate electron density at the site of attack i.e. at 

azomethine linkage.  
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