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Abstract 

The kinetics of acid hydrolysis of bis(2,2';6',2''–terpyridyl) iron(II) complex has been studied in 

CTAB/Hexane/Chloroform reverse micelles. The reaction obeys first order kinetics with respect to each 

of the reactants at all values of W, {W= [H2O]/[CTAB]}. In the reverse micellar medium, the reaction is 

much slower compared to aqueous medium due to low micropolarity of the water pools which does not 

facilitate a reaction between reactants of same charge. The effect of variation of W {W=[H2O]/[CTAB]} 

at constant [CTAB] and variation of [CTAB] at fixed W has been studied. The second order rate con-

stant (k2) of the reaction increases as the value of W increases up to W = 8.88 and remains constant 

thereafter and it is independent of concentration of [CTAB] at constant W. The variation of rate of reac-

tion with W has been explained by considering variation of micropolarity and ionic strength of water 

pools of reverse micelles with W. Copyright © 2020 BCREC Group. All rights reserved 
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Research Article 

1. Introduction 

The reverse micelles formed spontaneously 

in organic solvents are thermodynamically sta-

ble and have been characterized by various 

techniques [1−3]. The solubilized water present 

in the polar cavity of reverse micelles is called 

“water pool”. This water pool has unique proper-
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ties like low dielectric constant, i.e. micropolari-

ty, higher viscosity, low thermodynamic activity 

of water, higher ionic strength (in the case of re-

verse micelles made of ionic surfactants) and al-

tered nucleophilicity compared to water in the 

conventional aqueous media [4−6]. These spe-

cial properties of the water pool are dependent 

on a W parameter, W = ([H2O]/[Surfactant]) and 

as the value of W increases the properties ap-

proach that of ordinary water [7,8].  In addition 

to these properties, when reactants are in the 

water pool they are confined to a small volume 
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leading to a concentration effect. The water 

pool is therefore referred to as a micro reactor 

[9].  Therefore, this media is very useful for the 

synthesis of nanoparticles with desired shape 

and size [10−12]. Since the water pool has dif-

ferent properties compared to ordinary water 

the rates of reactions and mechanisms can be 

expected to be different [13−16]. Another ad-

vantage of reverse micelles is that they are 

good solvents for both hydrophobic and hydro-

philic reactants and therefore, appear to be 

useful media for studying reactions involving 

different types of reactants [17−19]. 

Studies on the kinetics of electron transfer 

r e a c t i o n s  i n  t h e  p r e s e n c e  o f 

CTAB/Hexane/Chloroform reverse micelles are 

very few. The kinetics of dissociation of 

[Fe(bpy)3]2+, [Fe(tptz)2]2+, [Fe(phen)3]2+ in the 

presence of CTAB reverse micelles have been 

earlier reported and found that low dielectric 

constant of the water pool facilitates the for-

mation of ion pair between complex and bro-

mide ion of CTAB and leads to increase in rate 

[20−22]. In the study of kinetics of oxidation of 

[Fe(phen)3]2+ in CTAB reverse micelles,  quan-

titative assessment for the change in special 

properties with change in W has been given 

and the observed kinetic results has been  

quantitatively explained using Guggenheim 

equation [23]. 

In order to further investigate the influence 

of these unique properties on the kinetics of hy-

drolysis reactions, we have taken up a study of 

the acid hydrolysis of [Fe(tpy)2]2+ in the pres-

ence of CTAB/Hexane/Chloroform reverse mi-

celles. 

 

2. Materials and Methods  

2.1 Materials 

All solutions were prepared in double dis-

tilled water. Chemicals used were of analytical 

grade. 0.02 mol.dm−3 bis(2,2';6',2''–terpyridyl) 

iron(II) complex was prepared by mixing stoi-

chiometric amounts (1:2) of ferrous ammonium 

sulphate (99% pure, Merck, India) and terpyri-

dine (99% pure, Sigma Aldrich, India)  in wa-

ter. Stock solution of sulphuric acid (Merck, In-

dia) was freshly prepared and standardized. 
 Chloroform (Merck, India) and hexane 

(Merck, India)  were double distilled before use. 

CTAB (Cetyl trimethyl ammonium bromide) 

purchased from Sigma (98% pure) was used 

without further purification. Stock solution of 

0.1 M CTAB reverse micellar solution in 100 

mL was prepared by mixing 3.64 g CTAB, 40 

mL hexane, 60 mL chloroform till a clear solu-

tion was obtained. 0.2 mol.dm−3 and 0.3 

mol.dm−3 CTAB reverse micellar solutions were 

also prepared by dissolving requisite amounts 

of CTAB in chloroform-hexane (3:2 v/v) mix-

tures. The solutions were used within 24 h of 

preparation. 

 

2.2 Preparation of Reverse Micellar Medium 

and Initiation of the Reaction 

The 0.02 mL of [Fe(tpy)2]2+ of concentration 

0.02 mol.dm−3 was injected into 10 mL of 0.1 

mol.dm−3 CTAB solution using a micro pipette. 

0.02 mL of acid solution (11.0 mol.dm−3) was 

then added to initiate the reaction. The reac-

tion mixtures were shaken vigorously to obtain 

a transparent and homogenous solution that 

can be regarded as a reverse micellar system. 

The molar ratio of [Water] to [CTAB], i.e. W 

was varied in the range 2.22 to 16.6 by adding 

requisite amount of water. 

 

2.3 Experimental Method of Following the Re-

action 

The kinetic study of the acid hydrolysis of 

[Fe(tpy)2]2+ was carried out using a Shimadzu 

UV-1800 double beam spectrophotometer by 

measuring the decrease in absorbance of 

[Fe(tpy)2]2+ at a wave length at 556 nm against 

blank 3:2 mixture of chloroform and hexane. 

The reaction was carried out under the pseudo 

first order conditions, [H+] >> [Fe(tpy)2]2+] . The 

concentration of [Fe(tpy)2]2+ was 4×10−5 

mol.dm−3, acid were varied  from 2.22×10−2 to 

18.5×10−2 mol.dm−3. In all cases good linear 

plots were obtained for log (absorbance) versus 

time indicating first order kinetics with respect 

to [Fe(tpy)2]2+. The kinetic data are the averag-

es from duplicate runs with reproducibility less 

than ±3%. 

 

2.4 Product Analysis and Stoichiometry 

The solution of 4.0×10−5 mol.dm−3 

{Fe(tpy)2}2+ was added to 0.1 mol.dm−3 CTAB 

reverse micellar solution in presence of excess 

sulphuric acid. After the completion of reac-

tion, UV-Visible spectrum of the product was 

compared with terpydine of same concentra-

tion.  In the visible region, there was no ab-

sorbance at 556 nm corresponding to the 

{Fe(tpy)2}2+ complex indicating the dissociation 

of the complex to free metal ion and ligand. No 

red colour was obtained on the addition of am-

monium thiocyanate indicating the absence of 

Fe(III) and deep blue color was observed on ad-

dition of few drops of K3[Fe(CN)]6 the indicat-

ing the presence of Fe2+. 
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The stoichiometry for the reaction between 

[Fe(tpy)2]+2 and H+ determined by spectropho-

tometry using mole ratio method, keeping the 

concentration of the [Fe(tpy)2]+2, constant at 

4×10−5 mol.dm−3 and varying the concentra-

tions of H+ in the presence of 0.1 mol.dm−3 

CTAB reverse micellar medium at W = 6.66.  

The absorbance of the reaction product was 

measured at max = 556 nm, T = 304±0.1 K after 

a fixed time interval of 24 hours. The mole ra-

tio corresponds to the intersection point from 

the plot of absorbance versus mole ratio 

([H+]/[[Fe(tpy)2]+]) (Figure 1) and it indicates 

that one mole of [Fe(tpy)2]+ reacts with two 

moles of H+. 

 

2.5 Calculation of Effective Concentration 

When reactants are in the water pool, they 

are confined to a small volume leading to a con-

centration effect. In the case of unimolecular 

reactions taking place in the water pools of re-

verse micelles, the measured first order rate 

constants can be compared directly with the 

rate constant of reaction in aqueous medium. 

However, in the case of bimolecular reactions 

taking place in the water pools of the reverse 

micelles, the calculation of second order rate 

constant involves the consideration of effective 

concentration of the reactants. The effective 

concentration of a reactant in the water pool is 

calculated by dividing the overall concentration 

by the volume fraction of solubilised water. 

Volume fraction, f is volume of aqueous phase 

in water pool divided by total volume of the so-

lution [24]. The volume fractions lie in the 

range 4.00 to 25.2×10−3 for 0.1 mol.dm−3 CTAB. 

For example, if the concentration of CTAB is 

0.1 mol.dm−3 and W = 3.33 then f = (0.06/10.0).  

If [H+]overall = 2.0×10–3 then [H+]effective= 

{[H+]overall /f} = {2.0×10–3/0.006} = 0.33 mol.dm−3. 

From now onwards, the subscript ‘o’ is used to 

represent overall concentration and subscript 

‘e’ to represent effective concentrations. 

 

2.6 Effect of Bromide Ion Concentration 

As CTAB has large concentration of bro-

mide ion, it is necessary to check the nucleo-

philic effect of bromide ion on the reaction. To 

test whether the change in concentration of 

bromide affects reaction rate, kinetic runs were 

carried out in the presence of added bromide at 

constant concentrations of CTAB, complex and 

sulphuric acid which corresponds to effective 

concentration range of 3.33 to 13.00. The total 

concentration of bromide ion in the water pool 

is obtained by dividing the overall concentra-

tion of added Br- by the volume fraction of dis-

solved water and adding this quantity to the 

effective concentration of bromide ion from 

CTAB. There is no increase in reaction rate 

with increase in bromide ion concentration 

(Table 1). 

 

3. Results and Discussion 

The kinetics of aquation of {Fe(tpy)2}2+ in the 

presence of acid has been studied in the pres-

ence of CTAB reverse micelles. The reaction 

obeys simple first order kinetics with respect to 

Figure 2. Plots of log (At) versus time. 

Figure 1. Plots of [H+] /[Fe(tpy)]2+ vs Absorb-

ance of unreacted [Fe(tpy)2+. 

Added [Br-] 

(mol.dm-3) 

[Br-]e 

(mol.dm-3) 

k'×103 

(sec-1) 

0.1 3.33 0.82 

0.16 5.33 0.83 

0.39 13.00 0.83 

Table 1. Effect of variation of [Br-]. 

[Fe(tpy)2]o2+ = 4.0×10-5 mol.dm-3; [H+]o = 2.0×10-2 mol.dm-3; 

[CTAB] = 0.1 mol.dm-3; W=16.6; T = 304±0.1 K  
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{Fe(tpy)2}2+ as shown by linear plots of log 

(absorbance) versus time for at least 98% of the 

reaction under the conditions, [Fe(tpy)2]2+ << 

[H+] (Figure 2). Since there is no deviation from 

linearity, there is no auto inhibitory effect of 

the product, terpyridine on the reaction. This is 

because of the high solubility of this ligand in 

the organic phase compared to water and the 

transfer of dissociated ligand occurring very 

fast. A plot of pseudo first order rate constant, 

k' versus [H+] was found to be linear passing 

through the origin indicating first order         

kinetics with respect to H+ (Figure 3).   

The dissociation of {Fe(tpy)2}2+ in the ab-

sence of acid in CTAB reverse micelles was 

found to be immeasurably slow although ion 

pair formation between the complex and Br- is 

favourable under low dielectric conditions. This 

is because of the high stability constant of the 

complex (Scheme 1). But equations of 

{Fe(tpy)2}2+ has been observed in the presence 

of acid in CTAB reverse micelles and the reac-

tion proceeds with a rate constant k'=2.89×10−3 

sec−1 (at [Fe(tpy)2]2+ = 4.0×10−5 mol.dm−3; [H+] = 

2.22×10−2 mol.dm−3; W = 4.44). 

To compare the rate of the reaction in re-

verse micelles and in aqueous medium, the ki-

netic runs were carried out keeping the overall 

concentration of reactants and ionic strength 

same in both the media. The value of ionic 

strength inside the droplets is obtained by di-

viding the overall counter ion concentration 

(which is equal to the stoichiometric surfactant 

concentration) by the volume fraction [25]. It 

can be seen that at same ionic strength and re-

Scheme 1. Mechanism of the reaction 

Figure 3. Plots of k' versus [H+]e 
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CTAB 

(mol.dm-3) 
W 

[Br]e=[CTAB]*10/Vol 

of aqueous layer  
[H+]e 

k'×103 

(sec-1) 

k2 = k'/[H+]e 

k2×104 

(mol.dm-3.sec-1) 

0.05 4.44 12.5 5.80 2.89 4.98 

  6.66 8.33 3.86 2.67 6.91 

  8.88 6.25 2.90 2.56 8.82 

  13.3 4.16 1.93 1.96 10.1 

  16.6 3.33 1.54 1.56 10.1 

  20.0 2.77 1.28 1.32 10.3 

0.1 2.22 25.0 5.8 2.20 3.81 

  3.33 16.6 3.86 1.51 3.92 

  4.44 12.5 2.9 1.35 4.68 

  6.66 8.33 1.93 1.29 6.69 

  8.88 6.25 1.54 1.27 8.82 

  13.3 4.16 0.966 0.95 10.4 

  16.6 3.33 0.773 0.81 10.3 

  20.0 2.77 0.64 0.66 10.3 

0.2 2.22 25.0 2.9 1.11 3.82 

  3.33 16.6 1.93 0.753 3.90 

  4.44 12.5 1.54 0.693 4.77 

  6.66 8.33 0.966 0.634 6.66 

  8.88 6.25 0.773 0.647 8.92 

  13.3 4.16 0.483 0.491 10.2 

  16.6 3.33 0.386 0.398 10.1 

  20.0 2.77 0.322 0.330 10.3 

Table 3. Effect of variation of W and [CTAB].  

[Fe(tpy)2]o2+ = 4.0×10-5 mol.dm-3; [H+]o = 2.32×10-2 mol.dm-3; T = 304±0.1 K 

W 
Ea 

(kJ.mol-1) 

ΔH# 

(kJ.mol-1) 

ΔS# 

(J.mol-1.K-1) 

ΔG# 

(kJ.mol-1) 

4.44 38.5 36.0 -175.1 85.3 

16.6 32.2 29.6 - 180.2 84.1 

Aqueous medium 29.5 26.9 -186.2 83.2 

Table 4. Activation parameters. 

[Br-] 

(mol dm-3) 

   k'aq.med×103 

 (sec-1) 

k2(aq.med)×103 

(dm3.mol-1.sec-1) 

k'(rev mic)×103 

(sec-1) 

k2(rev.mic)×104 

(dm3.mol-1.sec-1) 

1.00 

2.77 

3.33 

4.16 

0.386 

0.690 

1.33 

1.65 

2.08 

3.72 

7.18 

8.91 

- 

5.16 

6.24 

7.88 

- 

10.0 

10.1 

10.2 

Table 2. Comparison of rate constants in the aqueous medium and in the presence of 0.1 mol.dm-3 

CTAB at same ionic strength. 

[Fe(tpy)2]o2+ = 4.0×10-5 mol.dm-3; [H+]o = 18.5×10-2 mol.dm-3;  [CTAB] = 0.1 mol.dm-3; T = 304±0.1 K 
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actant concentration, the pseudo first order 

rate constant is around eight times more than 

in the presence of reverse micelles compared to 

aqueous medium at µ= 4.16 mol.dm−3 (Table 2). 

Also the pseudo first order rate constant de-

creases with increasing W. This can be ex-

plained as follows: 

As these reactants are ionic, cannot stay in 

either the oil phase or the interface of reverse 

micelles; rather they prefer to stay inside the 

water pools. Therefore, the local concentration 

of the reactants in the water pools is much 

higher than in the bulk aqueous medium. As a 

result, the first order rate constant of the reac-

tion is higher in the reverse micelles as com-

pared to in the aqueous medium for a similar 

concentration of reactants. But with increasing 

W value, the local concentration of the reac-

tants decreases, reducing the rate of the reac-

tion. 

The second order rate constant which is ob-

tained by dividing the first order rate constant 

with effective concentration of acid, is around 

ten times less than that in the presence of re-

verse micelles compared to aqueous medium at 

µ = 4.16 mol.dm−3 (Table 2). The inhibition of 

the reaction in reverse micelles is due to low di-

electric constant of the water pool compared to 

aqueous medium. Under these low dielectric 

constant conditions, the transition state which 

is more polar is stabilized by a polar solvent, 

i.e. water.  Hence the reaction is slowed down 

in the presence of CTAB reverse micelles.  

Based on the observed results, the following 

mechanism is proposed for the dissociation of 

the complex in the presence of acid. 

 

3.1 Effect of W and [CTAB] on Rate 

The rate data obtained at different values of 

W at different CTAB concentrations given in 

Table 3 show that the second order rate con-

stant increases slightly with increasing W up to 

W = 8.88 and thereafter remains constant. At 

constant CTAB concentration, increase in W re-

sults in increase in dielectric constant and de-

crease in ionic strength. These two have oppos-

ing effect on the reaction. If there is only the ef-

fect of ionic strength, then the reaction rate 

should decrease with W. If the dielectric con-

stant effect alone exists, there should be an in-

crease in rate with increase in W. But the ob-

served trend in the rate constants is a result-

ant effect of these two factors, resulting in a 

small increase in k2. After W = 8.88 there is no 

change in rate constants. This is due to the at-

tenuation of special properties which approach 

that of bulk water. At constant W, there is no 

appreciable change in the second order rate 

constant with increasing CTAB. This shows 

that the reaction does not take place on the mi-

cellar interface but takes place entirely in the 

water pool.  This can be expected since both the 

reactants H+ and {Fe(tpy)2}2+ exists only  in the 

water pool. Both are highly hydrophilic species 

and there are no electrostatic attractions be-

tween positive micellar surface and positively 

charged reactants. 

In addition, the activation parameters (Ea, 

ΔH# and ΔS#)  of the reaction in an aqueous me-

dium as well as in CTAB reverse micellar me-

dium were determined from Arrhenius equa-

tion (log k' = log A − Ea/2.303RT) and Eyring 

eq u a t i on  ( k ' = ( k B T / h ) . ex p( −Δ H # / RT ) . 

exp(ΔS#/RT)). The higher value of the activa-

tion energy (Ea) in CTAB reverse micellar me-

dium compared to that in an aqueous medium 

also supports the fact that the reaction in 

CTAB reverse micellar medium (Table 4) is in-

hibited. 

 

4. Conclusions 

The reaction between [Fe(tpy)2]2+ and [H+] 

obeys first order kinetics with respect to each 

of the reactants in the CTAB reverse micellar 

medium. The reaction has been found to be in-

hibited around ten times in the presence of 

CTAB reverse micelles. Significant decrease of 

reaction rate in the CTAB reverse micellar me-

dium is due low micro polarity of bound water 

present in the water pools. The slight increase 

in second order rate constants (k2) with the val-

ue of W is a resultant effect of two factors, ionic 

strength and low dielectric constant of the wa-

ter pools. The second order rate constant (k2) of 

the reaction is almost constant at all concen-

trations of CTAB, indicating that the reaction 

completely takes place in the water pool. 
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