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The kinetics of interaction between ninhydrin and zinc-dipeptide (glycyl-tyrosine),  [Zn(II)-Gly-Tyr]+ complex have been studied in
aqueous and in micelles formed by the cationic surface active material, cetyltrimethylammonium bromide (CTAB) at 80 C and pH 5.0.
The reaction follows first- and fractional- order kinetics with respect to [Zn(II)-Gly-Tyr]+ and [ninhydrin], respectively, both in the absence
and presence of cationic CTAB micelles. The catalytic role of [CTAB] can be related to the extent of incorporation or association of the
[Zn(II)-Gly-Tyr]+complex and ninhydrin into the micelles. CTAB micelles decrease the activation enthalpy and make the activation
entropy less negative. The micellar catalysis is explained in terms of the pseudo-phase model of the micelles.  Binding constants KS for
[Zn(II)-Gly-Tyr]+ and KN for ninhydrin with micelles are calculated with the help of observed kinetic data. 
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Introduction 

Surfactants, due to containing both hydrophilic and 
hydrophobic properties in the same molecule, are 
amphipathic. The different interaction of these two moieties 
with water is an important cause for surfactants to self-
aggregate into micelles and other nanometer scale structures 
in aqueous solution.1a The nature of a surfactant plays a very 
important role in micellar catalysis. A little change in 
structure of surfactant can induce changes in the surface 
properties and rigidity of the micelle which remarkably 
affect the reactivity of substances. Because of widespread 
uses and application of surfactants as well as their micellar 
aggregates in chemical, biochemical, pharmaceutical, and 
industrial fields, detailed investigations on the fundamentals 
of aggregation of existing conventional and newer 
amphiphiles are in progress.1b Cationic surfactants are useful 
as antifungal, antibacterial, and antiseptic agents and have 
attracted recently more attention with reference to their 
interaction with DNA and lipids,2 whereas the nonionic 
surfactants are useful as detergents, solubilizers, and 
emulsifiers.3 The size, nature, and position of the head group 
and the length of the hydrophobic chain are all important 
factors.  

Chemical reactivity in ionic colloidal self-assemblies (e.g., 
micelles, microemulsion droplets, and vesicles) has obtained 
importance owing to similarities in action with the 
enzymatic reactions (e.g., shape and size, polar surfaces, and 
hydrophobic cores). Micelles are known to provide different 
microenvironment for different parts of the reactant 
molecules; i.e., a non-polar hydrophobic core can provide 
binding energy for similar groups while the outer shell 
interacts with the reactant’s polar groups. These properties 
of micelles play an important role in influencing the rates of 
reactions. In micellar solutions, reactions can be both 

accelerated and inhibited compared to that in pure water.4,5  
Such studies are expected to provide information: (i) to 
further understand factors that influence the rates of 
reactions; (ii) to gain additional insight into the exceptional 
catalysis of enzymatic reactions; and (iii) to explore the 
utility of micellar systems for the purpose of synthesis. 

Various kinetic studies have examined the following types 
of micellar catalysis: (1) reactions in which the micelles are 
reagents; (2) reactions in which interactions between the 
micelles and the reacting species affect the kinetics; and (3) 
reactions in which the micelles carry catalytically active 
substituents.6 The present studies were undertaken to 
provide experimental evidence of catalytic effect of cationic 
CTAB micelles on the reaction of [Zn(II)-Gly-Tyr]+ 
complex with ninhydrin. Ninhydrin has been well 
recognized for the detection and quantitative estimation of 
amino acids/peptides from biological fluids.7 It has been 
used also in bio-analytical work for visualization of 
fingerprints in forensic science. It has been established that 
metal ions preserve the colored product of ninhydrin-amino 
acids/peptides reaction. Order of mixing of metal ions also 
plays an important role as colors vary depending upon the 
order of mixing of reactants.8 Metal ion complex formations 
are among the prominent interactions in the nature. Metal 
coordination also plays an important role in biological 
processes involving metal-enzyme systems, considerable 
research has been carried out on modeling binary and mixed 
ligand complexes.9-11  

Experimental Section 

Materials and Methods 

All the solutions were prepared in double-distilled and 
deionized water (specific conductance (1-2).10-6 ohm-1 cm-1). 
CTAB (Merck, 99.0%), ninhydrin (Merck, 99.0%), Gly-Tyr 
(SRL, 99.0%), acetic acid (Merck, 99.0%), sodium acetate 
(Merck, 99.0%) and zinc sulphate heptahydrate (Merck, 
99.0%) were used as supplied. An acetate buffer of pH 5.0 
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was used as solvent for preparing all the stock solutions. The 
pH measurements were performed using ELICO LI-122 pH 
meter in conjunction with a combined glass and calomel 
electrode. 

Spectra of the reaction mixture containing [ninhydrin] (6.0 
x 10-3 mol dm-3) and [Zn(II)-Gly-Tyr]+ (3.0 x 10-4 mol dm-3)  
recorded using UV-visible spectrophotometer 
(SHIMADZU-model UV mini 1240) in the aqueous and in 
the presence of CTAB micelles, are shown in Figure 1.  The 
spectra of the product consists of λmax = 400 nm in both the  
media (although the absorbance is higher in presence of 

CTAB, which may be due to strong association between the 
product and CTAB micelles). 

Figure 1. Spectra of the reaction product of ninhydrin with [Zn(II)-
Gly-Tyr]+ in buffer solution at pH = 5.0, [ninhydrin] = 6.0 x 10-3 
mol dm-3, [Zn(II)-Gly-Tyr]+ = 3.0 x 10-4 mol dm-3 and temperature 
= 80 ºC: (a) in the absence of CTAB, and (b) in presence of CTAB 
= 30 x 10-3 mol dm-3. 

The composition of the reaction product between [Zn(II)-
Gly-Tyr]+ complex and ninhydrin was determined by Job’s 
method of continuous variations in aqueous and in CTAB 
micellar media. It was found that one mole of [Zn(II)-Gly-
Tyr]+ complex associates with one mole of ninhydrin to give 
the reaction product. 

Kinetic Studies  

Under the conditions used in our studies, zinc(II) forms a 
1:1 complex with glycyl-tyrosine. A 1:1 solution (3 x 10-4 
mol dm-3) of the two reactants was therefore taken in a 
graduated standard flask, boiled for 1 min and heated in a 
controlled manner at 90°C for 1 h (the flask was fitted with 
a double-surface condenser to prevent evaporation). After 
reaction, the flask was brought to room temperature and loss 
in volume, if any, was maintained with the buffer. The 
complex was then stored in dark. For each set of kinetic 
experiments, the requisite quantities of violet [Zn(II)-Gly-
Tyr]+ complex and buffer solution were taken in a three-
necked reaction vessel. The mixture was allowed to attain 
the desired temperature. Pure nitrogen gas (free from CO2 
and O2) was bubbled through the mixture for stirring and 
maintaining an inert atmosphere. The reaction was then 
initiated by adding appropriate amount of ninhydrin; the 
zero-time was taken when half of the ninhydrin solution had 

been added. During the kinetic experiments pseudo-first-
order conditions were maintained by using ≥ 10-fold excess 
of [ninhydrin] over [Zn(II)-Gly-Tyr]+. In the present 
investigations, the progress of reaction was followed 
spectrophotometrically by pipetting out aliquots at regular 
time intervals and monitoring the absorbance at λmax (= 400 
nm). The pseudo-first-order rate constants in aqueous (kobs, 
s-1) and in micellar medium (kΨ,  s-1) were calculated up to 
completion of 80% of the reaction by using a computer 
programme. More details related to kinetic measurements 
can be found elsewhere in the literature.12-14  

Critical Micellar Concentration (cmc) Measurements 

The critical micellar concentration (cmc) determinations 
by conductivity measurements were carried out by using a 
Systronic conductivity meter 306 (cell constant = 0.10 cm-1). 
First the conductivity of the solvent was measured and then 
conductivity was recorded every time after addition of small 
volumes of cationic cetyltrimethylammonium bromide 
(CTAB) solution ensuring complete mixing with and 
without reactants (i.e., ninhydrin and [Zn(II)-Gly-Tyr]+) 
under different experimental conditions. The specific 
conductance was calculated by applying solvent correction. 
The cmc values of surfactant in absence and presence of 
reactants were obtained from break points of nearly two 
straight line portions of the specific conductivity vs. 
concentration plots.15 The experiments were carried out at 
30 ºC and 80 ºC under varying different experimental 
conditions of solvent, i.e., water, water + ninhydrin, water + 
[Zn(II)-Gly-Tyr]+, water + ninhydrin + [Zn(II)-Gly-Tyr]+ 
and the respective cmc values are: (x 103) 0.91, 0.89, 0.92 
and 0.93 (at 30 ºC); 1.37, 1.28, 1.05 and 1.04 mol dm-3 (at 
80 ºC). 

Results and Discussion 

Spectra of the product of [Zn(II)-Gly-Tyr]+–ninhydrin 
reaction has a absorption maximum at λmax = 400 nm in the 
absence and presence of CTAB micelles. As no change in 
the absorption maximum (λmax = 400 nm) occurred in the 
absence as well as the presence of CTAB surfactants, we 
can conclude that the same product is formed in the two 
systems.  

The kinetic studies of [Zn(II)-Gly-Tyr]+ (3.0 x 10-4 mol 
dm-3) and [ninhydrin] (6.0 x 10-3 mol dm-3) interaction were 
made in the pH range 4.0 to 6.0 under both the conditions, 
i.e., aqueous and  CTAB micellar media ([CTAB] = 30 x  
10-3 mol dm-3) at 80 ºC. It was found that the value of rate 
constant increased sharply in pH up to 5.0 and thereafter 
became almost constant in both the media. Consequently, all 
the subsequent measurements were made at pH 5.0 (Table 
1). 

To see the role of [Zn(II)-Gly-Tyr]+ complex on the 
reaction rate, the kinetic experiments were carried out with 
different concentrations of [Zn(II)-Gly-Tyr]+ varying from 
2.0 x 10-4 mol dm-3 to 4.0 x  10-4 mol dm-3 at fixed 
[ninhydrin] (6.0 x 10-3 mol dm-3), temperature (80 ºC) and 
pH (5.0) (Table 1). It was found that the order of the 
reaction with respect to [Zn(II)-Gly-Tyr]+ complex is unity 
in both the systems (i.e., aqueous and micellar media) as the  
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Table 1 Dependence of pseudo-first-order rate constants (kobs or k) on [Zn(II)Gly-Tyr]+, pH and [ninhydrin] for the reaction of 
[Zn(II)Gly-Tyr]+ with ninhydrin at 80 ºC. 

104 [Zn(II)Gly-Tyr]+, mol dm-3 103 [ninhydrin], mol dm-3 pH 105 kobs
a , s-1 105 k

b, s-1 
     
3.0 6 4.0 2.0 8.5 
3.0 6 4.5 3.1 22.4 
3.0 6 5.0 8.8 36.7 
3.0 6 5.5 12.5 38.3 
3.0 6 6.0 14.2 39.2 
2.0 6 5.0   8.4 36.3 
2.5 6 5.0 8.5 36.7 
3.0 6 5.0 8.8 36.7 
3.5 6 5.0 8.7 36.8 
4.0 6 5.0 8.5 36.9 
3.0 6 5.0 8.8 36.7 
3.0 10 5.0 17.0 40.4 
3.0 15 5.0 22.7 44.5 
3.0 20 5.0 26.0 47.6 
3.0 25 5.0 30.0 49.5 
3.0 30 5.0 32.5 51.1 
3.0 35 5.0 35.2 52.2 
3.0 40 5.0 37.5 53.0 

aAbsence of CTAB, b[CTAB] = 30 x 10-3 mol dm-3 

 

value of rate constant is independent of the initial 
concentration of the complex.  Therefore, the rate law is 
given as Eq. (1): 

 

rate 
dt

Pd ][
 = (kobs or kΨ) [complex]                        (1) 

The effect of ninhydrin concentration was determined by 
carrying out the kinetic experiments with different 
[ninhydrin] ranging  from 6 to 40 x 10-3 mol dm-3 at constant 
values of [Zn(II)-Gly-Tyr]+ (3.0 x 10-4 mol dm-3), 
temperature (80 ºC) and pH (5.0) (Table 1). The plots of rate 
constants vs. [ninhydrin] are non-linear and pass through the 
origin (Figure 2), that indicates the order to be fractional 
with respect to [ninhydrin] under both the conditions.  

Activation parameters were evaluated from the linear 
Eyring plots by studying the reaction at varying temperature 
(Table 2). 

Reaction in Aqueous Medium 

It is well known that lone pair electrons of amino group 
are necessary for nucleophilic attack on the carbonyl group 
of ninhydrin.16-19 In complex ([Zn(II)-Gly-Tyr]+), this lone 
pair is not free, and therefore, neucleophilic attack is not 
possible. The reaction, therefore, proceeds through 
condensation of coordinated carbonyl group of ninhydrin 
(Nin) within the coordinated coordination sphere of Zn(II). 
The coordination of both reactants (ninhydrin and Gly-Tyr) 
with the same metal ion (Zn(II)) is an example of template 
mechanism.8b 

On the basis of the above results and previous 
observations, the mechanism shown in Scheme 1 has been 
proposed for the reaction of [Zn(II)-Gly-Tyr]+ complex with 
ninhydrin. According to this Scheme, the rate equation is 
given as Eq. (2): 

[Nin] 1 

[complex] [Nin] ][

K

K
k

dt

Pd


                                       (2) 

On the basis of Eq. (1) and Eq. (2) we can write: 

 

where [Nin] is the total concentration of ninhydrin. Eq. (3) 
can be written as Eq. (4): 

 

 

 

Thus, a plot of 1/kobs vs. 1/[Nin] should yield a straight 
line with an intercept (1/k) and a positive slope (1/kK). 
Indeed, it was found so and the values of k and K were 
found to be 5.0 x 10-4 s-1 and 44.2 mol-1 dm3, respectively, in 
aqueous medium. The calculated values of rate constants 
(kcal), obtained by substituting k and K in Eq. (3), are in 
close agreement with the kobs, which supports the proposed 
mechanism and confirms the validity of Eq. (3). 
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Table 2 Pseudo first-order rate constants, activation parameters, 
and binding constants for the reaction of [Zn(II)Gly-Tyr]+ and 
[ninhydrin] in absence and presence of CTAB (30x10-3 mol dm-3)c. 

Temperature, ºC 105 kobs, s
-1 105 kψ, s-1 

   
70   4.3   24.3 
75   7.4   30.3 
80   8.8   36.7 
85 18.0   46.8 
90 31.3   49.1 
Parameters   
Ea (kJ mol-1) 115.1   44.3 
H (kJ mol-1) 112.2   41.4 
-S (J K-1 mol-1)   307.0 309.0 
103 km (s

-1)d -   14.1 
105 kw (mol-1dm3 s-1)d -     8.8 
KS (mol-1 dm3)d -   24.0 
KN (mol-1 dm3)d -   58.9 
104 k2

m (mol-1dm3 s-1)d    -     2.0 

c[Zn(II)Gly-Tyr]+ = 3.0 x 10-4 mol dm-3, [ninhydrin] = 6.0 x 10-3 
mol dm-3, pH = 5.0. dAt 80 ºC 

 

Figure 2. Plots of rate constant (k) vs. [ninhydrin] for the reaction 
of ninhydrin with [Zn(II)-Gly-Tyr]+ at pH = 5.0, temperature = 80 
ºC, and [Zn(II)-Gly-Tyr]+ = 3.0 x 10-4 mol dm-3: (a) in the absence 
of CTAB, and (b) in presence of CTAB = 30 x 10-3 mol dm-3. 

Figure 3. Effect of CTAB on the rate constant (k) for the reaction  
of ninhydrin with [Zn(II)-Gly-Tyr]+ at pH = 5.0, temperature = 80 
ºC, [ninhydrin] = 6.0 x 10-3 mol dm-3, and [Zn(II)-Gly-Tyr]+  = 3.0 
x 10-4 mol dm-3. 

Reaction in CTAB Micellar Medium  

Preliminary experiments indicated that the absorbance of 
the end product increased as the concentration of CTAB 
micelles increased, but the wave length of maximum 
absorbance remained unchanged. It is inferred that there is 
no change in the products of the two systems. To find out 
the behaviour of cationic CTAB micelles on the reaction 
rate, the effect of CTAB was examined by varying amount 
of CTAB at fixed concentration of reactants (i.e., 
[ninhydrin] = 6.0 x 10-3 mol dm-3, [Zn(II)-Gly-Tyr]+ = 3.0 x 
10-4 mol     dm-3), temperature = 80 ºC and pH = 5.0 (Table 
3). The first-order rate constant (kΨ) increased from 8.8 to 
37.2 x 10-5 s-1 on increasing [CTAB] from 0 to 20 x 10-3 mol 
dm-3 but further increment in [CTAB] had a decreasing 
effect on the reaction rate (Figure 3). The plot of kΨ vs. 
[CTAB] is perfectly general being common characteristic of 
bimolecular reactions catalyzed by micelles.20 The order of 
reaction with respect to [complex] was found first-order 
kinetics which shows that rate does not depend upon the 
initial [complex]. The plot of kΨ–[ninhydrin] shows that the 
reaction rate increases on increasing [ninhydrin] but non-
linearly (Figure 2). The above studies confirm that the order 
of reaction with respect to [complex] and [ninhydin] is the 
same as that in aqueous medium.   
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Scheme  1.  Ninhydrin-[Zn(II)–Gly-Tyr]+ reaction mechanism. 
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The observed enhancement in the reaction rate is 
quantitatively treated on the basis of the pseudo-phase 
model (Scheme 2), proposed by Menger and Portnoy,21 and 
developed by Bunton4 and Romsted22 (Scheme 2). 

([Zn(II)-Gly-Tyr]+)w + Dn                       ([Zn(II)-Gly-Tyr]+)m   

Scheme 2. Ninhydrin–[Zn(II)-Gly-Tyr]+ reaction mechanism in 
CTAB micellar medium. 

Although several kinetic equations based on the general 
Scheme have been produced, the most successful seems to 
be that of Romsted22 who suggested an expression (Eq.(5), 
which takes into account the solubilization of both the 
reactants into the micelles as well as the mass action model: 

 

                   

 

In the above equation, kw and km are the second order rate 
constants, referring to bulk and micellar pseudophases, 
respectively. KS and KN are the binding constants of [Zn(II)-
Gly-Tyr]+ complex and ninhydrin to cationic micells, MN

S 
being the molarity of ninhydrin bound to the micellar head 
group, [Dn] represents micellized surfactant ([CTAB]-cmc) 
and  NDn and ([Zn(II)-Gly-Tyr])+

m are micellized ninhydrin 
and complex,  respectively. 

Table 3 Effect of [CTAB] on pseudo-first-order rate constant (k) 
for the reaction of [Zn(II)-Gly-Tyr]+ (3.0 x 10-4 mol dm-3 ) with 
ninhydrin (6.0 x 10-3 mol dm-3) at 80 ºC and their comparison with 
calculated values (kcal). 

103 [CTAB ],  
mol dm-3 

105 k,  
s-1 

105 kcal, 
(s-1) 

 








 

Ψ

ΨcalΨ

k

kk
 

 
 
0 

  
  8.8 

  
 -   - 

5 31.3 30.5 +0.03 
10 32.6 33.0  -0.01 
15 35.4 35.9  -0.01 
20 37.2 37.6  -0.01 
25 37.0 36.8 +0.01 
30 36.7 37.1  -0.01 
35 36.4 36.3   0.00 
40 36.2 37.0  -0.02 
45 36.0 36.4  -0.01 
50 35.7 35.3 +0.01 
55 35.5 34.7 +0.02 
60 35.4 34.8 +0.02 
70 35.1 35.6  -0.01 
80 34.8 35.0  -0.01 

To find out KS and km, the non-linear least squares 
technique was used for Eq. (5). This process gave the value 

of least squares; i.e., Σdi
2 (di = kψ obsi - kψ cali) at ith KS. The 

calculation was repeated for different values of KS and the 
best value was the one for which Σdi

2 was minimum. The KS, 
thus obtained, was used to obtain the value of km.  

As pointed out earlier, the micellar pseudo-phase has 
different properties. Therefore, it is not possible to precisely 
locate the exact site of the reaction but at least localization 
of the reactants can be considered. The reactant ninhydrin, 
having the -electrons, enhances the possibility of its 
partitioning between water and cationic charged micelles.23 
The micellar surface can attract or repel ionic species due to 
electrostatic interactions whereas hydrophobic interactions 
can bring about the incorporation of the reactants into 
micelles. Thus, overall increment of rate occurs due to the 
increased concentration of both ninhydrin and [Zn(II)-Gly-
Tyr]+ complex in the Stern layer of micelle (Figure 4). The 
slow decrease in rate constant (kψ) beyond [CTAB] = 20 x 
10−3 mol dm−3 can be explained as follows. At [CTAB] > 20 
x 10−3 mol dm−3, practically all the substrate has been 
incorporated into the micellar phase. When bulk of the 
substrate is incorporated into the micelles, addition of more 
CTAB generates more cationic micelles, which simply take 
up the ninhydrin molecules into the Stern layer, and thereby 
deactivate them, because a reactant molecule in one micelle 
could not react with the other in another micelle.20 Another 
reason of decrease in kψ could be a result of counter ion 
inhibition. 

General 

The rate constants km (whose unit is reciprocal seconds) in 
the micellar pseudo-phase cannot be compared directly with 
the second-order rate constant in water kw (mol-1 dm3 s-1), 
because the km is calculated by taking concentration as a 
mole ratio, 

S

NM . To compare km with kw, Bunton and 
others4,20,24 used the volume element for reaction within the 
micellar pseudo-phase. Stern layer volume of one mole of 
CTAB is about 0.14 mol dm-3.  The second-order rate 
constant (k2

m, mol-1 dm3 s-1) for reaction in the Stern layer is 
then given as k2

m = 0.14 km. For bimolecular reactions, in 
general, kw > k2

m.25,26 In the present case, the two values are 
comparable. Micellar surfaces are water rich but are less 
polar than pure water and do not provide a uniform reaction 
medium because micelle is a porous cluster with a rough 
surface and deep water filled cavities. On the other hand, the 
variations in kw/k2

m are not related in any obvious way to 
estimate polarities of micellar surfaces.   

Activation Parameters 

In order to learn more about the microenvironments of 
submicroscopic assemblies, a series of kinetic experiments 
were made at constant [Zn(II)-Gly-Tyr]+ (3.0 x 10-4 mol  
dm-3), [ninhydrin] (6.0 x 10-3 mol   dm-3) and pH 5.0 in the 
temperature range 70 ºC to 90 ºC presence of surfactant 
(Table 2). The values of enegy of activation (Ea), enthalpy 
of activation (ΔH) and entropy of activation (ΔS) are given 
in Table 2. On comparing the values of these parameters to 
those of aqueous medium, we observe a large decrease in 
energy of activation and enthalpy of activation with 
substantial negative entropy which suggests the formation of 
a well-structured activated state in which the reactive groups 
are closely associated with less degree of freedom. 

Product

+ Dn

k'w
k'm

KN

+

Product

NDnNw    

+

 

S[Nin] ( )  [ ]w S m w nN (5)Ψ 1 [ ]S n
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Figure 4. Schematic model representing probable location of 
reactants for the cationic micellar catalyzed condensation 
reaction between [Zn(II)-Gly-Tyr]+ complex and ninhydrin.
   

Conclusions 

Kinetic runs were carried out spectrophotometrically at 
fixed concentrations of [Zn(II)-Gly-Tyr]+ (3.0 x  10-4 mol 
dm-3), [ninhydrin] (6.0 x 10-3 mol dm-3), temperature (80 ºC) 
and pH 5.0 at λmax = 400 nm,  in the absence and presence of 
CTAB micellar media. The presence of CTAB micelles do 
catalyze the reaction and provide new path of the ninhydrin 
reaction and thus enhance the sensitivity of the 
technique/reaction. 
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