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Abstract

Platinum and ruthenium nanoparticles (Pnp, Rnp) are found to catalyse the dye formation reaction of aniline (AN) with 4-aminoantipyrine (AAP)
in an acidic aqueous medium. The kinetic parameters of the reaction were studied by UV—vis spectroscopy. Pseudo first order kinetics and the total
order equal to 2.0 are detected in both Pnp and Rnp systems. In the presence and absence of microheterogeneous media, the rate and order of the
antipyrilquinoneimine dye formation depends on the nature of the metal nanoparticles, pH, ionic strength and different microheterogeneous media
such as sodium dodecylsulfate (SDS), cetyltrimethylammonium bromide (CTAB) and tritonX-100 (TX-100). In the acidic medium, the catalytic
effect of Rnp is found to be greater than that of Pnp. In the microheterogeneous medium, the optimized reaction rate of product formation follows
the order SDS >TX-100 > CTAB. A possible reaction pathway has been proposed involving the activation of AN and AAP by metal nanoparticles
and concomitant reactions of free radicals. Transmission electron microscopy (TEM) results show that the particle sizes are 12.0 nm and 7.0 nm,

respectively, for Pnp and Rnp in the aqueous medium.
© 2006 Published by Elsevier B.V.

Keywords: Platinum nanoparticles; Ruthenium nanoparticles; Catalysis; Aniline; Microheterogeneous medium; Antipyrilquinoneimine dye

1. Introduction

Anilines (AN) are one of the widely distributed functional
groups in the aquatic environment originating from the waste
water discharges from dye, drug, polymer, and cosmetics man-
ufacturing units and reductive degradation of cellular materials
[1,2]. ANs constitute a highly toxic, potentially carcinogenic,
slowly degrading, and eco-deadly family of chemicals [3,4].
Numerous different methods have been reported on the detec-
tion, analysis and removal of ANs from water and soil samples
[5-7]. The enzymatic oxidation of aromatic amines plays a
significant role in many biotransformation processes such as
chemical carcinogenesis and drug metabolism. The oxidation of
aromatic amines may lead to various products such as nitroso-,
nitro-, azo-, and azoxy benzenes, etc. Various methods involving
enzymes, metal chelates and HyO, were employed in the earlier
studies to detect and analyse ANs [8,9]. With analogous aim,
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the use of platinum and ruthenium nanoparticles (Pnp, Rnp) in
an aqueous medium as catalysts on the reaction of AN (which
is considered as a representative of aromatic amines) with 4-
aminoantipyrine (AAP) has been attempted and presented in
this paper. In the earlier studies, the same reaction of AN and
phenol with AAP in the presence of H,O, with catalyst such as
a metal tetrasulfophthalocyanine is found to produce an intense
pink colored water soluble dye product that can be precisely and
easily detected and estimated by UV—vis spectroscopy [10,11].

The dye formation reaction between AN and AAP does not
proceed without any catalysts and many reports exist on the
effect of many different types of catalyst on this reaction. Pnp
and Rnp in aqueous medium are of great interest due to their
high surface area, stability and catalytic activity towards many
reactions. The kinetics of the dye formation by AN and AAP is
followed by UV-vis spectrophotometry. The coupling reaction
of AN and AAP involves the formation of the [Cg=N-] group,
where Cg is the benzene ring of AN and N belongs to the amino
group of AAP molecules, respectively. The characteristic FT-IR
peaks are found at 1627 cm™! for Pnp and 1635cm™! for Rnp
systems, respectively. The reaction conditions are optimized by
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investigating the effects of AN, AAP, Pnp, Rnp, ionic strength
and pH on the kinetics of the reaction. The kinetic parame-
ters are determined by using UV-vis spectroscopy. Addition
of cationic, anionic and non-ionic surfactants in solution alters
the rates of the dye formation reaction between AN and AAP
and other related reactions when carried out in the presence of
different catalysts. Earlier reports exist on the oxidation of aro-
matic amines in the presence of surfactant micelles [12]. The
effect of microheterogeneous media on the dye formation reac-
tion in the presence of Pnp and Rnp will be new and interesting.
The results clarify the interactions of AN with Pnp and Rnp and
their role in the reaction pathway of the dye formation reaction
in water.

2. Experimental
2.1. Reagents and instruments

Aniline, 4-aminoantipyrine, hexachloroplatinic acid hex-
ahydrate, polyvinyl pyrrolidone, and ruthenium trichloride
trihydrate were purchased from Aldrich and were used as such.
Ethylene glycol is an analytical grade reagent, Loba-Chemie
India Ltd. Deionised and double distilled water in all glass
assembly was used to prepare aqueous solutions. All other
chemicals, KNOj3, buffers, surfactants belong to the analyti-
cal grade with highest purity ca. 99.9%. UV—vis spectroscopic
measurements were performed on a Schimadzu UV-1601 dou-
ble beam instrument. The optical length of the quartz cuvette is
1 cm.

2.2. Preparation of platinum and ruthenium nanoparticles
in aqueous medium

The metal nano colloids were prepared in a four-necked round
bottom flask following the reported procedure with small mod-
ifications [13]. There are several reports available on Pnp and
Rnp preparation [14,15]. Poly(vinylpyrrolidone) (PVP) (30 mg)
was dissolved in 10 ml of ethylene glycol (EG) at room temper-
ature under constant stirring. 50 mg of hexachloroplatinic acid
hexahydrate (H,PtClg-6H>O) was dissolved in 5 ml of EG sep-
arately, and both solutions were heated up to 150 °C at the rate
of 5 °C/min. Into the reaction flask, HoPtClg—EG and PVP-EG
solutions were added dropwise with constant stirring and main-
taining the high temperature. The addition of EG solutions was
completed by 20 min and the reaction was stopped after 1 h dura-
tion. The contents in the flask were initially pale yellow and
turns to dark honey colored transparent solution, which indi-
cates the completion of nano colloid formation. The stability of
the colloidal dispersion was ascertained by maintaining —5 °C
in a cryostat for 1 h. In the case of ruthenium nano colloid, 11 mg
ruthenium trichloride trihydrate (RuCls-3H,0) was dissolved in
5 ml of EG and added with 250 mg of PVP dissolved in 20 ml of
EG. The mixture was heated up to 150 °C with constant stirring.
Dark honey colored solution confirmed the formation of ruthe-
nium nanoparticles. All the reactions with nanoparticles were
conducted at room temperature.

2.3. Size determination by TEM

Transmission electron microscopy (TEM) measurements
were conducted by placing a small drop of particle suspen-
sion on a formvar coated copper grid and allowed to evaporate
very slowly in vacuum under ambient temperature. The TEM
photographs were taken on a JEOL model 1200 EX instrument
operated at an accelerating voltage of 120kV [16].

2.4. Product identification and characterization

The concentrations of AN solutions were checked spectro-
scopically from the absorbance values at Apax =280nm with
e=1.2x 103 ecm~! M~! [17]. The reactions were carried out in
a two-necked flask initially containing AN and AAP aqueous
solutions with constant stirring kept in a thermostat at 25 °C.
The dye formation reaction occurred only on addition of Pnp
or Rnp. Hence, time of addition of Pnp or Rnp was taken as
the time of initiation of the reaction. Kinetics was followed by
the absorbance changes of an aliquot of the reaction mixture
at regular intervals of time at constant Apax =532 nm for both
Pnp and Rnp systems. The A, values correspond to the dye
product. The disappearance of the characteristic absorption peak
of the reactants (AN and AAP) in the reaction mixture ensured
the completion of the reaction. FT-IR spectra of the dye formed
between AN and AAP in the presence of Rnp and Pnp were
recorded in KBr disks at 25°C from 500cm™! to 4000 cm™!
using a Perkin-Elmer FT-IR instrument. The IR peaks of the
Rnp catalysed dye product are more intense than those of the
Pnp catalysed product.

2.5. Cyclic voltammetry

Cyclic voltammograms of the aqueous solutions of reac-
tants containing Pnp and Rnp were obtained using EG&G
Instruments PAR 283 potentiostat/galvanostat. A conventional
three-electrode electrochemical cell was used with a coiled, pla-
tinised Pt wire as the counter electrode and Ag/AgClin 3 M HCl
as the reference. The supporting electrolyte was 0.5 M H>SOy4.
The working electrode was a Pt disk (2 mm x 5 mm), which was
cleaned, flame treated and cooled in air after each measurement.
The scan rate was fixed at 25 mV/s. All the measurements were
carried out at 25°C [18].

3. Results and discussion
3.1. Kinetic studies from spectral data

Fig. 1 shows the typical UV-vis spectra of AN, AAP and the
dye formed in aqueous solution when the reactants are mixed in
the presence of Pnp and Rnp catalytic systems at 25 °C. Since the
dye formation reaction takes place only when nanoparticles are
added, peaks found at 532 nm for both Pnp and Rnp catalysed
systems are considered to be characteristic of the dye product.
The growth of the absorbance of the peak with time is propor-
tionate to the rate of dye formation. In Fig. 2, UV-vis spectra at
various reaction times are given. The effects of compositional
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Table 1

The pseudo first order rate coefficient of Pnp catalysed dye formation reaction between AAP and AN in aqueous media at 25 °C

Serial number Symbols? [AN] (x 102 M) [AAP] (x 1072 M) [KNO3] (x 107! M) pH [Pnp] (x 1074 M) k (x 1072 s_l)
1 A 3.35 2.67 - 3.2 2.94 1.84
2 O 3.35 3.35 - 3.2 2.94 2.17
3 | 2.67 3.35 - 3.2 2.94 1.69
4 X 3.35 3.35 - 3.2 4.52 2.34
5 ¢ 3.35 3.35 - 32 5.86 2.56
6 O 3.35 3.35 2.03 3.2 2.94 2.72
7 [ J 3.35 3.35 - 2.6 2.94 143
8 O 3.35 3.35 - 3.6 2.94 2.28
9 X 3.35 3.35 - 4.4 2.94 1.31

10 A 3.35 3.35 - 54 2.94 1.05

% These symbols are used in the figures.

variations in AN, AAP, Pnp, Rnp, salt and pH on the absorbance-
time dependence are given in Fig. 3. The exact compositions are
shown in Table 1, corresponding to the respective serial numbers
assigned to each of the reaction mixture. In Fig. 4, the kinetic
plots of log X against time, where X = [(OD,,)/(OD,, — OD;)] and
OD; and OD,, refer to absorbances at time ‘¢’ and at completion
of reaction are given. Completion of reaction is ensured when
absorbance remains unchanged with further increase in time.
These plots are used to determine the rate coefficients of the dye
formation reaction under different experimental conditions.

In Tables 1 and 2, the rate coefficient values are given for the
Pnp and Rnp catalytic systems. For Rnp catalysed systems it may
be seen that comparatively lower concentration of AN, AAP are
sufficient to bring about a similar rate constant value as that of
Pnp catalysed systems. In the effects of pH and ionic strength for
Rnp systems at lower compositions of AN and AAP higher rate
coefficient values are detected. That is, when the concentration
of the reactants, pH and ionic strength of the medium are the
same, higher rates are attained in the Rnp catalytic systems than
in the Pnp ones. Although the optimum pH for maximum rate
values are different for the Rnp and Pnp catalytic systems, the
maximum rate found in the Rnp catalysed system is greater than

Absorbance

Wavelength (nm)

Fig. 1. Typical UV-vis spectra of (a) AN (3.35x 1072M), (b) 4-
aminoantipyrine (AAP) (3.35 x 1072M), (c) platinum nanoparticles (Pnp)
(2.94 x 1074 M), (d) ruthenium nanoparticles (Rnp) (1.78 x 1075 M), (e) dye
in the presence of Pnp (Amax =532nm) and (f) dye in the presence of Rnp
(Amax =532 nm) in aqueous medium at 25 °C.

that found in the Pnp one. Based on the compositional effects
of AN and AAP and adopting pseudo first order conditions, the
order with respect to each of the reactants is found to be 1.0 and
the total order 2.0. This is observed in both the Pnp and Rnp
catalysed systems. The rate coefficient values correspond to the
pseudo first order rate constant of the reactions. The catalyst
concentration in Rnp system is nearly ten times lower than the
concentration of Pnp. This indicates that Rnp shows a higher
catalytic activity than Pnp in this reaction.
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Fig. 2. UV-vis spectra of the dye formation reaction between AN and
AAP at various times in aqueous media at 25°C in the presence of
(a) Pnp and (b) Rnp. [AN]=[AAP]=3.35 x 1072 M; [Pnp]=2.94 x 1074 M;
[Rnp]=1.78 x 1075 M.
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Table 2

The pseudo first order rate coefficient of Rnp catalysed dye formation reaction between AAP and AN in aqueous media at 25 °C

Serial number Symbols? [AN] (x1073 M) [AAP] (x1073 M) [KNO3] (x10~! M) pH [Rnp] (x 1075 M) k(x1072s71)
1 A 5.61 5.61 - 4.0 1.78 2.30
2 O 5.61 437 - 4.0 1.78 2.05
3 | 437 5.61 - 4.0 1.78 1.82
4 X 5.61 5.61 - 4.0 2.15 2.58
5 ¢ 5.61 5.61 - 4.0 1.24 1.56
6 O 5.61 5.61 2.45 4.0 1.78 2.89
7 [ ] 5.61 5.61 - 2.6 1.78 1.62
8 O 5.61 5.61 - 3.6 1.78 2.40
9 X 5.61 5.61 - 4.4 1.78 2.65

10 A 5.61 5.61 - 5.4 1.78 1.38

4 These symbols are used in the figures.
3.2. Effect of variations in catalyst

Although Pnp and Rnp are synthesized under similar con-
ditions, the catalytic activity of Pnp is different from Rnp
since particle sizes of these systems differ very much [19,20].
Tables 1 and 2 show that the presence of Pnp or Rnp initiates
the dye formation reaction with appreciable rate coefficients. On
increasing the concentration of Pnp (serial nos. 2, 4, 5) the rate
coefficient increases for constant compositions of AN and AAP.
The increase in the concentration of Rnp also results in increase
in the rate of the reaction (Table 2, serial nos. 1, 4, 5). This effect
is similar to the Pnp system. In Table 1, it is seen that the catalyst
concentrations in no. 8 is lower than systems in nos. 4 and 5.
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Fig. 3. Absorbance vs. time plots for the dye formation reaction between AN
and AAP in the presence of (a) Pnp and (b) Rnp in aqueous media at 25 °C under
various experimental conditions. Amax of the absorbance values: (a) 532 nm and
(b) 532 nm. The compositions of the reaction mixtures are given in Table 1 for
the Pnp system and in Table 2 for the Rnp one as follows: 1 (A); 2 (OJ); 3 (M);
4(x);5(4);6(0); 7 (®);8(0); 9 (X); 10 (a).

But the pH is higher (3.6) than that of the serial nos. 4 and 5.
The optimum pH for the maximum rate is equal to 3.6 for Pnp
systems and 4.4 for Rnp systems, respectively.

3.3. Effect of salt

Addition of inert electrolyte to an ion—ion reaction alters the
rate coefficient depending on the nature of the charge of the
reactants. In the present study AN and AAP are neutral and no
change in the rate coefficient values is expected in the pres-
ence of electrolytes. However, in the presence of KNO3, while
the compositions of AN, AAP and Pnp are kept constant, the
rate coefficient increases (Table 1, no. 6). The color of the dye
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Fig. 4. Kinetic plots of the dye formation reaction between AN and AAP in
the presence of (a) Pnp and (b) Rnp in aqueous media at 25 °C under various
experimental conditions. The compositions of the reaction mixture are the same
as those given in Table 1 for Pnp and Table 2 for Rnp, respectively. The serial
nos. are: 1 (A); 2 (0); 3 (M); 4 (x); 5 (4): 6 (0); 7 (@); 8 (O); 9 (K).
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formed in the presence of electrolyte is more intense than in the
absence of the electrolyte. The positive effect of ionic strength
on the rate coefficient of the reaction indicates that both the reac-
tants are similarly charged in the pH controlled medium [21].
For both Pnp and Rnp systems, acidic pH medium is used in
which AN and AAP exist in the protonated form. In similarly
charged conditions of AN and AAP the overall rate increases in
the presence of electrolyte. The catalytic activity of Pnp and Rnp
is considered to the activation of AN to react with AAP and vice
versa. In the case of Rnp (Table 2, no. 6) a similar increase in
the rate coefficient is seen in the presence of KNO3. The extent
of increase in the rate coefficient is found higher in Rnp than in
Pnp.

3.4. Effect of pH

When the medium is changed to basic conditions, the reaction
does not proceed at all and no coloration of the dye is found.
In the acidic medium, the optimum pH with the maximum rate
coefficient was found to be 4.4 for the Rnp system and 3.6 for
the Pnp system, respectively. The dye formation reaction is pH
sensitive. The pH profiles are shown in Fig. 2a and b for Pnp and
Rnp systems, respectively. The rate coefficient found in the Rnp
catalysed system is higher than in the Pnp catalysed system. In
the acidic medium, AN is protonated to anilinium ion in which
the para position is activated [22,23]. Further reaction with AAP
at the para position leads to the dye formation.
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Fig. 5. Absorbance vs. time plots of the dye formation reaction between
AN and AAP in the presence of (a) Pnp and (b) Rnp in various aqueous
microheterogeneous media at 25 °C. [TX-100]=10% (w/v); [SDS]=[CTAB]
=0.01M; [AAP]=[AN]=3.35x 1072M; [Pnp]=2.94 x 107*M; [Rnp]=
1.78 x 1073 M. The serial nos. are as follows: (1) SDS (Q), (2) TX-100 (O),
and (3) CTAB (A).

Table 3

Characteristic wavelength maxima of the dye product of the AN + AAP reaction
with Pnp and Rnp in the presence of various surfactants in aqueous solution at
25°C

Serial number Surfactant Pnp Amax (nm) Rnp Amax (nm)
1 SDS 534 535

TX-100 533 533
3 CTAB 532 532

3.5. Effect of microheterogeneous media

The dye formation reactions in the presence of Pnp and Rnp
seem to be affected by the presence of surfactant micelles in
solution. This effect is possibly attributed to the hydrophobic
interactions of SDS (anionic), CTAB (cationic) and TX-100
(non-ionic) micelles either with substrates or with reactive inter-
mediates of Pnp or Rnp particles. Table 3 shows the changes
in Amax of the dye formed in the presence of various micelles
in solution. Only marginal shift in Ap.x are seen. Fig. 5
demonstrates the effect of microheterogeneous media on the
absorbance versus time plots in the presence of Pnp and Rnp. The
corresponding kinetic plots used for the rate coefficient deter-
mination is given in Fig. 6. The values of rate coefficient in the
presence of various surfactant micelles are presented in Table 4.
Here the SDS system shows a higher rate coefficient value than
other surfactant systems.
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Fig. 6. Kinetic plots of the dye formation reaction between AN and
AAP in the presence of different aqueous microheterogeneous media
containing (a) Pnp and (b) Rnp. [TX-100]=10% (w/v); [SDS]=[CTAB]=
0.01M; [AAP]=[AN]=3.35x10"2M; [Pnp]=2.94 x 107*M; [Rnp]=
1.78 x 1075 M. The serial nos. are as follows: (1) SDS (), (2) TX-100 (0J),
and (3) CTAB (A).
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Table 4
Rate coefficient (s~!) of the dye formation reaction between AAP and AN in the
presence of microheterogeneous media catalysed by Pnp and Rnp, respectively,
at25°C

Serial number ~ System Symbols  Pnp k Rnp k&
(x1073 571 (x1072s7h)

1 SDS O 9.57 1.48

2 TX-100 0O 8.85 1.31

3 CTAB A 6.74 1.04

[Pnp]=2.94 x 107*M; [Rnp]=1.78 x 107> M; [TX-100]=10%
[SDS]=[CTAB]=0.01 M; [AAP] =[AN]=3.35 x 1072 M.

(Wiv);

It is seen that in the presence of microheterogeneous media
the rate coefficient in the Rnp catalytic system is greater than in
the Pnp one. For both Rnp and Pnp the rate coefficients are found
in the following order: SDS>TX-100>CTAB. The anionic
surfactant SDS seems to interact well with the Pnp and Rnp par-
ticulates and enhances the stability of the intermediates adsorbed
on the particulates [24]. In acidic media, anionic micelles inter-
act better with the protonated forms of AN and AAP than the
TX-100 and CTAB systems. CTAB micelles being cationic, its
interaction with protonated AN and AAP will be weaker than
in the SDS system [25,26]. TX-100 micelles being neutral, the
effect of TX-100 on the rate coefficient of the reaction lies in
between SDS and CTAB.

When the rate coefficients values of the reactions carried
out in the absence and in the presence of microheterogeneous
media are compared it is found that the presence of micelles
lowers the rate coefficient. These effects could be due to the
partitioning of the reactive substrate between the nanoparticles
and the micelles or to the micelles intercalating with the capping
material (polyvinyl pyrrolidone) of the particles.

3.6. FT-IR spectral studies

In Fig. 7, the FT-IR spectra of the antipyrilquinoneimine dye
formed in the presence of Pnp and Rnp systems are presented. In
the Rnp system, intensity of the peaks are higher; the 1635 cm™!
peak characteristic of [Cg=N-], where Cg refers to benzene ring
carbon Scheme 1 has been found to be more intense than in the
Pnp catalysed dye product. This result is in agreement with the
results from pH and salt effects.

Fig. 8 shows the TEM photographs of pure Pnp and Rnp
system. In the case of Pnp and Rnp the average particle sizes

R NH,
NH,
/N
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=
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Fig. 7. FT-IR spectra of the AN-AAP dye containing (a) Pnp and (b) Rnp
systems taken in KBr disc at 25 °C.

fall in the range of 12.0-7.0 nm, respectively. In both the cases,
spherical particles are observed. Due to the smaller size, a greater
number of particles is found in Rnp, which is consistent with
its higher catalytic activity. Rnp is found to exhibit narrower
dispersity in particle sizes than Pnp.

3.7. Cyclic voltammetry (CV) studies

The cyclic voltammograms of pure Pnp, Rnp with AAP and
AN, at various times are given in Fig. 9. Pt versus Ag/AgCl
reference electrode is used as the working electrode. The sup-
porting electrolyte is 0.5 M HySO4. The peaks are observed at
0.45V and 0.43V, respectively, for pure Pnp and Rnp [27]. On
addition of reactants the new peaks at 0.65V and 0.62 V appear

NH

N
C/PH\N 0 +2H*

Pt(0) orRu(0)
+

H+

Scheme 1.
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R-NH, +H" — > RN,

+ .
NH; H
nPt(0) (or) 2P(1) + —» nP(I) (or) 2Pt(1I) + +1/2H, + H
H, [ NH H
H.+ —_— —_— +H2
L H -
+ 8
) wiNH
é \ CH N

nPt(0) (or) 2Py(I) +

C[?\i

PHI)(or)PYII) +1/2 H, =—==

3
+ H—»

H; H;
- +nPt(I) (or) 2Py(I1) +1/2 H, + H

hut
O

PL(0) (or) PYI) +H*

NH
51 "
N
&, Ny i
+2Pt(l)(0r)Pt(ll)—:- O +Pt(0)+2H"

Scheme 2.

for Pnp and Rnp systems, respectively. This ensures the binding
of all of Pnp with AN and AAP. As the time of the reaction
progresses the intensity (I,) of the peak characteristic of the dye
increases tremendously. For both Rnp and Pnp systems, during
the dye formation the peak potential values are found to be nearly
constant. For nanoparticulate catalytic systems, CV provides a
potential tool to study the electrochemical kinetics of the dye
formation [28]. Also in the Rnp system the cyclic voltammo-
grams are more prominent than in the Pnp one. Similar results
are also obtained in kinetic studies.

3.8. Reaction pathway

In acidic pH the protonated form of the amines exist in equi-
librium with the non-protonated species. Both AN and AAP
exist in such an equilibrium in the acidic medium (Scheme 1).
When Pnp is added to AN and AAP mixed in acidic solutions,
H* radical tagged AAP and AN are found with the generation
of Pt(I) or Pt(I), which is represented in Scheme 2. The dye
formation reaction is initiated by Pt(I) or Pt(II) which generates
Pt(0) back into the medium. The neutral, non-protonated forms
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Fig. 8. Transmission electron microphotographs of (a) Pnp and (b) Rnp on
formvar coated copper grids.
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Fig. 9. Cyclic voltammograms of the dye formation between AN and AAP at
25 °C using Pt working electrode vs. Ag/AgCl reference electrode. Supporting
electrolyte: 0.5 M HSOy. (i) a, Pnp; b, Pnp +reactants at 3 min; ¢, at 5 min; d,
at 15 min. (ii) a, Rnp, b, Rnp + reactants at 3 min; ¢, at 5 min; d, at 15 min.

of AN and AAP are activated by H® radicals. A similar mech-
anism can be put forth for Rnp involving AN and AAP in the
acidic medium.

As a spot test, the presence of radicals during the reaction
course was tested by the addition of a few drops of acrylonitrile
monomer. Soon after the addition the solution turns turbid due
to the white polymer product formed which is subsequently pre-
cipitated. The generation of Pt(0) or Ru(0) back into the reaction
medium during the dye formation step is the versatile aspect of
these reactions and ensures many turnovers of the Pnp and Rnp
catalysts.

4. Conclusions

Pnp and Rnp prepared in this work have the sizes in the
range of 12.0-7.0nm when examined by TEM. Pnp and Rnp
catalyse the dye reaction between AAP and AN in aqueous
solutions. This reaction does not proceed in the absence of
nanoparticles and in basic pH. The spectral characterization
of the dye molecule agrees well with the literature. The kinet-
ics follows the pseudo first order. Effects of pH, salt, catalysts
and microheterogeneous media are studied. The optimum pH
for the maximum rate is found to be 3.6 and 4.4 in the Pnp
and Rnp catalytic systems, respectively. In both cases, the pres-
ence of microheterogeneous media lowers the rate coefficient
in the following order: SDS >TX-100>CTAB. Generally the
Rnp system exhibits the higher rate coefficient than the Pnp one
irrespective of the reaction medium. A general reaction path-
way involving free radicals has been put forth to rationalize the
observed results. This reaction may serve as a spot test to detect
and analyse the composition of aniline in aqueous solutions
using a spectrophotometry technique.
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