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Abstract- The use of a catalyst is a common way to minimize energy use and less material waste formation 
by lowering the energy of activation for a reaction. With catalysts reactions can be more efficient and 
selective. This provides an enormous energy savings while reducing the risks of explosion or other high 
temperature hazards. The field of nanocatalysis has undergone an explosive growth during the past decades, 
both in homogeneous and heterogeneous catalysis. Since nanoparticles have a large surface-to-volume ratio 
compared to bulk materials, they are attractive to use as catalysts. With the improved developments in nano-
chemistry, it is now possible to prepare soluble analogues of heterogeneous catalysts, materials that might 
have properties intermediate between those of the bulk metal and single metal-particle (homogeneous) 
catalysts. Noble metal nanoparticles with high specific catalytic activity are ubiquitous in modern synthetic 
organic chemistry during the recent decades. However how to reduce their dosage is one of the most exiting 
challenges due to the limited reserves of noble metals. In this study colloidal dispersion of iridium 
nanoparticles have been synthesized by wet reduction method using different polymers as protecting agent 
after the reduction of precursor salt by alcohol. The particle size has been effectively controlled in the range 
of 10 nm by the variation of solvent, reductant, temperature and polymer concentration. The synthesized 
iridium nanoparticles were characterized by UV-vis, XRD, FT-IR, TEM etc technique. 
 The catalytic activity of colloidal iridium nanoparticles was evaluated in some 
oxidation reactions like amino acids- hexacyanoferrate (III) redox system in alkaline medium. These 
nanoparticles show a better catalytic activity than an equal amount of iridium precursor. Easy recovery of 
the catalyst from the reaction mixture shows another positive significance. Superior catalytic activities of 
nanoparticle-based catalytic systems than the corresponding bulk materials and recycling of metal nano 
particles are helpful in reducing the raw material costs and engineering a greener process via limiting the 
amount of waste chemicals for disposal.   
 
 Keywords: Iridium, Nanocatalyst, oxidation reaction.  
 
Introduction 

Catalytic reactions are preferred in environmental 
friendly green chemistry due to the reduced amount of waste 
generated. The field of nanocatalysis has undergone an 
explosive growth during the past decades, both in 
homogeneous and heterogeneous catalysis [1,2].zSince 
nanoparticles have a large surface-to-volume ratio compared 
to bulk materials, they are attractive to use as catalysts [3,4]. 
With the improved developments in nano-chemistry, it is now 
possible to prepare soluble analogues of heterogeneous 
catalysts that might have properties intermediate between 
those of the bulk metal and single metal-particle 
(homogeneous) catalysts. Noble metal nanoparticles with high 
specific catalytic activity are ubiquitous in modern synthetic  
 

organic chemistry during the recent decades [5]. However how 
to reduce their dosage is one of the most exiting challenges 
due to the limited reserves of noble metals. 
 

In this study colloidal dispersion of iridium 
nanoclusters have been synthesized by wet reduction method 
using polymer as protecting agent after the reduction of 
precursor salt by alcohol [6,8]. The particle size has been 
effectively controlled in the range of 0-10 nm by the variation 
of solvent, reluctant, temperature and polymer concentration 
used in synthesis. The synthesized Ir-nano were characterized 
by UV-vis, XRD, FT-IR, TEM etc techniques. 
 

The catalytic activity of colloidal Ir-nano was 
evaluated in the oxidation of some amino acids / dyes-  
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hexacyanoferrate (III) redox system in alkaline medium. 
These nanoparticles show a better catalytic activity than an 
equal amount of iridium precursor. Easy recovery of the 
catalyst from the reaction mixture shows another positive 
significance. Superior catalytic activities of nanoparticle 
based catalytic systems than the corresponding bulk materials 
and recycling of metal nano particles are helpful in reducing 
the raw material costs and engineering a greener process via 
limiting the amount of waste chemicals for disposal.   
 
Material and Methods 

To make the kinetic studies on nanocatalysis in some 
oxidation reactions nanoparticles of iridium below size 10 nm 
were synthesized by wet chemical reduction method. The 
synthesized particles are used as catalyst in the oxidation of 
some amino acids and dyes. 
 
 All the chemicals and reagents used were of AR 
grade. All solutions were prepared with doubly distilled 
water. HCF (III) was recrystallized before use. Its solutions 
were kept in amber colored bottles to prevent 
photodecomposition. KCl (Merck) and NaOH (Merck) were 
used to provide the required ionic strength and alkalinity 
respectively of the reaction mixture. Some stabilizer as 
polyvinylpyrrolidone is used to stabilize the particles. 
 
Preparation of colloidal iridium nanoparticles: In the 
present work Ir-nano were prepared by chemical reduction of 
two precursors- IrCl3.3H2O and H2IrCl6.6H2O to study the 
effect of precursor on particles size [9]. Methanol (Merck) was 
used as reducing agent. NaOH (Merck) was used to make 
medium alkaline. Some stabilizer as polyvinylpyrrolidone, is 
used to stabilize the particles. For their preparation required 
amount of precursor was dissolved in 25 ml of methanol. A 
solution of stabilizer in water was mixed slowly at room 
temperature by stirring magnetically. After that 1.6 ml of an 
aqueous solution of sodium hydroxide (0.2 M) was added 
drop wise with vigorous stirring. Now the solution (in a three 
necked round bottom flask) was heated in oil bath over 1 hr 
with a heating rate of 40/min. Polymer stabilized nanoparticles 
were obtained. These nanoparticles were dried at 500C and 
analyzed by UV-vis, IR, XRD and TEM methods of analysis. 
Size controlled synthesis was carried out by varying the 
amount of precursor, NaOH, stabilizer and methanol as 
described in Table 1. TEM micrograph shows that Ir-nano 
particles were separated by no agglomeration tendency and 
are similar to spherical with narrow size distribution. Ir-nano 
particles synthesized by method “a” and “c” are used in the 
oxidation of glycine and methyl orange. 
 
Evaluation of catalytic activity: The catalytic activity of Ir-
nano synthesized by method ‘a’ has been studied in the 
oxidation of glycine while the catalytic activity of Ir-nano 
synthesized by method ‘c’ has been studied in the oxidation of 
methyl orange by hexacyanoferrate (III) ions in aqueous 
alkaline medium. 
 The kinetic measurements were performed at 
constant at constant temperature the requisite amount of each 
reactant was thermostated to attain thermal equilibrium. The 
appropriate quantities of reactants were mixed in a 100 ml 
iodine flask. The progress of reaction was measured by  
 
 

 
injecting a solution of glycine / methyl orange into the 
reaction mixture at λmax 420/465 nm corresponding to the 
HCF(III)/ methyl orange respectively. It was verified that 
there is negligible interference from other species present in 
the reaction mixture at these wavelength.  
 
Results and Discussion 
For characterization of colloidal iridium nanoparti cles: 
UV-vis spectroscopy is a convenient technique for monitoring 
the progress of metal colloid formation [10]. A  PVP- H2IrCl6- 
methanol-water solution kept in an oil bath was sampled at 
different time & the samples were characterized by UV-vis 
spectrophotometer. Initially IrCl6

-2 and IrCl3 show an 
absorption peak at about 487 nm. The intensity of this peak 
decreases with the increase of time. After about 25 minutes 
refluxing this absorption peak disappeared completely and a 
new peak appeared at about 235 nm indicating the formation 
of Ir (0) nanoparticles. No further change was observed. The 
colour of solution changes from yellow to black-brown.  
 
The XRD spectra of the Ir-nano shows two broad peaks at 2-
theta about 400 and 48.50 at reflection plane Ir (111), Ir (200) 
respectively Figure 1. Which are the characteristic of isolated 
Ir(0) nanoparticles Analysis of the peaks broadening using the 
Scherrer equation gives an estimate of particle diameter. 
Diameters of particles calculated by Scherrer equation are 
given in Table 1. The particle size ranges between 10.55 nm 
by method ‘a’, and 42.50nm and 3.91to 4.46nm by method ‘a’ 
to ‘c’ respectively. The X- ray diffractogram of these metallic 
particles indicate that they are amorphous and show broad 
peak characterization of materials with a small size [11].   
 

The IR spectra of Ir-nano show a new band near the 
frequency 2015 cm-1 indicates the formation of Ir(0) [12]. In 
method a, b and c which are stabilized by steric stabilization 
using PVP as protecting agent. These large adsorbates provide 
a steric barrier which prevents close contact of metal 
nanoclusters to each other as demonstrated in (Figure 2) [13]. 
 

Detailed characterization studies of the adsorbed 
polymer have demonstrated that the polymers can coordinate 
to the metal forming rather strong chemical bonds. The 
polymer molecule can coordinate to the metal particle at 
multiple sites [14]. 
 

The red shift of resonance peak of pure PVP at 1700 
cm-1 to 1664 indicates the interaction of >C=O group of PVP 
with Ir-nano[15] The presence of same bands at about 1500 cm-

1,1461 cm-1 (aromatic C-C str, N-H bending) in spectra shows 
that these groups do not interact with Ir-nano [16].TEM 
micrographs confirms the particle size as 10, 50 and 4.5 nm 
by method a, b and c respectively Figure 3. Nanoparticles in 
the range of size 1-10 nm are good catalyst [17]so nanoparticles 
synthesized by method ‘a’ and ‘c’ are used in the oxidation of 
glycine (amino acid) and dye (methyl orange) respectively.  
 
For evaluation of catalytic activity:  
Nanocatalysis by Ir-nano in the oxidation of glycine (α-
amino acids)by hexacyanoferrate(III) in alkaline medium: 
In the first series of experiments Ir-nano are used as catalyst 
for studying its catalytic effect on the rate of oxidation of 
amino acids namely glycine kinetically. All kinetic runs were  
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followed as described in foregoing section. The concentration 
of Ir-nano used in the experiments is of the order of 10-6 mol 
dm-3. The effect of Ir-nano concentration on the rate of 
oxidation of glycine has been studied by varying its 
concentration from 1.23 ×10-6 mol dm-3 to 6.14 × 10-6 mol 
dm-3. The concentration of other reactants was as follows: 
  
[HCF (III)] = 3 × 10-4 mol dm-3, [Glycine] = 3 ×10-3 mol dm-3, 
[NaOH] = 0.4 mol dm-3, µ = 0.5 mol dm-3, Temp. = 35 ± 
0.10C, λmax = 420 nm.  
 

The experimental results are presented in Figure 4, 5 
for the oxidation of glycine. The graphical representation of 
absorbance vs time shows that the rate of reaction catalysed 
by iridium nano (≈10 nm) is more than that of precursor 
iridium. The initial rate of the reaction has been calculated by 
the slope of the curve between absorbance vs time (Figure 5). 
The graphical representation between reaction rate and [Ir-
nano] (Figure 3), r ≥ 0.96, S.D. ≤ 0.008 and 04, r ≥ 0.97, S.D. 
≤ 0.006) clearly reveals that the reaction follows first order 
kinetics with respect to Ir-nano concentration. The effect of 
particle size on oxidation rate was studied by studying the 
effect of precursor iridium (H2IrCl6), [Ir-nano] (≈50nm) and 
[Ir-nano] (≈10nm) as catalyst keeping the concentration of all 
other reactants constant. A graph plotted between rate vs 
concentration of precursor iridium/Ir-nano (≈50nm)/Ir-nano 
(≈10nm) shows that reaction rate of Ir-nano (≈10 nm) 
catalyzed reaction are more than that of precursor iridium and 
Ir-nano (≈50 nm) [18,19]. This shows that the catalytic activity 
of Ir-nano is two to three times more than that of precursor 
iridium due to large surface area to volume ratio. It also 
shows that the catalytic activity of small particles is more than 
that of larger particles.  

 
PVP plays an important role in the present system. 

The present colloidal dispersion was stable in air under the 
protective action of polymers. No precipitation had occurred 
after storing the dispersion in air for month. Figure 5 shows a 
small effect of PVP concentration on the rate of oxidation it 
may be due to the steric effect and chemical bonding [20]. 
 
 To calculate the thermodynamic parameters the 
effect of temperature on the oxidation of glycine with alkaline 
Hexacyanoferrate (III) has been studied in the presence of Ir-
nano particles at four temperatures (300, 350, 400 & 450). The 
data presented in Table 2 shows that presence of Ir- nano 
decreases the activation energy as compared to bulk iridium 
making the reaction rate fast in presence of nanoparticles. 
Large negative entropy values suggest formation of more 
ordered and polar complex formation during the reaction [21]. 
 

Stoichiometry of the reaction was determined by 
making different sets of reaction mixtures containing an 
excess [Hexacyanoferrate (III)] over [substrate] at 0.4 mol 
dm-3 NaOH, same concentration of Ir-nano at constant ionic 
strength was allowed to react. This mixture was analyzed by 
titrating against Ce (IV) solution. The results indicated that 
two moles of hexacyanoferrate (III) were reacted with one 
mole of glycine. After completion of the reaction, the amount 
of hexacyanoferrate (II) formed (which is equal to the amount 
of hexacyanoferrate (III) consumed) was determined by 
measuring the absorbance of the reaction mixture.  
 

 
The main oxidative products were submitted to spot tests. The 
product was extracted with ether and purified. The IR 
spectrum of the compound revealed the presence of one 
carboxylic group and one keto group. It was observed that, the 
products do not undergo further oxidation under prevailing 
kinetic conditions. The stoichiometry and the products of Ir-
nano catalysed oxidation are same as reported for catalysed 
reaction by bulk iridium [22]. 
 
Oxidative degradation of methyl orange (dye) using 
hexacyanoferrate (III) ions 

In the second series of experiments the effect of Ir- 
nano prepared by method ‘c’ are studied on the rate of 
oxidation of  methyl orange an azo dye. Azo dye methyl 
orange creats environmental pollution problems by releasing 
toxic and potential carcinogenic substances in to the aqueous 
phase [23]. The experimental conditions set are as follow: 

 
[HCF (III)] = 3 × 10-6 mol dm-3, [Methyl Orange] = 3 × 10-5 
mol dm-3, µ = 0.3 mol dm-3, [NaOH] =0.25 mol dm-3 λmax = 
465, Temp. = 40 ± 0.1oc. 
 

Under the above experimental conditions the 
reaction rate of uncatalysed and catalysed oxidation was 
determined. For catalysis iridium nanoparticles of size 4.5nm 
are used as catalyst. Figure 6 and 7 shows that rate of 
catalysed reaction is more than the rate of uncatalysed 
reaction. The effect of PVP on the oxidation is also studied. 
Figure 6 show a negligible effect of PVP on the reaction rate. 
Thus the overall effect is only due the Ir-nano. The reaction 
was also studied at four different temperatures to calculate the 
thermodynamic parameters. The results in Table 2 show that 
the presence of Ir-nano increases the oxidation rate many 
times by decreasing the energy of activation from 18.9 to 8.6 
kcal mol-1. The stoichiometry and oxidation product are 
studied by the above mentioned method as for glycine 
oxidation. Stoichiometry of glycine is 2:1whereas methyl 
orange is 1:1 [24].   
 

For recycling of Ir-nano from reaction mixture after 
kinetic study of reaction, solution was carried out for 
centrifugation. The obtained residue was dried at 750C 
temperature and analyzed by XRD technique. XRD pattern 
was presented in Figure 8 and Figure 9. The results in Table 3 
shows that the size of particles increases from 10.55 to 12.63 
with glycine and 4.5 to 6.51 with methyl orange due to the 
distortion and agglomeration of the particles. The recovery of 
Ir-nano is good though the colloidal PVP-Pd nanoparticle 
were found to have poor recycling potential [24]. 
 
Conclusion 

PVP stabilized colloidal iridium nanoparticles with 
an average particle size of 10 nm and 4.5 nm, respectively, 
can be generated easily from the reduction of precursor 
materials H2IrCl6 and IrCl3.3H2O with methanol which remain 
stable even after several months. TEM analyses of the PVP 
stabilized colloidal iridium (0) nanoparticles indicated that all 
of the nanoparticles are in spherical shape with narrow 
particle size distributions. XRD patterns of PVP stabilized 
colloidal iridium (0) nanoparticles showed that these 
nanoparticles are existed in amorphous phase. The attachment 
of PVP on the surface of the metal (0) nanoparticles through  
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the C=O groups was concluded from the observation of 
change in C=O strecthing frequency of PVP in the FT-IR 
spectra. PVP stabilized colloidal iridium (0) nanoclusters 
were highly active catalysts in oxidation of amino acids 
(glycine) and dye (methyl orange). The kinetic study on nano 
catalysis show that iridium (0) nanoparticles act as good 
catalyst than the bulk Ir (III). It also shows a remarkable 
effect on degradation of methyl orange azo dye than rather 
glycine oxidation. Thus the study shall be helpful in making 
the environment green. Recovery of the catalyst from the 
reaction mixture shows another positive significance. 
Recycling of metal nano particles are helpful in reducing the 
raw material costs and engineering a greener process via 
limiting the amount of waste chemicals for disposal.  
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Table 1: Effect of reactant concentration on Nanocluster size 

Met
hod 

Precursor 

(mol dm-3) 

Stabilizer 

(mol dm-3) 

Reductant 

(ml) 

NaOH 

(ml) 

Diameter 

(nm) 

Iridium Concentration 

 

Polymers Concent-
ration 

 

Methanol (0.2M) XRD TEM 

a. H2 IrCl6.6H2O 2.83 *10⁻5 PVP 1.4*10⁻
4 25 ml 1.6 ml 10.55 

 

10.00 

b H2 IrCl6.6H2O 1.54*10⁻
5 PVP 1.4*10⁻

4 25 ml 1.6 ml 42.50 

 

50.00 

c. IrCl3.3H2O 7.07*10⁻
4 

 

PVP 8.69*10⁻
5 25 ml 1 ml 3.91,4.46 

 

4.00 
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Table 2: Kinetic parameters for oxidation of glycine and methyl orange by HCF (III) in the presence 
of Ir-nano catalyst 

Parameter/ 

Substrate 

Ea 

(k cal mol-1) 

A 

(l mol-1 sec-1) 

-∆S# 

(E.U.) 

∆H# 

kcal / mol 

∆F# 

kcal / mol 

Glycine  

( Ir-precursor) 

13.8 1.65 x 10-8 23.03 13.2 20.4 

Glycine 

(Ir-nano catalysed) 

12.2 6.89 x 10-6 29.3 11.6 20.7 

Methyl Orange 

(uncatalysed) 

18.9 7.36 x 10-12 11.4 18.3 14.6 

Methyl Orange (catalysed) 8.6 1.56 x 10-6 20.0 7.9 1.6 

 

Table 3: Diameter of nano-particles before and after recovery 

S. No. Diameter of the particles (nm) before starting 
of the reaction 

Diameter of the particles (nm) after 
completion of the reaction 

1. 10.55 12.63 + 0.34 with glycine 

2. 4.5 5.70  with methyl orange 

 

 

Figure 1: XRD Spectra of Ir-nano prepared by Method ‘a’, ‘b’ and ‘c’ 
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Figure 2: The schematic representation of the steric stabilization of transition metal 
Nanoclusters 

 

 

Figure 3: TEM Micrograph (a), (b) and (c) of Ir-nano Synthesized by method a, b, and c respectively 
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Figure 4: Plots between rate vs concentration of precursor iridium/≈10nm Ir-nano/ ≈50nm Ir-nano for 
the oxidation of glycine. 

 

Figure 5: Plots between absorbance and time for the effect of uncatalysed, PVP, Ir (III) bulk and Ir-
nano on the rate of oxidation of glycine. 
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Figure 6:  Plot between absorbance and time for the effect of uncatalysed, PVP, Ir (III) bulk and Ir-
nano on the rate of oxidation of methyl orange. 

 



Goel et al. Int. J. Res. Chem. Environ. Vol.2 Issue 1 January 2012(210-217) 

217 

 

 

Figure 7: Plots between absorbance and time for the effect of uncatalysed, PVP, Ir (III) bulk  and Ir-
nano on the rate of oxidation of methyl orange. 
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Figure 8: XRD spectra of Ir- nano particles after recovery with glycine amino acid. 
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Figure 9: XRD spectra of Ir-nano particles after recovery with methyl orange dye. 


