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Abstract- The use of a catalyst is a common way to mininmeegy use and less material waste formation
by lowering the energy of activation for a reactiofNith catalysts reactions can be more efficiend an
selective. This provides an enormous energy sawigie reducing the risks of explosion or otherhig
temperature hazards. The field of nanocatalysisuratergone an explosive growth during the past desa
both in homogeneous and heterogeneous catalysise 8anoparticles have a large surface-to-volunimra
compared to bulk materials, they are attractiveise as catalysts. With the improved developmemtario-
chemistry, it is now possible to prepare solublalagues of heterogeneous catalysts, materials rthight
have properties intermediate between those of thk mmetal and single metal-particle (homogeneous)
catalysts. Noble metal nanoparticles with high #ipiecatalytic activity are ubiquitous in modernrsgkietic
organic chemistry during the recent decades. Howhuw to reduce their dosage is one of the mosinexi
challenges due to the limited reserves of noblealsetn this study colloidal dispersion of iridium
nanoparticles have been synthesized by wet reduotethod using different polymers as protectingnage
after the reduction of precursor salt by alcohdheTparticle size has been effectively controllethearange

of 10 nm by the variation of solvent, reductanimperature and polymer concentration. The synthdsize
iridium nanoparticles were characterized by UV-WKD, FT-IR, TEM etc technique.

The catalytic activity of colloidal iridium nanop&les was evaluated in some
oxidation reactions like amino acids- hexacyanddter (Ill) redox system in alkaline medium. These
nanoparticles show a better catalytic activity theam equal amount of iridium precursor. Easy recgvef
the catalyst from the reaction mixture shows anofiasitive significance. Superior catalytic actieg of
nanoparticle-based catalytic systems than the gmoeding bulk materials and recycling of metal nano
particles are helpful in reducing the raw mater@sts and engineering a greener process via ligpithre
amount of waste chemicals for disposal.

Keywords: Iridium, Nanocatalyst, oxidation reaction.

Introduction organic chemistry during the recent decddesiowever how

Catalytic reactions are preferred in environmental t0 reduce their dosage is one of the most exitimglenges
friendly green chemistry due to the reduced amafintaste ~ due to the limited reserves of noble metals.
generated. The field of nanocatalysis has undergane
explosive growth during the past decades, both in In this study colloidal dispersion of iridium
homogeneous and heterogeneous Cata|y§'i§_z$ince nanoclusters have been SyntheSized by wet reductethod
nanoparticles have a large surface-to-volume ratimpared ~ using polymer as protecting agent after the redoctof
to bulk materials, they are attractive to use aalgsts®“. precursor salt by alcohd?®. The particle size has been
With the improved developments in nano-chemistris how  effectively controlled in the range of 0-10 nm by tvariation
possib|e to prepare soluble ana|ogues of hetermsne of SOIVent, r6|UCtant, temperature and pOIymer eatration
catalysts that might have properties intermediatéween used in synthesis. The synthesized Ir-nano wereactexized
those of the bulk metal and single metal-particle by UV-vis, XRD, FT-IR, TEM etc techniques.
(homogeneous) catalysts. Noble metal nanopartiiéshigh

specific catalytic activity are ubiquitous in modesynthetic The catalytic activity of colloidal Ir-nano was
evaluated in the oxidation of some amino acidsesdy
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hexacyanoferrate (lll) redox system in alkaline med
These nanoparticles show a better catalytic agtititn an
equal amount of iridium precursor. Easy recovery tlod
catalyst from the reaction mixture shows anothesitp@
significance. Superior catalytic activities of npadicle
based catalytic systems than the correspondingrbatierials
and recycling of metal nano particles are helpfuréducing
the raw material costs and engineering a greermreps via
limiting the amount of waste chemicals for disposal

Material and Methods

To make the kinetic studies on nanocatalysis inesom
oxidation reactions nanoparticles of iridium belsize 10 nm
were synthesized by wet chemical reduction methbe
synthesized particles are used as catalyst in xfdation of
some amino acids and dyes.

All the chemicals and reagents used were of AR
grade. All solutions were prepared with doubly ited
water. HCF (lll) was recrystallized before use. dtdutions
were kept in amber colored bottles to prevent
photodecomposition. KCI (Merck) and NaOH (Merck)reve
used to provide the required ionic strength andhladky
respectively of the reaction mixture. Some stabilizas
polyvinylpyrrolidone is used to stabilize the peles.

Preparation of colloidal iridium nanoparticles: In the
present work Ir-nano were prepared by chemical agolu of
two precursors- IrGI3H,O and HIrCle.6H,O to study the
effect of precursor on particles siZe Methanol (Merck) was
used as reducing agent. NaOH (Merck) was used tke ma
medium alkaline. Some stabilizer as polyvinylpyidohe, is
used to stabilize the particles. For their prepanatequired
amount of precursor was dissolved in 25 ml of methaA
solution of stabilizer in water was mixed slowly @&tom
temperature by stirring magnetically. After thaé Inl of an
aqueous solution of sodium hydroxide (0.2 M) waslead
drop wise with vigorous stirring. Now the soluti¢in a three
necked round bottom flask) was heated in oil batbrd. hr
with a heating rate of’4min. Polymer stabilized nanoparticles
were obtained. These nanoparticles were dried % 50d
analyzed by UV-vis, IR, XRD and TEM methods of as#.
Size controlled synthesis was carried out by vayythe
amount of precursorNaOH, stabilizer and methanol as
described in Table 1. TEM micrograph shows thahano
particles were separated by no agglomeration terydand
are similar to spherical with narrow size distribat Ir-nano
particles synthesized by method “a” and “c” aredusethe
oxidation of glycine and methyl orange.

Evaluation of catalytic activity: The catalytic activity of Ir-
nano synthesized by method ‘a’ has been studiedhén
oxidation of glycine while the catalytic activityf dr-nano
synthesized by method ‘c’ has been studied in kigation of
methyl orange by hexacyanoferrate (lll) ions in emus
alkaline medium.

The kinetic measurements were performed
constant at constant temperature the requisite atrafieach
reactant was thermostated to attain thermal eaquilit The
appropriate quantities of reactants were mixed 08 ml
iodine flask. The progress of reaction was meashyed
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injecting a solution of glycine / methyl orange anthe
reaction mixture af\,.x 420/465 nm corresponding to the
HCF(lll)/ methyl orange respectively. It was veedi that
there is negligible interference from other spegiessent in
the reaction mixture at these wavelength.

Results and Discussion

For characterization of colloidal iridium nanoparticles:
UV-vis spectroscopy is a convenient technique fonitoring
the progress of metal colloid formati8fi. A PVP- HIrCls-
methanol-water solution kept in an oil bath was glach at
different time & the samples were characterizedUrvis
spectrophotometer. Initially Irgf and IrCL show an
absorption peak at about 487 nm. The intensityhisf peak
decreases with the increase of time. After aboutmdtutes
refluxing this absorption peak disappeared comiyleded a
new peak appeared at about 235 nm indicating theafiion
of Ir (0) nanoparticles. No further change was obesg The
colour of solution changes from yellow to black+vro

The XRD spectra of the Ir-nano shows two broad pedk-
theta about 40and 48.8 at reflection plane Ir (111), Ir (200)
respectively Figure 1. Which are the characteristitsolated
Ir(0) nanopatrticles Analysis of the peaks broadgnising the
Scherrer equation gives an estimate of particlendtar.
Diameters of particles calculated by Scherrer equaére
given in Table 1. The particle size ranges betwHgB5 nm
by method ‘a’, and 42.50nm and 3.91to 4.46nm byhowta’
to ‘c’ respectively. The X- ray diffractogram ofebe metallic
particles indicate that they are amorphous and shmad
peak characterization of materials with a smak iz

The IR spectra of Ir-nano show a new band near the
frequency 2015 cthindicates the formation of Ir(d}?. In
method a, b and ¢ which are stabilized by stedbikzation
using PVP as protecting agent. These large adssripabvide
a steric barrier which prevents close contact oftaine
nanoclusters to each other as demonstrated inrg=ylt*.

Detailed characterization studies of the adsorbed
polymer have demonstrated that the polymers cardotaie
to the metal forming rather strong chemical bontike
polymer molecule can coordinate to the metal partiat
multiple sited™.

The red shift of resonance peak of pure PVP at 1700
cm® to 1664 indicates the interaction of >C=0 grougPvP
with Ir-nand*® The presence of same bands at about 1500 cm
11461 cn (aromatic C-C str, N-H bending) in spectra shows
that these groups do not interact with Ir-naid. TEM
micrographs confirms the particle size as 10, 50 45 nm
by method a, b and c respectively Figure 3. Nanmbes in
the range of size 1-10 nm are good catdlsb nanoparticles
synthesized by method ‘a’ and ‘c’ are used in tkiela@tion of
glycine (amino acid) and dye (methyl orange) retipely.

at For evaluation of catalytic activity:

Nanocatalysis by Ir-nano in the oxidation of glycie (a-
amino acids)by hexacyanoferrate(lll) in alkaline melium:
In the first series of experiments Ir-nano are usgcdatalyst
for studying its catalytic effect on the rate ofidation of
amino acids namely glycine kinetically. All kinetians were
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followed as described in foregoing section. Thecemtration
of Ir-nano used in the experiments is of the ofet0® mol
dm?. The effect of Ir-nano concentration on the rafe o
oxidation of glycine has been studied by varying it
concentration from 1.23 xf0mol dm?® to 6.14 x 16 mol
dm*. The concentration of other reactants was asvistio

[HCF (1] = 3 x 10* mol dm®, [Glycine] = 3 x1G mol dni®,
[NaOH] = 0.4 mol drif, p = 0.5 mol dmi, Temp. = 35 *
0.1°C, Amax = 420 nm.

The experimental results are presented in Figuke 4,
for the oxidation of glycine. The graphical repmsgion of
absorbance vs time shows that the rate of reactalysed
by iridium nano £10 nm) is more than that of precursor
iridium. The initial rate of the reaction has been calcdldtg
the slope of the curve between absorbance vs figere 5).
The graphical representation between reaction aatk [Ir-
nano] (Figure 3), # 0.96, S.D< 0.008 and 04, ¥ 0.97, S.D.
< 0.006) clearly reveals that the reaction followstforder
kinetics with respect to Ir-nano concentration. Hifect of
particle size on oxidation rate was studied by whgl the
effect of precursor iridium (krClg), [Ir-nano] £50nm) and
[Ir-nano] &10nm)as catalyst keeping the concentration of all
other reactants constant. A graph plotted betwese vs
concentration of precursor iridium/Ir-nane50nm)/Ir-nano
(*10nm) shows that reaction rate of Ir-nanel@ nm)
catalyzed reaction are more than that of precurgbum and
Ir-nano €50 nm)™*% This shows that the catalytic activity
of Ir-nano is two to three times more than thatpoécursor
iridium due to large surface area to volume rattoalso
shows that the catalytic activity of small particie more than
that of larger particles.

PVP plays an important role in the present system.
The present colloidal dispersion was stable inuaider the
protective action of polymers. No precipitation hacturred
after storing the dispersion in air for month. Fgb shows a
small effect of PVP concentration on the rate afiation it
may be due to the steric effect and chemical bayitfh

To calculate the thermodynamic parameters the
effect of temperature on the oxidation of glycinghwalkaline
Hexacyanoferrate (lll) has been studied in the gares of Ir-
nano particles at four temperatures’ (&8, 40 & 45°%). The
data presented in Table shows that presence of Ir- nano
decreases the activation energy as compared toitiditkm
making the reaction rate fast in presence of nanticfes.
Large negative entropy values suggest formationmofe
ordered and polar complex formation during the tieaé*"l.

Stoichiometry of the reaction was determined by
making different sets of reaction mixtures contajnian
excess [Hexacyanoferrate (Ill)] over [substrate]0at mol
dm?® NaOH, same concentration of Ir-nano at constanicio
strength was allowed to react. This mixture wadyaea by
titrating against Ce (IV) solution. The results icated that
two moles of hexacyanoferrate (lll) were reactedhwine
mole of glycine. After completion of the reactidhe amount
of hexacyanoferrate (Il) formed (which is equathie amount
of hexacyanoferrate (lll) consumed) was determirsd
measuring the absorbance of the reaction mixture.
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The main oxidative products were submitted to $psis.The
product was extracted with ether and purified. Tike
spectrum of the compound revealed the presencenef o
carboxylic group and one keto group. It was obsihat, the
products do not undergo further oxidation undervailang
kinetic conditions. The stoichiometry and the praduof Ir-
nano catalysed oxidation are same as reportedafialysed
reaction by bulk iridiun¥?.

Oxidative degradation of methyl orange (dye) using
hexacyanoferrate (lll) ions

In the second series ekperiments the effect of Ir-
nano prepared by method ‘c’ are studied on the aite
oxidation of methyl orange an azo dye. Azo dye hylet
orange creats environmental pollution problems digasing
toxic and potential carcinogenic substances irhéoaqueous
phasé®?. The experimental conditions set are as follow:

[HCF (1] = 3 x 10° mol dm?®, [Methyl Orange] = 3 x 19
mol dm?® p = 0.3 mol drii, [NaOH] =0.25 mol dni Amax =
465, Temp. = 40 + 0°t.

Under the above experimental conditions the
reaction rate of uncatalysed and catalysed oxidati@as
determined. For catalysis iridium nanoparticlesiagé 4.5nm
are used as catalyst. Figure 6 and 7 shows that oht
catalysed reaction is more than the rate of ungsedl
reaction. The effect of PVP on the oxidation isoatsudied.
Figure 6 show a negligible effect of PVP on thectiem rate.
Thus the overall effect is only due the Ir-nanoeTkaction
was also studied at four different temperaturesatoulate the
thermodynamic parameters. The results in Tablec2vghat
the presence of Ir-nano increases the oxidatioa maany
times by decreasing the energy of activation fr@®Xo 8.6
kcal mol'. The stoichiometry and oxidation product are
studied by the above mentioned method as for ghycin
oxidation. Stoichiometry of glycine is 2:1whereasethyl
orange is 1:#4.

For recycling of Ir-nano from reaction mixture afte
kinetic study of reaction, solution was carried Ofair
centrifugation. The obtained residue was dried &{C7
temperature and analyzed by XRD technique. XRDepatt
was presented in Figure 8 and Figure 9. The resulfable 3
shows that the size of particles increases frorB5L6 12.63
with glycine and 4.5 to 6.51 with methyl orange daethe
distortion and agglomeration of the particles. Téeovery of
Ir-nano is good though the colloidal PVP-Pd nantgar
were found to have poor recycling potentidl

Conclusion

PVP stabilized colloidal iridium nanoparticles with
an average particle size of 10 nm and 4.5 nm, otispdy,
can be generated easily from the reduction of psecu
materials HIrClg and IrCt.3H,O with methanol which remain
stable even after several months. TEM analysehefPiVP
stabilized colloidal iridium (0) nanoparticles indied that all
of the nanoparticles are in spherical shape withroma
particle size distributions. XRD patterns of PVRbilized
colloidal iridium (0) nanoparticles showed that dbe
nanoparticles are existed in amorphous phase. fthehanent
of PVP on the surface of the metal (0) nanopasitieough
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the C=0 groups was concluded from the observatibn o
change in C=0 strecthing frequency of PVP in thelRT
spectra. PVP stabilized colloidal iridium (0) nalusters
were highly active catalysts in oxidation of amiacids
(glycine) and dye (methyl orange). The kinetic $tot nano
catalysis show that iridium (0) nanoparticles ast good
catalyst than the bulk Ir (Ill). It also shows amarkable
effect on degradation of methyl orange azo dye ttaher
glycine oxidation. Thus the study shall be helpfuimaking
the environment green. Recovery of the catalysinfrime
reaction mixture shows another positive signifi@nc
Recycling of metal nano particles are helpful idueing the
raw material costs and engineering a greener psov&Es
limiting the amount of waste chemicals for disposal
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Table 1: Effect of reactant concentration on Nanocister size

Met Precursor Stabilizer Reductant NaOH Diameter
hod
(mol dm®) (mol dm®) (ml) (ml) (nm)
Iridium Concentration Polymers Concent- Methanol (0.2M) XRD TEM
ration

a. H, IrCls 6H,0 2.83 *10° PVP 1.4*10°* 25 ml 1.6 ml 10.55 10.00
b H; IrCls 6H,0 1.54*10° PVP 1.4¥10°* 25 ml 1.6 ml 42.50 50.00
C. IrClz.3H,0 7.07*10"* PVP 8.69*10° 25 ml 1ml 3.91,4.46| 4.00
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Table 2: Kinetic parameters for oxidation of glycire and methyl orange by HCF (lll) in the presence
of Ir-nano catalyst

Parameter/ E, A -AS AH? AF*
Substrate (k cal mol") | (I mol™sec (E.U) kcal / mol | kcal / mol
Glycine 13.8 1.65 x 18 23.03 13.2 20.4

(Ir-precursor)

Glycine 12.2 6.89 x 18 29.3 11.6 20.7

(Ir-nano catalysed)

Methyl Orange 18.9 7.36 x 10° 11.4 18.3 14.6
(uncatalysed)
Methyl Orange (catalysed) 8.6 1.56 x°10 20.0 7.9 1.6

Table 3: Diameter of nano-particles before and afterecovery

S. No. Diameter of the particles (nm) before stantig Diameter of the particles (nm) after
of the reaction completion of the reaction
1. 10.55 12.63 0.34 with glycine
2. 4.5 5.70 with methyl orange
t lro 01 404 (’C}
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Ir 2007
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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 steristabilization of transition metal
Nanoclusters
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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 gcursor iridium/~10nm Ir-nano/ =<50nm Ir-nano for
the oxidation of glycine.
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Figure 5: Plots between absorbance and time for theffect of uncatalysed, PVP, Ir (lll) bulk and Ir-
nano on the rate of oxidation of glycine.
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Figure 6: Plot between absorbance and time for theffect of uncatalysed, PVP, Ir (Ill) bulk and Ir-
nano on the rate of oxidation of methyl orange.
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Ir-nano (4.5 nm)

Precursor

[It-nano]/Precursor iridium] %10%mol dm'3_p

Figure 7: Plots between absorbance and time for theffect of uncatalysed, PVP, Ir (lll) 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.
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