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ABSTRACT

Commonly transition metal nano particle are synthe-
sized by physical, chemical or electrochemical meth-
ods. In the present work colloidal iridium nanoparti-
cles were synthesized by chemical oxidation method
with different surfactants like poly vinyl pyrrolidone
(PVP), poly vinyl alcohol (PVA) and poly oxyethylene
lauryl ether (POLE). It was found that shape and size
of Ir-nano particles resulted were related to kind of
capping agent (surfactant) used. The characterization
of the synthesized nano particle has been carried out
by UV-vis, X-ray diffraction (XRD), FT-IR, scanning
electron microscopy (SEM) and transmission electron
microscopic (TEM) techniques. UV-visand FT-IR con-
firm the oxidation of IrCls into IrO, while XRD con-
firms the amorphous nature of the iridium nanopar-
ticles synthesized. The morphology and size of the
particle were confirmed by TEM. The average parti-
cle size determined by Scherrer equation was about
4.12 nm to 4.23 nm with PVP, 2.74 to 3.36 nm with
PVA and 20.41 to 42.25 nm with POLE. Poly oxyeth-
ylene lauryl ether particles were not further analyzed
because of their large size and less stability. Further
particle size was confirmed with TEM, which was 4.5
nm with PVP and 7.0 nm with PVA. The particlesare
spherical with no agglomeration tendency.

Keywords. Nano-Materials, Surfactant; Agglomeration;
PVP; PVA; POLE

1. INTRODUCTION

Transition metal nanoparticles are of continuing interest
because of their fascinating catalytic, electronic, and op-
tical properties. These ultrafine particles often agglomer-
ate to form either lumps or secondary particles in order
to minimize the total surface or the interfacial energy of
the system Therefore, it is very important to stabilize the
particles against adverse agglomeration at both the syn-
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thesis and the usage stages. There have been numerous
types of stabilizers that have been used as capping agent
for stabilizing nanoparticles. It iswell known that type of
stabilizer that is used to cap the nanoparticles affects
their stability and in turn affects its catalytic activity [1-
3]. Iridium is particularly an interesting transition-metal
catalyst. There have been reports of unusually high cata-
Iytic activity from molecular iridium clusters [4]. A few
reports of iridium nanoparticles synthesis exist in the
literature [5,6]. In the present work iridium nanoparticles
are successfully prepared by refluxing the alcohol water
solution of iridium trichloride in the presence of polymer
such as poly vinyl pyrrolidone, polyvinyl acohol and
poly oxyethylene lauryl ether (abbreviated as PVP, PVA
and POLE respectively). The water soluble alcohol like
methanol, ethanol and propanol are used as oxidant for
the synthesis of iridium nano clusters.

2. EXPERIMENT
2.1. Synthesis

In order to prepare stable metal cluster with a defined
particle size below 10 nm and narrow size distribution,
suitable solvent (oxidant) and an effective method of
controlling the metal particle size has been used. In the
present work iridium nanoparticles (abbreviated as Ir-
nano) are prepared by refluxing the alcohol (methanol,
ethanol and propanol) [7] water solution of iridium tri-
chloride, and one of the protective agent such as polyvi-
nyl pyrrolidone (PVP) [8] poly vinyl alcohol (PVA) or
poly oxyethylene lauryl ether (POLE) [9,10]. Poly (N-
vinyl-2-pyrrolidone) (PVP), poly vinyl acohol (PVA),
poly oxyethylene lauryl ether (POLE) were obtained from
Merck and used as such. All the other reagents were also
of analytical grade.

2.2. Characterization

UV-vis spectrophotometer—117 was used for spectral
measurements. X-Ray-diffraction (XRD) measurements
were performed on the dry powders using Bruker Axs
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D-8 Advance diffractometer with a scan rate 1°-min™
and CuK, (4 = 0.154 nm) radiation. Transmission elec-
tron microscopy (TEM) was carried out with a JEOL,
JEM-1011 electron microscope.

3. RESULTSAND DISCUSSION

Size controlled synthesis was carried out by varying the
amount of iridium precursor, NaOH, stabilizer and alco-
hol as described in Tables 1, 2 & 3 respectively. For
monitoring the progress of the metal colloid formation
UV-vis spectroscopy is used. As can be seen from Fig-
ure 1(c) initialy reaction mixture shows an absorption
peak at 206 nm which starts disappearing with the pas-
sage of time [11]. After about 25 minutes refluxing this
absorption peak disappeared completely and a new peak
appeared at around 230 nm indicating the formation of
IrO, nanoparticles [12]. No further change was observed.
The colour of solution changes from yellow to black-
brown. The same type of spectra was obtained with PVP
and PVA asshown in Figures 1(a) and 1(b) respectively.

Table 1. Synthesis conditions and particle size of Ir-nano with PVP.
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The amorphous nature of the particles was determined
by XRD. XRD was performed on the dry powders ob-
tained after evaporation of solvent. Figures 2, 3 & 4
show the XRD patterns of colloidal Ir-nano prepared by
method a, b, ¢, d & e asrepresented inthe Tables 1, 2 &
3 respectively. The XRD spectra of Ir-nano show mainly
two broad peaks at 2-theta about 28° & 40" at reflection
planes IrO,(110) and IrO,(200) respectively which are
characterstics of isolated IrO, nanoparticles. The diffrac-
tion peaks also show the amorphous nature of the sample
[13]. Analysis of peaks using Scherrer equation gives an
estimate of particle diameter. The diameter of particles
calculated by Scherrer equation are given in Tables 1-3.
The particles synthesized using POEL are large in size
and less stable so further analysis of these particles was
not carried out.

FT-IR Spectroscopy measurements were performed
with the purpose of learning about the role of the solvent
and stabilizer in the formation of iridium nanoparticles.
The peaks were identified by literature value [14,15].

Approx. particle size (nm)

SNo. Method (PVP)/IrCl3-xH,0 Solvent Solvent (ml) [NaoH] M|
XRD TEM
1. A 8.69 x 10°%/7.07 x 107* Methanol 35ml 1ml 3.16,5.67 -
2. B 8.69 x 10°%/7.07 x 107* Methanol 25 ml 1ml 4.12,4.23 45nm
3. C 8.69 x 10°%/7.07 x 107" Methanol 25 ml 2ml 3.91,4.46 4.2nm
4, D 8.69 x 10°%/7.07 x 10™ Ethanol 25ml 1ml 43.6,42.1,48.4 65.16 nm
5. E 8.69 x 10%/7.07 x 107* n-propanol 25ml 1ml 412,420,434 38.6nm
Table 2. Synthesis, conditions and particle size of Ir-nano with PVA.
Approx. particle size (nm)
SNo. Method PVA/Ircl3-xH,0 Solvent Solvent (ml) [NaoH] M1
XRD TEM
1 A 4.34x10°%2.23x10™ M ethanol 25 ml 1ml 274,336 7.00nm
2. B 217x10%112x 10 Methanol 25 ml iml 2.92,4.70
3. C 4.34x 10°%2.23 x 107 Ethanol 25 ml iml 2.65, 4.46
4. D 217 x10%1.12 x 10 Ethanol 25ml iml 6.83,8.32,3.38
5. E 434x10%223%107* 2-propanol 25ml iml 8.19, 7.44, 7.09, 11.95
6. F 217 x 10%/1.12 x 107* 2-propanol 25 ml 1ml 3.15,4.03
Table 3. Synthesis conditions and particle size of Ir-nano with POLE.
Approx.particle size (nm)
S.No. Method [Iridiumtri chloried] Solvent Solvent (ml) [NaoH] ml
XRD TEM
1 a 434%x 107223 %107 M ethanol 25 ml 1ml 20.41, 41.77, 42.25 68.19nm
2. b. 4.34%x107%2.23 % 107 Methanol 35ml 1ml 27.22,41.82,42.25
3. c. 217 x 10°%/1.12 x 10™ Methanol 25ml 1ml 16.38, 27.29, 20.90 28.45
4, d. 4.34x10°2.23 x 10 Ethanol 25 ml 1ml 26.92, 27.88
5. e 4.34x 10°/2.23 x 107 2-propanol 25 ml 1ml 4.03,4.11
Copyright © 2012 SciRes. OPEN ACCESS
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Figure 1. UV-vis spectra during the formation
of Ir-nano at different time with (a) PVP-IrCls-
methanol-water system; (b) PVA-IrCl;-metha-
nolwater system; (c) POLE-IrCl;-methanol-wa-
ter system.

The peaks under the region 2665 cm™ and 2773 cm™
may be due to Ir(I11) but a new peak near the frequency
2015 cm™ indicates the formation of iridium oxide. The
red shift of resonance peak of pure stabilizer at 1700 cm™
to 1664 cm* indicates the interaction of >C=0 group of
stabilizer with Ir-nano. The presence of same bands at
about 1500 cm™, 1461 cm™* (aromatic C-C str, N-H bend-
ing) show that these groups do not interact with Ir-nano.
TEM is one of the most important required methods
for the characterization of nano materials. It has the
unique ability to prove the size and shape of the particles.

Copyright © 2012 SciRes.
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Figure 2. XRD spectra of Ir-nano prepared with
methanol, ethanol and propanol using PVP as sta-
bilizer.

Figures 5(a)-(c) show the transmission electron micro-
graphs and the size distribution of the colloidal Ir-nano
protected by PVP, PVA and POLE respectively. The
average diameter of the metal nanoparticle was 4.2 to 4.5
nm with PVP, 7.0 nm with PVA and 68.16 nm with
POLE respectively with methanol as oxidizing agent,
while with ethanol and propanol particle sizeis larger as
compared to methanol.

Thus from the above results it can be revealed that
Ir-nano particles of size less than 10 nm can be synthe-
sized using method “b” (Table 1), method “a” (Table 2)
and method “¢€" (Table 3) when PVP, PVA and POLE
respectively are the stabilizers.

PVP stabilized Ir-nano: A comparison of the data
presented in Table 1 show that as the boiling point of
oxidant increases size of particle increases. The diameter
ranges between 3.16 nm to 48.4 nm. It is also clear from
the data that increase in NaOH concentration (method-c)
does not show any remarkable effect on particle size but
the decrease in oxidant concentration (method-b) in-
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Figure 3. XRD spectra of Ir-nano with methanol,
ethanol and IPA using PVA as stabilizer.

creases the size distribution i.e. with 35 ml of methanol
particle diameter is 3.16 to 5.67 nm which becomes less
disperse from 4.12 to 4.23 with 25 ml of methanol (a & b)
respectively. It may be due to the fact that the size of
colloidal metal particle depends on the speed of oxida
tion of the metal precursor. Data also reveal that particle
sizeislarge when ethanol and propanol are the oxidant.

PVA stabilized Ir-nano: The resultsin Table 2 show
that Ir-nano clusters synthesized using PVA stabilizer are
smallest as compared to PVP and POLE. The particles
are small with size distribution between 2.65 to 11.95 nm.
The data also reveal that particles synthesized by method
a& eare small with size distribution of 2.74 to 3.36 and
3.15 to 4.03 nm respectively. It also demonstrates the
amorphous nature of Ir-nano synthesized by method a, b
& c. With methanol and ethanol particle size increases
by decreasing PVA concentration, while in case of 2-
propanol particle size decreases with the decreases of
PVA conc.

Copyright © 2012 SciRes.
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Figure 4. XRD spectra of Ir-nano with methanol,
ethanol, and IPA using POLE as stabilizer.

POLE stabilized Ir-nano: From Table 3, it can be
seen that size of Ir-nano synthesized using POLE stabi-
lizer are large ranging from 4.03 to 42.25 nm. It is small-
est (4.03 to 4.11 nm) (method-€) when 2-propanol is
used as oxidant, while with methanol and ethanol the
size of particle is large ranging from 20.41 to 42.25 nm.
It can also be seen that with the increase of oxidant con-
centration (method-b) the range of particle size distribu-
tion decreases from 27.22 to 42.25 nm to 20.41 to 42.25
nm. With the decrease in stabilizer POLE concentration
(method-c) the particle size decreases to 16.38 from
28.45 nm. It can be revealed that Ir-nano using 2-pro-
panol are more amorphous than with methanol and etha-
nol.

Role of stabilizer: The main effect of stabilizers on
particle size may be due to the steric effect and chemical
bonding [16]. The stabilization of colloidal meta parti-
cles with polymers [17-19] in water is often discussed by
the adsorption of the polymer on the colloidal particles.
These large adsorbates provide a steric barrier which
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Figure 5. (8) TEM pictures of the iridium nanoparticles prepared by reduction method (b) using
PVP as protective agent; (b) TEM pictures of the iridium nanoparticles prepared by reduction
method (a) using PVA as protective agent; (¢) TEM pictures of the iridium nanoparticles prepared
by reduction method (a) using POLE as protective agent.

prevents close contact of metal nanoclusters to each other
as demonstrated in (Scheme 1) [20].

The interaction between the surface of the metal parti-
cles and the polymers is considered to be hydrophobic.
However coordination of the polymer to metal particles
has been proposed by the shift of the >C=0 stretching in
the IR spectra of the PVP and PVA surrounding nanopar-
ticles. It is reported that carbonyl group of PVP partly
co-ordinate to the surface Pt and Pd atoms of Pt and Pd
nanoparticles respectively [21-23]. PVP/IPVA may play
the same role for Au and other noble metal nanoparticles
(Ir-nano).The large particle size and less stability of

Copyright © 2012 SciRes.

POLE capped Ir-nano may be due to less interaction of
train part of the POLE and nanoparticle.

4. CONCLUSION

The iridium nanoclusters using PVP, PVA and POLE as
protecting agent have been successfully synthesized and
characterized by different methods. The study show that
particles which were stabilized by PVP and PVA are
small and remain stabilized even after six months but
POLE stahilized particles are large in size and less stable.
Comparison of the data show that as the boiling point of
oxidant increases size of particle increases. It is also
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Scheme 1. The schematic representation of
the steric stabilization of transition metal-
nanoclusters.

clear from the data that increase in NaOH concentration
does not show any remarkable effect on particle size but
the decrease in oxidant concentration increases the size
distribution.
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