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ABSTRACT

The present work is mainly focused on the synthesis and characterization
of surfactant-assisted Ir-Sn BMNP (bimetallic nanoparticles) using
modified polyol method. CTAB (Cetyltrimethylammonium bromide),
TSC (Trisodium citrate), and TX-100 (Triton X-100) as cationic, anionic,
and nonionic surfactant respectively are used to study their effect on the
particle size, morphology and their stability. The synthesized particles
are characterized by XRD, FE-SEM, EDAX, elemental mapping, TEM,
HR-TEM, XPS and FT-IR, TGA, DTG, and DTA techniques. UV-Vis
spectroscopy is used to monitor the synthesis of nanoparticles. The XRD
patterns of all samples confirm that Ir-Sn BMNP are amorphous in nature.
The influence of surfactant on the morphology and particle size of Ir-
Sn BMNP samples was examined by the FE-SEM technique. The FE-
SEM figures demonstrate that the particles of bimetal are in nano size,
highly dispersed, and pseudo spherical in shape with smooth surfaces.
The approximate crystallite (particle/grain) size of CTAB, TSC, and TX-
100 assisted samples are ~1.39 nm (39 nm), ~2.2 nm (59 nm), and ~5.79
nm (89 nm) respectively, which are estimated from TEM and FE-SEM
images. The presence and distribution of Ir and Sn elements in the BMNP
is determined through EDAX and elemental mapping respectively. These
techniques show that CTAB assisted Ir-Sn BMNP sample is in alloy form
but TSC and TX-100 samples are in core-shell form, where the Ir core is
surrounded by Sn shell. The XPS confirms the metallic state (Ir0), and the
dual valence state of Sn (Sn** and Sn*") is in the Sn 3d core level.
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INTRODUCTION

Bimetallic nanoparticles are widely used in
various fields such as medicine [1-3], optical [4],
electrochemical [5-7], and catalyst [8]. In the area
of the catalyst, the bimetallic nanoparticles used
as oxidation, reduction or oxidation degradation
of chemicals e.g., dyes [9-11], glucose [12], carbon
monoxide [13], benzyl alcohol [14], methanol [15],
and toluene [16], the dehydrogenation of propane
[17] and hydrogenation of nitroarene [18]. In the
bimetallic catalysts, the electronic effect plays an
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important role that describes the charge transfer.
Bimetallic nanoparticles have a larger surface
area that increases their adsorption. Therefore
these acts as efficient catalyst comparably to the
monometallic nanoparticles [19]. In the various
application fields, bimetallic catalysts have
been used due to the cause of multifunctional
nanomaterials. The reason behind the behavior
of multifunctional is the “synergistic effect,”
which exists amid the two metals [20]. Tin (Sn)
base bimetallic nanoparticles systems such as
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Table 1. Details of the surfactants used.

IUPAC name Formula Molar r‘rfss Structure
(g mol?)
Polyoxyethyleneoctyl phenyl
ether C14H220(C2H40)n) 647
(TX-100)
Hexadecyl-trimethyl-ammonium
Ci6H33)N(CH3)3B 364.45
bromide (CTAB) (CasHa)N(CHa)sBr )
Br
Na™
o o
[e] [e]
Trisodium 2-hydroxypropane- 258.06
1,2,3,-tricarboxylate (TSC) NazCsHs07 ’ Na*- -
a o o Na

Ni-Sn [21], Pt-Sn [22], Pd-Sn [23], Bi-Sn [24, 25],
Ru-Sn [26], and Rh-Sn [27] have been observed
as excellent catalyst behavior because of the
wide band gap energy of Sn [28, 29]. Noble metal
Iridium (Ir) nanostructures have gained significant
research interest due to their unique catalytic,
optical, and electronic properties for promising
applications, which significantly depend on their
size, shape/morphology, and composition [30-
32]. At the nanoscale, the noble metal Iridium (Ir)
reveals interesting catalytic, electronic, optical,
mechanical, and magnetic properties like novel
silver, gold, and platinum metals [33, 34], which
have been extensively studied. The noble metal
Iridium (Ir) also possesses superior stability,
catalytic activity and corrosion resistance due to
the unique electronic structure and large surface
area to volume ratios as same as platinum group
metal like ruthenium, rhodium, palladium,
osmium, and platinum [35-38]. The wide study
has already been done on the iridium bimetallic
nanoparticles systems like Ir-Ni [39], Ir-Ru [40,
41], Ir-V [42], and Pt-Ir [43]. Courtais et al. 2014
studied iridium based bimetallic alloys, and they
observed that the iridium based bimetallic alloys
catalyst can be used for direct ethanol fuel cells
[44]. Xu et al. 2020 has studied the Controllable
synthesis of Ir(Rh)-Sn/SiO, bimetallic catalysts and
they used the Controllable synthesis of Ir(Rh)-Sn/
SiO, bimetallic as a catalyst in the production of
ethanol from hydrogenolysis of ethyl acetate [45].

Nowadays, the surfactants are in trend to
control the properties like shape, size, surface-to-
volume ratio, and quantum confinement effects
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of the nanoparticles. In the nanoparticles, high
specific surface area and narrow pore size can be
achieved by the addition of a surfactant [46]. In
the synthesis of the nanoparticles, various type of
surfactant plays an important role, which control
the shape of nanoparticles [47]. Yu-de Wang et
al. has analyzed the effect of the CTAB surfactant
on the SnO, system, and they observed that the
SnO, nanoparticles were highly crystalline and
largely mono disperse oxide in the range of 15
to 25 nm [48]. Habulat et al. 2020 proposed the
study of (TX-100) assisted SnO, nanoparticles via
hydrothermal method to use the degradation of
organic textile dye [49].

Fromthe literature survey, it has been observed
that the surfactant-assisted nanoparticles are
very useful in various fields due to the shape,
size, surface-to-volume ratio, and quantum
confinement effects. So we are very interesting to
see the effect of the addition of Cationic (CTAB),
anionic (TSC), and nonionic (TX-100) surfactants
in the Ir-Sn metal. In the last recent years, no
reports have been found on the Ir-Sn bimetallic
nanoparticles with variously charged surfactants.
In the present work, the surfactant-assisted Ir-Sn
bimetallic nanoparticles have been formed via
modified polyol method using Iridium trichloride
(IrCl,.xH,0), tin chloride (SnCl,.2H,0) (precursor
salt). The organic surfactant CTAB (cationic), TSC
(anionic), and TX-100 (nonionic) have been used as
a stabilizer in this process (see Table 1). To analysis,
the effect of surfactants on the Ir-Sn bimetallic
nanoparticles, various kinds of characterization
techniques such as XRD, FE-SEM, EDAX, elemental
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Fig.1. The flow chart of the synthesis of surfactant assisted Ir-Sn bimetallic nanoparticles.

mapping, TEM, HR-TEM, XPS, FT-IR, TGA, DTG,
and DTA have been employed. These techniques
provided the wide details of surfactant-assisted Ir-
Sn bimetallic nanoparticles.

MATERIALS AND METHODS

All reagents are of analytical grade and used
without further purification. Iridium trichloride
(IrCl,.xH,0), tin chloride (SnCl,.2H,0) (precursor
salts) and ethylene glycol (solvent and reducing
agent) were purchased from Sisco Research
Laboratory, Mumbai. Sodium hydroxide pellets
were obtained from Merck. Cationic (CTAB),
anionic (TSC) and nonionic (TX-100) surfactants
purchased from Thomas Baker were used as a
stabilizing agent. All solutions were prepared in
double-distilled water.

Preparation of nanoparticles

In the present work, the surfactant assisted
Ir-Sn BMNP samples with molar ratios 2:1 using
precursor salts of iridium chloride (IrCl,.xH,0) and
tin chloride (SnCl,.2H,0) were synthesized using
modified polyol reduction method [50]. Precursor
salts of iridium tri chloride and tin chloride in 2:1
molar ratios were dissolved in 25 ml ethylene
glycol. Stabilizers act as capping agents, which
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provide a coating around the particles, this satisfy
the high energy of particles and skip them from
agglomeration. CTAB, TSC and TX-100 are the
most common and frequently used stabilizers.
The pH of solution was alter by addition of 1 ml
NaOH added slowly into the reaction mixture
[51]. After being stirred at room temperature,
the entire solution was refluxed for 2 h in oil bath
at 140-180 °C temperature. After refluxing, the
color of the solution becomes blackish brown
from pale yellow. The flowchart of the method is
demonstrated through Fig. 1. The reaction progress
has been monitored by UV-Vis spectroscopy. The
appearance of new band in the spectrum shows
the formation of new species due to reduction of
precursor salt. The Fig. 2 shows UV- Visible spectra
of surfactant (CTAB, TSC, TX-100) assisted Ir-Sn
bimetallic nanoparticles. The spectrums of UV-Vis
spectroscopy reveal a peak around 352 nm which
was initially at 280 and 232 due to IrCl, and SnCl,
respectively. These peaks verify the formation of
bimetallic nanoparticles [52, 53].

Mechanism involve in formation of Iridium tin
bimetallic nanoparticles:

The proposed mechanism, which has been
used to prepare the surfactant-assisted iridium

J Nanostruct 10(4): 846-862, Autumn 2020
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Fig. 2. UV- Visible spectra of surfactant (CTAB, TSC, TX-100) assisted Ir-Sn bimetallic nanoparticles and precursor salts.
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Fig. 3. Mechanism of formation of surfactant assisted Ir-Sn bimetallic nanoparticles.

tin bimetallic nanoparticles are known as a
general reduction process, is shown in Fig. 3. In
this mechanism, ethylene glycol is used as both
solvent and reducing agent, which converts into
acetaldehyde through the oxidation process. At the
onset, the complex is made between acetaldehyde
(CH,CHO) and ions present in the solution (Ir,
Sn*2), which reduces Ir and Sn ions into the Ir%-Sn°
seeds, which grow through nucleation and result
into bimetallic nanoparticles. The surfactant like
CTAB, TSC, and TX-100 prevents the agglomeration
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and stabilities the Ir-Sn bimetallic nanoparticles.

Equipments

The micro structural analysis of bimetallic
nanoparticles was determined from X-ray
diffraction (XRD) (Panalytical’s X'Pert Pro, under
Cu-Ka radiation, with 2 theta ranging 20° - 80°)
average Crystallite size of the samples were
determined using the Debye Scherrer equation,
Field emission-scanning electron microscopy (FE-
SEM) (Hitachi (H-7500) and elemental composition
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Fig.4. The XRD pattern of surfactant assisted Ir and SnO, MMNP, Ir-Sn BMNP samples, (a) Sn MMNP (CTAB), (b) Ir MMNP (CTAB), (d)
Ir-Sn BMNP (TSC), (e) Ir-Sn BMNP (TX-100), and (f) Ir-Sn BMNP (CTAB), (c) The inset represents the main peak area, is showing the
presence of Ir, Sn and SnO, in the surfactant (CTAB, TSC, and TX-100) assisted BMNP samples.

were investigated by using EDAX and elemental
mapping respectively. TEM (transmission electron
microscope) Characterization, for the BMNP
Crystallite size distribution was performed using
(Hitachi (H- 7500). High resolution transmission
electron microscope (HR-TEM) were performed
using (HRTEM 200kv JEM 2100 Plus), operate at
an accelerating voltage of 20-200kv. Samples for
HR-TEM analysis were obtained by using dilute
solution of nanocrystals. The double beam UV-
Vis absorption spectroscopy (Systronic-2203
spectrophotometer), was used to study the
progress of the nanoparticles formation. The
oxidation state and chemical composition of CTAB
assisted Ir-Sn BMNP sample were investigated
using X-ray photoelectron spectroscopy (XPS
PHI 5000 versa probe IIl). The Fourier transform
infrared (FT-IR) spectra were measured with
FTIR (Perkin Elemer) in the range of 4000-400
cm™ using the KBr Pellet technique. The thermal
analysis (TGA, DTG and DTA) of the samples were
investigated using a SIl 6300 EXSTAR , at a constant
heating rate of 10 °C/min over a temperature
range of 35-1000 °C using alumina powder (10
mg) as a reference material.

RESULTS AND DISCUSSION
X-ray diffraction (XRD) analysis

The X-ray diffraction technique has been
employed to examine the crystal structure
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and crystallinity of surfactant assisted Ir, Sn
nanoparticles. The XRD pattern of Ir MMNP
(CTAB), SnO, MMNP (CTAB) and Ir-Sn surfactant
assisted BMINP samples are demonstrated in Fig. 4.
In Fig. 4 (a), four distinctive peaks of CTAB assisted
SnO, MMNP sample have been observed at 26.5°,
33.8°,37.9°,54.7°,57.7°,61.5%, 66.2°, 69.5°, 71.3°,
and 77.4° with miller indices (hkl) value (110),
(101), (200), (220), (002), (310), (301), (311),
(202), and (321) respectively. The data of this
sample is exactly matched with the JCPDS (card
no. 00-041-1445), which indicates the formation
of tetragonal rutile-like SnO, MMNP sample. Also
in Fig. 4 (b), only one peak of the CTAB assisted
Ir MMNP sample has been observed at 41.1°with
(hkl) value (111) plane, which matched with (card
no.00-006-0598). Fig. 4 (d, e, and f) the XRD data
of Ir-Sn surfactant assisted BMNP (CTAB, TSC,
TX-100) samples have been demonstrated with
JCPDS card no.(00-041-1445 (for Sn02), 00-019-
1365 (for Sn), and 00-006-0598 (for Ir)), those are
confirmed the Ir is presented in metallic state and
Sn is present in metallic and tin oxide form. Broad
peaks at about 40.8° with (hkl) value (111), peak
at 34.15 with (hkl) value (110), and the peak at 25°
with (hkl) value (110) corresponds to Ir(0), Sn(0),
and SnO, respectively. These peaks represent the
amorphous nature of the bimetallic nanoparticles.
The comparison of the data between SnO, and
Ir MMNP, and Ir-Sn surfactant (CTAB) assisted-

J Nanostruct 10(4): 846-862, Autumn 2020
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Table 2. Calculated a Crystallite size of mono and bimetallic nanoparticles

Sample Ir MMNP SnO; MMNP Ir-Sn BMNP Ir-Sn BMNP Ir-Sn BMNP
(CTAB) (CTAB) (CTAB) (TSC) (TX-100)
Crystallite size (nm) 1.2 nm 40 nm 0.19 nm 1.2 nm 1.3nm

Intensity(a.u)

Ir-Sn BMNPs (TSCO)
Ir-Sn BMNPs (CTAB)
Ir-Sn BMNPs (TX-100)

20

Fig.5. Primary peak of surfactant (CTAB, TX-100 AND TSC) assisted Ir-Sn BMNP samples.

BMNP samples show shifting in 2 theta value
from 41.1° to 40.8" and 26.5° to 25° due to some
interaction among iridium (Ir) and tin (Sn). The
Fig.4 (c) demonstrated the broad peaks of Ir-Sn
surfactant ( CTAB, TSC, and TX-100) assisted BMNP
samples, and all broad peaks reveals presence of
some amount of Ir-Sn alloy along with SnO, in the
structure of Ir-Sn BMNP samples, which confirm
the formation of bimetallic nanoparticles with
FCC lattice. Approximate crystallite size (D) of all
the samples has been evaluated by employing
Debye-Scherer equation-

=
BCOSO

Where, k = pre factor, A= wavelength of the
incident beam (CuKa), and B = FWHM of Peak.

The calculated values of crystal sizes are shown
in the Table 2. The presented data show that Ir-Sn
BMNP have small crystallite size as compared to
monometallic nanoparticles. This may be because
of small ionic radii of Ir as compared to Sn. On the
other hand, the value of crystallite size of Ir-Sn
BMNP sample with all the above stated surfactants
is also determined and it has been found that Ir-
Sn BMNP sample with CTAB surfactant has the
lower crystallite size as compared to TSC and TX-
100 samples, which may be due to an increment

J Nanostruct 10(4): 846-862, Autumn 2020
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in the imperfection of crystal structure [54]. In
Fig. 5, the CTAB assisted sample, which has the
smallest crystalline size revealed a low-intensity
peak compared to TSC and TX-100 assisted
samples [55]. This corroborates that the surfactant
restricts the growth of particles in the samples
and play an important role in preventing the
rapid flocculation and aggregation of the particles
[56]. Surfactants cap (or passivate) the surface
of nanoparticals and exert a strong influence on
its morphology by controlling the growth rate of
various crystallographic surfaces and generating
orientations in crystal formation. This means that
the growth of nanoparticles is controlled by the
diffusion and attachment rates of surfactants onto
the nanoparticle surface [57].

Field Emission Scanning Electron Microscope (FE-
SEM) analysis

The surface morphology and approximate particle/
grain size of the surfactant-assisted Ir-Sn BMNP
samples have been estimated through the FE-SEM
technique. The FE-SEM images are shown in Fig.
6, clearly bring out the variation in the particle
size as change the surfactant CTAB (Cationic), TSC
(Anionic), and TX-100 (Nonionic) adequately, and
also observed that the all synthesized surfactant-
assisted Ir-Sn BMINP have an approximately pseudo
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Fig. 6. FE-SEM Images of surfactant assisted Ir-Sn BMNP samples (a, b) Ir-Sn BMNP (CTAB), (c, d) Ir-Sn BMNP (TSC) and (e, f) Ir-Sn
BMNP (TX-100).

spherical shape. The particle size of all samples has
been evaluated using Image J software [58, 59],
and it is observed that the average size of particle/
grain change ~39 nm, ~59 nm, and ~89 nm with
adding surfactant CTAB (Cationic), TSC (Anionic),
and TX-100 (Nonionic) respectively. From the
FE-SEM images, it has been found that the
morphology of CTAB (Cationic) Ir-Sn BMNP sample
is dense with a smooth surface and uniform size
particle compared to TSC, and TX-100 assisted
Ir-Sn BMNP samples. But on the other hand, the
TSC, and TX-100 assisted Ir-Sn BMNP samples in
having the porous morphology with non-uniform
particle size. In another way CTAB can form a shell
surrounding the particles to prevent them from
aggregating to larger particles and grain growth
as a result of its Steric effect and mono-dispersed
Ir-Sn BMNP may be obtained finally [60]. The
small particle size and less agglomeration play
the crucial role of CTAB surfactant in controlling
the nucleation and crystal orientation [54].
Hence, from the above findings, the synthesis
of Ir-Sn BMNP nanoparticles via simple polyol
method using CTAB surfactant is very usable. The
influence of the presence of the surfactant during
the growth of nanoparticles, not just induces the
nanoparticles to feature the highly active surface
of the lattice, but also stimulates the nanoparticles
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to have the portent of the large surface area,
ordered structure, and abundant pores. These
types of alterations mend the physicochemical
properties of the nanoparticles, due to which the
performance of the nanoparticles is increased
[61].

Energy-dispersive X-ray spectroscopy (EDAX) and
Elemental mapping analysis

The atomic composition of the Ir-Sn surfactant
assisted BMNP samples are estimated using
the EDAX technique. The EDAX spectrum and
elemental composition of Ir-Sn surfactant
assisted BMNP samples are shown in Fig. 7,
which confirms the presence of Ir, Sn, C and O
elements in required samples, and verify the
purity and atomic composition of synthesized
BMNP samples. Some additional peaks are also
observed in the EDAX spectrum, which may be
related to the Au (gold) metal because Au is used
for coating over the sample during prepare for FE-
SEM characterization. The elemental mapping of
surfactant assisted Ir-Sn BMNP samples are shown
in Fig. 8. The Ir and Sn elements are represented
via red and green color, respectively. The existence
of Ir, Sn elements in the surfactant assisted Ir- Sn
BMNP samples have been again verified through
the elemental mapping and also observed that the

J Nanostruct 10(4): 846-862, Autumn 2020
(&) o



A. Goel et al. / Synthesis of CTAB/TSC/TX-100 Assisted Ir-Sn Bimetallic Nanoparticles

Wt%

At%

m Element

IrM

28.55

393

SnL

24.15

5.38

0K

1447

40.44

CK

2283

50.26

Element

Wt%

At%

IrM

1.26

0.34

SnL

79.87

34.81

0K

15.26

49.35

CK

3.60

15.51

Element

Wt%

At%

IrM

1.22

0.22

SnL

65.22

18.79

0K

20.52

43.87

14
kev
201
(c)
18
167
W s I
4 L T t 1 =
2 Kl 6 8 10 12 14
keV

CK

13.04

37.13

Fig. 7. EDAX spectrum and elemental composition of surfactant assisted BMNP samples (a) Ir-Sn (CTAB) ,(b) Ir-Sn ( TSC) and (c) ) Ir-Sn
( TX-100).

Ir-Sn BNMP elements are uniformly distributed.
From the result of EDAX and elemental mapping,
it has been observed that the CTAB assisted BMNP
nanoparticles are in alloy form and TSC and TX-100
assisted BMNP nanoparticles are in core-shell, and
the Ir exist in core and Sn exist in shell, which are
exhibited via overlay image in Fig. 8 (d, h, and I).
The inset in these images represents the type of
bimetallic nanoparticles (alloy and core shell).

Transmission electron microscope (TEM) and High
resolution transmission electron microscope (HR-
TEM) analysis

The TEM and HRTEM technique have been
employed to find the detailed information about

J Nanostruct 10(4): 846-862, Autumn 2020

the morphology and crystallinity of the surfactant
assisted Ir-Sn BMNP samples. The TEM and HR-
TEM images of surfactant assisted Ir-Sn BMNP
samples reveal that the shapes of crystallite are
pseudo spherical (Fig. 9 (a) - (i)). The average
diameter of crystallite of the samples have been
estimated through the TEM images and it is found
to be ~1.39 + 0.5 nm for Ir-Sn BMNP (CTAB), ~2.2
+ 0.5 nm for Ir-Sn BMNP (TSC), and ~5.79 = 0.5
nm for Ir-Sn BMNP (TX-100). From the Fig. 9 (a,
d, and g), It is clearly seen that the CTAB assisted
Ir-Sn BMNP sample are highly dispersed without
obvious aggregation as compared to TSC and TX-
100 samples. The d-spacing of surfactant assisted
Ir-Sn BMNP samples have been evaluated using
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Fig. 8. FE-SEM and corresponding elemental images for surfactant assisted BMNP samples, Ir-Sn : CTAB (a-d), Ir-Sn : TSC (e-h), Ir-Sn
:TX-100 (i-1). d, h, | are the overlay images of Ir, Sn. The inset in these images represents the type of bimetallic nanoparticles (alloy
and core shell).

the HR-TEM images (Fig. 9 (c), (f), and (i)), and d-spacing are corresponding to (111) crystalline

the values of the lattice fringes of d- spacing is plane of the surfactant assisted Ir-Sn BMNP
0.285 nm, 0.214 nm and 0.210 nm (CTAB, TSC, samples, these (111) plane has the most intense
and TX-100 assisted samples). These values of peak in the XRD data of surfactant assisted Ir-Sn
854 J Nanostruct 10(4): 846-862, Autumn 2020
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10 Unm

Fig. 9. (a)-(i) TEM and HR-TEM image of surfactant assisted Ir-Sn BMNP samples Ir-Sn : CTAB (a-c), Ir-Sn : TSC (d-f), Ir-Sn :TX-100 (g-i)
sample, respectively; inset in (b),(e), and (h) presents SAED pattern of samples, (c), (f), and (i) HR-TEM images of samples; inset in
the figure depicts the type of bimetallic nanoparticles (alloy and core shell).

BMNP samples (see Fig. 4(d, e, and f). The SAED
patterns are recorded from the same region of
the images of surfactant assisted Ir-Sn BMNP
samples, are shown in the inset of Fig. 9 (b), (e)
and (h), respectively. The diffused ring patterns in
the SAED images indicate the amorphous nature
of the surfactant assisted Ir-Sn BMNP samples,
which is in accordance with the XRD result. The
inset of Fig. 9 (c), (f), and (i) demonstrate that the
surfactant assisted Ir-Sn BMNP samples contain
the alloy and core shell like structure. The CTAB
assisted Ir-Sn BMNP sample is in alloy form (inset
of (c)) and TSC and TX-100 assisted BMNP samples
are in core-shell form (inset of (f) and (i)).The inset
of Fig. 9 (f) and (i) images also confirm that the Ir

J Nanostruct 10(4): 846-862, Autumn 2020
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exist in core and Sn exist in shell, which are similar
with the FE-SEM elemental mapping results.

X-ray photoelectron spectroscopy (XPS) analysis
X-ray photoemission spectroscopy (XPS) has
been carried out to emanate wide information
related to the elemental composition and
oxidation states of constituting elements in
surfactant-assisted Ir-Sn  BMNP samples. The
XPS survey spectra are shown in Fig. 10 (a),
which indicates that Ir, Sn, C, and O elements
are present in surfactant-assisted Ir-Sn BMNP
samples. In the present study, the data of CTAB
assisted Ir-Sn BMNP sample has been exhibited
in Fig. 10 (b to d). The high-resolution spectrum
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Fig. 10. XPS spectra of CTAB assisted Ir-Sn BMNP sample (a) Survey scan, (b) Ir 4f region, (c) Sn 3d region, (d) C 1s region, and (e) O
1s region.

of Ir 4f region has been demonstrated in Fig. 10
(b). The Ir 4f spectrum reveals that the centered
binding energy of Ir 4f7/Z and Ir 4f5/2 are 60.09
eV and 62.4 eV respectively, which indicate the
formation of metallic iridium (Ir°) [62-64]. The
fitted data of Sn 3d region has been demonstrated
in Fig. 10 (c). The Sn 3d spectrum indicates that
the binding energy of Sn 3d3/ and Sn 3d_, are

2 5/2

centered at 485.5 eV and 494.1 eV respectively.
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The deconvolution of Sn 3d3/2 peak into the two
peaks at around 485.1 eV and 485.9 eV, while that
of the Sn 3d5/2 peak deconvoluted into two peaks
at around 493.9 eV and 494.8 eV confers the best
fit to the experimental data [49, 65, 66]. These
deconvoluted peaks coincide with two distinct
oxidation states of Sn, namely Sn** and Sn? (Fig.
10(c)). These deconvolutions of the peaks show

the presence of SnO_in the BMNP samples. SnO
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Fig.11. FT-IR spectra of surfactant-assisted BMNP samples (a) Ir-Sn BMNP (CTAB), (b) Ir-Sn BMNP (TSC), and (c) Ir-Sn BMNP (TX-100).

was not detected in the XRD pattern possibly due
to SnO content in the sample below the detection
limit of XRD. Thus the XPS results also confirm the
existence of Sn and incorporation of some amount
of Sn into Ir lattice, agreeing with the XRD results.
The C 1s spectrum has been exhibited in Fig. 10
(d). The spectrum reveals the binding energy of C
1sis centered at 283.07 eV. This peak stipulated to
a carbon atom of a different environment, this may
be due to CTAB moiety [51]. The O 1s spectrum has
been shown in Fig. 10 (e). The spectrum reveals
the binding energy of O 1s is centered at 530.4 eV
[62].

Fourier transform infrared spectroscopy (FT-IR)
analysis

The presence of the functional groups in the
surfactant-assisted Ir-Sn BMNP samples have been
examined through the FT-IR spectroscopic analysis,
and spectra of all samples are demonstrated in
Fig. 11 ((a) Ir-Sn BMNP (CTAB), (b) Ir-Sn BMNP
(TSC), and (c) Ir-Sn BMNP (TX-100)). The FT-IR
spectra provide information regarding the local
molecular environment of the organic molecules
on the surface of the nanoparticles. In spectra
of all samples numerous peaks with specific
wavenumber are shown, which are related to
various functional groups. In Fig. 11(a, b, and c),

J Nanostruct 10(4): 846-862, Autumn 2020

the spectra of CTAB, TSC, and TX-100 assisted
samples have some peaks around at 3560-3200
cm™® and 2830-2920 cm?, which may arise due to
the O-H stretching vibrations of water molecules
[67]. A peak has been observed in all three spectra
(a, b, c) at different wavenumber values (2109,
2099, and 2088 cm?), which is developed due to
the C-H (aliphatic) stretching vibration. In the same
way, a peak has also been observed in CTAB, TSC,
and TX-100 assisted samples at different value of
wavenumber (1221 cm?, 1398 cm™?, and 1410 cm
1), that is generated due to the C-C, C-N (aliphatic)
stretching vibration. In Fig. 11(c), two peaks have
been observed at near about 862 cm™ and 1675
cm?® in the spectra, these are assigned to the
C-H (aromatic) stretching and C=C (conjugated)
stretching vibrations of the phenyl ring, which is
present in the TX-100 assisted sample [68]. In Fig.
11(a), a sharp and strong absorption band has
been found at 1610 cm*in the spectra, which is
related to the N-H bending vibration of the amine
group that exists in the CTAB assisted sample [55].
Also in Fig. 11 (a) spectra, the weaker band at 2441
cm® has been seen, which is assigned to the anti-
stretching vibration of the C-H group, respectively.
In Fig. 11 (b), a band has been observed at 1710
cm* wavenumber value, which arises due to the
C=0 stretching of carbonyl group that exists in the
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Table 3. Assignment of frequencies of FT-IR spectra of surfactant-assisted Ir-Sn BMNP nanoparticles.

Assignments of frequencies (a) Ir-Sn BMNP (b) Ir-Sn BMNP (c) Ir-Sn BMNP
g q (CTAB) (T5C) (TX-100)
. I 2924 cm™? 2848 cm™ 2836 cm™
O-H stretching vibrations 3561 cm 3202 et 3207 et
C=C (aromatic) stretching . } 1675 cm™
vibrations
N-H bending vibrations 1610 cm™ - -
C-O stretching vibrations - 1020 cm? 1097 cm?
C-C stretching, C-N (aliphatic) vibration 1221 cm 1398 cm™ 1410 cm™
C-H (aliphatic, aromatic) stretching, anti stretching 2109 cm™ 2099 cm™ 2088 cm™
vibration 2441 cm™ - 862 cm™
C=0 Stretching vibration - 1710 cm™? -
Sn-0-Sn Stretching vibration (metal oxygen bonds) 502 cm™ 595 cm™ 582 cm™
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Fig. 12. TGA, DTG and DTA curve of surfactant assisted BMNP samples (a) Ir-Sn BMNP (CTAB) (a) Ir-Sn BMNP (TSC), (c) Ir-Sn BMNP
(TX-100), inset in the figure depicts the DTG curve of samples.

TSC assisted sample. The two weak bands have
been seen at 1020 cm™ and 1097 cm™ in Fig. 11(b)
and Fig. 11(c); these are developed due to the
C-O stretching vibration. The strong absorption
band observed at 502 cm®, 595 cm?, and 582
cm™ wavenumber values, which is related to the
Sn-0-Sn (metal oxygen bond) stretching vibration
for CTAB, TSC, and TX-100 assisted samples [69].
Hence, the above analysis of the FT-IR spectra
of all samples confirms the attachment of the
surfactant on the surface of Ir-Sn BMNP samples.
The absorption bands that are assigned to the
respective vibrations are shown in Table 3.

858

Thermal analysis (TGA, DTG, and DTA )

The thermal analysis of surfactant-assisted
Ir-Sn BMNP samples are examined by employing
the TGA, DTG and DTA techniques, and the data
of all samples are shown in Fig. 12 (a,b,c). From
Fig. 12 (a), the TGA data of Ir-Sn BMNP (CTAB)
sample reveals that the sample has a single step of
weight loss (~1%) at 100 °C to 400 °C temperature
range, the weight loss of the sample is due to
the removal of moisture and light volatiles in the
sample, but after the 400 °C, the sample shows
the weight loss approximately 0.04% up to 900
°C. From the DTG curve (inset of Fig. 12 (a)), the

J Nanostruct 10(4): 846-862, Autumn 2020
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maximum weight loss of the sample is seen near
about 97 °C. In the DTA curve, there is no sharp
peak exists in the curve, which indicates that no
endothermic and exothermic process occurs in the
samples at 35 °C to 1000 °C temperature range.
From Fig. 12 (b), the TGA data of the Ir-Sn BMNP
(TSC) sample reveals the four steps of degradation
of weight. The first step of weight loss is observed
amid at 27.2 °C to 84 °C temperature range, which
is related to desorption of physically adsorbed
water and light volatiles from the surface of
nanoparticles with a total loss of about 15.2%. The
DTG curve of Ir-Sn BMNP (TSC) shows a sharp peak
near about 70 °C, which indicates the maximum
weight loss. The second weight loss of the sample
occurs in 200 °C to 300 °C temperature range and
the total degradation near about 32% of remain
sample. The many causes exist of the weight loss
of the sample such as the release of the remaining
water from the crystalline phase and elimination
of the oxygen-based functional groups, which
exists on the surface of nanoparticles (i.e.,
hydroxyl, carboxylic groups) and vanished in the
form of gases such as CO, and H,0 as a byproduct.
The third step of weight loss has been seen amid
at 343 °C to 400 °C temperature range. In this
range, the weight loss of the remaining sample is
approximately 13.7%, which is due to the active
pyrolysis and oxidation of the sample. The peaks
in the DTG curve (inset of Fig. 12 (b)) verify the
maximum change in the weight of the sample
near about 287 °C and 389 °C temperature range
related to the second and third steps of weight
loss. The fourth step of weight loss is observed
between 500 °C to 970 °C temperature range,
which is approximately equal to 1% of remain
sample. The 11.2% weight remains of the sample
after all steps occurred. From the DTA curve of Ir-
Sn BMNP (TSC) sample, the three peaks have been
found at 73 °C, 288 °C, and 384 °C temperature,
which is related to the desorption of light volatiles
(73 °C) and combustion of any organic residue
(288 °C, 384 °C) and these peaks also confirm that
the two endothermic and one exothermic process
occur in this mechanism. The TGA data of the Ir-
Sn BMNP (TX-100) sample, which is shown in Fig.
4(c) reveals the three steps of degradation. In the
first step, the weight loss is observed amid 100 °C
to 200 °C temperature range, which is occurred
due to the removal of physically adsorbed water
and light volatiles. The weight loss of the sample
in the first step near about 2.2%. In the second

J Nanostruct 10(4): 846-862, Autumn 2020
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step, the weight loss is approximately 33.5% of the
remaining sample, which occurs at 300 °C to 354
°C temperature range, and the reason behind the
weight loss is the active pyrolysis and oxidation of
the sample. In the third step, the weight loss of the
remaining sample is near about 2.4% in the 423°C
to 971°C temperature range, which may be due
to the degradation of the carbon-carbon skeleton
into volatile gases. Only two peaks have been
detected in the DTG curve for the Ir-Sn BMNP (TX-
100) sample, which are associated with the second
or third step degradation and is shown in the inset
of Fig.12(c). From the second and third steps, the
peaks exist near about at 316 °C and 422 °C, and
those are verifying the maximum weight loss of the
sample. The remaining weight of the sample after
all three steps is almost constant up to 971°C. The
DTA curve of the TX-100 assisted sample reveals
two peaks at 299 °C and 424 °C temperature;
the first peak is at 299 °C temperature, verify the
endothermic (minor) process and also confirms
the combustion of organic residues. But the second
peak, which exists at 424 °C temperature, verify the
exothermic (major) process and also confirms the
decomposition of some residual absorb species
and oxygen at the higher temperature. From the
above analysis of TGA, DTG, and DTA curve of
surfactant-assisted Ir-Sn BMNP samples, it has
been observed that the CTAB assisted sample has
better thermal stability as compared to TSC and
TX-100 assisted sample.

CONCLUSION

In the present study, we have investigated the
effect of surfactant on the particle size and the
morphology of Ir-Sn BMNP samples, synthesized
via modified polyol method. X-ray diffraction
studies verify that the surfactant assisted BMNP
samples are amorphous in nature. The minimum
crystallite size has been obtained in CTAB assisted
Ir-Sn BMNP sample compared to TSC and TX-100
assisted samples, which is evaluated using the XRD
data and TEM images. The approximate particle
size is assessed by the Image-J software using FE-
SEM images, and minimum particle size is found
for CTAB assisted sample. The EDAX technique
confirms that the Ir, Sn elements are present
in Ir-Sn BMNP samples. The EDAX, elemental
mapping, and HR-TEM images confirm that the
CTAB assisted Ir-Sn BMNP sample is in alloy form
and TSC, TX-100 assisted samples are in core-
shell form. The results show that CTAB surfactant
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plays an important role in controlling the size of
particles and stability of Ir-Sn BMNPs sample. The
UV-Vis spectroscopy technique is used to monitor
the progress of the reaction of the synthesis of
nanoparticles. All CTAB, TSC, TX-100 surfactant
assisted Ir-Sn BMNP samples exhibited stable
new peak around 352 nm in UV-Vis spectra that
confirms the formation of bimetallic nanoparticle.
The presence of a surfactant in the time of
preparation of the nanoparticles not only prompts
the nanoparticles to unfold highly active lattice
surface, but also prompts the nanoparticles to
have the feature of the ordered structure, large
surface area, and abundant pores. These variations
reform the physico-chemical properties of the
nanoparticles, thereby raising the performance of
the nanoparticles. The FT-IR technique verifies the
interaction between surfactant and Ir-Sn BMNP
samples. The thermal analysis reveals that the
CTAB assisted Ir-Sn BMNP sample is more stable
as compared to TSC and TX- 100 assisted samples.
The existence of the desired Ir° metallic state
and Sn dual valence state of Sn 3d core-level is
confirmed by XPS spectra.
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