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Abstract
A robust polymer based and polyol mediated procedure to synthesize nanobimetallic particles
has been modified to produce core–shell and alloy Ag/Pt nanoparticles with tunable properties.
Novel three-dimensional (3D) quasi nanocubes entangled in nanowebs were produced by rapid
solution phase transformation with hot addition of absolute ethanol. The optical characterization
showed extinction of plasmon resonance band occurring with incremental feeding ratio of Pt
source in all cases. Transmission electron microscope (TEM) and high resolution transmission
electron microscope (HRTEM) images revealed that the shape, size and size distribution of as-
prepared silver platinum nanoparticles depended on the stabilizer or capping agent, mole ratio of
metal ion sources, temperature and time of reaction. Meanwhile, catalytic activity was highest in
the reduction of p-nitrophenol in the presence of polyvinylpyrrolidone/diethylene glycol
stabilized Ag/Pt nanoparticles.
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1. Introduction

In the past decades, interest in nanostructures has increased
due to their fascinating electronic, chemical, bio-sensing,
optical and catalytic properties; as a result, different methods
have been developed and deployed to synthesize various
nanostructures [1, 2]. Silver nanoparticle in particular has
generated a lot of attraction in the sense that it has been
investigated based on its significance as a noble metal. The
phenomenon of enhanced surface resonance effect has made
it a vital material in fibre optics and wave guide or antenna
devices. Moreover, silver bimetallic nanoparticles are
increasingly attracting further investigation since they lead to
unusual size-dependent electrical, chemical and optical
properties [3]. Since the optical, electronic and catalytic
properties are strongly dependent on the structure and com-
position of nanomaterials, the synthesis of bimetallic

nanostructures with accurately controlled structures and
compositions is vital to obtaining such materials with novel
and improved properties. It has been reported that the surface
plasmon resonance peaks of bimetallic Ag/Pt nanostructures
can be readily tuned by controlling the Pt/Ag ratio in the
replacement reaction [4].

Although it is widely agreed that nucleation and the
ensuing rapid diffusional growth play essential roles in dic-
tating particle morphology, the investigation of these early
stages is fraught with major difficulties. Consequently, the
mechanisms responsible for the formation of anisometric
particles are still not well understood and we are rarely able to
predict in previously unexplored systems, which experimental
conditions would yield a particular shape.

In a survey of recent work on Ag/Pt bimetallic nano-
particles prepared at various molar ratios by simultaneous
reduction of H2PtCl6 and AgNO3 with hydrazine in the
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microemulsions of water/dioctyl sulfosuccinate sodium salt
(AOT)/isooctane at 25 °C [5, 6], the transmission electron
microscopy (TEM) images showed that the Ag/Pt bimetallic
nanoparticles essentially were monodispersed. Likewise, in
the work of Wen-Yin et al [7], flexible, transparent and
conducting composite thin films were prepared from multi-
walled carbon nanotube (MWCNT) supported silver–plati-
num alloy nanoparticles (Ag/Pt–MWCNT) on a flexible
polyethylene terephthalate (PET) substrate, through the
combination of a two-step polyol process for synthesizing
composites of carbon nanotubes (CNTs) and metallic nano-
particles (NPs) with an ultrasonic atomization-spin coating
method for thin films fabrication. Ag/Pt nanoparticles with an
average size of approximately 26 nm were uniformly attached
to the side walls of MWCNTs forming an effective and
strongly mechanical conductive network.

Elsewhere, bimetallic nanoparticles composed of Ag/Pt
have been prepared by the successive reduction of AgNO3

and H2PtCl6 solutions with hydrazine. It was shown that the
surface plasmon resonance peaks corresponding to these
composite particles red shifted to longer wavelengths with
increasing Pt content, and could possibly get close to the near-
infrared region [8]. The water-soluble Ag/Pt core-shell
nanoparticles were similarly prepared by deposition Pt over
Ag colloidal seeds with the seed-growth method using
K2PtCl4 with trisodium citrate as reducing agent. The Ag/Pt
ratio was varied from 9:1 to 1:3 for synthesizing Pt shell layer
of different thickness [9]. Platinum acetylacetonate Pt(acac)2
and silver stearate AgSt were equally used as precursors and
diphenyl ether (DPE) as solvent in the preparation of Ag/Pt
bimetallic nanoparticles. The TEM results indicated that the
formation of twin planes in these Ag/Pt nanoparticles could
be the outcome of incorporation of Ag atoms into the Pt
lattice [10].

In recent times, the ability of alcohols such as ethanol to
act as reducing agents for strongly oxidizing cations has been
investigated [11, 12]. Particle agglomeration in such reactions
can, however, be problematic, even in the presence of stabi-
lizing agents. The reaction carried out in glycerol, ethane-1, 2-
diol or 1, 2-propanediol was found to yield more mono-
dispersed products. This is due to the fact that polyols can
effectively act as bidentate chelating agent for the solvated
metal cation and at the same time also act as reducing and/or
stabilizing agents for the precipitation of nanoparticles.

Herein, we present a polymer-based seed-mediated
method for synthesizing well dispersed silver enriched plati-
num nanoparticles with tunable morphological properties
exhibiting the formation of new materials at nanoscale regime
in different polyol/polymer matrices and the catalytic reduc-
tion of 4-nitrophenol in the presence of sodium borohydride.

2. Experimental

The seed mediated or successive addition method was mod-
ified from literature and used to prepare monodispersed
bimetallic Ag/Pt nanoparticles in different polyols at optimum
concentration of metal precursors and controlled temperature

[13, 14]. The reaction pathway for the formation of bimetallic
nanoparticles via anisotropic nucleation and particle growth is
shown in scheme 1.

+ → + ++ −PtCl Ag Pt Ag Cl4 4 6 , (1)aq aq( ) ( )aq s s4( ) ( ) ( )

+ →Ag Pt Ag Pt , (2)t s t s( ) ( ) ( ) ( )

where (aq) indicates aqueous solution, (s)—solid and (t)—
template.

When AgNO3 solution is reduced by polyol, the formed
Ag particles are used as templates for the controlled reduction
and deposition of Pt by the template facilitated reaction [15]
and/or borohydride reduction. There is excess polyol after the
reduction of AgNO3, so the chemically oxidized Ag+ from
replacement reaction (1) will be reduced back to Ag. At the
same time, PVP is present as the stabilizer. The long poly-
meric chain structure of PVP will completely surround one or
more nanoparticles and can trap the Ag+ that is liberated
during the displacement reaction, allowing it to combine with
PtCl4 and co-reduce near the surface of the template parti-
cles [16].

2.1. Materials

All inorganic salts, solvents and chemical reagents used were
analytical grade, and were purchased from Sigma-Aldrich
Corporation, UK. They are as follows: silver nitrate, plati-
nium (IV) chloride, sodium borohydride, glycerol (GLY),
ethylene glycol (EG) and diethylene glycol (DEG), pentaer-
ythritol (PET), poly(vinyl pyrrolidone) (PVP), methanol and
ethanol.

2.2. Synthesis of Ag/Pt bimetallic nanoparticles in different
polyols

The modified approach to prepare well dispersed tunable
property bimetallic Ag/Pt nanoparticles by the seed growth or
successive addition method [17, 18] is as follows: 15 mL
glycerol (99.5%ww−1) was measured into a round bottom

Scheme 1.Mechanism of reaction for the formation of core–shell or
alloy Ag/Pt bimetallic nanoparticles.

2

Adv. Nat. Sci.: Nanosci. Nanotechnol. 5 (2014) 035007 J A Adekoya et al



flask containing a magnetic stirrer, 0.02–0.04 mmol PVP was
added. Then the mixture was stirred and gradually heated to
160 °C. Then 0.10–0.18 mmol PtCl4 and 0.16–0.72 mmol
AgNO3 were successively injected into the hot solution and
the heating continued for 2 h. The colour rapidly changed to
black. The procedure was repeated at 160 °C, 4 h, and then for
ethylene glycol at 160 °C, 3 h, 175 °C, 2 h; diethylene glycol
at 190 °C, 2 h and 200 °C, 2 h. Similarly, 0.14–0.15 mmol
PtCl4 was used to produce Ag/Pt PET stabilized nano-
composites in aqueous solution at 90 °C.

2.3. Characterization

The nanoclusters derived by polyol stabilization were found
to be very stable in both liquid and solid phases. The stability
was checked by following the absorbance spectra over
extended periods of several months. The oxo groups present
in the vinylpyrrolidone coordinate fairly strongly to the
bimetallic nanoparticles [19, 20]. The use of sodium bor-
ohydride resulted in fast reduction of metal ions, but ethane-
1,2-diol was the best reducing agent and stabilizer that also
acted as a solvent. A variety of techniques such as UV-Vis
spectroscopy, photoluminescence (PL) spectroscopy, TEM,
x-ray crystallography, and x-ray photoelectron spectroscopy
(XPS) were used for the characterization of as-prepared Ag/Pt
bimetallic nanoparticles.

2.3.1. Optical characterization. A Varian Cary 50 Conc UV-
Vis spectrophotometer was used to carry out the optical
measurements and the samples were placed in silica cuvettes
(1 cm path length), using ethanol/deionized distilled water as
reference solvents accordingly. A Perkin-Elmer LS 55
Luminescence spectrometer was used to measure the PL of
the particles. The samples were placed in a quartz cuvette
(1 cm path length).

2.3.2. Structural characterization. The crystalline phase was
identified by x-ray diffraction (XRD), employing a scanning
rate of 0.05° min−1 in a 2θ range from 20° to 80°, using a
Bruker AXS D8 diffractometer equipped with nickel filtered
Cu-Kα radiation (λ= 1.5406 Å) at 40 kV, 40 mA and at room
temperature. The morphology and particle sizes of the samples
were characterized by a JEOL 1010 TEM with an accelerating
voltage of 100 kV, Megaview III camera, and Soft Imaging
Systems iTEM software. The detailed morphological and
structural features were investigated using HRTEM images
with a JEOL 2010 transmission electron microscope operated
at an accelerating voltage of 200 kV. The survey of surface
property and high resolution spectra of nanoparticles were
collected using x-ray photoelectron spectrometer (XPS) PHI
5000 Versaprobe–Scanning ESCA Microprobe, with 100 μm
25W 15 kV Al monochromatic x-ray beams.

2.4. Catalysed reduction of p-nitrophenol by Ag/Pt
nanoparticles in the presence of NaBH4 solution

The ability of Ag/Pt nanoparticles capped or stabilized with
different matrices (GLY, EG, DEG and PET) to catalyze the

reduction of p-nitrophenol was investigated according to
Marais and Nyokong [21], by measuring NaBH4 in the pre-
sence of Ag/Pt NPs. In order to study catalytic activity,
30 mL, 10 mM of p-nitrophenol was mixed with freshly
prepared 10 mL, 0.7 M aqueous solution of NaBH4 with
constant stirring in a 250 mL conical flask, while the tem-
perature was maintained at 299 K. Then, 30.6 mg of as-pre-
pared Ag/Pt PVPGLY (165 °C, 4 h) nanoparticles was added to
the mixture separately and the conical flask was vigorously
shaken for mixing. The colour of the solution gradually
changed from yellow to colourless as the reaction proceeded.
The progress of the reaction was monitored by recording the
UV–Vis spectra of the solutions at a time interval of 300 s.
The rate constant of the reduction process was determined by
measuring the change in absorbance at 400 nm as a function
of time. A controlled experiment was also carried out without
Ag/Pt nanoparticles and no change was noticed in the
absorption spectra of 4-nitrophenol. The experiment was
repeated using other Ag/Pt particles in ethylene glycol, die-
thylene glycol and pentaerythritol matrices.

3. Results and discussion

3.1. Optical properties of Ag/Pt sols

The absorption spectra of allied of Ag/Pt sols stabilized with
PVP/polyol matrix at controlled reaction temperatures are
shown in figure 1. Similarly, the UV-Vis absorption spectra of
Ag/Pt sols prepared with different mole ratios of metal Ag
and Pt precursors are presented in figure 2. The absorbance
spectra showed the effect of different compositions of Ag and
Pt and temperature on the optical property of the Ag/Pt sols.
The optimum mole ratios for the co-precipitation reactions
which produced Ag/Pt sols from these metal precursors/sta-
bilizer mixtures were 20:5:1, 26:5:1, 14:24:1 and

Figure 1. UV-Vis Spectra of Ag/Pt sols stabilized with PVP/DEG at
200 °C, 2 h (a); PVP/EG at 160 °C, 3 h (b); PVP/GLY at 160 °C, 2 h
(c); PVP/PET at 90 °C, 4 h (d).
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0.60:0.15:0.04:24.78 for Ag/Pt/PVPEG, Ag/Pt/PVPGLY, Ag/
Pt/PVPDEG and Ag/Pt/PVP/PETBHaq, respectively. At these
mole ratios, colloidal dispersions were formed which were
easily redispersed in ethanol and the optical absorption of Ag/
Pt sol was measured.

Furthermore, an alloy formation was evident by Ag/Pt
sols stabilized with DEG, EG, GLY and PET due to the
appearance of a single peak with their maxima strongly
depending on composition. The plasmon band was blue-
shifted with increasing amount of silver [22] from 280 nm to
271 nm, as seen in figure 2. The effect of different polyols
also produced varying degree of blue shift in the wavelength
at maximum absorbance with peaks at 264, 275, 373, and
393 nm for PVP/PET (90 °C, 4 h), PVP/DEG (200 °C, 2 h),
PVP/EG (160 °C, 3 h) and PVP/GLY (160 °C, 2 h) stabilized
Ag/Pt sols (figure 1), respectively. In each of these sols, the
mole ratio of Ag:Pt:stabilizer were 15:4:1, 15:3:1, 20:5:1 and
25:5:1 for PET, DEG, EG and GLY matrix components,
respectively. Appreciable quantum size confinement effect
would be anticipated for these nanoparticles in the order of
their absorption band edge shift.

The absorption band gaps of the Ag/Pt sols were also
estimated by the direct band gap method [23] using the cut-
off band edges (figure 1), and were found to be 2.98 eV
(416 nm, t= 2 h), 2.88 eV (431 nm, t= 2 h), 2.84 eV (436 nm,
t= 3 h) and 3.20 eV (388 nm, t= 4 h) for PVP/GLY, PVP/
DEG, PVP/EG and PVP/PET functionalized Ag/Pt nano-
particles, respectively. The absorption edges were red-shifted
from that of Ag and Pt bulk crystals given as 3.99 eV [24, 25]
and 3.0 eV [26, 27], respectively.

The analysis of the optical property of as-prepared Ag/Pt
sols with PL spectrometer in very dilute solution of absolute
ethanol produced the emission spectra (figure 3) which
showed nearly uniform peaks at 342 and 346 nm due to
excitations of Ag/Pt DEG (200 °C, 2 h) and Ag/Pt GLY
(160 °C, 2 h) nanoparticles, respectively, at 310 nm and
245 nm dual wavelengths. The fluorescence band, in this

instance, was significant in terms of particle size distribution,
shape and energy band gap. As for PVP/EG (160 °C, 3 h) and
PVP/PET (90 °C, 4 h) stabilized Ag/Pt sol, they exhibited
their emission at 378 nm and 383 nm for excitation at 232 and
325 nm, respectively, which was characteristic of Ag allied
sol and invariably confirmed surface enrichment of Pt by Ag
nanoparticles.

The emission spectra (figure 4) also confirmed the
fluorescence character of Ag/Pt sols stabilized with PVP/EG

Figure 2.Absorption spectra of Ag/Pt NPs stabilized with PVP/GLY
at 160 °C, 2 h for 2:1 (a) and 3:1 (b) of Ag and Pt precursors.

Figure 3. PL emission spectra of Ag/Pt sols showing the effect of
different stabilizers.

Figure 4. PL emission spectra of Ag/Pt sols stabilized with PVP/EG
at 160 °C, 3 h for excitation at dual wavelengths.
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at 160 °C, 3 h due to dual excitation at 232 and 325 nm. There
was a consistent emission at 382 nm. However, the spectra of
Ag/Pt sol passivated with PVP/EG at 160 °C (figure 5)
showed that an increase in temperature of reaction from
160 °C to 175 °C affected anisotropic growth of nanoparticles
which resulted in very narrow and higher intensity emission
peak with resultant slight red shift in the wavelength from 381
to 384 nm. Further consideration of the combined UV-Vis
and PL emission spectra of Ag/Pt sols (figures 6 and 7)
showed the independence of fluorescence and absorbance
phenomena in Ag/Pt sols. In addition, the absorption spec-
trum was a mirror image of the emission spectrum which is a
phenomenon of Franck Condon principle [28] ascribed to
Stoke’s shift.

Therefore, the refractive indices of different solvents or
dispersion media have been shown to induce a shift of the
surface plasmon band (SPB) as predicted by Mie theory: the
maximum wavelength for a given metal cluster depends on
the refractive index of the medium and it shifts to higher
wavelength as refractive index of the solvent increases
[29–31]. As a result, we expect appreciable quantum size
confinement in these nanoparticles in the order of their optical
blue shifted absorption maxima.

3.2. Morphological properties of Ag/Pt allied nanoparticles

The electron micrograph of Ag/Pt nanoparticles stabilized
with different polyols produced some remarkable morphology
and structures which are presented in figures 8–11. The shape
and physical appearance of the new PVP/DEG, 200 °C, 2 h
and PVP/EG, 160 °C, 3 h passivated Ag/Pt NPs (figures 8(a)
and (b)) can best be described as hybrid nanowebs sand-
wiched by some quasi three- dimensional nanocubes. These

particles are polydispersed and the morphology of the nano-
composite varies between an alloy and core–shell formation.
The nanowebs extensively evolved in PVP/EG stabilized Ag/
Pt nanoparticles at 160 °C, 3 h (figure 8(b)). This unique
formation can be attributed to diffusion limited growth
mechanism [32] which was facilitated by hot precipitation
with ethanol and also etching, made possible by the interac-
tion of chloride ion and oxygen from air with Ag+ and Pt4+

ions during anisotropic reduction, nucleation and growth
processes [33, 34]. The mean diameter of the sandwiched
nanocubes was 30.45 nm± 6.23 nm.

Similarly, the shape and morphology of the PVP/GLY,
160 °C, 4 h stabilized Ag/Pt NPs (figure 9(a)) consisted of an

Figure 5. PL emission spectra of Ag/Pt sol stabilized with PVP/EG
at 160 °C, 3 h showing the effect of change in temperature and time
of reaction.

Figure 6. Combined UV-Vis and PL emission spectra of Ag/Pt GLY
at 160 °C, 2 h, absorption maximum at 388 nm, PL emission at
348 nm for an excitation at 245 nm.

Figure 7. Combined UV-Vis/PL emission spectra of Ag/Pt PET at
90 °C, 4 h: maximum absorbance at 236 nm; PL emission at 388 nm
for an excitation at 335 nm.
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alloy structure in which there was an edge to edge attachment
of the nanocomposites. The nanowebs appeared to be rudi-
mentary and not well developed, while the 160 °C, 2 h sta-
bilized nanocomposite (figure 9(b)) showed the evolution of
wormlike nanowires with a mean particle size of
26.43 nm± 4.87 nm. The difference in morphology showed
that reaction time played a significant role in anisotropic
growth of Ag/Pt nanoparticles [35]. Moreover, HRTEM
analysis of Ag/Pt NPs functionalized with PVP/PET at 90 °C,
4 h (figure 10) showed that highly crystalline uniformly dis-
persed nanocubes with delineated edges were formed. The
mean particle size was 18.54 nm± 1.76 nm, and the mor-
phology based on HRTEM image (figure 10(b)) confirmed
the formation of an alloy with a periodic array typical of Ag
and Pt nanocomposites.

Furthermore, the HRTEM images of PVP/GLY stabi-
lized Ag/Pt at 160 °C, 2 h (figures 9(c) and (d)) confirmed
the crystalline nature of the nanocomposites. The inter-
planar distance or lattice spacing was 2.34 Å. The image
(figure 9(d)) showed two overlapping planes due to {111}
Pt and {111}Ag. By making reference to transmission
electron microscope (TEM) results, the growth of

nanowires and nanowebs underwent an oriented attachment
process which was largely thermodynamically driven,
resulting in equilibrium between the binding energy of the
stabilizing matrix (PVP) on the alloy surface and the
diffusion of atoms at the interface upon collision of pri-
mary nanoparticles [36]. However, for Pt and Ag, the
influence from various factors is conflicting. On one hand,
the potential energy gain upon collision of Ag nano-
particles is smaller than that of Pt nanoparticles, indicating
that the collision between Ag nanoparticles is less likely to
occur.

In figure 10, images (c), (d) of Ag/Pt nanoparticles sta-
bilized with ethylene glycol at 160 °C, 3 h revealed the
pseudo crystalline nature of the nanocluster. A core–shell
structure was equally evident in which Pt nanowire was
enriched on the surface by Ag nanocubes of very finite
dimension from 6.75 nm to 17.49 nm. For further considera-
tion of Ag/Pt nanocluster passivated with PVP/DEG at
200 °C, 2 h, figure 11 shows the formation of long chainlike
rigid backbone structure formed as a result of seed growth
mechanism which produced these lattice oriented interplanar
attachments of Pt with the deposition of Ag on the surface.

Figure 8. TEM images of Ag/Pt NPs stabilized with (a) PVP/DEG at 200 °C, 2 h; (b) PVP/EG at 160 °C, 3 h; (c), (d) HRTEM images of (a),
(b), respectively.
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The powder x-ray diffraction (p-XRD) patterns of as-
prepared Ag/Pt nanoparticles in different polyols are shown in
figure 12. The Ag/Pt nanoparticles stabilized with PVP/GLY
at 160 °C, 2 h (figure 12(a)) had the strongest reflection at
2θ = 40.07°. This value was significantly higher than that of
either face-centered cubic (fcc) Pt or (fcc) Ag. The fcc {111}
Pt diffraction planes occurred at 2θ= 39.91° [37], while fcc
Ag {111} characteristic peak appeared at 2θ= 38.42° [38].
The unit cell length of the Ag/Pt nanoparticles stabilized by
PVP/DEG at 200 °C, 2 h (figure 12(b)) based on the calcu-
lation at {111} diffraction planes being 28.83 nm which was
larger than that of Ag, 25.56 nm or Pt, 8.06 nm. This indicated
that Ag/Pt nanoparticles had a non-conventional fcc lattice.
This shift does not fit into Vegard’s law [39]. The Ag/Pt
nanocomposite should have a unit length in between the two
elements. The shoulder peak at 2θ = 46.52° which was

assigned to {002} Pt diffraction plane of fcc lattice structure
was very pronounced, while, the peaks at 2θ being 44.45° and
76.37° attributed to {200} and {311} planes of Ag were also
relatively higher than 2θ reflections of bulk Ag. Meanwhile,
the peak at 2θ = 38.42° assigned to {111}Ag was almost
extinct. Similar peaks and diffraction patterns were exhibited
by Ag/Pt NPs stabilized with PVP/EG at 160 °C, 3 h
(figure 12(c)). Similarly, diffractions of the {111} and {222}
planes assigned to Ag were absent from reflection peaks of
PVP/PET capped Ag/Pt NPs (figure 12(d)), whereas other
peaks appeared at 2θ being 46.50° and 67.67°, supporting the
proposition of core–shell structure for the allied nanoparticles.

The p-XRD patterns of the Ag/Pt nanocomposites pre-
pared at the mole ratios of 15:3:1, 20:5:1, 25:5:1 and 15:4:1
for DEG, EG, GLY and PET stabilized matrices, respectively,
exhibited nanoalloy structures. The differentiated peaks

Figure 9. TEM images of Ag/Pt NPs stabilized with (a) PVP/GLY at 160 °C, 4 h and (b) PVP/GLY at 160 °C, 2 h; (c), (d) HRTEM images of
Ag/Pt NPs stabilized with PVP/GLY at 160 °C, 2 h.

7

Adv. Nat. Sci.: Nanosci. Nanotechnol. 5 (2014) 035007 J A Adekoya et al



Figure 10. (a), (b) HRTEM images of Ag/Pt NPs stabilized with (a) PVP/PET at 90 °C, 4 h; (c), (d) HRTEM images of Ag/Pt NPs stabilized
with PVP/EG at 160 °C, 3 h showing nano alloy hybrid morphology.

Figure 11. HRTEM images of Ag/Pt NPs stabilized with PVP/DEG at 200 °C, 2 h showing nano alloy hybrid morphology.
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strongly supported the crystallinity and polydispersity of Ag/
Pt nanoparticles formed with some measures of lattice con-
traction [40].

3.3. XPS result of Ag/Pt in polyols.

For the XPS analysis, one of the Ag/Pt nanoparticles was
considered for characterization with sputtering at the surface
monolayers. The spectrum and the high resolution scans of

Figure 12. P-XRD patterns showing the polycrystalline nature of Ag/
Pt nanoparticles stabilized with (a) PVP/GLY at 160 °C, 2 h; (b)
PVP/DEG at 200 °C, 2 h; (c) PVP/EG at 160 °C, 3 h; (d) PVP/PET
at 90 °C, 4 h.

Figure 13. XPS spectrum of high resolution scan of Ag/Pt
nanoparticles stabilized with PVP/DEG at 200 °C, 2 h.

Figure 14. High resolution scan of Ag(3d) core levels of Ag/Pt
nanoparticles stabilized with PVP/DEG at 200 °C, 2 h.

Figure 15. High resolution scan of Pt(4f) core levels.

Figure 16. High resolution scan of O(1s) core levels.
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the core levels of Ag/Pt nanoparticles are presented in
figures 13–16. The elemental composition and the oxidation
state of the prepared nanocomposites were analysed with an
analytical XPS instrument. The survey scan of Ag/Pt NPs
stabilized with PVP/DEG at 200 °C, 2 h, figure 13 indicated
the presence of Ag, Pt, and O according to their binding
energies. It was observed that the atomic ratio of Ag to Pt in
the prepared nanocomposites from XPS data was 6.91:1.32
which strongly agreed with the mole ratio of metal precursors
used. It further confirmed the successful formation of
nanoalloy structure. In addition, the integration of the peaks
also showed a very high intensity for Ag metal.

Furthermore, the Ag (3d5/2) component, figure 14 had a
lower binding energy (BE) compared to pure Ag metal. It was
resolved at 368.02 eV (BE), while the binding energy of pure
Ag metal was 368.2 eV [41]. The shift was as a result of the
bond formed with Pt or O. The evidence of Ag bonding with
either Pt or O arose from the deconvolution of XPS high
resolution scan for individual bonding atoms. The Ag(3d)
core was found to split as a doublet with a second peak at
366.84 eV (BE) which was assigned to lattice oxygen (O) of
AgO. Similarly, the Pt (4f7/2) core level, figure 15 splits into a
quartet while (4f5/2) component splits as doublet. The char-
acteristic splitting of Pt produced four unique peaks with
binding energies of 71.14, 72.15, 73.65 and 74.84 eV. The
first two were assigned to Pt0 metal atom, while subsequent
ones were resolved as parametric peaks [42] for PtO and
PtO2, respectively.

Likewise, the deconvoluted XPS high resolutions scan
for O (1s) levels (figure 16) split as a triplet. The main peak
centered at 531.22 eV (BE) was attributed to PtO [42, 43] in
the AgPtOx structure. The peak at 531.22 eV was associated
with the O (1s) in the AgO species. According to a previous
study [44], the peak of O(1s) at 530.9 eV was indexed to the
lattice oxygen (OL) of PtO since this oxygen had a partial
negative charge that shifted the photoelectron line to lower
binding energy. Therefore, AgPtOx possessed a cluster-in-
cluster alloy structure with more of the core occupied by Ag0

metal, while Pt0 dominated the domains.

3.4. Result of catalysis study

The catalytic conversion of the 4-nitrophenol to 4-amino-
phenol on addition of Ag allied nanobimetallic particles (Ag/
Pt/PVP/polyol) was quantitatively monitored as a successive
decrease in the peak height at 400 nm (figure 17) and the
gradual development of new peak at 300 nm which validated
the formation of 4-aminophenol [45], corresponding to a
change in solution colour from light yellow to yellow-green.
In this experiment, the concentration of the borohydride ion
used as reductant, largely exceeded that of 4-nitrophenol.

The mechanism of the reduction is such that, the Ag/Pt/
PVP/polyol stabilized nanoparticles started the catalytic
reduction by relaying electrons from the donor BH4

− to the
acceptor 4-nitrophenol after the adsorption of both onto the
particles surfaces. Since the ratio of absorbance (A) of 4-
nitrophenol at time t to its value A0 measured at t= 0 (close to
infinity) must be equal to the concentration ratio Ct/C0 of 4-

nitrophenol, the kinetic equation for the reduction can be
written as

∂
∂

= −
C

t
k C ,t

tapp

=C

C

A

A
ln ln ,

0 0

where Ct is the concentration of 4-nitrophenol at time t, and
kapp is the apparent rate constant, which can be obtained from
the decrease of the peak intensity at 400 nm with time. A
good linear fitting of ln (A/A0) versus the reaction time was
obtained, indicating that pseudo-first-order kinetic could be
used to calculate the kinetic rate constant. Figure 18 shows a

Figure 17. Change in absorbance at 400 nm as a function of time
using Ag allied nanobimetallic particles prepared as catalysts Ag/Pt
in PVP/GLY at 160 °C, 4 h.

Figure 18. Plots of ln(A/A0) and the reaction time t(s) at 299 K for
Ag/Pt in PVP/GLY 165 °C, 4 h.
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linear correlation between ln(A/A0) and the reaction time t at
299 K, indicating that the reaction is a pseudo-first-order.

There is an increase in kinetic rate constant when
bimetallic nanoparticles are used as catalysts instead of their
monometallic analogues. Looking at the observed rate con-
stants of 4-nitrophenol catalysed reduction at 299 K, Ag/Pt/
PVP/DEG catalyst exhibited a rate constant of 4.8 × 10−3 s−1

(table 1) which is significantly higher than 2.8 × 10−3 s−1

reported for Poly(ethylenimine)-Stabilized Ag nanoparticles
[46, 47]. However, Ag/Pt/PVP/PET (reduced by NaBH4 in
aqueous phase at 90 °C, 4 h), Ag/Pt/PVP/GLY (160 °C, 4 h)
and Ag/Pt/PVP/EG (160 °C, 3 h) catalysts were among those
with minimum values of rate constant of 1.2 × 10−3 s−1,
8.0 × 10−4 s−1 and 6.0 × 10−4 s−1, respectively.

In accounting for this observed difference, let us consider
the atomic ratio, characteristic size, shape and structure of
nanobimetallic particles precipitated by co-reduction in aqu-
eous and non-aqueous solutions. In principle, polymer stabi-
lized nanocatalysts precipitated from aqueous phase are more
crystalline than those precipitated from non-aqueous solution.
Nanostructured amorphous bimetal catalysts strongly adsorb
BH4

− ion and 4-NP onto their surfaces and in so doing rapidly
facilitate reduction to 4-AP.

As a result, adsorption at interfacial surface, especially
within the 100 crystallographic planes largely depends on
surface porosity, the total surface area of strongly adsorbing
species (reduced and nanosized Ag0 or Pt0 metal) and the
nature of chemical interaction involved as a result of hydro-
phobicity of the nanoparticles [48–50]. In fact, Ag/Pt PVP/
DEG with the highest rate constant, has a mole ratio of
0.52:0.12 and particle size of 4.59 nm and surface atomic
composition of Ag/Pt from XPS data, 5:1 which strongly
suggests a cluster in cluster in which each Pt and Ag atoms
are randomly alloyed together.

4. Conclusion

The synthesis of silver platinum nanobimetallic particles by
co-reduction and co-precipitation from non-aqueous and
aqueous solutions using molecular source precursors and
polymer encapsulation matrices has been accomplished.
Subsequently, characterization of as-prepared nanocompo-
sites was done using optical spectroscopy, electron micro-
scopy, x-ray diffraction (XRD) and x-photoelectron
spectroscopy methods. However, a novel material was formed
when Ag/Pt was segregated from solution by hot addition of

absolute ethanol; the result when viewed by TEM image
revealed quasi nanocubes entangled in nanowebs which has
not been previously reported. The nanocube measured
30.45 ± 6.23 nm which is evidently 3D quantized. Looking at
the catalytic reduction of 4-nitrophenol at 299 K, Ag/Pt/
PVPCOH nanocatalysts investigated, they exhibited relatively
higher rate constant than monometallic Ag nanoparticles,
showing the significant input of new nanocomposite material.
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