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Nanometallic and bimetallic catalyst of Ni, Pt and Ni50 Pt50 were studied by the decompositions of
N2 O. The catalyst were prepared by incipient wetness impregnation of the silica with low superficial
area of 50 m2 /g supported with aqueous solution of the metal precursors, for Pt H2 Pt Cl6 · 6H2 O
was used and for Ni, Ni(NO3 2 was used to a total metal loading of 1% wt. Catalyst were oxidized for 2 hours at 400  C with O2 , then the samples were reduced for 30 minutes with N2 and
2 hours with H2 , all at the same temperature. The catalyst was characterized by Transmission Electron Microscopy (TEM), High Angular Annular Dark Field (HAADF), High Resolution Transmission
Electron Microscopy (HR-TEM) and Termoprogramed Reduction (TPR). The mean particle sizes
obtained by TEM and HAADF were about 12.5 nm for Ni/SiO2 , 2.8 nm for Pt/SiO2 and 3.5 nm
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the Ni50 Pt50 /SiO2 catalyst. Finally Ni50 Pt50 /SiO2 was more active than Pt/SiO2 and Ni/SiO2 catalysts
for the decomposition of N2 O.
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1. INTRODUCTION
Supported bimetallic catalysts have been given great
attention because have proven to be important materials for many catalytic applications,1 2 in particular the
Ni–Pt system is well known for exhibiting properties that
are distinctly different from those of the corresponding
monometallic catalyst, nowadays they play significant
roles in combating pollution,3 4 specially decomposition
of N2 O precursor of greenhouse gas.5–7 The addition of
a transition metal to active metals not only enhances
catalytic reactivity but also induces changes in selectivity with high resistance to deactivation compared to
monometallic catalyst.8
Many investigations combining experimental studies
and theoretical calculations,9 10 have been performed with
the aim to correlate electronic properties of bimetallic surface catalysts, in particular the platinum and nickel system
∗
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because it exhibits different catalytic and reducibility properties and these metals are active in a great number of
processes of practical importance.11 12 The Ni–Pt system
can improve the methanol oxidation by lowering the electronic binding energy in Pt and the presence of NiO in the
catalyst provides an oxygen sources for CO2 oxidation13
and lower potential. The Pt/Ni bimetallic nanoparticles
supported on ZrO2 have also been employed for reactions such as reduction for hydrogenation of benzene,14 the
adsorption and decomposition of ethylene,15 the decomposition of N2 O, the selective hydrogenation of acetylene
in the presence of ethylene.16 17 Other systems such as
Pt/Cu, have been studied for the conversion of n-butane
to iso-butane,18 while Pt–Ru subjected to H2 , CO, N2 and
air atmosphere is used for fuel cell catalysts.19 The bifunctional catalysts can be used to replace those catalysts
associated with high costs, and also can provide additional
selectivity and conversion to targeted products.
In more recent studies, it has been demonstrated that
the structure of the bimetallic surfaces also plays a
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significant role in controlling their electronic and catthe desired concentration of Ni and Pt as metallic precuralytic properties.20 The better catalytic performance of
sors. After drying at 358 K during 12 h to remove the wetcore–shell Ni–Pt nanoparticles could be related to near
ness, the samples were calcined in flowing air 60 ml3 /min
surface alloy effects where subsurface metal and alloys
at 673 K for 4.5 h and then were purged in flowing of
layers affect the binding of adsorbents to the particles
nitrogen gas at the same temperature; finally the samples
surface.21 Thus, for example, the Ni/Pt (111) bimetallic
were reduced in pure H2 at the same temperature and for
surface with Ni coverage at one monolayer (ML), the
the same period of time.
Ni atoms can reside either on the surface to produce
a Ni–terminated Ni–Pt (111) surface or in the surface
2.3. Catalyst Characterization
region to form a Pt-terminated Pt–Ni–Pt (111) surface
To characterize the NiPt catalyst, copper grids with carbon
structure.22 23 Theoretical and experimental studies show
film were prepared with a drop of the solution. The samthat the ML Pt–Ni–Pt (111) structure is very active toward
ples were analyzed using aberration-corrected (Cs) scanthe hydrogenation of the C C bonds, this phenomenon
ning transmission electron microscopy (STEM) with a Jeol
could be related with the decomposition of N2 O. The
ARM200F (200 keV) FEG-TEM/STEM, equipped with a
core–shell Ni/Ag led to an increase in catalytic surface
CEOS Cs corrector on the illumination system.
area of Ni, in consequence a sharp increase in catalytic
High-resolution transmission electron microscopy (HRactivity and selectivity is obtained. The core–shell Ni–Pt
TEM) and high-angle annular dark field (HAADF)-STEM
nanoparticles are ideal structures for improve catalytic
images were obtained. The probe current used in STEM
reactivity24 and also, has been found that the alloys commode was 23.2 pA using a condenser lens aperture size of
position Pt–Ni had notably catalytic activity.25 The main
40 microns. The HAADF-STEM images were registered
objective of this work is to get an insight of the difusing a camera length of 80 mm and a collection angle
ferent crystalline phases in the catalysts, understand its
of 50–180 mrad. Elemental analysis was performed using
surface characteristics and describe how they affect the
X-ray energy-dispersive spectroscopy (EDS, Oxford). HRcatalytic properties of the supported bimetallic nanopartiTEM image simulations have been performed using the
cles. The second objective is to determine the efficiency of
SimulaTEM software package27 which uses the multidecomposition of N2 O. To achieve these objectives, Ni–Pt
slice algorithm.28 The parameters considered for the simbimetallic nanoparticles were synthesized applying time–
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acterized by corrected- aberration scanning/transmission
2.4. Molecular Dynamics
electron microscopy (STEM), high-annular angle darkfield (HAADF) and high–resolution transmission elecMolecular dynamics (MD) simulations were used to model
tron microscopy (HR–TEM). Surface characteristics of
the behavior of the Ni, Pt and NiPt particles. The cubocthe samples were investigated using dynamic flow such
tahedral structure with 490 atoms was the approximate
as H2 temperature programmed reduction (H2 -TPR) analmodel of the particles observed in the electron microscopy.
ysis and the catalytic activity was evaluated via N2 O
The simulation was performed based on the canonidecomposition.
cal ensemble (NVT) using the XenoView program. The
time step used to perform the simulation was 2.6 nanosecond (ns). Periodic boundary conditions were applied in all
2. EXPERIMENTAL PROCEDURE
the directions of the simulation cell. A slope of tempera2.1. Materials
ture from 300 at 1400 K was used. The Consistent Force
The Ni, Pt and the Ni–Pt catalysts were supported on
Field (CFF)29 where the potential energy is calculated as
2
SiO2 Degussa with low surface area S = 50 m /g. The
a sum of interatomic potentials was used.
total metal loading was 1% wt and the atomic composition of the monometallic catalysts was at Ni/SiO2 = 1,
Pt/SiO2 = 1 and the bimetallic catalyst was Ni/Pt = 1
denoted as Ni50 Pt50 /SiO2 . The Ni(NO3 2 · 6H2 O (Aldrich)
and H2 PtCl6 · 6H2 O (Merck) were used as chemical precursors in the synthesis of the bimetallic catalysts, then for
reduction of the catalysts, H2 pure was used and N2 O was
used for the catalytic activity evaluation.
2.2. Catalysts Preparation
The Ni–Pt bimetallic catalysts supported on SiO2 were
prepared by incipient wetness impregnation method.26 The
support was immersed in an aqueous solution containing
9474

2.5. Thermo Programmed Reductions (TPR)
The calcined and reduced samples were placed in the
quartz reactor previously dried with oxygen at room temperature at a rate a 283 K/min until 1073 K for 1 h,
after the quartz reactor was left to cool at room temperature, 100 mg of catalyst was deposited inside the
quartz reactor and then treated at rate of 283 K/min in
the presence of 5% H2 /Ar gas mixture to reach 1073 K,
while the H2 consumption was monitoring for termed conductivity detector (TCD) in situ, and then for cooling,
inert gas as Argon was used. The experiment was done
J. Nanosci. Nanotechnol. 15, 9473–9481, 2015
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oxidation, reduction and growth process. A small average
size nanoparticle could affect the reactivity of the catalysts
due to the variation in active surface available for reaction.
It is important to mention that all the nanoparticles have
2.6. Catalytic Activity
good wettability with the silica support. This phenomenon
The reactivity of the catalysts was studied in the decomporepresents a strong interaction between the support and the
sition using N2 O as a probe. This decomposition reaction
metallic phase.1
was studied in the range of temperature from 300–1100 K
Figure 2 shows the high-resolution transmission electron
working at atmospheric pressure. The amount of sample
microscopy
(HR-TEM) images of Ni/SiO2 and Pt/SiO2
used of each catalyst Ni/SiO2 , Pt/SiO2 and Ni50 Pt50 /SiO2
catalyst.
Figure
2(a) shows a HR-TEM image of Ni/SiO2
were 100 mg. They were put inside the quartz reactor, then
particle,
where
d-spacing
0.204 nm was obtained. Such
these were reactivated with H2 at room temperature at rate
3
26
d-spacing
correspond
to
(111)
crystalline plane of the Ni
of 30 ml /min to reach 1073 K for 1 h, then the samface-centered-cubic
crystal
structure
with a0 = 03523 nm
ples were cooled and purged at low temperature with pure
and
space
group
Fm-3
m
(JPDF
04-0850).
As can be
Helium flow. From room temperature, the temperature is
observed
before,
the
Ni
particles
had
regular
morphologies
increased supplying the N2 O gas for decomposition and
with an average size of 12.5 nm; the morphology of the
at each increment of temperature the catalytic activity was
particles is similar to a cuboctahedral shape. Figure 2(b)
evaluated according to:
shows the theoretically-simulated HR-TEM image and
N2 Oin − N2 Oout 
the model of Ni particle with cuboctahedral shape, the
%N2 O =
100%
N2 Oin 
image is simulated along the [123] crystalline orientation.
The comparison between the experimental and simulated
Where: (N2 O)in and (N2 O)out are the N2 O concentration in
images suggests the possible nature of the atomistic strucand out.
tural configuration. Figure 2(c) shows a typical HR-TEM
The reactions products in the decomposition N2 O were
image of a Pt/SiO2 particle, where d-spacings 0.225, 0.225
analyzed by a gas chromatography Porapaq Q using 4-m
and 0.194 nm were obtained. Such d-spacings correspond
packed Chromosorb column, coupled to the output of the
to (1–11), (11–1) and (200) crystalline plane of the Pt facereactor.
centered-cubic
crystal DEL
structure
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the Pt/SiO2 showed regular morphologies espe3. RESULTS AND DISCUSSION
cially with cuboctahedral shapes. Figure 2(d) shows a theThe morphology of catalysts was studied using scanoretical HR-TEM simulated image and the model of Pt
ning transmission electron microscopy (STEM) analyparticle with cuboctahedral shape, the simulated image is
sis in mode of high-angle annular dark field (HAADF).
oriented along the [011] crystalline axis and it is agreed
Figure 1 shows the typical images of the Ni, Pt and
with the experimental image. As can be observed, the
Ni50 Pt50 bimetallic catalyst and their particle size distrisimulated images of the Ni and Pt are almost similar to
bution. All the particles have good dispersion on the supthe experimental HR-TEM images. Most of the particles
ported silica and similar morphologies are observed in
were founded covered or surrounded by silica, it could
each catalyst. The average particles sizes of the nanoparbe related with the strong interaction metal/support as has
ticles are 12.5 nm, 2.8 nm and 3.5 nm for Ni, Pt and
been reported in the literature,32 even some nanoparticles
Ni50 Pt50 catalyst respectively. The distribution histograms
showed planes which are more active sites than others.
indicate that the Ni particles have a wide size distribuFigure 3 shows a series of electron microscopy images
tion due to the agglomeration of smaller metal particles.
of Ni50 Pt50 /SiO2 particles. Figure 3(a) shows a HR-TEM
This agglomeration could be related with the formation
image with its corresponding fast Fourier transform (FFT)
of a layer of oxide surrounding the surface metal,30 this
where measurements of the d-spacings 0.2154, 0.216 and
oxidation occurred during the preparation of catalyst and
0.1955 nm were obtained. Such d-spacings correspond to
contact with the environment. The histograms of the Pt
(11-1), (1-1-1) and (020) crystalline planes of the NiPt
and Ni50 Pt50 catalysts show a narrow size distribution. A
tetragonal crystal structure33 with a0 = 03821 and c0 =
comparisons of the average particles sizes shows that the
03591 nm and space group P4/mmm (JPDF 65-9446) and
Ni nanoparticles are approximately five times larger than
the particle is oriented in the [101] zone axis. Figure 3(b)
the Pt and Ni50 Pt50 , this could be attributed to the conshows a HAADF-STEM image with its corresponding
tact with the environment, which promotes the oxidation
FFT of a particle oriented in the [001] zone axis. The
and particles agglomeration forming some phyllosilicates
measurements of the d-spacings 0.269, 0.193, 0.190, and
of Ni.31 As can observed in the histograms, the size of
0.1341 nm correspond to (1–10), (020), (200) and (220)
particles decrease with the increase in Pt content, this phecrystalline planes of the NiPt tetragonal crystal structure.
nomenon may be explained as due to the decrease in the
In this figure is clearly observed the contrast of the atoms,
total number of atoms available in the catalyst during the
in multitask characterization unit RIG-100 from In-Situ
Research Experiments Inc.
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Figure 1.

STEM images and particle size histograms of: (a) Ni/SiO2 , (b) Pt/SiO2 and (c) Ni50 Pt50 /SiO2 .

where the strong brightness dots correspond to the Pt and
the weak brightness dots correspond to the Ni. Therefore this particle could be related with a cuboctahedral
shape with Pt and Ni atoms randomly disordered forming
an alloy. Usually the structure more reported of the NiPt
is L10 type in the Strukturbericht notation, which is an
ordered structure,34 however, in our case the NiPt forms
a disordered alloy. The cuboctahedral shape of the NiPt
particles is the responsible of enhanced behavior for the
decomposition of the N2 O, because of the {111} planes
are more active than the others.26 Therefore, nanoparticles
9476

with the same sizes and showing {111} planes could be
more active and its properties could help in the catalytic
activity for this specific case. The type of atoms on the
planes are very important for the subsequent properties,
thus, in the structure type alloy, the atoms are mixed;
this arrangement of atoms changes the structure and catalytic properties of the Ni50 Pt50 /SiO2 catalyst. Figure 1(c)
shows an energy-dispersive spectrum (EDS) of the elemental composition of the Ni50 Pt50 /SiO2 catalyst. The EDS
shows the presence of Si, O, Ni and Pt (Cu is associated
with the grid). The elemental composition of the Ni and
J. Nanosci. Nanotechnol. 15, 9473–9481, 2015

Ángeles-Pascual et al.

Synthesis and Characterization of Bimetallic Ni50 Pt50 Catalyst Supported on SiO2 for N2 O Decomposition.

(c) 2700
Si
2400

Intensity (counts)

2100
Figure 2. HR-TEM images of Ni/SiO2 and Pt/SiO2 catalysts. (a) Ni
particle with regular shape, (b) simulated image and model of Ni particle,
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Pt shows a ratio atomic close to 1:1, which confirms the
obtained results by electron microscopy, that the particles
are related with a tetragonal structure with a composition
Ni50 Pt50 .
STEM combined with EDS (STEM-EDS) is one of the
most widely used techniques for performing microanalysis of the nanomaterials.35 The analysis of the distribution
of the Ni and Pt elements from the Ni50 Pt50 /SiO2 catalyst were obtained. Figure 4(a) shows a HAADF– STEM
image of the Ni50 Pt50 /SiO2 catalyst indicating the region of
the elemental analysis, the variation of the contrast in the
image is associated with the NiPt particle covered or surrounded by SiO2 . In this case only the Ni and Pt elements
were analyzed. Figure 4(b) shows the STEM-EDS linescan across the Ni50 Pt50 /SiO2 catalyst. The Ni-K and the
Pt-L signals were traced across the region of the individual particle with the maximum intensity of the signals. As
can be observed, the signals are almost similar in intensity
along the different regions of the particle, which indicate
that both elements are located random in the particle with
the same composition.
Figure 5(a) shows a HAADF-STEM image of the
Ni50 Pt50 /SiO2 catalyst. From the image and its FFT measurements of the d-spacings 0.2183, 0.2146 and 0.1917 nm
corresponding to (11-1), (1-1-1) and (020) crystalline
planes of the NiPt tetragonal crystal structure were
J. Nanosci. Nanotechnol. 15, 9473–9481, 2015
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Figure 3. (a) HR-TEM image with its FFT of Ni50 Pt50 /SiO2 catalyst
showing distances in the [101] orientation, (b) HAADF-STEM image
with its FFT of Ni50 Pt50 /SiO2 catalyst showing distances in the [001]
orientation, (c) EDS spectrum from the Ni50 Pt50 /SiO2 catalyst.

obtained. The particle is oriented in the [101] zone axis
and has morphology similar to cuboctahedron truncated.
A special characteristic in this particle is that {020} crystalline planes have stepped surface defects. These defects
not only have a strong influence on the particle growth
but also on the reactivity and much of the surface chemistry carried out of nanomaterials are related to these
defects.36 The stepped surface defects are considered as
high energy facets and it has been demonstrated that
they may be present on the surfaces of the polyhedral
morphologies.37 It is due to that polyhedral structures can
produce more kink interfaces (or atomic steps) than spherical ones. Figure 5(b) shows the HAADF-STEM image
9477
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Figure 4. STEM-EDS elemental analysis by line-scan across the Ni50 Pt50 /SiO2 catalyst. (a) HAADF-STEM image of the corresponding Ni50 Pt50 /SiO2
catalyst and (b) Elemental Ni and Pt line profiles, the overlapping indicates homogeneous alloy distribution in the catalysts.

with color look-up, which is useful for highlighting subtle
scattering, it should increase with atomic number Z as
intensity variations. In this image is clear the contrast
Z n where n is expected to be in the range 1.6–1.8,38 thereof the elements, where it is possible appreciate that an
fore the intensity or contrast of the atomic columns with
amorphous layer of SiO2 is surrounding the NiPt particle.
higher concentration of Pt will be more brighter than the
This indicates the good wettability of the particles on the
atomic columns with higher concentration of Ni, given that
substrate.
Z of the Pt is 78 and Z of the Ni is 28. The calculation of
In order to obtain more information about the HAADFthe integrated intensity was performed assuming that the
STEM image of the Figure 5(a), and also, that allows
intensity of the substrate (Carbon film) is equal to zero,
us to identify areas whereDelivered
the Pt and
are located,
a
and to:
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the contribution
the Pt and Ni atoms was take
by Ni
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carried out. Figure 5(c) shows a color
map representing
column with
higher concentration of Pt is well identified
integrated intensity of the atoms; the intensity of the signal
from the others, which it has a dark red color in the color
from atomic column in the raw image has been integrated
map, and also, it is located mixed with the Ni formed an
and plotted using Absolute Integrator v1.2. The intensity
alloy structure.
variation in HAADF-STEM images is due to Rutherford
Most of the nanoparticle of Ni50 Pt50 /SiO2 catalyst
showed different planes, this is really important because it
change the properties of the catalyst, each type of property is linking with the kind of atoms in the last layer also
the orientation of the nanoparticle is important too. Two
NiPt structures can be found,26 the first one, the planes are
mixed by Ni and Pt atoms, according our analysis this typical structure is founded in Ni50 Pt50 /SiO2 , maybe Pt atoms
promote the activity of Ni atoms, even this kind of arrangement of atoms were due to the calcinations and reduction,
electronic and thermodynamic phenomena are linked with
this kind of arrangement. The second one shows a plane
rich in Ni atoms, due to the natures of Ni this is less active
than the Pt; the Ni atoms cover all the atoms of Pt therefore the properties catalytic change drastically.
According to the development of the catalysis, the active
phase actually plays a principal role in many catalytic reactions because it acts as sites that allow the adsorption of
different gases and as result, the conversion to products.
Actually this active phase usually comprises transition
metals because it is more active in its reduce state. HowFigure 5. (a) HAADF-STEM image with its corresponding FFT, (b)
ever, superficial oxidation of the metal phase possible may
Color look-up HAADF-STEM image, and (c) Map representing intehave occurred as a result of the atmospheric conditions.
grated intensity of the atoms.
9478
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H2 -TPR analysis was conducted to investigate the state
to the re-oxidation of nanoparticles whit differences sizes,
of the metallic phases in the monometallic and bimetallic
according with the literature also is consider due to the
catalyst. Figure 6 illustrates the H2 -TPR profiles obtained,
presence of a kind of phyllosilicates, which occurs by the
the profile of H2 -TPR reduction showed that the Pt oxide
strong interaction of Ni and SiO2 support.
exhibit two small H2 consumptions peak at temperature of
The Figure 7 shows the overall N2 O decomposition as
reductions at 370 K and 625 K. In general the peak showed
a function of the reaction temperature displayed by Ni, Pt
around 325–400 is attributed to the formations of oxides of
and Ni50 Pt50 /SiO2 catalyst, for the N2 O decomposition, as
Pt and the peak at 625 K is attributable to strong interacwe can see the activity of the Ni/SiO2 catalyst to the N2 O
tion metal and support. Hence indicates that this catalysts
decomposition is very low around 20% N2 O decomposiis not in its reduce state, these oxides could have occurred
tion at 900 K, comparing to the literature this catalyst is
during the preparations in the incipient wetness impregnamost better than the other because of its activation energy
tion method as we can see in this range of temperature it
during the reaction of decomposition of N2 O,5 neverthedoes not show significantly H2 consumption peaks.
less we were waiting this activity due to the poor Ni charIn the case of catalyst Ni50 Pt50 /SiO2 , the impregnaacteristics in the catalytic activity, in the case of Pt/SiO2
tion of Ni in the Pt catalyst resulted due to strong intercatalyst almost 45% of N2 O has been transformed in N2
actions between metal/support in characteristic electronic
and O2 at 900 K and the total decomposition was around
and physics properties of Ni and Pt on surface of silica.
1005 K, that kind of catalytic activity in the Pt is evident
The profile of Ni50 Pt50 /SiO2 exhibited the first peak of
first because is more active than Ni, and second because
H2 consumptions at 450 K, this peak could correspond
the particles show planes more actives where the linear triat the PtO and NiO formed during handling or storage
atomic molecule arrives and then this is broken, according
of the samples. The principal H2 consumption peak from
our analysis in HR-TEM most of the nanoparticles of Pt
600–750 K signifies that total Ni and Pt reduction occurred
showed {111} planes, according to the literature40 this kind
during the reduction stage with H2 even this peak may sigof planes are more actives than the other planes, finally
nify the presence of Pt+2 and then Ni+2 ions in the form of
the total conversion is achieved at 1025 K. In the case
Ni and Pt oxides. This is because there are some particles
of Ni50 Pt50 /SiO2 catalyst the N2 O decomposition is very
of Pt riches in Ni formed as intermetallic nanoparticles
high more than Pt and Ni, as we can see in the graphic
and the particles NiO originate from the re-oxidations of
this catalysis started to be active from 740 K this kind of
Delivered by Publishing Technology to: CINVESTAV DEL IPN
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compared to the Pt and Ni catalysts, actually to
this case the size of particle plays an important role in
reduce the energy is important for many kind of reactions.
catalysis.39
This result shows that the active surface of Ni50 Pt50 /SiO2
The profile of Ni/SiO2 showed two H2 consumptions
catalyst is composed for Ni and Pt atoms as we can see in
peaks, the first is positioned at 600 K as been reported
previous, according to the HR-TEM and HAADF-STEM
to the existence of NiO nanoparticles formed during the
analysis most of the bimetallic nanoparticles were founded
preparations of the catalyst also it is attributable to the
showing {111} planes and some surface defects.
existence of NiO nanoparticles whit different sizes. Other
The properties the bimetallic nanometric catalyst is
peaks are formed from 650–800 K, attributable to the presoften different from that in the bulk,41 this is correlationence principally of Ni+2 ions in the formation of NiO due
ated with the particle size, kind of atoms in the last lattice,
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Figure 6. TPR profiles of Ni/SiO2 , Pt/SiO2 and Ni50 Pt50 /SiO2 catalysts
prepared via incipient wetness techniques.
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Figure 7. Catalytic activity profiles for catalyst of Ni/SiO2 , Pt/SiO2 and
Ni50 Pt50 /SiO2 during the decomposition of N2 O gas.
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Total Energy (eV/atom)

also the kind of planes and direction of the nanoparticle,
lines) is lower in all the systems; however it is interesting to note that with increasing of the Pt content in the
in our case this kind of phenomena was presented in this
structure, the corresponding energy values decrease, therecatalyst, the size was around 3.5 nanometers, and many
fore the structure becomes more stable. Figure 8(b) shows
particles were founded with cubocataedral shapes, hence
a sequence of the evolution of the NiPt configuration at
the activity of that nanoparticles increase the action of N2 O
different temperatures. The initial configuration is a cubocdecomposition. Another reason in the Ni50 Pt50 /SiO2 is the
tahedron with random positions of Ni and Pt. As can be
kind of atoms on the surface, where the surface is mixed
seen, the structure is disordered with increasing of the temwith Ni and Pt atoms, in this case the Pt promoted the
perature up to 1400 K, however it is very stable until 800 K
catalytic activity of the Ni; these kinds of nanoparticles
approximately. It is important to note that at elevated temimprove the behavior of the catalytic activity in the N2 O
peratures, the Ni atoms have a tendency to migrate at the
decomposition.
surface of the particle, causing a lower catalytic perforIt is important to say that when the catalysts are submitmance given that more faces with Ni atoms are exposed.
ted on the thermal treatments in H2 most of the surfaces
are reactivated, in the Ni50 Pt50 /SiO2 catalyst the surface is
enriched in Pt that it promoted the properties in the Ni,
4. CONCLUSIONS
while the catalyst is treated in O2 , this allows obtaining
The properties of monometallic Ni/SiO2 , Pt/SiO2 and
nanoparticles in metallic state and regular size. For the
bimetallic Ni50 Pt50 /SiO2 catalyst were studied using the
N2 O decomposition, first the adsorptions of this molecule
N2 O decomposition precursor. The result of the analytakes place in the active surface, then the decomposition of
sis of HAADF-STEM shows a good dispersion of the
the adsorbed molecule have place and broke the triatomic
metallic compounds on the SiO2 support. The analysis for
lineal molecule all this kind of molecules leaving the active
the Ni50 Pt50 /SiO2 catalyst with 3.5 nm of average size,
surface in form of N2 and O2 , finally another molecule
in specific, this kind of nanoparticles allows to get bettake place in the active surface, this is another reason why
ter N2 O decomposition. One of the principals reason that
the Ni50 Pt50 /SiO2 catalyst was more active than the Pt and
the nanoparticles has a regular size is because that were
Ni catalyst.
oxidized by O2 , in this way we obtained a bimetallic
To understand the behavior of Ni, Pt and NPt parNi50 Pt50 /SiO2 in metallic phase, then the H2 atmosphere
ticles under dynamic molecular
processes,
calculations
allows
react the active
Delivered
by Publishing
Technology
to: to
CINVESTAV
DELphase,
IPN electronic and thermodyfor cuboctahedral configuration IP:
were
performed.
In On:
the Thu,namic
148.247.99.101
07 Jan
2016 occurred
18:42:33in this part of the synthesis, this
changes
Copyright:
American
Figure 8(a), the plot of the corresponding
calculated
total Scientific
is one ofPublishers
the reason that the bimetallic catalyst is more
energy versus temperature is shown for the cases of Ni,
active than the monometallic. The analysis of HR-TEM
Pt and also for NiPt configurations. As can be observed in
and HAADF-STEM showed the NiPt tetragonal phase and
the figure, the cooling energy (indicated with red dash-dot
predominantly cuboctahedral shapes with {111} and {020}
planes, this kind of planes increased the catalytic activity. The analysis of Ni50 Pt50 /SiO2 indicated the formation
(a) –0.8
of cuboctahedral particles with planes riches in Ni and Pt
–1.0
Ni
mixtures. Due of all characteristics showed, the bimetallic Ni50 Pt50 /SiO2 catalyst is better than the monometallic
–1.2
catalyst.
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Figure 8. (a) Correlation of the total energies with the temperature of
the Ni, NiPt and Pt structures. (b) Models of the NiPt particle at different
temperatures.
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