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Straightforward Synthesis of Bimetallic Co/Pt
Nanoparticles in lonic Liquid: Atomic
Rearrangement Driven by Reduction-Sulfidation
Processes and Fischer-Tropsch Catalysis

Dagoberto O. Silva,® Leandro Luza,? Aitor Gual,® Daniel L. Baptista,” Fabiano Bernardi,”
Maximiliano J. M. Zapata,® Jonder Morais” and Jairton Dupont *

Unsupported bimetallic Co/Pt nanoparticles (NPs) of 4.4+£1.9 nm can be easily obtained by the
simple reaction of [bis(cylopentadienyl)cobalt(ll)] and [tris(dibenzilydeneacetone)
bisplatinum(0)] complexes in 1-n-butyl-3-methylimidazolium hexafluorophosphate IL at
150°C under hydrogen (10 bar) for 24h. These bimetallic NPs display core-shell like structures
in which mainly Pt composes the external shell and its concentration decreases in the inner-
shells (CoPt;@Pt-like structure). XPS and EXAFS analysis shows the restructuration of the
metal composition at the NP surface when they are submitted to hydrogen and posterior H,S
sulfidation, thus inducing the migration of Co atoms to the external shells of the bimetallic
NPs. Furthermore; the isolated bimetallic NPs are active catalysts for the Fischer-Tropsch

synthesis, with selectivity for naphtha products.

Introduction

The possibility of tailoring the electronic and geometric
structures of bimetallic nanoparticles (NPs) by the addition of a
second metal is one of the most important approaches to
obtaining more efficient catalysts.’ 2 In this respect, the
catalytic properties are strongly dependent on the structure,
composition, and oxidation state of the surface of bimetallic
catalysts.>*®* Among the most studied bimetallic metal
nanoparticles (MNPs), those composed of Co/Pt are some of
the most investigated with regard to their applications in fuel
cell devices, nanosensors and catalysis.* "** The presence of a
second metal can increase the catalytic properties (oxidation or
reduction, for instance) of the other metal.*? For example the
presence of Co in bimetallic Co/Pt NPs exhibited a remarkable
improvement in CO tolerance and electrochemical activity as
compared to monometallic Pt NPs for direct methanol fuel
cells.2 Conversely, the presence of Pt can facilitate the
reduction of inactive Co oxide formed during catalysis such as
in Fischer-Tropsch synthesis (FTS). Indeed, the formation of
metal oxides is almost unavoidable due to reactivity of the
reduced Fe or Co towards oxidation under the FT reaction
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conditions. The use of catalysts, usually bimetallic, to facilitate
the reduction of metal oxide to active species under the FT
reaction conditions is one of the solutions that has been
investigated.®® In general, the promotion of supported cobalt
catalysts with noble metals such as Ru, Pt or Pd modifies both
the catalyst structure and catalytic performance (usually with
significant beneficial effects in its catalytic performance) in
FTS.* In particular, the FT reaction can be operated at 433 K in
the case of Co/Pt alloys, which is a lower operational
temperature than that which is commonly used for conventional
catalysts. It is assumed that the formation of Co over-layer
structures on Co/Pt alloy NPs is responsible for the unusual
catalytic performance. It was proposed that the changes to the
transition states imposed by the lattice mismatch between two
metals can be used as the basis for the rational design of more
active low temperature FTS bimetallic catalysts.*®

Although there have been various reports on the preparation
and use of different types of bimetallic Co/Pt NPs, at least two
main aspects have still not been completely resolved. The
alloying and de-alloying process of the Co/Pt bimetallic NPs
under catalytic conditions has rarely been investigated.®
Moreover, the morphological transformations, and structural
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and compositional variations of bimetallic Co/Pt NPs in the
course of the dealloying process were investigated using
supported MNPs. Indeed, previous studies have mainly focused
on supported disordered Co/Pt alloy catalysts, probably due to
particle sintering during the high-temperature annealing that is
generally necessary to obtain ordered phases.*’

Although there are several methods available for the
preparation of various types of Co/Pt NPs (alloys, core-shell,
etc.), the majority employs supports and/or stabilizing agents
such as surfactants/ligands.* "2® Therefore, the controlled
synthesis of unsupported surface “clean” bimetallic Co/Pt metal
catalysts still remains a challenge. In this respect, ionic liquids
(ILs) have proven to be an adequate media for the chemical
(bottom-up) and physical (top-down) generation of surface
“clean” metal NPs.?* % In particular, ILs can be used for the
preparation of stable and surface “clean” bimetallic NPs. 2532
We report that unsupported bimetallic Co/Pt NPs can be easily
prepared using the organometallic approach® in ionic liquids.®*
The presence of Pt in the bimetallic NPs of 4.4+1.9 nm
facilitates the reduction of oxides species at relative very low
temperatures (126°C). STEM, HR-TEM, EDS, XRD, XPS and
EXAFS analysis showed that these NPs display core-shell like
structures (CoPtz@Pt) in which mainly Pt composes the
external shell and its concentration decreases in the inner-
shells. Moreover, these NPs have been shown to be an
interesting model to investigate the metal composition changes
when submitted to hydrogen reduction and posterior H,S
sulfidation, which induces the migration of Co atoms to the
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external shells of the bimetallic NP. Finally, these unsupported
bimetallic NPs are active catalysts for the FTS.

Results and discussion

The organometallic precursors [bis(cylopentadienyl) cobalt(l1)]
(Co(Cp),) and [tris(dibenzilydeneacetone) bisplatinum(0)]
(Pty(dba)s) have been chosen as MNP precursors because they
possess only hydrocarbon-containing ligands that, by
reduction/decomposition, generate organic by-products with
poor coordinating properties to the surface of MNPs and can be
easily removed from the reaction mixture.*

The reaction of a mixture of equimolar amounts of the
organometallic Co(ll) and Pt(0) complexes in 1-n-butyl-3-
methylimidazolium hexafluorophosphate IL at 150°C under 10
bar of molecular hydrogen generates bimetallic Co/Pt NPs of
4.4+1.9 nm, as determined by STEM (Figure 1) and XRD
(Figure 2) analysis. It is interesting to note that whatever the
proportion of Co/Pt used (1:1 or 1:3), the preferential formation
of CoPt;@Pt-like structures was observed, indicating that the
IL is somehow driven towards the formation of this type of
alloys with Pt-rich NP surface. The formation of this type of
core shell like structures could be ascribed to the ability of Pt(0)
precursor and/or the Pt(0) species with low nuclearity in the IL,
formed by decomposition of the Pt(0) precursor, to catalyze the
reduction of Co(ll) to Co(0); once part of the Co is consumed,
the Pt NPs start to grow due to the low relative rate of Co(ll)
reduction compared to the decomposition of the Pt(0)
precursor.*
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Figure 1. (a) HAADF-STEM image of a set of Co/Pt nanoparticles and the particle size distribution histogram. (b) Atomic-resolution STEM image of a particle closely
aligned along the [011] zone axis and its FFT. (c) Single particle viewed along the [001] zone axis showing a certain loss of order in atomic positions at surface. (d) EDS
spectrum of several particles evidencing a slight excess of Pt compared to the standard CoPt; structures. (e) Single particle STEM-EDS profile suggesting the presence

of a surface Pt-rich CoPt; structures.
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High-angle annular dark field (HAADF) images of the as-
prepared particles were acquired using scanning
transmission electron microscopy (STEM) in a Cs-corrected
Titan 80/300 microscope operated at 300 kV. The particle
distribution can be observed in Figure 1a. The mean particle
size is about 4.4+£1.9 nm, being calculated over a range of
350 particles. Figure 1b shows a high-resolution STEM
image of an isolated particle close aligned to the [011] zone
axis. The FFT (inset) analyses confirm the face-centered
cubic (fcc) features of the particle (Figure 1b). The mean
lattice parameter is estimated to be 0.3910 nm, which is in
agreement with XRD analysis (see below). Another single
particle is viewed in Figure 1c along the [001] zone axis. A
certain loss of order in atomic positions at surface is
observed.

The chemical composition of the particles was also probed
with  the assistance of Energy-Dispersive  X-ray
Spectroscopy (EDS) analyses over several particles (Figure
1d and 1e). The results show the presence of Co and Pt in a
relative amount concentration of 15-20% and 80-85%,
respectively (Figure 1d), indicating a slight excess of Pt
when compared to standard CoPt; structures. Aiming to
confirm these results, a single-particle EDS profile was also
created (Figure 1le). A relative increase in the projected Pt
concentration at the edge of the particle was observed,
suggesting the presence of Pt-rich CoPt; surface structures.
The XRD analysis of these NPs (Figure 2) showed Bragg
reflections corresponding to typical Pt face-centered cubic
(fcc) features.t’

—— Experimental
—— Simulated
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Figure 2. (a) XRD analysis of the bimetallic (Co/Pt) NPs prepared in BMI.PFg IL
bulk fcc Pt (gray lines). Inset: 220 reflexes of bulk fcc Pt (gray line), CoPt;@Pt
like and CoPt; (green line) structures.

The five diffraction peaks are consistent with those of pure

Pt metals with an fcc structure, corresponding to the (111),
(200), (220), (311) and (222) planes. The peak positions

This journal is © The Royal Society of Chemistry 2012

Nanoscale

were shifted to higher angles, relative to Pt, indicating that
Co was incorporated into the Pt fcc structure to form an
alloy phase with a concomitant lattice contraction (0.38%).
The XRD pattern showed (100) and (110) peaks
characteristic of an ordered, inter-metallic CoPt;@Pt-like
structure.'” *® The average particle size of 4.7 nm, calculated
using the full-width at half-maximum of the (220)
diffraction and the Rietveld method, is similar than that
measured using TEM micrographs (4.4£1.9 nm).

The relatively low temperature reduction (126 °C) of the
NPs determined by temperature-programmed reduction
(TPR) under hydrogen atmosphere (Figure 3a) suggests the
surface Pt-rich NP surfaces.

Indeed, the reduction temperature of NPs containing sole Co
prepared in the same 1L is much higher (>273°C). This is
agreement with earlier related works in which Pt was found
to significantly promote the reduction of base metal (Ni or
Co). Influenced by hydrogen spillover, the reduction of Co
ions shifted towards lower temperatures, as the reduced Pt
atoms are able to dissociate hydrogen molecules into
hydrogen atoms, leading to the accelerated reduction rate of

Co ions. > ¥
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Figure 3. (a) Temperature programmed reduction (TPR) under hydrogen
atmosphere profile of the Co and CoPt;@Pt-like NPs. (b) Thermogravimetric
analysis (TGA) of the CoPt;@Pt-like NPs.

TGA curve of the isolated bimetallic NPs (Figure 3b) shows
double stage weight loss owing to the evolution of adsorbed
water in the temperature range up to 200 °C and the second
stage weight loss up to the temperature of around 380 °C is
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due to the decomposition of the IL.* The presence of water
is due to the exposure of nanomaterial on air. The presence
of organic material addressed to residual IL that could not be
completely removed, as usually observed for MNPs
prepared in these liquids.>® “° Indeed, the long scan XPS
spectrum indicates the presence of fluorine and nitrogen,
both coming from the ionic liquid used in the NPs synthesis
process.

The CoPt;@Pt like NPs exhibit super paramagnetic behavior
(Figure 4) at room temperature and a very low coercivity,
lower than that observed for CoPt; NPs* probably due to an
increased Pt concentration.

293K

Magnetization / a. u.

H/ KOe

Figure 4.Dependence of the magnetization (M) on the magnetic field (H) for
the isolated unsupported CoPt;@Pt-like NPs of 4.4 +1.9 nm.

The bimetallic NPs were submitted to a reduction treatment
in a H, atmosphere followed by a sulfidation treatment using
a H,S atmosphere, both at 300°C.
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Figure 5. Pt 4f and Co 3p XPS regions for Co/Pt bimetallic NPs as prepared
(blue points) and sulfided (red points) (a) before sputtering and (b) after
sputtering cases.
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XAS (X-Ray Absorption Spectroscopy) and XPS (X-Ray
Photoelectron Spectroscopy) spectra were measured at the
beginning (as prepared sample) and the end (reduction plus
sulfidation at 300°C) of the processes. Pt 4f and Co 3p
photoemission spectra for the as-prepared and sulfided
samples were measured with photon energy of 1840 eV.

In order to probe the inner region of the nanoparticle, an ion
sputtering was performed in the sample. This removed the
outermost layers of the NPs, which enabled the XPS
analysis of the inner region. Figure 5 displays the Pt 4f and
Co 3p XPS spectra for the as-prepared (blue points) and
sulfided (red points) samples before (a) and after (b) ion
sputtering as well the XPS spectra for the sulfided sample
before (c) and after (d) sputtering. The Pt 4f and Co 3p
regions display photoemission peaks at similar Kinetic
energies and, consequently, comparable mean free paths of
about 2 nm. In this way, the measurement allowed the
relative intensity of the Pt and Co peaks to be monitored
within the same probed range.
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Scheme 1. Graphical representation of the atomic rearrangement induced by
thermal treatment and sulfidation of the bimetallic CoPt;@Pt-like NPs.

In order to probe the local order around the Pt and Co atoms,
EXAFS measurements were performed in the as-prepared
and sulfided samples in the transmission mode at the Pt L
(11564 eV) and Co K (7709 eV) edges. Figure 6 shows the
EXAFS signals and the corresponding Fourier transform for
the as-prepared (Figure 6a) and sulfided (Figure 6b) samples
at the Pt Lz edge and Co K edge. The gray lines represent
the best fit of the data. The imaginary part (black points) is
also displayed in order to demonstrate the good quality of
the fitting achieved. Based on the XRD results, two phases
in the fitting procedure (Pt and Co/Pt) and also a Pt-O and
CoO contribution were considered.

Comparing the coordination number values obtained from
the fitting procedure (see supporting information), there was
a higher Npyp; Value than for Np..c, in the CoPtsphase (at the
Pt L; edge) in the as-prepared and sulfided cases. This
means that Pt atoms instead of Co atoms mostly surround
the Pt atoms, which is consistent with the core-shell-like
structure observed via XPS measurements. Analogously, the
same behavior was observed for the Co K edge. In this case,
the Co-Co scattering comes from the CoO phase (instead of
the CoPt; phase) used in the fitting procedure. The migration
of Co atoms to the skin layer during the thermal and gas
treatment employed resulted in strong sulfidation of the Co

This journal is © The Royal Society of Chemistry 2012
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atoms, as observed by the high coordination number Co-S
found (Ncos = 2.8 £ 0.1). On the other hand, Pt atoms are
not surrounded by sulfur atoms (Np.s = 0.2 £ 0.3) after the
sulfidation treatment at 300°C.
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Figure 6. EXAFS signals and the corresponding Fourier transform at the (a) Pt
L; edge and (b) Co K edge for the Co/Pt NPs as prepared and after the
reduction plus sulfidation treatment at 300°C. The imaginary part of the
Fourier transform is also displayed. The black points represent the
experimental data, and the gray line indicates the fit.

The migration of Co atoms to the external layers during the
thermal treatment was corroborated by the reactivity towards
FTS. Thus, the isolated CoPt;@Pt alloy NPs were tested as
catalysts in the FTS. The reaction of syngas (20 atm, H,/CO
= 2/1) using the unsupported bimetallic MNPs at 230°C for
16 h mainly produces hydrocarbons (53% of alkanes and
43% of alkenes and 4% of oxygenates) in the liquid phase.

Methane was detected as the main product together with
carbon dioxide and low-molecular-weight hydrocarbons in
the gas phase (Figure 7). This is in contrast to that which
was obtained with the monometallic unsupported Co MNPs
for which methane was detected only in minor amounts on
the gas-phase.*? The hydrocarbons formed in the FTS with
the bimetallic MNPs showed a hydrocarbon distribution of
the naphta-fraction (< C10), which is quite different from
the bimodal distribution (centered at C12 and C21) obtained
with monometallic unsupported Co MNPs prepared in other
ILs.*> Moreover, monometallic unsupported [ Il cxd=it

This journal is © The Royal Society of Chemistry 2012
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MNPs demonstrated selectivity for the formation of
kerosene (C13 - C15) and diesel-like (C16-C20) products in
the FTS.%

The deviation of ASF product distribution was detected, in
particular, in the gas phase (Figure 8); i.e. C1 is formed in a
greater quantity than that predicted by the ASF distribution,
while a much lower amount of C2 is regularly reported.***’
The origin of this effect has been attributed to various
factors such as the existence of multiple chain growth
mechanisms; multiple different active sites on the catalyst;
olefin re-adsorption and incorporation and, more recently,
attributed concentration gradients caused by diffusion
limitations in the catalyst, or on the reactor scale.**’
Nonetheless, the chain-growth probability was estimated
using a modified Anderson—Schulz—Flory (ASF) equation,
to give an ASF growth factor of 0.60 and 0.67 (Figure 7)
suggesting the occurrence of two mechanisms: via carbene

and CO insertion.*85°
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Figure 7. ASF distribution from the FTS performed with Co/Pt NPs at 230 °C
for 16 h and 20 atm (H,/CO = 2/1).

Moreover, in situ IR spectrum of Co/Pt NPs after 16 h FTS
reaction (Figure 8) display typical bands of CO adsorption at
1745 cm™ (bridged mode), 1340 and 1260 cm™ (assigned to
the CO of carbonate), while terminal CO stretching lies

under the free CO band at around 2110-2050 cm™.
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Figure 8. FTIR spectrum of the Co/Pt NPs, after 16 h FTS reaction.

More interesting are the bands at 1340, 1300 and 1260 cm?,
which are typical of surface carbenes,® and those at 1640,
995 and 915 cm?, corresponding to ve-c Vinylic, vc_c
ethylidine and pCHy,, respectively, which are typical of the
adsorption of ethene to a metallic Pt surface.’* 3 Therefore,
the presence of these species also indicates that both
mechanisms, i.e. via carbene and CO insertion, are
operative.*> ® The observed catalytic activity can be
explained by the formation of Co over-layer structures on
CoPt;@Pt-like NPs (induced by the thermal treatment) and
from the change in the transition states of FT reactions
imposed by the lattice mismatch between two metals.*

Conclusions

In summary, we have demonstrated that unsupported
bimetallic CoPt;@Pt-like NPs (4.7 nm in size) can be easily
prepared by hydrogen reduction of Co(ll) and
decomposition of Pt(0) precursor in BMI.PFg IL. The TPR
experiment shows the lower reduction temperature due to
the rich-Pt surface. XAS measurements of the CoPt;@Pt-
like NPs were performed during reduction and sulfidation
processes at 300°C. The vicinity of Pt atoms was modified
by the elimination of lighter atoms after reduction and by the
incorporation of S during sulfidation and migration of Co
atoms toward the surface. The reduction and sulfidation
processes induce an atomic rearrangement with the
formation of a structure with a Co-enriched shell and a Pt-
rich core. These CoPt;@Pt-like nanomaterial displayed
activity in the Fischer-Tropsch reaction under milder
temperatures, and produced selectivity for the naptha
products comparable to those achieved using Fe-HTFT
technologies. The formation of Co over-layer structures on
CoPt;@Pt-like nanomaterial by the thermal treatment and
the change of the transition states of FT reaction imposed by
the lattice mismatch between two metals can explain the
relative high activity and selectivity.

Experimental

General. All syntheses were performed using standard
Schlenk technigues under argon atmosphere. Solvents were
purified by standard procedures. Co(Cp), was purchased
from Sigma-Aldrich, and Pt,(dba); was prepared using
known procedures.>* Imidazolium ionic liquid was prepared
following reported procedures.®® H, (> 99.999%) and CO (>
99.999%) were purchased from White-Martins Ltd, Brazil.
GC analyses were run with an Agilent GC System 6820.
GC-MS analyses were run with a Shimadzu QP50 (EI = 70
eV). GC-TCD analyses were run with an Agilent MicroGC
System 3000A. The magnetic properties of the isolated
CoPt;@Pt-like NPs were measured at room temperature

6 | J. Name., 2012, 00, 1-3

with an AGM magnetometer. TGA analysis was run with a
TA Instruments SDT Q600.

Synthesis of CoPt;@Pt-like NPs. In a typical experiment,
28 mg (0.15 mmol) Co(Cp), and 164 mg (0.15 mmol)
Pt,dbas were dissolved in BMI.PFg (1 mL). The mixture was
placed in a stainless steel autoclave and then treated with 10
bar of H, at 150°C for 24 h. The material obtained was a
black colloidal solution from which the NPs were isolated
by centrifugation and extensive  washing  with
dichloromethane (5 X 10 mL) to remove the impurities. The
thus-obtained solid was dried under reduced pressure and
used for the analysis and catalysis.

XRD analysis. The sample were characterized by X-ray
diffraction using a Philips X’PERT diffractometer with Cu
Ko(A= 1.5418 A) in a 26range from 20° to 90° with a step
size of 0.05° and time of 1 s per step. Data processing was
performed by the Rietveld method using FullProf software.®
The instrumental resolution function (IRF) of the
diffractometer was obtained from the LaB6 standard. The
pseudo-Voigt profile function of Thompson, Cox and
Hastings®” was used with an asymmetry correction at low
angles. The anisotropic size broadening effects, related to
the coherence volume of diffraction, were simulated using a
model of spherical harmonics.®
Temperature-programmed reduction (TPR). The TPR
analyses were performed in quartz reactor (Micro Reactor
CatLab® - Hidden Analytical), connected to a mass
spectrometer (QIC 20® - Hidden Analytical), through a melt
silica cannula. The experiments were performed with 10 mg
of the material a 40 ml/min flux of 7% hydrogen in argon.
TEM Analyses. STEM were performed using an XFEG Cs-
corrected FEI Titan 80/300 microscope at INMETRO
operated at 300 kV. High Z-contrast images were acquired
through STEM wusing a high-angle annular dark-field
detector (HAADF) and semi-convergence angle of 27.4
mrad. The typical lateral resolution was greater than 0.01
nm. The images were processed with high frequency FFT-
filters to reduce noise. EDS analyses were performed in
STEM mode, allowing nanometer-scale spatial resolution.
Spatial-correlated EDS profile experiments were carried out
using K and L lines from Co and Pt, respectively. Particle
size distributions were calculated from HAADF-STEM
images over more than 350 particles.

XAS measurements.®® For the XAS experiments, about 10
mg of the nanoparticle powder was compacted to produce 5-
mm-diameter pellets. The pellet was introduced to the
previously described reactor,> which allowed for controlled
thermal treatment of the sample under controlled gas flow.
Transmission mode measurements were performed at the
LNLS (Brazilian Synchroton Light Laboratory) at the
XAFS1 beamline.®® The spectra were collected at the Pt L
and Co K edges using a channel-cut Si (111) crystal and
three argon-filled ionization chambers. Standard Pt and Co
foils were used to calibrate the monochromator. The spectra
were acquired in the range of 11 440-12 200 eV (Pt L; edge)
and 7610-8400 eV (Co K edge) with 2 eV steps and

This journal is © The Royal Society of Chemistry 2012
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2s/point. Two to four scans were acquired to improve the
signal-to-noise ratio. All XAS spectra were measured at
room temperature. The samples were submitted to (i) an
increase in the temperature at a rate of 15°C/min under a He
flux of 150 ml/min. (ii) After this, the reduction process was
begun under a gas mixture of 5% He + 95% H,, (total flux of
150 ml/min), for 30 min. (iii) After reduction, sulfidation
was accomplished by flowing 95% He + 5% H,S (total flux
of 150 ml/min) for 30 min. XAS spectra were acquired at
the end of the sulfidation process. The total gas pressure at
the sample was kept at approximately 35 psi.

XPS measurements. After the sulfidation process and for
the as-prepared case, the samples were introduced into the
SXS beamline®® endstation (also at LNLS), where XPS
measurements were taken. The spectra were collected using
an InSb (111) double crystal monochromator at a fixed
photon energy of 1840 eV. The hemispherical electron
analyzer (Physical Electronics model 10-360) was set at a
pass energy of 23.5 eV, and the energy step was 0.1 eV,
with an acquisition time of 500 ms/point. The base pressure
used inside the chamber was about 1.0 x 10 mbar. The
monochromator photon energy calibration was performed at
the Si K edge (1839 eV). An additional calibration of the
analyzer’s energy was performed after every sample change
using a standard Ag foil (Ag 3ds, peak at 368.3 eV). We
also considered the C 1s peak value of 284.5 eV as a
reference to verify possible charging effects. The samples
were placed on carbon tape, and the XPS measurements
were obtained at a 45° takeoff angle at room temperature.
The samples were studied before and after ion sputtering
using an Ar" ion beam at 3 keV for 10 min at a pressure of
4.0 x 10 mbar and impinging at a grazing incidence of 10°
with respect to the sample surface. Data analysis: The
EXAFS data were analyzed in accordance with the standard
procedure of data reduction®® using IFEFFIT.®? FEFF was
used to obtain the phase shift and amplitudes.®® The EXAFS
signal y(k) was extracted then Fourier-transformed using a
Kaiser-Bessel window with Ak range of 9.8 A (Pt L; edge)
and 7.5 A (Co K edge). Single scattering events were
considered in the fitting procedure. The So? was fixed at 0.86
(Pt) and 0.82 (Co) for all samples.

FTS reaction. The catalytic reaction using isolated NPs (10
mg) was performed in a DRIFT cell as reactor under 20 atm
syngas (H,/CO = 2/1) at 230°C for 16h. After reaction, the
DRIFT cell was cooled at 25°C and connected to a Micro
GC to analyze the gas phase. The liquid phase was dissolved
in dichloromethane and analyzed by GC and GC-MS.
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Graphical Abstract
Unsupported bimetallic Co/Pt nanoparticles (NP) of 4.4+1.9 nm prepared in ionic liquid undergoes the restructuration of the
metal composition at the NP surface when they are submitted to hydrogen and posterior H,S sulfidation.
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