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Chemistry of Gohalt-Platinum Nanocatalysts

Bimetallic cobalt-platinum
(CoPt) nanoparticles are draw-
ing attention in many areas of
catalysis as scientists attempt to
reduce precious metal content
while maintaining optimum
catalytic selectivity and reactivity.
Cobalt, an important transition
metal used for catalytic hydro-
genation reactions of CO and
CO, to produce gaseous or
liquid hydrocarbons, has a long
history of use in the industrial
process of producing synthetic
fuels. Researchers explored the
role of Pt in Co reducing and
oxidizing, and found that the
catalytic properties of mono-
metallic and bimetallic
nanoparticles of Co are closely
related to the oxidation state of
Co, which informs the predic-
tion of cobalt oxidation states as
reaction conditions are altered.
This research also suggests the
presence of a tetrahedral cobalt
oxide that differs from the
Co,0, spinel structure.

CO oxidation is a model
reaction that has been studied
extensively; however, due to
the technical difficulty of bal-
ancing  ultra-high  vacuum
(UHV) conditions for soft x-ray
with the chemical reaction
conditions, few soft x-ray
experiments have explored the
chemical states of catalysts in
different gas environments,
especially up to the one bar
pressure range. The oxidation
state of a Co nanocatalyst
is sensitive to the chemical
environment and reaction tem-
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Gas reaction cell for in situ x-ray absorption characterization is
separated from UHV by a Si,N,membrane window of 1 x 0.5 mm?in
size and 100 nm in thickness, developed specifically for in situ soft
x-ray spectroscopy experiments of gas or liquids at ALS Beamline
7.0.1. Pressure can vary from millitorr to more than one bar.
Temperature varies from room temperature to 300°C.

perature. By in situ mapping the
oxidation states of Co under
various conditions, this study
contributes toward the under-
standing of the catalytic
reactivity of Co nanoparticles.
In situ near edge x-ray
absorption  fine  structure
spectroscopy (NEXAFS) was
performed at ALS Beamline
7.0.1 to monitor the oxidation
states of Co and CoPt nanopar-
ticles 4 nm in size in the pres-
ence of H, and O, between 36
Torr and 1 bar, respectively.
Synthesized nanoparticles were
seen to be truly bimetallic, each
comprising Pt and Co as
demonstrated by STEM/EDS

analysis. Fractions of Co oxida-
tion states were mapped under
the cycling total pressure.

Prior to CO oxidation both
nanoparticle samples were
treated in 1 atm H, at 125°C.
Under reaction conditions a
significant exchange of Co°
(initially 100% and 80% for
CoPt and Co, respectively) to
Co?* states occurs as the reac-
tant pressure is increased. Near
the maximum pressure, some
cobalt in the CoPt samples is
fully oxidized to Co**.

Comparing the reducibility
and oxidation states of Co in
Co and CoPt nanoparticles,
scientists found that Pt has a
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Shaping Models with Soft X-Rays

From a fundamental point of view, observing the evolution of
oxidation states of metal under gas pressure provides invalu-
able information for understanding the gas-solid interface.
Depending on the system, surface oxidation can either lead to
an active or inactive phase of the catalyst. It is relevant to
investigate the factors that may affect the ease or resistance of
oxide formation—in this case the alloy effect.

CO oxidation is a model reaction that has been studied exten-
sively; however, due to the technical difficulty of balancing
ultra-high vacuum (UHV) conditions for soft x-ray with the
chemical reaction conditions, few soft x-ray experiments have
explored the chemical states of catalysts in different gas envi-
ronments, especially up to the one bar pressure range.

Soft x-ray absorption is a powerful tool for exploring the
oxidation states of catalysts, since the fine structure is sensi-
tive to the oxidation states. This makes the ALS the perfect
research facility for this kind of study. The reaction cell used
in this experiment is separated from ultra-high vacuum by a
Si;N, membrane window of 1 x 0.5 mm? in size and 100 nm
in thickness, developed specifically for in situ soft x-ray
spectroscopy experiments in gas and liquid environments at
ALS Beamline 7.0.1.
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Soft x-rays can penetrate the Si;N, membrane window to allow
XAS spectra to be recorded in total electron yield (TEY) and total
fluorescence yield (TFY) detection modes, and allowing XES
spectra to be recorded with the grating spectrometer.
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substantial impact on the oxi-
dation state and structure of
Co. Pt keeps Co in a more
reduced state in the low O, par-
tial pressure range, and Co is
much easier to reduce when
alloying with Pt. When O, par-
tial pressure is increased above
4.8 Torr, Co° and Co?*fractions
in the CO and CoPt nanoparti-
cles tend to converge, while Co
retains a much larger amount
of the Co®** fraction in the Co
nanoparticles. As the pressure
is decreased, Co®** disappears
and the fraction of Co?* returns
partially toward its original
state. The incomplete reversal
in the state of cobalt as the

overall reaction pressure is
lowered again could originate
in a number of underlying
reasons. The ratio of all
gases was kept constant
(0,:CO:He=1.4:1:28).

The 3d metal L edge soft
x-ray absorption  provides
detailed features that can be
resolved better compared to K
edge absorption, making soft
x-ray absorption a powerful
tool when exploring the oxida-
tion states of the catalysts since
the fine structure is sensitive to
the oxidation states.

The major result is that at
high pressure of O, and CO,
cobalt's oxidation state tends to
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(a) TEM and (b) HRTEM images of the as-synthesized CoPt
nanoparticles. (c) Representative STEM/EDS elemental mapping
of Pt L (green) and Co K (red) edges.

be similar between pure Co
and CoPt alloy nanoparticles.
This is expected since it is in
the O, rich reaction condition.
CO tends to block O, adsorp-
tion less on the pre-oxidized Co
than on the pre-reduced Co.
Since more O, is adsorbed

when  cobalt is  already
oxidized, Co in the CoPt alloy
nanoparticles remains in a
more oxidized state as pressure
decreases than at the same par-
tial pressure while the pressure
is rising.
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