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In-CAEM In-situ Correlative facility for Advanced Energy Materials

Planes Complementarios

Advanced Materials ( I n 'CA E M )

In-CAEM aims to develop and commission a singular infrastructure for research in advanced materials in order to
address the scientific challenges of the European Green Deal and contribute to the promotion of a more
sustainable economy of the European Union.

In-CAEM will enable correlative in-situ experiments combining (S)TEM (Scanning Transmission Electron

Microscopy), AFM / STM (Atomic Force Microscopy / Scanning Tunneling Microscopy) and synchrotron radiation
beamlines at ALBA.

Mix & Match techniques and
methodologies to tackle complex

* Structure <> Function.
* Operando & in-situ. prObIemS
* Multi-modal & multi-lengthscale analysis.

e Advanced data analysis: HPC, deep learning,...

Single entry point: ALBA User office

In-CAEM can be regarded as an expansion of the JEMCA advanced microscopy center in development at ALBA
and could be a model for the future ALBA Science, Technology and Innovation Park (ASTIP).
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Planes Complementarios
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In-CAEM

Planes Complementarios
Advanced Materials

* (AC)? & Monochromated (S)TEM:

* 4D STEM
 EDX
* EELS

» Catalysis sample holder system
e Controlled gas mixing and flow
* RGA
e Controlled T + bias

* Electrochemistry sample holder system

* Liquid Flow
* In-situ electrodes
* Potentionstat

* Liquid nitrogen cooled sample holder

* H,/0,/Ar Plasma cleaner
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In-CAEW Infrastructure for Correlative Analysis of Energy Materials

Planes Complementarios
Advanced Materials
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In-CAEM will develop a singular infrastructure for research in advanced energy materials in order to address the
scientific challenges of the European Green Deal:

[ (Scanning) transmission electron microscopy
| Scanning probe microscopies
Synchrotron X-rays (spectroscopy, diffraction,...)
| Advanced data analytics (HPC, deep learning, Al,...)

Multi-modal
Multi-lengthscale | in situ/operando experiments, combining
Correlative

Open to all the scientific community.

Mix & Match techniques and

methodologies to tackle complex Single entry point: ALBA User office

problems
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MULTIMODAL NANOCHARACTERIZATION

With: IREC s 2. Ni-SACs for Alcohol Oxidation

1. Ni-Fe SACs for CO, RR

4. Axial Oxygen Coordinated FeN4
for CO2 RR

Energy &
Environmental
Science

Ni-2D-O-SA

Adv. Funct. Mater., 31, 2106349 (2021)

3. Surface Hydroxylation for CO2 RR

Global Optimization \

- from adsorption to conversion

Energy Environ. Science, 14,
4847 (2021)

®C €0 N
d 2 @ Fe @ C

Adv. Funct. Mater., 32, 2111446 (2022)

Regulation of the interfacial microenviron

ACS Appl. Mater. Interfaces, DOI: 10.1021/acsami.2c09129 (2022)



1. Ni-Fe SACs 7or CO2

Quasi-Double-Star Nickel and Iron Active Sites for High- ™.
Efficient Carbon Dioxide Electroreduction. With: REC

Institut de Recerca en Energia de Cataluny:
Institute for Ener

1 atalunya
Catalonia Institute for Energy Research

Pyrolysis
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Schematic illustration of the preparation process of
(a) Ni-N-C, (b) Fe-N-C and (c) Ni7/Fe3-N-C samples. Energy Environ. Science, 14, 4847 (2021)



1. NisFe SACs for CO2 RR
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1. NisFe SACs for CO2 RR
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1. NisFe SACs for CO2 RR

Electrocatalytic Performance of CO2 Reduction
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(a) Total current density
(b) FE of CO at various
potentials

(c) Current density for CO
production

(d) FE of H2 at various
potentials

(e) Current density for H2
production

(f) Stability test of
Ni7/Fe3-N-C at -0.50 V vs.
RHE.
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1. NisFe SACs for CO2 RR

DFT Studies of CO2 RR ™.
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1. Ni-Fe SACs ffor CO2 RIR
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The adjacent Ni and Fe active sites act as a
nano-reactor, affecting different reaction steps in
comparison to two separate active sites during
CO2 RR, thus, enhancing the overall activity.

These bimetallic adjacent sites weaken the
bonding energy of CO2 RR intermediates while
limiting the competitive HER.
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5. BiVO4 photoanodes aging

Direct observation of the chemical Sustainable oxygen evolution electrocatalysis in
transformations in BiVO4 photoanodes upon

prolonged light-aging treatments.

aqueous 1 M H,SO, with earth abundant
nanostructured Co;0,
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