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The main advantage of the here presented STCs is the
hierarchical structure making it a model material for
scattering and diffraction experiments. The simultaneous
presence of ordered mesopores and disordered
micropores allows to study processes (e.g. gas sorption,
electro sorption, diffusion processes) dependent of the
pore size using SAXS. This enables a deeper
understanding of the fundamental processes and
provides valuable insights into the suitability of different
pore sizes and their distribution for specific applications.
sdsdsd

However, the mass production of this material poses
challenges. It is not easily scalable, comes with high
material costs, and lacks ecological production methods
making it unsuitable for industrial applications.
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Investigations on the presented STCs
were performed with in-situ SAXS at the
Synchrotron ELETTRA in Trieste [1]. The
aim of this study was to improve the
calcination and thus the soft template
removal. Optimized process parameter
were successfully derived by investigating
the changes of the small angle scattering
and diffraction signals.

In many different fields, such as hydrogen storage, electrochemical energy storage, and separation of CO2/CH4 for instance, porous carbons have drawn a
lot of attention. Numerous benefits of using materials with hierarchical porosity in electrochemical energy storage devices have been established.
Additionally, the introduction of ordered mesopores (e.g. soft templated carbons, STCs) coupled with the presence of disordered micropores provides
unprecedented opportunities on unveiling fundamental processes within devices using porous carbons in x-ray diffraction and scattering studies [1,2].
This enables the observation of specific effects depending on the pore size. Importantly, by modifying the precursor material and maximizing heat
treatments, the specific mesopore size may be accurately adjusted, providing a high level of control for examining pore size-specific effects.

STCs will be used for SAXS and small angle neutron
scattering (SANS) experiments:
• For in-operando electric double layer capacitors
• For in-operando water desalination cells
• For investigating H2 adsorption

Study of the changes during calcination lead to optimized
process parameters:
• Temperature: 260-300°C
• Time (dependent on temperature): 30-120 min
• Atmosphere:2 at.% O2

10 at.% O2 instead of 2 at.% O2 leads to fast decomposition
of the template and fast distortion of the structural integrity
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Motivation

Introduction to STCs

• Synthesis

Model- vs industrial Material

Optimizing heat treatment by in-situ SAXS

Evaluation of in-situ SAXS. The larges changes of multiple parameters lead 
to the distinction between 5 different stages during calcination (indicated 
with dashed lines I-V). Evaluation and conclusion can be found in [1] . 

By looking at different process parameters 
and evaluating the SAXS data, optimized 
process parameters can be suggested [1].

• Characterization:
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WHY?
In light of the global transition from fossil fuels to renewable energy sources, there is an increasing demand for efficient high-power storage of
electrical energy. While supercapacitors offer a promising solution, the current understanding of the fundamental underlying process - the
electric double layer (EDL) formation in nanoconfinement of porous carbon electrodes – is still limited. Experimental approaches aimed at
unraveling charge storage mechanisms, global ion and solvent concentration changes and local ion and solvent rearrangement are scarce…

HOW?
…to address this critical gap, we explore the suitability of a combination of in-situ Small Angle X-ray and Neutron Scattering (SAXS and SANS).
We used 1 M RbBr aqueous electrolyte and activated nanoporous carbon electrodes for applied potentials between -0.6 V and 0.6 V.

WHAT?
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AND NOW?
For a more quantitative analysis, the complexity of the system necessitates further contrast variation (e.g. Anomalous SAXS, various
electrolyte salts, D2O solvent for SANS) or the use of modeling and simulation approaches.

Intermediate q-region hints
local ion rearrangement:
Shift of the maximum at
positive applied potential
towards smaller q indicates
anions seeking a higher degree
of confinement. The high q-
region contains information on
partial ion-ion or ion-water
structure factors.

The absence of pronounced
changes in the relative scattering
intensity in the intermediate q-
region suggest there is no
significant water rearrangement.
Changes in the high q-region
contain information about the
water-water, ion-water and ion-
ion partial structure factors.

Global ion concentration changes follow the negative
logarithm of the SAXS transmission (left), while the water
concentration follows the SANS incoherent contributions
(right). SAXS transmission reveals the charge balancing
mechanisms to be predominantly ion exchange and
counter ion-adsorption for this particular system.

SAXS:
Local ion rearrangement

SANS: 
Local water rearrangement

SAXS transmission and SANS incoherent contributions: 
Global ion and water concentration changes

SAXS is suitable to determine 1) the charge balancing mechanism, 2) global ion concentration changes, and 3) local ion rearrangement,
while SANS offers insights into 4) global water concentration changes and 5) local water rearrangement. Both SAXS and SANS offer
valuable information on partial ion-ion and water-ion and water-water structure factors, but analysis is challenging.
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Supercapacitors…

…store charge via electric double layer formation in 
carbon nanoconfinement. Mechanisms include:
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