
Unlocking the Secrets: NMR and MRI of
Electrochemical Energy Storage Materials and
Devices ISSN
Electrochemical energy storage devices have revolutionized various industries,
from portable electronics to electric vehicles. These devices, such as batteries
and supercapacitors, are crucial for storing and delivering electrical energy
efficiently. To optimize their performance, we need to understand the behavior
and properties of the materials and components involved. This is where Nuclear
Magnetic Resonance (NMR) and Magnetic Resonance Imaging (MRI) come into
play.

The Power of NMR

NMR is a powerful analytical technique that allows scientists to observe and
analyze the structure, dynamics, and chemical composition of materials at the
atomic level. By applying a strong magnetic field and radiofrequency pulses to a
sample, NMR can measure the interactions between the atomic nuclei and
provide various insights.

Characterization of Electrode Materials

In the realm of electrochemical energy storage, NMR is widely used to study
electrode materials. It helps researchers understand the distribution and mobility
of ions within the materials, influencing their capacity and efficiency. Additionally,
NMR can reveal the chemical environment of different elements or compounds,
providing vital information about the composition and possible degradation
mechanisms.
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State of Charge and Aging Analysis

NMR spectroscopy is instrumental in monitoring the state of charge in batteries
and supercapacitors. By tracking changes in the NMR spectrum, researchers can
determine the amount of active material and measure the degree of
charge/discharge. This knowledge aids in optimizing the design and operation of
electrochemical devices. Moreover, NMR can assess the aging mechanisms of
these devices, helping to troubleshoot and improve their lifespan.

Visualizing with MRI

While NMR provides valuable insights into the atomic and molecular level, it is
limited to studying small samples in a controlled environment. To bridge this gap,
Magnetic Resonance Imaging (MRI) takes center stage. MRI utilizes the same
principles as NMR but provides three-dimensional, non-invasive images of larger-
scale systems.

Imaging Battery Electrodes
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MRI allows researchers to visualize and understand the behavior of battery
electrodes under real operational conditions. By monitoring changes in the spin
dynamics of the nuclei within the electrodes, MRI can provide valuable
information about the distribution and movement of ions during charge and
discharge cycles. This information is essential for optimizing electrode designs
and improving energy storage performance.

Investigating Device Components

MRI is not limited to electrodes; it can also provide insights into other components
of electrochemical energy storage devices. For example, it can visualize the
electrolyte distribution within a battery, revealing possible issues such as non-
uniform ion flow and concentration gradients. Similarly, MRI can analyze the
structural integrity and performance of separators, current collectors, and other
crucial components.

Innovations Driven by NMR and MRI

The utilization of NMR and MRI in the field of electrochemical energy storage has
led to various advancements and innovations. By understanding the fundamental
properties and behavior of materials and devices, researchers have been able to
develop new strategies and technologies to enhance performance, safety, and
sustainability.

Designing Better Electrolytes and Membranes

NMR and MRI have shed light on the interactions between electrolytes and other
battery components, enabling the development of improved electrolyte
formulations. With better understanding of ion mobility, diffusion, and
concentration distribution, researchers can design electrolytes that enhance
energy storage performance and stability. Similarly, MRI helps in optimizing the



properties of battery separators and membranes to improve ion selectivity and
prevent unwanted side reactions.

Improving Battery Lifespan and Safety

NMR and MRI allow for the investigation of battery aging mechanisms and
degradation processes. This knowledge helps identify failure modes and develop
strategies to prolong battery lifespan. For example, by analyzing the migration
and deposition of metal ions within electrodes, researchers can design protective
coatings or modify electrode structures to mitigate degradation and enhance
safety.

Beyond Electrochemical Energy Storage

The insights gained from NMR and MRI in the field of electrochemical energy
storage have broader implications. These techniques can be applied to other
areas of materials science, catalysis, and chemical engineering. The detailed
understanding of the structure-function relationships obtained through NMR and
the macroscopic imaging capabilities of MRI can enable advancements in diverse
fields, contributing to the development of sustainable technologies.
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Energy storage material is a hot topic in material science and chemistry. During
the past decade, nuclear magnetic resonance (NMR) has emerged as a powerful
tool to aid understanding of the working and failing mechanisms of energy
storage materials and devices. The aim of this book is to introduce the use of
NMR methods for investigating electrochemical storage materials and devices.
Presenting a comprehensive overview of NMR spectroscopy and magnetic
resonance imaging (MRI) on energy storage materials, the book will include the
theory of paramagnetic interactions and relevant calculation methods, a number
of specific NMR approaches developed in the past decade for battery materials
(e.g. in situ, ex situ NMR, MRI, DNP, 2D NMR, NMR dynamics) and case studies
on a variety of related materials. Helping both NMR spectroscopists entering the
field of batteries and battery specialists seeking diagnostic methods for material
and device degradation, it is written by leading authorities from international
research groups in this field.
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