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Orbital Free Density Functional Theory (OFDFT) has always been a hot topic in
the field of computational chemistry. Its ability to predict structural and electronic
properties of materials at the atomic scale without the need for explicit orbitals
has contributed significantly to our understanding of complex systems.

In recent years, there have been remarkable advances in OFDFT that have
pushed the boundaries of computational simulations even further. This article
aims to highlight some of the recent progress made in this field, showcasing the
exciting developments that have the potential to revolutionize various scientific
disciplines.
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The Foundation of OFDFT

Before delving into the recent advancements, it is crucial to understand the
foundation of OFDFT. This theory is based on the Hohenberg-Kohn theorem,
which states that the ground-state properties of a many-electron system can be
determined by the electron density alone.
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Unlike traditional density functional theory (DFT), OFDFT eliminates the need for
orbital optimization. Instead, it focuses solely on the electron density, making it
computationally more efficient. This advantage has made it increasingly popular
in studying large-scale systems.

Revolutionary Progress 1: Non-local Density Functionals

One of the recent breakthroughs in OFDFT involves the development of non-local
density functionals. Traditional DFT relies on local density approximations, which
limit its accuracy in describing non-local effects such as van der Waals
interactions.

State-of-the-art non-local density functionals have now been introduced in
OFDFT, which provide more accurate predictions of intermolecular interactions.
This advancement has opened up new possibilities in studying molecular
aggregation, adsorption on surfaces, and other complex behavior not accurately
captured by previous models.

Revolutionary Progress 2: Embedding Techniques

The next frontier in OFDFT is the incorporation of embedding techniques, which
allow for the simulation of larger systems with increased accuracy. Embedding
involves dividing a system into different regions and treating each region with an
appropriate method.

By incorporating embedding techniques into OFDFT, scientists can now simulate
complex interfaces, such as solid-liquid interfaces or metal-organic frameworks.
This breakthrough enables the exploration of important phenomena like catalysis
and electrochemistry, accelerating the discovery of new materials and processes.

Revolutionary Progress 3: Machine Learning Integration



Machine learning has transformed numerous fields, and OFDFT is no exception.
Recent progress in integrating machine learning algorithms into OFDFT has
allowed for the development of highly accurate and efficient models.

By training machine learning models on large datasets of quantum mechanical
calculations, scientists have been able to construct surrogate models that bridge
the gap between accuracy and computational cost. These surrogate models can
now accurately predict properties of new materials, potentially enabling high-
throughput screening of materials for various applications.

Revolutionary Progress 4: Time-Dependent OFDFT

Traditionally, OFDFT has focused on the ground-state properties of materials.
However, recent advancements have expanded its capabilities to include time-
dependent simulations.

Time-dependent OFDFT opens up avenues for studying excited-state dynamics,
optical properties, and other dynamic processes. This breakthrough has
significant implications in fields such as solar energy harvesting, organic
electronics, and photochemistry.

The recent progress in Orbital Free Density Functional Theory has brought forth
exciting advancements that have the potential to reshape atomic simulations. The
development of non-local density functionals, embedding techniques, machine
learning integration, and time-dependent simulations has expanded the
capabilities of OFDFT, enabling the study of increasingly complex systems with
greater accuracy and efficiency.

As researchers continue to push the boundaries of OFDFT, we can expect even
more remarkable breakthroughs in the coming years. These advancements not
only contribute to our fundamental understanding of matter but also pave the way



for the discovery and design of novel materials that can revolutionize various
industries.
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This is a comprehensive overview of state-of-the-art computational methods
based on orbital-free formulation of density functional theory completed by the
most recent developments concerning the exact properties, approximations, and
interpretations of the relevant quantities in density functional theory.The book is a
compilation of contributions stemming from a series of workshops which had
been taking place since 2002. It not only chronicles many of the latest
developments but also summarises some of the more significant ones. The
chapters are mainly reviews of sub-domains but also include original research.
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