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Nuclear quantum effects (NQE) play a crucial role in various fields of chemistry,
from biochemistry to physical chemistry. Understanding and harnessing these
effects have become essential in advancing our knowledge and capabilities in
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chemical biology. In this article, we will explore the fascinating world of NQE and
how it impacts different areas of scientific research.

What are Nuclear Quantum Effects?

Nuclear quantum effects refer to phenomena related to the quantum mechanical
behavior of atomic nuclei in molecules and compounds. At the nuclear level,
particles such as protons, neutrons, and electrons behave according to quantum
mechanics, exhibiting wave-particle duality and varying energy states.
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In a chemical system, NQE arise from the nuclear wavefunction's quantization,
leading to nuclear vibrations and zero-point energy (ZPE). These effects become
increasingly significant as the complexity of the chemical system increases,
influencing molecular stability, reactivity, and overall behavior.

Applications in Biochemistry
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In biochemistry, the study of NQE is crucial for understanding enzymatic
reactions, protein folding, and molecular recognition. The motions of hydrogen
atoms, for instance, can significantly affect enzyme catalysis by altering the
reaction rates and the positioning of other functional groups within the active site.

Research has shown that NQE also play a role in protein folding, the process by
which linear polypeptides assume their functional three-dimensional structures.
Nuclear vibrations contribute to the protein's conformational entropy, which
influences the folding pathways and stability.

Implications in Physical Chemistry

NQE play a crucial role in physical chemistry, influencing various phenomena
such as hydrogen and isotope effects, quantum tunneling, and phase transitions.
Understanding these effects is essential for designing more efficient and accurate
chemical models.

Hydrogen isotope effects, for example, arise from NQE and refer to the
differences observed when substituting hydrogen atoms with deuterium or tritium
in molecules. These effects can impact reaction rates, isotope fractionation, and
even drug metabolism.

Quantum tunneling is another fascinating consequence of NQE, where a particle,
such as a proton, can "tunnel" through energy barriers it classically shouldn't be
able to overcome. This phenomenon has profound implications in understanding
chemical reactions, such as hydrogen transfer and electron transfer processes.

Chemical Biology and Beyond

Advancements in our understanding of NQE have led to groundbreaking
discoveries in chemical biology. By considering NQE in drug design, scientists



can tailor molecules to possess optimal properties related to their intended
biological targets.

The incorporation of deuterium, for example, can influence the pharmacokinetics
and pharmacodynamics of a drug, altering its absorption, distribution,
metabolism, and excretion. This understanding is vital in improving the
effectiveness and safety of pharmaceutical compounds.

Nuclear quantum effects are of utmost importance in the fields of biochemistry,
physical chemistry, and chemical biology. Embracing these effects and
incorporating them into our scientific models and designs will lead to significant
advancements in understanding and manipulating chemical systems.

As we continue to delve deeper into the fascinating world of NQE, we will uncover
further insights into the complex behavior of molecules and compounds, leading
to innovative solutions across various scientific disciplines.
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Quantum tunnelling is one of the strangest phenomena in chemistry, where we
see the wave nature of atoms acting in “impossible” ways. By letting molecules
pass through the kinetic barrier instead of over it, this effect can lead to chemical
reactions even close to the absolute zero, to atypical spectroscopic observations,
to bizarre selectivity, or to colossal isotopic effects. Quantum mechanical
tunnelling observations might be infrequent in chemistry, but it permeates through
all its disciplines producing remarkable chemical outcomes. For that reason, the
21st century has seen a great increase in theoretical and experimental findings
involving molecular tunnelling effects, as well as in novel techniques that permit
their accurate predictions and analysis.

Including experimental, computational and theoretical chapters, from the physical
and organic to the biochemistry fields, from the applied to the academic arenas,
this new book provides a broad and conceptual perspective on tunnelling
reactions and how to study them. Quantum Tunnelling in Molecules is the
obligatory stop for both the specialist and those new to this world.
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