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Abstract  
Weak non-covalent interactions are interactions between molecules that are not based on the sharing of electrons 

between atoms, but rather arise due to electrostatic, van der Waals, or other types of forces. These interactions 

are generally weaker than covalent bonds, which involve the sharing of electrons between atoms. The most 

common types of weak non-covalent interactions include: Van der Waals interactions: These are weak 

electrostatic forces between molecules arising from temporary dipoles. Hydrogen bonds: These are weak 

interactions between a hydrogen atom and an electronegative atom such as oxygen or nitrogen. Ionic interactions: 

These are interactions between oppositely charged ions. Dipole-dipole interactions: These are interactions 

between molecules with permanent dipoles.  π-π interactions: These are interactions between aromatic rings in 

molecules. Hydrophobic interactions: These are interactions between non-polar molecules in aqueous solution, 

due to the tendency of non-polar molecules to aggregate together in water. 

Weak non-covalent interactions are important in many areas of chemistry and biology, including the formation 

and stability of supramolecular structures, protein-ligand interactions, and the properties of materials such as 

polymers. Understanding the nature and strength of these interactions is essential for predicting and controlling 

the behavior of molecules and materials in various contexts. 
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I. Introduction 
Weak non-covalent interactions play a crucial role in the building blocks of biomolecules and 

materials.[1-5] Proteins are composed of long chains of amino acids that fold into specific three-dimensional 

structures that are critical to their biological function.[5-7] Weak non-covalent interactions such as hydrogen 

bonds, van der Waals forces, and electrostatic interactions play a crucial role in determining protein structure and 

stability. For example, hydrogen bonds help to stabilize the alpha helices and beta sheets that make up the 

backbone of protein structures, while van der Waals forces and electrostatic interactions contribute to the packing 

of the protein core. 

DNA is a double-stranded helix composed of nucleotides that are held together by weak non-covalent 

interactions such as hydrogen bonds and van der Waals forces. These interactions allow for the precise pairing of 

complementary nucleotides, which is critical for DNA replication and the transmission of genetic information. 

Enzymes are proteins that catalyze biochemical reactions in the body. Weak non-covalent interactions play a 

crucial role in enzyme catalysis, helping to position substrate molecules in the active site of the enzyme and 

stabilizing the transition states of the reaction. Weak non-covalent interactions are critical for the specific 

recognition and binding of molecules in biological systems. For example, the complementary shape and 

electrostatic properties of ligands and receptors allow for the formation of specific non-covalent complexes that 

underlie many biological processes. 

Weak non-covalent interactions also play a crucial role in the properties of materials, such as polymers 

and supramolecular assemblies.[8] For example, hydrogen bonding and van der Waals forces can contribute to 

the self-assembly and stability of supramolecular structures, while electrostatic interactions can control the 

solubility and reactivity of polymers. 

Experimental determination of weak non-covalent interactions is challenging, as these interactions are 

typically weaker than covalent bonds and may involve subtle changes in molecular geometry or electron density. 

However, there are several experimental techniques that can be used to study weak non-covalent interactions, 

including: X-ray crystallography: This technique involves analyzing the diffraction pattern of X-rays passed 

through a crystalline sample, which can reveal the arrangement of atoms and the nature of intermolecular 

interactions.[9] Nuclear magnetic resonance (NMR) spectroscopy: NMR can be used to study weak non-covalent 

interactions by monitoring changes in the chemical shift or relaxation times of molecules in solution. For example, 

hydrogen bonding can be detected by observing shifts in the NMR spectrum of a molecule in the presence of a 

hydrogen bond donor or acceptor.[10] Isothermal titration calorimetry (ITC): This technique involves measuring 
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the heat released or absorbed during a binding reaction, providing information about the thermodynamics of weak 

non-covalent interactions such as binding affinity and enthalpy. Surface plasmon resonance (SPR): This technique 

can be used to study binding interactions between molecules immobilized on a sensor chip and molecules in 

solution, providing information about binding kinetics and affinity. Circular dichroism (CD) spectroscopy: CD 

spectroscopy can be used to study the secondary structure of proteins and nucleic acids, as well as the effects of 

weak non-covalent interactions such as hydrogen bonding and electrostatic interactions on their conformation. 

Overall, a combination of these techniques and others can be used to gain insights into the nature and strength of 

weak non-covalent interactions and their effects on the properties and behavior of molecules in various contexts. 

Theoretical methods have become increasingly important for the prediction and interpretation of non-

covalent interactions, as they can provide insights into the electronic structure and energetics of molecules that 

are not easily accessible through experimental techniques. Some of the theoretical methods commonly used for 

the determination of non-covalent interactions include: Density functional theory (DFT): DFT is a widely used 

computational method that can provide accurate calculations of the electronic structure of molecules and materials. 

DFT can be used to calculate the energies and geometries of non-covalent interactions, including hydrogen bonds, 

van der Waals interactions, and electrostatic interactions. Molecular mechanics (MM): MM is a simplified 

approach to modeling molecular systems that considers the potential energy of the system based on the relative 

positions and orientations of the atoms. MM can be used to study the stability and structural properties of non-

covalent complexes, including protein-ligand complexes. 

Molecular dynamics (MD): MD simulations can be used to study the dynamics and thermodynamics of 

non-covalent interactions over time. MD can provide insights into the kinetics and thermodynamics of non-

covalent processes such as ligand binding and protein folding. Quantum mechanics/molecular mechanics 

(QM/MM): QM/MM combines quantum mechanics and classical molecular mechanics, allowing for accurate 

modeling of both the electronic structure and the molecular environment. QM/MM can be used to study the 

energetics and dynamics of non-covalent interactions in complex systems, such as enzyme catalysis. Fragment 

molecular orbital (FMO) method: FMO is a quantum chemical method that can be used to study the interactions 

between different fragments of a molecule, including non-covalent interactions. FMO can provide insights into 

the nature and strength of non-covalent interactions in large biomolecules. These theoretical methods can be used 

to predict and interpret a wide range of non-covalent interactions, including hydrogen bonds, van der Waals 

interactions, ionic interactions, and π-π interactions. By combining experimental and theoretical approaches, 

researchers can gain a more complete understanding of the nature and importance of non-covalent interactions in 

various chemical and biological systems. 

 

Inter and intra molecular hydrogen bonding  

Hydrogen bonding is a type of intermolecular attraction between molecules containing hydrogen atoms 

bonded to electronegative atoms such as oxygen, nitrogen, or fluorine.[11-14] This attraction is due to the partial 

positive charge on the hydrogen atom and the partial negative charge on the electronegative atom.[15-18] 

Intramolecular hydrogen bonding refers to the formation of hydrogen bonds within a single molecule. 

This occurs when a molecule contains two or more hydrogen bonding sites, such as an alcohol molecule where 

the -OH group can form a hydrogen bond with the oxygen atom within the same molecule.[19, 20] Intramolecular 

hydrogen bonding can affect the physical and chemical properties of a molecule, such as its boiling point and 

reactivity.  

Intermolecular hydrogen bonding occurs between different molecules.[21-26] This occurs when the 

hydrogen bonding site in one molecule interacts with the electronegative atom in a neighboring molecule, forming 

a hydrogen bond. Inter-molecular hydrogen bonding plays an important role in many biological processes, such 

as protein folding and DNA base pairing.[26]  

The strength of intermolecular hydrogen bonding depends on the distance and orientation of the 

interacting molecules, as well as the strength of the hydrogen bonding site and electronegative atom. In general, 

hydrogen bonding is a weaker intermolecular force compared to covalent or ionic bonding, but it is still an 

important contributor to the physical and chemical properties of many substances.[27-29]  

 

Sigma hole interplay and its importance  

The sigma-hole interplay refers to the interaction between the sigma-hole of an electron-deficient atom 

and the electron-rich region of a neighboring molecule.[30, 31] The sigma-hole is a region of positive electrostatic 

potential on the surface of an atom or molecule, which is located on the opposite side of the atom or molecule 

from the covalent bond.[31] This interaction is important because it can contribute to the formation of 

intermolecular interactions and can affect the properties of molecular systems.[31] 

The sigma-hole interplay is particularly important in halogen bonding, a type of non-covalent interaction 

between a halogen atom (typically iodine, bromine, or chlorine) and an electron-rich species. In halogen bonding, 

the halogen atom acts as an electron-deficient site, with the sigma-hole located on the opposite side of the halogen 
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from the covalent bond. This sigma-hole can interact with the electron-rich region of a neighboring molecule, 

forming a stabilizing interaction that is similar to hydrogen bonding. 

The sigma-hole interplay can also affect the reactivity of chemical reactions. For example, in 

organometallic chemistry, the sigma-hole of a metal atom can interact with the electron-rich region of an organic 

molecule, activating the molecule for reaction with other species. 

Overall, the sigma-hole interplay is an important concept in chemistry that can contribute to the 

understanding of non-covalent interactions and the reactivity of molecular systems. 

 

Halogen bond 
A halogen bond is a type of non-covalent interaction between a halogen atom (typically iodine, bromine, 

or chlorine) and an electron-rich species, such as an oxygen, nitrogen, or sulfur atom.[32-34] Halogen bonds are 

similar to hydrogen bonds in that they involve an interaction between a donor and an acceptor, but the donor in 

this case is the halogen atom, which has a partially positive region known as a sigma-hole.[32, 34] 

The sigma-hole is located on the opposite side of the halogen atom from the covalent bond, and it is 

created by the electronic structure of the halogen atom, which has a low-lying vacant orbital with positive 

electrostatic potential. This positive region can interact with the electron-rich region of a neighboring molecule, 

forming a stabilizing interaction that is similar to a hydrogen bond.[32-34] 

Halogen bonds are important in many areas of chemistry, including crystal engineering, materials science, 

and drug design. In crystal engineering, halogen bonds can be used to control the packing arrangement of 

molecules in the solid state, leading to novel properties and functions. In materials science, halogen bonds can 

contribute to the mechanical properties and self-assembly of materials. In drug design, halogen bonds can be used 

to optimize the binding of small molecules to protein targets, leading to improved potency and selectivity. 

Overall, the halogen bond is a relatively new and rapidly evolving area of research in chemistry, with 

many potential applications in various fields of science and technology. 

 

Chalcogen bonds  

Chalcogen bonds are a type of non-covalent interaction between a chalcogen atom (typically sulfur, 

selenium, or tellurium) and an electron-rich species, such as an oxygen, nitrogen, or sulfur atom. Chalcogen bonds 

are similar to halogen bonds in that they involve an interaction between a donor and an acceptor, but the donor in 

this case is the chalcogen atom.[35] 

The chalcogen atom has a partially negative region, created by the electronic structure of the atom, which 

allows it to interact with the electron-rich region of a neighboring molecule, forming a stabilizing interaction that 

is similar to a hydrogen bond or a halogen bond.[36, 37] 

Chalcogen bonds have been found to play an important role in many areas of chemistry, including crystal 

engineering, materials science, and biochemistry.[36-38] In crystal engineering, chalcogen bonds can be used to 

control the packing arrangement of molecules in the solid state, leading to novel properties and functions. In 

materials science, chalcogen bonds can contribute to the mechanical properties and self-assembly of materials. In 

biochemistry, chalcogen bonds are believed to play a role in protein folding and enzyme catalysis.[39] 

Overall, chalcogen bonds are a relatively new and emerging area of research in chemistry, with many 

potential applications in various fields of science and technology.[36, 37, 39, 40] 

 

Pnictogen bond  

Pnictogen bonds are a type of non-covalent interaction between a pnictogen atom (typically nitrogen, 

phosphorus, arsenic, or antimony) and an electron-rich species, such as an oxygen, nitrogen, or sulfur atom.[41] 

Pnictogen bonds are similar to halogen bonds and chalcogen bonds in that they involve an interaction between a 

donor and an acceptor, but the donor in this case is the pnictogen atom.[42] 

The pnictogen atom has a partially positive region, created by the electronic structure of the atom, which 

allows it to interact with the electron-rich region of a neighboring molecule, forming a stabilizing interaction that 

is similar to a hydrogen bond, halogen bond, or chalcogen bond.[42] 

Pnictogen bonds have been found to play an important role in many areas of chemistry, including crystal 

engineering, materials science, and biochemistry.[43] In crystal engineering, pnictogen bonds can be used to 

control the packing arrangement of molecules in the solid state, leading to novel properties and functions. In 

materials science, pnictogen bonds can contribute to the mechanical properties and self-assembly of materials. In 

biochemistry, pnictogen bonds are believed to play a role in protein-ligand interactions and enzyme catalysis. 

Overall, pnictogen bonds are a relatively new and emerging area of research in chemistry, with many 

potential applications in various fields of science and technology. 
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Tetral bond 

Tetrel bonds are a type of non-covalent interaction between a Group 14 element (carbon, silicon, 

germanium, tin, or lead) and an electron-rich species, such as an oxygen, nitrogen, or sulfur atom. The name 

"tetrel" comes from the fact that these elements belong to the same column (Group 14) in the periodic table.[44, 

45] 

Tetrel bonds are similar to other non-covalent interactions, such as hydrogen bonds, halogen bonds, 

chalcogen bonds, and pnictogen bonds, in that they involve an interaction between a donor and an acceptor.[46] 

The donor in this case is the Group 14 element, which has a partially positive region on the opposite side of the 

covalent bond, known as a sigma-hole. The acceptor is typically an oxygen, nitrogen, or sulfur atom, which has a 

lone pair of electrons that can interact with the sigma-hole of the Group 14 element. 

Tetrel bonds have been found to play an important role in many areas of chemistry, including crystal 

engineering, materials science, and biochemistry. In crystal engineering, tetrel bonds can be used to control the 

packing arrangement of molecules in the solid state, leading to novel properties and functions. In materials science, 

tetrel bonds can contribute to the mechanical properties and self-assembly of materials. In biochemistry, tetrel 

bonds are believed to play a role in protein-ligand interactions and enzyme catalysis. 

Overall, tetrel bonds are a relatively new and rapidly evolving area of research in chemistry, with many 

potential applications in various fields of science and technology. 

 

II. π-π interaction 
π-π interactions are a type of non-covalent interaction between two aromatic or conjugated systems. In 

an aromatic or conjugated system, the electrons in the pi orbitals are delocalized over the entire system.[47, 48] 

When two such systems are brought close together, the electron clouds can interact, leading to a π-π interaction. 

The strength of the π-π interaction depends on the orientation, distance, and size of the two interacting 

systems. If the two systems are parallel and the distance between them is less than the sum of their van der Waals 

radii, the interaction can be strong and stabilizing. In addition to being found in molecules, π-π interactions are 

also important in supramolecular chemistry, where they can be used to control the assembly and properties of 

materials. 

In biochemistry, π-π interactions play an important role in the structure and function of biomolecules. 

For example, in DNA, the stacking of the base pairs is stabilized by π-π interactions, which help to maintain the 

double helix structure. In proteins, π-π interactions between aromatic amino acid residues can play a role in 

stabilizing the three-dimensional structure of the protein. 

Overall, π-π interactions are an important type of non-covalent interaction in chemistry and play a 

significant role in a wide range of chemical and biological phenomena. 

 

III. Van der Waals interactions 
Van der Waals interactions are weak non-covalent interactions between molecules, resulting from the 

fluctuating electrostatic forces between them. These interactions arise due to the temporary dipoles that occur as 

electrons move around atoms or molecules, which can induce a dipole in a nearby molecule.[49, 50] There are 

three types of Van der Waals interactions:  

Dipole-dipole interactions: These occur between molecules with permanent dipoles. The positive end of 

one dipole attracts the negative end of another, resulting in an attractive force. 

Dipole-induced dipole interactions: These occur between molecules with a permanent dipole and a 

nearby molecule with no dipole. The dipole of the first molecule induces a temporary dipole in the second, 

resulting in an attractive force.[51, 52] 

London dispersion forces: These occur between all molecules, even those with no permanent dipole. As 

electrons move around atoms or molecules, temporary dipoles are created, leading to an attractive force between 

the two molecules. 

Van der Waals interactions are important in determining the physical and chemical properties of 

molecules, such as boiling point, melting point, and solubility. They also play a significant role in the structure 

and function of biomolecules, such as proteins and nucleic acids, as well as in the formation and stability of 

supramolecular structures. 

Overall, Van der Waals interactions are a type of non-covalent interaction that arise due to fluctuating 

electrostatic forces between molecules and play an important role in many areas of chemistry and biology. 
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IV. Conclusion 
There are several types of non-covalent interactions that occur between molecules, including: 

 Hydrogen bonds: These are strong electrostatic interactions between a hydrogen atom and an 

electronegative atom such as nitrogen, oxygen, or fluorine. 

 Ionic interactions: These are electrostatic interactions between oppositely charged ions, which can be 

strong in the presence of charges of high magnitude and low distance. 

 Van der Waals interactions: These are weak interactions between two or more molecules due to 

fluctuating electrostatic forces, which include dipole-dipole interactions, dipole-induced dipole 

interactions, and London dispersion forces. 

 π-π interactions: These are non-covalent interactions between two aromatic or conjugated systems that 

are parallel and close to each other, and can be strong and stabilizing. 

 Hydrophobic interactions: These occur between non-polar molecules or regions of molecules that are 

insoluble in water and can result in the exclusion of water from the vicinity of the non-polar surface. 

 Halogen bonds: These are non-covalent interactions between a halogen atom and an electronegative atom, 

such as oxygen or nitrogen. 

 Chalcogen bonds: These are non-covalent interactions between a chalcogen atom (oxygen, sulfur, or 

selenium) and an electron-rich species. 

 Pnictogen bonds: These are non-covalent interactions between a pnictogen atom (nitrogen, phosphorus, 

arsenic, or antimony) and an electron-rich species. 

 Tetrel bonds: These are non-covalent interactions between a Group 14 element (carbon, silicon, 

germanium, tin, or lead) and an electron-rich species. 

Overall, non-covalent interactions play a significant role in many areas of chemistry and biology, such as in the 

structure and function of biomolecules, the assembly of supramolecular structures, and the properties of materials.  
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