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The two-carbon saturated hydrocarbon, ethane, with the chemical formula C₂H₆, exhibits different 

conformations due to the rotation around its carbon-carbon (C-C) single bond. The most stable conformation is 

the staggered conformation, where the CH₃ groups are positioned so that the hydrogens are separated at a 

maximum distance. This stability is in contrast to the eclipsed conformation, where the hydrogens on adjacent 

carbon atoms come into close contact. 

The primary reason for the existence of the staggered conformation in ethane is attributed to steric repulsion. 

Steric repulsion refers to the repulsion of atoms or groups when they are in close proximity. In the context of 

ethane, when the CH₃ groups are aligned in the eclipsed conformation, the hydrogens on neighboring carbon 

atoms are too close to each other, leading to strong repulsive forces. This repulsion destabilizes the eclipsed 

conformation, making it less energetically favorable compared to the staggered conformation. 

While the concept of steric repulsion provides a straightforward explanation for the preference of the staggered 

conformation in small molecules like ethane, it may not fully account for the conformations of larger and more 

complex molecules, such as proteins. In such cases, additional factors come into play. 

For polymeric molecules like proteins, the forces that hinder rotations about single bonds play a crucial role in 

determining their structure and dynamics. These forces can be influenced by various factors, including 

exchange interactions, electrostatic interactions, and hyperconjugative interactions. 



1. Exchange interactions: These arise from Pauli's exclusion principle, a fundamental concept in molecular 

quantum mechanics, which states that pairs of electrons cannot occupy the same spatial region. 

Exchange interactions can affect the energy landscape of a molecule and its preferred conformations. 

2. Electrostatic interactions: These result from the interactions between charged particles (e.g., electrons 

and protons) within the molecule. Electrostatic interactions can be described using classical Newtonian 

mechanics and can influence the stability of different conformations. 

3. Hyperconjugation: Hyperconjugation involves charge transfer from an occupied to an unoccupied 

orbital, leading to the delocalization of electrons and the stabilization of the system. It provides more 

space for electrons to move, reducing the overall energy of the molecule. 

Pophristic and Goodman conducted research to understand the factors controlling the preference for the 

staggered conformation in ethane. Their calculations considered the contributions of exchange interactions, 

electrostatic interactions, and hyperconjugative interactions. 

Their findings indicated that while exchange interactions did not have a major role in determining ethane's 

conformational preferences, electrostatic interactions played a significant role. Specifically, when the central C-

C bond was allowed to stretch, it reduced the strain and electrostatic repulsion between the atoms, favoring the 

staggered conformation. 

Furthermore, hyperconjugation, particularly vicinal hyperconjugation between two methyl groups, was found to 

be a crucial factor in stabilizing the staggered conformation. Deleting vicinal hyperconjugation led to a 

preference for the eclipsed conformation, even in the presence of Coulombic interactions. 

In summary, the preference for the staggered conformation in ethane is primarily explained by steric repulsion, 

but for more complex molecules, factors like exchange interactions, electrostatic interactions, and 

hyperconjugative interactions also come into play. Understanding these factors is essential for comprehending 

the structure and dynamics of polymeric molecules, including proteins. 
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