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(CHAPTER 9.2.4 HYDROCARBONS ) TopAll

CONFORMATIONS OF ETHANE

3D spatial dynamics, torsional strain, and the energy landscape of C2H




What Are Conformations?

Mechanical Diagram

C-C Single Bond
(Sigma Bond)

Rotation
Axis
L o
The Mechanism The Result Vocabulary
The symmetrical electron distribution Rotation creates different spatial These arrangements are
of a sigma bond permits rotation arrangements of atoms in space, interchangeably called conformations,
around the C—-C single bond axis. seamlessly converting into one another. conformers, or rotamers.
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Exam Recap Chip

: Molecular Mechanics —

Note: There are an infinite number of possible conformations by rotating around C-C single bonds.
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Theoretical Free Rotation Hindered Rotation

Because the C-C bond is a ™ 1C =raramens 1 Rotation is restricted by a

single sigma bond, classical \ . :
models suggest completely "' 1-20 kJ/mol energy barrier.

unhindered 360° rotation.

" Free Rotation vs. Hindered Rotation ' B ]

Definition: Torsional Strain — The weak repulsive interaction between adjacent electron clouds that hinders completely free rotation.
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Eclipsed and Staggered Forms
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[T 7] - Hydrogens as close as possible
— - Maximum Repulsion
AN - Maximum Torsional Strain

Y

Skew Conformation:
Any intermediate spatial
arrangement between the
Eclipsed and Staggered
extremes.

-

- Hydrogens as far apart as possible
- Minimum Repulsion
- Minimum Torsional Strain

Exam Recap Panel

[ Constant Variables: In all conformations (eclipsed, staggered, or skew), the bond angles and bond lengths remain exactly the same. ]
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Visualization Tool #1

The Axis

View the molecule along the
molecular axis. Draw the

central C—C bond as a tilted
straight line (front carbon
lower, rear carbon upper).
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Front C

Rear C

Eclipsed

The Bonds

Attach three lines to each
carbon corresponding to the
hydrogen atoms.

The Angles

Ensure the three lines on
each carbon are inclined at a
120° angle to each other.




| Visualization Tool #2 )

Newman Projections

Anatomy of a Projection
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Front Carbon

® — Represented by a Point
(dot with 3 radiating lines)

Rear Carbon

® — Represented by a Circle
(with 3 shorter radiating lines)

, i—-— | |
| Eclipsed Newman

Note: Rear lines are drawn slightly

| offset purely for visibility.

_l I_ Staggered Newman




Thermodynamic Synthesis || [
The Relative Stability Landscape

Eclipsed Eclipsed Eclipsed
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Staggered Staggered
(Min Energy) (Min Energy)

= Angle of Rotation (Dihedral Angle)

Why we cannot isolate them

- The energy difference is extremely small (12.5 kJ/mol). At room temperature, thermal
kinetic energy easily overcomes this barrier via molecular collisions.

- Conclusion: The molecule is in constant rotation. While it prefers the staggered state,
individual conformational isomers cannot be isolated.
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