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Conformations of Ethane

Stereochemistry is the branch of chemistry concerned with the three-dimensional aspects
of molecules. The exact three-dimensional structure of a molecule is often crucial to
determining its properties and biological behavior.

The 𝜎 bonds are cylindrically symmetrical, and the intersection of a plane cutting through a
carbon–carbon single-bond orbital looks like a circle.

Because of this cylindrical symmetry, rotation is possible around carbon–carbon bonds in
open-chain molecules.

In ethane rotation around the C–C bond occurs freely, constantly changing the spatial
relationships between the hydrogens on one carbon and those on the other:
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 3-6 Conformations of Ethane
Up to now, we’ve viewed molecules primarily in a two-dimensional way and 
have given little thought to any consequences that might arise from the spatial 
arrangement of atoms in molecules. Now it’s time to add a third dimension to 
our study. Stereochemistry is the branch of chemistry concerned with the 
three-dimensional aspects of molecules. We’ll see on many occasions in future 
chapters that the exact three-dimensional structure of a molecule is often cru-
cial to determining its properties and biological behavior.

We know from Section 1-5 that ! bonds are cylindrically symmetrical. In 
other words, the intersection of a plane cutting through a carbon–carbon 
single-bond orbital looks like a circle. Because of this cylindrical symmetry, 
rotation is possible around carbon–carbon bonds in open-chain molecules. In 
ethane, for instance, rotation around the C ! C bond occurs freely, constantly 
changing the spatial relationships between the hydrogens on one carbon and 
those on the other (FIGURE 3-5).
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The different arrangements of atoms that result from bond rotation are 
called conformations, and molecules that have different arrangements are 
called conformational isomers, or conformers. Unlike constitutional isomers, 
however, different conformers often can’t be isolated because they intercon-
vert too rapidly.

Conformational isomers are represented in two ways, as shown in 
FIGURE 3-6. A sawhorse representation views the carbon–carbon bond from an 
oblique angle and indicates spatial orientation by showing all C ! H bonds. A 
Newman projection views the carbon–carbon bond directly end-on and rep-
resents the two carbon atoms by a circle. Bonds attached to the front carbon 
are represented by lines to the center of the circle, and bonds attached to the 
rear carbon are represented by lines to the edge of the circle.
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Despite what we’ve just said, we actually don’t observe perfectly free rota-
tion in ethane. Experiments show that there is a small (12 kJ/mol; 2.9 kcal/mol) 
barrier to rotation and that some conformations are more stable than others. 

FIGURE 3-5 Rotation occurs 
around the carbon–carbon single 
bond in ethane because of ! bond 
cylindrical symmetry. 

FIGURE 3-6 A sawhorse 
representation and a Newman 
projection of ethane. The 
sawhorse representation views the 
molecule from an oblique angle, 
while the Newman projection 
views the molecule end-on. Note 
that the molecular model of the 
Newman projection appears at 
first to have six atoms attached to 
a single carbon. Actually, the front 
carbon, with three attached green 
atoms, is directly in front of the 
rear carbon, with three attached 
red atoms.
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Different arrangements of atoms result from bond rotation called conformations, and
molecules have different arrangements called conformational isomers or conformers.

Unlike constitutional isomers, different conformers often can’t be isolated because they
interconvert too rapidly.

A sawhorse representation views the carbon–carbon bond from an oblique angle and
indicates spatial orientation by showing all C–H bonds.

A Newman projection views the carbon–carbon bond directly end-on and represents the
two carbon atoms by a circle.

Bonds attached to the front carbon are represented by lines to the center of the circle, and
bonds attached to the rear carbon are represented by lines to the edge of the circle.
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Despite what we’ve just said, we actually don’t observe perfectly free rota-
tion in ethane. Experiments show that there is a small (12 kJ/mol; 2.9 kcal/mol) 
barrier to rotation and that some conformations are more stable than others. 
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There is no perfectly free rotation in ethane. There is a small (12 kJ/mol; 2.9 kcal/mol) barrier
to rotation and that some conformations are more stable than others.

The lowest-energy, most stable conformation is the one in which all six C–H bonds are as far
away from one another as possible—staggered when viewed end-on in a Newman
projection.

The highest-energy, least stable conformation is the one in which the six C–H bonds are as
close as possible—eclipsed in a Newman projection.

At any given instant, about 99% of ethane molecules have an approximately staggered
conformation and only about 1% are near the eclipsed conformation.

 3-6 conformations of ethane 81

The lowest-energy, most stable conformation is the one in which all six 
C ! H bonds are as far away from one another as possible—staggered when 
viewed end-on in a Newman projection. The highest-energy, least stable con-
formation is the one in which the six C ! H bonds are as close as possible—
eclipsed in a Newman projection. At any given instant, about 99% of ethane 
molecules have an approximately staggered conformation and only about 1% 
are near the eclipsed conformation.
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The extra 12 kJ/mol of energy present in the eclipsed conformation of 
ethane is called torsional strain. Its cause has been the subject of controversy, 
but the major factor is an interaction between C ! H bonding orbitals on one 
carbon with antibonding orbitals on the adjacent carbon, which stabilizes the 
staggered conformation relative to the eclipsed one. Because a total strain of 
12 kJ/mol arises from three equal hydrogen–hydrogen eclipsing interactions, 
we can assign a value of approximately 4.0 kJ/mol (1.0 kcal/mol) to each sin-
gle interaction. The barrier to rotation that results can be represented on a 
graph of potential energy versus degree of rotation, in which the angle between 
C ! H bonds on the front and back carbons as viewed end-on (the dihedral 
angle) goes full circle from 0 to 360°. Energy minima occur at staggered con-
formations, and energy maxima occur at eclipsed conformations, as shown in 
FIGURE 3-7.
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FIGURE 3-7 A graph of 
potential energy versus bond 
rotation in ethane. The staggered 
conformations are 12 kJ/mol 
lower in energy than the eclipsed 
conformations.
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The extra 12 kJ/mol of energy present in the eclipsed conformation of ethane is called
torsional strain.

The major factor is an interaction between C–H bonding orbitals on one carbon with
antibonding orbitals on the adjacent carbon, which stabilizes the staggered conformation
relative to the eclipsed one.

Total strain of 12 kJ/mol arises from three equal H–H eclipsing interactions, a value of 4.0
kJ/mol (1.0 kcal/mol) to each single interaction.

 3-6 conformations of ethane 81

The lowest-energy, most stable conformation is the one in which all six 
C ! H bonds are as far away from one another as possible—staggered when 
viewed end-on in a Newman projection. The highest-energy, least stable con-
formation is the one in which the six C ! H bonds are as close as possible—
eclipsed in a Newman projection. At any given instant, about 99% of ethane 
molecules have an approximately staggered conformation and only about 1% 
are near the eclipsed conformation.
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Potential energy vs. degree of rotation: the
angle between C–H bonds on the front and
back carbons as viewed end-on (the
dihedral angle) goes full circle from 0 to
360°.

Energy minima occur at staggered
conformations, and energy maxima occur
at eclipsed conformations.
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Conformations of Other Alkanes

Propane has a torsional barrier that results in hindered rotation around the carbon–carbon
bonds. The barrier is slightly higher in propane than in ethane—a total of 14 kJ/mol (3.4
kcal/mol) versus 12 kJ/mol.

The eclipsed conformation of propane has three interactions—two ethane-type hydrogen–
hydrogen interactions and one additional hydrogen–methyl interaction.

Since each eclipsing H←→H interaction is the same as that in ethane and thus has an
energy “cost” of 4.0 kJ/mol, we can assign a value of 14 - (2 × 4.0) = 6.0 kJ/mol (1.4 kcal/mol)
to the eclipsing H ←→ CH3 interaction.

82 chapter 3 organic compounds: alkanes and their stereochemistry

 3-7 Conformations of Other Alkanes
Propane, the next-higher member in the alkane series, also has a torsional bar-
rier that results in hindered rotation around the carbon–carbon bonds. The 
barrier is slightly higher in propane than in ethane—a total of 14 kJ/mol 
(3.4 kcal/mol) versus 12 kJ/mol.

The eclipsed conformation of propane has three interactions—two ethane-
type hydrogen–hydrogen interactions and one additional hydrogen–methyl 
interaction. Since each eclipsing H oq H interaction is the same as that in 
ethane and thus has an energy “cost” of 4.0 kJ/mol, we can assign a value of 
14 ! (2 " 4.0) # 6.0 kJ/mol (1.4 kcal/mol) to the eclipsing H oq CH3 inter action 
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FIGURE 3-8 Newman projections of propane showing staggered and eclipsed conformations. 
The staggered conformer is lower in energy by 14 kJ/mol.

The conformational situation becomes more complex for larger alkanes 
because not all staggered conformations have the same energy and not all 
eclipsed conformations have the same energy. In butane, for instance, the 
lowest-energy arrangement, called the anti conformation, is the one in which 
the two methyl groups are as far apart as possible—180° away from each other. 
As rotation around the C2 $ C3 bond occurs, an eclipsed conformation is reached 
when there are two CH3 oq H interactions and one H oq H interaction. Using 
the energy values derived previously from ethane and propane, this eclipsed 
conformation is more strained than the anti conformation by 2 " 6.0 kJ/mol 
% 4.0 kJ/mol (two CH3 oq H interactions plus one H oq H interaction), for a 
total of 16 kJ/mol (3.8 kcal/mol).
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The conformational situation becomes more complex for larger alkanes because not all
staggered conformations (and/or eclipsed conformations) have the same energy.

In butane, the lowest-energy arrangement, called the anti conformation, is the one in which
the two methyl groups are as far apart as possible—180° away from each other.

As rotation around the C2–C3 bond occurs, an eclipsed conformation is reached when there
are two CH3←→H interactions and one H←→H interaction.

This eclipsed conformation is more strained than the anti conformation by 2 × 6.0 kJ/mol +
4.0 kJ/mol (two CH3←→H interactions plus one H←→H interaction), for a total of 16 kJ/mol
(3.8 kcal/mol).
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As bond rotation continues, an energy minimum is reached at the staggered conformation
where the methyl groups are 60° apart.

Called the gauche conformation, it lies 3.8 kJ/mol (0.9 kcal/mol) higher in energy than the
anti conformation even though it has no eclipsing interactions.

This energy difference occurs because the hydrogen atoms of the methyl groups are near
one another in the gauche conformation, resulting in what is called steric strain.

Steric strain is the repulsive interaction that occurs when atoms are forced closer together
than their atomic radii allow. It’s the result of trying to force two atoms to occupy the same
space.

 3-7 conformations of other alkanes 83

As bond rotation continues, an energy minimum is reached at the stag-
gered conformation where the methyl groups are 60° apart. Called the gauche 
conformation, it lies 3.8 kJ/mol (0.9 kcal/mol) higher in energy than the anti 
conformation even though it has no eclipsing interactions. This energy differ-
ence occurs because the hydrogen atoms of the methyl groups are near one 
another in the gauche conformation, resulting in what is called steric strain. 
Steric strain is the repulsive interaction that occurs when atoms are forced 
closer together than their atomic radii allow. It’s the result of trying to force 
two atoms to occupy the same space.

Butane—gauche
conformation
(3.8 kJ/mol)

Butane—eclipsed
conformation
(16 kJ/mol)

H

H

Steric strain
3.8 kJ/mol

H

H

CH3 CH3
H3C

CH3
HH H H

Rotate 60°

As the dihedral angle between the methyl groups approaches 0°, an energy 
maximum is reached at a second eclipsed conformation. Because the methyl 
groups are forced even closer together than in the gauche conformation, both 
torsional strain and steric strain are present. A total strain energy of 19 kJ/mol 
(4.5 kcal/mol) has been estimated for this conformation, making it possible to 
calculate a value of 11 kJ/mol (2.6 kcal/mol) for the CH3 oq CH3 eclipsing 
interaction: total strain of 19 kJ/mol minus the strain of two H oq H eclipsing 
interactions (2 ! 4.0 kcal/mol) equals 11 kJ/mol.
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After 0°, the rotation becomes a mirror image of what we’ve already seen: 
another gauche conformation is reached, another eclipsed conformation, and 
finally a return to the anti conformation. A plot of potential energy versus 
rotation about the C2 " C3 bond is shown in FIGURE 3-9.

80485_ch03_0060-0088f.indd   83 2/2/15   1:46 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



9

As the dihedral angle between the methyl groups approaches 0°, an energy maximum is
reached at a second eclipsed conformation.

Because the methyl groups are forced even closer together than in the gauche
conformation, both torsional strain and steric strain are present.

A total strain energy of 19 kJ/mol (4.5 kcal/mol) has been estimated for this conformation,
making it possible to calculate a value of 11 kJ/mol (2.6 kcal/mol) for the CH3←→CH3
eclipsing interaction: total strain of 19 kJ/mol minus the strain of two H←→H eclipsing
interactions (2 × 4.0 kcal/mol) equals 11 kJ/mol.
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Potential energy versus rotation about the C2–C3 bond: 
84 chapter 3 organic compounds: alkanes and their stereochemistry
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FIGURE 3-9 A plot of potential energy versus rotation for the C2 ! C3 bond in butane. The 
energy maximum occurs when the two methyl groups eclipse each other, and the energy 
minimum occurs when the two methyl groups are 180° apart (anti).

The notion of assigning definite energy values to specific interactions 
within a molecule is very useful, and we’ll return to it in the next chapter. A 
summary of what we’ve seen thus far is given in TABLE 3-5.

The same principles just developed for butane apply to pentane, hexane, 
and all higher alkanes. The most favorable conformation for any alkane has 
the carbon–carbon bonds in staggered arrangements, with large substituents 
arranged anti to one another. A generalized alkane structure is shown in 
FIGURE 3-10.

Interaction Cause

Energy cost

(kJ/mol) (kcal/mol)

H oq H eclipsed Torsional strain 4.0 1.0

H oq CH3 eclipsed Mostly torsional strain 6.0 1.4

CH3 oq CH3 eclipsed Torsional and steric strain 11.0 2.6

CH3 oq CH3 gauche Steric strain 3.8 0.9

TABLE 3-5 Energy Costs for Interactions in Alkane Conformers
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