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Conformational Analysis of n-Butane

• In case of n-butane, C1H3-C
2H2-C

3H2-C
4H3, rotation (of the rear

group clockwise) around the C2-C3 bond as a function of torsion

angle (ω) generates different conformations which are represented

in Newman projection formula (Figure 1) as follows:
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Conformational Analysis of n-Butane

• Conformation A; Fully Eclipsed, Synperiplanar (±sp):

Conformation A comprises of one pair of eclipsed methyl’s and

two pairs of eclipsed hydrogen’s. It has a σ plane and is achiral.

This is the maximum energy conformation of n-butane that arises

due to rotation about C2-C3 bond. The highest energy (18-26 kJ

mol-1) in the potential energy diagram (Figure 2) of n-butane

corresponds to this conformation.

• This energy barrier of rotation arises from the van der Waals net

repulsive interactions, principally between the two eclipsed methyl

groups (CH3/CH3 eclipsing interaction), and torsional strain owing

to the eclipsing of three pairs of vicinal bonds.

This Lecture is prepared by Dr. K. K. Mandal, SPCMC, Kolkata



Conformational Analysis of n-Butane

• Conformations C and E; Partially Eclipsed, Anticlinal (±ac):

The conformations C and E are enantiomeric (non-superposable

mirror images of each other) and equienergetic having torsion

angles of + 120° and – 120°, respectively with an energy barrier of

3.6 kcal mol-1 (15.03 kJ mol-1) from the anti (D) form, very similar

to that of an eclipsed propane. They contain a pair of Me/H and one

H/H eclipsed interactions.

• van der Waals repulsive interactions, between H and CH3 in these

conformations are considered to be insignificant ~0.35 kcal mol-1

(1.46 kJ mol-1) for each Me/H repulsions in this case. Torsional

strain originated from three eclipsing pairs are likely to be the main

reason behind this energy barrier.



Conformational Analysis of n-Butane

• Since nonbonded interactions increase inversely as the high power

of the distance, the interactions between two large (L) groups far

exceeds than that between a large and a medium (M) group so that

in general L/L + S/S is greater than 2 M/S (S stands for small

group. Therefore, interactions of (CH3 / CH3 + H / H > 2 CH3 / H).

• Conformations B and F; Gauche, Synclinal (±sc): The energy

difference between the anti (D) and gauche conformations in

n-butane is about 0.8-0.9 kcal mol-1 (3.3-3.7 kJ mol-1). This higher

energy, with respect to anti form, results from the van der Waals

repulsive interaction between the two methyl groups at a torsion

angle of +60° or -60°. These conformations belong to the chiral

point group C2 and are chiral conformations.



Conformational Analysis of n-Butane

• Though the gauche conformers of n-butane belong to a chiral

point group, they are not resolvable. The energy barrier of

rotation between the conformations is too low to allow separation

into distinct molecule. The molecule as a whole is optically

inactive.

• Conformation D; Anti, Antiperiplanar (±ap): This is the least

energy conformation of n-butane. In this conformation, the two

large methyl groups are oppositely placed (ω = ± 180°), is called

anti and is the most stable. Here torsional strain is absent and the

H/H and CH3/H skew interactions are very small. The anti form

possesses a centre of symmetry, a C2 axis, and a σ plane and

belongs to C2h point group. It is, thus an achiral conformation. The

potential energy of the anti (D) form is arbitrarily taken as zero and

those of others are calculated relative to it.



Conformational Analysis of n-Butane
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Butane-gauche Interaction

• The comparison of energies of the lower energy conformations anti

(D) and gauche (B and F) shows that the latter becomes

destabilized by about 0.8-0.9 kcal mol-1 (3.3-3.7 kJ mol-1). This

amount of energy represented the steric interaction energy of two

methyl groups at a torsion angle of +60° or -60°, in comparison to

the anti position. This is equivalent to the butane-gauche

interaction.

• Since the torsional strain in gauche conformers is nearly zero, the

gauche interaction in n-butane originates from the nonbonded

interaction between the two gauche methyls whose distance falls

within the van der Walls group radii. This fundamental interaction

(steric in origin) is specially called butane-gauche interaction.
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Conformers of n-Butane

• There are three different energy minima in the potential energy

diagram of n-butane (Figure 2), two corresponding to the

enantiomeric (and therefore equienergetic) gauche forms (B and F)

of C2 symmetry and one corresponding to the achiral anti form (D)

of C2h symmetry, which is of lower energy because it is devoid of

the repulsive CH3/CH3van der Waals interactions of the gauche

forms. These three conformations with potential energy minima are

the conformers of n-butane (Figure 3).

• The lower barrier (14 kJ mol-1) is the

effective energy barrier in

n-butane because the conformers

tend to interconvert via the path of

least energy.
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Conformational Analysis of n-Butane

• The energy difference between the gauche and anti conformers of

n-butane is quite phase dependent, being of the order of 0.89-0.97

kcal mol-1 (3.7-4.1 kJ mol-1) in the gas phase and 0.54-0.57 kcal

mol-1 (2.3-2.4 kJ mol-1) in the liquid. This phase dependence may

be accounted from the von Auwers-Skita or conformational rule,

which states that the isomer of higher enthalpy has the lower

molecular volume, and therefore the higher density, refractive

index, boiling point, and heat of vaporization.

• In case of n-butane conformers, the gauche conformer is more

compact, therefore it has the lower molecular volume and greater

intermolecular van der Waals interactions (as a result of a high

surface/volume ratio).



Conformational Analysis of n-Butane

• Since the van der Waals interactions

are predominantly attractive rather

than repulsive, the heat of

vaporization is larger for the gauche

conformer with the resulting

situation shown in Figure 4.

Clearly, the gauche-anti enthalpy

difference is greater in the gas than

in the liquid (or solution).
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Estimation of the population of gauche and 

anti conformers of n-butane

• In order to estimate the population difference between the gauche

and anti conformers in n-butane, one has to know the equilibrium

constant K (= %anti / %gauche) for the equilibrium gauche ⇌ anti

or K (= %gauche / %anti) for the equilibrium anti⇌ gauche.

• The equilibrium constant K depends on ∆G0 ( the free energy

change in the standard state, it must be negative for a spontaneous

change) by the equation K = e-∆G°/RT, or ∆G0 = - R T ln K, so that

the entropy difference (∆S0) between the two conformers also

comes into play (∆G0 = ∆H0 - T∆S0).

• There are two sources of entropy differences, entropy of symmetry

and entropy of mixing, which often differ substantially between

conformers.



Conformational Analysis of n-Butane

• The entropy of symmetry is given as Ssym = - R In σ, where σ is the

symmetry number characteristic of the symmetry point group of the

conformer in question. The entropy of mixing of i components is

Smix = -R ∑i ni In ni. Thus, for two components

Smix = -R (n1 In n1 + n2 In n2), where n1, n2, and so on, stand for

mole fractions of the individual conformers.

• In the case of n-butane, both the anti and gauche conformers (C2h

and C2, respectively) have σ = 2, hence Ssym = - R In 2 will cancel

out in the difference between the two.
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Conformational Analysis of n-Butane

• There is no entropy of mixing for the achiral anti isomer, but the

chiral gauche isomers (an enantiomeric mixture) has an entropy of

mixing of –R (0.5 ln 0.5+ 0.5 1n 0.5) = - R In 0.5 = R In2.

• R In2 is, in fact, the entropy of mixing of any pair of enantiomers.

Thus the entropy of the gauche isomers exceeds that of the anti by

R In 2 or 1.38 cal mol-1 K-1 (5.76 J mol-1 K-I). Hence, For gaseous

n-butane, taking ∆H0 = 900 cal mol-1, ∆G0 (for anti ⇌ gauche) at

25° C (298.16 K) is 900 - 410 = 490 cal mol-1, hence K = 0.44

(= % g / % a), corresponding to 30% gauche (15% g+ and 15% g-)

and 70% anti (a) isomer.

• The corresponding percentage in the liquid phase [∆H0 = 550 cal

mol-1 is 44% gauche (22% g+ and 22% g-) and 56% anti. The

calculated K value in this case is 0.79.



Population of Conformers

• This energy difference corresponds to about 1 mole of n-butane as

gauche conformer for every 2 moles of n-butane as the anti

conformer. This can be calculated for the equilibrium

[gauche]⇌ [anti], as follows:

• ∆G0 = ∆H0 – T∆S0 --------------- Equation 1

• ∆S0 = - R (n1 In n1 + n2 In n2) --------------- Equation 2

• ∆G0 = - R T ln K --------------- Equation 3

• From Equation 2:

∆S0 = - R (0.5 ln 0.5 + 0.5 1n 0.5) = - R In 0.5 = R In2

∆S0 = 1.987 x 0.693 cal mol-1 K-1= 1.377 cal K-1 mol-1

∆S0 for the [gauche] ⇌ [anti] equilibrium = -1.377 cal mol-1 K-1
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Population of Conformers

• From Equation 1 for the equilibrium, [gauche]⇌ [anti]

∆G0 = [∆H0 - ( - 298 x 1.377)] (cal mol-1)

∆G0 = (∆H0 + 410) cal mol-1 ----------- Equation 4

• When, ∆H0 = - 900 cal mol-1, from Equation 4

∆G0 = - 900 + 410 = - 490 cal mol-1 (at T = 25°C, 298 K)

• From Equation 3:

∆G0 = - R T ln K = -1.987 x 298 x ln K = - 490 cal mol-1

• K = 2.29 = %anti / %gauche

• Therefore, composition of anti conformer ≈ 70% and composition

of gauche conformer ≈ 30%
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Conformational Analysis of n-Butane: A Note

• Whereas the torsion angle in the anti form of butane is exactly 180°

that in the gauche form is larger than the 60° expected for a

perfectly staggered conformation. This result obtains because the

van der Waals repulsion of the methyl groups in the gauche form

makes these groups rotate away from each other, even at the

expense of increasing the torsional energy. Energy minimization

occurs near a 65° torsion angle.

• Figure 2 displays two barriers, one due to the CH3/CH3 eclipsing at

ω = 0° and one due to twofold CH3/H eclipsing at ω = ±120°. As

expected, the value of the latter of about 3.6 ± 0.2 kcal mol-1

(15.1 ± 0.8 kJ mol-1) is close to that in isobutane.



Conformational Analysis of 2-Methylbutane

• In case of 2-methylbutane, (CH3)2C
2H-C3H2-CH3, rotation (of the

rear group clockwise) around the C2-C3 bond as a function of

torsion angle (ω) generates different conformations which are

represented by Newman projection formula in Figure 5.

• 2-Methylbutane exhibits a potential energy diagram (Figure 6)

with three maximum energy conformations (G, I, and K), appear at

torsion angles 0°, +120°, and -120°, respectively. Among them the

conformations, I and K, with one eclipsed CH3/CH3 and one

eclipsed CH3/H interactions have predictably the highest potential

energy as appears in the diagram. These conformations are non-

superposable mirror images of each other and hence are

enantiomeric as well as equienergetic.
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Conformational Analysis of 2-Methylbutane

• There are, also three different energy minima in the potential

energy diagram of 2-methylbutane, two corresponding to the

enantiomeric (and therefore equienergetic) +sc and –sc

conformations (H and L) of lowest energy, and one corresponding

to the antiperiplanar conformation (J). These three conformations

H, J, and L with potential energy minima in the diagram (Figure

6) are, thus, the conformers of 2-methylbutane.

• Though the lowest energy conformers (H and L) contain a

CH3/CH3 gauche-butane interaction which is approximately

equivalent to 0.9 kcal mol-1, the potential energy of these isomers is

arbitrarily taken as zero and those of others are calculated relative

to it.
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Conformational Analysis of 2-Methylbutane
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Conformational Analysis of 2-Methylbutane
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Conformational Analysis of 2,3-Dimethylbutane

• In case of 2,3-dimethybutane, (CH3)2C
2H-C3H(CH3)2, rotation (of

the rear group clockwise) around the C2-C3 bond as a function of

torsion angle (ω) generates different conformations which are

represented by Newman projection formula in Figure 7.

• In the Newman projection formula, the most unstable conformation

should be the fully eclipsed form (M) where the steric interactions

are among the similar ligands. In partially eclipsed (O and Q)

forms, there are steric interactions between the unlike ligands.

• Conformationally, enantiomeric g+ and g- forms (N and R) should

be less stable than the anti (P) form because in the gauche forms

(g+ and g-), there are three butane-gauche interactions whereas in

anti form it is two.
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Conformational Analysis of 2,3-Dimethylbutane

• The situation is, thus, visibly very similar to the case of n-butane

(C2-C3 rotation). Inspection on the different conformations of

2,3-dimethylbutane as depicted in Figure 7 induces to conclude

that the potential energies of the different conformations should

increase in the following order:
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Conformational Analysis of 2,3-Dimethylbutane
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Conformational Analysis of 2,3-Dimethylbutane

• However, it has been experimentally confirmed that the potential

energy diagram of 2,3-dimethylbutane (Figure 9) includes only

two energy levels, one for the high energy conformations and the

other is for the low energy conformations. Practically, the potential

energy diagram of 2,3-dimethylbutane is very similar to the case of

ethane with a difference only in energy barrier of rotation.

• Of the branched alkanes, 2,3-dimethylbutane, thus, provides an

unusual finding that the anti and gauche conformers are nearly

equal in enthalpy (and that the gauche conformation therefore

predominates by nearly a factor of 2 at equilibrium, since it is a

pair of enantiomers and has an entropy advantage of Rln2, or,

statistically, since there are two gauche conformations but only one

anti).



Conformational Analysis of 2,3-Dimethylbutane

• The explanation for the unexpectedly high stability of the gauche form

relative to the anti in 2,3-dimethylbutane and related hydrocarbons of the

RR'CH-CHRR' type seems to be as follows:

• In n-butane, the CH3-C-H bond angle is close to tetrahedral. However, in

2,3-dimethylbutane, the CH3-C-CH3 angle opens up to near 114°. As a

result, the ordinary Newman projections (Figure 7) no longer apply;

rather the anti conformer (P) in 2,3-dimethylbutane tends toward a

CH3/CH3 eclipsed conformation (P') and the gauche toward a CH3/CH3

perpendicular one (N').

• This deformation will enhance van der Waals repulsion in the anti

conformer, but will diminish it in the gauche isomer, which is thereby

stabilized. The deformed conformations of anti and gauche forms are

shown in Figure 8.
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Conformational Analysis of 2,3-Dimethylbutane

• The experimental energy barrier (a relative value) to rotation in

2,3-dimethylbutane, 4.3 kcal mol-1 (18.0 kJ mol-1) is remarkably

small if considered to represent simultaneous eclipsing of CH3/CH3

plus twice CH3/H (Conformations O and Q, Figure 7).

Presumably the angle deformations indicated in Figure 8 imply that

the eclipsing of the various ligands that have to pass each other is

not simultaneous, the barrier thus being lowered.
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Conformational Analysis of 2,3-Dimethylbutane

• This widening of angle in

2,3-dimethylbutane and

similar compounds is

known as Thorpe-Ingold

effect (gem dialkyl effect).

• Deformation of the gauche form R to R' occurs analogously as

that involved in the change N to N'. Actual Potential energy

diagram of this compound is shown in Figure 9.
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