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Conformational Analysis: Introduction

• The molecules like hydrocarbons devoid of polar groups; therefore

electrostatic interaction between groups (Equation 1) is nonexistent

and solvation energy is negligible.

• The total strain energy of the molecule Vtot, may be equal to:

Vtot = Vl + Vθ + Vω + Vnb + VE – Vs  --------- Equation 1

• However, molecules containing polar groups possess substantial

dipoles (both local and overall). Since dipole interactions, which are

responsible for the electrostatic term VE in Equation 1, vary from

one conformer to another, and they affect the conformational energy

differences. The magnitude of these interactions may be solvent

dependent. Moreover, differences in overall dipole moment between

conformers may lead to differences in solvation energy (Vs, in

Equation 1) between them.
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Conformational Analysis of Ethyl halides

• As the C-C bond in ethyl halide (CH3CH2X) rotates about its axis,

different conformations are generated which are shown in their

Newman projection formula in Figure 1.
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Conformational Analysis of Ethyl halides

• Consideration of the different conformations of ethyl halide

suggests that the energy profile diagram (Figure 2) associated with

rotation around the C-C bond is very similar to that of propane.

Both contains three identical maxima, and three identical minima

per revolution (V3 potential). Therefore, the periodicity (n) is 3.

• The energy barrier of rotation of ethyl halides (CH3CH2X,

X = F, Cl, Br, and I) are remarkably similar in magnitude (around

3.3-3.57 kcal mol-1; 14-15 kJ mol-1) despite considerable difference

in the size of the halogens.

• The barrier heights depend on the nature of halogen atom of ethyl

halide which is shown in Table 1.
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Conformational Analysis of Ethyl Halides
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Molecules Energy Barrier 

(x) (kcal mol-1)

CH3CH2F 3.30 

CH3CH2Cl 3.57 

CH3CH2Br 3.57 

CH3CH2I 3.33 



Conformational Analysis of Ethyl Halides

• It appears that the effect of the increasing size is compensated by

the correspondingly increasing bond lengths as halogen changes

from F, Cl, Br, to I in ethyl halides. The slightly higher values of the

barrier heights compared to ethane (2.9 kcal mol-1;12.1 kJ mol-1) are

consistent with the increased van der Waals radii of halogens

compared to hydrogen. The extra energy is thus a result of van der

Waals repulsion.

Table 1: Barriers to Internal Rotation

Molecules Covalent radius 

(Ǻ) of X atom

Van der Waals radius 

(Ǻ) of  X atom

C-X Bond 

length (Ǻ)

Energy Barrier 

(kcal mol-1)

CH3CH3 - - - 2.90

CH3CH2F 0.71 1.35 1.40 3.30

CH3CH2Cl 0.99 1.80 1.79 3.57

CH3CH2Br 1.14 1.95 1.96 3.57

CH3CH2I 1.33 2.15 2.18 3.33
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Conformational Analysis of n-Propyl Chloride
• n-Propyl chloride (3CH3

2CH2
1CH2Cl) exists in an anti and two

enantiomeric gauche conformers (Figure 3). In the liquid and

gaseous states, the gauche conformers (H) and (I) predominate.

The conformational free energy being 0.6 kcal mol-1 (2.5 kJ mol-1)

in favour of the gauche. The torsion angle between Me and Cl in

the gauche form is 65-70°. In this geometry, the two groups are at a

distance where van der Waals attractive forces (London forces)

rather than repulsive ones predominate so that the gauche

conformer is preferred over the anti (G).

• Stabilisation of the gauche

conformer is due to an attractive

electrostatic interaction between

Cl (negative) and the opposite

(positive) end of the carbon

chain.



Conformational Analysis of n-Butyl Chloride

• In case of n-butyl chloride (4CH33CH2
2CH2

1CH2Cl), conformations

about C1-C2 and about C2-C3 are possible. In case of rotation

about C1-C2, the gauche orientations (K and L) are slightly

favoured (∆G° = 0.31 kcal mol-1; 1.3 kJ mol-1) over the anti (J).

Gauche forms are favoured (∆G°= 1.3 kJ mol-1) due to van der

Waals force of attraction. In case of C2-C3 rotation, anti (M) form

predominates over the gauche forms (N and O). Gauche

conformers suffer unfavourable van der Waals repulsion (Figure 4).



Conformational Analysis of 1,2-dihaloethanes

• In case of 1,2-dihaloethanes, X-CH2-CH2-X, rotation (of the rear

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

angle (ω) generates different conformations which are represented

in Newman projection formula as shown in Figure 5.
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Conformational Analysis of 1,2-dihaloethanes

• The energy barrier of rotation in 1,2-dichloroethane in the gas phase

is about 3.0 kcal mol-1 (12.5 kJ mol-1) which is very similar to that

in ethane (2.9 kcal mol-1; 12.1 kJ mol-1).

• This means that H/H and H/Cl eclipsing interactions are similar in

nature and there is little H/Cl nonbonded van der Waals repulsion.

The potential energy diagram of 1,2-dihaloethanes is shown in

Figure 6.

• The anti-gauche enthalpy difference in gaseous 1,2-dichloroethane

is in the 0.9-1.3 kcal mol-1 (3.8-5.4 kJ mol-1) range and

determinations for 1,2-dibromoehane range from 1.4-1.8 kcal mol-1

(5.8-7.5 kJ mol-1). Both differences are larger than those for

n-butane.



Conformational Analysis of 1,2-dihaloethanes
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Conformational Analysis of 1,2-dihaloethanes

• In the gaseous state at 22 °C, 1,2-dichloro- and 1,2-dibromoethanes

contain 73 and 85% of the anti conformers respectively as against

67% for n-butane.

• The higher stability of the anti form (S) in comparison to n-butane

(considering X = CH3) is due to a combined effect of a steric factor

(larger in the bromide than in the chloride) and an electronic

interaction (strong dipole-dipole repulsion) of the C-X dipoles in

the gauche conformation (Figure 7).

• In the liquid state or in polar solvents, on the other hand, the

electrostatic repulsion decreases considerably due to the high

dielectric constant of the medium and the population of gauche

conformers (Q) and (U) increases.
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Conformational Analysis of 1,2-dihaloethanes

• This results in part from a diminution of the coulombic interaction

of the dipoles in the more polar solvent; a more important factor is

that the conformer of higher dipole moment gains more energy by

solvation in polar solvents.

• Therefore, the dipole effect is less important in polar solvents with

a consequent increase in the population of the gauche conformer.

• In 1,2-dichloroethane, the two conformers (anti and gauche) are

almost equally populated in the liquid state whereas in

1,2-dibromoethane, the gauche population is approximately 30%

corresponding to a conformational free energy of 0.84 kcal mol-1

(3.5 kJ mol-1) in favour of the anti.
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Dipole Moment Studies of Conformers

• In the case of compound showing conformational isomerism, the

dipole moment (μ) is related to the dipole moments of the

conformers by the following equations:

μ2 = na μa
2 + ng μg

2 (for two conformers)

Where na and ng are the mole fractions of the two conformers (anti

and gauche or any such pair) and μa and μg are the dipole moments

of the conformers.

• Thus 1,2-dichloroethane (ClCH2CH2Cl) exists in anti and gauche

forms. The dipole moment of the anti form (S) is assumed to be

zero since the two C-Cl dipoles are oppositely directed, but that of

the gauche (Q and U) has a value of approximately 3.2 D.

1,2-Dichloroethane in the gaseous state at 22 °C has a dipole

moment of 1.12 D corresponding to 88% of the anti and 12% of the

gauche conformers.



Conformational analysis of 1,2-dichloroethanes 

• The dipole moment study on the conformational population of

different conformers indicate that 1,2-dihaloethanes (Figure 7) do

not exist as pure anti isomers and the dipole moment of the anti

conformer differs from zero.

• Therefore, the molecules undergo librational motion (torsional

vibrations about the carbon-carbon bond) in the fluid state.

Consequently, a finite dipole moment of the anti form exists due to

libration.



Conformational Analysis of 1,2-Difluoroethane

• The situation in 1,2-difluoroethane (Figure 5, X = F) is quite

different from that in the dichloro and dibromo analogues in that the

gauche form (V) is preferred even in the gas phase (not just in

terms of free energy, where it is favoured by the statistical factor of

2, but in enthalpy). The ∆H0 preference amounts to approximately

0.6-0.9 kcal mol-1 (2.5-3.8 kJ mol-1).

• The reason for this preference for the gauche form (V), despite the

repulsive dipole-dipole interaction lies in a combination of a

relatively small van der Waals repulsion due to the small size of

fluorine, plus the intervention of a V2 potential, which displays

energy minima when the C-F bonds are at 90° (or -90°) to each

other and maxima when they are at 0° or 180° torsion angles.
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Conformational Analysis of 1,2-Difluoroethane
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Conformational Analysis of 1,2-Difluoroethane

• The V2 (twofold) potential can be described as being due to a

hyperconjugative interaction of the type shown in Figure 8 which is

triggered by the high electron demand of the fluorine. In order to

involve both fluorine atoms simultaneously in this interaction, the

two C-F bonds must be orthogonal.

• Therefore, there is a near-gauche energy minima is observed in the

potential energy diagram of 1,2-difluoroethane, and the actual

F-C-C-F torsion angle is 71°.

• An alternative explanation of the preferred gauche conformation of

FCH2CH2F is in terms of the so-called “gauche effect” which

implies that a chain segment A-B-C-D will prefer the gauche

conformation when A and D either are very electronegative relative

to B and C or are unshared electron pairs.



Conformational Analysis of 1,2-Difluoroethane

• A different explanation involves the destabilization of the anti

conformer. The bonds in FCH2CH2F are bent appreciably. This

leads to diminution of the C-C sigma bond overlap, and hence the

C-C bond weakens more so in the anti than in the gauche

conformer.

• In a more polar medium, such as the pure liquid (dielectric constant

ε = 34.4) the gauche conformer of FCH2CH2F is even more

strongly preferred, to the near exclusion of the anti (approximately

97%); ∆G0 = 2.0-2.6 kcal mol-1 (8.4-10.9 kJ mol-1). The parameter

(∆S0 is 1.36 cal mol-1 K-1 (5.69 J mol-1 K-1) favouring the gauche

isomer, very close to the calculated R In 2.
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Conformational Analysis of 2,3-dihalobutanes

• In case of 2,3-dihalobutanes, the meso isomer has three conformers,

the symmetrical one X and the enantiomeric (and hence

equienergetic) chiral conformations Y and Z (Figure 9), whereas

the active isomer (only one enantiomer shown) has three different

conformers AA, AB, and AC.

• meso-2,3-dihalobutanes exist almost entirely (>97%) in the anti

conformation (X) (Figure 9) in the gas phase. In the liquid state, the

molecule exists predominantly in the anti form. The two gauche

conformers (Y) and (Z) with three consecutive gauche interactions

are relatively unstable and there populations are relatively low.

• In the active isomer (only one isomer shown; 2S,3S), both the

conformers AA and AB are substantially populated in

conformational equilibrium in gas as well as in the liquid phase.



Conformational Analysis of 2,3-dihalobutanes
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Conformational Analysis of 2,3-dihalobutanes

• In active 2,3-dichlorobutane, the anti conformer (AA) predominates

in the gas phase, whereas in the liquid state gauche conformer

(g-;AB) predominates. In the corresponding dibromo analogue,

however, anti conformer (AA) predominates in both the phases

mentioned above.

• The contribution of the gauche conformer (g+;AC), is low, probably

due to the steric interactions between large groups, i.e., CH3/CH3

and Br/Br as well as electronic repulsion between the polar bromine

atoms. These facts were supported by the calculated results for

mole fractions of different conformers from meso and active

isomers shown in Table 2.



Conformational Analysis of 2,3-dihalobutanes

Table 2: Conformational Mole Fractions of Conformers X-Z’ in meso and active

2,3-Dichloro and 2,3-Dibromobutanes

X Y Z AA AB AC

Cl Br Cl Br Cl Br Cl Br Cl Br Cl Br

Gas 0.976 0.982 0.012 0.009 0.012 0.009 0.615 0.751 0.370 0.231 0.015 0.018

Liquid 0.762 0.862 0.119 0.069 0.119 0.069 0.337 0.549 0.559 0.331 0.104 0.120

CS2 0.898 0.898 0.051 0.051 0.051 0.051 0.583 0.631 0.352 0.231 0.065 0.038

• It is seen that the anti conformer (X) of the meso isomer is

energetically preferred over all the others so much so that the meso

is more stable than the active isomer.
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Conformational Analysis of                                               

1,2-dichloro-1,2-diphenylethane

• In case of 1,2-dichloro-1,2-diphenylethane (stilbene dichlorides,

Figure 10), the meso form crystallizes in conformation AD where

both the phenyl groups and the chlorine atoms are anti, so that both

steric and dipolar repulsions are at a minimum.

• The active (dl) form, however, crystallizes in conformation AG in

which the chlorines are approximately gauche and in which the

steric repulsion of the bulky phenyl groups is at a minimum, even

though the steric and dipolar repulsions of the chlorine atoms are

not.

• The preferred conformations of meso and active stilbene dichlorides

can be obtained from dipole moment measurements of these

diastereomers.



Conformational Analysis of                                               

1,2-dichloro-1,2-diphenylethane

• The meso isomer has a dipole moment of 1.27 D while that of the

optically active isomer is 2.77 D which is considerably higher.

• The preferred conformer of the meso isomer is evidently the anti

(AD) (Figure 10) with the pairs of Ph and Cl oppositely placed.

Since this is the most populated form in the molecule and as the

two C-Cl dipoles are oriented in the opposite direction, so the

overall dipole moment of the molecule is relatively low.

• The preferred conformer of the active isomer is certainly the

gauche form (g-;AG) (Figure 10) with the bulky Ph groups being

anti to each other, but the two chlorines are approximately gauche.

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



Conformational Analysis of                                               

1,2-dichloro-1,2-diphenylethane

• Since Gauche conformer (AG) is the most populated form in the

molecule and as the two C-Cl dipoles are oriented in the same

direction, so the overall dipole moment of the molecule is relatively

high.


