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MOLECULAR MODELLING EXERCISES  
 
Exercise 17.6  Conformational analysis of n-butane   
 
Introduction 
In this exercise, we will consider the possible stable conformations of butane (Fig. 1) in part 
A. In part B, we will create a plot of steric energy versus bond rotation around the central C-C 
bond (textbook section 17.8.3) 
 
 
 
 
Figure 1 Butane. 
 
Instructions 
It is suggested that you attempt to carry out the following instructions yourself before 
following the more detailed Procedures that follow. You may find the file entitled Common 
Operations for ChemBio3D/Chem3D a useful guide on how to carry out various operations.  
 
PART A 
*Build the energy-minimized anti conformation of butane and measure the dihedral angles. 
*Identify the dihedral angle defined by all four carbon atoms 
*Modify the dihedral angle to form the gauche isomer and energy minimize the structure. 
*Compare the steric energies for the gauche and anti conformational isomers. 
*Generate conformations of butane by rotation round the central C-C bond, and produce a 
plot of steric energy versus dihedral angle. 
*Identify unstable conformations and their steric energies. 
*Identify stable conformations and their steric energies. 
*Calculate the percentage ratio of gauche and anti conformations at 300 K. 
 
PART B 
*Create the structure of the gauche conformation of butane 
*Convert the gauche conformation to the anti conformation using molecular dynamics. 
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PROCEDURES 
There are various approaches that you can use to tackle these molecular modelling exercises. 
The following procedures illustrate how you might tackle this particular exercise, but they are 
not meant to be prescriptive. Note also that the results obtained may vary depending on the 
computer and the version of ChemBio3D/Chem3D used. For example, the specific 
conformations obtained from energy minimisation may differ, as may quantitative results 
such as steric energies. 
 
Part A 
1. Build the energy minimised anti conformation of butane 
*Open ChemBio3D or Chem3D. 
*From the File menu, choose New to open a window. 

*Choose the Single Bond tool . 
*Drag the mouse in the main window to create ethane. 
*Choose the Text tool . 
*Identify which hydrogen atom should be altered to carbon. Keep in mind what the final 
conformation should look like. 
* Click on the relevant hydrogen atom to open a text box.  
*Type C into the text box, then press return on the keyboard. The structure of propane is now 
created. 
*Identify the next relevant hydrogen atom and change that to carbon in the same way. You 
now have butane. 

*Energy minimise the structure  and note the steric energy. The steric energy is 
displayed in the bottom window as 2.17 kcal/mol. The final structure should be in the anti 
conformation (Fig. 2). 
 

 
 
Figure 2  The anti conformation of butane. 
 
2. Measure all the dihedral angles in the structure. 
*From the Structure menu, choose Measurements, then Generate All Dihedral 
Measurements. All the dihedral angles will be added to the Measurement Table in the left-
hand window.  
*If the table is not visible, go into the View menu and select Measurement Table. If the table 
is still not visible, you may have to expand it by dragging the window margins at the left of the 
main window. 
 
3. Identify the dihedral angle for the four carbon atoms. 
*Use the Measurement table to find the entry for all four carbon atoms (C-C-C-C).  
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*Click on the entry, and the atoms and bonds involved should be highlighted in the main 
window. The dihedral angle is given in the Actual column as 180o (to 3 significant figures). 
 
4. Generate the energy-minimised gauche conformation of butane.  
 
*In the Actual column of the Measurement Table, change the value of the dihedral angle 
from 180o to 60o and press return on the keyboard. This produces the gauche conformation 
(Fig. 3).  

*Energy minimise  the structure to get a steric energy of 3.03 kcal/mol. This indicates 
that the gauche conformation is less stable than the anti conformation. The difference in 
energy is 0.86 kcal/mol. 
 

 
Figure 3  The gauche conformation of butane. 
 
 
5. Carry out a conformational analysis of the conformations generated by bond 
rotation round the central C-C bond of butane. 
*Choose the anti conformation of butane as the starting structure. 

*Choose the select tool .  
*Click on the central C-C bond to select it (Fig. 4).  
 

     
Figure 4 Selection of the central bond in the anti conformation of butane. 
 
*From the File menu, choose Preferences, then click on the Dihedral Driver tab.  
*Use the slider bar to set the resolution. This determines the number of degrees the bond will 
be rotated at each step of the process. Make it 5 degrees, then click on Apply and OK. 
*From the Calculations menu, select Dihedral Driver, then choose Single Angle Plot. You 
will see bond rotation taking place around the central bond. As this occurs, the program is 
calculating steric energies for different conformations at 5o intervals. Once a full rotation has 
taken place, a plot is produced showing how the steric energy changes with dihedral angle 
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(Fig. 5). The window may not be visible, in which case use the mouse to expand it. The 
window is immediately above the main window and below the tab Dihedral Driver Chart. 
 

 
 
Figure 5  Dihedral Driver Chart generated by rotation of the central C-C bond. 
 
 
6. Identify the least stable conformation. 
 *Position the mouse at any part of the plot to get the energy and dihedral angle for a 
particular conformation.  
*Click on that point, and the conformation will be shown in the main window.  
*Click on the least stable conformation. This has a steric energy of 10.2 kcal/mol and 
corresponds to the fully eclipsed conformation with a dihedral angle of 0o (Fig. 6). 
 

 
 
Figure 6  The fully eclipsed conformation for butane. 
 
7. Identify the conformation adopted at the second highest peak in the chart. 
*Click on the second highest peak corresponding to a dihedral angle of 120o and an energy of 
5.63 kcal/mol. This corresponds to the other possible eclipsed conformation (Fig. 7). It is not 
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as sterically strained as the previous conformation since the two methyl groups are not 
eclipsed. The other unstable conformation has the same steric energy 5.63 kcal/mol and a 
dihedral angle of -120o. 
 
 

 
 

 
 
Figure 7  Eclipsed conformations of butane. 
 
8. Identify the energy minima on the chart.  
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*Click on the lowest point of the chart at 180o (Fig. 8). This corresponds to the anti-
conformation with a steric energy of 2.17 kcal/mol. 
 

 
 
Figure 8  Dihedral Driver Chart derived with minimisation. 
 
* Click on either of the other two minimum points on the plot. These correspond to the gauche 
conformations; 
Steric energy 3.39 kcal/mol at -70o  (Fig. 9). 
Steric energy 3.40 kcal/mol at +70o (Fig. 10). 
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Figure 9 Gauche-conformation at a dihedral angle of -70o. 

 
 
Figure 10 Gauche-conformation at a dihedral angle of +70o. 
 
 
9. Generate the Dihedral Driver Chart with Minimisation. 
The dihedral driver chart above has been generated by rotating the molecule and keeping 
atoms fixed. Another plot can be generated where each generated conformation undergoes a 
limited energy minimisation to remove any undue strain caused by atoms being too close to 
each other.  
 
*Select the anti conformation at -180o by clicking on the minimum point on the plot. 
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*Position the mouse cursor anywhere in the plot and right click on the mouse 
*From the pop up menu that appears, choose Recompute with Minimization. 
The bond rotates again as the various conformations are generated and energy minimised. 
This provides a revised chart (Fig. 11).  
 

 
Figure 11 Dihedral Driver Chart generated with minimisation. 
 
9) Repeat the analysis on the least stable and most stable conformations. 
 
You should now find that the two gauche conformations have equal energies (3.16 kcal/mol), 
and are at dihedral angles of -65o and +65 o. The most stable conformation still has an energy 
of 2.17 kcal/mol, and is at a dihedral angle of 180o. The least stable conformation is still at 0o, 
but has a slightly smaller steric energy of 8.9 kcal/mol (compared to 10.18 kcal/mol) due to 
energy minimisation. The other eclipsed conformations both have an energy of 5.56 kcal/mol, 
which is slightly reduced from the previous steric energy of 5.63 kcal/mol. 
 
10) Calculate the relative percentage of the gauche and anti conformations. 
We can use the Gibbs equation to estimate the relative proportion of two conformations. The 
Gibbs equation states that G=-RTlnK. In this context G represents the energy difference 
between gauche and anti conformations, and K represents the equilibrium ratio between 
those conformations. The energy difference between the gauche and anti conformations is 
0.99 kcal/mol = 999 cal/mol. 
Therefore, 0.99 = -RTlnK. 
We shall assume that T=300 K 
R = 8.31 J/mol K = 1.99 cal/mol K = 0.002 kcal/mol K 
Therefore, 0.99 = -0.002x300 lnK 
Therefore, ln K = -0.99/0.597 = -1.66. 
Therefore, K = e -1.66 
Therefore, K = 0.19. 
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Therefore the ratio of gauche to anti is 0.19 : 1. 
This means that the percentage ratio of gauche to anti is (0.19x100)/1.19 to (1.0x100)/1.19 = 
16% gauche to 84% anti.  
 
PART B Generating conformations using molecular dynamics 
The Dihedral Driver Chart described in part A generates different conformations in a 
systematic way. Another method of generating conformations in ChemBio3D or Chem3D is to 
use molecular dynamics where the molecule is ‘heated’. This allows a molecule to cross over 
an energy barrier from one conformation to another. This can sometimes be used to convert 
an initial conformation into a more stable conformation. Try this with butane by building the 
gauche isomer and carrying out the molecular dynamics to see if the more stable anti 
conformation is generated. 
 
*From the File menu, choose New to create a new window.  

*Choose the bond tool . 
*Build the gauche isomer of butane.  

*Energy minimise  the structure and the steric energy will appear in the bottom window 
as 3.0336 kcal/mol (Fig. 12A). 
*Rotate the structure such that you view it along the central bond (Fig. 13A). This will make it 
easier to identify if the conformation changes from gauche to anti (Fig 13B). 
*From the Calculations menu, choose MM2, then Molecular Dynamics. Keep the default 
values in the table that appears and click on Run. The molecule will vibrate. 

*If you see the anti-conformation formed, click on the stop icon  in order to capture it.  

*Energy minimise  the conformation to see if it stays in the anti conformation (Fig. 12B). 
After energy minimisation, the steric energy should be 2.1733 kcal/mol.  
 
Results can differ for each run that is carried out. Sometimes the gauche is converted to the 
anti conformation at 300 K and sometimes it is not. If the structure stays in the gauche 
conformation, it might work by repeating the operation at a higher temperature such as 400 
K.  
 

    
  A     B 
 
Figure 12 A) Gauche conformation for butane  B) Anti conformation after molecular 
dynamics and energy minimisation. 
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  A     B 
Figure 13 A) Gauche conformation for butane looking along the central bond B) Anti 
conformation for butane looking along the central bond 
 
 


