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Introduction to Molecular Modeling

Molecular modeling is a computational technique whereby the structure of a molecule is represented numerically and its behavior and properties are calculated using the equations of classical and quantum physics.  These calculations are very complex, and in the past required the most powerful computers and significant amounts of computer time to carry out.  Today, though, the typical PC is powerful enough to perform these calculations, and many software programs are available to carry out a variety of molecular modeling tasks.  In these programs, the user draws a molecule of interest in a graphical interface, and he or she then uses the software to perform molecular mechanics calculations using classical physics, and to perform quantum mechanical calculations using either ab initio or semi-empirical methods.  The results of these calculations are properties such as energy minima, heats of formation, interatomic distances, charge density maps, HOMO/LUMO maps, etc. for various conformations of the molecule of interest.


In this experiment, you will use Spartan – computer software which performs molecular modeling calculations – to construct and carry out calculations on four different compounds.  Specifically, you will use semi-empirical methods to calculate the heats of formation for two different conformations each of ethane, butane, cyclohexane, and cis-1,3-dibromocyclohexane.  In addition, you will use Spartan to determine certain interatomic distances in the two conformations of both cyclohexane and cis-1,3-dibromocyclohexane.  You will then use this data to determine which conformation in each pair is the more thermodynamically stable, and using what you have learned in class about conformational stabilities, you will also provide a reasonable explanation for the results.

Required reading:


Essays in Pavia, Lampman, and Kriz:


“Molecular Modeling and Molecular Mechanics”, p. 166


“Computational Chemistry – Ab Initio and Semiempirical Methods”, p. 174

Using Spartan (Molecular Modeling Lab, Room 312)
To open Spartan, double-click on the Spartan Icon
From the Main Window, select New from the File Menu
----Molecules are created in the build window using the tools on the right----
Select the Tetrahedral Carbon tool

Click in the build area to create a carbon (Methane)

----Atoms automatically have hydrogens (yellow) to complete the atom’s valence----

Practice manipulating Methane

To move a molecule, Right-Click and Drag
To rotate a molecule, Center-Click and Drag
You can move or rotate the molecule at any time while using Spartan

When you are done practicing, select Quit from the File Menu and Click No
Data from Experiments
Hf of Eclipsed Ethane





___________

Hf of Staggered Ethane





___________

Hf of Gauche Butane





___________

Hf of Anti Butane






___________

Hf of Chair Cyclohexane





___________

H1-H4 Distance of Chair Cyclohexane



___________
Hf of Boat Cyclohexane





___________
H1-H4 Distance of Boat Cyclohexane



___________
Hf of Diaxial cis-1,3-dibromocyclohexane



___________

Br1-Br3 Distance of Diaxial cis-1,3-dibromocyclohexane

___________
Hf of Diequatorial cis-1,3-dibromocyclohexane


___________
Br1-Br3 Distance of Diequatorial cis-1,3-dibromocyclohexane
___________
1.
Determining the Heats of Formation for Staggered and Eclipsed Ethane

Building Ethane

From the Main Window, select New from the File Menu

Select the Tetrahedral Carbon tool


Click in the build area to create a carbon


To attach a second carbon, click one of the yellow hydrogens of the first carbon

Forcing the Eclipsed Conformation of Ethane

----Molecules can be forced into a conformation by defining a dihedral angle----


Select Dihedral from the Geometry Menu

Click on a hydrogen, then the carbon bonded to it, then the next carbon and then a 

hydrogen bonded to the second carbon

Enter “0” for the angle in the window that appears and click Done

Select Minimize from the Edit Menu and then OK when completed

Select Save from the File Menu

Enter your initials and click Save

Select Quit from the File Menu

The structure should now appear in the main window

Determining Heat of Formation

Select Semi-Empirical from the Setup Menu

Select Geometry Optimization in the Task Popup Menu and click Save

Select Submit from the Setup Menu

Click OK in the window that appears (notification of job submission)


Click OK in the next window that appears (notification of job completion)


Select Properties from the Display Menu and choose Energy in kcal/mol

Record this value as the (Hf) for this conformation and click done

Forcing the Staggered Conformation of Ethane

Select Edit Structure from the Build Menu

Select Dihedral from the Geometry Menu

Click on a hydrogen, then the carbon bonded to it, then the next carbon and then a 

hydrogen bonded to the second carbon


Enter “60” for the angle in the window that appears and click Done

Select Minimize from the Edit Menu and then OK when completed

Select Save from the File Menu

Select Quit from the File Menu

The structure should now appear in the main window


REPEAT the “Determining Heat of Formation” procedure to obtain Hf for 


the staggered conformation of ethane

Select Close from the File Menu
2.
Determining the Heats of Formation for Gauche and Anti Butane

Building Butane

From the Main Window, select New from the File Menu

Select the Tetrahedral Carbon tool


Click in the build area to create a carbon


Attach three new carbons, one at a time, by clicking on the yellow hydrogens

Forcing the Gauche Conformation of Butane

Select Dihedral from the Geometry Menu

Click on each carbon successively from left to right


Enter “60” for the angle in the window that appears and click Done

Select Minimize from the Edit Menu

Select Save from the File Menu

Enter your initials and click Save

Select Quit from the File Menu

REPEAT the “Determining Heat of Formation” procedure to obtain Hf for 


the gauche conformation of butane

Forcing the Anti Conformation of Butane

Select Edit Structure from the Build Menu

Select Dihedral from the Geometry Menu

Click on each carbon successively from left to right


Enter “180” for the angle in the window that appears and click Done

Select Minimize from the Edit Menu

Select Save from the File Menu

Enter your initials and click Save

Select Quit from the File Menu

REPEAT the “Determining Heat of Formation” procedure to obtain Hf for 


the anti conformation of butane


Select Close from the File Menu
3.
Determining Hf and H1-H4 Distances for Chair and Boat Cyclohexane

Building Cyclohexane

From the Main Window, select New from the File Menu

Select the Rings option near the bottom of the tools


Select Cyclohexyl in the Rings Pop-Up Menu

Click in the build area to create a Cyclohexane


Forcing the Chair Conformation of Cyclohexane

Select Dihedral from the Geometry Menu

Click on an axial hydrogen, then the carbon bonded to it, then the next carbon and 

then the axial hydrogen bonded to the second carbon


Enter “180” for the angle in the window that appears and click Done

Select Minimize from the Edit Menu

Select Save from the File Menu

Enter your initials and click Save

Select Quit from the File Menu

REPEAT the “Determining Heat of Formation” procedure to obtain Hf for 


the chair conformation of cyclohexane

Determining H1-H4 Distance

Select Distance from the Geometry Menu

Click on an axial up hydrogen (H1)

Click on the equatorial up hydrogen 3 carbons away (H4)

Record this value as the H1-H4 distance for the chair and click Done

Forcing the Boat Conformation of Cyclohexane

Select Edit Structure from the Build Menu

Select the Delete tool and click on a downward angled carbon to delete it


Select the Tetrahedral Carbon tool and add a carbon by clicking on an up 


yellow hydrogen of one of the terminal carbons (it will have 3 hydrogens)


Select the Bond tool and click on a yellow hydrogen of each of the two new 


terminal carbons (they will have 3 yellow hydrogens)


Select Dihedral from the Geometry Menu

Click on an upward hydrogen, then the carbon bonded to it, then the next carbon 


and then the upward hydrogen bonded to the second carbon


Enter “0” for the angle in the window that appears and click Done

Select Constrain Dihedral from the Geometry Menu

Click on the same four atoms you clicked above


Click the Constrain Dihedral Button and then click OK

Select Minimize from the Edit Menu

Select Save from the File Menu

Enter your initials and click Save

Select Quit from the File Menu

REPEAT the “Determining Heat of Formation” procedure to obtain Hf for 


the boat conformation of cyclohexane

Determining H1-H4 Distance


Select Distance from the Geometry Menu

Click on a “flagpole” hydrogen (H1)


Click on the other “flagpole” hydrogen 3 carbons away (H4)


Record this value as the H1-H4 distance for the boat and click Done

Select Close from the File Menu
4.
Determining the Hf and Br1-Br3 Distances for cis-1,3-Dibromocyclohexane


Building Diaxial cis-1,3-dibromocyclohexane

From the Main Window, select New from the File Menu

Select the Rings option near the bottom of the tools


Select Cyclohexyl in the Rings Pop-Up Menu

Click in the build area to create a Cyclohexane


Select the Bromine tool


Click on two upward axial hydrogens to replace them with bromines


Select Minimize from the Edit Menu

Select Save from the File Menu

Enter your initials and click Save

Select Quit from the File Menu

REPEAT the “Determining Heat of Formation” procedure to obtain Hf for 


the diaxial conformation of cis-1,3-dibromocyclohexane

Determining Br1-Br3 Distance


Select Distance from the Geometry Menu

Click on each Bromine


Record this value as the Br1-Br3 distance for the diaxial and click Done

Select Close from the File Menu
Building Diequatorial cis-1,3-dibromocyclohexane

From the Main Window, select New from the File Menu

Select the Rings option near the bottom of the tools


Select Cyclohexyl in the Rings Pop-Up Menu

Click in the build area to create a Cyclohexane


Select the Bromine tool


Click on two upward equatorial hydrogens to replace them with bromines


Select Minimize from the Edit Menu

Select Save from the File Menu

Enter your initials and click Save

Select Quit from the File Menu

REPEAT the “Determining Heat of Formation” procedure to obtain Hf for 


the diequatorial conformation of cis-1,3-dibromocyclohexane

Determining Br1-Br3 Distance


Select Distance from the Geometry Menu

Click on each Bromine


Record this value as the Br1-Br3 distance for the diequatorial and click Done

Select Quit from the File Menu
Write Up

For each molecule, discuss which conformation was more stable and why. For the two cyclic molecules, discuss how the interatomic distances influence each conformation’s stability.
Questions
1.  Describe the difference between a “global minimum” conformation and a “local 
minimum” conformation.
2.  Describe the differences between “ab initio” calculations and “semi-empirical” 
calculations.
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