
Molecular Modeling

Required prelab readings: McMurry Sections 3.6, 3,7, 4.5 – 4.8

Previous techniques you must understand and be able to perform: None

Molecular modeling is an important area of chemical research which utilizes both classical and quantum mechanical approaches coupled with powerful computer graphics and calculating programs to predict the three dimensional shape (and a variety of other physical properties) of molecules.  Molecular modeling has wide applications in the fields of chemistry and biochemistry both in academic research and industrial laboratories.  In particular the pharmaceutical, agricultural, and biotechnology fields offer employment in the area of molecular modeling to scientists with backgrounds in both chemistry and computer science.


In this so called "dry" laboratory experiment each student will be given a substituted cyclohexane and, using the department's molecular modeling programs, build structures of the molecule in both chair forms, and find the minimum energy conformation of each chair form.  Since the conformations are in equilibrium, the relative energies can be used to calculate the percentage of each conformation according to the equations below.  This information in some cases can be used to predict chemical reactivity and explain molecular properties.  


[image: image1.emf]


€ 



ΔG = −RT lnKeq











	% low energy conformation
	
[image: image2.emf]


€ 



=
Keq



Keq +1










   

=

K

eq

K

eq

+

1


	% high energy conformation
	
[image: image3.emf]


€ 



=
1



Keq +1










   

=

1

K

eq

+

1




Procedure

Each student will be given a cyclohexane with a distinct substitution pattern.  Relative stereochemistry (cis/trans) will be shown with solid and dashed lines, as illustrated below.  
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trans-2-ethyl-1-methylcyclohexane












Students will be asked to either examine two chair conformations or energies of conformations about particular bonds.  Prior to beginning the experiment you will be required to draw in your lab notebook the appropriate forms of your molecule, with substituents labeled as being either axial or equatorial. (NOTE: the use of Newman Projections along with model kits is one of the best ways to see cis/trans and conformational relationships). If two chair conformations are being examined then the side chains can be drawn as shown in Figure 1. 
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Note:  All the other hydrogens have been omitted for clarity
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Figure 1. The two chair conformations of trans-2-ethyl-1-methylcyclohexane











If side chain conformations are being examined they must be shown explicitly, as in Figure 2. 
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Figure 2. The three side chain conformations of diaxial trans-2-ethyl-1-methylcyclohexane



Note:  All the other hydrogens have been omitted for clarity











To build a molecule
	1.
	Open Gaussview

	2.
	A grey window will open.  This will allow you to select the fragments you will use to build your molecule.  A blue window also needs to be open.  If a blue window does not open from the top menu select File>New>Create Molecule Group.

	3.
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	Select the Ring Fragment icon  (directly under the Edit menu) and choose the cyclohexane in the chair conformation.  The molecule will appear in the grey window.

	4.
	Take the cursor and click in the empty blue window. A cyclohexane ring should appear.

	5.
	Go back to the building window and select the next fragment that you want to make part of your molecule.  This will differ depending on the structure you have been assigned.  

	6.
	Once the atom and its correct form is selected (tetrahedral, sp2, etc.), move the cursor to the blue window and click on the atom you wish to replace with the new fragment.

	7.
	Repeat steps 5 and 6 until your molecule is built.


Changing dihedral angles
	1.
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	Select the Change dihedral icon. 

	2.
	Place your cursor in the blue window and select the four continuous atoms whose dihedral angle you would like to change.  A new window will open.

	3.
	Use the slider bar to get the dihedral angle close to where you want it. Type in the angle to be exact.  The program will not rotate bonds during the calculation, so you will need to make them exactly what you want them to be.

	4.
	Click the Ok button


To minimize the structure
	1.
	From the top menu select Calculate>Gaussian Calculation Setup… A new window will open.

	2.
	From the Gaussian Calculation Setup window 

a. 
Choose the Job Type tab. Select Optimization from the dropdown menu

b. 
Choose the Method tab. Select Method: Ground State, Mechanics and UFF from the
 dropdown menus

c. 
Choose the Link tab. Select Checkpoint file: Don’t Save from the dropdown menu



	3.
	Click the Submit button

	4.
	A window will open asking you to submit a file name.  Choose Save.

	5.
	Give your file a name that makes sense (typically something very descriptive or a lab notebook page). Make a note of the location of this file in case you need it later.

	6.
	A new window will open and ask if you wish to submit the file to Gaussian.  Choose Ok. You will see a new window open as Gaussian performs your calculation.

	7.
	A popup window will open stating the job is completed and asking if you want to close the Gaussian window.  Choose Yes.

	8.
	A new window will open asking you if you want to open the results. Choose Yes


Viewing your data
	1.
	From the top menu select Results>Summary A new window will open.

	2.
	The Gaussian Calculations Summary contains the data you will need to calculate the equilibrium constants for you structures.  Write down the total energy for the structure in a.u. and then convert to kJ/mol (1 a.u. = 1 Hartree = 2625.5 kJ/mol)


Repeat the steps above for any other conformations that you need to study.  

Molecular Modeling

Data Sheet

NAME:  






Group:  






PRELAB:  Draw the structure of your compound given to you by your instructor, using solid and dashed lines to indicate relative (cis- / trans-) stereochemistry.  Then draw the structure in the two chair conformations.  
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2.
Construct the conformers you’ve drawn above on the computer using the Spartan program.  Write the calculated Energy values below the corresponding chair above (don’t forget units).

3.
Using the energy values from Gaussian, calculate the Keq for the ring and the percentage of each conformer at 40°C.  Place the values in the table above and place equilibrium arrows in the box to show in which direction the equilibrium is favored. Show all work for these calculations.
4.
Explain what interactions account for the molecule preferring one conformation over the other.  Are the percentages what you would have predicted?  Explain.

5.  Analyze the data given in each to answer the questions.

I. The cis-2-halomethylcyclohexanes
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1.  What does the data above suggest about the size of halogens relative to the size of a methyl group?
2.
Given that the radius of iodide is approximately the same as methane…

a.
What would one expect for the population ratio of the two chair conformers of 
trans-1,3-iodomethylcyclohexane?  
b.
Provide and explanation to account for the fact that the actual population ratio of axial iodide:axial methyl conformation is approximately 80:20.
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