LAB 3:  Automated Conformer Searching

Titan incorporates an automated conformer searching capability. In this lab exercise you will use that technique to search for the lowest energy conformers of several structures, employing several different computational methods.
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Part A. Minimum Energy Conformations of 1-Butanol

A1.  Build a model of 1-butanol in Titan, minimize it in the Builder, and (if necessary) rotate bonds so that you are starting with an all-staggered geometry. Re-minimize if necessary, and save the model as “1butanol.” Under Geometry, select Set Torsions. The rotatable bonds in the molecule are automatically detected and indicated with a gold cylinder. As you L-click on each bond in turn the bond becomes highlighted (gold) and the number 3 appears in the lower right corner of the screen beside Fold(Bond #) = . The default three-fold (120º) rotation is usually appropriate, because staggered (gauche or anti) conformations are nearly always lower in energy than eclipsed.  (If you wanted to analyze the energy for each 60º rotation, change the number in the window to 6 (= 360/60); this is generally not done, however, as staggered confromations are almost always lower in energy. There is no need to rotate around a bond to a methyl group; in fact, Titan will not allow bonds to a terminal “heavy” atom to be included in conformation searches. If you want this conformer search to have a different file name, select File, Save As, and give it a filename, such as “1butanol_conf.”  Under Setup, Calculations, select Conformer Distribution, Molecular Mechanics, and MMFF.  Submit the calculation (Setup, Submit).  When the series of calculations has been completed, the lowest energy conformer will be displayed.  Keep in mind that this is the result of equilibrium geometry (geometry optimization) calculations of conformations that differ by rotation around each single bond in 120º increments.


How many conformers will be sampled using this setup?

Ordinarily one performs a conformer search using an inexpensive method, such as molecular mechanics, and subsequently refines the search on a more limited set of structures using a higher level of theory. Titan allows you to perform a conformer search that reports the geometry optimized energies of the conformations sampled in a list, and if you open the file that it creates and names yourfilename.Conformers1.spartan, you may select any member of the conformer list for further study. To examine any of the conformers found other than the lowest energy conformer, use the right or left arrows on the bottom left of the screen. You can obtain the energies of each conformer by opening the Properties dialog box. To view a list of the energies of the conformers found in the above conformation search, after selecting a structure on the screen from the initial input file, Display the Output file.  Alternatively, Titan will make a spreadsheet containing the conformers and their energies if you select on the screen a structure from the output of the conformer search, then select Display, Spreadsheet and Add, rel E.  By selecting each Molecule # on the list in the spreadsheet, its structure is displayed on the screen.  To make comparison of various conformers easier, use the Align tool under Geometry, select three atoms, then hit the ALIGN button on the bottom right of the screen. Now as you go through the list of conformers, they are oriented with the selected atoms aligned.
How many unique conformers were found?  

How much energy difference is there between the lowest energy conformation found by MMFF and the next to the lowest according to these calculations?

What structural feature(s) characterize the lowest energy conformer? (i.e., describe it in words)
Better values of the energy differences can often be obtained by using molecular orbital methods.  In the interest of time, we will only use semi-empirical methods, which are probably not much better (and may be worse) than molecular mechanics.  One would ordinarily use a higher level of theory, such as ab initio or density functional theory for more accurate energy differences, but those methods take much more computation time. 
A2.  Perform a semi-empirical MO conformer search on the same molecule by selecting the starting structure (not the yourfilename.Conformer1.spartan output file structure) and select Setup, Calculations, Conformer Distribution, Semi-Empirical, AM1.  Select Save, (or Save As, if you want to save it under a different filename; note that Titan will automatically give it a different Conformer# from the previous conformation search if you do nothing) then Setup, Submit.  Compare the shapes of the lowest energy conformer determined by each of the two different methods (MMFF and AM1).

Are they essentially the same? How many unique conformers were found using AM1? 

How much energy difference is there between the lowest energy conformation found by AM1 and the next to the lowest according to these calculations?
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Part B.  3-Hydroxypropylammonium Ion

B1.  To build the 3-hydroxypropylammonium cation, start with 1-butanol, then switch to the Expert Builder, replace the methyl carbon with a tetrahedral, 4-coordinate nitrogen. Save the model with a new name and return to the main (View) screen. Select Geometry, Set Torsions, then Setup, Calculations, Conformer Distribution, Molecular Mechanics, MMFF, and then submit the calculation (Setup, Submit).

Examine the lowest energy conformer; what structural feature does it have?  

What is the energy difference between the lowest energy conformer and the next to lowest?

B2.  Repeat the conformer search on the 3-hydroxypropylammonium cation using a different filename, this time employing the Semi-Empirical, PM3 method. Be sure to indicate that the charge is +1 by specifying Total charge: Cation. 

Examine the lowest energy conformer; what structural feature does the lowest energy conformer have? 

Is it essentially the same as the lowest energy conformer obtained by MMFF calculations, or are there major structural differences? 

How many unique conformers were found using PM3?

What is the energy difference between the lowest energy conformer found by PM3 and the next to lowest?

What is the energy difference between the lowest energy conformer found by PM3 and the highest?
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