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2.3: Computational Instructions

Start by creating a folder on your desktop and naming it Resonance. Next, you should download the supplementary files associated
with this exercise and move them to a folder that you just created. Contained within the supplementary files you will find a
subfolder labeled DMA, which stands for dimethyl acetamide. Open DMA_coord.xyz in Avogadro to examine the structure of
dimethyl acetamide. The starting structure of DMA should look like Figure 4 and show a functional group known as an amide,
where a nitrogen is adjacent to a carbon-oxygen double bond. This file contains the input structure that we are going to tell our
computational chemistry software package to optimize at the DFT level of theory.
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Figure 4. N, N-diemthylacetamide shown in Avogadro.
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To optimize the structure of DMA we need to have an input file that tells Orca, the computational chemistry program that we are
using, what we want to calculate and on what structure Orca should run the calculation. You can view this input file by clicking on
DMA .inp within the DMA subfolder that you downloaded as part of the supplementary files. As shown in Figure 5, the input file is
a brief text file with instructions for your computer. The first line of the input file, which starts with a number sign (#), is a
comment indicating what the script is trying to accomplish. In this case, we are optimizing the geometry of DMA. The second line
which begins with an exclamation point (!) tells Orca the functional of the calculation (B3LYP), the basis set (DEF2-SVP), and
what we are asking the program to calculate (OPT-geometry optimization). Line 3, which beings with an asterisk (*), tells Orca
what file contains the coordinate files for our molecule. The phrase xyzfile tells the computer that the file you are using has the
molecule described using XYZ cartesian coordinates. There are then a series of two numbers which provide information about
charge and spin of the chemical structure. The first number is the net charge of molecule(s) in the XYZ file. In this case it is zero
because DMA is a neutral molecule. The second number is the net spin multiplicity (S) of the molecule that you are calculating,
which in this case is 1 (singlet). We will talk more about the spin multiplicity of molecules in a later exercise, but for now you can
think about this meaning that all electrons are paired so that they have a partner of the opposite spin. Finally, this line has the name
of the coordinates file for DMA that we examined earlier.
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Figure 5. The Orca input script for the geometry optimization of N, N-dimethylacetamide. The blue arrow indicates the calculations
that Orca will run, and the method used to perform the calculation. The red arrow tells the computer what file to run the

calculations on.

Because Orca does not have a graphical user interface (GUI), we will need to tell the computer to run the calculation using the
command prompt of the computer. To do this, right click the start button on your PC and search for the command prompt. First, we
need to tell the computer to look on the C drive and we do this by typing C: and hitting enter in the command prompt. Next, we
need to tell the computer where the input script and the coordinates file are to run the calculation. We do this by typing cd (space)
and pasting the file path. When you hit enter, the computer will paste a new line indicating that the current directory has changed,
as shown in Figure 6A. To find the file path of your input script, right click on the input script within the DMA subfolder and select
properties. The file path will appear under location, and you can highlight and copy this file path as shown in Figure 6B.
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Figure 6A. (Left) Changing of the file path in the command prompt to match the location of our input script. 6B. (Right) Locating

the file path on the properties window of the input script (Red Arrow).

Next, we will run the calculation by typing orca DMA.inp > DMA.out and pressing enter in the command prompt. At first, it may
not appear like anything is happening, but the folder on your desktop labeled DMA will quickly become populated with the output
of your calculation. Depending upon the speed of your computer, the calculation will take from 1-5 minutes, and upon completion
the command prompt will print another line indicating that it is ready for the next command (Figure 7)
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Figure 7. Running the calculation using the command line. The line indicated by the red arrow shows the computer that we want to
use Orca to calculate the commands in DMA.inp and that the results of this calculation should be placed in the output file
DMA.out. The line indicated by the blue arrow is the computer indicating that the calculation is complete, and the command
prompt is ready for the next command.

You can examine your results by opening the final geometry file DMA.xyz in Avogadro. To measure the bond lengths and angles,
click on the measure button (looks like a ruler) and click on the atoms whose bond lengths and angles you want to measure (Figure

8).
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Figure 8. Opening the DMA xyz file to examine the results of the calculation. To measure bond lengths and angles press the
measure tool that is indicated by a red arrow.
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