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3.3: Computational Instructions

Start by creating a file folder on your desktop and name it MO_Exercise. Next, you should open Avogadro on your computer and
draw a molecule of hydrogen fluoride in drawing mode and minimize its energy by clicking extensions > optimize geometry. You
should then save the file as HF_coord.xyz in the folder that you just created.
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Figure 2. The structure of hydrogen fluoride shown in Avogadro.

After creating the hydrogen fluoride coordinate file, you should download the template Orca script that we will use to tell the
computer what to calculate and what coordinates to run the calculation on. Save this Orca script template as HF.inp to the MO
Exercise folder that you created above.

As was the case with the previous exercise, the Orca script template, shown in Figure 3, starts with a # symbol which indicates a
comment line where we can describe the calculation that we are performing. The second line, which begins with a ! symbol, tells
Orca the functional of the calculation (B3LYP), the basis set (6-31G*), and what we are asking the program to calculate (OPT-
geometry optimization, FREQ-thermodynamic properties calculation). On line 4, which begins with a * symbol, you tell Orca what
file contains the coordinate files for our molecule(s). The phrase xyzfile tells the computer that the file you are using has the
molecule in XYZ cartesian coordinates. There are then a series of two numbers which provide information about charge and spin of
the reaction. The first number is the total net charge of molecule(s) in the XYZ file, in this case it is zero because HF 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) indicating that all electrons in the molecule are paired.

# HF Molecular Orbitals
!B3LYP 6-31G* OPT FREQ LARGEPRINT +—————

* xyzfile @ 1 HF_coord.xyz «—o——

Figure 3. Orca input script for the calculation of molecular orbitals. The blue arrow indicates the calculations that will be performed
by Orca. The red arrow tells the computer what file to run the calculations on.

We can now run our calculation using Orca via the command line as we did in the previous exercise. Briefly, open the command
prompt to your PC by right clicking on the start button and searching for command prompt. First, we need to tell the computer to
look on the C drive and we do this by typing C: in the command prompt and hitting enter. 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 into the
command prompt. When you hit enter the computer will paste a new line indicating that the current directory has changed, as
shown in Figure 4A. To find the file path of your input script, right click on the input script (HF.inp) and select properties. The file
path will appear under location, and you can highlight and copy this file path (Figure 4 B).
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Figure 4A. (Left) Changing of the file path in the command prompt to match the location of our input script. 4B. (Right) Locating
the file path on the properties window of the input script (Red Arrow).

Next, we will run the calculation by typing orca HF.inp > HF.out and pressing enter in the command prompt. At first, it may not
appear like anything is happening but the folder on your desktop housing the input file 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 5).
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Figure 5. 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 HF.inp and that the results of this calculation should be placed in the output file HF.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.

Examining Calculated Molecular Orbitals

Upon completion of the calculation, Orca will deposit a series of files in your working folder as shown in Figure 6. The file
containing the molecular orbitals that we calculated from HF is the HF.out file.
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Figure 6. The folder containing the output files from the calculation of the molecular orbitals of HF.

To view the molecular orbitals of HF you will first need to open the output file HF.out from your calculation in Avogadro. As
shown in Figure 7, the HF.out file will show the molecular orbitals in the upper right portion of the screen.
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Figure 7. HF.out loaded into Avogadro. The molecular orbitals are in the upper right corner. The red arrow indicates the surfaces
settings (little picture of a wrench) that you will use to change the color of the lobes of the molecular orbitals.

Before you view any of the molecular orbitals you will need to click on the wrench button adjacent to the surfaces option link (See
Figure 7). This will bring up a panel where you can change the positive and negative surfaces to blue and red respectively as shown
in Figure 8. Also, to make the orbitals easier to see you should change the background color by clicking View > Set Background

Color > White.
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Figure 8. Setting the surface colors (colors of the lobes of the molecular orbitals) to blue and red respectively.
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By clicking on any of the molecular orbitals in the upper right, you can visualize what these molecular orbitals will look like as
well as see the energy levels of these orbitals (Figure 9). H.O.M.0-3 to LUMO represent the molecular orbitals shown in Figure 1.
H.O.M.O-4 represents the 1.5 orbital of the fluorine atom. You will notice that the molecular orbitals don’t look exactly like the
versions of the molecular orbitals that we approximated by overlapping the hybrid orbitals of fluorine in and out of phase with the
1s orbital of hydrogen. The reason for this is that when molecular orbitals are constructed using a computer, non-hybridized atomic
orbitals are directly used in the linear combination of orbitals to construct molecular orbitals. Moreover, Orca is going to compute
these orbitals mathematically instead of just visually. Now that you’ve completed the computational exercise, please answer the
questions at the end of this assignment.
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Figure 9. Visualizing the LUMO (the o* antibonding orbital) of HF.
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