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Online simulations via nanoHUB: 
Ionization potential of small molecules 
using DFT

In this tutorial:
• Use density functional theory to compute ionization 

potentials.
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STEP 1: Launch the SeqQuest tool
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3. Click in “All Tools” and
type SeqQuest

4. Launch the tool by
clicking on

1. Go to www.nanohub.org
2. Login using your account information or click on “Sign Up (free)” if you don’t have

an account yet.

Continue …

http://www.nanohub.org
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Once the tool is launched you will see the following GUI

Continue with STEP 2:  Structure Input
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STEP 2: Structure Input
For this step make sure that “pop-up” windows are allowed in your browser

1. In the “Premade atomistic structure” section,
click on the arrow to see the drop-down menu

2. Click on
“Upload”
Remember to
allow pop-up
windows before
hand

3. You should see a pop-up window that allows you to enter the atomic
structure and the cell vectors. As shown in the next slide Continue …
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Our first example will be the calculation
of the first ionization energy of the
Helium atom

4. Click on “Copy/pase text” and
copy/paste the following the Atomic
Structure field

1
He Atom
He 0.00 0.00 0.00

5. Now copy/paste the following in the
Cell Vectors field

10.00 0.00 0.00
0.00 10.00 0.00
0.00 0.00 10.00

6. Click “Upload”
Continue with STEP 3: Run Calculations
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STEP 3: Run Calculations
Once you click “Upload” the atomic structure and cell vector data will be loaded into the

corresponding fields in the SeqQuest tool in nanoHUB. You should see the following the in

“Input Geometry” tab

Make sure you

select “Fractional”

Type any title you 

want for the 

calculation

Make sure there 

are NO BLANK 

SPACES

Select “Molecule”

Continue with STEP 3.1: Calculation of Uncharged Molecule Continue …
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STEP 3.1: Calculation of Uncharged Molecule
Here we will be calculating the Total Energy of the neutral helium atom.

1.  Use the default setting 
in the “Energy 
Expression” tab. As 
Shown

2.  In the “Calculation 
Specification” tab set 
“Calculate Force?” , 
“Relax atomic 
structure?”, and “Apply 
strain to structure?” to 
No 3.  Click on “Simulate”

Continue …
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You should see the code running, once it converges you should be able to do the following:

4. Click on the arrow to see the
“Result” Drop-down menu and
select “Data”

5. Take note of the “Total
Converged Energy”. You should
get something close to -5.78
Ryd

7. Click on “Input”. This will
take you back to the main GUI
so we can set up the
calculation for the charged
molecule.

Continue with STEP 3.2: Calculation of Charged Molecule

6. (optional) Explore other
feature of the “Result”
section such as SCF Total
Energy and Density of States
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STEP 3.2: Calculation of Charged Molecule
In this step we’ll calculate the total energy of the helium atom with a missing electron.

When you click “Input” in the previous step, you should see the main GUI. Follow these steps:

1. Go to the “Energy Expression”

tab, In the “Exchange and

Correlation functional’ field

select GGA-SP

2.  In the  “Spin Polarization” 

field input 1

3.  In the “Charge State 

Calculation” field select yes, and 

input 1 in the “Value of the 

Charge” field

Continue …

4.  Click on Simulate
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Charged Molecule setup explanation

• The “Charge State Calculation” field enables the calculation of a charged molecule.

• Setting up the value of the net charge to 1 means that exactly one electron is

removed.

• Since we removed one electron, we need to tell the code that the net electronic spin

of the system is now 1; hence we need to perform a spin-polarized calculation.

Let the program run, this will take a bit longer than the first calculation.

Once it finishes, 

proceed to the next 

slide… 
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As before, when the code is converged you should be able to read the new total energy

4. Click on the arrow to see the
“Result” Drop-down menu and
select “Data”

5. Take note of the “Total
Converged Energy”. You should
get something close to -3.98
Ryd

6. (optional) Explore other
feature of the “Result”
section such as SCF Total
Energy and Density of States.

7. Calculate the ionization energy from the total energy calculation:

Thus,
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Ionization Energy of H2 Molecule
Now, lets try to calculate energy required to remove one electron from the Hydrogen molecule

1. Follow STEP 1 as before
2. Follow STEP 2 as before but upload the following for the Atomic Structure and Cell

Vectors, respectively.

2
Hydrogen Molecule
H -0.65 0.00 0.00
H 0.65 0.00 0.00

12.00 0.00 0.00
0.00 10.00 0.00
0.00 0.00 10.00

Atomic Structure Cell Vectors

3. In STEP 3, make sure you select Cartesian in the “Atomic Coordinates” field
4. In STEP 3.1: Make sure you select Yes in the “Calculate Force?” and “Relax atomic

structure?” fields

Continue …  
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5. Take note of the Total Converged Energy in the “Data” output. Did you get something 
close to -2.33 Ryd? Click on Input to go back and set up the charged calculation.

6. Follow STEP 3.2, making sure that you perform the relaxation of the atomic position.
7. Take note of the Total Converged Energy in the “Data” output. You should get 

something around -1.22 Ryd.
8. (optional) Try to look at the bond length of the neutral and charged structures. Look 

through the “Data” output
9. Calculate the IE for H2

Two More Examples…

Ionization Energy of H2 Molecule
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Premade Structures
There are a few premade structure in the SeqQuest Nanohub Tool. Among those structures
you can find Benzene (C6H6) and Water (H2O). You can find this structures in the “Input
Geometry” tab and then in the “Premade atomistic structure” drop-down menu.

Try to follow the method described here to calculate the first ionization energies of benzene
and water.


