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In this practical, you will be using the ab initio molecular structure code GAMESS-UK and the associated CCP1 GUI tool to set up and run quantum chemical calculations. This version is for the platform HPCx (UNIX operating system). 
On-Line Documentation
You can find out more about GAMESS-UK at its website at:

http://www.cfs.dl.ac.uk

There is a searchable online manual, with information on the various directives used to control GAMESS-UK, which you can access at:

http://www.cfs.dl.ac.uk/docs
Accessing the Software and Tutorial Files

You will be issued an account ID on HPCx called course**, where ** is a two-digit number starting from 01, for instance -


course01@login.hpcx.ac.uk
The GUI can be launched by typing,

ccp1gui
Running GAMESS-UK interactively (serial)
To run GAMESS-UK from the command line, in the directory gamessuk type,
rungamess [job name]
The rungamess script expects a file called [job name].in and creates output files called [job name].out and [job name].pun, the latter is the formatted punch file for use by the CCP1 GUI. 
(for more information see http://www.cse.clrc.ac.uk/ccg/ccp1gui/index.shtml)
Suggested Practical Work
You are free to run whatever calculations interest you, some suggestions might be

(i) A very simple tutorial is suggested below.

(ii) You can work through the examples in gamessuk, checking that you understand the directives and looking at the outputs produced.

(iii) We have provided a number of sample inputs for Transition State searches (which we have used at Daresbury to check the algorithms in GAMESS-UK). You can take a look at the directives used to set up and run these

(iv) You can run calculations on molecules of interest to you either by building them in the CCP1 GUI or editing your own input files from geometries set up for use in other programs.
A Simple Tutorial

In the directory gamessuk you will find 3 small sample inputs to get started. The molecules that you will look at for this practical are Dinitrogen (N2), Carbon Monoxide (CO) and Ethanol (or Alcohol) C2H5OH.

N2_rhf.in      - a straight Restricted Hartree-Fock (RHF) calculation at the optimised geometry with a 3-21G basis set.

CO_dft.in      - the calculation of the Highest Occuped Molecular Orbital (HOMO), Lowest Occupied Unoccupied Orbital (LUMO) and charge density using DFT theory and a 6-31G basis set at the optimised geometry.

C2H5OH_opt.in - the optimisation of the geometry of a proposed structure of the ethanol molecule using different basis sets on different atoms.

You can take a look at the input geometries by reading the input files into the CCP1 GUI.

Start the GUI, choose File -> Open and then choose files of type GAMESS-UK input (*.in). Please browse dir gamessuk for sample geometries.

You can change the view by following the menu,
View -> Adjust Molecule View.  Hit Update to see the effects of your changes.
Examining the output of a calculation

Try running the different calculations and then examine the output files produced. The following is a list of the types of things you should look at - the strings in brackets are sorts of strings that you can search for in the output files to locate the relevant information).

The basis functions used for the calculation ("molecular basis set")

The initial guess at the wavefunction ("***** total atomic energy")

The table showing the convergence of the wavefunction ("cycle")

The final energy calculated ("final energies")

The table printing the final molecular orbital energies ("m.o. irrep")

The converged SCF one-electron wavefunctions expressed as linear combinations of the basis functions (the vectors) ("eigenvectors")

General properties of the final wavefunction ("wavefunction analysis")

Have a look at the final energy printed by the programme and how this differs from the initial energy.

See if you can spot how the atomic orbitals used as input have been combined to create the final molecular orbitals.

Examining the results of the calculations with the CCP1 GUI
The calculations on CO and N2 will both produce punch files that you can examine with the CCP1 GUI.

To examine the punch file, fire up the CCP1 GUI in the directory your job ran in and then, click on "File -> Open" and select the punch file.

This will import the punch file and the structures it contains. To view (for example) the Highest Occupied Molecular Orbital, click on:


Views -> HOMO -> New Orbital View
This will create a view of the HOMO that you can then manipulate with the CCP1 GUI. To change the plotting parameters try
Views -> HOMO -> Adjust Orbital View
Hit Update to see the effects of your changes.

What is the difference between the HOMO and LUMO orbitals?

You can also play a movie of the C2H5OH calculation by opening the punch file. If you click on the "View" menu, you will see two molecular visualisers, one for "C2H5OH_opt" and one for the "Sequence_of_Structures_C2H5_opt". Using the controls in the view menu, hide the visualisation for "C2H5OH_opt" and then view the trajectory. 

This will pop up a dialog box with the controls to change how the molecules are rendered and also to play the trajectory as a movie.
What do you notice about the progression of the optimisation?

Changing the calculation

GAMESS-UK input files are structured (roughly) in the following format:

<input geometry>

<basis set>

<type of calculation to be run>

<the scf type to be used>

<parameters for the calculation>

The input files have been annotated so that you can see what the different directives do. You can either change these parameters by hand or use the CCP1 GUI to set them for you.

The CCP1 GUI will read in a structure from an input file, but will not import any of the calculation parameters, so if you import a structure this way, be sure to set up all the relevant calculation parameters yourself. To set up a GAMESS-UK calculation, in the main window select:


Compute -> GAMESS-UK
This will bring up the GAMESS-UK calculation editor. When you have set up the calculation and are happy with it select:


Calc -> Write InputFile
This will create an input file (with a .in suffix) in the directory from which you started the CCP1 GUI that you can then submit with as described above.

The effect of changing calculation parameters

Examine the inputs you have been given and try rerunning the calculations with different basis sets (e.g sto3g, 3-21g, 6-31g*,tzvp...), using different types of theory (scftype rhf, uhf, mp2,…) and different types of calculations (runtype scf, optx...).

How does this affect the energies, geometries, and properties produced?
Calculating Ionization Energies

Koopman's Theorem states that the ionization energy is equal to the negative of the energy of the highest occupied molecular orbital within Hartree Fock theory. This is an approximation because it ignores both the relaxation of the electrons remaining after the ionisation process and the effects of correlation.
To see the relaxation effects, run a calculation on a neutral molecule (e.g. N2). Keep the output and then edit the input to increase the charge by one (as you are removing a negatively charged electron), you will also need to increase the spin multiplicity by one (to indicate that there is a single unpaired electron). You will also need to change the "scftype" to "uhf" as you now have a system where all of the alpha and beta electrons can no longer be paired in orbitals.

How does the difference in total energy between the two calculations compare with your original Koopman's Theorem energy?
Calculating Vibrational Frequencies
Choose one of the examples and add the extra directives to the end:

runtype force 

punch vibr norm

enter

and the code should compute the vibrational frequencies and save them in the punchfile. The CCP1 GUI will be able to animate the vibrational motions.
