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1.1. Open a session in Avogadro and generate input file for glycine. 
1.1.1. Click Build > Insert > Peptide  and select Gly from the Insert Peptide window to generate a glycine monomer in the visualization window. ( 00:00 – 00:15 )
1.1.2. [bookmark: _GoBack]Click Extensions > Gaussian and edit the first line in the text box to read ‘# pw91pw91/6-311++G** int(Acc2E=12,UltraFine) scf(conver=12) opt(tight,maxcyc=300) freq’. Click Generate and save the input file as glycine.com. ( 00:16 – 00:41 )
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1.2. Open a new session in Avogadro. 
1.2.1. Click Build > Insert > Fragment  and search for “water” from the  Insert Fragment window to get the coordinates of water. ( 00:00 – 00:11 )
1.2.2. Click Extensions > Gaussian and edit the first line in the text box to read ‘# pw91pw91/6-311++G** int(Acc2E=12,UltraFine) scf(conver=12) opt(tight,maxcyc=300) freq’. ( 00:12 – 00:26)  
1.2.3. Click Generate and save the input file as water.com. ( 00:27 – 00:33)  
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1.3. 
1.3.1. Transfer the two .com files to the computing cluster. ( 00:00 – 00:17 )
1.3.2. Call Gaussian 09 in a submit script to start the calculation. ( skipped )
1.3.3. When the calculations finish, extract the Cartesian coordinates (.xyz files) of the minimum energy structures by calling OpenBabel. For glycine, the command to execute is:

    obabel -ig09 glycine.log -oxyz > glycine.xyz

These two .xyz files will be used by the GA configurational sampling in the next step. ( 00:17 – 00:45 )
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2. Genetic-algorithm-based configurational sampling
2.1. Copy all necessary scripts to the remote cluster and add their location to $PATH 
2.1.1. Put all scripts and template files to a folder (Eg. scripts) and copy it to the remote cluster. ( 00:00 – 00:18 )
2.1.2. Make sure all the scripts are executable. ( 00:18 – 00:28 )
2.1.3. Add the location of the scripts directory to the $PATH environmental variable by entering the following commands in a terminal. The default location of the scripts is set to $HOME/JoVE-demo/scripts, however, one can define an environmental variable called $SCRIPTS_HOME pointing to the directory containing the scripts and add $SCRIPTS_HOME to one’s path
2.1.3.1. Bash shell: 
export SCRIPTS_HOME=/path/to/scripts
export PATH=${SCRIPTS_HOME}:${PATH}
2.1.3.2. Tcsh/Csh shell: 
setenv SCRIPTS_HOME /path/to/scripts
setenv PATH ${SCRIPTS_HOME}:${PATH} ( 00:28 – 01:05 )
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2.2. On the remote cluster, set up and run a GA calculation
2.2.1. Create a directory called gly-h2o-n where n is the number of water molecules. 
( 00:00 – 00:11 )
2.2.2. Create a subdirectory called GA under the gly-h2o-n directory to run generic algorithm calculations. ( 00:11 – 00:20 )
2.2.3. Copy the OGOLEM input files (Eg. pm7.ogo), monomers Cartesian coordinates (Eg. glycine.xyz, water.xyz) and PBS batch submission script (Eg. run.pbs) into the GA directory. ( 00:20 – 01:05 )
2.2.4. Make the necessary changes to the OGOLEM input file (.ogo) and batch submission file (.pbs). ( skipped )
2.2.5. Submit the calculation for running. Once the calculation starts, OGOLEM will create a new directory named as the prefix of the OGOLEM input file (Eg. pm7 if the input file is pm7.ogo) in the GA directory and store newly generated coordinates there. ( skipped )
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2.3. Once the calculation is complete, compile the energies and rotational constants, and use that information to determine which are the unique low-energy structures:
2.3.1. Change directory to gly-h2o-n/GA/pm7 and ( 00:00 – 00:04 )
2.3.2. Extract the energies and compute the rotational constants of the GA-optimized clusters with the command:

	getRotConsts-GA.csh N 0 99

where N is the number of atoms in the molecular cluster and ‘0 99’ indicates that the GA pool size is 100. This will generate a file called rotConstsData_C which contains a sorted list of all the GA-optimized cluster configurations, their energies, and their rotational constants. ( 00:04 – 00:16 )
2.3.3. Execute the command:

	similarityAnalysis.py pm7 rotConstsData_C

where pm7 will be used as a file-naming label, to find and save the unique GA-optimized clusters. This will generate a file called uniqueStructures-pm7.data which contains a sorted list of the unique GA-optimized configurations. This is a list of unique local minimum structures for the Gly(H2O)n cluster optimized at the PM7 level of theory, and these structures are now ready to be refined using DFT. 
( 00:16 – 00:31 )
2.4. Go up to the gly-h2o-n/GA directory and combine the results from multiple comparable GA runs using the combine-GA.csh script. The syntax is:

	combine-GA.csh <label> <list of directories with GA runs>

In this particular case, the command:

	combine-GA.csh pm7 pm7

will generate a new unique structures list named ‘uniqueStructures-pm7.data’ in the gly-h2o-n/GA directory. ( 00:31 – 00:43 )
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3. Configurational sampling at the small-basis ab initio level of theory
3.1. Prepare and run the small basis set DFT calculation:
3.1.1. Create a subdirectory called QM under the gly-h2o-n directory. Under the QM directory, create another subdirectory named pw91-sb. ( 00:00 – 00:10 )
3.1.2. Copy the unique structures list (uniqueStructures-pm7.data) from the gly-h2o-n/GA directory to the QM/pw91-sb directory and ( 00:10 – 00:19 )
3.1.3. Change directory to that gly-h2o-n/QM/pw91-sb. ( 00:19 – 00:25 )
3.1.4. Run the small basis set DFT configurational sampling script using the command:

	run-pw91-sb.csh uniqueStructures-pm7.data sb QUEUE 10

where QUEUE is the preferred queue on the computing cluster and 10 indicates that 10 calculations are to be grouped into one batch job. This script will automatically generate the inputs for Gaussian 09 and submit all the calculations. Enter ‘test’ for the ‘QUEUE’ to do a dry run. ( 00:25 – 00:40 )

3.2. Once the submitted calculations are complete, extract and analyze the results.
3.2.1. Extract the energies and compute the rotational constants of the small-basis-optimized clusters using the command:

	getRotConsts-dft-sb.csh pw91 N

where N is the number of atoms in the cluster. That will create a file named rotConstsData_C. ( 00:40 – 00:58 )
3.2.2. Now identify the unique structures with the command:

	similarityAnalysis.py sb rotConstsData_C

There will now be a list of unique configurations optimized at the PW91/6-31+G* level of theory saved in the file uniqueStructures-sb.data. ( 00:58 – 01:07 )

3.3. Go up to the gly-h2o-n/QM directory and combine the results from multiple comparable QM runs using the combine-QM.csh script. The syntax is:

	combine-QM.csh <label> <list of directories with QM calcs>

In this particular case, the command:

	combine-QM.csh sb pw91-sb

will generate a new unique structures list named ‘uniqueStructures-sb.data’ in the gly-h2o-n/QM directory. ( 01:07 – 01:21 )
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4. Configurational sampling at the large-basis ab initio level of theory
4.1. Submit more reliable calculations using a larger basis set.
4.1.1. Create a subdirectory called pw91-lb under the QM directory. 
( 00:00 – 00:08 )
4.1.2. Copy the unique structures list (uniqueStructures-sb.data) from the gly-h2o-n/QM directory to the gly-h2o-n/QM/pw91-lb directory and change to that directory. ( 00:08 – 00:19 )
4.1.3. Run the large-basis DFT configurational sampling script with the command:

	run-pw91-lb.csh uniqueStructures-sb.data lb QUEUE 10

where QUEUE is the preferred queue on the computing cluster and 10 indicates that 10 calculations are to be grouped in one batch job. This script will automatically generate the inputs for Gaussian 09 and submit all the calculations. Enter ‘test’ for the ‘QUEUE’ to do a dry run testing. ( 00:19 – 00:35 )

4.2. Once the submitted calculations are complete, extract and analyze the data
4.2.1. Compute the rotational constants of the large-basis-optimized clusters with the command:

	getRotConsts-dft-lb.csh pw91 N

where N is the number of atoms in the cluster. ( 00:35 – 00:49 )
4.2.2. Now identify the unique structures with the command:

	similarityAnalysis.py lb rotConstsData_C

You now have a list of unique configurations optimized at the PW91/6-311++G** level of theory saved in the file uniqueStructures-lb.data. ( 00:49 – 01:06 )
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5. Final Energy and Thermodynamic Correction Calculations
5.1. Starting with results from the previous step, submit more reliable calculations.
5.1.1. Copy the unique structures list (uniqueStructures-lb.data) from the QM/pw91-lb directory to the QM/pw91-lb/ultrafine directory and change to that directory.
( 00:00 – 00:12 )
5.1.2. Submit the ultrafine large-basis DFT script with the command:

	run-pw91-lb-ultrafine.csh uniqueStructures-lb.data uf QUEUE 10

where QUEUE is the preferred queue on the computing cluster. This script will automatically generate the inputs for Gaussian 09 and submit all the calculations. Enter ‘test’ for the ‘QUEUE’ to do a dry run testing. ( 00:12 – 00:27 )

5.2. Once the submitted calculations are complete, extract and analyze the data
5.2.1. Extract the energies and compute the rotational constants of the large-basis-optimized clusters with the command:

	getRotConsts-dft-lb-ultrafine.csh pw91 N

where N is the number of atoms in the cluster. ( 00:27 – 00:40 )
5.2.2. Now identify the unique structures with the command:

	similarityAnalysis.py uf rotConstsData_C

You now have a list of unique configurations optimized at the PW91/6-311++G** level of theory saved in the file uniqueStructures-uf.data. ( 00:40 – 00:52 )

5.3. Perform a final extraction of information needed to calculate thermodynamic corrections. Use that information to compute the thermodynamic corrections.
5.3.1. Extract the final electronic energies, rotational constants and vibrational frequencies, and use them to calculate thermodynamic corrections using the command:

	run-thermo-pw91.csh uniqueStructures-uf.data

( 00:52 – 01:03 )

5.3.2. Copy/paste the command-line output to the ‘Raw_Energies’ sheet of the Excel spreadsheet named ‘gly-h2o-n.xlsx’. You would need to do this for the monomers (glycine and water) as well as the lowest energy member of each hydrate (gly-h2o-n, where n=1,2, …). ( 01:03 – 01:18 )
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