Lab Instructions: Part I
Gaussian & GaussView

1. Access Emerald Server via X-Win32 (For tcsh/csh users only)
· X-Win32 Configuration: Start -> Program -> Remote Services ->X-Win32->x-config->add-> StaNetSSH->session name (Emerald), hostname (emerald.isis.unc.edu) -> in the Command box, add “setenv XAUTHORITY /netscr/yourOnyen/.Xauthority; /usr/bin/X11/xterm -ls -sb -fn 10x20” ->leave both “username” (your Onyen) and “password” blank -> make sure "SSH2" is selected ->ok-> From the “X-Win32 Configuration window”, click “Input” tab -> make sure “Emulate NumLock” is selected -> Ok.

· Invoke X-Win32: Start->Program-> Remote Services ->X-Win32-> X-Win32 (on the lower right-hand side of screen an X will appear->left-click on it->choose Emerald->xterm shows up (type your ONYEN username and password)-> [you may have to change to your shell to tcsh  (just type tcsh)]
· For more info about X-Win32, see

http://help.unc.edu/4696

2. File preparation
· Go to the scratch directory, cd /netscr/yourONYENid, (if you don’t have this directory on /netscr, make it, type “cd /netscr”, and then “mkdir yourONYENid”)

· Copy G03 exercise input files from /netscr/training/G03 to your own scratch directory: 
cp /netscr/training/G03/*   /netscr/yourONYENid
3. Subscribe Gaussian package: 

If not done so before, type “ipm add gaussian”. Type “ipm query” to check if you have subscribed it or not.

4. Invoke GaussView on Emerald
bsub -q int -Ip gview 
5. Build one simple model, H2O
After GaussView is invoked, two windows will be popped up, one with the title of “GaussView 3.09” (main window) and the other “New” (model viewing window).  Click “Carbon Tetrahedral” button in the main window, a periodic table will pop up. Choose “O” (oxygen) and then in the “Select Oxygen Fragment”, click on “-O-“ (far right) option. The periodic table will disappear and the button in main window will change from “Carbon Tetrahedral” to “Oxygen Tetravalent S-S-LP-LP”. Move your curse to the model window and then click. A water molecule will show up.

More info about how to use GaussView is available at



http://www.gaussian.com/g_gv/gvtop.htm
6. Job setup: optimize water’s structure at first and then calculate IR/Raman spectra at the DFT B3LYP/3-21G level.
From the GaussView main window, click “Calculate” -> “Gaussian…”, the “Gaussian Calculation Setup” window will pop up. In the new window, select “Job Type”, change “Energy” -> “Opt+Freq” and then change the option of “Compute Raman” from “Default” to “Yes”. 
Next, click the “Method” tab, click and change “Hartree-Fock” to “DFT…”, and then click and change “LSDA” to “B3LYP”.  Leave other options unchanged.
7. Save and view G03 input file
Still work with the “Gaussian Calculation Setup” popup widow. Among the many buttons at the bottom of the window, select and click “Edit”, -> “Save” -> Type “water” in the “File Name” input -> “Save”. A new window will show up with the following content:

%chk=water.chk

%mem=6MW

%nproc=1

# opt freq=raman b3lyp/3-21g 

Title Card Required

0 1

 
O

H                  1              B1

 
H                  1              B2    2              A1

  
B1             0.96000000

   
B2             0.96000000

   
A1           109.50000006

You can change the title of the input file and also remove the memory line. You can also delete the keyword “geom=connectivity” together with the last four lines. Save the changes into the same input file, water.com, and exit. Make sure that when you are asked if to “Submit the following file to Gaussian”, choose “Cancel”. DO NOT CHOOSE “OK”! All jobs should be submitted to the Emerald compute node via LSF.
8. Submit the G03 job to the Emerald compute node

bsub -q now -R blade g03 water.com   (less than 5 min job queue)

9. View output. 
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File -> Open -> Select “Gaussian Output Files” -> select “water.log”. Click “Results” -> Choose “Optimizations”, then “Vibrations”, and finally click “View File” to see the output file.

Lab Instruction: Part II

To your save time, all G03 calculations for all 5 hands-on exercises plus a few other examples have been done for you. All input/output and checkpoint files are saved at



/netscr/training/G03

Copy them over to your local working directory,  /netscr/yourOYNENid,

cp /netscr/training/G03/*  /netscr/yourOYNENid
Examples are from  http://educ.gaussian.com/visual/
EXERCISE I: Calculating and viewing molecular orbitals with GaussView

  Select File|Open.  Select the formatted checkpoint file, Azulene.fch. 

  Select OK. 

  Select Edit|MOs 

  A new window will open with a display of the molecule, and a list of Alpha MOs on the right 

  Select the orbitals you want cube files generated for by clicking on the number of the orbital on the list to the right.  

  Select the Visualize Tab from the bottom of the window, and then click the Update button.  

  Cubegen will run in the background to generate cube files for the requested orbitals.  

  After they are generated, you may select to view an orbital by selecting the box to the far right in the Alpha MOs list.  The active orbital will have a red box (the inactive orbitals will have grey boxes).  All visualization of the MO is done in the frame in the left of the MOs window. 
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TIPS:

· To rotate the molecule, click in the main window and move the mouse while holding down the left button. 

· To enlarge the molecule, hold down the Control key and move the mouse while holding down the left button. 

· To translate the molecule, hold down the Shift key and move the mouse while holding down the left button.

EXERCISE II: Calculating and viewing electrostatic potential with GaussView

· Select File|Open.  Select formatted checkpoint file, naphthalene_esp.fch.  Select OK.

· Select Results|Surfaces.  A Surfaces and Cubes window will appear.

· Select the Cube Actions drop down menu.  Select New Cube.

· In the Kind box using the drop down menu select Total Density.

· Leave all options as the default.

· Select OK.

· A line of data will appear in the Cubes Available box.

· Select the Cube Actions drop down menu.  Select New Cube.

· In the Kind box using the drop down menu select ESP.

· Leave all options as the default.

· Select OK.

· A second line of data will appear in the Cubes Available box.

· Select an appropriate isosurface value (such as 0.020)

· Adjust the isosurface value until you obtain a visualization of the difference densities that is ideal.

· Using the drop down button under Cubes Available, select the line that says Electron Density from Total SCF Density.  

· Select the Surface Actions drop down menu.  Select New Mapped Surface.  

· A Surface Mapping window appears.  Select circle next to Use an Existing Cube.  Under Cubes Available, make sure that Electrostatic Potential from Total SCF Density is selected.  Select OK.

· A line of data will appear in the Surfaces Available box.

· This will generate a graphical window with the mapped electrostatic potential displayed.

· If the visualization is not ideal, select the Surface Actions drop down menu.  Select Remove Surface.  Change the isosurface value.  Select the Surface Actions drop down menu.  Select New Surface.

· Repeat these steps until the visualization for the molecular orbital is ideal.

· Using the drop down button under Cubes Available, select the line that says Electrostatic Potential from Total SCF Density.

· Select the Surface Actions drop down menu.  Select New Surface.  

· A line of data will appear in the Surfaces Available box.

· This will generate a graphical window with the molecular orbitals displayed

· If the visualization is not ideal, select the Surface Actions drop down menu.  Select Remove Surface.  Change the isosurface value.  Select the Surface Actions drop down menu.  Select New Surface.

· Repeat these steps until the visualization for the molecular orbital is ideal.

· To change the display of the orbitals

· Select View|Display Format.

· Click on the Surface tab.

· At the format drop down menu select either mesh, solid, or transparent.

· The Z-Clip slider (min to max) can also be adjusted to alter the way the surface is viewed.

· It may be used to remove the frontmost portions of the image to allow views into the interior of the molecular display.
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(A). Naphthalene MEP – Viewed in GaussView

(B). Naphthalene Electron Density– Viewed in GaussView
TIPS:
· To rotate the molecule, click in the main window and move the mouse while holding down the left button. 

· To enlarge the molecule, hold down the Control key and move the mouse while holding down the left button. 

· To translate the molecule, hold down the Shift key and move the mouse while holding down the left button.

EXERCISE III: Calculating and viewing IR/Raman frequencies in GaussView

Steps:

        Open GaussView

        Select File|Open

        Locate an output file from the Gaussian calculation (DMACET_freq.log)

        The molecule will appear in a new window

        Select Results|Vibrations

         A new window titled “Display Vibrations” will appear

        Select a Frequency and click Start
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The molecule will now animate the vibrations associated the frequency selected.  You can change the frequency at any time during the animation by simply clicking on another frequency in the “Display Vibrations” window. The infrared spectra can be viewed by clicking the “Spectrum” button in the “Display Vibrations” window.  Sections of the IR Spectrum can be enlarged by selecting the IR Spectrum window, the clicking and dragging a box around the region of interest.  After selecting a region, you can return to the full spectrum by right clicking in the window and selecting “Zoom Out”

EXERCISE IV: Calculating and viewing NMR tensors with GaussView

NMR Tensors can be viewed in GaussView if you have generated cube files from either the checkpoint file or the formatted checkpoint file.  The process for doing so is described below:
The first step in this process is to format the checkpoint file from the NMR Gaussian job.
At first, you must use this file to generate Cube Files 
· Open GaussView

· Select File|Open
· Open the formatted checkpoint file (ethane.fch, echene.fch, or ethyne.fch) resulting from the Gaussian NMR calculation

· Select Results|Surfaces
· A window titled Surfaces and Cubes will spawn 

· Click on the Cube Actions pulldown and select “New Cube”

· Kind: Current Density

· Shielding Tensor Component: Z

· Grid: Medium

· A command line will open in the background and run Cubegen, a Gaussian utility, to create the cube file which is now available in the list of available cubes in the “Surfaces and Cubes” window
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The next two cubes will be Shielding Density cubes.  Creating Shielding Density cubes requires that you specify an atom.  To help you choose the correct atom number, you can select View|Display Format and under the General tab, click “Show Tags”.  This will number each atom for you.  

· First Cube

· Kind: Shielding Density

· Shielding Tensor Component: ZZ

· Grid: Medium

· Atom: 1 (Carbon)

· Second Cube

· Kind: Shielding Density

· Shielding Tensor Component: ZZ        
· Grid: Medium

· Atom: 3 (Hydrogen)

· You can save the cube files by selecting them in the pulldown menu and then going to the Cube Actions pulldown menu and selecting “Save Cube”

 Now you are ready to view the newly generated cube files 
· To show an isosurface of the current density, select the Current Density cube under the [image: image18.jpg]B G2
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Available Cubes heading, and type an isosurface value at the bottom of the window.  Then click on the Surface Actions pulldown menu and select “New Surface”.  The isosurface of current density will appear.

· Once you have an appropriate value for the isosurface, pull down the Surface Actions pulldown and either hide or remove that surface. 
To Map Shielding Density on the Current Density Isosurface
· Select the Current Density Cube file from the available cubes pulldown menu, and then enter an isosurface value at the bottom of the window.  Go to the Surface Actions pulldown menu and select “New Mapped Surface”.  Choosing the Current Density cube before selecting this option signifies that the Current Density isosurface is the surface that will be use to map on.  

· Select “New Mapped Surface” and then select one of the Shielding Density cube files from the pulldown menu.  Click OK

· The Shielding Density will now map onto the Current Density Isosurface.  There will  be a color map at the top of the molecule window.  You can adjust the range of the color map by changing the values in either end of the color map. 
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(A). Ethane: Shielding Density as seen by Nucleus 3 (H) in the ZZ direction mapped between the values of -.05 to .1 on the Current Density=Z isosurface at a value of .00004

(B). Ethene: Shielding Density as seen by Nucleus 1 (C) in the YY direction mapped between the  values of -1 to 1 on the Current Density=1 isosurface at a value of .0003
[image: image6.jpg]


    [image: image7.jpg]



(C) (D)
(C). Ethene: Shielding Density seen by Nucleus 3 (H) in the ZZ direction mapped between the values of -.3 to .3 on the Current Density=Z isosurface at a value of .0002.

(D). Ethyne: Shielding Density seen by Nucleus 1 (C) in the ZZ direction mapped between values of -.5 to .5 onto the Current Density=Z isosurface at a value of .0004

EXERCISE V.  Calculating and viewing a reaction path with GaussView

Preparing to Visualize Reaction Path 
· Create reactants, products, and an educated guess at the transition structure

· Run these through a Gaussian optimization job

· Use additional keywords opt (QST3, CalcFC)

· QST3 is a search for a transition structure

· This option requires the reactant, product, and initial transition structure structures as input

· CalcFC specifies that the force constants be computed at the first point

· Create a formatted checkpoint file

· Next, run these through a Gaussian frequency job

· Create a formatted checkpoint file

· Finally, run these through a Gaussian Reaction Path job (IRC)

· Use additional keywords IRC (Maxpoints=24, RCFC, phase=(1,2)) NOSYMM  

· IRC requests that a reaction path be followed

· Maxpoints represents the number of points along the reaction path to be examined

· RCFC specifies that the computed force constants in Cartesian coordinates from a frequency calculation be read from the checkpoint file

· Phase defines the phase for the transition vector

· If two atom numbers are given, the coordinate is a bond stretch between the two atoms

· Create a formatted checkpoint file

 Note:  IRC Calculations require initial force constants to proceed.  These must be provided to the calculation in some way.  The usual method is to save the checkpoint file from the preceding frequency calculation (used to verify that the optimized geometry to be used in the IRC calculation is in face a transition state). 
Visualizing Reaction Paths in GaussView 
· Select File|Open.  Select either the formatted checkpoint file (h2+acet_irc.fch) or the output file (h2+acet_irc.log) that was created from the IRC Calculation.  Select OK.

· A window will appear with the selected structure displayed with the option of showing all the steps along the reaction pathway.

· The formatted checkpoint file will have 1 of 49 steps of the reaction pathway

· The output file will have 1 of 48 steps of the reaction pathway 
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· To view each of the steps along the reaction pathway, simply click on the up or down arrow located next to the first number.

· To view a timeline of all the steps along the reaction pathway, click on the button that shows a split screen with two molecules located next to the second number (the one that is fixed).  The button will now only show one molecule.  To view only one step at a time, click on the same button.

· To view a slideshow of all the stops along the reaction pathway, click on the green button located next to the first number.  The green button will turn into a red “X”.  To stop the slideshow, click on the red “X”.
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