Chem. 4PB3


Project #1 – exploring Gaussian 
OUT:  11-Jan-2017
DUE:  25-Jan-2017
1. Do a systematic exploration of Gaussian to learn how to perform different types of ground state calculations, evaluate a  range of computed properties and compare accuracy versus resources

For formaldehyde:
a. optimize geometry and carry out a calculation of the ground state electronic structure (orbital energies) and the vibrational properties (IR, Raman) using 5 different methods:

AM1 – with ZDO basis - semi-empirical 
Molecular mechanics – with UFF force field

Hartree-Fock-restricted   with STO-3G (small basis)
Hartree-Fock-restricted with a large basis
DFT with the B3LYP functional and the default basis set Gaussian suggests. 
(you are welcome to explore more methods, and to vary basis sets, and report on them too).

Compare the outcomes to experiment – make sure you compare values in the same units. A table is given on the next page to facilitate this comparison. The Word file of this document is available on the course web site http://unicorn.mcmaster.ca/teaching/4PB3/chem4PB3-index.html.
b. What experimental spectroscopy is best able to give you estimates of the energies of the ground state occupied orbitals ? 
c. For the geometry you consider the most reliable, compute the HOMO-LUMO transition energy with the methods you used above that can provide that information. Is this an electronically allowed transition ? What is the predicted intensity ?
2. compute the initial, final and transition states for a Diels-Alder reaction following the project description at http://www.chm.bris.ac.uk/pt/harvey/msci_pract/msci_dynamics.html
3. Calculate the NMR spectrum (chemical shifts) of pyrazinamide at RHF/6-31G(d) level. Compare the calculated values with the experimental counterparts.  Discuss the result for H14.
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	nucleus
	Chem. Shift

	C2
	146.4

	C3
	145.0

	C5
	144.4

	C6
	148.2

	C7
	165.1

	H10
	9.2

	H11
	8.7

	H12
	8.5

	H13
	7.9

	H14
	8.3


	                 Method (
Property (
	#e-
	AM1
	MM - UFF
	HF

 – STO-3G
	HF

 – big basis
	DFT 

B3LYP 
	experimental

	Basis set
	
	
	
	
	
	
	

	# basis functions
	
	
	
	
	
	
	

	# iterations
	
	
	
	
	
	
	

	CPU time (s)
	
	
	
	
	
	
	

	Predicted properties  

	Total Energy (hartree)
	
	
	
	
	
	
	

	Dipole Mom.(Debye)
	
	
	
	
	
	
	

	Reported symmetry
	
	
	
	
	
	
	

	R(C=O)  (pm)
	
	
	
	
	
	
	

	R(C-H)   (pm)
	
	
	
	
	
	
	

	((H-C=O)
	
	
	
	
	
	
	

	((H-C-H)
	
	
	
	
	
	
	

	Torsion (planarity)
	
	
	
	
	
	
	

	Orbital energies (eV)

	1. O 1s – a1
	2
	
	
	
	
	
	

	2. C 1s – a1
	2
	
	
	
	
	
	

	3. O 2s – a1
	2
	
	
	
	
	
	

	4. C 2s – a1
	2
	
	
	
	
	
	

	5. ((C-H) – b2
	2
	
	
	
	
	
	

	6. ((C-H) – a1
	2
	
	
	
	
	
	

	7. ((C=O) – b1
	2
	
	
	
	
	
	

	8.  O LP/CH – b2
	2
	
	
	
	
	
	

	9. (*(C=O)
	0
	
	
	
	
	
	

	10. (*(C-H)
	0
	
	
	
	
	
	

	11. (*(C-H)
	0
	
	
	
	
	
	

	12. (*(C=O)
	0
	
	
	
	
	
	

	Vibrational energies (cm-1)

	CH2 – s-str        a1
	
	
	
	
	
	
	

	CO str                a1
	
	
	
	
	
	
	

	CH2 scis            a1
	
	
	
	
	
	
	

	CH2 a-str          b1
	
	
	
	
	
	
	

	CH2 rock          b1
	
	
	
	
	
	
	

	CH2  wag          b2
	
	
	
	
	
	
	


Some Hints

Gaussian is a very sophisticated program with many, many options. Many of these cannot be combined with each other so it is very easy to set up a computational job file that just crashes without any (useful) output. GaussView translates information you provide it into a deceptively simple *.chk  text file. 
e.g.

%chk=formaldehyde-HFR-STO-3G.chk

# opt freq hf/sto-3g scrf=check guess=tcheck geom=connectivity


formaldehyde - HFR STO-3G

0 1

 C                 -0.00011600    0.53369400    0.00000000

 O                 -0.00011600   -0.68281800    0.00000000

 H                  0.00081500    1.13018900    0.92623300

 H                  0.00081500    1.13018900   -0.92623300

 1 2 2.0 3 1.0 4 1.0

 2

 3

 4

However, that text file has to have mutually compatible keywords, and the parameters all have to be in exactly the right column (it is a ‘card image’ – a format dating from back when computer programs were executed from a set of IBM punch cards). For various reasons errors can occur  in the input file. The error messages Gaussian generates can be opaque. Sometimes you need to open up the *.chk file and look at the exact content to figure out what is wrong. For efficient exploration of different computational approaches it is usually best to edit and save a set of *.chk files, and submit a number of these at the same time as a batch job.
Please consult the Gaussian help file
http://www.gaussian.com/g_tech/g_ur/g09help.htm
as it will save you a lot of time trying to get things working by trial and error.

There are lots of ‘How to use Gaussian’ websites – Google is your friend
http://www.chm.bris.ac.uk/pt/harvey/msci_pract/tech_g98.html
which is the practical hints section of the Project#1 question to compute a Diels-Alder Reaction surface http://www.chm.bris.ac.uk/pt/harvey/msci_pract/msci_dynamics.html
http://www.tau.ac.il/~ephraim/complab.html
-------------------

It is easier to view and extract results using e.g. the nano text editor on the output files  (*.log) but you cannot run nano and GaussView in the same ripper session.  You can have multiple terminal sessions on ripper going simultaneously. 
From a Windows operating system, using mobaXterm as the terminal, or on a Mac/other Unix system using a suitable terminal program,  you can use the mouse to highlight selected text in a document you have open in nano and then use ctrl-C (or equivalent Mac command) to paste it into a Windows or MacOS document you have open on your desktop.

i.e. the copy/paste buffer on the Unix side (in ripper) is synchronized with that on the computer on which you are running the terminal program.
Useful UNIX tools

Text file editors:

vi is the default when you click on View File in GaussView at the end of a calculation [image: image1.png]



  VI is definitely NOT a what-you-see-is-what-you-get (WYSIWYG) editor – you need to learn a bunch of arcane short cuts – see http://www.cs.rit.edu/~cslab/vi.html  if you want to use that, but it is really meant for the UNIX/linux geeks.
nano (or pico, which on ripper, comes up as nano) is simpler, although still not a WYSIWYG editor – you need to use <ctrl>-(letter) commands to move around a file but there is a convenient reminder of these at the bottom of the screen. Note, although the letters in the prompt are indicated as being in capitals, the commands work without capitalization
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See e.g. http://www.cs.colostate.edu/helpdocs/pico.html for a guide to pico/nano
USEFUL Unix commands
cd 
Change the directory (folder)  on the remote computer 
ls (or dir) 
List the files in the current directory on the remote computer
exit (quit) 
Close the connection to the remote computer and exit
mkdir 
Create a directory on the remote computer
pwd
lists the present working directory  on the remote computer
quota -v 
shows your disk quota and how much you are using
rename 
Rename a file on the remote computer
rm 
Delete files from the remote computer
rmdir 
Remove a directory on the remote computer (the directory usually has to be empty first)
man commandname
 shows you the manual page for the command

ps -u yourusername   
makes a list of the process IDs (PID) of all active processes being run by yourusername

kill PID


kills (ends) the processes with the ID you gave.
passwd


lets you change your password 




 [useful, unless you are data and can remember IT-selected PWs]
mv filename1 filename2
moves a file

diff filename1 filename2
compares files, and shows where they differ
grep string  filename(s) 
looks for the string in one or more files
Connecting to ripper from a computer on campus (hard line, or logged in to McMaster administered wireless)

1. starting MobaXterm (or other X-11 terminal window)  (or double click on ripper in PuTTY sessions)
2.
ssh ripper. mcmaster.ca 

to log into ripper
 Connecting to ripper from a computer OFF campus 

1. establish a VPN connection [download from http://www.mcmaster.ca/uts/network/vpn/ ]

2. start MobaXterm (or other X-11 terminal window)

3. 
ssh ripper. mcmaster.ca 

to log into ripper
From http://www.chm.bris.ac.uk/pt/harvey/msci_pract/tech_g98.html

Locating Transition States with Gaussian

A transition state (TS) is a stationary point on the potential energy surface, that is, the gradient of the potential energy in all directions is equal to zero there. However, unlike minima, which, as their name indicates, are minima in all directions, transition states are minima in all directions except one, along which they are maxima. (TSs are saddle-points of order 1; there are also saddle-points of higher order, which are maxima along more than one direction. However, they are never relevant in chemistry). To find a transition state, you need to go downhill in all directions except one, along which you should go uphill. Knowing which direction to go uphill in is what makes TS searches difficult.

From basic calculus whether or not a stationary point of a function of one variable (f(x)) is a maximum or a minimum can be determined by examining the second derivative at that point. If it is positive, the point is a minimum, whereas if it is negative, the point is a maximum. The second derivative is always positive near a minimum (positive curvature) and vice versa near a maximum. For functions of more than one variable such as potential energy surfaces V(x1,y2,z1,x2,y2,z2,....), the second derivative is in fact a matrix, often called the Hessian matrix. For n variables, the matrix is n by n, and has n eigenvalues, each associated with an eigenvector, or direction. The eigenvalue for a given eigenvector (or direction) tells one if the curvature along that direction is positive or negative. So in other words, to find a transition state, one needs to find the eigenvalues of the Hessian Matrix. If one is close enough to the transition state, they will all be positive, except for one, which will be negative. To reach the transition state, one then needs to go downhill along the direction of all the eigenvectors except the one whose eigenvalue is negative - which one should follow upwards.

The problem is that finding the Hessian Matrix is difficult (and, especially, costly in terms of computer time). Also, it is often hard to find the region close enough to the transition state where there is one, and only one, negative eigenvalue. Efficient approximate methods to get round these problems have been developed, but they still need luck and perseverance to succeed !

Here are the techniques, and corresponding sample Gaussian input strategies, which can be used:

1. Guess the TS structure accurately enough to be VERY close to it. Then, all you need to do is type Opt(ts) instead of the standard Opt keyword. This method almost never works - it is only here for information purposes.

2. Guess the TS structure fairly accurately, and calculate the exact Hessian matrix at that guessed structure. This works provided you have made a good initial guess - this often demands considerable chemical intuition !! The relevant keyword is Opt(TS,CalcFC).

3. Provide Gaussian with two structures, one believed to be on the reactant site of the TS, the other on the product side. Gaussian takes the average of the two structures as its initial guess of the TS structure, and assumes that the direction with the negative eigenvalue is that joining the two structures. This method is referred to as the quasi-synchronous transit method, and the corresponding keyword in Gaussian is Opt(QST2). This method is very efficient, and applicable to more cases than the previous one. It also succeeds more often because the structures do not need to be quite as carefully chosen. However, because one needs to specify two structures instead of only one, it sometimes means more work.

4. In some cases, the point-group symmetry can be seen to be higher than that of the reacting system on the reactant and product sides of the TS. In such cases, simple optimization can be used starting from a geometry with the same symmetry as the TS.

In this project you will use method 2. In real life, you would probably use method 3. most of the time. 
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