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Tunneling processes
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WKB: Semiclassical approximation 9‘,,\
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WKB: Semiclassical approximation
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Tunneling approximation
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Tunneling processes

* Tunneling in carbenes
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e Barrier of 21.9 kcal moltvs. 30.4 kcal mol!

e Tunneling Control

Schreiner, P. R.; Reisenauer, H. P; Ley, D.; Gerbig, D.; Wu, C-H.; Allen, W. D. Science 2011, 332, 1300.;
Ley, D.; Gerbig, D.; Wagner, J. P.; Reisenauer, H. P; Schreiner, P. R.J Am Chem Soc 2011, 133, 13614.



Workflow e N

* Obtain transition state

* Compute IRC

 Compute ZPVE for each step

 Compute one-dimensional
barrier action integrals

* Invoke WKB-Method

Ley, D.; Gordon Research Conference on Physical Organic chemistry: Holderness, NH, 2011.



Problems

* Projected frequency
algorithm fails near minima
* Manual interpolation
ZPVE [Hatree]
0.028}
i 5 r.c.[Vamu X bohr]




My Program: Tunnex 9;":5\
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Load IRC into program

* Load projected IRCinto program

« Compute combined IRP

* Enter some parameters

 Compute half-lives

* Emphasis on reusable user friendly program

* Written entirely in C++ using Qt

,Qt Project Qt Project Hosting n.P. 2013 Web. 20 Feb. 2014
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Program structure and algorithms

* ALGLIB

* Root finding algorithem
— used for spline interpolation

* |ntegration

° Qt
— A c++GUI library

,Qt Project Qt Project Hosting n.P. 2013 Web. 20 Feb. 2014; S.A. Bochkanov ,,ALGLIB“ALGLIB Project n.P. 2014 Web. 20 Feb. 2014;
W. H. Press, S. A. Teukolsky, W.T. Vetterling, B. P. Flannery, Numerical Recipes; Cambridge University Press, 3 ed., 2007.
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Program structure and algorithms

GUI
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Program structure and algorithms

Parameters -
* Reaction coordinate frequency

* The imaginary frequency from the TS
 Computed educt minimum

* Canbe zero

e Left Value of curve is used

* If not zero minimum will be used
 Computed educt ZPVE 5.0

* ZPVE correction Computed educt minimum 0
* Scaling Parameter Computed educt ZPVE 0

* factor that scales the function to be Offset Parameter 1.0000

integrated
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Program structure and algorithms

WAKB algorithm

e Calculate attempt energies

* Retrieve Parameters

e Sum educt energy with ZPVE

e Retrive interpolation function

* Plot energy levels

* Find start points for integration

* |ntegration
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Demo
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Future Prospects

Redo, undo check

ssh terminal for gaussian input

project file format

Advanced testing on every platform

Own spline interpolation algorithm

function
Intergration

data
correction
of ZPVE

tunneling

half-lives

ploting
algorithm

spline
Interpolation
methods

function
handling
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