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Working Session |

We provide all files needed for the working session:
v'A copy of useful articles and inputs for TopChem?2 and ADF
v'For the first exercise of the session I, we have supplied all the

requisite wfn/wfx files for TopChem2. Feel free to select the
molecules from the provided list :

C2H6, C2H4, C2H2, Cng, Cubane CgHs, Hzo, HzCO, HzOz, CO, NO, COz, NH3BH3, Bsz, LIF,
F,, FH--CO, FH--OC, CIF5(Cyy), FCI




The Working Session |

l . - ADF: https://www.scm.com/doc/ADF/.
D Generalist qguantum chemistry software that allows direct analyzes of molecular interactions, in particular those
using the QTAIM/IQA approach and the descriptors of the conceptual DFT.

- TopChem2: https://www.Ict.jussieu.fr/pagesperso/pilme/topchempage.html

It is a software for analyzing interactions using topological approaches and conceptual DFT. It is developed at the
Laboratory of Theoretical Chemistry at Sorbonne University. It is free and the license allows free use for teaching
or research activities.

Starting with Topchem2: Summary of main commands (page 32)

1. Open a linux terminal

2. Change the directory where the input files are located:

cd MoDerm/TP Exercices/Inputs MoDerm/SessionlI
3. and start with the command-line,

topchem2 ...




Working Session I: QTAIM Analysis with Topchem2

QTAIM command-line,
» topchem2 wfn:c2h6.wfn function:rho pop:cov cp:y refine:f
proc:4 output:c2h6.pop (optional: atom_dist:0.2 ) vmd




Working Session I: QTAIM Analysis with Topchem2

QTAIM command-line

» topchem? wfction:rho pop:cov cp:y refine:f
proc:4 output:c2h6.pop \ptional: atom_dist:0.2)vmd

N\

Gaussian wfn file (or wfx)




Working Session I: QTAIM Analysis with Topchem2

QTAIM command-line,
» topchem?2 wfn:c2h6.wfn functioop:cov cp:y refine:f
proc:4 output:c2h6.pop (optional: atomfsl’Qt:O.Z ) vmd

N
QTAIM analysis




Working Session I: QTAIM Analysis with Topchem2

QTAIM command-line,
» topchem?2 wfn:c2h6.wfn function:rho po‘p .y refine:f
proc:4 output:c2h6.pop (optional: atom dIS :0.2)vmd

/

Compute population and
the delocalization index




Working Session I: QTAIM Analysis with Topchem2

QTAIM command-line,
» topchem?2 wfn:c2h6.wfn function:rho pop:cov fine:f
proc:4 output:c2h6.pop (optional: atom_dist:0.2) vnInd

|

Search the critical points




Working Session I: QTAIM Analysis with Topchem2

QTAIM command-line,

» topchem?2 wfn:c2h6.wfn function:rho pop:cov cp:y refine:f
proc:4 output;c2h6.poploptional: atom_dist:0.2 ) vmd

e

The file contains all your results




Working Session I: QTAIM Analysis with Topchem2

QTAIM command-line,
» topchem?2 wfn:c2h6.wfn function:rho pop:cov cp:y refine:f
proc:4 output:c2h6.pop (optional: atom_dist:0.2 @

Visualize Critical points with vmd
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How to interpret your QTAIM results ?

Descriptors computed at the bond critical point bcp (3, -1)
- bonding nature

Shared-shell (covalent):
- p(r) high (> 0.15 e.bohr3 in practical)

) d%p  d%p 3%
Vi y,z) =55 + 9y? +5-3 <0 (charge concentration)

-|V|/G > 1 and H <0 (covalent or donor-acceptor)
G(r) : the positive kinetic energy density >0
V(r) : the potential energy density <0
H(r) = G(r) + V(r) , the total energy density <0

11



How to interpret your QTAIM results ?

" 5,5 is the delocalization index

It is connected to the number of electron-pairs shared between two
QTAIM basins A and B. For closed-shell systems, the first-order matrix
can be expanded in terms of overlap between molecular orbitals:

(04, 0p) = EZZ < @ile; >, <@ile; >q,

1
It can be compared tJo other bond order indices.

Variance - Localization Index(LI)

103.041 .94 8.325
103.041 .892 08.316
679.264 B.513 8.512
657.407 0.56 6.560

Search at the end of c2h6.pop, here
&0 = 0.950

-0.475 - -9.479
1.892 - -0.026
3 -0.446 -0.009




How to interpret your QTAIM results ?

Scheme Poep

Vander Waals Low

Closed-Shell — ignic Low
~ donor-acceptor Low

Shared -Shell q‘l polarcovalent High

l-cnvalent High

vz|:'bu:p I Vbcp I /Gbcp

>0
>0
>0
<0
<0

Hb.:p 8
>0 <1
>() <1
<0 <1
« >1
<0 >1



How to visualize your QTAIM results ?

results : > vi your_file .pop

| MOLDEN|

103.041 5.9948 0.0652
103.041 5.9948 0.0852
679.264 1.0017 -9.0017
657.407 1.0017 -0.0017

1. Visualize CP locations : > molden molecule rho cprho.xyz

2. Visualize CP locations : > vmd -e your file_rho.vmd

VMD Superpose CP + electron density : activate with
Mouse/Label/atoms :

X
File Molecule Graphics Display QUENEER Extensions Help

ID T AD F Molecule 2?5’;3;’;”&2@
H 0 A D F cBhe_rho_cprhoxyz
1 T ADF cBhe_rhocube C Scale Mode
© Center

© Query
™ Label
17 Move © Bonds 2
‘ zoom [ m step 4 O Angles 3
™ Move Light » | © Dihedrals 4

© Add/Remove Bonds

© Pick P




Working Session | : Source Functlon/IQA/REG Analysis with ADF

IF.l ]

? AMSjobszmﬂB
B Moverz.exe DmFit SCM File Edit Job Queue Sort Filter View Iools Help
= B s
11” . @ ams2023.103
TopSpin 3.6. Chekcel ﬁ o

s [ e ..
Run the AMS Graphical User Interface: moescener oot I

@@ wmodeles
E W 8 e
Microsoft CaRIne 3 Gaussview ﬁ Fayontinucs vietusl drives
Powerpoi... ﬁ Public
@ E ﬁ o
ﬁ snap
Microsoft  PowdercCell
Excel 2007 ﬁ Spafky
@ tata
@ test
R .

Please, read the document Practical Work with AMS 2023 (page 4)
for an introduction to AMS Software Suite

» Go to the parent folder

\\\\\

Taski | Geometry Optimizatio | v

Frequencies:

uuuuu

- Subfolders Total charge:

B Default mode Status of the job
- (sequential) XCfunctionali [y 83vP-03

.........
nnnnnnnnn
zzzzzzzzz
uuuuuuuuu

- ADF Jobs uuuuuuuuu
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