Gools of this Exercise

the Goals of this exercise are as follows:
- Optimization of the H,O molecule by a Hatree Fock calculation using the STO-3G basis.
— Then we will measure the distances between the atoms and the HOH angle.

— On the basis of the geometry optimized by a Hatree Fock calculation, we will optimize the
geometry by a BBLYP calculation.

— Then we will measure the distances between the atoms and the HOH angle.

— Then we will visualize the HOMO orbital, the electronic density and the HOMO orbital colorcoded with
electronic density.

Detailed Instructions

Building of the Molecule

1. If Gabedit is not already running, go to a unix command window and type the command "gabedit".

2. Click on Draw/Display Geometry icon. \‘ﬁ
IMeEPO0ES B R o™ @ o0 X & a

3. On Area zone click with right button of mouse and select Add/miscellaneous/Water, and click to Area
zone. You have successfully built the desired structure :

(® Gabedit : Draw Geometry =0 X

Press the Midle mouse hutton and move your mouse for a "Rotation". ||Press the Right mouse button for display the popup mem.
Press the Left mouse button and move your mouse for a "Rotation". | Cancel|
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Optimizing the Molecule by a HF Calculation

1. Close Geometry Windows.
2. Choose File/New Gaussian input (or Gaussian icon) from the principal Menu.

MecEToBG @R & @ 0Bl X a

3. Select Hartree Fock at Method Frame.

4. Select STO-3G ¥\t Basis Frangg.

5. Select Geometry Pptimization ype Frame.
6. Click to NP(T bu\ton.

- |_] Gaussian input Y
Caleulationfrommands |
Link oPTln \ NG _
Memory T‘ checkpoint file 2E integral file | InAJle generated by gabedit.. i
Readfwrite file | 2FNferivative file 5
METHOD A\ \\
Hight
METHOD BASI ‘
Medium Hartree Fock - | 5TO-3G - |
Lower Select your method : HF j Polarization function : |N0 j

This basis is present for H-Xe atoms

TYPE GENERAL
Geometry Optimization S Compute the dipole polarizahilities : Go |
Coordinate system options : Redundant Compute force constants : Go |
Convergence criteries : default Controls the SCF procedure : Go |
M. le : 20
axCycle [7 Extra print keys for gabedit |7 Full population analysis
StepSize : default )
Saddle point of order : Mo [Jeschize [J1gnorelSy oy
optimization a transition : Mo [~ Addtional print [ Density
[~ Mix HOMO & LUMO in initial guess

SAVE & CLOSE X CANCEL | ‘ NEXT \ =

~

7. Click to FINISH button.
8. Click to Run molpro/Gaussian icon (toolbar, top of window).

lMez=oods »ua @ v @ 08 X .

9. At save data file in text zone , type Gauss_H20O_HF

- [_JRun *
Prograrm: Server
* Gamssian ( Other & Local
" Molpro " Remote host

Local
1
[Lm:al Dirrectory : |/homesallouchestip ‘

Lo

Save data in file s Hz0_HF .com EI
Command to execute : [nohup g6 =/ DataFile.com
Remate hast

Host name B ‘ j
Login B ‘ j
Password B ‘

Working Directory : ‘Imp j

9 ok | % Caneel |
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10.Click to OK butt
11.Gaussian is now

on.
started at background job.

12.Select Gauss_H20_HF.log notebook.
13.Click to Update/End for reload the output file of Gaussian.
14.When the job completes (and this may take several minutes) : click to Geom. Conv.

15.click to Draw\

= B Geo metry co

Wﬂ:& from file : Gauss_H2O_HF.log - O

- Energy
-74.2617898708

- Force hdas—
0.048404

- Force RiAs —
0040640

e Dep. bas ———
0.080661

Dep. RbE —
0.037403

X Close

Dens. Orh. |

rRemote
Password :

Get All files |

Get log file |

Get out file |

Get molden file|

16. Discover various optimized values for this structure by selection of various value.

Select the last value.

% (B Geometry convergence from file : Gauss_H20_HF.| — O X

HINETO-35

- Energy
-74.9652012170

r Force Max—
0.000005

- Force RMS —
0.000004

- Dep. Max—
0.000008

- Dep. RS —
0.000006

t

TaWw

Movie

X Close

:
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17. On Area zone of Geometry/Display window click with right button of mouse and select
Label/Numbers.
18.Click to Mesure icon and select the H, O and H atoms respectively.

() Gabedit : Draw Geometry

Distances {Angstroms):
H[3]-O[1] : 0.989414
H[3]-H[2] : 1.516162

O[}H[2] : 0.989414

Angles (Degrees):
H[3]-O[1]-H[2] :100.026301

—P

[D\heura\ (Degrees):l 3
Averaged distance (Angstrams) 3
[0.989414

Press the Midle mouse button and move your mouse for a "Rotation". IPness the Right mouse button for display the popup menu.

Press and release the Left mouse button for "Select your atoms",

| Cam:el|

4/8




Optimizing the Molecule by a B3L'YP Calculation
1. Close Geometry Windows.
2. Choose File/New Gaussian input (or Gaussian icon) from the principal Menu.

MecET oGS »H @R & @ 0Bl X a

3. Select Hybridfunctionals at Method Frame.
4. Select STO-3(} at Basis Frame.
5. Select Geometry Optimization
6. Click to NE{T utton.

- Gaussian input e
Caleulation commands |

Type Frame.

LIME CFTICN il -
Dynamic memory | The polt file 2E integral file | Ingfile generated by gahedit.. =
Read-Write file | 2E dyrivaNg} file il
FMETHOD: ‘ \ \
Hight
= METHOD ‘ N\ BASI \
Medium Hybrid Functional M%hod \ - | 5TO-3G - |
S
Lover Select your method : |EISLVP j Polarization function : Mo j
ok
This basis is present for H-Xe atoms
ok
A N
N\
TYPE Y ‘\ GEMNERAL
Geometry Optimization S | pute the dipole polarizahilities : Go |
Coordinate system options : Redundant ¥|| |[ComPyte force constants : Go |
Convergence criteries : default - SCF procedure : Go |
M. le : 20 -
axCycle [« Extra p for gabedit [« Full population analysis
StepSize : default - )
Saddle point of order : Mo 5|| | Axchive [J1gnorelSy oy
optimization a transition : Mo ~|| | Addtional print F# Density
[~ Mix HOMO & L in initial guess
A N
SAVE & CLOSE X CANCEL | NEXT =

7. Click to FINISH button(Your first geometry at this calculation is the last geometry of HF calculation).

8. Click to Run molpro/Gaussian icon (toolbar, top of window).

9. At save data file in text zone , type Gauss_H20_B3LYP

10.Click to OK button.

11.Gaussian is now started at background job.

12.Select Gauss_H20_B3LYP.log notebook.

13.Click to Update/End for reload the output file of Gaussian.

14.When the job completes (and this may take several minutes) : click to Geom. Conv.

15.click to Draw

16. Discover various optimized values for this structure by selection of various value.
Select the last value.
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Viewing of the HOMO Orbital and the electronic density
1. Close Geometry Windows.

2. Click to Density/Orbital icon. —
Jﬁ“]g*—@“@ %‘@)'“‘ﬁ%ﬂﬂx @
3. Click to Ok Bytton. (the HOMO Orb1ta1 is selected)
[ orbitals X
iﬁh f]nelgy Oc. [Sym. i: f]nelgy Occ. [Sym.
\:
& 0K| X Close
4. Set Xwin to -4 and Nx to 6(@1{ to (I)K
- UCaI:me an orbital pos
rBo Grid
Minimmm l Maotronm N Points
X: |4 4000000 B0
Y |4 000000 |60
Z: |4 ‘4.000000 |60
N OK | Close

5. Setiso value to 0] and click to OK.

Calculations of isosurfaces for |

-0.699933
0.699933

0.1

Close
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6. Select Zoom icon.
Move the mo hile holding down the left button for obtain an optimal image.
You can easily chan e display type by selecting the type of rendering :

- wabedit : Oritals/Density

-150 -100 i».' a a[ 100 180 2P0 Z2a0 300

|

-

I
i

| s |-

ol | oo=1 | o= | SDora ! | SooAra | | oo | oA | g

=

[ File Name : Gamss H20 B3LYP.log || File Type : Gaussian || Geometry : Ok || Mol. Orh. : Ok i
[ Atormie Orh. : Nothing || Grid : Ok || IsoSurface : Ok || Right mouse hutton for popup mer.|

| ! Cancel

7. On Area zone of Geometry/Display window click with right button of mouse and select
Density/Electronic. Click to OK button and choose 0.1 for the isovalue.

8. click with right button of mouse and select Cube/Save for save the electronic density grid at a
edensity.gcube file.

9. click with right button of mouse and select Orbitals/Selection and click to OK button.

10.click with right button of mouse and select Cube/Color Mapping. Select the edensity.gcube file.
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11.choose 0.1 for the value for the isosurface.

- [ ] Gabedit : Oritals/Density

T

-~
4

&

s

[ File Name : Ganss H20 B3LYP.log || File Type : Gaussian || Geometry : Ok || Mol. Orh. : Ok

|
[ Atornie Orh. : Nothing || Grid : Ok || IsoSurface : Ok || Right mouse button for popup menm, |

| | Cancel
Jovero D 0.050 0.100 0.150

12.At the bottom of the window set the maximal value to 0.2./

13.For create a BMP image file, click with right button of mouse and select
Screen Capture/BMP.
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