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 Molpro input (or Molpro icon) from the principal Menu.

=P 088G »H @ & @ 0Bl X a

- [_Imolpro input x
General |

Title/Glohal Thresholds | Glohal Print Options ‘ One-electron operators and expectation values

Title : ‘\npulﬁ\e generated by gabedit

Memory size(in words) : [4000000

Global Thresholds

Zero : [1-12 Eorder : [10-4 Civee : [105
Oneint : |1.0-12 Ene; H LS
‘ = ‘ Coeff : |[1.c-4
Twoint : [1.o-12 Gradiant: [10-2
Printei :  [0.05
Prefac : ‘1 d-14 Step ‘1 o-3
Locali : [1.6-8 Orhital : [1.d-5 Punchei : |39

@ SAVE & CLOSE | X CANCEL w =

3. Click to NEXT button e

4. Click to NEXT button (Another time)
5. Select the O atom and select the STO-3G basis.

- [ Imolpro input P4
Baf |
ms Please select your bhasis
ECP
H ECP25DF
ECPZMWE
SBKIC
Basis #br s I Cont. I:I Basis for p | Cont. |ﬂ Basis for d | Cont. | i‘
SBKJC Wes STO-2G Ves B31G Wes
5T0-2 ¥es STOZG YES Ahlrichs-Cfit YES
STOZG Yes 5T0-3G Yes Ahltichs-pWDZ Yes
STO-3G Wes E ] auy-coc-pCysz ey
STO-3G Yes ACVEZ ves
. STO-3G Wes 1| sTOAG* Yas | aug-co-pCvDZ Yes
1| STO3G Yes | | 5TO-6G Ves || ACVDZ Ves R
Basis for f I Cont. Ii‘ Basis for g | Cont. | 2| Basis for h | Cont. | =
ahlrichs-Cht Yes aug-co-pCyvasg Wes aug-cc-pCyvaz Yes
aug-co-pCvaz Yes ACYEZ Wes ACVEZ Yes
ACYEE Yes aug-co-p¥asg Was aug-co-p¥as Yas
aug-co-pCvTZ Yes AVEZ Wes AVDZ Yes
ABCNVTZ Yes aug-co-pveES Was aug-co-pyeEZ Yas
aug-co-pvas Wes AVEZ Was AVEZ Ve
AYaL Yes | aug-co-pyas Was d| CC-pCyvas Yas R
Basis for i I Cont. |
aug-co-pveEZ Yes
AVEZ YVes
co-pYEZ-ald Yes
YEZ YVes
d-aug-co-pVEZ Yes
pWEZ Yes
New Atoml Delete Atoml
SAVE & CLOSE | X CANCEL | ‘ NEXT =l
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6. Select the H atom and select the STO-3G basis.

- [_Imolpro input x
Basis ‘
toms I Please select your hasis
Basis for s ,Com. | B Basis for p Cont. = Basis for d Cont. =
Dunning-5VF+ g *es 631G ‘es Ahlrichs-Ciit ey
Dunning-TZ es Ahlrichs-Ciit Ves aug-ce-pCysSZ  Wes
DZWPZ-DFT-0 es ahlfiche-pyDZ  Yes ACYSZ Yig
DZP-DFT- es aug-coc-pCvez Yes aug-co-pCvTZ Yes
GAMESS-p ves ACVSZ Yes ACYTZ wes
GAMESS-V] ‘es aug-co-pCYDZ  Yes aug-ce-pvs2 Yes
ACVDZ Yes AVEZ Yes
3-21G™ ves J aug-co-pCYaZ  Yes aug-co-pveZ Yes
216" ves ACVQZ Yes AVEZ Yes
321G es aug-coc-pCyTZ Yes aug-co-pveIz Yes
6-21G™ Wes ACVTZ Yes AVRZ Yes
6-21G* ves aug-co-pvez Yes aug-co-pvTZ Yes
6-21G ves AVSZ Yes AVTZ Yes
B-31G™ es Alg-Co-pyEE Yig ce-pCysz Yig
i 631G Yes v | AvEZ Yes v|| Cvaz Yes v
Basis for f Cont. | = Basis for g Cont. | Basis for h Cont. |
aug-co-pCvsz Yes aug-ce-pCvsz Yes aug-ce-pyeEZ Yes
ACYSZ Yes ACYSZ Yes AVEZ Yes
aug-co-pyaz Yes aug-co-pyaz Yes cc-pWveEZ-old Yes
AVSZ ves AVSZ Yes VEZ Yes
aug-co-pyEZ Yes aug-ce-pyEZ Yes d-aug-cc-pYEZ Yes
AVEZ Wes AVEZ Yes pY¥EZ Yes
aug-co-pyEz Yes CC-pCysZ Yes
AVEZ ves Ccvad Yes
co-pCYaz Wes cc-pWaz Yes
CW52Z Wes WaZ Yes
CC-pCY @z ves ce-pyvEZ-old vas
Cvaz Yes VEZ Yes
cc-pi5z Wes d-aug-co-pYaz Yes
W52 Yes d-aug-co-pvEZ Yes
L[] | copvEz-on ves »| | pvEZ ves
New Atom | Delete Atom |
SAVE & CLOSE | X CANCEL | ‘ NEXT =]

7. Click to NEXT button
8. Select the hf method.

\ [_Imolpro input

Co:
hf 5
Yiew all commands generated by gabedit
ht; =
=]
HF Option
Defining the wavefunction Jefining the number of occupied orbitals in each symmetr
Specifying closed-shell orbitals Saving the final orhital
Starting with previous orbitals Initial orbital guess
Starting with a previous density matrix

FINISH

SAVE & CLOSE | X

9. Click to FINISH button s
10.At the end of the input file add this line : optg
11.Click to Run molpro/Gaussian icon (toolbar, top of window).

MeEDOEIG 8 & R{t 0B X o
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12.At save data file in text zone , type Molpro_H20_HF

13.Click to OK button.
14.Molpro is no

started at background job.

- [ JRun

Program Server
(" Gaossian © OtRger (* Local

(« NMolpro

(" Remote host

rLocal ‘

| |
Local Dirrectory :|fh efallouche
LocalRemate

: [Molaro_Hzo_HF

to execute : |n0hup molpro

.com El

j DataFile.com

-

M

P ‘Ole

Cancel |

15.Select Molpro_H20O_HF.log notebook.
16.Click to Update/End for reload the output file of Molpro.
17.When the job completes (and this may take several minutes) : click to Geom. Conv.

18.click to Draw\

- {Eﬁl Geometry C

HF-SCF

10 12 14 16 18 20

wnce from file : Molpro_H20_H | — O

- Energy
-74.96590117

- COnNYerence
0.00025862

Dra |

Movie

X Close

U\date.l’end |
Ge!n. Conv. |

Dens. Orh. |

-Remote
Password :

Get All files |

Get log file |

Get out file |

Get molden file|
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—. 10125 (DEgrEEs)

19. Discover various optimized values for this structure by selection of various value.
Select the last value.

~ (E) Geometry convergence from file : Molpro_H20_H | — [0

HF-SCM

- Energy
-74.96590117

- COnNYerence
0.00025862

Diraow

L

Movie

10 12 14 16 18 20

X Close

i

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

- ® Gabedit : Draw Geometry -0 X

Distances {(Angstroms)
H[2]-O[1] : 0.982421
H[2]-H[3] : 1.516188

O[l]-H[3] : 0.989421

H[2]-O[1]-H[3] :100.027625

{Dihedral (Degrees)ﬁ

Averaged distance (Angstroms)
{0.989421 T

Press the Midle mouse button and move your mouse for a "Rotation". I Press the Right monse button for display the popup menn.

Press and release the Left mouse button for “Select your atoms". Cancel
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Optimizing the Molecule by a B3L'YP Calculation
1. Close Geometry Windows.
2. Choose File/New Molpro input (or Molpro icon) from the principal Menu.

M CEP0dS R o W 0r X 4 oa

Click to NEXT button

Click to NEXT button (Another time)

Select the O atom and select the STO-3G basis.

Select the H atom and select the STO-3G basis.

Select the ks method.

Click to FINISH button

9. At the end of the input file add this line : b3lyp; optg

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

11.At save data file in text zone , type Molpro_H20_B3LYP

12.Click to OK button.

13.Molpro is now started at background job.

14.Select Molpro_H20_B3LYP.log notebook.

15.Click to Update/End for reload the output file of Molpro.

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

18. Discover various optimized values for this structure by selection of various value.
Select the last value.

e

Viewing of the HOMO Orbital and the electronic density
1. Close Geometry Windows.
2. Click to Density/Orbital i1CON.

MeEo 088G @R & T8 08 X a

3. Click to Ok Button. \

- |_] Orbitals available >
lection of type of orhitals
ometry nmber : |1 j
P : [RKS-SCF M
Typ : ELECTRON ORBITALS
< ok | ¥ Cancel
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4. Click to Ok Bytton. (the HOMO Orbital is selected)

- [] orbitals
Alpha Orhital Beta Orbital:
Nr | Energy |0::c. |S‘ym | Nr |E1|ergy |0c::. |Sym
fE T o e B
3 -0.163700 1.000 A1 3 -0.165700 1.000 A1
e & e
‘ & OK | X Close
5. Set Xwin to -4 and Nx to 6(@1{ to (I)K
- |_]Calcul®™hgs of grid for an orbital
rBo Grid
Minimm l Masdmmm N Points
X: |4 4000000 B0
Y: |4 .000000 |EI:|
7 |4 4000000 |au
N OK | X Close
6. Setiso value to 0] and click to OK.
Calculations of isosurfaces for |

-0.699552
0.699552

: |III.1

ok | x

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

3
0
0

Olelt- | 26| .

[ File Name : Molpro H20 B3LYP.out || File Type : Molpro || Geometry : Ok ||Mol. Orb. : Ok

| Atomic Orh. : Nothing || Grid : Ok || 1s0Surface : Ok || Right mouse button for popup merm.

|_ | Cancel

8. 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.

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

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

11.click with right button of mouse and select Cube/Color Mapping. Select the edensity.gcube file.

12.choose 0.1 for the value for the isosurface.
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|_]Gabedit : Oritals/Density
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[ File Name : Molpro H20 B3LYP.out || File Type : Molpro || Geometry : Ok |[Mol. Orh. : Ok |
_| Atomic Orb. : Nothing || Grid : Ok || IsoSurface : Ok || Right mouse button for popup menu. |

| | Cancel
Joeo

0.050 0.100

13.At the bottom of the window set the maximal value to 0.2.
14.For create a BMP image file, click with right button of mouse and select
Screen Capture/BMP.
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