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[1] About MolWorks

MolWorks is a software tool for computer aided molecular design.

e Multi-platform support
MolWorks can be run on any platform running a Java™ VM (Virtual machine), such as
Windows and Linux (Redhat).

e About modeling
MolWorks can build molecules by drawing them within the Builder Panel. MolWorks can handle
3D molecules. You can clean up molecules by using a simple minimization algorithm. You can
easily change atom type and bond order for molecule. You can select Wire/Ball & Stick style. You
can handle many molecules by using tab panels.

e Reading molecule files and output files of computational chemistry programs, and saved
molecule files
MolWorks can read molecule files (XYZ Format File(*.xyz) & Protein Data Bank File(*.pdb) in
Version 2.0) and display molecules within the Builder Panel. In addition, it can read input
output files of Gaussian, GAMESS, MOPAC, and Q-Chem, and can analyze and visualize the
results. MolWorks also can write molecule files (only XYZ Format File(*.xyz) in Version 2.0) and
input files for the programs (see next).

e Pre and Post processors for qguantum mechanics programs
MolWorks has interfaces for Q-Chem / Gaussian / GAMESS / MOPAC. MolWorks include a
CNDOJ/2 calculation engine and can display the MO (Molecular Orbital) within the Builder
Panel.
MolWorks can convert a Gaussian input data into a Q-Chem input data and create an input
data file for Q-Chem.
MolWorks can submit a Gaussian job. (only when Gaussian program is installed locally.)

e Properties Estimation
MolWorks can estimate molecular properties using “Group Contribution Methods” and
“Principle of Corresponding States”. You can estimate molecular properties and squeeze down
the target molecule from the list. MolWorks can display diagram of “Equation of the State” for
the molecular mixtures.

[2] System Requirements

Windows 98/2000/NT 4.0/XP (Pentium MMX 233MHz and above)
Linux (Redhat)

45MB hard disk space (including Java™ VM)
32MB RAM (64MB recommended)

256 color VGA monitor (800x600 or greater)
Ethernet Card or Ethernet Board is necessary.



[3] How To Start Up

e \Windows Users

Execute the MolWorks from the “Start Menu”.

e Linux Users

Execute the command MolWorks from the command line in the window.

While the Startup Window is displayed, several modules are loaded. Then Initial Display will be
appeared on the screen.

U Startup Window[ U Initial DisplayU

MolWorks 2.0
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[4] Display Contents

The Initial Display consists of the Main Menu / Main Window / Status Bar.
U Initial DisplayU

taip | — Main Menu

— Main Window

1. | o |+— Status Bar




. Main Menu
1) File

i

Exit

1)-a. New
In the case of the M

olecule Window and Periodic Table Window are opened in the Main

Window. If the Molecule Window is already displayed, new Builder Panel will be

added.
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1)-b. Open...
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The browser for open file will be appeared. Select a molecular coordinate file and press

opm | The molecu

lar structure will be displayed in the Builder Panel.

1)-b-1: File name
Display the selected file name.
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1)-b-2: Files of type
Specify the reading file type. In version 2.0, it can read XYZ Format
File(*.xyz), Protein Data Bank File(*.pdb), and input and output files of
Gaussian, GAMESS, MOPAC, and Q-Chem. When the input files are read,
the molecular structure with the options and parameters for the calculation
are displayed, and when the output files are read, the molecular structure
with the results of calculation are displayed.
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1)-b-3: In the case of reading Gaussian input file (h2o0.com)
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1)-b-4: In the case of reading Gaussian output file (h20.10g)
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1)-b-5: In the case of reading GAMESS input file (h20.inp)
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1)-b-6: In the case of reading GAMESS output file

Eeres ______________________________________________________ H=A
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1)-b-7: In the case of reading MOPAC input file (benz.dat)
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1)-b-8: In the case of reading MOPAC output file (benz.out)
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1)-b-9: In the case of reading Q-Chem input file (water.in)
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1)-b-10: In the case of reading Q-Chem output file (water.ref)
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1)-b-11: The orbital energy level
The orbital energy level is displayed when the output files are read and the
®x | button in the Information Window is pressed.
1)-b-12: Frequency
The spectrum of IR is displayed if the result of vibrational analysis is
included in the output files and the | fr= | button in the Information Window
is pressed.
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1)-c. Rename...
Rename the selected Builder Panel.
Example: Change the name ‘Molecule 1’ to ‘Water'.
e E

L= =
(B B P | (kay
il ek e [l

Procedure 2) Change the name ‘Molecule 1’ to ‘Water’ in the Rename Molecule display.
After clicking |_@i | this panel is renamed.
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[ oK Cancel
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1)-d. Close...
Close the selected Builder Panel.
Example: Close the ‘Water’ Builder Panel.
Procedure 1) Select Close Water from the Edit menu in the Builder Panel.

e
Cigeeny
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Procedure 2) Close Molecule dialog will be appeared. El for closing this file.
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1)-e. Save As...
Save the molecular structure displaying in the Builder Panel.
Example: Save the geometry of acetaldehyde as test.xyz file
Procedure 1) Select Save As... from Edit menu in the Builder Panel.

Procedure 2) The browser for Save file will be appeared. After changing the file name
‘acetaldehyde.xyz’ to ‘test.xyz’, press | &ae=
Eleave £
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Procedure 3) If the same file name already exists there, following message dialog will
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be displayed.

Sawe File As

DAt Ky Bl ey st
Ll Do you want to overweme?

fron | [ ]

1)-f. Exit
Display the Exit dialog.

Dhoy vt iwand o el 7

oK | Cancel |

el ___

2) View
| Molecuse
Pariodic Takis
|
2)-a. Molecule
Display the Molecule Window. When the Molecule Window is already displayed, it
comes to the front of the display.
2)-b. Periodic Table
Display the Periodic Table Window. When the Periodic Table Window is already
displayed, it comes to the front of the display.
2)-c. Messages
Display the Messages Window. When the Messages Window is already displayed, it
comes to the front of the display.
3) MO
" imerface
Calc
3)-a. Interface
Display the Simplified Setting Window for creating input files for Q-Chem, Gaussian,
GAMESS and MOPAC.
3)-b. Calc
Display the CNDO/2 Window for CNDO/2 calculation.

4) Properties
Estimiation

4)-a. Estimation
Display the Estimation Window.

5) Window
| Molecide
Parinidic Taks Already existed
[aeme—— window(s)
v ]

5)-a. Already existed window(s)
Checked window brings to the front of the display.
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6) Help
Syetam kformation
Kot Bofdiorks

6)-a. System Information

MolWorks displays the System Information dialog box.
6)-b. About MolWorks

The About MolWorks dialog box is displayed.
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MolWorks 2.0
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1. Main Window
For the following windows: Molecule Window, Periodic Table Window, Simplified Setting

Window, MO Window, MO Setup Window, CNDO/2 Window, Estimation Window, Pure
Properties Window, Properties Graph Window, Functional Groups Window, PVT Window and
Messages Window are displayed with in Main Window.

To minimize the window, click the & button. The minimized window will be displayed at the
bottom of the Main Window.

While the & button is shown, you can change the size of the window. To maximize the
window, click the &' button. To close the window, click the E button.

I11. Status Bar
Choose the Status Bar from the View menu. The following status bar is displayed at the

bottom of the Main Window:

O O O O
Messages are displayed here.
The element type and the serial number of the atom are displayed here (e.g. C(1)).
Display the number of total atoms in the Builder Panel (e.g. Atom count: 8).
Mode is displayed here (Draw or Select).

OooOooo

[5] Molecule Window

The Molecule Window consists of the Menu Bar, Tool Bar, and Builder Panel. In the Builder Panel,
you can operate several molecules using tab panels. In the bottom of the window, the methods to
manipulate for the displayed molecule using button and mouse are displayed.

[~ Molpcuis o
! . foe] | abal  Tisply Menu Bar

lool Bar

Huillder Pane

Melinde-ule 1

fimdnbe cirl+ gl Magmihe 38l «deag, - pleee Holate: oti | +ohif - deai)
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l. Menu Bar
1) Edit

Selnci b
Hloti Tyme J

D

Rdd Hyalrnipens
Clean

1)-a. Undo

Undo the previous editings.
1)-b. Redo

Redo the editings.
1)-c. Cut

Cut the selected atom(s).
1)-d. Copy

Not supported in Version 2.0.
1)-e. Paste

Not supported in Version 2.0.
1)-f. Delete

Delete the selected atom(s).
1)-g. Select

Al

Mo

B¢

Clement Type
Bona

1)-g-1: All
All atoms in the selected Builder Panel will be selected.
1)-g-2: Atom
The clicked atom(s) will be selected/unselected.
1)-g-3: Box
The white line box will be shown from the clicked point. All atom(s) in the
white line box will be selected/ unselected.
1)-g-4: Element Type
All atom(s) being a same element type with the clicked atom will be selected/
unselected.
1)-g-5: Bond
The clicked bond(s) will be selected/unselected.

15



1)-h. Atom Type
Choose the element type for drawing.
Hydrogen
Carbon
Hitrogen
Oxyen
Fluorine
Sulfur
Chlorine
Bromine
lodine
1)-i. UnSelect
When the selected atom(s) and/or bond(s) are existed, this command becomes active.
When you choose this, all selected atom(s) and/or bond(s) will be unselected.
1)-j. Draw
Set the draw mode.
1)-k. Add Hydrogens
Adding the hydrogen atoms automatically considering the bond orders, distances, angles
and dihedral angles.
1)-1. Clean
Execute a simple geometry optimization. If the energy is under 0.5 a.u. or the number of
calculation cycles achieve 300, calculation is finished. If you open the new Builder Panel
or select other Builder Panel during the calculation, optimization is stopped.
2) Measure

Distance Ctrl-[r
Angle Ctrl-&
Dihedral Ctrl-H

2)-a. Distance
Measure the distance between two selected atoms, and display the value in the Status
Bar [I.
Example: Measurement of the C=0 distance in ‘acetaldehyde’
Procedure 1) Select Distance from the Measure menu. Then the following message
appears in the Status Bar [ .
faelect 2 atoms from the Molecule window
Procedure 2) Select two atoms in the Builder Panel. The distance is displayed in the
Status Bar 0.

|Distaree OET-CI=1 2751 D036ATZ4301 A
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2)-b. Angle
Measure the angle between three selected atoms, and display the value in the Status
Bar O.
Example: Measurement of the O-C-C angle in ‘acetaldehyde’
Procedure 1) Select Angle from the Measure menu. Then the following message
appears in the Status Bar 1.

Snlect 3 aloms from the Kobeoula ward o

Procedure 2) Select three atoms in the Builder Panel. The angle is displayed in the
Status Bar U .

Pngle: OEC{1 02120000811 20753217

2)-c. Dihedral
Measure the angle between four selected atoms, and display the value in the Status

Bar O.

Example: Measurement of the O-C-C-O dihedral angle in ‘acetaldehyde’

Procedure 1) Select Dihedral from the Measure menu. Then the following message
appears in the Status Bar [ .

Salect 4 atome Fom the Molecube windos |

Procedure 2) Select four atoms in the Builder Panel. The dihedral angle is displayed in
the Status Bar 0.

Cordral: O30 R C{3HES=00

3) Bond
Siewgle

Dauble
Tripla
3)-a. Singled Doublel Triple
Change bond order of the selected bond to single, double, or triple.

17



4) Label
| Elainant Syibals
Serial Humbers
Charpa

4)-a. Element Symbols
Display the element of each atom.

4)-b. Serial Numbers
Display the serial number of each atom.
4)-c. Charge
Display the partial atomic charge of each atom after the results have been obtained
from the CNDOJ/2 calculation.
O Element Symbols, Serial Numbers, and Charge can be displayed simultaneously.
5) Display
e
g_uan.m
MO
Wiie Fiaiie Mimameiil .
s .
Home pastion
Cantes
5)-a. Wire
Display the molecule as a wire frame style.
5)-b. Ball & Stick
Display the molecule as a ball and stick style.
5)-c. MO
Display the molecular orbital, if the CNDO/2 calculation has already finished.
5)-d. Wire Frame Movement
Translation, rotation, and zoom of the molecule will be performed using the wire frame
style (although the molecule is displayed in ball & stick style).
5)-e. Axis
Display the XYZ axes on upper left corner of the Builder Panel.

5)-f. Home position
Change the molecular direction to the one of the axes above, and move the center of
mass of the molecule to the center of the Builder Panel.

18



5)-g. Center
Move the center of mass of the molecule to the center of the Builder Panel.

I1. Tool Bar
¥ 0 2 @ |add Hydrogens |Clean | Unsclect

|#| cut button. This button becomes active when one or more atoms are selected on the
Builder Panel. The selected atoms are deleted when this button is pressed.
= Copy button. Not supported in Version 2.0.

©  Paste button. Not supported in Version 2.0.
i Undo button. Undo the previous editings.

©  Redo button. Redo the editings.

\Aske tyirogens. Add Hydrogen button. Adding the hydrogen atoms automatically considering the
bond orders, distances, angles and dihedral angles.

|a| Clean button. Execute a simple geometry optimization.

[6] Periodic Table Window

In draw mode, element types can be selected by clicking the appropriate button. Also, clicking on
the required element can change selected atoms in the Builder Panel. The background color of
each element is adopted in the Builder Panel.

Also atomic number, mass of element (IUPAC), melting point, boiling point, specific heat and
density are displayed at the top of the window.
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[7] Simplified Setting Window
The Simplified Setting Window is the basic window to create the input files for Q-Chem, Gaussian,

GAMESS and MOPAC. When you want to set any parameters, please click | #&enced.. | Then the

MO Window will be displayed.
l. Selecting the Q-Chem button.

Emm
Loy Moverpdee olscuin 1

+ B

= (T Lt A GRAMESS 0L

 Seminpu e || Mdanced.. |
1)  Sive gt e
Save the Q-Chem input file for geometry optimization by RHF/STO-3G.
Exampleld H20
$comment
H20
$end
$rem
JOBTYPE SP
EXCHANGE HF
BASIS STO-3G
$end
$molecule
01
O 4.4300385 -1.6507636 -0.6619955
H 3.4728384 -1.6507636 -0.6619955
H 4.669702 -1.6507636 -1.5887065
$end
I1. Selecting the Gaussian button

PECEPRTI RPN o R |

f.Chem ¥ Garssian GAMESS | MOBAC
Soredt It B dp bwancnd.,
1)  Save gt e

Save the Gaussian input file for geometry optimization by RHF/STO-3G.
Examplell H20

#P RHF/STO-3G OPT

- Comment line- H20
01

O 0.0 0.0 0.0

H 096 0.0 0.0
H -0.282 0.918 0.0
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I11. Selecting the GAMESS button
[ Sampitied Semng "
Camyem Midprsie Moiscsle 1

Save the GAMESS input file for geometry optimization by RHF/STO-3G.

Examplell H20

$CONTRL SCFTYP=RHF RUNTYP=OPTIMIZE COORD=CART ICHARG=0 MULT=1 $END
$BASIS GBASIS=STO NGAUSS=3 $END

$GUESS GUESS=HUCKEL $END

$DATA

- Comment line- H20

Cn1l

O 8 00 0.0 0.0
H 1 096 00 0.0
H 1 -0.282 0.918 0.0

$END
IV. Selecting the MOPAC button
[ Sanqified Sestng 5

Caryem Modecsde Moleculo 1

Save the MOPAC input file for geometry optimization by PM3.
Examplel H20

PM3 XYZ PRECISE

- Comment line- H20

- Comment line -

O 00 100 1001

H 09 100 1001

H -0282 10918 1001

V. Q-ChemU Gaussianll GAMESSL MOPAC

After clicking | #swaced.. | the MO Window is displayed.
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[8] MO Window

The MO Window consists of four tabs concerned the four programs (Q-Chem, Gaussian, GAMESS,
and MOPAC).

. Q-Chem
Make input data for Q-Chem.

[ + O]
P e d Pl il - 1
— o ---—---.-------_.-------!
& g s Polm -
di | ekl | ASE -
LLUE "
oz W e wm =
i - Miaws
i 1 g =
Polein b il o L
L T B
1) Calc. Type

Select the calculation type.
Single Pointd Optimizel FrequenciesU Transition Structurell Using data on right other
calculation type written in the text field is adopted
2) Calc. Level
Select the calculation type.
RHFO Restricted Hartree-Fock
UHFU Unrestricted Hartree-Fock
ROHFLUO Restricted open shell Hartree-Fock
MP20 2nd order Moller-Plesset perturbation
CCDU Coupled Cluster with Doubles
CCSDL Coupled Cluster with Singles and Doubles
QCISDL Quadratic Configuration Interaction
ODU Optimized Orbital Coupled Cluster Doubles
BLYPU Becke exchange + LYP correlation
B3LYPU Becke's Three Parameter Hybrid Method Using the LYP Correlation
B3PW91L! Becke's Three Parameter Hybrid Method Using the PW91 Correlation
EDF10 Empirical Density Functional 1
Using data on right[ (other calculation type written in the text field is adopted)
3) Basis Set
Select the basis set.
STO-3GU 3-21GU 4-31GU 6-31GU 6-311GU Using data on right (other basis set written in
the text field is adopted)
4) Polarization/Diffuse
Select the type of polarization and/or diffuse function.
Not used (Not including both polarization and diffuse.)d *00 **[1 +[] ++0 * and +J ** and +0J
**and ++
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5) Geometry
Specify the geometry type.
Cartesian[] Set up the selected molecular geometry using the XYZ format automatically.
Modifyld Geometry Frame is displayed. If Save button is pushed after changing structure
data within the Geometry Frame, the changed structure save to the file.
6) Charge
Set the net charge of molecule.
7) Spin
Set the spin multiplicity of molecule.
8)  Aditiomal Kieyweord
Display the Additional Keyword Frame. Input keywords, and push the Save button when
you want to add other optional keywords.
Il. Gaussian
Make input data for Gaussian. The function to convert input data (Input Data Convert
section) and to submit a Gaussian job (Run Gaussian Job section) can be used.

-
(L = E
Comrerd Weko i Blodwouis 1

OCwww  vessoe SR EGIAD

oy Lol =
Caic. Bypw | Sangew Paiew =
Coic il | FOF -
R G E3056 -

1) Output Level
Control the volume of output file.
#(normal)U tersel] detail
2) Calc. Type
Select the calculation type.
Single Point]OptimizeJFreq]Optimize + FreqUsing data on right (other calculation type
written in the text field is adopted)
3) Calc. Level
Select the calculation level.
RHF : Restricted Hartree-Fock
UHF : Unrestricted Hartree-Fock
ROHF : Restricted open shell Hartree-Fock
CCD : Coupled Cluster with Doubles
CCSD : Coupled Cluster with Singles and Doubles
QCISD : Quadratic Configuration Interaction
MP2 : 2nd order Moller-Plesset perturbation
BLYP : Becke exchange + LYP correlation
B3LYP : Becke's Three Parameter Hybrid Method Using the LYP Correlation
Using data on right (other calculation level written in the text field is adopted)
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4) Basis Set
Select the basis set.
STO-3GU 3-21G0 4-31GU 6-31GU 6-311GU Using data on right (other basis set written in
the text field is adopted)
5) Polarization/Diffuse
Select the type of polarization and/or diffuse function.
Not used (Not including both polarization and diffuse.)d *0J **0 +0J ++0 * and + ** and +0
**and ++
6) Geometry
Specify the geometry type.
XYZ.autoll Set up the selected molecular geometry using the XYZ format automatically.
Modifyll Geometry Frame is displayed. If Save button is pushed after changing structure
data within the Geometry Frame, the changed structure save to the file.
7) Charge
Set the net charge of molecule.
8) Spin
Set the spin multiplicity of molecule.
Q)  Aditiomal Kieyweord
Display the Additional Keyword Frame. Input keywords, and push the Save button when
you want to add other optional keywords.
10) Input Data Conversion
Convert the input data for Gaussian into the input data for Q-Chem, and save the
converted data to file as a Q-Chem format. If Save button in Input Data Conversion section
is pushed after editing input data on the Gaussian tab, the conversion is carried out.
11) Run Gaussian Job
If Run button in Run Gaussian Job section is pushed, the Gaussian program is executed.
At first, input data edited in the Gaussian tab is saved at a file, then the Gaussian job is
submitted. (To use this function, the Gaussian need to be installed locally. And some setup is
required at Setup Window.

111. GAMESS

Make input data for GAMESS (The General Atomic and Molecular Electronic Structure
System).

[T o E
Bod Blds B T
T | — _...-I
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SBuds rul U - n L] -
_E ] ri ki
P 1| gt
Addrama avpmoand
S inpan Fis
1) Calc. Type

Select the calculation type.
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Single PointJGradientJOptimize_Frequencied1Using data on right (other calculation type
written in the text field is adopted)
2) Optimize Cycle
Specify the maximum number of iteration for geometry optimization. This button becomes
active only in the case that Optimize is selected in Calc. Type.
3) Optimize Precision
Specify the precision of geometry optimization. This button becomes active only in the case
that Optimize is selected in Calc. Type.
4) Calc. Level
Select the calculation level.
RHF : Restricted Hartree-Fock
UHF : Unrestricted Hartree-Fock
ROHF : Restricted open shell Hartree-Fock
Using data on right (other calculation level written in the text field is adopted)
5) Geometry
Specify the geometry type.
XYZ.autol] Set up the selected molecular geometry using the XYZ format automatically.
Modifyll Geometry Frame is displayed. If Save button is pushed after changing structure
data within Geometry Frame, the changed structure save to the file.
6) Basis Set
Select the basis set.
STO-3GU 3-21GLI 4-31GU 6-31GU 6-311GU Using data on right (other basis set written in
the text field is adopted)
7) Polarization
Select the type of polarization function.
not usedU p (for H-He)U dO f (for Li-Cl)U p,dU d,fO p,d,f
8) Diffuse
Select the type of diffuse function.
not used(] s(for hydrogen) s,p(for heavy atoms)U s,p(for all atoms)
9) Time Limit
Set the maximum time of calculation (minute).
10) Memory
Set the maximum memory used for calculation.
11) Charge
Set the net charge of molecule.
12) Spin
Set the spin multiplicity of molecule.
13) | Addrional Keyweord
Display the Additional Keyword Frame. Input keywords, and click the Save button if you
want to add other optional keywords.

IV. MOPAC
Make input data for MOPAC6 and MOPACY.
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1) Calc. Method
PM30 AM10 MNDOL MINDO/3

2) Calc. Type
Optimizel Frequencies’] Thermo Data ] Keyword (other calculation type written in the text

field in the Calc. Type Parameters is adopted)

3) Geometry

Specify the geometry type.
XYZ.autol] Set up the selected molecular geometry using the XYZ format automatically.

Modifyd Geometry Frame is displayed. If Save button is pushed after changing structure
data within the Geometry Frame, the changed structure save to the file.
4) Calc. Type Parameters
4)-a. Optimize Algorithm
Select the algorithm for geometry optimization. This button becomes active only in the
case that Optimize is selected in Calc. Type.
EF (Eigenvector Following)L BFGS
4)-b. Thermo Data
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4)-b-1: Initial Temp.
Specify the initial temperature. This field becomes active only in the case

that Thermo Data is selected in Calc. Type.
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4)-b-2: Final Temp.
Specify the final temperature. This field becomes active only in the case that
Thermo Data is selected in Calc. Type.

4)-b-3: Step Number
Specify the step size of temperature. This field becomes active only in the
case that Thermo Data is selected in Calc. Type.

4)-b-4: Symmetric Number
Specify the symmetric number of geometry. This field becomes active only in
the case that Thermo Data is selected in Calc. Type.

Point group | Symmetric | Point group | Symmetric | Point group | Symmetric
symmetry Number symmetry Number symmetry Number
C1,Ci, Cs 1 D2, D2d, D2h 4 Cv 1

C2, C2v, C2n 2 D3, Dsd, Ds3h, 6 Dh 2

C3, C3v, C3n 3 D4, D4d, Dah 8 T, Td 12

C4, Cav, Csh 4 Ds, Ded, Deh 12 Onh 24

Cs, Cev, Coh 6 Sé 3

4)-c. Interatomic Distance Check
Write the keyword GEO-OK (ON) or not (OFF). GEO-OK override the job termination,
which is due to that two atoms are within 0.8 A of each other.
4)-d. Orbital output
Specify which the enable or disable to display the information of molecular orbital.
4)-e. Time Limit
Set the maximum time length of calculation (by the selected unit).

4)-f. Charge
Set the net charge of molecule.
4)-g. Spin
Set the spin multiplicity of molecule.
4)-h,  Adisitinal Keyword
Display the Additional Keyword Frame. Input keywords, and push the Save button
when you want to add other optional keywords.

[9] Setup Window

[ by St i & E
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1) Work Directory
Set a default directory for saving a Gaussian input data file
2) Application
Set the executable file of Gaussian. (In the case of Gaussian98, it is set to g98 (Linux) or
098.exe (Windows) )
The above two items are set using the Search button. If OK button is pushed, the setup
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becomes effective.

3) Other setup
In addition to a setup on the Setup Window, the following setup is necessary for submitting
Gaussian jobs. (The method for setting up in the case of using Gaussian98 is shown as an
example. Please refer to the Gaussian manual for details)

3)-a. Linux
Before starting the MolWorks, a setup of an environment variable, g98root, and execution of
a script is required. In the following examples, it is assumed that the Gaussian is installed
at /opt/g98.

In the case of C shell
setenv g98root /opt
source $998root/g98/bsd/g98.login

In the case of BA shell
export g98root=/opt
source $g98root/g98/bsd/g98.profile

If the above-mentioned procedures are described to .cshrc file (C shell) or .bashrc file (BA
shell), the setup is available whenever the shell is started. This can be used when executing
MolWorks from a command line.

If the above-mentioned procedures are described to .login file (C shell) or .bash_profile file
(BA shell), the setup is available whenever a user logs in. This can be used when executing
MolWorks by the double click of a mouse.

3)-b. Windows
Before starting the MolWorks, it is necessary to add the directory where the Gaussian is
installed (ex. C:¥G98W) to an environment variable, PATH.
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[10] CNDO / 2 Window
Execute the CNDO/2 calculation.(Maximum # of atoms: 100, Maximum # of orbitals: 300)
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l. Input Parameters
1) SCF convergency
This parameter decides the precision of SCF calculation (thresh hold of the difference of
molecular orbital energies). Default value is set to 0.000001.
2) Max Cycles
This parameter decides the maximum number of iteration of SCF calculation. Default value
is set to 100.
3) Charge
Set the net charge of molecule.
4) Spin
Set the spin multiplicity of molecule (only the singlet state is supported in version 2.0).
I1. Results
1) Number of Cycle
Display the actual iteration number of SCF calculation.
2) Energy Difference (a.u.)
Display the maximum value of the difference of molecular total energies in the iteration.
3) Energy (a.u.)
Display the total energy of the molecule.

I11. Dipole Results
1) Dipole (debye)
Display the absolute value of dipole moment.
2) X (debye),Y (debye),Z (debye)
Display the component of dipole moment along X, Y, and Z direction.

IV, | Cocutse
Execute the CNDO/2 calculation.
V. M=

Display the MO Control Window and the shape of highest occupied molecular orbital (HOMO)
in the Builder Panel. This button becomes active only in the case that the CNDO/2 calculation
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is converged.

VI. _pee |

Calculate and display the absolute value of dipole moment, and its component along X, Y, and
Z-axes. This button becomes active only in the case that the CNDO/2 calculation is converged.

[11] Display MO Window
Control the displaying molecular orbital resulted by CNDO/2 calculation.
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I. Current Energy Level
Display the energy of selected orbital (indicated by red arrow).

I1. Change Level
Up or down the level of molecular orbital displayed within the Builder Panel.

I11. S Scale
Multiply or reduce of S orbital component of molecular orbital displayed within the Builder
Panel.

IV. P Scale
Multiply or reduce of P orbital component of molecular orbital displayed within the Builder
Panel.

V. Show MO
Set the molecular orbital displayed within the Builder Panel to HOMOY or LUMO?),
Example: The LUMO of ethylene.
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1) Highest Occupied Molecular Orbital. 2 Lowest Unoccupied Molecular Orbital.

VI1. MO Level
All of the molecular orbitals are displayed. The red arrow points the level of selected orbital. If
the orbital set that the difference of orbital energies is below 0.0001 hartree is existed (i.e.,
degenerated orbitals are existed), it displays as right-hand below.
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[12] Estimation Window

I. Pure Properties

" Estimation
Pure Propesties YT |
Molocss | Etfalare -
e[|
| Caleasain |
Gaapl

1) Molecule

All molecules displayed in the Molecule Window are listed in the pull down menu. When
certain molecule is selected in the pull down menu, this molecule is displayed in the
Builder Panel automatically. And when certain molecule is selected in the Builder Panel,
this molecule is displayed in this menu automatically.

2) Parameter

Select the parameter for estimation.

2)-a. Joback
Joback, K. G.,

Technology, Cambridge, Massachusetts, 1984.

2)-b. Modified Joback

Use Joback parameters determined by us with some modification.

3) | Calciate

“S.M. thesis in chemical engineering”, Massachusetts Institute of

Estimate the pure properties of molecule using selected parameter. And display the Pure
Properties Window and the Functional Groups Window (the groups and the number of
each groups using in the calculation are displayed within this window).

[ gt

Juhci Propsria foe [y

ket Belbod Bod | irp Faind {05 = $94.08
i" Cl'a w3_T
obach Malboe Freeciong ®aiel (X) = 173,08

i Cim -I58, 76

Jobach Madbeadi Orid lcs | Propsdiss ol jsslion
Craliphl Fompmvalyes (B3 = 307, 610D

Bl 5 Tid.00 5
Crol lpnl PFreames (har] = SE.EEIT]
sniml = B1.AMEEE
Cril icnl Baluss Dol ised b |- H |

From loback Ferssstier doaniric Facler
Folaialar Betboa] mamgh = 0, ]
Lee-Erpinr u.lln- osmry T 0 | FuEES

Jr & L1158

Ver-Foady Melhwod Ceeciby Loiesd | L
Fa e ] el e Vase POy @ = BEF1_mdi
Yol re e ed Mml of Yeporemalion (al BF) (eslfeall
d | gk Dl pi ad Dol (4] = [, 5l
= A.BEREE-TI

1=
L-J Fui | Iecth Far Dhastin Lijeall

« B

CIERIT

32

[ Purm eyt

dfaabbini kmark |y ppaimea Fin | inasas
= 33800
e [ BT

B || bt Sk Bl iy ‘\.-l.'l;:i'
| -51_51:1_

Eridizsl Tempammi |--||-|
o) -

Cri% bewl '\-rlall-'w""wl T T

(Tl e ] Rojddgreat
Les-Earlar Meltad omsgs © 0. 130 ERET

e R ATIEEEY
Derrrile Exd wad l:l Ll CEA) gl ] ALARIEIR
1-|| - Fan nul\. FoEnl Dmsl fom (gtvad § = 3, d5RE 0
Fooce ! Yusor Prespery I35 0 '|'| '\-k
Nl ow Maliwad Meml of hapas ol B} Coalfmcll o 0001, ERE
Hawt Cepmcity Exlisal ior |-| "'-' '.1"'-'\- El = 10.neha)

Ehka Frevgy 1Ecal fmal | o TR
bt af Farsadion {Bowlfeald = w0007
Thormi | Do [y [ab SN} [W0al] 51 B L i) b

al Limusd = 14150000
Wl Sarvess Ead besd ban AR e L VENITR
Ml ¥oluse Exlisslion A1) = BLATHEN

Sarees Taadan ot iead ben Oul I (oeend = B, TESL

)




4) Graph
Select the property for plotting the graph. Only the vapor pressure is supported in version

20.
4)-a. | Show
Display the graph of selected properties vs. temperature.
P ok g ¢ W [ 1eperan CospeLiptns & [
i -:l'l'ruz-] [ LT T
* I g - A [}
1. PVT
Draw the PVT (Pressure — Volume — Temperature) graph.
FJEstimation o E o - . A
(Pure Properties | PvT | v
—First Molecule |

Molecule Ethydene -
Mol Ratio 1.0
Exp. Boiling P.

~second Molecule

Maolecule Ethwiene b

=

Mol Ratio A

Exp. Boiling P.

I

Calculate

1) First Molecule
Specify the first molecule and condition.
1)-a. Molecule
Select molecule in the Builder Panel.
1)-b. Mol Ratio
Set the ratio of mixture.
1)-c. Exp. Boiling P.
Set the experimental boiling point if you already know. If you set it, the estimation is
more accurate. If you don't set this, estimated boiling point from Joback parameter is
used.
2) Second Molecule
Specify the second molecule and condition.
The descriptions of the settings for second molecule are same as above.
3) | Calcuate
Estimate properties and draw PVT graph using condition in First and Second Molecule.
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[13] Functional Groups Window

This window displays the groups and the number of each group used for properties estimation.
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[14] Messages Window
Display the messages of MolWorks.
[Me=sages o
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[15] How to use mouse
Rotate; ctri+drag, Magnify: shift+drag, £-plane Rotate: ctri+shift+drag

I. Rotation
When you move a cursor to right or left on the Builder Panel with holding on the control
button, the molecule will be rotated by Y-axis. When you move a cursor to up or down on the
Builder Panel holding on the control button, the molecule rotate by X-axis.

I1. Rotation (Z axis: perpendicular to the window)
When you move a cursor to right or left on the Builder Panel with holding on the control
button and the shift button, the molecule rotates on Z-axis.

I11. Magnification and Reduction
When you move a cursor to the right on the Builder Panel holding on the shift button, the
molecule is magnified. When you move a cursor to left on the Builder Panel holding on the
shift button, the molecule is reduced.

[16] About dealing molecule(s)
I. Max atoms

1000 atoms

I1. Move atom(s)
1) Moving all atoms
You should click the left button of mouse and drag the pointer to the place where you
want.

2) Moving the selected atom
You should click the right button of mouse and drag the pointer to the place you want.

34



I11. Building the molecule
Example: building ethanol
Procedure 1) If you select New from File of the menu bar, new molecule panel is shown. When
you click on the Builder Panel, one carbon atom is displayed (Carbon is the default atom).
Procedure 2) When you move mouse pointer, the white line is drawn from the first carbon.

Procedure 3) If you click the point you want to place the second carbon, C-C bond is drawn.
Procedure 4) If you want to change the selected atom from carbon to oxygen, you should click
O on the Periodic Table Window or selecting Edit -> Atom Type -> Oxygen from menu bar of
the Molecule Window.

Procedure 5) When you click the second carbon and move a pointer, the white line appears
from the second carbon. When you click the point you want to place the oxygen, the C-C-O is
drawn.

Procedure 6) Hydrogen(s) are added by clicking aAddHydrogens from the Tool Bar or selecting
Edit -> Add Hydrogens from menu bar of the Molecule Window.

Procedure 7) The molecule cleaned up by clicking €lean| from the Tool Bar or selecting Edit ->
Clean from menu bar of Molecule Window.
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[17] Supported file format

l. Import
XYZ Format Files(*.xyz)
Protein Data Bank File(*.pdb)
Q-Chem Input File(*.in, *.inp)
Q-Chem Output File(*.out, *.log, *.ref)
Gaussian Input File(*.com, *.inp)
Gaussian Output File(*.out, *.log)
GAMESS Input File(*.com, *.inp)
GAMESS Output File(*.out, *.log)
MOPAC Input File(*.dat)
MOPAC Output File(*.out)

1. Export
XYZ Format Files(*.xyz)

11, XYZ type
# Comment (First line)

Atom type X coordinate Y coordinate Z coordinate (After the second line)

[18] Properties Estimation

I. Groups for estimation in this program

0 CHs(non-ring) 0 CH20 (ring) 0 OH(phenol)
>CH_2(non-ring) >CHUO (ring) 0 Od (non-ring)
>CHUO (non-ring) >C<(ring) 0 Od (ring)
>C<(non-ring) =CHU (ring) >C=0(non-ring)
=CHz(non-ring) =C<(ring) >C=0(ring)
=CHUO (non-ring) OF O=CHU (aldehyde)
=C<(non-ring) g Cl 0 COOH(acid)
=C=(non-ring) U Br 0 COOU (ester)
=—CH(non-ring) al O O(except as above)
=CUO (non-ring) 0 OH(alcohol) U NH:

I1. Properties
1) Joback

Joback Method Boiling Point (K) / (O )

Joback Method Freezing Point (K) / ()

Joback Method Critical Temperature Tc (K) / (O)
Joback Method Critical Pressure Pc (bar) / (atm)
Joback Method Critical Volume V¢ (cms3/mol)

>NH(non-ring)
>NH(ring)
>NO (non-ring)
0 N=(non-ring)
U N=(ring)
OCN

0O NH:2

0 SH

0 SO (non-ring)
0 sO (ring)

Edmister Method omega (From Joback Parameter Acentric Factor)
Lee-Kesier Method omega (From Joback Parameter Acentric Factor)

Critical Compressibility factor Zc
Yen-Woods Method Density (g/cm3)
Reidel Method Vapor Pressure (mmHg)

Vetre Method Heat of Vaporization (at boiling point) (cal/mol)

L-J Collision Diameter for Chemkin program(A)
L-J Well Depth for Chemkin program(J/mol)
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2) Modified Joback
Modified Joback Boiling Point (K) / ()
Modified Joback Critical Temperature (K) / (O)
Modified Joback Critical Pressure (bar) / (atm)
Modified Joback Critical VVolume (cm3/mol)
Edmister Method omega
Lee-Kesler Method omega
Critical Compressibility factor Zc
Density Estimation (at 298K) (g/cm3)
Yen-Woods Density Estimation (g/cm3)
Riedel Vapor Pressure (at 298K) (mmHg)
Vetre Method Heat of Vaporization. (at boiling point) (cal/mol)
Heat Capacity Estimation (at 298K) (cal/mol K)
Gibbs Energy (kcal/mol)
Heat of Formation (kcal/mol)
Thermal Conductivity (at 298K) (mW/mK) of Gas
Thermal Conductivity (at 298K) (mW/mK) of Liquid
Molecular Surface Estimation (A2)
Molecular Volume Estimation (A3)
Surface Tension Estimation (at 298K) (dyne)
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Please send the bug reports to following e-mail address.
molworks@bestsystems.co.jp
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