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Instructions for the PPP-MO method for Colour Prediction.
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1.0
General Points

1.1 Required Input Data for a Calculation* :

(a) A numbering sequence for all relevant atoms.

(b) All relevant bond lengths and bond angles

(c) The number of filled molecular orbitals (this value is equal to the number of (-electrons divided by 2)

(d) The charge on each relevant atomic nucleus, when all (-electrons have been removed (i.e. the Core Charge)

(e) The Valence State Ionization Potential (VSIP) of each relevant atom.

(f) The Electron Affinity (EA) of each relevant atom.

(g) The Bond Resonance Energy (() for each pair of bonded atoms.

1.2 Planarity of Molecules

The computer needs to be instructed if the molecule is planar or non-planar. In the majority of cases better results can be obtained by assuming planarity and adjusting certain input parameters to compensate for known deviations from planarity. (For example, using (cos( as the Bond Resonance Energy, where ( is the angle of deviation from planarity).

1.3 Configuration Interaction.

To improve wavelength and intensity predictions, the program modifies the first set of calculations by a process known as Configuration Interaction (CI), and the computer requires instruction as to the extent of CI required. Experience has shown that good results can be obtained by extending CI over those excited states involving all molecular orbitals between Highest Occupied Molecular Orbital [HOMO] minus two (i.e. HOMO - 2) and the HOMO plus three (i.e. HOMO + 3). Thus the CI is extended over the nine lowest excited states.

1.4 Energy Parameters

The various energy parameters  required (VSIP, EA, () are measured in electron volts (eV) and are recorded in the attached parameter tables. It should be noted that these values are the result of many calculations with model dye structures, and are to a certain extent empirical. As such, they strictly refer to spectra measured in non-polar solvents (e.g. cyclohexane), therefore solvent effects must be taken into account when comparing predicted and actual (max values.

2.0 The Data Input File 
To generate the data input file the following steps should be adhered to+:

(a) Draw out the molecule and devise a convenient numbering scheme. (Note. It is always a good idea to number the ring systems first and the pendant conjugated groups last).

For example, for the Michlers Hydrol Blue structure:
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(b) Write out the following sequence of numbers:

A,
B,
C,
D,
E

F,
G,

H,

Where:

Variable
Description

A
Number of atoms in the (-system

B
Program control variable (1)

C
Program control variable (1)

D
Planarity variable (0 = planar, 1 = non-planar)

E
CI control variable (0 = no CI, 1 = total CI and 2 = limited CI treatment)

F
Number of upper orbitals for limited CI (i.e. when E = 2)

G
Number of lower orbitals for limited CI (i.e. when E = 2)

H
Number of filled orbitals (i.e. the number of ( electrons divided by 2, or the HOMO)

Thus for Michlers Hydrol Blue A=15, B=1, C=1, D=0, E=2, F=11 (HOMO + 3), G=6 (HOMO - 2) and H=8 (HOMO = 16/2), thus the sequence should be* :

15,
1,
1,
0,
2

11,
6

8
(c) Write out, in the same order as your chosen numbering scheme, the VSIP values for each atom* :

For Michlers Hydrol Blue,

11.16, 11.16, 11.16, 11.16, 11.16, 11.16, 11.16, 11.16, 11.16, 11.16, 11.16, 11.16, 11.16, 12.70, 12.70

(d) Write out, in the same order as your chosen numbering scheme, the Electron Affinity (EA) values for each atom*:

For Michlers Hydrol Blue,

0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03, 0.03,0.03, 0.03, 0.03,6.60,6.60

(e) Write out, in the same order as your chosen numbering scheme, the Core Charge (Z) values for each atom*:

For Michlers Hydrol Blue,

1,1,1,1,1,1,1,1,1,1,1,1,1,2,2

The Core Charge values can be obtained by deducting the (-electrons on a particular atom and noting the resultant residual charge. The appropriate Core Charge values are noted in the parameter tables.

For Example:
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(e) Write out all of the bond ( values, specifying the relevant bonds in the following order:

A1, 
A2,
(
Where A1 and A2 are the previously assigned sequence numbers, and ( is the corresponding bond resonance energy value for the bond between A1 and A2.

For Michlers Hydrol Blue:

 1, 2, -2.4

 2, 3, -2.4

 3, 4, -2.4

 4, 5, -2.4

 5, 6, -2.4

 6, 7, -2.4

 6, 1, -2.4

 7, 8, -2.4

 8, 9, -2.4

 9,10, -2.4

10,11, -2.4

11,12, -2.4

12,13, -2.4

13, 8, -2.4

14,11, -2.75

15, 3, -2.75

 0, 0,  0.00
NOTE: This list must be terminated with zero values for A1, A2 and (, (i.e. 0,0,0.00). These values are used to signify the end of the bond resonance energy information.

(f) The final set of input data concerns the molecular geometry. For most inter-atomic bonds the bond angles are idealized (i.e. 1200 for sp2 hybridized atoms, 1800 for sp hybridized atoms, 1080 for five membered rings, etc.) The bond lengths cited in the parameter tables are adequate for calculations. The molecular geometry is written as follows:


A1,
A2,
X, 
Y

Where A1 and A2 are the previously assigned sequence numbers and X is the bond length between atoms A1 and A2. Y is the bond angle, where the 1,2 bond is taken as the reference axis and the next bond (2,3) is specified by extending the 1,2 bond forward and measuring the angle CLOCKWISE to the 2,3 bond. The 3,4 bond is specified in the same way, relative to the 2,3 bond

For Michlers Hydrol Blue: 

 1, 2, 1.40,   0.0

 2, 3, 1.40, 300.0

 3, 4, 1.40, 300.0

 4, 5, 1.40, 300.0

 5, 6, 1.40, 300.0

 6, 7, 1.40,  60.0

 6, 1, 1.40, 300.0

 7, 8, 1.40,  60.0

 8, 9, 1.40,  60.0

 9,10, 1.40,  60.0

10,11, 1.40, 300.0

11,12, 1.40, 300.0

12,13, 1.40, 300.0

13, 8, 1.40, 300.0

11,14, 1.38,  60.0

 3,15, 1.35,  60.0

 0, 0, 0.00,  0.0
NOTE, The list must be terminated by zero values, and the placing of commas and decimal points is critical. Additionally it is unnecessary for every pair of atoms to have a specified bond length. The “bond lengths” are for connectivity and are used to place the nuclei, thus the rings can be left “open” but these openings require ( values.

3.0 Typing and Editing the Data File.

The data can be entered into a computer using any available text editor (e.g. DOS EDIT, MS Word, or the accompanying PE2 editor). To run a calculation using the data file, it must be saved as CP3.DAT in the same directory as the PPP.EXE, P50.EXE, or P100.EXE executable files. However, it is advised that the file be additionally saved under a different name prior running a calculation as there cannot be multiple versions of CP3.DAT files in the same directory.

3.1 The PE2 Editor

The PE2 editor can be accessed in DOS by accessing the directory in which the PE2.EXE file is stored, and typing PE2 and then pressing Enter.

When accessed, the screen consists of the upper part (black background) on which the files are written, and the lower part (thin green band) in which the commands are written and executed. To write in the appropriate section the flashing cursor must be in the desired section. The cursor can be moved between the two sections by pressing the ESC key.

3.1.1 Creating Files with the PE2 Editor.

(a) At any point (with the cursor in the green band) typing DIR / Enter will display the contents of the current directory. Pressing Shift-F1 will restore the original screen.

(b) Previously saved files in the directory can be accessed by typing E_Filename / Enter.

(c) If alterations have been made to a file on the screen, and you want to save the file under the original filename, and overwrite the old file, then type SAVE / Enter in the green area. The file on screen can be removed by pressing Shift-F1 and answering yes to the question “do you really want to quit?” Alternatively, the file can be saved to the directory by pressing F10.

(d) To save the file under a different filename, then in the green area type SAVE_Newfilename / Enter. To proceed to a new page in the PE2 editors notebook, for a new file, there are two options. First you can type E_Nextfilename / Enter in the green area, which moves you onto the next page and a blank screen, whilst keeping the previous file in the notebook, or you can press Shift-F1 and answer yes, thus deleting the old file, and then type E_Nextfilename / Enter in the green area to give a fresh page.

(e) To produce a new file, just type in the green bar E_Newfilename / Enter. Then type the input file in the upper area as required.

(f) When the data file has been typed successfully, (e.g. FILENAME.DAT) it should first be saved under that name (i.e. press F10). For the purpose of the calculation the file must also be saved under the name of CP3.DAT, by typing SAVE_CP3.DAT / Enter.

(g) To exit the editor, simply press Shift-F1 as many times as required, until you are returned to the DOS-prompt.

3.1.2 Editing Files with the PE2 Editor.

Editing of files can be conducted in the usual way, by using the arrow keys and typing over mistakes, however the following additional points are useful.

(a) To insert data and not overwrite data, press INSERT and type as required. To return to normal press INSERT again.

(b) To delete lines of text press F4, which gives a highlighted red line, then press F7 to delete the whole line. To delete whole areas of text, set the cursoe to the start of the text to be deleted and press F4, then move the cursor to the end of the section to be deleted and press F4 again to highlight the the area. Press F7 to delete the highlighted area. This is of use when pruning results files prior to printing.

(c) To delete items within a line, set eth cursor to the desired point and press F2. This marks the current character in red, and pressing F7 deletes the highlighted character. To delete a string of characters, after pressing F2 at the start of the string, move the cursor to the end of the string to be deleted and press F2 again, then press F7.

(d) To delete files from the directory type ERASE_Filename / Enter. NOTE. This does not remove the corresponding file from the notebook if the file is in it.

(e) The files can be printed from DOS by pressing Shift-F1 as many times as required, until you are returned to the DOS-prompt, and then typing PRINT_Filname / Enter.

4.0 Running a PPP_MO Calculation.

At the DOS-prompt in the directory where the PPP executable files are stored, type either PPP / Enter, P50 / Enter, or P100 / Enter. There is no difference between the results generated by each of these executable files, they only differ by the number of atomic centers the executable file can deal with (i.e. P50 can cope with upto 50 atomic centers, whilst P100 can handle upto 100 atoms).

5.0 Results from a calculation.

After running a calculation, the results are written to the CP3.RES file which can be printed after pruning any unwanted data (see 3.0 Editing section). It is recommended that the results file be saved under a diferent filename, as subsequent calculations will overwrite the CP3.RES file.

The results file contains an amount of information about the molecular orbitals (such as Eigenvectors and Eigenvalues etc.) and towards the end of the file there is a section entitled “Transitions After CI”. In the table is listed the first nine transitions, with the first transition usually corresponding to the (max. The Final two columns give the oscilator strength (which is an indication of absorption intensity) and the wavelength of absorption (in nm).

6.0 An Example calculation.

6.1 The input file for 3-Chloroanisole:  
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8,1,1,0,2

8,3

5

11.16, 11.16, 11.16, 11.16, 11.16, 11.16,23.3,32.9

0.03, 0.03, 0.03, 0.03, 0.03, 0.03,12.5,11.4

1,1,1,1,1,1,2,2

1,2,-2.4

2,3,-2.4

3,4,-2.4

4,5,-2.4

5,6,-2.4

6,1,-2.4

7,6,-1.36

4,8,-2.60

0,0,0.00

1,2,1.4,0.0

2,3,1.4,60.0

3,4,1.4,60.0

4,5,1.4,60.0

5,6,1.4,60.0

6,1,1.4,60.0

7,6,1.34,300.0

4,8,1.36,300.0

0,0,0.00,0.0
6.2 The results file generated for 3-Chloroanisole:

 NUMBER OF CENTERS =    17

 NUMBER OF DOUBLY OCCUPIED SHELLS =    9

 UPPER LIMIT OF CI =   12

 LOWER LIMIT OF CI =    7

 MAX NUMBER OF SCF ITERATIONS =   15

 CONVERGENCE CRITERION =     .0010

 RESONANCE INTEGRAL MATRIX =

     .0000   -2.4000     .0000     .0000     .0000   -2.4000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

   -2.4000     .0000   -2.4000     .0000     .0000     .0000   -2.4000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000   -2.4000     .0000   -2.4000     .0000     .0000     .0000     .0000     .0000   -2.4000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000   -2.4000     .0000   -2.4000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000   -2.4000     .0000   -2.4000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

   -2.4000     .0000     .0000     .0000   -2.4000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000   -2.4000     .0000     .0000     .0000     .0000     .0000   -2.4000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000   -2.4000     .0000   -2.4000     .0000

   -2.4000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000   -2.4000     .0000   -2.4000

     .0000     .0000     .0000     .0000     .0000     .0000   -2.4000

     .0000     .0000   -2.4000     .0000     .0000     .0000     .0000     .0000   -2.4000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000   -2.4000     .0000     .0000

     .0000   -2.4000     .0000     .0000     .0000   -2.4000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000

   -2.4000     .0000   -2.4000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000   -2.4000     .0000   -2.4000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000   -2.4000     .0000   -2.4000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000   -2.4000     .0000   -2.4000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000

   -2.4000     .0000     .0000     .0000   -2.4000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000   -2.4000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

 INTER-ATOMIC DISTANCE MATRIX) 

     .0000    1.3900    2.4076    2.7800    2.4076    1.3900    2.4076    3.6776    4.1700    3.6776

    4.8151    5.0117    6.3698    7.3552    7.2226    6.0589    5.3900

    1.3900     .0000    1.3900    2.4076    2.7800    2.4076    1.3900    2.4075    2.7800    2.4075

    3.6776    4.1700    5.5600    6.3698    6.0589    4.8151    4.0000

    2.4076    1.3900     .0000    1.3900    2.4075    2.7800    2.4076    2.7800    2.4076    1.3900

    4.1700    5.0117    6.3698    6.9500    6.3698    5.0117    3.5174

    2.7800    2.4076    1.3900     .0000    1.3900    2.4076    3.6776    4.1700    3.6776    2.4075

    5.5600    6.3698    7.7392    8.3400    7.7392    6.3698    4.6686

    2.4076    2.7800    2.4075    1.3900     .0000    1.3900    4.1700    5.0117    4.8151    3.6776

    6.3698    6.9500    8.3400    9.1148    8.6805    7.3552    5.9032

    1.3900    2.4076    2.7800    2.4076    1.3900     .0000    3.6776    4.8151    5.0117    4.1700

    6.0589    6.3698    7.7392    8.6805    8.4550    7.2226    6.2029

    2.4076    1.3900    2.4076    3.6776    4.1700    3.6776     .0000    1.3900    2.4076    2.7800

    2.4075    2.7800    4.1700    5.0117    4.8151    3.6776    3.5174

    3.6776    2.4075    2.7800    4.1700    5.0117    4.8151    1.3900     .0000    1.3900    2.4076

    1.3900    2.4076    3.6776    4.1700    3.6776    2.4075    2.2619

    4.1700    2.7800    2.4076    3.6776    4.8151    5.0117    2.4076    1.3900     .0000    1.3900

    2.4075    3.6776    4.8151    5.0117    4.1700    2.7800    1.2200

    3.6776    2.4075    1.3900    2.4075    3.6776    4.1700    2.7800    2.4076    1.3900     .0000

    3.6776    4.8151    6.0589    6.3698    5.5600    4.1700    2.2619

    4.8151    3.6776    4.1700    5.5600    6.3698    6.0589    2.4075    1.3900    2.4075    3.6776

     .0000    1.3900    2.4076    2.7800    2.4076    1.3900    2.6990

    5.0117    4.1700    5.0117    6.3698    6.9500    6.3698    2.7800    2.4076    3.6776    4.8151

    1.3900     .0000    1.3900    2.4075    2.7800    2.4075    4.0877

    6.3698    5.5600    6.3698    7.7392    8.3400    7.7392    4.1700    3.6776    4.8151    6.0589

    2.4076    1.3900     .0000    1.3900    2.4076    2.7800    4.9673

    7.3552    6.3698    6.9500    8.3400    9.1148    8.6805    5.0117    4.1700    5.0117    6.3698

    2.7800    2.4075    1.3900     .0000    1.3900    2.4076    4.8181

    7.2226    6.0589    6.3698    7.7392    8.6805    8.4550    4.8151    3.6776    4.1700    5.5600

    2.4076    2.7800    2.4076    1.3900     .0000    1.3900    3.7135

    6.0589    4.8151    5.0117    6.3698    7.3552    7.2226    3.6776    2.4075    2.7800    4.1700

    1.3900    2.4075    2.7800    2.4076    1.3900     .0000    2.4135

    5.3900    4.0000    3.5174    4.6686    5.9032    6.2029    3.5174    2.2619    1.2200    2.2619

    2.6990    4.0877    4.9673    4.8181    3.7135    2.4135     .0000

 ATOMIC COORDINATES

 X-COORDS

     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000     .0000

     .0000     .0000     .0000     .0000     .0000     .0000     .0000

 Y-COORDS

     .0000     .0000    1.2038    2.4076    2.4076    1.2038   -1.2038   -1.2038     .0000    1.2038

   -2.4076   -3.6113   -4.8151   -4.8151   -3.6113   -2.4076     .0000

 Z-COORDS

     .0000    1.3900    2.0850    1.3900     .0000    -.6950    2.0850    3.4750    4.1700    3.4750

    4.1700    3.4750    4.1700    5.5600    6.2550    5.5600    5.3900

 ATOMIC IONIZATION POTENTIALS

   11.1600   11.1600   11.1600   11.1600   11.1600   11.1600   11.1600   11.1600   11.1600   40.0000

   11.1600   11.1600   11.1600   11.1600   11.1600   11.1600   15.0000

 ATOMIC ELECTRON AFFINITIES

     .0300     .0300     .0300     .0300     .0300     .0300     .0300     .0300     .0300   14.5000

     .0000     .0300     .0300     .0300     .0300     .0300     .0300

 ATOMIC VIRTUAL

         1         1         1         1         1         1         1         1         1         2

         1         1         1         1         1         1         1

 HUCKEL APPROXIMATION

 EIGENVALUES

   -5.8075   -5.0519   -4.1935   -3.3010   -2.8799   -2.4000   -2.4000   -1.3768     .0000    1.3768

    2.4000    2.4000    2.8799    3.3010    4.1935    5.0519    5.8075

 EIGENVECTORS

     .2071     .3562     .3473     .2030     .1438     .1450     .3074     .3877     .3334     .2813

     .2974     .1659     .1041     .0861     .1041     .1659     .1378

    -.2246    -.2639    -.2981    -.2438    -.2150    -.2089    -.0329     .1947     .0460    -.1198

     .3968     .3202     .2773     .2635     .2773     .3202     .0219

     .2463     .1195     .0662     .2077     .2968     .3108    -.1036    -.3006    -.4359    -.2116

     .0143     .1628     .2701     .3092     .2701     .1628    -.2495

    -.3114    -.2845     .2991     .3001     .1136    -.1438    -.3790    -.2368     .2453     .3958

    -.1920    -.0136     .1732     .2519     .1732    -.0136     .1783

    -.0119    -.4163    -.2651     .1911     .4944     .4021    -.2227     .1492     .1537    -.0928

     .2480     .0742    -.1589    -.2649    -.1589     .0742     .1281

     .3256     .0000    -.3256    -.3256     .0000     .3256     .0000     .0000     .3256     .0000

    -.3256    -.2699     .0557     .3256     .2699    -.0557     .3256

    -.0714     .0000     .0714     .0714     .0000    -.0714     .0000     .0000    -.0714     .0000

     .0714    -.4527    -.5241    -.0714     .4527     .5241    -.0714

    -.3712    -.0822    -.1237     .3007     .2962    -.1308     .4477     .3390    -.0424    -.2895

    -.2109    -.2300     .0790     .2753     .0790    -.2300    -.0738

     .0000     .2374     .0000     .2374     .0000    -.2374     .0000    -.2374     .0000    -.4747

     .0000     .1187     .0000    -.1187     .0000     .1187     .7121

    -.3712     .0822    -.1237    -.3007     .2962     .1308     .4477    -.3390    -.0424     .2895

    -.2109     .2300     .0790    -.2753     .0790     .2300     .0738

    -.0902     .0000     .0902    -.0902     .0000     .0902     .0000     .0000    -.0902     .0000

     .0902     .4362    -.5264     .0902     .4362    -.5264     .0902

    -.3209     .0000     .3209    -.3209     .0000     .3209     .0000     .0000    -.3209     .0000

     .3209    -.2958    -.0251     .3209    -.2958    -.0251     .3209

     .0119    -.4163     .2651     .1911    -.4944     .4021     .2227     .1492    -.1537    -.0928

    -.2480     .0742     .1589    -.2649     .1589     .0742     .1281

    -.3114     .2845     .2991    -.3001     .1136     .1438    -.3790     .2368     .2453    -.3958

    -.1920     .0136     .1732    -.2519     .1732     .0136    -.1783

     .2463    -.1195     .0662    -.2077     .2968    -.3108    -.1036     .3006    -.4359     .2116

     .0143    -.1628     .2701    -.3092     .2701    -.1628     .2495

     .2246    -.2639     .2981    -.2438     .2150    -.2089     .0329     .1947    -.0460    -.1198

    -.3968     .3202    -.2773     .2635    -.2773     .3202     .0219

    -.2071     .3562    -.3473     .2030    -.1438     .1450    -.3074     .3877    -.3334     .2813

    -.2974     .1659    -.1041     .0861    -.1041     .1659     .1378

 BOND-ORDER MATRIX

    1.0000     .5730     .0000    -.3409     .0000     .7063     .0000    -.1827     .0000     .0367

     .0000     .0714     .0000    -.0631     .0000     .0714     .0873

     .5730    1.0563     .4914     .0563    -.2381    -.0563     .5390    -.0563    -.1516    -.1127

    -.0568     .0282     .0132    -.0282     .0132     .0282     .1690

     .0000     .4914    1.0000     .5399     .0000    -.2227     .0000    -.1911     .0000     .5964

     .0000     .0664     .0000    -.0556     .0000     .0664    -.1155

    -.3409     .0563     .5399    1.0563     .7217    -.0563     .0545    -.0563    -.1099    -.1127

     .0082     .0282    -.0011    -.0282    -.0011     .0282     .1690

     .0000    -.2381     .0000     .7217    1.0000     .6034     .0000     .1438     .0000    -.1665

     .0000    -.0594     .0000     .0533     .0000    -.0594     .0056

     .7063    -.0563    -.2227    -.0563     .6034    1.0563    -.1487     .0563     .0929     .1127

     .0170    -.0282    -.0049     .0282    -.0049    -.0282    -.1690

     .0000     .5390     .0000     .0545     .0000    -.1487    1.0000     .7045     .0000    -.2932

     .0000    -.1814     .0000     .1451     .0000    -.1814    -.1234

    -.1827    -.0563    -.1911    -.0563     .1438     .0563     .7045    1.0563     .4395     .1127

     .3984    -.0282    -.0495     .0282    -.0495    -.0282    -.1690

     .0000    -.1516     .0000    -.1099     .0000     .0929     .0000     .4395    1.0000     .5512

     .0000    -.0773     .0000     .0531     .0000    -.0773     .6667

     .0367    -.1127     .5964    -.1127    -.1665     .1127    -.2932     .1127     .5512    1.2254

    -.0097    -.0563    -.0012     .0563    -.0012    -.0563    -.3380

     .0000    -.0568     .0000     .0082     .0000     .0170     .0000     .3984     .0000    -.0097

    1.0000     .6076     .0000    -.2973     .0000     .6076    -.1039

     .0714     .0282     .0664     .0282    -.0594    -.0282    -.1814    -.0282    -.0773    -.0563

     .6076    1.0141     .6799    -.0141    -.3201     .0141     .0845

     .0000     .0132     .0000    -.0011     .0000    -.0049     .0000    -.0495     .0000    -.0012

     .0000     .6799    1.0000     .6572     .0000    -.3201     .0266

    -.0631    -.0282    -.0556    -.0282     .0533     .0282     .1451     .0282     .0531     .0563

    -.2973    -.0141     .6572    1.0141     .6572    -.0141    -.0845

     .0000     .0132     .0000    -.0011     .0000    -.0049     .0000    -.0495     .0000    -.0012

     .0000    -.3201     .0000     .6572    1.0000     .6799     .0266

     .0714     .0282     .0664     .0282    -.0594    -.0282    -.1814    -.0282    -.0773    -.0563

     .6076     .0141    -.3201    -.0141     .6799    1.0141     .0845

     .0873     .1690    -.1155     .1690     .0056    -.1690    -.1234    -.1690     .6667    -.3380

    -.1039     .0845     .0266    -.0845     .0266     .0845    1.5070

 NUMBER OF ITERATIONS=    7

 BOND MATRIX CONVERGED TO REQUIRED EXTENT

 EIGENVALUES

  -17.8747  -13.8908  -13.6116  -12.5222  -11.2941  -10.6409  -10.3083  -10.2243   -8.7923   -2.6406

   -1.0350    -.7338    -.5748    -.3867    1.2076    2.2436    2.8851

 EIGENVECTORS

     .0371     .1112     .3058     .0929     .0321     .0179     .0627     .1074     .3005     .8754

     .0331     .0099     .0033     .0017     .0032     .0095     .0964

     .1835     .2554     .0585     .0768     .0981     .1347     .3119     .3927     .1153    -.2195

     .4401     .3113     .2424     .2163     .2375     .3042     .0782

    -.3731    -.4044    -.3149    -.3269    -.3343    -.3499    -.1326     .1088     .1846     .1380

     .2051     .1716     .1485     .1380     .1437     .1640     .1197

    -.0242    -.1224     .1380     .1847     .1652     .0813    -.3337    -.3977    -.3391     .1551

    -.0025     .1880     .3243     .3718     .3105     .1715    -.2902

     .0149     .3943     .2047    -.2287    -.4851    -.3730     .2807    -.0082    -.3420     .0720

    -.0113    -.0097     .0103     .0236     .0169    -.0004    -.4165

    -.3561    -.1964     .1727     .3572     .1871    -.1692    -.0204     .1465    -.1932     .0036

     .3984     .1644    -.2182    -.4064    -.2278     .1482    -.2862

    -.0681    -.0014     .0508     .0713     .0128    -.0596     .0166     .0065     .0175    -.0320

    -.0285    -.5108    -.4718     .0451     .5177     .4761     .0360

    -.3783     .0803     .3582     .4162     .0026    -.4141     .0944     .0109     .1560    -.2391

    -.2446    -.0511     .1931     .2378     .0395    -.1978     .2998

    -.2128    -.2387    -.2647     .0269     .2695     .1171     .4093     .3828    -.0733     .1234

    -.2118    -.2228     .0910     .2662     .0651    -.2341    -.4161

     .3064    -.1843     .2361     .1522    -.3106     .0175    -.4830     .4032     .1797    -.1243

     .1546    -.2133    -.0579     .2330    -.0571    -.2138    -.2772

     .4126     .0632    -.4695     .4164     .0435    -.4655    -.0107    -.0468     .2372     .0551

    -.1851     .1242     .0646    -.1839     .1058     .0882    -.2125

     .0324    -.0039    -.0323     .0303    -.0009    -.0299     .0048    -.0104    -.0200     .0130

     .0268    -.5078     .4935     .0076    -.5019     .4909     .0179

    -.0663    -.2351     .2689     .0109    -.2844     .3098     .0855     .0952     .2100    -.1165

    -.4401     .1679     .2588    -.4471     .2136     .2204    -.1844

    -.2699     .4215     .0484    -.3701     .3965    -.0955    -.3363     .0274     .4242    -.1164

    -.0580    -.0039     .0502    -.0525     .0112     .0401    -.3551

    -.1779     .0367    -.1029     .2174    -.2834     .2701     .2224    -.4008     .4247    -.0676

     .0805     .1124    -.2683     .3342    -.2760     .1199    -.2598

     .3209    -.3779     .3349    -.2936     .2801    -.2921     .1686    -.0034     .0551    -.0778

    -.2380     .2387    -.2410     .2436    -.2477     .2474    -.0317

     .1674    -.2672     .1938    -.1323     .1091    -.1213     .2867    -.4009     .2581    -.0855

     .4240    -.2852     .2181    -.1971     .2255    -.2972    -.1243

 BOND-ORDER MATRIX

     .9900     .6023    -.0097    -.3272     .0137     .6890     .0093    -.1865    -.0185     .0061

     .0061     .0635    -.0022    -.0507    -.0002     .0606     .0974

     .6023    1.0271     .5961     .0123    -.2972    -.0141     .4113    -.0112    -.0743    -.1089

    -.0367     .0037     .0078    -.0026     .0063     .0030     .0662

    -.0097     .5961     .9757     .6437     .0138    -.3064     .0267    -.2137    -.0669     .2565

     .0089     .0685    -.0026    -.0546    -.0004     .0673     .0820

    -.3272     .0123     .6437    1.0290     .6747    -.0144    -.0170     .0013    -.0256    -.1313

     .0094     .0015    -.0017    -.0018    -.0025     .0014     .0628

     .0137    -.2972     .0138     .6747     .9858     .6464    -.0148     .1491     .0276    -.0320

    -.0056    -.0533     .0020     .0440     .0002    -.0519    -.0794

     .6890    -.0141    -.3064    -.0144     .6464    1.0081    -.0620     .0052     .0296     .0766

     .0058    -.0025    -.0020     .0021    -.0007    -.0022    -.0489

     .0093     .4113     .0267    -.0170    -.0148    -.0620     .9722     .8000     .0728    -.0721

    -.0173    -.1968     .0057     .1445     .0000    -.1865    -.2823

    -.1865    -.0112    -.2137     .0013     .1491     .0052     .8000    1.0079     .3615     .0110

     .3484     .0044    -.0309    -.0054    -.0380     .0063    -.0496

    -.0185    -.0743    -.0669    -.0256     .0276     .0296     .0728     .3615     .8739     .2769

     .0064    -.0444     .0004     .0272    -.0036    -.0476     .8682

     .0061    -.1089     .2565    -.1313    -.0320     .0766    -.0721     .0110     .2769    1.8726

    -.0116    -.0117     .0012     .0110     .0022    -.0111    -.2329

     .0061    -.0367     .0089     .0094    -.0056     .0058    -.0173     .3484     .0064    -.0116

    1.0024     .6238    -.0074    -.3109     .0083     .6216    -.0652

     .0635     .0037     .0685     .0015    -.0533    -.0025    -.1968     .0044    -.0444    -.0117

     .6238    1.0041     .6736    -.0012    -.3232    -.0028     .0146

    -.0022     .0078    -.0026    -.0017     .0020    -.0020     .0057    -.0309     .0004     .0012

    -.0074     .6736    1.0037     .6626    -.0024    -.3255     .0083

    -.0507    -.0026    -.0546    -.0018     .0440     .0021     .1445    -.0054     .0272     .0110

    -.3109    -.0012     .6626     .9985     .6594     .0080    -.0113

    -.0002     .0063    -.0004    -.0025     .0002    -.0007     .0000    -.0380    -.0036     .0022

     .0083    -.3232    -.0024     .6594     .9990     .6775     .0149

     .0606     .0030     .0673     .0014    -.0519    -.0022    -.1865     .0063    -.0476    -.0111

     .6216    -.0028    -.3255     .0080     .6775     .9829     .0151

     .0974     .0662     .0820     .0628    -.0794    -.0489    -.2823    -.0496     .8682    -.2329

    -.0652     .0146     .0083    -.0113     .0149     .0151    1.2673

 TOTAL ENERGY=      -761.0911

 TRANSITIONS BEFORE CI

 TRANSITION   SINGLET  TRIPLET   TRANSITION DIPOLE   ALPHA   BETA    OSC STRENGTH   ABSORPTION

    7-10      4.9613   4.5558         .1487         140.90    .00        .0646       249.9332

    7-11      7.1085   6.8980         .1070          51.21    .00        .0666       174.4389

    7-12      6.6711   3.6896         .9550         305.17    .00        .5576       185.8757

    8-10      4.7073   3.9630         .1960          13.67    .00        .0808       263.4217

    8-11      6.4600   4.8169        1.2012         317.43    .00        .6791       191.9491

    8-12      7.1387   6.8039         .1734         133.62    .00        .1083       173.7015

    9-10      3.6292   1.8947        3.7715         329.18    .00       1.1979       341.6776

    9-11      4.9749   4.2632         .6526          46.15    .00        .2841       249.2493

    9-12      5.2529   4.7585         .2614         143.66    .00        .1202       236.0592

 TRANSITIONS AFTER CI

 TRANSITION   SINGLET  TRIPLET   TRANSITION DIPOLE   ALPHA  BETA    OSC STRENGTH   ABSORPTION

     1        3.6001   1.8745        3.4559        325.28       .00      1.0889      344.4308

     2        4.5556   3.5762         .0469        290.36       .00       .0187      272.1918

     3        4.7522   3.9046         .0076        161.41       .00       .0032      260.9325

     4        5.1243   4.1439         .7249         19.83       .00       .3251      241.9850

     5        5.4241   4.3759         .6950        148.72       .00       .3299      228.6094

     6        6.4569   4.7869        1.2444        314.08       .00       .7032      192.0440

     7        6.6506   4.9763         .9332        302.18       .00       .5432      186.4494

     8        7.0467   6.9673         .0191        292.24       .00       .0118      175.9677

     9        7.2935   7.0380         .3395        152.19       .00       .2167      170.0154

 SINGLET CONFIGURATION VECTORS

     .0285    -.0069    -.0141    -.0827     .0278     .0211     .9915    -.0831     .0318

     .0393     .0019     .0460     .8520     .0110    -.0058     .0268    -.5192     .0022

     .8359    -.0886    -.0088    -.0484     .0218    -.1104    -.0117    -.0183    -.5272

     .1466    -.0088    -.0142     .4981    -.0637     .0064     .1035     .8318     .1534

     .5174     .0586    -.0060    -.1230    -.0270     .0100    -.0644    -.1635     .8258

     .0115     .1406    -.0096     .0232     .9872     .0179    -.0216     .0583     .0281

    -.0134    -.1334     .9667    -.0332     .0306    -.2078     .0158     .0336     .0313

     .0900     .7265     .2408    -.0075    -.1104     .6166    -.0003     .0088    -.1167

     .0363    -.6505     .0697    -.0044     .0790     .7507    -.0243    -.0086     .0132

 TRIPLET CONFIGURATION VECTORS

     .0049    -.0073     .0940    -.0337    -.0191    -.0065     .9946     .0074    -.0129

     .0609    -.0514     .9299     .2753     .0486    -.1430    -.0784    -.1538    -.0217

     .1132     .0617    -.3007     .8094     .3177     .0708     .0657    -.3524     .0576

     .0485    -.0369     .0012     .4792    -.3310    -.0246     .0033     .8099     .0237

     .7960    -.1372     .0167    -.1360    -.0176     .1385    -.0034     .0073     .5561

    -.5659     .0352     .0596     .0535    -.1448     .1436     .0082    -.0743     .7905

    -.0829     .1330     .0896    -.1275     .8613     .0564     .0039     .4364     .1251

    -.1041    -.5980     .0796     .0235     .0475     .7668    -.0072     .0131    -.1848

     .0982     .7725     .1332    -.0102    -.1462     .5856    -.0081    -.0036    -.1068

 ELECTRON DENSITY CHANGES

 ROWS USED= 9-10

     .0486    -.0230    -.0143     .0225     .0238    -.0134     .0658     .0160     .0269     .0002

    -.0210    -.0041    -.0049    -.0166    -.0010    -.0091    -.0963

 EXCITED STATE ELECTRON DENSITY

 ROWS USED= 9-10

    1.0385    1.0041     .9613    1.0514    1.0096     .9947    1.0379    1.0239     .9008    1.8728

     .9814    1.0000     .9988     .9820     .9980     .9738    1.1710

 SECOND EXCITED STATE ELECTRON DENSITY

 ROWS USED= 8-10

     .9407    1.0546     .9031     .8789    1.0823     .8369    1.1966    1.1703     .8819    1.8309

     .9664    1.0470     .9698     .9963    1.0007     .9895    1.2542

 PI-CONTRIBUTION TO DIPOLE MOMENT

      X-MOMENT=     .0000

      Y-MOMENT=     .4803

      Z-MOMENT=   -1.8872

 TOTAL MOMENT=    1.9474

 ALPHA=  345.7395

 BETA=     .0000

 FIRST EXCITED STATE DIPOLE MOMENT

      X-MOMENT=     .0000

      Y-MOMENT=    -.3563

      Z-MOMENT=     .5421

 TOTAL MOMENT=     .6487

 ALPHA=  326.7047

 BETA=     .0000

 SECOND EXCITED STATE DIPOLE MOMENT

      X-MOMENT=     .0000

      Y-MOMENT=    4.5814

      Z-MOMENT=   -4.4799

 TOTAL MOMENT=    6.4077

 ALPHA=  314.3743

 BETA=     .0000

7.0 Generalised PPP Parameters.

Group or Atom Type
Atoms

X-Y
Core Charge

Y
(X-Y (eV)
VSIPY (eV)
Electron Affinity AY (eV)
Bond Length (A)

Carbon - Carbon







    Aromatic
  C=C
1
-2.4
11.16
0.03
1.40

    Olefinic
  C=C
1
-2.6
11.16
0.03
1.35

    Olefinic
  C-C=
1
-2.3
11.16
0.03
1.45

    Halogenated
  C=CCl
1
-2.6
12.00
0.61
1.35

Chloro
  C-Cl
2
-1.36
23.3
12.5
1.34

Carbonyl







    General
  C=O
1
-2.46
18.0
2.5
1.22

    Free
  C=O
1
-2.46
17.7
2.47
1.22

    H-Bonded
  C=O
1
-2.46
15.0
0.71
1.22

Imine







    Acyclic
  C=N
1
-2.8
15.0
0.97
1.26

    Cyclic
  C=N
1
-2.4
16.0
2.5
1.40

    Sulphur Systems
  C=N
1
-2.00
12.0
0.50
1.33

Cyano
  C(N
1
-2.67
14.2
4.5
1.15


  C-CN
1
-2.3
11.2
0.1
1.40

Azo
  N=N
1
-2.9
14.7
2.3
1.23 


  C-N=
1
-2.48
14.7
2.3
1.40

Azonium
  N=N+H
2
-2.9
22.0
12.5
1.40


  C-N+H-
2
-2.75
22.0
12.5
1.40

Azo (H-bonded)
  N=N
1
-2.9
17.0
2.6
1.23

Diazide
  CN+=N-
1
-3.0
15.0
2.5
1.15


  C=N2
2
-2.0
24.0
12.0
1.40

Nitro
  N-O
1
-3.05
21.0
2.5
1.21


  C-N<
2
-2.0
24.8
12.5
1.49

Sulphonyl
  C-SO2-
1
-2.8
18.0
3.4
1.80

























Group or Atom Type
Atoms

X-Y
Core Charge

Y
(X-Y (eV)
VSIPY (eV)
Electron Affinity AY (eV)
Bond Length (A)

Heterocyclics







    (-equivalent
  C=N
1
-2.6
16.0
2.5
1.33

    (-equivalent
  C-N=
1
-2.4
16.0
2.5
1.38

    (-equivalent
  C-N<
2
-2.4
18.0
2.9
1.35

    Thiazole C=N
  C=N
1
-2.4
12.0
0.5
1.33

    (-excessive
      ..

  C-N
2
-2.4
21.0
10.0
1.35

    (-excessive
      ..

  C-O
2
-2.4
40.0
14.5
1.35

    (-excessive
     ..

  C-S
2
-1.0
20.0
10.0
1.71

    Improved
     ..

  C-S
2
-1.0
24.0
8.2
1.71

Pyrazolone
  C-NH
2
-2.4
21.0
12.0
1.40

    Azo dyes
  C=N
1
-2.6
14.0
2.0
1.40

 (Hydrazone Form)
  C=O
1
-2.46
15.0
0.71
1.22


  N-N=
1
-2.3
14.0
2.0
1.40


  N=C
1
-2.6
10.0
0.75
1.40

Hydrazone 
  C=N
1
-2.48
15.0
0.97
1.33

Tautomers
  =N-NH
2
-2.42
18.0
8.50
1.35

    (Azonaphthols)
  NH-C
1
-2.75
11.16
0.03
1.40


  C=O
1
-2.46
17.7
2.47
1.22

Electron Donors







    Hydroxy (free)
  C-OH
2
-2.60
32.9
11.4
1.36

    Hydroxy (H-bd)
  C-OH
2
-2.60
28.0
10.0
1.36

    Methoxy
  C-OMe
2
-2.60
32.9
11.4
1.36

    Phenoxide
  C-O-
1
-2.60
17.7
2.47
1.36

    Hydrazone (free)
  =N-NH
2
-2.42
21.0
9.26
1.35

    Hydrazone anion
  =N-N-
1
-2.42
10.0
0.05
1.35









































Group or Atom Type
Atoms

X-Y
Core Charge

Y
(X-Y (eV)
VSIPY (eV)
Electron Affinity AY (eV)
Bond Length (A)

Electron Donors







C-NH2 (Free)
      ..

  C-N
2
-2.75
21.0
9.5
1.38

C-NH2 (H-Bonded)
      ..

  C-N
2
-2.75
18.8
8.7
1.38

C-NHMe (H-Bonded)
      ..

  C-N
2
-2.75
15.0
8.6
1.38

C-NMe2
      ..

  C-N
2
-2.75
18.0
8.0
1.38

C-NEt2
      ..

  C-N
2
-2.75
17.5
7.5
1.38

Amino groups attached directly to Quinone 2,3-double bond.







C-NH2 (Free)
      ..

  C-N
2
-2.75
22.55
10.8
1.38

C-NHMe
      ..

  C-N
2
-2.75
21.9
10.15
1.38

C-NHEt
      ..

  C-N
2
-2.75
21.9
10.15
1.38

C-NMe2
      ..

  C-N
2
-2.75
21.2
9.45
1.38

C-NEt2
      ..

  C-N
2
-2.75
21.0
9.25
1.38

C-OMe
      ..

  C-O
2
-2.60
37.0
15.53
1.36

Note: These values may also be appropriate to amide and ester groups,

But this has not been confirmed.







Di- and Tri-arylmethane Dyes.







C-NH2 (Auramine)
      ..

  C-N
2
-2.75
15.0
6.0
1.40

C-NMe2 (Di-)
      ..

  C-N
2
-2.75
12.7
6.62
1.40

C-NMe2 (Tri-)
      ..

  C-N
2
-2.75
13.2
7.12
1.40

C-N (Julolidine)
      ..

  C-N
2
-2.75
11.0
5.0
1.40

C-OMe
      ..

  C-O
2
-2.60
32.9
21.47
1.36

Nitro
  N-O
1
-3.05
16.3
1.8
1.21


  C-N<
2
-2.0
24.8
12.5
1.49

*  The term “relevant atoms” indicates those atoms which are an integral part of the conjugated (-electron system, and excludes such atoms as hydrogen, alkyl substituents, etc., that are part of the sigma framework. Halogen atoms may or may not be included as (-centers, and both approaches can produce good results.


* NOTE. The commas are an essential part of the number sequence.


+ It has been found that writing out the input file on paper prior to entering the data into a computer makes inputting the data file easier.





* NOTE. The commas are an essential part of the number sequence.





