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Computer programs in BASIC language for iterative molecular orbital methods: eo-technique and self consistant

field (SCF) methods have been developed for home computer. These programs can be used for pedagogical as well as
research purposes. 0>-Technique program can be used for both open and closed shell system while the SCF program can
only be used for ground state singlet system. The programs are simple and tractable and can be used by nonprofessionals.
Sample calculations are carried out on allyl and pyridine system.
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Introduction
In Part I of this series [1], the use of home computer in

molecular orbital calculations was described. The simple
Huckel method had been described. The description of the
computational technique, the main program, the subroutines,
and form of input matrix were also given. Results of the
calculations on allyl radical and pyridine were given. In this
Part II of the series, the theory of the iterative methods- the ro-

technique and the self consistent methods, as applied to pi-
electron systems and description of the computational
techniques with the main program, subroutines, listings and
sample calculations are given.

Huckel molecular orbital method is simple and,
surprisingly, works. The reason being its empirical nature and
use of adjustable parameters. The methods, however, has
serious limitations, both theoretical as well as practical.
Weaknesses of the Huckel theory will not be discussed here,
these are all well known and can be found in standard books
[2-5].

To overcome the weaknesses of Huckel method both
noniterative (modified Huckel) and iterative methods have

.been suggested and used [2-5]. The iterative method, the self
consistent method, in various prescription, is theoretically
sound; and hence, has been extensively used. A simpler
method, which could infact be called iterative Huckel method
was suggested by Streitwieser [2-5] and has been in use. The

method is called ro-technique. Theories of the two methods are
given below, however, only those parts are given which are
basic and employed in the computer program.

Itmay be noted that most of the functions and subroutines
included in the HMO computer program, published earlier [I]
are used in both co-technique and SCF calculations hence
discussions about these subroutines will not be given here. (A
user manual is given).

Molecular orbital methods. (i) to-technique. A simple

technique known as eo-technique incorporates interelectronic
repulsion terms in the HMO method [1]. According to this
technique, the value of the coulomb intergral, should be
linearly correlated to the charge. This may be formulated as
[2-5].

a=a + (1-11) 0> Rr 0 ~ ~o (1)

where <L is the charge density (or electron density) at an

atom r (ref. 1 eqn. 8),ao and ~o are the coulomb and

resonance integrals respectively [1], 0> is a dimensionless
parameter the value of which may be so chosen as to give the

best agreement with experiment. The eo-technique is very
useful for calculating HMO energies and charge densities for
systems with positive or negative charges or for lattices with

uneven charge distribution. It must however be noted that 0>-
technique is an iterative method: the charge density q, on
which the matrix element a, (the coulomb integral) depends
must be known beforehand. This a is needed to solve the

r

secular equation (ref 1 eqns. 2 & 5) from which q, is obtained.
Thus to start with, q, are obtained from a Huckel calculation
which, through eqn. (1), gives new set of a, from which, on
solving the secular problem a new set of q, is obtained. The
cycle is repeated to convergence.

(ii) Self consistantfield calculations [4-5]. In advanced
M.O. method explicit consideration is given to electron
repulsions.

Hamiltonian His written as
H = Lj (Hoor.}j+ Lj < Lj l/rjj (2)

In which i and j refers to electrons.
(Hcoro>j= -1(2V,2 + V (j) (3)

Various levels of sophistication arise in the formulation
of the core Hamiltonion. Treatment of organic compounds,
however, has generally been confined to pi-electrons and
corresponding cores in which the carbon nuclei are shielded
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by sigma and inner shell electrons.
The minimization of the variational energy leads to a set

of non linear equations known as Roothan's equations. It is
assumed that there are N basis functions and 2N electrons in
a closed shell system.

hC=CS Cn: s rs s
(4)

where

h" = f•.•+ t uPtu [(rs/tu) - l/2(rtisu)] (5)

and

'" = C ,<1>, (6)
S = f(1)* <I> dv (7)rs ,.

Ptu= 2 LNi=! C'i Cui (8)

f" =J<I>,(1) hcon:<1>.(1) dv (1) (9)

(rs/tu) = f<l>', (1)<1>,(2) (l/r12». (1)<I>u(2) dv (10)

Pople and simulteneously pariser and Parr introduced
simplification [4-6] that ultimately reduced Roothan's equa-
tion to a form comparable to those of Huckel theory. Firstly,
overlap integrals, S••and all frame work resonance integrals
frs between non-neighbouring conjugated atoms were ignored.
Then, for consistency, all electron repulsion integrals that
depend upon the overlap of charge clouds were similarly
ignored, which leaves as non-zero only the two suffix terms.

(r r Is s )
=yes = H<I>',(1)<1>', (2) llr12<1>, (1)<1>.(2) dv (11)

The equations then become
h rs C. = E C, (r,s = 1,2,- - - - -N) (12)

hrr= frr+ 1/2 Prr 'Y••+ .# P 51 Y.. (13)

h••= ~" +1/2 P", Y.. (14)

Pople introduced another simplification by
approximating y•• (repulsion integral) and (r IV,I) by the
inverse distance law

p••Y",- (rIV.lr) = (P ss - z,). l/R.. (15)

Where R~ is the distance of separation between atoms r
and s and Z. is the effective screened charge at the frame
work ion S. Since, infact, the repulsion integrals enter, in part,
as adjustable parameters, it has been found more acceptable to
write instead,

p••Y" - (rIVslr) =(P •• - Zs) Y.. (16)

and the final form of the matrix elements h becomes
n

hrr= W, +(1/2)P rr Y•.•+ L" 1/2 (PSI- Z.) "iN<

h
h =A -1/2 P 'V

rs fJrs rs Irs

which with the reduced form of Roothan's equations

h rs C. = E C, (r=I, n) (19)
define the SCF equations forn-electrons systems. This system
of equations is applicable to pi-systems with no odd electron.

Computational technique. The computer program
calculates eigen-values, eigen-vectors, charge densities and
bond orders of closed shell electron system. co (omega)-
technique can, however, be used for open shell system also.

(i) co -(omegas-technique. It is basically the same as
HMO technique except that after each diagonalization and
calculation of charge densities the diagonal elements are
calculated from the relationship (1). Thus' after each
diagonalization charge densities are calculated which are
used in the recalculation of diagonal elements. This process is
continued till consistant results are obtained.

Both HMO and co-technique programs use the same
subroutines for diagonalization, ordering the eigen-values
and eigen-vectors and calculation of charge densities. Only
the main program differs. In the ro-technique program a new
array G(N) has been created. This array stores the diagonal
elements just after the input matrix is keyed in. These diagonal
elements are restored to HD (I) just before the recalculation of
HD (I) so that the HD(I) now contains the original values
instead of the diagonalized ones (eigen-values).

(ii)SCF calculation. This program calculates eigen-
values, eigen-vectors, charge densities and bond orders of
closed shell electron system according to the Roothan's SCF
method with the Pariser, Parr and Pople approximation.

This program consists of a main program and is also
divided into subroutines[I]. Most of the subroutines are the
same as were used in the previous Huckel [1] and co-technique
calculations. Individuald as Subroutines can be defined as:

Input. This subroutine reads N, number of atoms; Array
NE (1) and atomic co-ordinates. The input data specifying the
atomic co-ordinates is based upon the use of hexagonal grid.
Grid as multiples of co-ordinates are defined 3112 (i.e. I Sin
60°) in the x-direction and multiple of V2 (i.e.l Cos 60° Y-
direction) I being the bond length. This subroutine also
initializes the value of array Z (I) as I and array DW(1) as zero.
Z(I) is the effective screened charge at the framework ion I
and DW (I) represents oW, =W, - W. W,can be defined as an
atomic valence state ionization potential, that can, in principle,
be estimated from experimental data. W is the atomic valence
state ionization potential of carbon. We is assumed to be zero
for simple hydrocarbons. The INPUT subroutine also takes
the values NE (I) i.e. number of electrons in the ithM.O.

Gamma. This subroutine greatly simplifies the input
specification by generating the bulk of input data internally.
The grid co-ordinates stored in the arrays XCI) and Y(I) are
converted to molecular co-ordinates and D, the distance
between all pairs of atoms is computed. Matrix elements of
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the repulsion matrix G(I,I) may be computed as follows [7).

(i) IF D> 2.81, G(I,J) = 14.4/D(Chargedspheremodel)
(ii) 2.81>D>2.75 G(I,J) = 5.77
(iii) 1.42>D, G(I,J) = 7.19

G(I,I) = 11.35
This matrix G(I,J) contains the value ofyijexpressed in

electron volts as proposed by Praiser and Parr for hexagonally
disposed atoms. The above mentioned values of repulsion
integrals were determined by Parr[4,7] and from charged
sphere model. Another option is to use Mataga formulation
for repulsion integrals [8]. In this Model

G(I,J) = 14.397/(1.29 + D).

The repulsion integrals thus formed can be inspected
and modified if desired. Thus any set of repulsion integrals
can be incorporated in the calculations. Another array B(I,J)
containing the core integrals is also defined. In this array the
upper portion contains me SCF WS i.e. B(I) = -2.37 (ev) if
I and J are neighbours or G (1)>7 otherwise ~ (I,J)_ = O.
Valuesofji (I,J) are transferred to H (1,1)DW (I) are transferred
to H (1,1) and (H(D,I), H(I)is the matrix which is now
diagonalized.

Diagonalization, Order and Bond Order. Subroutines
are the same as used for the HMO calculation [1].

SCF. This subroutine constructs a new H matrix using
eqns. (17) and (18), which in matrix notations can be written
as:
H (I,n = DW (I) + [(112) Q(l) G(I,n - G(l,l]+ [Q(S)-Z(I)]. G(I,S) (20)

H(I,J) = J3(I,J)- 112P(l). G (I,J) (21)

where Q(I) and Q(S) are the charge densities.

This matrix is now diagonalized. Again new bond orders
and charge densities are calculated and SCF matrix elements
recalculated and diagonalized.

This iterative procedure is repeated about 10 times after
which. generally, it gives self consistent results.

Form of input matrix. This has already been elaborated
in the earlier publication [1]. However, in the present case of
SCF calculation input takes a different form. In this case grid
coordinates would form the input data. Grid coordinates are
defined as multiples of 31/2 in the x-direction and 1/2 in Y-
direction.

A subroutine (Printout Input Data SCF) prints out the
input data for checking, it is optional.

The other subroutines (Printout results,) have been
described before [1].
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USER'S MANUAL
Software for Molecular Orbital Calculations

On the switching on the computer and inserting the MO
calculation diskette a menu (listof programmes on the diskette)
appears on the screen. Key in the number of the required
programme and press Enter.

co -Technique. If ro-technique is the chosen progrmme
then the title of the programme and a question inquiring
whether a testrun is required or not appears on the screen.
Answer in yes (Y) or no (N). If the answer is in affirmative
then the co-technique programme would run for pyridine.
After a few minutes the results would appear on the screen. In
this run there was no need to load the input data as it was
already provided to the computer.

After the test run the computer would proceed on the
load the input data. If the test run was not required then the
computer would directly go on to loading the input data.

Loading the input data. A question about the number of
conjugated atoms (N) would apear on the screen. Key in the
required num ber and press enter. For example for benzene or
pyridine molecular key in 6. (It must be remember that after
keying in each value the enter key must be pressed).

Now the matrix elements of a N x N matrix are to be
keyed in. As the matrix is a symmetric matrix only the upper
half of the matrix is required. For a benzene or pyridine
molecule the display on the screen would now be (These
matrix elements appear successively).

H (1, l) zz ']

H (1,2) =?
H (l, 3) =? and so on
Value of each elements has to be given
The question here is that how do we determine the values

of these matrix elements.
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Key in
H(I,J) = 0 where 1 and J are non neighbouring carbon

atoms.

H(I,J) = 1 for neighboiuring carbon atoms.
H(I,I) = 0 where I is a carbon atom.
H(I,I) = hxfor a heteroatom.
H(I,J) = ko-xfor neighbouring atoms.

when one of the atom is a heteroatom.
The above mentioned qualities can be clearly

=monstrated by considering the case of pyridine.
H(I,I)=O H(2,2)=0 H(3,3)=0.H(4,4)=) 0.5 H(5,5)=0
H(6,6)=I,
H(1,2)=1 H(2,3)=1 H(3,4)=1 H(4,5)=1 H(5,6)=1
H(I,3)~ H(2,4)=0 H(3,5)=0 H(4,6)=O
H(l,4)=O H(2,5)=O H(3,6)=O
H(1,5)=O H(2,6)=O
H(1,6)=1
For N atom hN=O.5 kc.x=1
For allyl radical the input matrix is
H(1,I)=O H(2,2)=0 H(3,3)=0 C1=C2-C3

H(I,2)=1 H(2,3)=1 H(l,3)=0
The next input which is to be loaded is the number of

electrons in each molecular orbital. The display on the screen
would now be (for benzene or pyridin molecule)

NE(l) =?
NE(2):;: ?
NE (3) = ? where NE (1) is the number of
NE(4) =? Orbitals in the ith

NE(5) =? Orbital
NE(6) =?
If ,each conjugated atom contribute one electron, the

total number of electrons would be 6 for benzene or pyridine.
According to Pauli exclusion principle these would occupy
the three lowest energy orbitals. The values to be keyed in
would be:

NE(1) =2, NE(2)= 2,NE(3)=2, NE(4)=O, NE(5)=O,NE(6)=0.

It must be remembered that these values are for neutral
pyridine. For cations these would be:

NE(1)=2, NE(2)=2, NE(3)=I, NE(4)=O, NE(5)=O, NE(6)=O.
While for anion these would be :

NE(1)=2, NE(2)=2, NE(3)=2, NE(4)=O, NE(5)=O,
NE(6)=O.

Loading of 'input data has now been completed. The
computer would inquire whether a printout of this input data
is required or not If the answer is in affermative this data is
printed otherwise the calculations are carried out and 'Busy'
appears on the screen. After some time (few minutes or few
hrs. depending upon the size of the molecule) results in the

form of eigen values, eigen vectors, charge densities, bond
orders would appear on the screen.

Once these results had been displayed' the computer
would ask if a printout of result is required or not. An answer
in Y (Yes) would give the required printout.

II. SCF Calculation: The SCF calculations can also start
with a test run if desired. The molecule used for testrun in this
case is also pyridine.

The number of conjugated atoms N and the array NE(1)
(No. of electrons in the ith orbital) is filled in the same way as

for the to-technique calculations (see previous section for
detail).

The input now reads the atomic co-ordinates. The atomic
co-ordinate are given in the form of hexagonal grid co-
ordinates. Grid co-ordinates are defined as multiples of 31!2
(i.e. I Sin 60') and 1/21 =(lcos 60') in the x and y directions
respectively. I is the c-c bond length and is taken equal to 104.

Two arrays X(N) and Y(N) to be filled where N is the
number of conjugated atoms. The display on the screen for a
benzene or pyridene molecule would be :

X(l) =? Y{l) =?
X(2) =? Y(2) =?
X(3) =? Y(3) =?
X(4) =? Y(4) =?
X(5) =? Y(5) =?
X(6) =? Y(6) ~?
The questions is that how do we evaluate the grid co-

ordinates. Again consider the case of pyridine (Note that the
numbering is arbitary).

X(l) =0 Y(l) =+2 I Cos 60'

X(2) =1 Y(2) =+ 1 I/ ,.)
X(3) =1 Y(3) =-1 (J "-

X(4) =0 Y(4) =-2 ! IISine 60'

X(5) =-1 Y(5) =-1 '" /3
X(6) =-1 Y(6) =+1 ~

i.e, I cos 60' (1/21) is considered a unit in the Y direction
while I sin 60' (3/21) is considered to be a unit in the x
direction.

After keying in the grid-co-ordinates the user would
have to opt for charged sphere model or Nishimoto Mataga
formulation of repulsion integral matrix. Either of these
methods can be used. The repulsion integral matrix thus
formed can also be inspected and modified if desired. This
inspection and modification facility however, is optional.

Thus the user is free to choose any value of the repulsion
integrals. In case of default, however, charged sphere model,
with the specifically mentioned set of repulsion integrals is
used. This is not end of the input data. It has not been
specified that atom 4 is a nitrogen atom. The computer would

o
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ask whether a system is a substituted or an hetero aromatic
one.

If the answer is yes then some more input data is to be
keyed in.

The next question would be the number of substituted or
hetero aromatic atoms. For the case of pyridine the answer to
this question would be 1. Next it would inquire about the
position of the substituted or hetero atom. For pyridine the
answer would be 4 (according to the numbering in the above
diagram).

The computer would now ask the values of Z(4) =?,
DW(4) =?, C(4,4) =?

Where the above values represent the charge, coulumb
integral and the repulsion integral. These values can be taken
from the literature.

For pyridene these values can be Z(4) =1, DW(4) =
-1.659, G(4,4) =11.35.

Once these values are keyed in the input data is complete.
A printout of input data can be taken if required.

The program would run for a few minutes or few hrs. and
the results would appear on the screen. The results are in some
form as for eo-technique calculation i.e. values ofEigen values
eigen vectors, bond orders, charge densities are displayed on
the screen. A printout of results can also be taken ..
1 REft ftAIN PROGRmE -HM CALCULATIONS VITH .-TECHNIQUE
2 PRINT'HftO CALCULATIONS MIIH .-TECHNIQUE
3 INPUT 'TEST RUN mUIRED(Y/N)';1I
4 If II='Y' THEN GOSUI 1200
7 If 1I='y' THEN 60SUB 1200
8 GOSUI 80
10 fOR I = 1 TO N
12 FOR J = I TO N
14 IF 1= J THEN GOTO 18
16 W,I) = H(I,J)
18 H(I,I) = G(I) : HD(I) = H(I,I)
20 NEXT J
22 NEXT I·
25 FOR H = 1 TO 8
28 GOSUI 230
30 GOSUl 600
32 GOSUI 700
34 IF n = 8 THEN 56
35 60SUI 700
36 FOR I = 1 TO N
38 HI(I) = 6(1)
40 HI(I) = HI(I) + ( I - P(I,I) )' 1.4 • (-I)
42 NEXT I
44 FOR I = I TO N-I
45 FOR J = 1+1 TO N
48 H(J,I) = H(I,J)
50 NEXT J
52 NEXT I
54 NEXT U
56 60SUB 900
57 ERASE HD,HE,U,UT ,f,6
58 T=I-I
60 IF T=-1 THEN 65

7

62 PRINT 'TEST RUN COftPLETE'
63 GOTO 8
65 SYSTEft
79 •
80' IUlln UUU INPUT SUBROUTINE UUtU
81 •
83 If T=1 THEN 225
85 INPUT 'NAftE OF THE ftOLECUlE: ';NI
90 INPUT'NU"8ER OF CON,IUGATED ATOftS';N
95 m HD(N): m NE(N): m U(N,N): DI" U1(N): m P(N,N): m G(N)
100 FO~ I : 1 TO N
105 FOR J = I TO N
110 PRINT 'H(';I;',';.~I;') : ';
115 INPUT H(I,J)
120 NEXT J
125 NEXT I
140 FOR I = 1 TO N
145 PRINT 'NE(';I;') : ';
150 INPUT NE(I)
m NEXT i
m PRINT
160 PRINT 'Verification of H(i,j)': PRINT' To Confir., prPSl spm-bu'
161 PRINT 'To Alter, press the = key, then key-in the comet vilue, then prm

return'
165 FOR I = I TO N
170 FOR J =. I TO N
175 PRINT 'H(';I;',';J;') : ';H(I,J),
177 US e INIEYI: IF US = •• THEN 177
178 If US = ' , THEN PRINT' 0.1. ': GOTO IB5
179 If US = '=' THEN PRINT' = ': INPUT H(I,J): GOTO m
185 H(I,J) = -H(I,J) : H(J,I) = H(I,J) : HD(l) = H(l,l) : G(l) = HD(l)

ZOO NEXT J
205 NEXT I
210, T=O .
m PRINT 'Printout of input data required? (y/n) ,
220 UI = IHIEYI : IF US = •• THEN 220
221 PRi~T US : If US ' 't' THEN GOSUI lOOO
m If US = 'Y' THEN GOSUI 3000
223 PRINT 'BUSY'
m RETURN
m'
Z30 • UUUU UUUU DIAGONALlSATJON SUBROUTINE UUU
231 • This subroutine diaqonalim the input utriI
240 FOR J:I TO N
245 FOR 1=1 TO N
250 U(I,J)=O: U(I,I):I
260 N£XT I
265 NEXi J
270 EP:IH6
275 ftl=O
280 FOR I ' 2 TO N
285 FOR J:i TO (1-1)
290 H(I,!)=HD(I): H(J,J):HD(J): SQ=(H(I,JW2
310 IF 59 > "I THEN lET "I = 59
315 IF 59 (= EP THEN 510
m D: HJ(I) - HD(J)
m IF D >= 0 THEN 340
330 SH = -2 : I = -D
m GOTO m
340 SN = 2
m ID = D + S9R(( OlD )+( 4159 )) : TN = ( SH'H(I,J) )ITD
m C = I/(SQR(I+(TNITN))) : 5 e (UN
370 FOR I = I TO N
380 IJ = m(I"I)-S'U(I,!): U(I,I) = SIU(I,J)+CIU(K,I): U(I,J) = I.1
390 If k : J THEN m
m IF X } J THEN m
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410 XJ e C'W,X) • 5'H(I,I)
410 H(I,X) = 5'H(J,I) I CIH(I,I)
415 H(J,I): 1.1
m 6010 m
es IF X = I lHEN 485
440 IF«} I IHEN 470
450 IJ = m(I,J) - 5'H(I,I) : H(I,K) : 5IH(I,.1) I m(l,1) : H(I,J) = XJ
465 6010 485
470 IJ: CIH(I,J) - 5.H(X,1) : H(X,I) : 5'H(I,J) I C'H(I,1) : H(I,J) = XJ
485 NEXTI
m HD(I): (C'C'H(I,I)) I (5'5'H(J,J)) I (2lSlClH(I,,l))
500 HW): (C'C'H(J,m I (5'S'H(I,I)) - (2tS'CIH(I,m
m H(I,J) = °
510 NEXT J
51S NEXT I
m IF "X > EP IHEN 275
510 RETURN
m'
5J4'
\99'
600' lUlU UlUU ORDER5UBROUIINE lUUU
601 'Ihis subroutine ordm the eigpnVliups ind eiqpnYfCtors .nd .djusts the

p)ectmic confiqurition for dpqpnmte spaces
605 FOR X = \ 10 N

m HI = HD(I) : JI e I
620 FOR J = ( 10 N
m IF HD(J) )= HI IHEN 640
630 HI = HD(J) : JI : J
640 NEll J
m HD(JI): HD(l) : HD(l) = HI
m FOR I = 1 10 N
660 UI(I): U(I,J1) : U(I,m = U(I,I) : U(I,l) = U1(1)
670 NEXT I
m NEXTI
678 IF (WI THEN.G010 699
680 FOR 1=\ 10 N-\
690 IF ABS(HJ(I)-HD(l11 )P.OOOI lHEN 60TO 698
692 1:(NE(I)INE(lll ))12
695 NE(I)=I:NE(lII):1
698 NEXT I
699 RETURN
700 ' UUlUU lUum SUBROUTINEIONI-ORDER5 um
701 '
705 FOR R = I TO N
710 FOR 5 • R TO N
7155":0
720 FOR J = I TO N
725 5": 5" I NE(J) • U(R,J) • U(S,J)
730 NEll J
740 PU,S) = S"
745 NElT 5
750 NEX! R
m RETURN
)99'
800 ' lUUU unu OUIPUI SUBROUTINE UUU
BOI '
803 PRINT' UUURESUlTSUUU'
805 BEEP: FOR CTR e 1 10 10 : NEXT
810 INPUT 'EI6ENVALUES REQUIRE. ? (TIN) ';H
BI2 IF H = 'H' THEN840
814 IF Et : 'n' THEH840
815 FOR I = I TO H •
825 PRINT '£(';1;') : ';HI(I)
810 NEXT I
840 INPUT 'E16ENVECTORS REQUlREt ? (fiN) 'jUS
845 IF Ut = 'N' THENm
846 IF UI = 'n' THENm

850 FOR J = I TO N
m FOR I = 1 TO N
860 PRINT' U('il;','iJ;') = 'jU(I,.l)
865 NEXT I
870 NEXT J
875 INPUT 'CHARGE DENSITIES REQUIRED? (YtN) ';CI
B80 IF CI = 'N' IHEN 900
881 IF Ct = 'n' IHEN 900
885 FOR I = 1 TO N
890 PRlMI·'W;I;') = ';P(I,I)
895 NEXT I
900 INPUT 'JOND-ORDERS mUlm ? (YIN) 'iFI
905 IF PI = 'N' IHEN 930
906 IF PI = 'n' IHEN 930
910 FOR I = I TO (N-I)
915 FOR J = (III) TO N
920 PRINT 'P(';I;','jJ;') = 'jP(I,I)
925 NEXT J
926 NEXT I
928 IF T:I THEN 960
930 INPUI 'PRINT-OUT OF RESULTS REQUIRED? (fiN) ';SI
950 IF 51 = 'Y' THEN GOSUI 4000
951 IF SI = 't' ·IHEN GOSUI 4000
960 R£lURN
96l •
W'
1100 m UUUSUBROUTINE TESIRUNUUU
1205 RE" This proqr •• u runs the s •• plr proqm •• for pyridu.
1210 PRINT'TESI RUN FOR PlRIlENE-H"O U1H I-TECHNIQUE'
.1215 tift HD(6); m NE(6): m U(6,6): m UT(6): tift Pf6,6): tift 6(6)
1218 N:6 "
1220 PRINT'FOR PYRItENE hI=O.5,lcyO.8
1223 DATA0.5,0.8,0,0,0,0.8,0,1,0,0,0,0,1,0; 0,0,1,0,0,1 ,0
1225 FOR 1=1 10 N
1230 FOR J=I TO N
1235 READH(I,J)
1240 PRINT 'H('jl;','jJ;') • ';H(I,J),
1242 H(I,J) = -H(I,J) : H(J,I) = H(I,J) : HD(I) = H(I,I) : 6(1) = HI(I)
1245 NEXT J
1250 NEXT I
1255 DAIA 2,2,2,0,0,0
12&0 FOR 1=1 TO N
1265 READNE(I)
1270 PRINI 'NE(';I;') = ';N£(I)
1275 NEXT I
128. Tol
1288 RETURN
1290 .
1300 '
1000 Rf" UUU5lbrOiline printout inp.t dlllUUU
3010 m This n~mliR! prints the input d.h (oplioul)
3020 LPRlNT'H"O .m .-TECHNIQUE'
3025 '
3030 LPRIHT NI
3035 LPRINT
3040 LPRINI 'INPUI tm'
J050 FOR I-I TO N
J055 FOR 1=1 TO N
3m LPRINI 'H('jl;','jJ;') e ';-H(I,I),
3070 NEXT J
3075 NEll I
3080 lPRlNT
30'0 FOR 1=1 TO N .
3095 LPRINT '11[(';1;') = ';NE(I)
3100 NEXT I
1110 RElURN
mo .
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3130 '
4000 RE" "IUURml ts printout slbrontinrUIU.
4010 RE" This subroutine prints the rml\s(optiOAll)
4010 LPRINT 'UUURESUlTSUUU'
4030 lPRINT
4040 lPRINT NI
4050 lPRlNT
4060 lPRINT 'ITERATION NO,';II
4070 lPRINT
4080 lPRlNl' UIUEi,emlmUIU
4085 FOR 1:1 TO N
4090 lPRINT 'E(';I;'):';Ho(l)
4100 NEXT I
4110 lPRINT
4120 lPRINT' IUUChr!e ~usitiesUUI'
4130 FOR 1:1 TO N
4140 LPRlNT'R(';I;'):';P(I,1I
4150 NEXT I
4160 lPRlNT
4170 LPRlNT' UUUEI6ENVECTORSlUU'
4180 FOR 1:1 TO N
4190 FOR l:1 TO N
4210 lPRINT' U(';I;',';J;') : ';U(I,J)
4220 NEXT J
4230 N[Xl I
4270 FOR I : I TO (N-I)
4280 FOR J : (III) TO N
4290 LPRINT 'P(';I;',';J;') : ';P(I,J)
4300 NEXT J
4310 MElT I
mo RETURN

160 PRINT 'Verificition of H(i,i)': PRINT' To COlfirl, pms spm-bu'
161 PRINT 'To Alter, pms the : hy, then Key-in the cormt ulue, theft prm

return'
165 FOR I : I TO N
170 FOR J : I TO N
175 PWIT 'H(';I;',';J;') : ';H(I,J),
177 UI: INIEU: If UI : II THEN 177
178 IF UI : ' , THENPRINT' 0,1. ': GOTO185
179 IF UI : ':' THENPRINT' : ': INPUT H(I,J): 60TO IB5
m H(I,J): -H(I,J! : H(J,I) : H(I,J) : HD(I) : H(I,II : 6(1) : H'(I)
200NEITJ
205 NEXT I
110 T:O
115 PRINT 'Printout of input dih required? (y/n) ,
110 UI : INKEYI : IF UI : II THEN220
1/1 PRINT UI : IF UI : 't' THEN60SUB 3000
211 IF UI : 'Y' THENGOSUI 3000
123 PRINT 'BUSY'
115 RETURN
119 '
230 ' HlUUI UIUIU DlA60NAlISA!ION SUBROUTINE IIIIU
m ' This subroutine dii!oulim tht input utril
240 FOR J=I TO N
m FOR 1=1 TO N
250 U(I,J)=O: U(I,II:1
260 NEXT I
165 NEXT J
170 EP=IE-16
275 u=o
180 FOR I = 2 TO N
285 FOR J:I TO (1-1)
290 H(I,I):HD(I): H(J,J):HI(J): SU=(H(I,J))'2
310 IF SU ) "I THENLET "I : SU
ns IF SU (= EP THEN 510
310 .: HO(I) - HD(l)
m IF J ). 0 THEN340
330 SN: -1 : D = -~
ns GOTO345
340 SN: 2
m TO: D I SUR(( DID fl( mu )) : TN: ( SHIH(I,J) )m
355 C: I/(S9R(1I(1NITK))) : S : CHN
370 FOR r = I TO N
380 Xl = C'U(I,J)-SIU(I,I): U(I,I) = SIU(I,J)ICIU(I,I): U(I,J) = XJ
390 IF I : J THEN485
400 IF I ) J THENm
410 XJ: CIH(J,I) - S'H(I,I)
410 H(I,I): SIH(J,I) I CIH(I,I)
425 H(J,I): XJ
430 60TO 485
m IF I : I THEN485
440 IF I ) I IHEN 470
m XJ' CIH(I,J) - SIH(I,f) : H(I,I) : 5IH(I,,1) I CIH(I,I) : H(I,J) : XJ
465 60TO 485

.470 XJ: CIH(I,J) - stH(I,I) : H(I,I) : 5IH(l,J) I CIH(I,I) : H(I,J) : XJ
485 NEXT I
490 HD(I): (Clm(l,I)) + (SISIH(J,J)) I (2ISICIH(I,J))
500 HD(J): (CICIH(J,J)) I (5ISIH(I,I)) - (2ISICIH(I,J))
505 H(I,J): 0
510 NEXTJ
us HEXT I
525 IF "X ) EP THEN275
m IETURN
5J2'
534 '
599 '
600" 'UIIII IlIUII ORDERSUBROUTINE 1111I11
601 'This subroutint orders the ti!!nYiluts nd !iqmectors and rlse

51 lEft UIN PROGRAm -H"O CALCUlA!IONS
2 PRlHT'HRO CALCULATIONS'
3 INPUT 'TEST IUN REUUIREI(T/N)';U
4 IF 1\·'T' THENGOSUI 1200
7 IF U",' THEN60SUI 1200
8 GOSUI 80
28 60SUI 230
30 GOSUB600
35 60SUI 700
56 60m 800
57 .£RASE HJ:NE,U,UT,P,6
58 T:T-I
60 IF T=-I THEN65
62 PRINT 'TEST RUH CORPLETE'
61 60TO 8
65 mm
79 '
80 ' IItUII UUII INPUT SUJROUTINE UUIIt
81'
83 IF T=1 THEN225
85 INPUT 'NARE OF THE ftOLECULE=';HI
90 IIfUT' NURIEI OF CONJU6ATEIATm';H
H 11ft HI(H): m HEIH): sn O(H,N): DIft UT(H): 11ft P(M,H): tIN 6(N)
100 FOR I : I TO N
IOS FOR J : I TO N
110 PRINT 'H(';I;', ';J;') : ';
lIS INPUT H(I ,J)
120 HEIT J
m NEIT I
140 FOR I : I TO N
145 PRINT 'NE(';I;') = ';
150 INPUT HEW
m NEXT I
159 PRINT
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602 . rudjusls the electronic configuration for degenmtr levels
605 fOR I : 1 TO N
m HT: HD(I) : JT : I
620 FOR J : I TO N
m IF HD(J) ): HT IHEN 640
630 HT: HW 1 : JT : J
640 NEXT~
645 HD(JI): HD(K) : HI(I) : HT
m fOR I : 1 TO N
660 U1(II: U(I,m : U(I,m : U(I,I) : U(I,I) : UT(I)
670 NEXT I
675 NEXTI
680 fOR 1:1 TO N-1
690 IF AJS(HO{l)-HO(l+I))>.OOOI THEN 60TO 698
692 X:(NE(/)+NE(I+l))12
695 NE(I)=X:NE(I+l):X
69B NEXT I
69f RETURN
700 . IIUIIIII II II II*' SUBROUTINEBOND-ORDERS Ullt
701 •
705 FOR R : 1 TO N
710 fOR S : R TO N
715 Sft: °
720 fOR J : 1 TO N
m Sft : Sft + NE(J) I U(R,J) I U(S,JI
730 NEXT J
740 P(R,S) = S"m NEIlS
750 NEXT R
m mURN
799'
BOO . 11&1111 IIUII OUTPUTSU.ROUTINE IIt&ll
801 .
803 PRINT' IIUIIRESOUSIUIII'
B05 BEEP : fOR CTR : 1 TO 10: NEXT
810 INPUT 'EIGENVALUES REQUIRE. ? (rlN) 'jEI
812 If EI : 'N' THEN 840
814 If EI : 'I' THEN840
815 fOR I = 1 TO N
825 PRINT 'E('jlj') : 'jHI(I)
830 NEXTI
840 INPUT 'EI8ENVECTORS REQUIRED? (UN) 'jUI
845 IF U' : 'N' THEN 875
846 IF UI : 'D' THEN875
B50 fOR J : 1 TO N
855· fOR I : 1 TO N
860 PRINT' U('jlj','jJj') • 'jU(I,n
865 N£XI I
870 NEXT J
m INPUT 'CHARGE DENSITIES REQUIREI 1 (Y/N) 'jtl
880 IF CI = 'N' THEN 900
881 IF CI : 'n' THEN 900
885 fOR I = 1 TO N
890 PRINT 'Q('jI;') : 'jPU,!)
m NEXT I
900 INPUT 'BOND-ORDERSREQUIRE. ? (rlN) 'jPI
905 If PI = 'N' THEN 930
906 IF PI : 'ft' THEN 930
910 fOR I : 1 TO (N-I)
m fOR J : (1+1) TO N
920 PRINT 'P('jIj',';J;'1 = 'jP(I,J)
m NEXT J
926 NEXT I
m IF T=I THEN 960
930 INPUT'printout of results required'jSI
950 IF SI = 'Y' THEN GOSUB4000
951 IF SI = 't' THEN GOSUI 4000

9&0 RETURN
963 •
965'
1200 RE" IIIIUSUBROUTINE TESTRUNIIIIII
1205 REft This progrm! runs the suple pro,m.e for pyri •• 1t

1210 PRINT'TEST RUNfOR mllENE fOR HftO CALCULATIONS'
1215 Uft HD(6): m NE(6): 11K U(6,6): m UT(6): 11ft P(6,6): III 5(')
1218 N:6
1220 PRlNT'FOR PYRItENE h:0.5,lc J=O.B
1m DATA 0.'5, 0.8,0, O,O,O.B,O, 1,o~o,o,O, 1 ,0,0,0, 1,0,0,1 ,0
1225 fOR 1=1 TO N
1230 fOR J=I T6 N
1235 READ H(I,~)
1240 PRINT 'H(';lj',';J;') : 'jH(I,~),
1242 H(I,J): -H(I,J) : H(J,I) : H(liJ) : HI(I) : H(I,/) : 6(1) : HI(I)
1245 NEXT J
1250 NEXT I
1m DATA2,2,2,0,0,0
1260 FOR 1=1 TO N
1265 READNHI)
1210 PRINT 'NH';I;') : ';NE(I)
1275 NEIT I
1280 T:1
1288 RETURN
1290 •
1300 •
3000 REn UUUSnbmlioe printout.ilput d.bUUU
3010 m This sabroltine ,rints th in,,! '.11 (optiOllI)
3020 LPRINT'HnO CALCULATIONS'
3025 •
3030 LPRINT NI
3035 lPRINT
3040 lPRINT 'INPUT lATA'
3050 FOR 1=1 TO N
3055 FOR J:I TO M
3065 PRINT 'H(';I;','jJ;') = 'j-H(I,J),
3070 NEXT J
3075 NEXT I
3080 lPRINT
3090 FOR 1=1 TO N
3015 lPRINT 'NE(';I;') : 'jN£(I)
3100 NEXT I
3110 RETURN
3120 •
3130 •
4000 m UIUURml ts ,ritloul SI~roIlinetUUl'
4010 m This su~rOlline pritts Ih. rmill(o,tlou/)
4020 LPRINT 'IUUR£SULTSUUU'
4030 LPRINT
~040 lPRlNT NI
4050 LPRINT
4070 LPRINT
4080 LPRINT' UIlIEi,.mimUlU
~085 FOR 1:1 TO N
4010 LPRINT 'E(';I;'r"jHt(l)
4100 NEn I
4110 lPRINT
4120 LPRIN1' ~·UUlChlr,. ~flSitif5UIU'
~130 fOR 1:1 TO N
4140 lPRINT'Q('jlj')"j'(I,/)
4150 NEIT I
4160 lPR1NT
4170 LPRlNT' IUUlEI6ENVECTORSllItI'
4180 fOR 1:1 TO N
4190 FOR J:i TO N
4210 LPRINT' U(';Ij','jJ;') = 'jU(1,J)
4220 NEXT J
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.4230 NEXT I
4270 FOR I : I TO (N-II
4280 FOR J : 11+11 10 N
4290 lPRlNT 'P('jlj','j~;') • 'jP(I,JI
4300 Nfl[ J
4310 NEXT I
4320 RETU~N

5 CLS : REft SCHPP CALCULATIONS
10 PRINT 'SCf CAL~ULATIONSMIIH PARISER PARR AND PUPLE'S(PPP) APPROUftAIIUN'
12 INPUT'TEST RUN REQUIRED(YlNI'jTt
13 IF 1\:'" THEN 605UB 1200
14 IF I\:'y' THEN 60SUB 1200
IS REft
20 605UB 2065
25 GOSUB2300
30 60SUI 2190
35 FUR 15:1 10 10
40 60SUI 230
45 GOSUI 600
50 GOSU. 700
55 IF 15:10 THEN 60TO 70

,60 &OSUBnoo
65 NEXT IS
70 GOSU. BOO
71 ERASE X,, ,NE,U,UT ,',&,Z,'W,',H,HJ
72 T-T-I
74 IF T:-I THEN 7B

75 PRlNT'TEST RUN CoftPlETE'
76 SOTo 20
7B STSTEft
230 '
231 '
240 fOR J:l TO N
m FOR 1:1 TO N
m U(I,J):O: UII,I):I
260 NEXT I
m NEXT J
270 EP=IE-)6
m ftx:o .
280 FOR I : 2 TO N
m FOR J:I TO (HI
290 HII,II-Hlm: H{J,J):HD(JI: SQ:{H(I,JJ)"2
300
310
lIS
320
m
330
ns
340
m
m
370
380
390
400
410
420
m
4JO
US
440
m
465
470

uuun unuu DlA6oNAlISATloN SUBROUTINE UUU

IF SQ > ftX THEN LET ftl : SQ
If SU(: EP THEN 510
, : HWI - H'(J)
IF J ). 0 THEN 340
SN: -2 : , •••.
60TO 345
SN : 2
11 • , + SUR({ JU 1+( USQ )) : TN' ( SN'HII,J) 1m
C • I/(SQR(1t(TNUN)lI : S : CUN

'fOR I : 1 TO N
XJ : C'U{I,J)-S'UU,II: UU,II = S'U(I,J)+C'U(I,I): U{I,J) = IJ
IF 1 • J THENm
rFI > J THEN m
IJ : CtH{J,I) - S'H(I,II
H{I,I) : SaH{J,1) + CaH(I,l1
H{J,I) = XJ
6oTo 485
IF I = I THEN 485
If I > I THEN 470
XJ = CIH(I,J) - SaH(I,11 : H(I,I) = S'H(K,J) + ClH(I,I) : H(K,J): XJ
60ro 485
I.1 : CfH{I,JI - 5tH(I,I) : H{I,I) = S'H{I,J) + CIH(I,I) : Hil,J) : XJ

m NEXT I
490 Hom: (C'C'H(I,I)) + (S'SlH(J,JlJ + (mmH(I,Jll
500 HD(J) = (m'H(J,J)) + (S'SIH(I,I)) - (2ISlCIH(I,Jll
50S H(I,J) = 0
510 NEXT J
515 NEXT I
m If ftl ) EP THENm
530 RETURN
m'
600' nuu HlUU ORDERSUBROUTINE UIIlU
601 'This SKbrouliae orders Ih •• iqpnYllu.s ind piq.nvrclors ud ilso
602 'mdjus!5 the rlectronic confiqurition for d.qrnerile SpiCU
b05 FOR I : I TO N
615 HT = HDm : JT : I
620 FOR J = ( TO N
m IF HD(J) )= HT THEN 640
630 Hr: flD(J) : JT = J
640 N£Il J
645 HD(m·= HJ(l1 : HJ(I) = HT
m FOR [ = I TO N
660 UTm = U(I,m : U(I,m : U{I,(I : U(I,(I = U!(II
670 NEil I
m NEil (
678 IF (WI THEN GOTO699
680 FOR [=1 TO (N-I)
690 IF AIS{HD([)-HD(I+I))},OOOI THEN 60TO 698
692I:(N£(I)+NE(I+I))/2
m N£(II=I:N£(I+I)=X
69B NEXT [
m RETURN
700 ' •• U •• ,U uuuu SUBROUTINEiONHRDERS uua
701 '
705 FOR R = I TO N
710 fORS'=RTON
715 Sft = 0
720 fOR J = I TO N
m Sft = Sft + NE(J) I U(R,J) • U(S,JI
730 NEXT J
740 P(R,S) = Sft
xs NEIT 5
750 N£Il R
m RETURN
799 '
800 ' UIUU IIIIU OUTPUTSUBRoumE IUUI
801 "
805 JEfP : FOR m = I TO 10 : NEXT
810 PRINT 'EIGENVALUES REQU[R£D?(l/N)'j£S
812 IF £I : 'N' THEN 840
814 TF EI = '.' THEN 840
an FOR I : I TO N
m PRINT 'E('jlj'l = 'jHD(l)
830 N£IT [
812 REft Ei,rmlm He cilculaled considerinq W+Gc/2 is mo,W:-ll ind 6c=11.35
u. Ih. d.hult Yilues.For iholul. ri,rnYIhrs subslrict Ih. 1m 5.32 1m

thr cilcahted ulue.
840 INPUT 'EIGENVECTORS REOUIRED, (Y IN) 'jUf
845 IF UI : 'N' THENan
846 IF Uf = 'n' THEN 875
850 FOR J = I TO N
m FOR I : I TO N
860 PRINT' U('jlj','jJj') = ';U(I,J)
865 NEXT I
870 NEXT J
mlNPUT 'CHARGE OENSIlIES REQUIREO ? (I/NI 'jCI
880 IF CI : 'N' THEN 900
881 IF Cf : 'n' THEN 900
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881 FOR I = 1 TO N
890 PRINT 'W;I;') = ';P(I,II
m NEXT I
900 INPUT 'BONHRDERS mUIREI ? (Y/N) ';PS
90! IF PI = 'N' THENm
906 IF PI : 'n' THEN930
910 FOR I = 1 TO (N-II
915 FOR J = ((+1) TO N
910 PRINT 'P(';T;',';,];') • ';P(I,J)
925NEXTJ
928 NEXT I
930 INPUT 'PRINT OUT OF OUTPUTDATAREQUIRED? (Y~N) ';Sl
m IF SI e 'Y' THENGOSU8 4000
951 IF SI = 't' THENGOSUB4000
960 RETURN
1200 'UUUSUBROUTINE TESTRUNSCFUUII
1202 PRINT 'TEST RUNFOR PYRUENE'
1205 T:1
1210 N:6
1m m X(N):m Y(N):m NE(H):Jift U(H,N):IIK UT(N):tn P(N,H):DU 6(N,N)
1220 m Z(N):m Dvm
1225 FOR 1:1 TO N
1230 Z(I):I:DV(I)=O
1235 NEXT I
1240 DATA2,2,2,0,0,0
1255 FOR I = 1 TO H
1260 READNE(I)
1265 PRINT 'NE(';I;') : '; NE(II
12~ NEXT I
1272 DATA0,2,1,1,1,-1,0,-2,-1,-1,-1,1
1275 FOR 1=1 TO N
1280 READX(I) : READY(I)
1285 PRINT 'X-coordina!! of alo. (';lj')='jX(I);
1287 PRINT TAB(40);'Y-coordinale of aiD. (';I;')=';Y(I)
1290 NEXT I
1311 PRINT
1312 PRINT 'The repulsion inlegra1s md m:6(I,J)=14.4/D:For 2.81<»<2.75 6(1,;
):4.97: for 2.7$<1<1.42 6(I,J)=5.77:for 1<1.42 6(1,J)=7.19:6(1,I)=II.35'
1313 PRINT' where D is Ihe inlmlo.ic distance (charged sphere .0del)':PRINT
1314 PRINT 'Also DV(I)=O an4 Z(I)=1 for conjugated carbon alDIS'
1315 PRINI 'Pyridm is a heleroaroaalic sysle • .';
1330 PRINT' The heleroalo.(N AID.) is al position I'
1335 6(1,1)=11.35
1340 OV(I )=-1.659
1342 PRINT' 6(1,1)=11.35'
1345 PRINT' 8V(I)=-I.659
1348 PRINT' W)=1
1349 RI=1
1350 RETURN
2065 m !UIUSef INPUT SUBROUTlNEUUU
2068 IF 1:1 THEN2185
2070 RE" Tbis sulrouline inputs NE(I)(nu.ber of eleclrons in Ihe i-Ih "O),X(I)

and Y(I)(grid coordinales of the conjugated aiD. I)
2075' INPUT 'Nm Of THE ftOLECULE='jNI
2078 INPUT'NU"BER OF CONJUGATEDATOftS';N.
2080 DIft X(N):&ift Y(H):m HE(N):m UiN,N):m UT(N):DiK P(N,N):OI" 6(N,N)
2082 m Z(N):OU DV(N)
2085 FOR 1=1 TO N
2090 Z(I)=I:DV(I):O
2095 NEXT I
2104 PRINT'NE(I}:NUft8ER OF ELECTRONSIN THE I-Ih ORIIlAL'
2105 FOR I = 1 TO N
2110 PRINT 'NE(';I;') : ':
21U INPUT NE(l)
2120 NEXT I
2m FOR 1=1 TO N

III BUSY III'
(please wait. •. )'

2130 PRINT 'X-coordiute of ato. ('jlj')=';
2m INPUT X(I)
2140 NEXT I
214~ FOR 1=1 TO N
2150 PRINT 'Y-coordiuh of 1101 (';I;')='j
2m INPUT 1(1)
2160 NEXT I
2170 PRINT 'Prinloul of inp.t data required? (y/nl '
2112 PRINT
2175. II : INlm : IF II = II THEN2175
2180 IF II = 'Y' THEN60SUB 3000
2182 IF II : 'y' THENGOSUS3000
2185 RETURN
2190 lEft UUUftodifiution sllbroulinellUU
2191 m THIS SUBROUTINEftODIFIES THE SCF ftAlRIX FOR HETERARO"AIICOR

SUBSTITUTED srsrn
2198 IF T=1 THEN2299
2200 PRINT 'Heteoaro •• tic or substihted systn (y/R)';
2210 INPUT AI
2215 IF AI='N' THEN2299
2220 If AI='n' THEHm9
2214 INPUT 'Hu.ber of substi luted or heleroarolltic 110.5' ;NH
2225 11ft PS(NH)
2235 FOR 1= 1 TO NH
2245 PRINT 'Position of hehrDIlo.'jl;
2250 INPUI PS(I)
2255 I=PS( I)
2260 PRINT '»V(';lj')=';
2m INPUT Dvm
2268 H(I,I)=DV(I):Ht(l)=DV(I)
2270 PRINT 'Z(';lj')='j
2275 INPUT Z(K)
2280 PRINT '6(';Xj',';lj')='j
2285 INPUT 6((,1)
mONEIl 1
2291 INPUT'Printout of Ihe .odified input data reqd. ';11
2292 IF II:'Y' THEN60SU8 3100
2294 If 1I='y' THENGOSU9 3100
m9 RETURN
2300 lEft IUIUSubroutine GliullUU
2301 REft This subroutine co'P.utes the repulsion •• Iril 'G(N,N) after cD'puting
inlmlo.ic distances fro. qrid co-ordinates.
2302 IF T=1 THEN2308
2303 PRINT 'The repulsion intrqrlls ,hich •• t be Ised are:

1. For m.B1 6(1,J)=14.4/D:For 2.8I<D(2.75 6(I,J)=4.97:
For 2.75(0<1.42 6(1,J)=5.77:For D(1.42 6(I,JI=7.19:6(1,I)=II.35'

2304 PRINT' where D is the interalo.ic distancr (charqed sphere .0drl)':PRINT
2305 PRINT '2. G(I,J)=14.397/(1.29+1) (NishOlOto-"llaqa forauhlioRI':PRlNT
2306 INPUT 'Enler choice nutber';RI:PRINT
2308 m 8(N,N):DIK H(N,N):DIft HO(N)
2310 FOR T=1 TO N
2315 X( I ):X( 1)11.41.866025: Y(I )=Y( I )11.41. 5
2325 NEIl I
2326 IF RI:2 THEN2421
2330 fOR 1=1 TO H
zns FOR J=I TO N
mo IF IOJ THEN23~5
2345 6(1,J):11.35:60TO 2414
2355 D=SOR(((X(J)-I(I) )A2)+( (Y(J)-y( I) )'2))

2360 IF 1(=2.81 THEN2m
2365 6(I,JI=I4.4/D:60ro 2410
2375 IF D(=2.75 THEN60TO mo
2380 6(1,3):4.97:60TO 2410
2390 IF D(:1.42 THEN2405
2395. 6(1,J):5.77:60TO 2410
2405 6(I,J)=7.19
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2410 6(J,II=6(I,JI
2414 6(=11.35
1415 NEXT J
H18 NEXT I
2420 IF RI=1 THEN 1429
1411 fOR 1=1 TO N
1m FOR J=I TO N
2423 D=SUR( ((X(JH(I W211( (Y(JH( 111'111
1414 6( I, JI=14. mI (1.193ID I :6(.1, I 1=6( I ,JI :6C=14. 937/1.293
1415 NEXT J
2416 NEXT I
2m FOR 1=1 TO N
2430 fOR J=I TO N
1435 IF I=J THEN 2460
2440 IF RI=I THEN IF 6(I,JI<7 THEN 1470
2441 IF RI=2 THEN If 6(1,JI(5.2 THEN mo
2445 B(I ,JI=-1.37:H( I ,JI=B(I ,.11 :H(J, I I=H( I ,JI
2460 H(I,II=JW(II:HD(I)=H(I,II
2470 NEXT J
1472 NEXT I
2473 If T=1 THEN 1499
1m INPUT 'Inspection or lodification of repulsion inteqrals re~uired(TlNI';ftRf
1m IF ftR.='n' THEN 2499
2476 If m='N' THEN 1499
2477 PRINT 'Inspection of 6(1,JI':PRINT 'To confir. prm spm bar'
2m PRiNT 'To alter ,press the = key, then key in the .odified value and pms

enter'
2479 FOR 1=1 TO N
1490 FOR J=I TO N
14BI PRINT '6(':1;' ,';.I;')=';6(1,JI
1482 ftl=INrm:IF ft.=" THEN 2482
2483 If "1=' , THEN 1486
2484 IF U='=' THEN PRINT '=';:INPUT 6(1,JI
2485 6(J,II=G(I,J)
2486 NEXT J
2487 NEXT I
2490 PRINT'The repulsion integral 6(1,1I=11.35,(or 11.55 for Nishiloto "ataga
fomIaI Ihm I is I wbon atol (dehull lode). If 6(1,11 for carbon liS ch
nqed, then key in the nef value.'
2491 PRINT 'Press enter if the displayed value is ok, else key in new value t
hen press enter'
2492 6C=ll.35: PRINT '6(1,11 for carbon='j6C ; : INPUT NGC
2493 IF N6C o 0 THEN 6C=N6C
2499 RETURN
2500 m lUSubroutine GamnUU
1502 RE" This subroutine fortS the 5CF latrir iteratively
2505 FOR 1=1 TO N
1510 5"=0
2m FOR 5=1 TO N
2510 IF S=I THEN 2530
2525 Sft=Sftl(P(S,5)-l(S))16(1,5)
1530 NEXT S
2m H( I ,I I=DV( 11+( (1I2)lP(I, I )l6( I, I) 1-6C/2+S"
mONEXT I
2545 FOR 1=1 TO N
mo FOR J=I TO H
2555 IF I=J THEN 2170
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2160 H( I ,J)=B(I ,J 1-((I/2IlP(I ,J 116(1 ,.111
m5 H(J,II=H(I,JI
2170 HD(I)=H(I,I)
2575 NEXT J
mo NEXT I
2590 RETURN
3000 RE" UUUSubroutine printout input dahUUU

3010 m This subroutine prinls the input dlta for SCF calcllations(optionall
3015 lPRINT' UUUlNPUT DATAWI.,.
3020 lPRlNT HI
3025 FOR 1=1 TO N
3030 lPRINT 'X(';I;'I=';X(I);'Y(';I;')=';Y(I)
3035 NEXT I
3040 FOR I ' 1 TO N
3041 lPRINT 'NE!';I;') = ';~E(!'
3050 NEXT I
30S2 lPRINT' UUUUUUU'
305S RETURN
3100 m UUUSubroutine printout lodified input dalaUUU

3120 RE" This subroutine prinls thp lodified plnenls of th, input data for
he!rroaroutics(option.11
3130 lPRINT'"odified Elmnls'
3140 FOR 1=1 TO NH
3150 (=PS( /)
3155 [PRINT '/(';1;'1=';1(1)
3160 lPRINT'DW;I;'I=';DW!KI
3180 lPRlNT '6(';1;',';1;'1";6(1,0
3190 NEXT I
3100 RETURN
4000 m UUUSubroutine printout rmllsUUU
4010 m This subroutine prints the rmIts(optiml!
4012 [PRINT
4015 [PRINT ' IUlURESULTSUUIU'
4020 lPRINT '/teration no.';lS
4040 LPRINT' UUllEigenvalmUUU'
mo FOR I = 1 TO N
4060 lPRINT 'E(';I;'I = ';HDOI
4070 NEXT I
4090 lPRINT' UlUlEiqenmtorsUlUI'
5000 FOR J • I TO N
5010 FOR I = 1 TO N
5020 lPRlNT' U('jl;',';J;'1 = 'jU(I,J)
1030 NEXT I
5035 NEXT J
5010 lPRINT' UUUCHAR6E DENSITIES uun'
5060 FOR I e I TO N
5070 lPRINT 'Q(';I;'I = ';P(I,/)
1080 NEXT
\090 lPRINT' IUIUBOND-ORDERSUUU'
6000 FOR I ' I TO (N-I)
6010 FOR J ' (1+1) TO N
6020 lPRlNT 'P(';I;',';J;') = ';P(I,JI
6030 NEXT J
6040 NEXT I
6041 lPRINT' muuun ••.
6010 RETURN


