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Abstract
THE STRUCTURAL CHEMISTRY OF CHOLINERGIC NEURAY, TRANSMISSION SYSTEMS

by
Richard J. Radnsa

Adviger: Professor David I.. Beveridge

The results of INDO molecular orbital calculstlons on the molecular
geometries and electronic structures of acetylcholine, choline,
muscarine, nicotine, scetyl-¢ -methyi.cﬁoline » acetyl- B-methylcholine.
and acetyl-of,B -;dime‘bhylcholinel;:f';ul’)resented. The conformations
predicted to be preferred in the free space approximetion are discussed
in terms of intramolecular interactions, and the caleulated potential
energy surfaces and electronic charge distributlons for each compound
are considered in terms of crystallographic, spectroscopic and bio-assay
data. ILocal minima in the potential energy surfaces can be identified
with crystal geometrlies, the geometries implicated in muscarinic and -
nicotinle neural transmission systems, and the geometry.favora.ble for
hydrolysis by acetylcholinesterase, A total consideration of the a,hove.
resulis in a biological perspective, and a eritical evalustion of ﬁhe

current theories of cholinergic action are presented.
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A, Introduction:

A.l Objectlves. It is the aim of thisg atudy to characterize as fully -
as possible the structurel chemistry of acetylcholine (Ach) and a series
of its congeners through use of self conglstent field (SCF) molecular
orbital theory (MOT) at the intermediate neglect of differential

overlap (INDO) level of spproximstion. This work involves the systematic
caleulation of expectation values for totel energy and atomic charge
dengities as functions of gtomic internal displacement coordinates,

The potential energies calculated in the free space approximation:

are used to construct surfaces of conformstionsl energy, and detalled
considerations of charge density as a function of conformation are
carried out in o:der that they might provide theoretical evidence for

the nature of stebilizing intremolecular interactions. Consideration of
theoretical evidence for such interactions ig facilitated through the
reduction of the expression for totel energy into monoatomic and

diatomic contributions, (energy breskup). Evalustion 1s made of the
gimilarities and differences In the agbove resulis for selected cholinergic
compounds, and the relationship between these results and results reported
from x-ray crystallography, molecular spectroscopy and molecular
pharmacology is fully developed. Current thought conéerning the role

of structure and conformation in cholinergic action is developed in the
context of accumilsted data.



A.2 Background, The transmission of information in neursl systems

involves the passage of Impulses of electrlcal current throughout a
network of nerve cells (neurons), When the membrane potential of a
neuron is decreased below a critical level, an action potential

mechanism is triggered. The action potential sweeps along the axonal
fiber and invades the terminal region of the cell. For impulse
propagation, the execltation must then be transferred across.

the synapse to the next cells in sequence, be they other neurons or
operator cells such as those of smooth or striated muscle. In

many nervous transmission systemg, this transfer is mediated by

the liberation c5>f' acetylcholine, which according to currently

accepted theory :I.ntera.cts with specific recepgor sites; the exact seguence
of events is still an area of active research. This interactdon effects

a structural reorganization of the post-synaptic membrane, resuliting in
an increased lonic permesgbility. The influx, particularly of sodium
ions, depresses the membrane potential below the critical level and
Initiates an action potentisl, thereby transmitbing the nerve impulse.
Acetylcholine is rapidly removed from the synaptic region by an enzyme-
catalyzed hydrolysis, allowing the entire proceass to be repeated at a rate
of geveral hundred times a second for brief periods.

The spatial conformation and electronic structural characteristics
of acetylcholine in nenrohumoral transmission are specifically complementary
to some yet uneluclidated structural entity incorporated in the post-
syneptic membrane. A number of neurochemically active substances sppear
to function by adopting geometries and electronic charge distributions
resembling those of acetylcholine, and interacting with acetylcholine

receptors. Cholinergic receptors have traditionally been characterized



on the basés of the biological activities of these structural snalogs of
acetylcholine. Data accumulated in this regard mske possible a rough
differentiation of acetylcholine recerptors into two types: mscarinic,
where the action of acetylcholine is mimicked by muscarine and blocked
by atropine, and nicotinic, where the action of acetylcholine ig
mimicked by nicotine and inhibited by curare and hexamethonilum. 7.8
Further classificstion is no doubt possible since nicotinic receptors
in motor endplates and ganglla are preferentially blocked by different
methonium compounds? andi'some receptors considered nicotinic are not
necessarily activated by nlecotine, ’ The evidence with regard to poly~
functional aetive sites complicates matters still f‘tu"cher:.l-o Nevertheless,
the muscerinic/nicotinic terminology is in wide clinieal use, and the
molecular structural basls of this differentiation, and of the
enzymatic hydrolysis of cholinergic substances by the chollnesgterases

is of considersble importance in molecular pharmacology.

An understanding of all types of cholinergic neural
transmisgion systm% a detalled knowledge of the molecular
electronic structural properties of acetylcholine. TFor future
reference the molecular geometry of acebylcholine can be specified
in terms of the four dihedral angles: T(C5-ch-N-C3), t(0L-C5-Ch-N),
T(06-01-05-ck) .and T(02-C6-01-C5), defined with respect to the mmbering
gystem given in Fig. 1. In the crystal structures of a large number of
Ach analogs, the coordinstes 1{C5-Ch-N-C3) %nd H02-06-01-C5) are ohserved
to be antiplanar and synplanar respectively. Interesting variations are
found in T(0L-C5-Ch-N), which positions the ester oxygen with respect to
the trimethylammonium cationic head, and in H(C6-01~C5-Ch), which positions

the acetate molety with respect to the choline group.



The crystal gtructure of a.cetyl%oline bromide has been
investigated by=Canepa, Pauling and Sorum following up earlier work
by Si:'rm];ra the geometry reported is shown in Fig.l. The C5-Ch-N-C3
sequence of atoms does Porm en antiplanar extended chain, 4{C5-CH-N-C3)
= 1800, as expected on the basis of steric factors. The acetoxy group
is planer with H02-C6-01-C5) = 0°, presumsbly stabilized by the partiasl
double bond character of the (6-0L bond. Since no large variation in
A{C5-C4-N-C3) or H02-C6-01-C5) is obseJB-ved over the crystal geometries
of a number of Ach's structural snalogs, specifleatlion of the geometry
of Ach in terms of T(OL~-C5-Ch-N) and V(C6-01-C5-Ch) is sufficient to
characterize the three dimensional molecular structure. In the
geometry repoited for acetylcholine bromide, Y(01L-C5-ch-N) = 770 and
T(c6-01-C5-Cl) = 790 , henceforth dencted as {770,790}. The sfguctm-e
of acetylcholine chloride was reported by Herdklotz and Sass 'GB (Fig.5)
{85°,-168% . he nature of the forces stabilizing T(OL-C5~Ch-N)
in a synciina.l conformgtion is of congidersble interest, since an
antiplaner form would be favored from purely steric considerations.
The possiblility of intrsmolecular N-C-H °++ 0 hytliiogen bonding in
this structure was originglly suggested by Sutor bassed on the proximity
of the trimethylammonium hydrogens and. ester oxygen. A number of laborsbtory
investigations have been directed toward galning infrare'd spectroscopic
evidence with regard to intramolecular hydrogen bondingj.-s No strong
supportive data have been reported,but the collected rigu:l:bu are not
inconsistant with such interactions. Culvenor and Ham report nuclear
msgnetic resonasnce spin coupling evidence that a synclinal conformation
of T(OL«C5-Cl-N) pergists in agqueous solution as well as in the
crystalline solids, but specific intramoleiular hydrogen bonding was
unresolvable. In a lively review, Donahue giscounts collected
evidence for intramolecular C-H'‘+0 hydrogen bonding on the grounds

L



that unequivoecally observed C-H::+0 distances are not appreciably less
than the expected van der Waals contact distance of 2.5-2.63.

Theoretical calculations of the conformational atabili:i]:-g of
acetylcholine have been reported by Liguori, Dam:l.anil;nd de Coen using
palrwise interaction potential functions and by Kier using extended
Hickel molecular orbital theory (EHT). Four energy minime in a fouwr
dimengiongl potential energy hypersurface were found in the Liguori
et al. anelysis; two wninims . involve anbtiplanar conformations of
TOL~C5-Ck-N) and two favor.  synclinal conformations around this
coordinate. EHT gives a positive synclinal {0L-¢5-Ch-N) of 80°.

The angle 1{C6-0L-C5-C4) specifies the orientation of the
acetoxy group with respect to the rest of the molecule. This angle
esteblishes another gecmetrical parameter Important for biological
activity: +the distance between the trimethylaxmonium cationic hesd
and the electronegative carbonyl oxygen stom. Early studies of Ach
and related com_:,:»omd:=.|2 c3'-_-13".:a.'t:li.;;zhet.‘l. this distance as ca. 1#.52; this
played a key role in the deasign of a drug (pyridine-2-aldoxime methiodide,
PAM) to interact with the acetylcholine receptor on acetylcholinesterase.
PAM is now uged clinieally to treat alkyl fluorophosphate poisoning.

In crystalline acetylcholine bromide with Y(C6-0L-C5-Clh)
at 79°, the ecetoxy group is folde@  around toward the cationic head.
For acetylcholine in gsolution, Infrared gpectral studies of the
carbonyl. vlbrational frequency of acetylcholine and related compounds
have been reported}sbglé the structural implications ere inconclusive.
The nm spectral data for acetylcholine in D50 support an antiplanar
conformation, as normally expected for & gxa'imary ester. Two of the

four minima on the Liguori energy surface correspond to antiplanar

5



}(C6-01-C5-Clt) as does the geometry reported for EHT calculations.

Most recently, the investigation of conformational aspects
of acetylcholine has . focused on tge coordingte T(0OL-05-ch-N).
Subsequent to the Culvenor and Haml study, methylene proton spin
coupling analyses of nénf spectra of a.cetylcahgline have been reported 23
by Cushley and Mautner, Casy, Hassan and Wu, Inch, Chittenden and Dean,

24 :
and Partington, Feeney and Burgen. There 1s unamimous agreement that

A (0L-c5-Cl~K) is synclinal. in agueous solution. The detailed snslysis
of Partington et al. shows the system exclusively with thils orientetion.
Casy et al;eieport synclinal values of T(OL-C5~Ck-N) for a range of
solvents, with chloroform the least polar. They concluded thsat the
energetically preferred conformgtion on this coordinate was established
by intramolecular interactions.

Muscarine and nicotine each have recognizable analogs of
4(0L-C5~Ch~N) and 2-(C6-01-C5-Ck) with asymetricaelly substituted atoms
imparting & possible degree of s’t%eospecificity. The active form of
ruscarine was determined by Waser to be the 06(S),C9(R),C5(s) isomer
sghown 11216_Fig. 3. The crystal geometry for this lsomer as determined by
Jellinek corresponds to {74° ,lllhof . For nicotine, the naturally occuring
2(8) isomer has been demonstrated by Barlow and HamiltoiTto be more
active than the 2(R) form, but the difference in activity depended
somewhat on the preparation. The crystal structure of nicotine-1(R),
2(8)~-dihydroiodide as detexrmined by Koo and Kimfsand. given in Fig. 4,
corresponds to the §-60°,180% geometry. Theoretical calculations on
muscarine have been described by Liquoria?lsing empirical clf.ssical
energy caleulaetions, and for muscarine and nicotine by Kier znd

30
Pullman using molecular quantum mechanies.



Many other cholinergic substances bear obvious structural similarities
to Ach and usually have clearly defined analogs of T {(0L-C5-Ch-N) and
T(06-0L-05-Clt). Recent papers deal35ing with the structural basis of 52,33
oclolinergic action 3al.+re due to Kier, Pauling, Chothla and co1»avorkers,3 ;
and Beers and Reich; the area has recently been reviewed by Shefter. The
proposed theories differ mainly in relative emphasis on functional
groups and molecular conformgtion. The trimethylammonium group is
generally accepted as a primary effector in both muscarinic and nicotinice
action. The ideas that the ester oxygen of Ach (or its equivalent in

a structural analog) figures in muscarinic activity whereas the carbonyl
oxygen of Ach or its equivalent is pertinent to nicotinic action are
evident in early work in this a:.r:e:au..5 Kie: %E:died ‘the role of con-
fofma.tion by comparing the molecular structure of Ach with muscarine,
muscarone and nlcotine. He proposed that the geometry of Ach at
nicotinic receptors differs from that at muscarinic receptors, and
appears’to lmplicate the Ach carbonyl oxygen in muscarinic activity.

From Fig. It of Ref. 31, his muscerinic conformer appears to be

{-sc,ap} with N02-06-01~C5) ='0° ; his nicotinic Ach conformer, Fig. 12
of Ref. 3L, is f-sc,ap} with H02~C6-01-C5) = ~90°.

Chothia and Pauling 3c3orrelated. the crystal structure analyses
of six nicotinlc sgonists and proposed the Ach geometry implicabed in
nicotinic action to be {75°,280% Baker, Chothia, Pauling and Petcher
considered ten muscarinic sgonists of varying potency, and concluded
that the Ach geometry complementary to muscarinic receptors was
{850,1500}. The acetate methyl group but not the carbonyl oxygen was
implicated in the muscarinic pharmacophore. The resonance energy

stabilizing s synplaner orientation of T{02-06-01-C5) was presented

a8 24 keel/mol, which would preclude the geometry proposed by Kier for



36
the nicotinic pharmacophore. Earlier Chothla, reasoning from the observation

that tha muscarinic and nlcotinic Ach geometries were nearly the same,
identified the side of Ach having the eationie head, acetate methyl
group snd ester oxygen on the perlphery with muscarinic action, and the
side with the cstionic head and carbonyl oxygen on the periphery with
nicotinic activity. The basis for these conclusions rested on the
blocking actions of Cb and C5 substituents, which presumsbly interfere
wlth the sgonist-receptor interaction. Related studies by Chothia
and Pauling s scribe collecked evidence that a-§150°,180°} geometry
is optimal for the hydrolysis of Ach by acetylcholinestergsg s
consistent with the modelsﬁaroposed by Krupka and Laldler. ?

Beers and Reich presented structural correlations of
twelve muscarinies and elght nicotinics in support of the role of the
cationlec head and ester oxygen in muscarinic action, and the ca.;bionic
head and carbonyl oxygen in nicotinic action. The presence of the
acetate methyl group or its equivalent wag not necessaery for muscarinic
action, but when present seemed to potentiate the effect. No role
for a carbonyl oxygen in muscerinic action was indicated. The correlations
were based on posslible conformetions deduced from molecular models,
rather than from conaideration of experimentally observed or
calculated preferred structw%s. _ | N

Studies by Smissman :t al. on rigid ring anslogs of acetylcholine
and other cholinerglc substances implicate an antiplanar M(OL-C5~Cli«N)
in muscarinic activity.

Of all the cholinergic substances considered in the correlations
degeribed sbove, the compounds most closely related to Ach but with more

specific activities are the o{ and B methyl and dimethyl Ach derivatlves.



Considerable structural information is available on each compound. In
addition, this set of compounds includes significant poasible

exceptions to each of the theories previously described. The methyl

and dimethyl. derivetives of Ach figure significantly in current
structural theories of cholinergle action; but the actual roles of
the X snd p methyl groups sre not clearly established. There are several
mechanismg by which a change such as addition of g substituent methyl
group to a neurotransmitter msy influence its biologleal activity.

The substituent may sterically prevent the compound from accessing

& biologlcally active conformation which properly orients the functionsal
groups, or electronically influence the position of preferred
conformations. Alternatively, the substituent group may conceivably
cause a charge redistribubion on functional groups leading to either
enhancement or decrease in bilologlceliactivity. Finally, it is possible
for substituent groups to have direct bonded or non-bonded interactions
ﬁth biological receptors. Such interactions might be of a sterie,
hydrophoble or electrostatic nature, and might enhance or diminish
biological activity.

The crystal 5ggrv.:.c:'l:m:-e analysis of acetyl- o({(R)-methylcholine
by Chothia and Pauling revealed two polymorphic forms, {90°,170°% and
{212°,176% . In Chothia's theory??:heq(n) substituent blocks the
methyl (muscerinic) side, leaving the nicotinic side available. Acetyl-
o (R)~methyleholine is indeed a nicotinle egonist, but according to
Lessergso 1s acetyl-o(8)-methylcholine, wherein the carbonyl
(nicotinic) side of Ach would be at least partially blocked. The
active enantlomer of the p-methyl derivative as detexrmined by

0
Ellenbroek and van Rossum and Beckett, Harper and Clitherow is



acetyl- £ (S)-methylcholine, which Chothia and Paulinéhiawhfomd to be in the
@5",203"} conformgtion in the crystalline golid. Beckett 21: al. obgerved
that the-f(R) derivative is not hydrolyzed by acetylcholinesterase, and
inferred that a positive orientation of T(0L-C5-CU-N) is complementary

to the cholinesterase receptor; this is not inconslistant with the
(+)-antg.£erip1a.nar form proposed by Pauling and Chothia. Casy, Hassan

and Wu presented nuclear magneble resonance data showing that a

{sc »ap} conformation of acetyl-f -methyleholine in solution, while

a lack of conformstional preference was reported for 7 (OL-C5-Ch-N)

in acetyl-*X-methylecholine.

The pharmacological properties of erythro and threo
Mmthyﬁ:.cetylcholine have been studied by Smissman, Nelson, LePidus,
and Day. The erythro(¥) derivative has 10% the muscarinic activity of
Ach, and is negligibly hydrolyzed by cholinesterase, whereas the thweo (%)
derivative shows negligible muscarinic activity and 10% the hydrolysis
rate of Ach. The crystellography of erythro- «(s),# (R)~ and threo-
= ()4 (R)-dinstiyLacetyleholine vas deternined to be §284°,155°¢ ena
%ﬂ?o ,95? respectively. Shefter 3:::Betsuted. the Chothila theory with these
compounds and pointed out that whereas the muscarinic side would be pre-
dicted to be blocked in erythro- o((R), f(8)-dimethylacetylcholine and
open in threo-= (8),~B (8)-dimethylacetylcholine, the erythro isomer
1s observed to be a more potent muscarinic agonist. All of the methyl
and dimethyl derivatives possess the functionsl groups neceasary
for dual muscarinic and nicotlinic action along the lines described by
Beers and Reich;ali:he observed specificity indicated thet these

conditions can be necessary but not sufficient for agonist action.

10



Conformsticnal energy maps as functions of T (OL~C5-ChN)
and T(c6-0L-C5-Clh) for acetyl-x= -methylcholine, acetyl-+ -methylecholine,
and acetyl- =, f-dimethyleholine as .well as  for Ach itself have
recently been contributed by Pullman et el;%tfsfng the PCILO-CNDO
'method.  These studt%s as well as the recent_ l:sgheo::-etica.'l. calculations
on Ach by Ajo et gl. and Froimowitz and Gq)r&rusing pairwise pot%ritial
functions, and by Genson and Cristofferson and Port and Pullman using
non-empirical theoretical methods will be discussed with the presentation

of the INDO results.



A.3 Rationale. As described in the prece ding section, the relationship

for cholinergic sgonlsts between gtructure, conformation and biologival
activity has been studied through means of x-ray crystallography,
molecular spectrogeopy, molecular quantum mechanics and blo-assay
techniques. At the outget of the thesis research described herein,
however, the stabilization of T{(OL~C5-C4-N) in choiinergic compounds
was incompletely understood, end several geometries for Ach _and
cholinergic agonigts were implicated in the crystalline sgolid,
solution and in the theoretical free space approximgtion, Thus a
total energy minimization of Ach as a function of conformation was in
order. The aim here was to locate energy minima in the surface, to
develop an understanding of the minimg in terms of structural forces,
and to consider the relationship between the calculgbed minime and
molecular geometPles considered in experimental studies.

Examingtion of Fig. 1 shows that if bond lengths and angles
for heavy atoms are directly a.dop'%:ed from crystallographic data, and
if hydrogen bond lengbhs and angles are assumed to be standerd,
conformational designation of Ach reduces to an 8 paz-ametef problem:
T(c5-Ck-N-C3), 1{01~C5-Clt-N), T(C6-01-C5-Clh), T(02~06-0L-C5) and the
four dihedral angles which position the methyl hydrogens of the
acetate and trimethylammoniim groups. It has been nokted in the pre~
ceding section that ¥(C5-Ch-N-¢3) and T(02-C6-0L-C5) can be taken
to be antliplanar and synplanar respectively, based é'P‘m the crystallographic
results on a large number of cholinergic compounds. The validity of
these agsumptions are readily confirmed by INDO MOT‘.3 The methyl
hydrogens are expected to be freely rotasting in a blological solution
but should be positloned at a minimum energy configuration for input
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to the INDO wavefunction routine. This configuration of methyl hydrogens
can be determined through study of Ach snd model compounds such as
tetramethylammonivm (TMA) and choline.2 Thug with six parameters fixed,
a total energy minimizstion of Ach reduces to s consideration of
T(OL-C5~Cl-N) and N06-0L-C5-CH). Accordingly the INDO potential
energy surfa.celt’:xg Ach es a function of T(OL-C5-Ch-~N) and T{C6-0L-C5-Ch)
was generated. Accumilated daba were studied both in terms of basic
gtereochemical principles, and the conformations of Ach proposed to
be active at cholinergic receptors. Further charscterizstion of the
nature of the intramolecular forces stabilizing a gauche conformab ion
of the cholinergic C-C~C~N group is developed through study of the
model compound choline with an energy brealkup. 2

With the molecular electronic structure of acetylcholine well
characterized on a thecretical basis, the next logical step in-an
approach to a comprehensive theoretical treatment of cholinergic
neural transmission systems involves a systematic study of the
potential energy surfaces and electronic structures of nicotinic
and mugcerinic substances at a comparable level of approximation,
aend a detalled considerstion of the gimilaritles and differences
between energetically preferred conformations of cholinergic
substances end those found for acetylcholine. The « and £ methyl
derivatives of Ach are of perticular interest in this regard, and thus
are subjected to systematic study in terms of conformational energy
and atomic chérge densities. ] The structural similarities and
differences of these muiscarinic and nicotinic substances should
manifest themselves naturally from this spproach, and the energetically

preferred conformations should match with the analogous local minims,

on the Ach potential surface. Theories currently offered on the

13



structural chemistry of cholinergic action may be constructively
eriticized on this basis, and reorganized to a more comprehensive

form.
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B. Specific Afms:

The specific aimg of this study are as follows:

The quantum theoretical caleulabion of Ach's F{0L-C5-Cl-N)
vae. T(C6-0L-C5-Clh) potential energy surface and molecular
electronic structure using approximete SCF MOT including
all valence electrons.
a. Methyl hydrogens are positioned through preliminary
calculations on Ach, choline and TMA,
b. The synplanar orientation of N02-C6-01-C5) is
confirmed through calculgtion of a preliminary
INDO potential energy surface as s function of
T(02-06-01-C5) and T{C6-0L-C5-Ch), (T{OL-C5-Ch-N)
is held antiplanar). '

Considerstion of the above results in terms of basic
stereochemicel principles, and specific evalustion
of intremolecular interactions which steblilize the
gauche orientatlion of the 0-C=C-N group in the model
cholinergic compound choline. The latter is
accomplished through use of an energy breskup.

The calculstion of potential energy surfaces and profiles,
and atomic charge dengities analogous to those generated
for Ach for the compounds:

migcarine

nicotine

acetyl- A -methylcholine

acetyl-~.f -methylcholine _

erythro-« ,.£ -dimethylacetylcholine

threo=- « , ¢ -dimethylacetylcholine.

The computerized plotting of the potential energy surfaces

for sccurate presentabtion and location of minims, and the
computerized stereogrephic display of energetically

preferred conformations of each substance under consideration..

A detailed development of the relationship between the resulis
of the quantum theoretlcal calculations and results reported
from x-ray crystallography and molecular spectroscopy for
each molecule,

A detailed comparison and correlstion of energetically
preferred conformations of the muscarinic compounds, the
nicotinic compounds, and of the preferred muscarinic and
nicotinie conformations with Ach conformstions corresponding
to minims on the Ach potential energy surface.

Total congideration of the above results in a biological
perspective and a critical evalugtion and reconsiderstion

< 6f current theories of the structural chemistry of cholinergie

action.
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C. Methods and Theory:

The calculation of a potential energy surface f@r a
molecule involves the calculation of the total energy of the system
as & function of intermal atomic displacement coordinates, In
quantum mechanical systems, the energy is an expectation value of
of the Hamiltonian operator and molecular wavefunction, and thus a
calculation of the wavefunction at a number of pointg in configuration
gspace is required. For the Hamiltonian operator H and molecular

wavefunction ¥ energy is given as

E=/ YRy dr @)

Molecular wavefunctions computed in this research are
based on spin=restricted molecular orbital theory, with the 2n-
electron wave function ¥ considered as a Slater determinant of

the molecular orbitals ¥y

¥'m [0 (D F12)02(3)F2(8) -y (20 - 13§ (20)] (2)

The molecular orbitals are individually expanded as linear cambinations

of atomic orbitals (LCAO)‘¢ centered on constituent atoms
oH

w% = ﬁgcu1¢u (3)

where the ¢,i 8re linear expansion coefficients. The calculation of
the molecular wavefunction reduces to the determination of the o
coefficients by matrix Hartree-Fock self-consistent field proceduresf'
The total energy of the system at a given geometry is given by the

expression

-1
. E=iZfP (H +G )+ I iz, ZR I3
B =fEEP Ly (uy * Gy i<p ABAB | )
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vhere the summations over greek and latin letters refer to orbitals
and atoms respectively. The first term on the right hand side of
equation 4 is the electronic energy of the system and involves
FHY » the one-electron matrix elements between atumic orbitals
¢, and ¢, , and is representative of the kinetic and nuclear
. attraction operators. The Gw are elements of the matrix representstive
of electron repulsion operators. The density ma.tri.x_ elements ?UT
are defined in terms of the LCAO coefficients as
n
PHY = zicuicyi (5)

and specify thedistribution of électronic charge in the system, The
second term on the right side of eguation 4 mcecounts for internuclear
repulsions, and involves the core charges Zp, ZB and the internuclear
separation between atoms A and B, Ryg.

Theoretical studies of neurotransmitter structure have used
methods ranging from empirica.l pairwise potential functions to a
variety of approaches based on molecular quantum mechanics. The
quantum mechanical methods currently being used treat ¢ and «
electrons explicitly, and fall into four basic categories:
approximate independent molecular orbital theory, approximate self
consistent field molecular orbital theory, approximate configurational
interaction (CI) methods and ab initio SCF-MO methods.

In calculating electronic wavefunctions, cne conéiders
simultaneoualy the a.tf.ra.ctive between electrons and atomie ﬁuclei of
& molecule and the interelectron repulsions in 'bhe- framework of

molecular orbital theory. However, the size of the mathematical

problem goes up as least as Nh s where N is the pumber of electrons.
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Thus for large bio=organic molecules the calculation of precise
wavefunctions is beyond the time limitations of our present
generation of computers. In view of this, considerable effort has
been devoted to developing molecular orbital methods capsble of
treating large organic and bio-organic molecules with sufficient
accufacy to provide the information necegsary for the treatment of
scientific problems in ;:hemiatry and molecular biology.EaThe quantum
mechanical methods which are currently bheing used are mentioned above,
and these methods asg well ag those used in early work are discussged in
the following parsgraphs.

Approximate molecular orbital theories began with methods
limited l'::o pi-electrons of unsaturated molecules such 2s in Huckel
theory,swhich has been extensively applied to problems in biochemisgtry
by Pullman and colla.‘bora.toré .ssMethods of this type have often been
eriticized on the grounds of giving too many approximations to
to be a bagis for reliable theory, since inter-electron repulsions
are neglected. A more refined approach to pi-electron theory
including inter-electron repulsion in a _sseél.f-consistent field manner
was introduced by Pariser, Parr and Pople .a.nd has been highly successiul
in accounting especially for the wavelengths of electron absorption
bands. in wvltraviclet spectra. The consideration of all chemically
effective electrons in a molecule in approximate molecular orbital
theory was developed in the form of Extended Htickel Theory by Hof fman
but is subject to criticiam with regard to inter-electron repulsions,
Jjust as was simple Huckel theory. EHT falls into the category of
approximate independent electron molecular orbital theory and has

58
been widely used by Hoffman in innovative studies of organic reaction

mechanisms. The quantitative application of this method to conformational
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problems has proved less succeasful, with bond lengths sometimes
unreliable, and bond angles and dihedral angles giving some reascnable
agreement with experiment in certain systems. The well known
limitations of independent electron molecular orbital theory in
treating heteroatomic systems is a special disadvantage for neuro-
transmitter struetures, as evidenied in the molecular electronic charge
distributions computed using EHT, ’

Self-consistent field molecular orbital theory hes provided
e framework for the development of a seriles of approximate methods for
theoretical studies of polyatomic molecules. The principle approximations
are the neglect of differential overlap in two-electron repulsion
integrals, and a semi-empirical parameterization of certain ane
electron integrals. Valence electron SCF theories involving complete
neglect of differential overlap (CNDO) and intermediate neglect of
differential overlap (INDO), where differential overlep is neglected
only in polycentric electron repulsion in;ggg(a)ls were developed by
Pople, Segal, Santry, Beveridge and Dobosh,’a.nd rarameterized for
elements of the first row of the periodic table. Generally these
methods produce good electronic charge digtributions as evidenced by 53
the agreement between theory and experiment. for electric dipole moments,
and they are among the best approximate molecular orbital methods
currently available for treating large organic and bio-organic
molecules. Bond lengths and angles are rezsonably well accomodated,
with certain exceptions. The agreement between theory and experiment
to be expected %cir rotational barriers and dihedral angles has been
well documented. The methods have shown success tempered with
significant inadequacies, such as failure to reproduce the planar

62
geometry of unsaturated polyenic hydrocarbons. Bond ionization
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6‘§y INDO and CNDO, but a

modification of INDO due to Dewar (MINDO) has proved to acgﬂmoda.te

excitation energies are poorly reproduced

bond energies and ionization energies. Jaffe and del Bene have
reworked the CNDO method for execitatiocn energies. Extension of
the methodology to second row elements and transition metals

hag proved to be qg%:i;&complic&ted, althougﬁ some progress has been
recently achieved,

An alternative approach +to the guantum mechanieal caleuiation
of conformational energy is the PCILO method ,ézvhere the energy is
developed using perturbative configuration interaction methods on
a localized molecular orbital basis. A wide range of applications
of the PCILO method to biological molecules has been reported by
Pullman and coworkerss,susing atomic integrals evaluated in the CNDO
approximation. This approach hag some basic theoretical and technical
advantages for conformational problems, since with the purturbation
expansion carried to third order some representation of electron
correlation is introduced, and since there is no iterative matrix
eigenvalue problem to solve, the calculations are relatively fast
even for large molecules. Energy variation with respect to dihedral
angles in PCILO/CNDO calculations is significantly legs than that for
SCF/CNDO caleulations due to a natural tendency of configuration
interaction to depress higher energy regions relatively more than
- lower energy regiong, and rotational barriers may be too low, The
PCII0 localized orbital basis may be designed using basic chemical
intuition, and as chosen appears to correct for tendencies in the
approximate SCF methods to overestimate intramolecular effects such
as hydrogen honding.
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Molecules the size of chemical neurotransmitters are
Just coming within the reach of ab initio molecular quantum mecl;%n(i;ca.l
caleulations. The molecular fragments a.-pproa.ch oflChristoffersori: znd
gb initio SCF MO calculations (Port and Pullman) fm been applied to
acetylcholine,

With modest amounts of computer time available, imwever,
molecular orbital theory with atomic integrals evaluated at the INDO
level of approximation doeg provide a quantum mechrmanical computational
vantage point tractable for extensive calculation of conformational
energy maps of molecules of the size considered herein,

Using the INDO method, the total energy of the system is
calcu.il.a.ted using equation byith the appropriate integral approximations
ineluded. The net electrical charges Aq A assoclated with each of the

atoms A in the molecule is given by

sa, =z, - the (6)

A A 1 Tpp

where the sumaiion includes all Puu for orbitals centered on siom A.

The electric dipole moment , at the INDO level is given by the

expression
¥ Heng * Lhyb | (7)
where
W = 21546 iAPAAgA (8)
and, e.g.
(Mpyb)x = j;i”’"si.“ g(ﬁu) CA_I Pys 12Pys | (9)

where ¢ is the orbital exponent of the orbitals centered on atom A.
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In computing conformational stability, the total energy E
is calculated as a function of the appropriate internal displacement
coordinates, and the calculated energy E can be partitioned into
monoatamic and diatomic contributions E, end E AB regpectively such

70
that

E=SE +% E 10
A% A AP (x0)

and the variation of individual terms exsmined separately. The expressions

for EA and EAB are:

A ' o -] . ] 1
By = 57 By, [ 20 #025R  FoHR (PR 4R ) (FO-.1676T)
+ 5@, 24p, 24p_ %) (L SFOH(4/50) FO)+2 (P +P +P_ P, ) (F°-TF%)
3 (Pyy tPyy Py (- Yol s Skb v S AR s &%
2,0 2. 2,1 . 2. 2. 2 2 .
4 '5(Psx +PSY "'Psz Y(G™-F )+(PXY +sz +PYz Y((11/50)F°=(1/2)%°) ]
(1)
R = A B [(8%+8%)S -(1/2)P ¥..]
-"AB Wy “uy A B npy uy AB
(12)
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where Uuu is a monostomic core integral; F° » F° and Gl are Slater~

Condon notation for one-center radial atomic integrals; IKAB iz a
two center repulsion integral; B; and _ are bonding parameters; and
SuY is an overlap between atomie orbitals ¢u and ¢Y . VYalues for
these quantities are assigned as described in Ref.53 . Elucidation
of the factors responsible for the conformational stability of the
gauche 0_-C-C-N+ grouping is approached by examining the variation
in E and individual EA end E 'AB for choline and norcholine as a
function of T(01-C5-Clh-N). A significant variation in an Ej term
may be ascribed to charge rediétribution and rehybridization effects,
while a variation in E;&G signals a change in bonding.

The fortran routines which have the capability of performing
SCF-MO calculations at the INDO level of approximation reguire as
input total molecular charge, indication if the calculation is to
be carried out in the ground state or an excited state {ground state
for all calculations presented herein), and atomic number and cartesian
coordinates for each atom in the molecule. Once these data are provided,
the INDO wavefuncition snd the properties celculatable therefrom are
uniquely defined, and thus are cbtainable through an automatic
computational procedure. 'ﬂ.ThiB system is conveniently interfaced with
the model builder system (SUBROUTINE ZMAT in Appendix C) which accepts
a8 input intramolecular bond lengths and angles, and four atom torsions,
and generates cartesian coordinates in an arbitrary frame, Thus the
completion of INDO calculations reduces to a problem of geometrical
input. For thé: cé.lcula.tions presented herein, great value has been
placed upon the results of crystal structure determinations for input.

Although this approach has possible limitations, it has the advantage
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of keeping the input to the MO calculation well in contact with
physical reality, and obviates the extensgive prelﬁhaw setting
of numerous geometrical parameters. A fortran routine XTAL was
specifically developed for convenient workup of crystallographic
data. A part of thig program freguently employed in tlie work
presented herein ig SUBROUTINE UNZMAT which accepts cartesian
coordinates (derived directly from the crystal unit cell) and
generates input to model builder. A listing of XTAL is presented
in Appendix A,

Intramolecular steric interactions have the capability of
gignificantly influencing INDO calculated potentlal energy surfaces.
Thus it is advantageous to have access to a computationally
inexpensive method of evaluating intramolecular steric interactions
before the relatively more expensive MO calculations are undertaken.
Accordingly a routine SZMAT was developed which accepts input to
model buildér, and also parameters for systematic incrementing of
crucial bond lengths or angles, or more frequently, -four atom tor.sions.
The routine preserves on peripheral storage devices the interatomic
distance arrays of all pairs of atomg which anywhere in the conformations
congidered have an interatomic distance of less than 33 Toward
completion of the routine these arrays are printed with a summary
steric grid which clearly defines sterically permitted and forbidden
regions in conformational space. These steric grids can have
significant correlation with INDO calculated potential energy surfaces.
A listing of SZMAT is provided in Appendix B,

During the course of thesis research modifications were
inserted into the INDO routines which reduced the requirement for
computer central memory from 57,000p 60 bit words to 16,000,

60 bit words, (for 35 atoms and 80 basis functions). This was
ol



effected by uge of peripheral devices for storing the core hamiltonian,
and other coding chenges. The smaller version does not reguire
significantly greater amounts of computer time than the original
routine, and is pregented in Appendix C, |

Data acquired in the course of quantum mechanical
calculetions as described above must be reduced to a form suitable
for developing a detailed understanding of each individual system
and for cross-comparison of each system with others. In this
regard, extensive use is made of computer graphics for display
of potential. energy surfaces and conformations of molecules. Here
reliesnce is placed on two programs: CONSURF and ORTEP.

CONSURF iz a fortran program for graphic display of
contour lines representative of a function of two wvariables.
This routine is used to contour potential energy surfaces as
functions of atomic internal displacemeni coordinates. An example
of CONSURF output is presented in Fig. 8 .

ORTEP is a modification of the fortran coded Oak Ridge
Thermal Ellipsoid Plot program which was developed by C.K. dohnson.
This routine provides for automatic drawing of molecular gecmetries
on an incremental plotter. Imput of cartesian or crysta.llogra.phic
coordinates of a molecuwlar system is accepted, and ouiput like
that presented in Fig. 2 is produced. Accurate display of
molecular gecmetry in this manuer substantively aids in the

elucidation of common structural features of gsets of compounds.
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D. Results:

As noted in sections A.3 and B, prior to the celeulation:
of a MP(OL-C5-Ch-N) vs. W C6-01-C5-Ch) potential energy surface for
Ach or other cholinergic substances, it is valuable to know the
minimm energy configurations of the trimethylammonium group's
methyl hydrogens. Accordingly celculations were carried ocut on the
model compound tetrsmethylammonium (TMA), which is a structural
analogy of Ach's cationic head, and has 1% of Ach's nicotinie
activity. A priorl, it is expected that due to steric factors
the minimum energy configuration is the one where 2ll methyl
hydrogers are staggered, i.e, maximally distant from one another
es deplcted in Fig.5 . ©Prior to studylng T(H-C-N-C), = minimization
of the total energy as a function of the N-C bondlengths was
carried out and the result is presented in Fig.6 , (hydrogens were
held steggered). The energetically preferred N-C bondlength is
calculated to be L.4UR., Using this datum, an energy was calculated
for ™A with the hydrogens eclipsed, as shown in Fig.7 , and the
result shows that the staggered form 1s favored over the eclipsed
by ~25 keal/mol. This steric placement of trimethylemmonium mebhyl
hydrogens is readily demonstratable in cholineaand Ach, and is thus
applied to the calculations on chollnergic substances described
herein.

The potential energy surface for ascetylcholine as o
function of T(0L-05-CL-N) and T(C6-01-C5-C4) as calculated from
TDO molecular orbital theory is presented in Fig. 8, This
conformational energy map was traced from s computer generated

contour surface based on 14l calculated grid points with
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contour levels spaced at intervals of 0.22 keal/mol. The minima on
the surface are labelled A,B,C...G in order of inereasing energy
and are summarized in Tsble 1. Other extrema in the surface are
potential energy maxima.

The absolute minimum on the surface, labeled A on Fig. 8 s
is located at {500 ,270015 end a local minimum at {50° ,50°} » point B,
1s-ealeulated to be 3.68 keal/mol sbove §50°,270°(. Tne (f 50°,270%
and {5o° ,'500}, conformers are closely relgted in that both positive and
negative synclinal minims in the 1(C6-0L-C5-~Ch) would be required by
symetry if T(01-C5-Ch-N) were synplanar. With T(0L-C5-Ck-N) = 50°,

a residual tendency toward the paired synclinal energy minims remains,
showing up as points A and B on the surface.

The conformation associsted with the caleuleted minimum
at § 50° ,SOO} cen be identified with the ?{70,7901 geometry obsgerved
for Ach in the bromide crystal. While this is not the absolube
minimum in the surface, a comparigon of molecular modéls of the
§50°,50°} ana £50°,270° geometries reveals:the $50°,50% would be
more favorable for closest packing of molecules in the crystalline
solid. This rationale is tempered, howevexr, by the fact that the
conformation of Ach in the salt of the chloride is f{sc,appt.

Locel minima D end K at {40°,180°} and f180°,180%,
regpectively, can be identified with conformations relevant to
blological functions of Ach. The {40°,180°f conformstion
corresponds clogely to the geometry of Ach implicated in mu.sc:aac.'t‘ix:l:i.csz3 36
and nicotinic aspects of cholinergic action by Chothia and Pauling. ’
The §180°,180°% geometry corresponds to the steggered, extended

conformer considered by Chothia and Pauling to be complementary
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to the Ach receptor of acetylcholinesterase and the nico%nic

conformer discussed by Martin-Smith, Smeil, and Stenlake.

The existence of a number of local minima caleculated
from quantim mechanicsal congiderations as described above may be
readily understodd on the basis of fundamental priciples of structural
. chemistry and organic stereochemistry. With 7(01-cs-cl+ﬁ-n) held in
a positive synclinal position, the caleulated minime - in T(C6-0L-~C5-Ch)
shown in Fig. 9correspond roughly to the minima of 60° ,lBOoa.nd 300°
expected in a potential energy profile for rotatlon of tetrshedrally
hybridized stoms gbout an essential single bond. With T(C6-0L~C5~Ch)
held in an antiplanar pogition, analogous conglderatlons apply to the
minima in A(OL-C5-clh-N) shown in Fig.10., The locsl minima at points
E and F correspond to conformations wherein both 7(01-05-Ck-N) and
T (c6-~01-05-Ck) Pall near 60°,180%r 300°, and thus, all the minima
on the surface with the exception of point ¢ can be accounted for on
this basis. The loecal minimum at point C appears to arise from an
interaction of methyl hydrogems of the trimethylammonium group and
a methylene hydrogen of Ci. This interaction stabilizes T{0L-C5~Cli-N)
at 1200. No experimental date with regard to the conformations of
points A,C,E or F have been reported.

For both T(0L-C5-Ch-N) and (C6H-01-C5-Ch), the synclinel
conformations are calculated to be more stable than the other accessible
conformations; cf. Figs. 9and 10 An understanding of the forces
stabllizing the synclinal positilons of both torsional angles can be
developed 18 terms of intramoleculer hydrogen bonding. Intramolecular
hydrogen bonding is most commonly found in circumgtances involving an

A-H"* "X structure, where A and X are both electronegative with respect
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to hydrogen; the structure ig stabilized Tiy a combingtlon of Coulomb,
van der Waals, and charge-transfer forcez. In C-H bondas, the bond
polarity is ordinarily very small, leading to little propensity for .
hydrogen bonding. However, for C-H bonds incorporated into a
trimethylammonium cationic head, the electronegative quarterm
nitrogen may effectively withdraw electrons from all the methyl C-H
groups, sctivating the methyl hydrogens for hydrogen bonding. An
accurate account of hydrogen bonding energles is somewhat heyond
the capability of the level of calculations presented herein, since
van der Wasls forces are not accomodsted in the orbital approximation
and since the gemiempirical nature of the INDO methodology introduces
congliderable uncertginty in the calculzated energies and energy
differences. Nevertheless, a contribution from Coulomb forces
should appear, and the corresponding trends in the relative
energles and calculated charge distributions should be recognizable.
This is significant in that the Coulomb energy is generally held to
be the dominant abtractive contribution %o weak hydrogen bonds.75

The calculated net stomic charges for Ach in the
conformations {1809,1800?, {ho" ,180? {500,270?, and {EOO,BOOE are ghowm
in Figs.11 -1k . The extended totelly antiplaner {1800 ,18002 conformer
serves as a convenient reference for g discussion of general aspects
of Ach charge digtribublong, since gecondsxry intramclecular intersctions
are minimal in this geometry. As expected, the pogitive charge
associgted with the quarternary nitrogen in the principal valence
structure is delocalized over the entire cationic head, and the
nltrogen atom due to 1ts Intrinsic electronegativity is In fact the
leagt negative of the heavy abtoms in the trimethylammonivm growp. The
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methyl carbons and hydrogens carry net positive charges of +,12 and
+.03, respectively. The net atomic charges of all the atoms in the
"CHQN(CH3)3 cationic head grouping sum to +.91l. The ester oxygen
and carbonyl oxygen both carry net negative charges, and the high
net pogltlive charge of the carbonyl carbon is consistent with the
electrophilicity a.ttri‘b%ed to this atom from infrared ad reaction
kinetic investigations. The ester linkage is not dipositive and, to
the extent these celculated net stomic charges are correct, the
hydrolysis of Ach by acetylcholinesterase must be considered an
exception to Pullman's dipositive bond theory of enzymatic hydrolyails.
The electronic charge distributions of Ach in other
conformations corresponding to energy minims mey be best understood
in terms of perturbations on the distribution for thefl80°,180?
geometry. In the §10°,28 conformer the synclinal orientation
of T(0L-C5-Ch-N) is marked by a charge-redistribution involving the
ester oxygen and a methyl hydrogen H,. The net negative charge of the
ester oxygen O(L) and the positive net charge of H, are both increased
from their respective values at {180°,180°-§ . The net charges in the
cationic head still sum to +.91, indicating that there is a charge
polarization within the eatlionle head wlthout significent charge
transfer to other-regions of the molecule. This polarization cccurs
in such a way as to increase Coulombic abtiraction between the ester
oxygen and proximal methyl hydrogens, and correlates wilth:a potentisl
energy minimum. The H,---0(1) distance at {ho°,180‘§ is 1.88R, well
within the van der Waals contact distance. The results are all
consistent with an interpretation of the stebilization of {h0°,180%
in terms of intramolécular hydrogen bonding.

In the paired § 50 °50% end {50 °270% forms of Ach, the
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charge polarization effects characterisbic of intramolecular
hydrogen bonding show up for the trimethylammonium group and

both the ester oxygen and the carbonyl oxygen. In {500,500} Y

the ester oxygen interaction involves two hydrogens of the same
methyl group with the eritical interatomic distances 0(1)...Hg and
0(1) " 'H, being 1.98 and 2.653, respcetively. A methylene hydrogen
of ¢(5) is also proximal to O(2) and carries a correspondingly
high nei'; positive charge. In the {500 ,2700} geometry O(1)
interacts with H, at a distance of 1.988 and 0(2) interacts

with Hy at a distance of 2]2 The net charges of the atoms of
the cationic head in {50°,270% sum to +.92, indicating sLight
electronic charge transfer out of this region.

Thus, a characteristic feature of synclinal geometries
assoclated with energy minime In scetylcholine's potential
energy surface is charge polarization expected to be cor!f:om:i.'bant
with the formation of wegk intramolecular hydrogen bonds.’ The
combingtion of energy stabilization, charge polarization, and
intermedigte distances within the van der Waals contact value
indicate thet the symelinal stabilization of V(01-C5-C4-N) and
T (C6-01-C5-Ch) in caleulations at the INDO level of epproximation
is due to intramolecular hydrogen bonding. More detailed theoretical
considerations are in order on this point and will be presented
below.

Subsequent to the calculation of Ach's poteﬁtial energy
surface which was presented in the paragrephs immediately preceding,
two other Ach conformetional energy maps were generated. The first of
thege tests our assumption that T(C7-C6-01-C5) is antiplanar for all
varistions in T(C6-0L-C5-Ch). The INDO calculated potential energy
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surface of Ach as a function of T(C6-0L-C5-Clt) and {C7-C6-01-C5)
with T(Ol-C5-Cl~N) held antiplanar is given in Fig.j5. There are
three minims on the surface, all with T(C7-C6-01-C5) = 180°.

Rotations of the latter coordinate out of the antiplanar configuration
is accomplished by an inerease in energy to 20 kcal/mol, conglstent
with the expected double bond character of the C6-0L bond as

discussed by Baker et al. This coordinate ls maintained antiplenar
in all subsequent calculations.

In order to obtain more detall, a second SCF-IDO conformabional
energy mep of Ach as a function of {{0L-C5-Ch-N) and F(C6-0L-C5-Ck)
with a closer grid of 20° on the full renge of 360° in both varisbles
was genera.tef. The results sre relevant to succeeding discussion
and are given in Fig.1l6. The global minimm on the surface is in
the {-sc,sct region, and local minima D and H can be identified with
the bromide and chloride crystal. geometries, respectively. The
qualitetive features are in accord with chemical intuition as
described sbove. On g more detalled level the SCF-INDO calculationsg
place the synelinal minims of both coordinstes somewhet inglde the
experimentally observed values, with in some lfases non-bonded atoms
coming within van der Waals contact d:istances.g\'Using the wavefunctions
generagted in the latter calculation, the dipole moment of Ach was
calculated to be 1.5 to 9.8 debye, depending on the conformstion.

An experimentally observed value for Ach in chlorxroform was
estimated to be 2.65 debye.wWhile a number of assumptions on
structure and polarizabilities are involved in reduction of the
experimental data, this relatively low value suggests that the

gbructure of Ach in chloroform msy regemble the crystalline bromide
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geometry ratheér than the crystalline chloride geometry also observed
for Ach in D20.

Since the publication of the SCF-INDO conformational
energy map for Ach, analogous calgglations have been reported
by Pullman, Courriere and Coubeils using the PCILO-CNDC method.
Studies on a.cetylch%'ine at the SCF-CNDO level have been reported
by Savran and Govil. The palrwise potential function method was
elaborated to Include a coulombic term and applied to Aﬁg by Ajo,
Bogsa, Damiani, Fidenzl, 0Oigli, Lanzi and Lapiccinella, Net atomic °
charges were adopted from EHT anﬂ.chDQ calculations on a single
conformer, Froimowitz and Gans reported similar calculations
bagsed on the net atomic charges computed in the INDO approximation.
The only non-~empirical theoretical gtudies reported to date are 'bhgo
SCF-FSGO moleculer fragment calculgtion by Genson and Cristofferson,
and the SCF-MO study by Port and Pullma.n.5l

There is considerable bubt not total accord In the results
on Ach from these diverse theoretical points of view. The SCF-CNDO
should and do give regults identical to thoge obtained at the
TNDO level., The corresponding PCILO~CNDC surface is somewhat
flatter, with a total variation of 6 kecal/mol in sterically permitted
regions, ( 1l kecal/mol for SCF-INDO). Pullman and Courreire have
gtudied the gensitivity of the results to the geometrical input of
the: calculations end have found that caleulations based on the
bromide geometrles give low-energy {sc,sc} minima, and calculations
based oh the chloride geometry give low energy {sc sap} minima.
Froimowitz and Gans® have provided a detailed comparison between

the palrwise pobential fumction methods and the quantum mechanical
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studies, showing similar results to those of Fig. 8. a slight
tendency of the INDO method to allow non-bonded atoms to come within
van der Waalg radii of one another was empirically adjusted in their
repulsive potentials. Thig problem is probgbly avoided in the PCILO
caleulations by the choice of locelized molecular orbital basis
functions.

50 The non-empirical caleculatlon of Ach by Genson and Cristoffer-
son produced gignigicantly different results, with a considerably
wider variation in energy with respect to both coordinates, and
minims synperiplanar and antiperiplanar in T(0L-CS5-ch-N). The
experimentally observed synclinal value is near an energy maximmm,
with a varlation in energy with respect to T(OL-C5-Ch-N) with
T(C6-01~C5-Clt) = 180° of 50 keal/mol, vs. 5 keal/mol for INDO
and 3 keal/mol for PCILO. The synclinel minimm is developed by
non-covalent intramolecular bonding interactions, and thils
questions the ability of the molecular fragments procedtu;e to
describe this effect wlth functions positioned in covalent
bonding regions, although evidence from caleulations on other
systems indicate no special problems on this point. Recent thoughts
relate the problem to the limited basls set. The gb lnitio SCF
caelculation at the S'.T.‘O-3G' level gives a synclinal minimum in
T(0L-05-Ck-N) with a barrier to the antiperiplanar form of 3 keal/
11101.5:L

Most of the theoretical and experimental studies of
conformation in cholinergic substances presented above indicgted
assynclinal stebilization of T(0L-C5-Ck-N). In order to
guantitatively determine the stabilizing force on the 0-C-C-N group,
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a partitioning on the model compound choline of the INDO total
energy into individual monoatomic and diatomic contributions was
carried out. Calculations on choline"'aa:re compared wilth those obtained
for electricelly neutral norcholine, where activation of hydrogens by
Sutor's mechanism is precluded._ Fig. 17 presents the structure of choline,
The calculated total energies of choline and norcholine
are dlgplayed as a function of §{0L-C5-C4-N) in Fig. I8 Norcholine
shows syncllinal and antiplanar minims in the range displayed. The
pattern 1s characteristic of the torsional. potential expected in
rotation: about saturated carbon atoms, with all minims 'falling
in a range of 1 keal/mol. Ané.logous minima can be identified on
the choline curve, but here the synelinal minimum is preferentially
stebilized to the extent of 4-5 keal/mol. The O-+-H distance in
the synclinal minimm of choline (40°) ig 2.078.
The electronic charge distribution calculated for choline

ig given in Figd 2220

‘The antiplanar conformer serves as a convenient
point of reference, since intramclecular interactions are minimel in
this geometry. As expected, the positive charge assoclated with the
guarternary nitrogen in the principal valence structure is delocalized
over the entire cationic head, and the methyl carbons and hydrogens
eerry net positive charges of 0,12 and 0.03, respectively. The nitrogen
atom, conglstent with its intrinsic electronegetivity is the least
positive (0.0907) of the heavy atoms in the trimethylammonium group.
The charge on the acyloxy oxygen is -0,.279, and the net charge on the
atoms -C‘H2-N(C}I3)3 comprising the catlonlc head sum to 0.90L.

The principal change in charge density from the antiplanar

to synelinal geometries of choline is the increased net positive
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charge (0.048) found on the methyl hydrogen proximel to the oxygen,

and increased net negative charge on the oxygen (-0.311). The nitrogen
also has a small increase in net positive charge, from 0.091 to 0.09k.

The net charges of the cationlc heads for the antiplanar and synclinal

conformers are 0.907 and 0.906, respectively.

The calculated electronlic charge distribution for norcholine
1s presented in Fig2l,22 Tn the antiplaner conformer, the dimethyl-
amonium group is nearly electrically neutral. The nitrogen and
methyl hydrogens are net negative, and the methyl carbons show
net positive charges; a charge7 alternation effeet discussed more
" generally by:Pople and Gordon. 9'.I'he oxygen net charge is -0.302.

Going over to the synclinal conformer, there is a decrease in
negative charge on the oxygen and an increase in negative charge
on the nitrogen, directly opposite to the trend calculated for
choline. A8 in choline, there is a decrease in negative charge
on the methyl hydrogen proximal to the oxygen. .

Before proceeding to g detalled consideratlion of the
results of Fig.26, it is useful to consider the extent to which
the minima are sensitive to the specific orientation of the
trimethylammonium hydrogens assumed for calculation. To consider
theorientation of the methyl groups, an energy surface for each
compound was generated as a function of T(0L-05-ch-N) and
VT (H-C1-N~c2), with the other methyl hydrogens geared for minimal
gberic repulsions. The results for choline and norcholine are given
in Figs.23ana24 , respectively. The minima for both synelinal
and antiplanar conformers occur for T(H~CL-N-C2) = 60° in both

compounds; furthermore the synelinal and antiplanar conformers
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are minimal for any slice of [(H-C1-N-C2). The results of Fig.!%
are thug independent of methyl group orienté.tion.

At this point a more detailed characterization of the
factors qon’cributing to the varistion in energy as a function of
T(01L-C5-C4-N) is in order. For each value of T(0L-C5-CL-N)
congldered, the calculated total energy was partlitioned into
monogtomic and diatomic contributions. The variation in many
individual contributim.la exceeded the variation in the calculated
total energy, emphasizing the extent to which the total energy is
a subtle balance of widely verying texms. Each E, and Epp Was
individuslly examined as a function of T(OL-C5~-C4-N), and the
significant results are collected in Figs.gsandog . All relevant
contributions decreasing in the synclinal region of T{0L-C5-Ch-N)
are represented in these figures, as are particularly interegting
contributions on the increase.

Selected monoatomic contributions to the total energy of
choline are plotted together with the total energy as functions of
T(01-C5-Ck~N) in Fig.25, and the analogous plots for selected
distomic contributions sre given in Fig.26. The ealculated net
stabilization of syn conformers over antli conformers 1s correlated
with stabilizing contributions from.the monoatomic oxygen term, the
the monogtomle contribution of the methyl carbon proximsl to the
oxygen and the diatomic oxygen-hydrogen term for the methyl hydrogen
proximal to the oxygen. The digtomic oxygen~nitrogen term shows only
a small variatlon over the range of T gtudied. For the stabilization
of the synelinal conformer with respect to the synplanar, the
stabillzation contributed by the oxygen-methyl hydrogen interaction
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is dominant, acting in concert with the monoatomle nitrogen term.
Thus the calculated stabilization of the energetically preferred
conforn;a.tion with respect to T(0L-C5-Ch-N) is directly associated
with the interaction between the oxygen and the cabionic head, with
the interaction between the oxygen and the proximal methyl hydrogen
Indicated as a significant factor.

An important point to consider is the comparison between
the calculated results and experimental observgbion. Theory and
experiment concur on the existance of s preferred conformstion in
‘the synclinal region of T(0L-C5-Ch-N). The calculated energy
minimum falls at T(OL-C5-Cl-N) = 40°, as compared to the experimentally
observed value of 84°. In view of the fact that the the energy curve
is rather flat (total calculeted variation of the order of 5 keal/mol),
this can be considered reasonable accord between approximate
molecular orbital theory and experiment. A point of contention
arises in the consideration of the nature of the 0---H-C-N interaction.

At v = 40°, Ry... = 2R, well within the sum of the ven der Waals

H
radii of hydrogen and oxygen. At T = 81}0, Ry...H = 2.53, just beyond
the sum of the van der Waals radii and just beyond the 0¢--H distance
expected for hydrogen bond formgtion, The O-..H interaction plays a
significant role in the stabilization of the INDO csalculated syneclinal
energy minimum, but the possibllity that this interaction is over-
estimated by the INDO method must not be exeluded. The INDO calculabtions
indicate that s hydrogen -bonding interection would go smoothly over

to an electrostatic interaction as the 0°++H Rigtance increases in

choline, and thus the guestion here ls more one of degree than of
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fundamental character.

With the structural chemistry of acetylcholine and the
cholinergic 0-C-C-N grouping well charscterized by molecular
quantum mechanicg at the INDO level of approximatlion, study at this
level of spproximation was addressed to the important cholinergic
agonigts: muscarine, nicotine, acetyl- x-methylgholine, acetyl- B -
methylcholine and acetyl- «, § -dimethylcholine. The result of this
work 18 vregented in the followlng paragraphs.

Muscarine. Muscaerine has been studied from a theoretical * -

[ 18,19,30
viewpoint by a variety of methods with no substantive digagreément.

A conformational study of muscarine reduces to a one parameter
problem, with T{C6-01-05-cl) constrained to 144° by the intramoclecular
Five membered ring. Calculations were carried out on the 06(S),C9(R),
C5(8) isomer shown in Fig.3 , and for the related compounds
c6(8),09(s),c5(S) epi-muscarine, C6(R),C9(S),05(S) allo~-muscarine and
C6(R),C9(R),C5(S) epiallo-muscarine. The INDO conformational enexrgy
of muscarine plotted as a function of T{0L-C5-CL-N) is presented in
Fig27. The calculations show a global minimm at 60° in accord with
the observed crystel geometry. A local minimm sppears at 160° in
T(0L-C5-Cli-N) at an energy 7 keal/mol gbove the local minimm, The
regults for epi-muscarine, allo-muscarine, and epiallo-miscarine are
essentially identical; these compounds differ from muscarine only in
the absolute configuration of the methylated and hydroxylated ring
carbon atoms and in thelr biologlcal activities-to be dlscussed in
the next section. The calculated net atomic charges for muscarine

in the {60 ,144 § conformation are given in Fig.3 . The calculated
electric dipole moment is 8.05 debye.
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Nicotine. The crystal gegiftry for nicotine dihydro-
iodide as determined by Koo and Kim-is gshown in Fig. 4. Here
T(c8-¢7-C2-N) is analogous to T(01-C5-Cl~N) in Ach, and T(C9-C8-C7-C2)
holds some analogy to T{C6-01-C5-Ck). With the latter coordinate
constrained antiplanar by the pyridine ring, the crystal geometry
can be represented as {-600,1800} . Rotation of the pyridine
ring by 180° places N2 in a position analogous to the carbonyl
oxygen of Ach in the {600,180°Fconfonmation. The pyrollidine
ring deviates sqﬁewhat from planarity, with Y(C5-C2-N1-C3) = 17°
and T(N1«C3-C6-C5) = 1°, Simple steric considerations indicate
that interactions between pyridine hydrogens and hydrogens attached to
the pyrollidine ring and N-methyl group may strongly influence the
conformational energy about T{C8-C7-C2-N1).

While rapid inversion of the absolute configuration around
nicotine's pyrollidine nitrogen is likely in solution, the the 1(R), 2(S)
configuration of nicotine is studied here since crystal data is
available for this epimer,

In the initial SCF-INDO calculations on nicotine, a conformational
energy map was generated as a funétion of T(c8-¢7-C2-N1) and
v(H,~Ck-C2-N1), the latter coordinate specifying the orientation of
the N-methyl nhydrogens. Two energy minima were found, differing in
energy by less than 1 kcal/mol and both corresponding o Q(Ha-ch-Nl-C3)

= 80°. The calculated energy vs. T(C8-C7~C2-N1) with T(H,-Ck-N1-C3)

80° is shown Fig.28. The energy minima correspond to (¢8-c7-C2-K1)

0® and 160°, both scmewhat removed from the observed value of -60°.
In an attempt to understand the discrepancy between the calculated and
observed values, we explored the effect of deviations in hydrogen

' positions on the calculated result. The coordinates specifying the
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hydrogen positions were adjunsted slightly in the direction expected %o
reduce steric effects and calculation of conformational energy vs. |

"t (c8-C7-C2-N1) was repeated. The resulting plot is also presented in

Fig. 28. The barrier heights were reduced by 1.5to 2 kecal/mole, but

the positions of the minima were essentially unchanged. Superimposed

‘'on the gsame plot are the interatomic distances of hydrogen atams coming
within van der Waals contact distance of one another. At T(¢8-C7-C2-N1)
= 4o° to 800, the Hy-Hy distance and the Hy,-H, are very low resulting

in an inereased conformationsl energy. At T(C8-C7-c2-N1) = 220° to 260°
the Hy-H, and Hy-Hg distances are close, also destabilizing the Bysten.
Our calculated minima correspond roughly to regions where all these
interatomic distances are.simultaneously maximal. '.fhus in gpite of the
lack of a calculated energy minimum in the region of the obsgerved geomeiry,
our results are understandable, and represent the degree of agreement

to be achieved agsuming the crystal geometry for non-hydrogen atoms.
Conformations of nicotine with T(CS-CT-CE-NJ._) from 100° %o 200° and

from -40° to 20° are energetically removed from the absolute minipmum

by less than 2.5 kcal/ mole., The calculated cherge distribution for
nicotine at the crystal geometry' is recordedh in Fig. Y, and the calculated
dipole moment ranged from 7.4 to 8.9 debye.

The calculations on nicotine reported by other investigators
leave the relation between ca.lculatedland cbserved geometries incompletely
regolved. The study reported by Kier 19153‘.ng extended Hilckel theory gave
good agreement with experiment but assumed a planar pyrollidine ring
and computed energies on'a 60° grid. INDO calculations performed on
1(R), 2(8) nicotine with the pyrollidine ring planar yield minima in
Y(c8-C7-C2-N1) at -40° and 140°. However, it is difficult to justify
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comparison of this result with that of the crystallographic study.
Pullman et a.fo using the PCILO method and an unspecified 1(R), 2(S)
standard geometry obtained minima at MC8-C7-C2-N1) = -40° and 1209,
in lmproved agreement with the crystal gecmetry.

Acetyl.-ol -methylcholine, The SCF-INDO conformational energy

map of A(R)-methyl acetylcholine is presented in Fig.22. The conforma-
tional map for AA(S)~methyl acetylcholine, the enantiomer, can be generzted
through the transformation {x,y}-& fx,-yt. The global minimum for the
*(R) derivative occurs in the vicinity of {80°, 240°}. The nine other
local minims are listed in Table 2. The crystal gecmetry at {90°,170%
is calculated to be 4 kca.l/mole above the absolute minimum, and the
{212°, 176%} crystal result can be identified with & local minimum at
§180°, 180°}. 1In the latter case, with T(01-C5-Ch-N) = 180° the shape
of the surface indicates considerable lability in T(¢6-01-C5-Ch) from
80% to 2u0°. Steric interference of the o(R) methyl group with the acetate
carbonyl group precludes conformations with T(0L-C5-Ch-N) and T(C6-01-C5-ch)
gimultaneously in the renge of 40° to 200°, and -L40O° to 60°, respectively.
The calculated magnitudes of angles of the {sc,sc} minima are increased
over that calculated for Ach, but comparison of Fig .lsa.nd Fig 29 show
that the overall effect of {-methyl gubstitution of the conformational
energy map is rela.tively minor. None of the local minima on the Ach
potential surface are energetically precluded for the O(-methyl derivative.
The o -methyl surface is slightly flatter than that of Ach, consistent
with the results indicated in NMR studies.

The celculated net atomic charges for the {80°, 240% confor-
mation of ®(R)-methyl acetylcholine are presented in Fig. 30 Comparison

of Fig.0with the charge digtribution reported for acetylcholine in Fig. 2
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-show that there is a charge redistribution induced‘by o -methyl sub-
stitution, There is a decrease in positive chargeon N, C1 and C6,

and a decrease an increase in negative charge o~ 01 and 02, respectively.
The calculated dipele moment ranges from 0.5 to 9.1 debye.

Acetyl~ ;' -methyl acetylcholine. The conformational enexrgy

map conputed for ﬁ(S) nethyl acetylcholine using the INDO method is
given in TFig.31 . The surface may be viewed in marked contrast to
that of Ach, with 50% of the conformational space sterically excluded.
The primary source of the sterie effeet is the interaction between the
ﬁ-methyl group and the trimethylammonium methyi groups, important for
all values of TTOl-Cs—ChuN) above 180°. The global minimum on the sur=-
face is located at $60°, 303} , with a local minimum at {60°, 240°}
computed to be about 4,8 kcal/mole higher in energy, The latter local
minimum may be identified with the erystal geometry at {850, 2039}.

The calculated charge distribution for the {600, 240°; conformer
of f(S)methyl Ach is given in Fig.3L. A comparison with the caleulated
charge distribution for Ach show that the effect of fS-methyl substitution
is to decrecase positive charge on N, Cl and (6, and to decrease and inw
crease negative charge on 0 and'02, respectively. These charge
redistributions are directly analogous to those which occur on =<~ methyl
substitution. The calculated dipole ranges from 1.4 to 11,4 debye

in the sterically allowed region of space.

Acetyl- =i, -dimethyleholine, The SCF-INDO conformational
mep caleuwlated for threo- k(R), S(R)-dimethylacetylcholine is presented
in Fig.33 . Here 87% of the surface is sterically wnfavored. All
conformers with T{01-05-C4-N) between 40 and 200° are excluded due %o

interactions between ﬂ-methyl and trimethylanmonium hydrogens, and
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conformers with NC6-01-C5-Ck) between 200° and 260° have unfavorable
interactions between the ﬂ-methyl group and the carbonyl oxygen.

The global minimm on the surface is at §280°, 140% , with a local
minimum at about the same energy at {2200, 600} , Beparated by a barrier
computed to be less than 2 kcal/mole. A second local minimum is present
at {280°, 3000}, separated from the first by a barrier of some 25 keal/mole.
The experimentally observed crystal geometry for the threo- & (R), B(R)
derivative is {2170;950} . .Figure 3} presents the computed net atomic
charges for the £80° ,220°} conformer of threo-oX{(S), P (S)-dimethylacetyl-
choline. In comparison with the caleulated net atomic charge densities
for acetylcholine, there is a decrease in positive charge on N, an
increase on C6, and an increase in negative charge on Ql. Charges

on other atoms are essentially unchangeéi from those of acetylcholine.

The calculated electric dipole moment ranges from 0.9 to 8.8 debye.

The conformational energy map for erythro-o(S),p (R)-dimethyl-
acetylcholine is given in Fig.35 . Steric interactions analogous to
those described above exclude above 86% of the conformers on this surfece
In the remaining area, the glopal minimm is located at {280°, 120%,
with a local minimm at {240°, 80°} and {280°, 280°f at relative
energies of 1.9l and 3.34% keal/mole, respectively. The latter two
minima are separated by & computed barrier of 6 keal/mole. The crystal
geometry is $280°, 160°E s & point computed to be 1.7 keal/mole above
the global minimum. The charge distribution for erythro-ol(R) A(s)-aimethy
acetylcholine, as presented in Fig.36, is similar to that presented for
the threo derivative except that C6 does not evidence an increase
in positive charge over the analogous atom in Ach. The calculated

dipole ranges from .9 to 9.0 debye.

bh



B. Discussion:

The results of the preceding section can be uged together
with the biological activity date to approach a deeper understanding
of the role of A -andﬁ-methyl substituents in cholinergic action,
and to gain perspective on general aspects of the gtructural chemistry
of cholinergic tranamision. Since the methyl derivatives of Ach have
all of the functional groups neceagary for either muscarinic or
nicotinic activity, the present data may be uged to examine the role
of molecular conformation vig-a-vis the direct interactionof the
methyl groups with the cholinergic receptor. To the extent molecular
conformation is a dominant factor, compounds in this geries with a
particular type of activity should have the appropriate functional
groups digpoged incthree dimemsional space in a common pattern.

In termg of structural parameters, this disposition is specified by
sterically permitied or energetically preferred values of ?(01-05-
C4-N) and 1{C6-01-C5-Ck), and any common pattern should be revealed
by a comparison of allowed regions or energy minima in the{T'(ol-CS-
ch-N), ‘T'(c&m-cs-ch)}- conformational maps.

The conformational data presented in the preceding ~section
has been reduced to tabular form and collected with the biological
activity data in Table 2 , Each compound considered is represented by
a row of the table, coﬁts.ining from left to right its muscarinic
activity, nicotinic activity and enzymatic hydrolysis rate; each
given as percentages with respect to availsble data on Ach. The
biological data represent results from a variety of preparations
and experimental. conditions, and the relative activities listed are

thus of qualitabtive or semi-quantitative significance at best.
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Further to the right of Table 5, the positions of energy minima
calculated for the substance are enumerated. The columns of the
‘table in this region are organized with respect to the calculated
‘energy minima for Ach given in the top row; entries in the same
column down the table indicate corresponding energetically preferred
conformations in different substances. All preferred conformations
energetically within 20keal/mole of the global minimum of each
compound are included.

In examination of the data for compounds with signifincant
muscarinic activity, it is again evident that the geometry common
to muscarinic agonists is {sec,ac-apl , consistent with = ideas
proposed by Pauling and co-worKers. For Ach and muscarine this
geometry (columm 2 in the conformationel energies of Table 2)
corresponds to a calculated energy minimum and isg thus energetically
preferred. For the active B(S)-methyl derivative and the er&-thro- A(R),
B (3)-dimethyl derivative (probably the active erythro-dimethyl enanticmer),
this geometry does not correspond to local energy minima but is not
sterically excluded. Beyond this, it appears that B(S)-methyl or
methylenic substitution actually enhances the muscarinic activity
of an agonist. Bioassay data (see Table 3) for mscarine, acetyl-
B (s)-methylcholine and erythro- «(R), A(S)-dimethylacetylcholine
show. these compounds to have 270%, 133% and 14% of the muscarinic
activity of Ach, respectively. The muscarinic activities of erythro-
A(R),B(s)-dimethyiacetylcholine and oa(R)-methy:Lacétylchoune are
14% and .6% relative to Ach. Exemination of the conformational
maps and calculated electronle charge distributions for these molecules
shows no outstanding detail which could explain the enhancement of

muscarinic activity for a ﬁ.(s) substituent simply in terms of molecular
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conformation and other molecular properties. Therefore it appears
that the variation in the level of muscarinic activity in these
compounds may involve a direct interaction of the methyl substituents
with the muscarinic receptor.
Table 2 also lists a number of compounds which have calculated
energetically preferred. conformations in the vieinity of isc ,-&c}
yet have low muscarinic sctivity. Both A{R)~ and &(S)-methyl
derivatives fall into this category, with o\(S)-methyl substitution
diminishing muscarinic activity by a factor of 10 more than X(R)-
methyl substitution. Since no significant portion of the Ach
conformational map is sterically precluded for the X (R)- or o{(S)-methyl
derivative, simpie conformational effects cannot be responsible.
A direct interaction of the A-methyl substituents with the receptor,
contributing destructively to agonist activity, can explain the
cbgerved reduction in muscarinic potency. The logs of muscarinic
activity upon oA-methyl substitution is also seen in the dimethyl
derivatives. Erythro- A(R), #(8)~dimethylacetylcholine has an
energetically preferred conformation at{sc,-acjand & muscarinic
activity in the racemate of 14% relative to Ach, compared to 133%
for ﬁ(S)-methy]:acetylsholine. The greater reduction in muscariniec
activity for =<{S)-methyl substitution as compared with X(R) sub-
stitution is evidenced again by the lack of activity in threo«
o (8), A(S)-dimethylacetylcholine whereas the erythro- «(R), 4(8)
derivative elieits small but significant muscarinic activity.
Analogous conclusions can be drawn fram a consideration of
the calculated energy profilerof muscarine, given in Fig. 27;, as

coampared with those for epi-muscarine, allo-muscerine and epiallo-

muscarine. The energy profiles are gimilar while the observed activities
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ag listed in TableZ2 are quite different. Neither conformational
effects or a variation in electronic charge distribution can explain
the variance in activity, and a direct interaction of functional
groups with the receptor is indicated. The observed activities
appear to implicate muscarine’'s hydroxyl oxygen and ring methyl
group in positions analogous to the carbonyl oxygen and acetabe
methyl of Ach in muscarinic action.

Congideration of the data for compounds with significant
nicotinic activity leads to additional information on the role of
conformational effects in nicotinic action. As noted by others,
nicotinic activity is clearly less stereospecific than muscarinic
action, but & Jsc, ac~ap} conformation has been implicated. Both
A(R)~ and «(S)-methyl derivatives are nearly as active at nicotinic
sites as Ach. Methyl substitution at either A(R)-or A (S)- positions
significantly reduces the nicotinic activity of an agonist. In
consideration of the widely different effects of f(R) and A(S)
substitution on conformational preferences, and that the {se,-ac}
is permitted if not preferred in the A(S) derivative, a direct
interaction of methyl groups with the nicotinic receptor is indicated.

Congideration of the relative rates of cholinesterase
mediated hydrolysis for the various compounds alongside the calculated
results on structure and properties for methyl Ach derivetives points
algo towards some direct interaction of the methyl groups with the
active site of the enzyme. Both A(R)- and %(8)-methylacetylcholine
can achieve any point on the §N01.C5-Cl-N), NC6-01-C5-Ch)f
conformational map accessible to Ach, and have no significant
differences in charge digtributions. Thus the observed decreaged
hydrolysis rate of the X{(R) derivative compared to the ot(S) derivative

of* Ach does not appear to be dependent upon conformational effects,
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and may likely involve methyl groups directly. For the J-methyl
derivatives, A(R) substitution reduces the hydrolysis rate to zero
vhereas B(S) substitution shows 54% the hydrolysis of Ach. This
indicates positive synclinal and anticlinal values of T(01-C5-

Cch-N) lead to conformsiions complementary to the cholinesterase
receptor. The calculated conformational map for ﬁ(s )-methylacetyl-
choline shows local minima for (+)-synclinal values of T(0i-C5-

C4-N), but none for ac to ap values, The 51500 , 18003 geometry
jmplicated by Pauling et al. in enzymatic hydrolysis lies 12 keal/mole
above the global minimum.

For hydrolysis, the effects of A - and J -substitution
nay again be extrapolated to the o , ﬁ =dimethyl derivatives. The
decreased hydrolysis rate for an %“(R) derivative explains the
negligible rate observed for erythro- &A(R), §(S)-dimethylacetyl
choline. We predict the hydrolysis rate for threo- (%), 8 (8)-
dimethylacetylcholine to be higher.

Overall, we can ascertain from these resulis that structures
implicated in various aspects of cholinergic action can be identified
with regions of conformational energy sterically permitted but not
necessarily energetically preferred in the isolated molecule. This
seems reagsonable since a change in membrane permeability ls probably
a structural adaptation to asgonist-receptor interaction, and a
conformational effect on the agonist is certainly possible. Structural
modifications in both enzyme and subsirate are evident from spectral
gtudies of enzymatic reactions.

In comparing theory and experiment, the structural detail
presented in the results section must be considered in the perspective

of a physiochemical system. At physiological and room temperatures
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many conformations will be thermally populated, and in solid sand
solution, envirommental effects are surely important. Intramolecular
hydrogen bonding and the wvarious conformations of Ach in the
{Mo1-c5-ch-N), T(C6-01-C5-Ch)} surface would be influenced significantly
by solvent polarity. The bromlide crystal geometry B and the related
conformation A in Fig.b have botﬁ the acetoxy and scyloxy oxygen atoms
in the interior of a roughly spheroidal structure with C-H bonds on
the exterior, In solution thege gecmetries would likely he favored
by low solvent polarity, although Ach as & cation hag proved sparingly
soluble in such solvents. Geometries such as D and G exposing one or
both oxygens could be preferentially stebilized by highly polar,
intermolecularly hydrogen bonding solvents.

The natural selection of acetylcholine as & chemicsal
neurotransmitter has been attributed in part to its relatively
non-substituted structure and sdbseqneﬁt conformational flexibility;
being adaptsble to nicotinic, muscarinic and possibly many other
receptor sites. In light of the possible solvent effects on Ach's
conformational flexibility, local biological enviromments could
also serve to preferentially stabilize conformations complementary
to specific receptor sites, and thus.contribute to optimum biological

function.
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F. Sumary and Conclusionsg:

The INDO molecular orbital calculations on acetylcholine
reveal & number of energy minima with respect to the torsional
angles 1(01-C5-Cl-N) and T(C6-01-C5-Cl). Certain of the minima
can be closely identified with the Ach crystal geometries, the
geometries implicated in mugcarinic and nicotinic aspecis of
cholinergic action, and the geometry congidered favorable for
hydrolysis by cholinesterase. The energy stabilization of
synclinal values of both T(0L-C5-Ck-N) and 1(C6-01-C5-Ch) in
Ach is attributed to intramolecular hydrogen bonding as evidenced
by an electronic charge redistribution in a manner consistent with
polarization effects expected for hydrogen bonding structures.

Thus a number of proposed structural aspects of the
neurobiological action of Ach can be understood and unified on
the basis of quantum mechanical calculations, considering local -
minima in the potential energy surface and corresponding molecular
electronic properties.

The conformational energy maps and electronic charge
distributions for muscarine, nicotine, the o and A methyl, and
dimethyl derivatives of Ach have been considered in terms of
physiochemical studies, the available bioasgsay data on cholinergic
substances, and current theories of the structural chemistry of
cholinergic tranamission. Geometrieg observed from erystallographic
and solution spectral studies for each compound may be identified
with energetically preferred geometries.(local minima) on the

calculated conformational energy maps:. General aspects of



cholinergic activity are seen to be related to regions of conformational
space sterically allowed, but are not always directly associated

with energeticelly preferred geometries. The variance in bioassay

data for active compounda cannot be explained in terms of simple
conformational effects and distributions of electronic charge,

and direct interactions of methyl substituents with cholinergic

receptors are indicated.
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Table 1

Identification Relative energy, Geometry Physiochemical or biological
on Figure 8 keal/mol . . Caled Exptl significance
A 0.00 - §50°, 270% See text
B 3.68" $50°, 50% §77°, 79% Observed in crystalline
acetylcholine bromide
c %.98 120°, 300°F See text
v O . v)
D 6.27 o, 180%3 %75", 1807 Implicated in nicotinic action
60°-120°, ol Implicated in muscarinic action
1440.21373
E 7.72 §200°, 330% See text
- o] )
F 7.84 160, 30% See text
o? '
G 9.98 £180°, 180°5 §180°, 150°% Implicated in nicotinic action and

hydrolysis by cholinesterase
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Key for Table 2:

Guines pig ileum, Ref. 8l.
Cet blood pressure, Ref. B1.
Frog rectus muscle, Ref. 4l and Ref. 82.

Blood pressure rige with atropine, and cat gastrocnemius
stimulation, Ref. 83.

Hydrolysis by a standard bovine erythrocyte acetylcholinesterase
homogenate, Ref. 41.

f. Guineapig ileum, Ref. bk,

g‘

Hydrolysis by tyue acetylcholinesterase from the electric
orgen of the eel, Ref. Lk,

Cat blood pressure, Ref. 25.

Blockage of cat superior cervical ganglion, Ref. 25,
Curariform action on cat gastrocnemius muscle, Ref, 25.
Guinea pig ileum during anoxia, Ref. 8l4.

Cat superior cervicel ganglion, Ref. 7.

*Bio-aasay.data are given as percentages relstive to Ach,

FY
x - shterically forbidden conformations.

y - sterically allowed conformestions.
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Appendix A;
XTAY, accepts the coordinates of an orthorhombic crystal unit cell,
and the dimensions of the unit cell. From thig data it generates
| the cartesian coordinates of the system, and an interatomic distance
arrsy. The cartesian coordingtes are transformed into the model
builder frame where the first atom is at the origin of g right
handed coordinate system, the gecond atom lies on the Z axis, and
the thirdmtom lies in the X-Z plane. XTAL, then calls SUBROUTINE
UNZMAT which generates all bond angles and four atom torsions, and
writes input to M. Gordon's model builder routine ZMAT, The
generated input to ZMAT is tested by SUBROUTINE ZTEST which calls
SUBROUTINE ZMAT. The latter routlne generates an Interatomic
distance array from:the UNZMAT generated input to ZMAT, and compares
this new interatomic dlstance array to the one calculated from the
input crystal data. The input format for the dimensions of the unit
cell and unit cell coordinates is (3F20.10). |



NEW MASTER . ' , i 1FBUPDTE

RURSLIST=ALL
100« MNELL=LC0

(.

C

CPROGRAM XTAL(INPUT.OUTPUT.PUNCH)

REVISFD LHMAT GEMNERATING VERSION

DINELS N YCUAG3)
TEST INSFRTION

COAMONZARAN/LS(3.3)

DIMENSTUN CT{3¢3)4T72(343)

T DIMFNSIGN CY(3,.3)

INTEGRER AN

COMMONIATM/ AN
COUMATH/BINDS/MMC I 40,40 NCIN
DIMENSION AN({4C)

COMMOMZ/TRANZY/ AFRPILL(3,3)
DIMENSION THTER(6D)
COMMON/TITI/ZLTEST
COMMUM/INI I/ BONDBL

- LCOHHON/INFD/GRS

199
C

88#A

999

99

-2 ]

4538

342

1

2

3

4

DIMEMNSTON ORS(6043)

DIMENSION RR{GO:3) s HHHR(B0 ) 4 QOQBT60) 45555160

DIAENSTIOMN 27(343142{6043)¢ARL2{60)ARZ23(60)AR3LIE0)
DIMENSTON CLoCe3)eRIBC,60)FFI343), F{3,3}
DIMENSTON T(3.3) eCLC{3+60)EC{360)

DTAENSTION Y{63460) TRANS(3.3)

DIMENSION E{60+3),TRANT{3,3)

DIMEMNSTON BC(3.3)

DIMENSTION BCI1.3)

NISFNSTION TOCENTL20)

2B =02 XKs Fl0eD ¢S R s 2HE=+92X»FL0eH)

READ 3.0Ma.LIN,BOMDBL

FORIMAT (214+FiC.5)

[FIRONDAL +F0s 0) BONDBL = 1465

FORMAT {7/ 33X 1 THNUMAER OF ATOMS =414}

LOG PAGF 101

?

CONTIHUR
IMpPut

RFEAD 999, (IDENT{I}.I=1,20}

PUNMCH 999, {TUENT I +i=1+27)

READ 8888, LFINSLPUMLZMCTM

FORMAT{3 14

ITFILFIN «fQe 1Y GO TO 765

FURMAT (20A/4)

PRINT 998, (INDENT(1)Y.I=1.20)

FORMAT(\HL/ /77 2Ch4./7 1)

READ 4533, APH. BFT, GAMLACCC.,ADDD

FORMAT (3F20.1042F1045)

PRIMT 342, APHe BET, GAM

FOSMAT (/77 4LXeb6HAPH = GFINe9 03X 6HBET = ¢Fl0e5+3X6HGAM =
wfl/)

READ 1+ AALBRGCC

FORMAT (3F20.10)

PRIMT 2+ NABB.CC

FURMAT (IH o/77 43X+ 23HDIMENSICNS MF UNIT CELL oSXe2HA=,2X+FL0e5+5X,

1FlCe5,
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A

NEW MASTER _ iy TEBUPDTE LOG PAGEL £C22

PRINT 4, NN . : ¢
IF(LIN «NE« 0) GO TO 556 ‘

DO 5 1 =1.NN : v

5 READ 64 ((CIIedded=le3 o AN{IIVINTERCID) : S
6 FORMAT (3F20+10415,44) :
G0 TG 557 3
556 CONTINUE : S
DO 558 [=14NN
558 READ 559, [AN(T)+{CILI+d)sd=143) ¢ INTER(I))
559 FORMAT (14¢303X,F12.7)4A%)
557 COMTINUE
IF(NCIM «NEs 1) GO TO 1733
DO 1734 IR = 1,NN
RFAD 1735, (NNMCIM{TIR¢JR)}4JR=1,NN)
1734 CONTINUE
1735 EORMAT (8011)
1733 COANTINUE
DN 4239 T=1.NN o
CIF(AMIT) EQ.C) ANIIY = &
47239 CONTINUF
oz e 3k ol e e e ofe e el whe ot e e e 9 o7 e ofe e e s e afe e e ode e el ot 3 ol ¥e e e e ade e R e o aie ol ol ol e e sk e ale ofe e e ol ol o ol e e o ol sl st e o e s
CéxtxxGENFRATE CARTESIAN COORDINATES
PRINT 7
7 FORMAT (//7+3X.21HUNIT GELL COORDINATES.///)
CALL COUT(C,NM)
DO 10 I =1sNN
ClI+1) = AA%C(I,1)
Ci{I+2) = BEXC(I42)
C{I+3) = CC*CLI,43)
10 CONTINUE L o
PRINT 4513 ¢
4513 FORMAT(//+1X+5THCARTESTIAN CUGORDINATES WITHOUT ORTHOGONALYZATIGM PRC

LRSS SO

L T R ]

s

T W S SN

[T I 1}

#0CEDURE//) B ¢

CALL COUT(CoNN) o

CALL DIST(CWNNsR) ¢

~_ CALL OUTIRWNNY e
C CALL REF{C 4NN} 0
C PRINT 457 ¢
o

457 FORMAT (/77 «1X+TOHCARTESIAN COORNINATES WITHOUT ORTHOGOMALIZATION R
¥EFERRED TO THE GRIGIN.//)
CALL COUT{C.NMN)
CALL DIST{C+NN.R)
CALL DUTIRNN)
DO 7174 1IN = 1.3
no 7174 JN = 1,3
CYUINGIN) = CUINGJINYD
T174 CONTINUE :
CALL CLINT (CY«CTWT2)
CALL MULTIC+TZ+CoNN)
C PRINT 898
B38 FORMAT (/7 1X+40HCARTIFSIAN COORDINATES SUBJECTED TO CLINT.//)
C CALL COUT(E.NN)

xNalel
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 NFW MASTER - | A ~ IEBUPDTE LOG PAGE 0003
o CALL DIST(E,NN.R) - S ct
c CALL OUTIRWNN) | oo
CALL REF(C.NN) | § o | o
PRINT 8743 o

8743 FORMAT(//+1X.35HCARTESIAN COORDINATES SUBJECTED TO CLINT AND REFERD
_%RED TO THE ORIGIN (WITHOUT ORTHOGONALIZATIONY.//)
CALL COUT{C NN)
CALL DISTICNN.R)
CALL OUT{R.NN)
PRINT 83
CALL COUT(CoNN)
_ IF{{APH +FQs 90+C) «ANDe (BET +EQe 90¢0) +ANDs {GAM o+ EQs 53401}
%60 TO 498
DO 9134 12=1.3

oo
rnr\r'\'f)("‘-r)c)

S e

DO 9134 JZ = 1,3 o ] B _
AFILL{IZ+JdZ) = O ) ' ) ¢
9134 CONTINUE ‘
C . PRINT 1213 S )
1213 FORMAT{//«1X«26HNON~-ORTHOGONAL COORDINATES,//)
C CALL COUT(C NN}
C  CALL DIST{C.NNeR) B m i
C CALL OUT(R.NN) ) '

CALL CFIX(C APH,BET .GAM.NN)
CALL MULT(C+AFILL E+NN}
PRINT 327

327 FORMAT  {//41X+31HCFIX ORTROGONALIZED COORDINATES </ 7}

CALL COUT(E.MN) S
CALL OISTUESNN«R)
CALL OUT(R NN}
CCALL DEIX({C+APH,BET ,GAM JNNY
CALL MULTIC+Z5+CotN)
PKINT 2861
2861 FORMAT (//+1X,31HDFIX ORTHOGONALIZED CODRDINATES.//)
CALL COUT(CJNN)
CALL DIST(CoNN,R)
~ CALL DUT(RNN)
498 CONTINUE
IF{(APH oFQs 90e¢) oANDe (BET +EQe 9Ce? oANDe (GAM oEQe 90e)) PRINT
*1015 :
1015 FORMAT (/7 41X,24HTHE SYSTEM 1S ORTHOGONAL //) B
DO 8712 1 = 1.NN
DO 8712 J = 1,3 o
8712 YC{I+d) = Clled) + 1a O
CALL UNZHATI{YCeR.NNoANs INTER)

_ CALL COUTLC,NN) 3
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CrsxuiCitATE CMAT CONVENTION COORDIMATES FOk FIRST THREE ATOMS
. COA = ({RUL,3)¥%2) + (R(1.2)%%2) ~(R(243)%x202/

F${2%(R{Le3DII%IR{L,20) )
ALPH = ACOS(COA)

SIA = SINIALPH)
COAA = COS(ALPH)

e opn -
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NFW MASTER

A1
A
2%
2

PKINT 135, ALPH+SIA.COA.COAA
135 FORMAT (//,3X.4F10.5)
e CONVERSION TO DEGREES

BLPH =

AL

PH % (180+/3.141592654)

CPRINT 136+ BLPH

136 FORMAT
pn 501
501 Fll.D)
no 500
500 F{2.J)
F(3+11
F{3,2})
F(3.3)
DO 5C2
DO 562
502 FF{Jsl

G ek e ellofe s e ol e el gk ek ok e e AE ok 0 At e ik o 30Kk S ek el e ot ikl e ok e sk ok

{(//743Xs16HALPH IN DEGREES=oFl0:5+//)

I

L= N R W h

) =

1.3
« 0
|

I ou

2
C.0
R{1.2)

R{le«3)2 SIN(ALPHY

0.0

R(1.3)% COS{ALPH)
12
13

FlIed) + 1.

L |

. DD 851 = 143
TR0 BS 4 = 1.3
~ TRANS{1.J) = 0.0
85 T{led) = 0a0
DO BL I = 1.3
D0 Bl 4 = 1.3 , N
BL BC(J I} = ClIedd + 1.
CALL RRED{C,NN»,TRANS)
DO 2221 1 = 1.3
DO 2221 J = 1.3
2221 TRANT(TI,J) = TRANSIT.J)
L CALL TMAT{TRANT.FF.T)

CALL TMAT(BC,FF.T)
Cx¥xaxxGENERATE ZMAT COMVENTION CONRDINATES

C********##***##*****#***ﬂ*k$#***#***§******#*#****#*##******#*ﬁ*****###C(

CALL MULT(CT+ELNN)
CALL REF(EWNN) - -

. e e o o Xoo skt dofe oo £ s 30 A SO AOR IRk s kel o a0 o S Rl el el e ol ek ol ok sl okl g Skt R D

PRINT 187
(/743X 4CHCARTESIAN CUDRDINATES IN ZMAT CONVENTICN.//)
CALL COUTIE NN)
CALL DISTIEGNN.R)
PPINT 888
CALL QUT(R(NN) | N
BB8 FORMAT (///+3Xe21HINTERATOMIC DISTANCES.///)
IF{LPUN «NE. 1) GO TO 199 '
DO 1111 I
1111 PUNCH &,

187 FORMAT

G0 TO

199

=1 «NN
(E(Is+J)sd=1,3)

765 CONTINUE

END

SUBRDUTINE NDFIX{C+APH-BET+GAMJNN)
COMMBONZARANYS A{3+3)

COMMON/ZARAAYS/AB({3+433,VT{3+3),X(3,3)

\

 1EBUPDTE

106G PAGF 0004

e NelnRalaliaioinEeialiinialeiairRainle Ne)

&c

el aionis el ReRnln

R T

G
O

ce
o
ac
cc
o<

eo
eC
G
GG
e
Ca
cC
L
ce
¢e




" NEW MASTER

NOOOOODO00

37

39

COMMON/1/GAMMAL3) o BETA(3) «BETASOI3) s DI3)eW(3)4XYZ(60) .

NIMENSION C(6C3)
PT=3.141592554/180.
SINA=SIH{APHSPT)
COSA=COS(APH*PT)
SINR=STHN{RET*PT)
COSB=COS{BETHPT)
SING=SIN(GAMRPT)
COSG=COS{GAMKPT)
DO 37 I=1,3

DO 37 J=1,3
AB(I1.,J)=0.0

CONT INUE
AB(l,s13=1.G

L AB(2.1)=C0S5G

A3{3,13=C058
AR(2+2)=2140
AB{3.2)=C0OSA

TAB{3+3)=1.0

CaLL EIGN(3.,0.C00C01}

DC 38 J=1.3

DO 38 1=1,3
VT{1eJd)=sVTITWJY/SORTID(JDY)
NO 39 I=1.3

PO 39 J=1,.3

A{IJ)Y=VT(J., 1}

RFTURN

END

‘SUBROUTIMNE FEIGN{NMMsRHG)

RHO= UPPFR LIMIT FOR OFF=DJAGONAL ELEMENT _

NN= STZE OF MATRIX

EIG
VEC RETURMED EIGENVECTORS 1IN COLUMNS
IND = ERROR RETURN INDICATOR

.0 FDOR NORMAL RETURN

1 SUM OF EIGENVALUES MOT RQUAL TO TRACE

2 SUM OF EIGENVALUES SQUARED NOT EQUAL TO NORM

3 BOTH OF THESE ERRORS
COMMON/ARRAYS/A{3, 3).VEC(3¢3);X{3-3}

COMMON/L/GAMMAL{3) JBETA(3) WBETASQU3)LELGI3YoWI{3) oXYZ(60)
THE FOLLOWING DIMENSIONED VARIABLES ARE EQUIVALENCED

DIMENSION P(80).Q(80)
EQUIVALENCFE (P{1),BETA(1)).(Q(1).BETA(L})
DIMENSION TPOSVIBC).IVPOSIEC)LTCRD(ED)

EQUIVALENCE (IPOSV(1)+GAMMA{1)) . (IVPOS{1)+BETALL) ),

1{INRD{1) «BETASQLL))

ABSFI{X) = ABSI{X)

SORTFIX) = SOQRT(X)
KHOSQ=RHO%RHO

N=NN- _
RESET FRROR KRETURN INDICATOR

A = F MATRIX {ONLY LOWER TRTIANGLE 1S5 USED + THIS IS DESTROYED)
= RETURNED EIGENVALUES IN ALGEBRAIC ASCENOING ORDER

IEBUPDTE LOG PAGE 0005
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~ NEW MASTER h "~ IEBUPDTE LOG PAGE 0(C6
- Cibeo b e
IF (N +EQ. 0) 640,10
10 N1=N-1
N2=N=2

COMPUTF THE TRACE AND FUCLIDIAN NORM OF THE INPUT MATRIX
LATER CHECK AGAINST SuUM AND SUM OF SQUARES OF EIGENVALUES
ENDRM=0.

TRACE=Q.
DO 30 J=1.N
0O 2C I=JWM

20 ENORM=ENORM+A(T 4 J)y&%2
TRACE=TRACE+A{Jd.J) S

30 ENDRM=ENORM=o5%A[JJ)x52
ENORM=FENOR M+ ENORM
GAMMA{L)=A{1,1)
IF{N2) 200:190.40

40 DO 180 NR=1.N2

 BSA(NR+1,NR)

: = 8§=0e "

DO S50 I=NR.N2

50 S=S+A(I+2 NR)#*2 , - o ) o
PREPARE FGR PDOSSIBLE BYPASS OF TRANSFORMATION
A(NRE+1NR)I=0.

IF (S) 17G.170.60

60 $=S+B%j3
SGN=+1.

IF (B) 70.80.80

70 SGN=-1.

B0 SORTS=SORTF(S)
D=SGN/{SORTS+SORTS)
TEMP=SQRTE{ . 5+B%D)
WINR)I=TEMP
A{NR+L JNRI=TEMP
D=0/ TEMP
B=~SGN%SQRTS
D IS FACTOR OF PROPORTIONALITY. NOW COMPUTE AMD SAVE W VECTOR.
EXTRA SINGLY SUBSCRIPTED W VECTOR USED FOR SPEED.

DD 90 T=NR.N2
TEMP=D*A{I+2+NR) S o -

WL+ 1)=TEMP ' ST T -

90 A{I+2.NRI=TEMP :

PREMULTIPLY VECTOR W BY MATRIX A 7O ORTAIN P VECTOR.
STMULTANEDUSLY ACCUMULATE DOT PRODUGCT WP.{THE SCALAR K)
HTAW=0.

DO 140 I=NR.NL

SUM=0.

DO 1GO J=NR.1

100 SUM=SUMsATLI+1.d+10xW{d)
I1=1+1 .

[F{N1-}1) 130.11G.110

110 DG 120 J=I1.N1

120 SUM=SUM+A{JI+ L I+115W ()

O"D‘ﬁoi")CWCJC}OF)!')C)QC)OOCJOC.‘OOOOC}OOﬁﬁﬁr‘\-f)ﬁ:“uDﬁr’-\ﬁﬁrwr“.hﬁr-'\ﬁr\ﬁf'\—'wﬁﬂr‘*ﬂ




NFW MASTER

130

140

150

160

170

180
19C

2007

210

220

230

240

=2
Ut
o

260

270

280

DO 220 I=1.M

IEBUPDTE LOG PAGE 0007

PII)=SUM

WTAW=WTAW+SUMBW (1)

P VECTOR AND SCALAR K NOW STOREDe. NEXT COMPUTE @ VECTOR
BO 150 I=NR,NL

QUII=PL I =WTARSWLT)

MOW FORM PAP MATRIX. RECUIRED PART

DO 160 J=NR.N1

Qd=0{J)

Wd=Wild)

D0 160 T=JeN1 :
ALT+10J+1)=A0TI+] ¢ J410=2 %W 1) %RQI+WI*O(T))

BETA(NR) =R
BETASOINR) =B%8
GAMMA(NR+1)=A{NR+1,NR+1)
R=A{NsN-1)

BETA(N-1)=8
BETASQ{N=1)=R%B

GAMMAINY =A(HLN)
BETASO{N)=0.

ADJOTIN AN IDENTIFY MATRIX TO BE POSTMULTIPLIED BY ROTATIONS.

DO 210 J=1eN
VEC{I,J)=C.
VEC(T.I)=1.

M=

SUM=Q.

NPAS=]

G0 TC 350

SUM=SUM+ SHIFT

COSA=1a
G=GAMMA{1)-SHIFT

PP=G
PPES=PP*PP+BETASQ(Y)
PP3R=SQRTF{PP3S)

B0 32C J=1¢M
COSAP=CMSA -
TEI{PPIES «NEs Oa) 250,240
SiNA=C.

SINAZ2=0.

COSA=1l.

-0 T 290
SINA=BFTALJY/PPBR
SINA2=BETASQ[J) /PPBS
COSA=PP/PPBR
POSTMULTIPLY IDENTITY BY P-TRANSPOSE MATRIX
MT=J+NPAS

IFINT «GEe N} 260,270

NT=N

DO 286G I=1.NT .
TEMP=COSASVECIL s+ JI+SINAXVEC({I+d+1)

VECTT «J4+1}==SINARXVEC{ 1« JIH+COSARVEC{T+J+1}
VEC{Te JI=TEMP
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290

300

310

320
330

390

400

410

420

430

MASTER ' 3 [FAUPDTE LOG PAGE 60w

NDIA=GAMRA(G+T)=SHIFT
U=sSTNAZE(G+NTA)
GaMMalJy=6+ll
G=0D1A-U
PRP=NTAXCOSA-STNARCOSAPERBETA(Y)
IFlJ «HEs M) 3106G,300
BETA(SYI=STINA%PP
BETASQUIY=SINAZ*PRxPP
GO TO 330
PPRPAS=PPEPP+3cTASO(J+1)
PPRR=SORTF(PPAS)
RETA(S)=SINA®PPER
RETASOLJ)»=SINAZ=PPRS
GAMMA(NM+L Y =G
TEST FOK CONVERGENCE OF LAST DIAGCNAL ELEMENT
NPAS=NPAS+]

IF{BETASQIM) -GTe RHOSOQ)Y 3T7C434C
ETGIM+1)=GAMMALM+L) +5UM
BETAIMI=0.
BETASQ{MY=0.

={-~1

IF{M +EQe 3V 400360

TF{BETASQIM)Y «LE« RHOSQ)Y 340,370
TAKE ROOT GF CORMER 2 BY 2 NEAREST TO LOWER DIAGONAL [N VALUE
AS ESTIMATE OF EIGENVALUE TO USE FOKR SHIFT
A2=GANMA(MEL)

R2=.5542
Rl=e5%GAMMA{M)
Rl12=R1+K2
DIF=R1-R?
TEMP= SORTF(DIF*DIF+BETASO(M))
R1=R12+TEMP
R2=F12-TEMP
DIF=ABSF({A2-R1)~AUSF{AZ-R2)
IFINDIF «LTe Oe) 39C+350
SHIFT=R2
GO TO 230
SHIFT=R1
GO 10 239
FIGIL)=GAYMALL) +SuUd

INTTIALIZE AUXILIRY TABLES REJUIRED FOR REARRANGING THE VECTERS
NO&1T J=1.N

Irasvidi=d
IVPOS(J)Y=J
I0RDU4Y=
USE A TRANSPOSITION SORT TO ORDER THE EIGENVALUES
M=N
GO TO 450
DO 440 J=1.M

IF (EIG(J)Y «GE» EIGLJ+1)} 440,430
TEMP=EIGIY)
EIGIJI=EIG(J+])

I Bl S Wit B B o B B B
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440
450

GhC
470

490

5006
510

620

EIGIJ+1)=TENP
[TEMP=INIkU(J)
10RD{J)=10RDIJ+1)

CIRED{JELY=ITEAP

Gl TINUF

MH=i4=1

IF{M «HEa ) 420,460
IF{N] «FQe Q) 510.470
DN SCO L=1.N1
HY=TAdrDLL)
ME=TROSVINY) )
TF(MP «EQs L} 500480

y LV=IVPOSIL)

IVPOSINPY =LV
1POSVILVY=RP

DO 490 [=1.M
TEME=VEC(T L)
VECTTIL)=VECIT NP}
VECTT.NPI=TEMP
CONTINUE

ESUiM=Co

FSSQ=C.

IEBUPDTE LOG PAGE

BACK TRAMSFARM THE VECTORS OF THE TRIPLE DIAGONAL MATRIX

DU 570 NRR=1.N

K=M1

K=K~1

IF{K oLF. C) 560,530
S5Ui4=Cs

N0 540 T=K,.N)

SUA=SUM+VECET 1 + KKRI®ALT+14K)

SUM=SUM+SUH

DO 550 I=K.N1
VEC{T+1.NRR)=VEC{I41NRRI=-SUMHA{T+1,K)
GO TO %20 ’

ESUM=FSUM+EIGI{MRR)

ESSQ=ESSO+FIGINRR )&k?
TEMP=ARSF{128.%TRACE)

ITF((ABSFITRACE~-ESUMI+TEMP)I-TEMPNE+Do) 58590

[HO=FND+1

TEMP=255.%FMNORM
TF{LABSF(FNIRM-ESSGI+TFMPI~TEMP o NESCe )
IND=IMD+2

CONTINUE

6GC+610

REVERSE ORDER OF EIGENVALUES AND EIGEMVECTORS

MHALF=N/2

DO 620 1=].WNHALF
TFHP=EIG(T) )
EIGIIY=EIG(NMN+1-1)
FEIGIN#1-1)=TEMP
DO 630 I=1.N

N0 630 J=1.NHALF
TEMP=VEC({IJ)

0G4

)

RS ae

-y

DO OO OAMN AT Ty T, Y N T T YT MMy ey S

e




NEW MASTRR .\

g Ne e le

630
640

993

VECIT ) =VECITN+1=J)
VECL{ T N¢1-Jd)=TEM
RETURN

FiD

SUBROUTIME CLINT (CeCL.T)
DIMENSTON C13e3)4CC(3,3)eT{3+43)4Z403)¢ZUNI(3)+AL3)eY(3)4YUNI(3), -
®AX(3)BY(3).C213) '

PDIMENSTUN XUNI(3)

THIS ROUTINE ACCEPTS A 13.3) COGKDINATE SYSTFRM, AND GENERATES A (2¢
TRANSFORMATIW MATRIX WHICH IS USED TO TRAMSFORM A {NNe3) COOUFDING
SYSTEM TRTN  THE /AT COMVENTION) HERE BL{1.2) LIES INMN THE Z AXIS!
AMO THE FIRST THESE ATAOMS LIE IN THgmi:l PLANE (Y=0).

ZE1) = Cl2«1) = Cl1l.e])}
Z12) = C(242) = Cl{1.,2)
203 = C1(243) = C{1e3)
IMAG = SQRT (Z{1)%%x2 + ZL2)%%2 4 [(3)%%2)
LUHTI{LY = Z2(1M/0HA6
ZUNTL2)Y = 2(2)/71MAG
D EUNTIC3Y = Z2{3)/IMAG
A{1) = C(3,1) = C(L,1)
A2y = CUE342) = Clla2)
A3 = C{3+3) - C(143)

CALL  VECPRDI{Y+Z.8)

YHAG = SORTIY{L)%x2 ¢ Y(2¥%%2 + Y{3)40:2)
YUNT{L1) = Y{L1)/YMAG
YUNT(2) = Y{(2)/YRAG

YUNT(3) Y{3}/YMAG
CALL VECPRD (XUNT,.YUNTSZUNI}
PO 993 TI=1.3

AXLTYY = Qo
BY{II) = 0.
CZEIIY = Ga
CONTINUE
AX{L)Y = 1.
BYlzZ2r = 1.
C7{3) = 1.

T{l1+1) = DOTPRD (XUNILAX)
T{le2) = DOTPRD {XUNILBY)
T(1+3) = DOTPROD(XUNTILCZ)

T(2+1) = DOTPRAD(YUNTLAX)

T(2+2) DOTPRD {YUNI.BY)
T{2.3) = DOTPRID (YUNT.CZ)
Ti3.1) = DOTPRD {ZUNI,AX)
T(3+2) = DATPRD (ZUMIBY)

T{3+3) = DOTPRD {ZUNHILCZ)

PRINT 10

pa % I=1.3

PRIMT 6. (Tlled}led=143)

CONTINUE

FORMAT {1XeFlOe542XsFlO0aB42X,F1Ca5)

FORMAT (/7 42X+ ZIHTRANSFORMATION MATRIXs//)

RETURN

[EBUPDTE LOG PAGE 001C
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nEhw MASTER . 4

' END

FUNCTIDN NDOTPRD {XW¥)
NDIMENSTON X[(3)+  YI3)
(=04

PN 1 T1=1+3

C=C + Xx{1)¥=Y{1I}

1 CONTINUE
paTterb = C

TIEBUPDTE LOG PAGF ©211

RETUEREN
FHO
SURFNIUTIHNE  #ULT{C«ToE o« NN
c  THIS POUTINE USES A (32.3) TPANSFORMATION MATRIX TG TRANSFORM A4
C {3.NN) ARPAY (THE TRANSPOSE OF THE(MN.3} ) TO A RESULTANT

" {3+NN) ARRAY. AND THEN TRANSPOSES THE (3NN}

BACK TP A (NN+3)e.

DIMEKSTON CU60031eT{3+3)4E16043).CL(346C)EE(3,460)

DIMENSION CCC{3+3)
PO 1 1=1.8M
NO 1J=1.3
TOCCUdel) = CUIW)
1 CONTINUF
DO 83 1=1.3
NO 83 J=1 NN
FELL J) Qe
no 83 K 1.3
82 FEE{I+d) = EE(TeJ) & TUIKIECCIKsJ)
NO 3 I=1.MN

2

DO 3 Jd=1.3
E{I.Jd) = FELJ1) |
3 CUNTINUR
RETURN
END
SUBROUTINE COUT(C.NN)
C THIS ROUTINE PRINTS A {NN,3) ARRAY

DIAENSION CloG3)
COMMON/ATOM/ANLGD)
DIMENSION EL(9?
INTEGER AN
DATA ((EL{T)+I=1,9)=4H HedH HE+4H LIs4H
LHH NedH OeteH F '
PRINT 1
1 FURAAT(Z2 IX ¢ 1HN, LOXe LHY» 10X IHZ W/ / /)
DO 8 1 =1+HN
INDL = AN{T)
8§ PRINT 9, [ GL{TNDLY)., {Cll+dde J=143)
9 FORMAT (3Xel&v3XeA%4:3Xe3F10+5)

RETURN
END
o SUBROUTIME DUTIR.NN)
C THIS ROUVTINE PRINTS AN (MN.NN) ARRAY.
DIMENSTON R(60.6C)
KITF = @

20 1.0a = KITE + 1

BE+4H Bys4H Ce

A T Y N MY VY MY L M S M I MY Y Y Y Y Y Y O T

Etn Tt Y e T T o e |
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NFW MASTER \ IEBUPLCTE

oo

ST O0

o0

19

32
18

40

299

10G?

1C0G

-\

KITE KITE + 12

KITE AMINO({KTITE,NN)

PRINT 19+(1¢I=L0u,KITE)

FORMAT (/7 ¢6Xe12019,1X)¢//77)

DO 32 1 =1.KN

PRINT 18+1+(R(14J)+d=LOWKITE)

FOKMAT {2X+16¢2X412F1Ce4)

IFINN-KITE) 40440420

RETURN

EMP

SUBROUTINE TMATIAWNT?

TO SOLVYE MATRIX EQ B = T%A FOR T GIVEN A AND R
DIMENSION A(3+31eB(3¢3)4C{3¢31sD13¢3)19T{3:3)1¢F(3:3)
DIMENSTION AL(2) BLIE2)CLUE2Y +DLIZIWELI2)2FLI2)}
NDATA ((AL{1)e[=142)=4HMATR.4HIX A)

DATA ((BL{I},I=142)=4HMATR+AHIX B)

DATA ((CL{I)sI=)42)24HINVEW4HRSE )

DATA ((DL{IY+sI=142)=4HCK T+4HNVER)

DATA ({ELUI)+I=142)=6HTRANs4HS MT)

DATA {{FL{I)eI=1223=4HCK T+4HRANS)

2 e o e dlele o e A e e e e K 6 e e o e e ko o et e s ek e e o

INPUT SFCTION

COMTINUE

CALL MOUTPT{A«3:342:3:¢AL)

CALL MOUTPT(HBe3e3,3,3.8L)

2 ol apg ool ok ok e sk e ol e 3e ok ke el e e e s e e R ok e ok

SOLUTION FOR T 18 T = B#A~INVERSE

FGRM INVERSE OF A

CALCULATE MATRIX NF COFACTNOFS OF A IN D

RUles1) = A(2423%A(3+3)~A(2+32%A(3.2)
D{1e2) = =LAL2s1)%A(343)-A{2+3)%4134+1))
D{l1s3) = ALZ2¢L)%A(3,2)=2{2+2)%A13,1)
PDIZ2+1) = =(AlLs2)%A{343)=A{1,3)%A[3,2))
N{Z2+2) = A{1213%A(3:33-A(143):%A(3,1)
DE2e3) = ~{A{1+1)2A{3:2)=-A{1,2V2A03,1))
0{3¢1) = A(le235002+3)1-8{143}%A(2,2)
Di3+s2) = ={A(1el}*xA(2:3)-L1143)1%A(2,1)1}
D{3+3) = A{L1le12=A{2:+2)=A01+22%A(2:1)

3 e A ol A B ok sl win ofe oG sleoje o R ok ofe e e ke gt s e e ok ik ek

CALCULATE DETERMINANT OF A AND QUTPUT

DET = A(L«12ED{1 1) +A{Le22%N(Le2)+A{1+30%011.3)
TFl ABSIDET)eLT«1e0FE=5) GO TO 5

GO TO 6

PRINT 1002, DETY

FORMAT(//+24H MATRIX SINGULARs DET = +D15e54//)
STOP

CONTINUFE

PRINT 1C00. DET

FORMATI//+TH DET = «N1S5e5,//)

e v oo ok e e e 3 e e e sl e ol e ol e T e sie afe e e e R e e sl e e dfeae

EFDRM ELFMENTS OF INVERSE

NO 1 I=1.3

LOG PAGE CGLZ

I
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NFW MASTER o 2 ~ 1EBUPDTE LOG PAGE €013

DO 1 J=1.3
1 C(Ie4dy = DUJWII/DET
CALL MOUTPTIC+343«3+3.CL1) _
C s e s e o o e ¢ e 2 o 2l ot ok ok e ot e 2 9 o ok e e ool o o s oo T koK
C CHECK IMNVERSE
DO 2 1=1.+3
oo 2 J=103
Di{le«dy = 0o
DO 2 K=1,3
2 DiTady = D{TLA+A{T L RIRC (K J)
CALL MGUTPTID343:3.3,DL)
C 0 e R AR S AOK g SRR R et R R A
C FORM TRANSFORMATION MATRIX
N0 3 I=1.3
DO 3 J=1.3
T(Il«Jd) = C
DO 3 K=1,3
o3 THLed) = T{TeJ»+BUIKIRCIKLJd)
o CALL "HOUTPT(T+3+3+3+3.EL)
G e B o e e 3 e e o o e = o 3K e o e o 3 s e e el ok s afe ol sl ok e
C CHECK TRANSFORMATION MATRIX
no & I=]o3
PO & J = 1.3
AR ETE] 0
DO 4 K=1.43 -
4 E{led) = FUIWJI+T{LKI®ALIKS )
CALL MOUTPT{E«343+3+3.FL)
13111 CONTINUE )

RETURN
SUBROUTINE MOUTPT(A, M NoMDIM NDIM,NAME)
C OUTPUT OF M X N MATRIX DIMENSTONED TO MDIM X NDIM

DIMENSTON MAME( 2)
DIMENSIOGN A(MDIMNDIM)
REAL NAME

~ . PRINT 10CCNAME

1000 FORMAT (/+3Xe2A44/7/7)

KITE = 0

20 LOW = RITE+l _ L
KITE = KITE+14 ) ~
KITE = MINCG(KITE.N} .

PRINT 19.{I+1=LOWKITE}
19 FCRMAT( // v4Xe14(6Xa12)47)
NO 32 I=1.4
32 PRINT 18¢T+(A{T4J)eJ=LOWKITE)
18 FORMATI(I4,2X414F10e4%)
IF{N-KITE) 40,40,20
40 RETURN
END
SUBRQUTINF UNZMAT(C+R«NN.AN, INTER)
THIS RDUTINE ACCEPTS A COORDINATE SYSTEM, AND AN INTERATOMIC
DISTANCE MATRLX. AND GENERATES BOND ANGLES AND DIHEDPAL ANGLESa

o0
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c IT THEN GENERATES AND TESTS INPUT TO ZMAT.

COMMON/ITIT/LTEST

COMMON/BONDS/NNCIMI40440)s NCIM

COMMON/J TM/TJIM

CGMMON/ INFO/QRS

COMMON/JGIIZBONDBL

INTEGER AN : .

DIMENSION EL (9}

DIMENSIGN RU6G.60)RRI4C,40)

DIMENSION LULI{40)

DIMENSION QRS{6043)

DATACLELII)41=240)=4H  HedH
¥4H  NedH  Ou4H  F)

INTEGER Z

DIMENSION T(40.4C,40)

DIMENSINN INTER(60)

DIMENSION AM{40)Z(6044)«BLI4D) 4 ALPHA(40) 4BETAL40)
'DIMENSION Cl6G+3)4KAL60+60),
* A{3,3)

DATA{HOUS=4HHAUS)

LTEST=0

TNy DO OO0

HE 4H _LTe4H BEsSH  By4H  C, -

() MY Oy My T )

)

DO 8180
nO 8180

DO 8180

RR(TI+J)

I=1eNN

J=1 NN
K=1,NN
= 0,

T{IedsK)
214
Z(143)
Z{1.2)
Z(1.1)
ALPHALT)
BETA(I) = O

B BL(I) = 0.

818G CONTINUE

C CALCULATE 80
DO 7777 JJ
DO 7777 KK
DO 7777 LL =
IF(JS «EQ.LL
IF{JJ «FQe K
IFILL +EDe K
CIF(JJ WLTe L
IF(JJ LT K

0

o on
toocoou

. O

IFCINCIMeEQeal) s ANDa INNCIMIJJoKK) eEQal) e ANDe (NNCIM{KKsLL}«EQe121GD

*70 1C01
TFOIR{JJ KK)
*1001
” GO 10 7777
100) CONTINUE
CT = Ce0
Do 1130 I =
1130 €T = CT~(CIL

ND ANGLES

1o NN

1+ NN

1+NN

Y GG TO 7777
K) GO 10 7777
Ky GO TO 7777
LY GO 1O 7777
Ky GO TO 7777

eLTe BONDBL) «ANDe (R{KKsLL) oL Ta

1.3

BONDBLY)

Lel) = CUKKSI)) % (CIKKST) = ClJIo1))

GO TO

OO M OO OO D™ O MOS0 YD Y e

N NN




ME W

12C0
12¢2
1201

8
7777

MASTER ' "

CT = CT/UR{JIWKKI=R{KK L1}
XXXX = (1.0 = CT%CT)

TF{XXXX «LVe 0=-0) GO TO 12CO0
GO TO 1201

PFINT 1207

FORMAT (/¢ 3X11LHAXXX IS NEG./)

CONT INUF
ST = SORT { ABS{le0 = CT*CT) )
TUJJeKKoLL) =(1804/3:161592654) % ATANZ{ST.CT)

PRINT Be JIsRKKe LLeTIJJeKKsLL Yo RIJIZKK) o (KKJLL)
FORMAT (/73X EHAMNGLE L v 12 e lHe o1 2¢1lHawl242HI=2Fl0a5+20X02F1C5)
COMTINUR

CuuuxxCALCULATE DIHYDRAL ANGLES

oD

DD 1949 JJ= 1.KNN

N0 1949 KK= T1.MNN

DO 1949 LL = 1.hN

IF{ T{JJ+KK+LL) «EQe C} GO TO 1949
N0 1548 HMM= L MNN

T IFRGJde LT« MMY GO TO 1948

13

1240

1230

1205
1206

1250 A(2:D)=(~(CIKKy I)=ClIde 1MV /RIJISKKI+CCHICILLYII=~CUKK 1) I/RIKKsLL))
¥/ SORT{ ABS{1.0 —~CC*CC) )

1260

IF{(JIaEQelL)aOURe{JJsEQeKKIeORe{LLeEQsKK) e DR« {LLoEQaMMIIGD TO

*¥1948

IFCIMMeEDOKK) o0Re (MM FQ.JJY) GO TD 1948
IFUINCIMeED=1)a AND (NNCIM(LL+MMYEQWa1)) GO TO 13
IF{RI{LL+MM) +LTe RONDBL) GO TO 13
GO TO 14
CONTINUE :
AT THIS POINT JJ+sKKsLLeMM ARE SEQUENTIALLY BONDED ATOYS. WHERE JJ
IS GREATER THAN MM
CC=040
D0 1240 1 = 1,3 ,
CC = CCHICIRKs T I=ClUJeINIR(CILLsI)-C(KKsID)
CC = CC/Z{R{JIKKIFRIKKSLLY)
PO 1230 I = 1.3
f\(l!l)z‘ClLLoI)"C(KKQI)}fR(KKtLL)
PO 1250 I = 143
YYYY = {10 = CC*CC)
IF {(YYYY LTe Qa0) GO TQ 1265
GO TO 12C6
PRINT 1207
CONTINUF

A{341)1=A01:2154802¢3)-A{13)%A(2+2)
A(3e2)=A12.13%A(L+30~Al141)%A02,3)
Al3e3)=A{1,1=A(2,2}-A{2,1)0%A(1,.2}
IN=0.0
Y0=0.0

DO 1260 I=143 | ,
20=20+A(3, 1) *(CIMM. TI=CI{KK, 1))

YO=YD+A{ 2 LiH{CIMMe II=-C(KKWs1))
LT = ¥0
ST = 70

IEBUPDTE LOG PAGE 0€1°%
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TAU={ 18Ce/3.141592654)

IF{JJ CEQ. 4) HET[—\"? = TAU

TF(M4M «50s 5 PRINT 2712
2712 FORMAT(OLX,6HAY = 5)

[EBUPLTE LCG PAGE OC1¢6

# ATANZIST.CT)

PRINT 9o JIeUNEKoLLeMMa TAJ oK (I oK) o REKKLL ) yRILL oMM
g FORMAT [/Z1CAAHTAUl 2 I2¢lHe s 720 1Ho o1 2elHeal2+42HI = FlCa5+2CX+3F10-5

=}
. GEMNFRATE 7MAT
IF(20dJeldeME T) GO TQ 1949
Zidd41) = KK
DLEJY) = RUJJdKKI
70442y = LL
ALPHATJJY = TlJJKKeLL)

[FLINTER{JD) «FQ. HOUSY GG TO 6238

ALAA=(C .
DO 6139 LO=1.NN

IF{LDFOeRK) «OR{LOEDJI)Y GO TO 6139

TF{LD -EQe LLY GG TO 61729
S IFCTIAEL KK LOY oMEaQe) G0 TO 6138

GO0 TO 6139

6138 2{444.3) = L0
BETA(IDY = TLIJ.KK.LD)
Ziddea) = 1
AAAN =1,

6139 CONTINUF
[FIALAAEQ.Ce} GO TO 6238
GO TQ 1949

6238 BETALJJY = TAU

ZUJJde3)Y = M"Y
ZliJJety = 0
14 CONTINUE
1548 CONTINUF
1949 CONTINUE
C IMAT FOR ATOM 2
BL(Z2Y = Ril.,2)

el

ZMAT FOR ATOM 3
IF{Z(3+,1) +NEse C) GO TO 7612
DO 1297 1I=1.2

TF{INCT e Qe ) ANDG{NNCTM{3 4 [1eFQal))

TFIR{3+1) LT+ BONDBL)Y Z{3+41) = I
1297 CUONTINUEZ

KA =2{3:+1)

BL{3) = R{3.KA)

NG 1296 I=1.2

KA =Z(3,1) _

TFLT{3.KA «1l) «NEa 01 Z({3.2) =
1296 CONTINUE

KA =2(3:1}

KB = 2(3.2)

ALPHAL3) = TI3+.KA,KRB)

7612 CONTIRYUFE

::‘[. ~
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Lo e e I ]

12495

1649

1207

1228

7613

N IEBUPDTE LGG PAGE 0317
IMAT FOR ATOM 4 :

TF{Z04,1) MFs D) GQ TO 7613

N0 1296 I=1,3

TFLANCTHe¥3ul) s ALDe (NHCIMIA 1) oBQW1))  Z(441) = |

TFIRP{4 1) «LTe BONDBL) Z(4.1) = 1
CONTINUE
KC = 2{4.1)
RL{4Yy = R{4,KL)
NEMN = (
[K=0
CONTINUE
012494 I=1.3
KC = 2(4,])
[IFE{NMNGEDQeZ) «ANDC{T{4.KC + 1) eNEDIIGO TO 1336
IFLUNMNFQel) ANDS{T{4.KC « [V eNECYIGO TO 1337
GO 70 1294
1J4=1I
MMN = NYN+1
GO TN 139C9
IK = 1
CONTINUE

IFEIK o506 Na)  ATDM & FORMS OMLY ONE BONMD ANMGLE AND THEREFORE MdC

BE DESIGNATEDR bBY A DIHEDRAL
IFIIK «RQe O GO TO 1207
G TN 12C8 :

I{4,2) = 1J

KC = Z{4.1)

KD = Z{4,2}

A PHA{A)Y = T{4.KCWKD)
I(443) = (&6~ {KC+KDY)

KE = 7(4,3)

{444y = 0
BETA(4) = BETASL
GO TOQ 7413
I{4e2) = IK
I{4+3) = 1J
Zi‘l-v‘*) =1

KC = Z{4&,.1)
KR = Z214,2) .
ALPHAL4S) = Ti{4.KC.KD)
KE = £Z{443)
BFETA{LY = T{4.KC.KED
CUHTINUE
CHECK T0O SEE IF ATOM 5 1S DESIGNATED PROPERLY. IF IT IS POSSIBLE
TO DESIGNATE S5 8Y A DIHYDRAL. THE IMAT FOR ATOM 5 IS WRITTEN
PEOPRRLY {F MNOT, MO ZMAT 1S WRIITEN FOR 5« UNIMAT MUST WRITE
IT NOWa ’
IFIZ2{5.1) +NEe D) GO TO 9190
DO 918C T=1.NM
IFUINCIMeEOa L) e ANDS (NNCIMIS,.1).EQ.1}) GO TO 9181
TFIRIB.I) LT« BUNDBLY GO TO 9181
GO T 9180

e T Y
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[8Y ~

9181 7(5.1) = 1

BLIS) = R(5¢1) 3
GO TD 9185 | (

918C CONTINUE

9185 CONTINUE v

LARS = O

N0 9182 1=1,NN _ : w

Jd=2(5.1)
IFI{T(S5,dde1) oNEe Q) «AMD. LQKS «EQ40Q)) GD TO 9183
[IFCIT(Seddel) aiiEe G o&AND. (LORS «ME.Q)) GO TO 9184«
GO TO 9182

9183 KK=1

LORS = LDRS.+ 1 ' | ¢

GO TD 9186
9184 LL=I
GO T 921487
9186 CONTINUE
9182 CONTINUE
9187 CONTINUFE
ALPHA(S) = T{5.J4d.LL)

Z(5.2) = LL _ _ | :

BETAIS) = T15.JJ.KK)
215.3)
TL{5%e4)
9190 CONTINUE !
" THIS CODE TESTS IF AN ATOM IS DESIGMATED BY A OIHYDRALs AND !
DETERMINES IF DESIGNATICN BY MIRE THAN ONE DIHYODRAL IS POSSIBLE.
IF THE LATTER CASE IS TRUE. AND THE POSSIBLE DIHYDRALS IN QUESTIUN
ARE TAUCJ«KsLsM)sy THE DIHYDRAL WITH THE LARGER VALUE OF K
IS EMPLOYED. THIS FREQUERTLY IS OF VALUE IN GEARING RINGS.
DO 8322 J=54+ilN
IF{ZiJd«4) +NE. O0) GD TO 7015
LWIN = 0 .
NO 7010 K=1.M4
NGO 7C16 L=1.NN
IFIT{Jd4KaL) 20e D) GO TO 70216
DO 7C1L8 M=1.NN
IF{J +LTe M) GO TO 7018
IF{{JeLToKIeNR{JLTL)) GO TO 7C18
IF{(J oF e Ll -Ut‘-\u ‘JcEQwK) -DR- lLtEQoK)oURO(LtEGO"“) GD Tj 7018
TF{ (M EQaK)« DR {MeEDLJIY GU TOH TOLlA
TF{INCIMoEDeY1) o ANNa (NNMCIM{L M) eNES1)) GO TQ 7C18
IF(CREL MY oGTe BONDALYY GO TO 7218
TFILWIN «GTe 0 GO TO 7012
GO TQ 70499
7012 PRINT 7013. J
7013 FORMAT [///7¢3%X4HATOMe2X+1643Xs51HCAN BE DESIGNATED BY MDRE THAN
*INE DIHYDRAL ANGLE) S
CALL TAUFIX{BLsALPHAWBETAsJeKebL eMyTeRyZeC)
T099 CONTINUE
LWIN = LWIN +1
7018 CONTINUE

1
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7016 CONTINUE
7010 CONTINUE
7015 GONTINUE
8322 CONTINUE
C WRITE DUT COMPLETED ZHAT
PRINT 1997
1997 FORMATI(///7)

C PRINT 1998
1998 FORMAT (1X84HZ MATRIX.//«42H MO AN {1y aL (2} ALPHA (3)
% «10HBETA [4))
DO Q0C 4 = 1NN
INDY = AN(J)
G PRINT 1399 UJyANT Y s Z{Je1)oBLIJY v 2{Jv2) s ALPHAL{J) +Z(J.3).BETALJ),
c #Z(Jets))

900 CONTINUF _
1999 FORMAT (21314 FT7e4s2{14,Flle6)o]4)
DATA(HDUS=4HHOUS)
_ Dij 7196 IME = 4.NN
1325 FORMAT (1Xe2HHI)
IF({ZUIMEV4) EDe 0) «0Re (Z{IME.4) 4EQ. 2))Y GO TO 7196
CALL Z&4FIX{Co7«IME) :
7196 CONTINUE
CALL ZTFST (ReRR AN, Z+BLALPHALBETA (NN)
IF(LTEST +E0. 1) GO TO 1934
NMNJ = 1
D0 1979 1=1.MN
IFL2(1.4) NE, 0} GO TD 1578
GO TA 1979
1978 LUUNMMNGY = 1
NMNJ = NMNJ+1
1979 CONTINUF
©ONMNJ =NMNJ-1
NO 4224 J=1.NMNJ
1=LUU(J)
42724 20il.6) = 1
CALL ZTEST{RWRReANsZ¢BL ALPHAZBETALNN)
IF{LTEST -FQ.l) GO TO 1944
IADK = 0O
LOST = NMNJ + 1
DO 7007 JrK=1.,L0OST
LJKK = JKK-1
IFLIACK «FD. 0O} GO TO 7¢O8
LKK = LUU (LJKK)
ZILKK &) = Z(LKKoe&)%{—1}
7008 CONTINUE
NO 7000 I=1.N¥NJ
DO 7001 J=1.NHNJ
IFlJ.EQ.1) GO TO 7002
KM1=K
?_(KMI.Q‘-'&) '_-E(KM].!{#]*(“].}
T002 K=LUuUtJ)
LIRs4) = Z{K 41 %(=1)




1064

7005
70C1

Tece

7209

70C7

aNalal

- m-
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CALL ITESTIR AR ANCZaBLLALPHALBETALNND
IFILTEST «EN«1) GO T 1584 ‘

DO 7664 TK=1ikMNJ

[T=LHU0TIK) .
ZATLet) = 7{I1svb)%(=1}) : .
CONTINUE '

CAaLL 7ZTESTUR«RReANGZBL ALPHAWBETAWNN)

IFILTEST «FEJs13 GO TO 1984

DN 7CCH TL=1.HMNJ

TI=LUUCiL)

L{TTet) = 2(1l412(~1)

CONT ITMNUE

CONTINUE

R=LUulTl)

I{Ket) = Z{Ks&4)*{~1)

TFLTACK oEQ. Q) G TO 7CCY

7{LEKs8) = ZILKK+&)%(=1)

CONTINULE '

IAJK = TACK + 1

CONTIMNUE

RETUEN

SUAROUTING 724FTX (CeZ.1MD)

THIS ROUTINE THANKS TO CLINT COCK PROPEFLY SETS Z(I.4) IN THE
ZRAT wHICH 1S5 GENERATFD 8BY UMNZMAT. ITFTHE ATCYM I IS

SPECIFIED BY TWU BOND ANGLES. .
INTEGEFR Z :
DIMENSION Cl60+3), 2{60,4)s QLI33402(33,03(3)sMY(43,

UG U3 e A0I3) 3 QLLI3) QL2013 ,0L3{34DIMI(3),DIM2(3)

10

MYC1l)=2({14E,2}

MY {2y=2(THFE,1)
MY(3)=2(1IMEL3)

MY {4)y=TME

FORYMAT {2HB0D)

DN 14 T=1e3
IFIIEQa1Y GO TN S5
GO TO &

CONTIMNUF

MOS=RY([2)

MOR=MY (1)

COoMRTINUF
IF{leFENa2) GO TO 7
GN TO 8

CONTIMUE

MOsS=MY(3)

MRER=MY (2)

CONTIMNUER
IF{I.ERQ.3) GO TO 9
GO T0O 10

CONTINUE

MAS=MY ([ 4)
MOR=MY(2)

CONTTHNUE

2"
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11

14

25

1ne

DO 11 J=1.3

B A

[EBUPDTE LOG PAGE 0021

QCLI=CTIHMOS  NI-C(MOReJ}

CCHTINUE

IF{TeFOel) CALL UNIVETIGLLILQC)
IFIT«EQa2) CALL UNIVEC{ULZ2.,0C)
IF{I+FQe3) CALL UNIVECIOL3,QC)

CONTINUE

CALL VECPRDIDIM1.0L1.0L2)
CALL SCLPRDA(DIMZ«DIMLQL3)

ALPA=Ca
na £5 K=1.3

ALPA=NIYM2{K)+ALPA

CONTINUE

IF{ALPAGT«0.0) GO TO 10D

GD TO 101
CONTINUF
Z{IME«G) = 1
GO TO 103

10) CONTIMUE

103

(R 3

99

2

TUIME 4y ==~]
CONTINUE
RETURN

END

SUSRAOUTINE SCLPRD{VP.X.Y)
*VP IS THE VFCTOR PRODUCT OF X DGT Y.
DIMENSION VPI3).X(3).Y(3)

DO 1 1=1.3
VPIT) = X(I)
CONTINUE
RETURM

END

* ¥Y(L)

SURROUTINE REF(ENN)
DIMENSTION E(6C3)e Alle3)se RUO60.60)
FCRHEAT (//7«1Xs 4CHCARTESIAM CONRDINATES SUBJECTED 7O CLINT.//)

D0 1 I=1.3
All.])
CONT INUE

DO 2 I=1.0N
nno2 J=1.3

it

E{ToJd) = El1.

CONTINUF

ElY.D)

Jy - All.d)

100 FORMAT (//.1Xs HGO6HCATESIAN CODRUINATES SUBJECTED TO CLINT AND REFE
*RRED TO THE URIGIN.//)

RETURN
END

SUBRCUTINE CFIX{C,APHWBET«GAMNN)
COMMON/TRANZS A{3e3)
CDIMENSTON C(60.3)

AAPH = APH =
ABET = BET =*
AGAM = GAM =
ACON = Q0. =

3.141592654/180.
3.141592654/180.
34141592654 /18GC
3.4141592654/18C

Y
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T

Il 2o N T o Tk T T T T B o U

Al ol s




MEW MASTER I

SINA = SIN(AAPH —~ ACCN)
CNSA = COS(AAPH = ACON)
SIMI3 = SINUAYET - ACON)
COS3 = COS{AAFT - ACG)
SING = SIN [AGAY - ACON)
COsShG = COSTAGAM - ALON)

IFUTAPH «EQs 90e) «2&NDs {GAM EQ. 9C.)) GO TO 55

GO TO &6
5% CONTINUF
PRINT 63
98 FORMAT {/7/7+1X«24HTHE SYSTEM [S MONDCLIWNIC//)
GO T0 56
66 CONTINUE
IF({ APH «EDe 906} +ANDe [BET 2EQe 90s) «ANDe
#*T0D 61
GO Ta 62
61 CONTINUE
PRINT 59 _
<95 FORMAT (/71 Xe23HTHE SYSTEM 1S HEXAGONAL.//)
GD TO 67
62 CONTINUE
IFT(APH «MNEs« HBET) ANDs (BET oNEe GAM) «ANDe
®¥81
GO TO 82
81 CONTINUE
PRINT 1090
100 FORMAT (//e2Xe23HTHE SYSTEM 15 TRICLIMIC,//)
GO TO 83
872  CiOWTINUE

TF({APH «FQe¢ BFT) «ANDe (APH <EQs GAM)) GO TO 91 | |

GO TO 92
91 CONTINUE
IFT{APH «LTs 12P.3) GO TH 93
GO TO 34
93  (ONTINUE
PRINT 101 ‘
101 FORMAT (//+2Xe22HTHE SYSTEM IS TRIGONAL.//)
GO TOQ 95 :
94 CONTIRUE
97 CONTINUE
PRINT 102

102 FORMAT (/741X TTHTHE SYSTEM IS NOT ORTHORHOMBIC, MINOCLINIC. HEXAZ

*ONALe TRICLINIC DR TRIGUNALa+//)

GO 10 TN

56 COUONTINUE
N = LOSB
Atlel) = COSB/D
All+2) = Co
Alled) = Ca
A{Zel) = (0o
Al2:21 = 1o
Al2:3) = 0.

ERUPDTE LAG PAGE 0025

(GAM JEQs 12Ced) G

[GAMJNES APHYY GO T3
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C

M

67

R3

95

T0

1

ASTHM . [ERUPDTE LOG PAGE on27
Al3.1) = STMu/D
Al242) = Lo
AU3.3) = 1.0/D
GO 70 70
CONTINUR
D = COS6
All.1) = CUSG/D
Alle2) = 0o
Alle3) = 0.
A2 = SING/Y
ALZ+2) = 15/0
AlZ243) = 0w
A{3.1) = Q.
A(3:2) = (e
A{3+3) = 1o
GO T 7Y
CONTINUR
GO ¥0Q 7
COMTINUE
GO TO 7o
CONTINUF
RETUMN
£

SUdKOUTIHE

Dic:T(CvA.H‘qu

THLIS ROUTINE ACCEPTS A SET OF CARTESIAN CODRDINATES AND GENERATES
THE INTERATOMIC DISTANCE MATRIX
DIMONSION Cl{60:3) . R{AKC,60)
DO I=140HN
D0 1 Jd=1aiN
BlTed) = SORTH(CLIL)=ClJdeld 2 + {C(142)=ClJde2))%i2
F(CITe3)= ClUeB)hn2) '
CONTINUF
RFTURN
=MD
SUBKROUTIME REED{AMAT +IROKS + TRANS)
DIMERNSTION THAIS{Z243) 4 AMATLOG e 3)
DIMENSTION CORPYI6C.3)
DO 1 1=1+TROWS
PNl J=1.3
COPY{T . )=ARAT(I +J2
L=03
D0 30 1=1.3
[E (COPY{Is1))
L=L+1
IF ([+L=-TIR0OWS)Y 5,530
IF (COPYIT+L.1)) 64446
CONTINUE
DO TiI=1+3
M=
HOLD=COPY( 1144}
CCPYLIT M)=COPYLIT+EL, M)
COPYLTT+L M) HOLD

Be+b+8
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OO0

40
50

60

2212

2214
2213

99

L =20

CONTINUF

DO 3 J=1.,3

CGPY{ Tl d=CaPY{l.J)/COPY({I.I)

A0 9 K=1,TEuS

IF {K+I=-TED#SY 10412430

CONTINMUE :

DO 9 J=1,3 o
CCRY(T+KoJ3=CUPY(I+Ked) ~ COPY(I+K+T)¥COPY(I4J)

CONTIHUE

DO 4C I=1.IRDS

PFINT S50 (COPY{T+d)Yed=1+3)

FORMAT(3FZ20.10)

NGO 60 I=1.,3

DO &€ J=143

TRANSL{ I« J)=COPY(1+4)

RETURN

END ,

SURROUTINE ZTEST(R+RR+AN+Z+8L+ALPHALBETALNN)

THIS ROUTINE ACCEPTS AS INPUT THF IMAT GENERATED BY UNZIMAT. AND
USES SUBROUTINE ZMAT TO GENFRATE THF INTERATOMIC DISTANCE MATRI %
ZTEST THEN COMPARES THIS INTERATOMIC DISTALMCE MATRIZ TO THAT

GENERATED FEDHA THF CARTESIAN COORDINATES ACCEPTED AS INPUT 7O XT: L

IF THE ZHMAT WIRKS, ZTEST SAYS SO. AND ALSO SETS LTEST = 1 S1 THAT

UPDOM RETURN TO UNZMAT THE MACHIME EXITS TO ATAL.

INTEGER Z

COMMONZ/TITII/ZLTEST

COMNON/ZJIM/TITN

COMMON/TNFO/DRS

DIMENSIUN QRS{6C43)

DIMENSION RERR{4C.40)

DIMENSION R{&0,60) +RRU4GCe40)+AN{4C) +Z{60,4) +BLI4CY,ALPHAT4L),
*HETA{40)

1418 = 0O

CALL ZMAT(ANZ+BLALPHABETAZNNRR)

DO 2212 T1=1.NN

DO 2212 J=1.NN

RERR{T+J) = R({led) = RRI[I.J)

00 2213 TI=1.MNN

DO 2213 J=1.MN

IFLARS(RRRR{Iyd)) «GT. +0001) GO TO 2214

GO TO 2213

GO TO 9999

CONT IRUE

TJIM = TJIM + 1

CALL ZMAT{AM+ZvBL+ALPHA+BFTA+NN+RR)

PRINT 99

FORMAT (///+3X2CHTHE ABOVE ZMAT WORKS,///)

LTEST = 1

DO 6969 T=1.NN '

PUNCH 1CC3s ANUIDNoZ{Te1)sBLITYeZ(Ta2)+ALPHA(T)«2(13).BETA(I),
27{1e4) '

i em e — o
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NFW MASTIR N IEBUPDTE LOG PAGE 0C2%
1063 FORNMAT (I134140FTs40184F1lebelbsFllanals)
6969 CONTINUE
9939 PFTURN
END
SURPAUYTINE ZMATUANGZ4BL e ALPHAGBETALNHGR)
C #CINPUT W OUTPUT S TAPES=TNPUT, TAPES=0UTPUT 4 PUNCIH)
C THIS PRNGRAM ACCFPTS A DEFINITION OF A MOLECULE IN TERMS DF
c ATOMIC MUMBERS,. HOND LEMGTHS. BOND ANGLES AnD DIHEORAL ANGLES
C AND CALCULATES THE CARTESIAN COGRDINATES IN ANGSTROMS
. ADAPTED FRUM MAKK GORDOMS MELD SYSTEM BY D L BEVERILGE
C CODEL IM CDC SCNPF 3.1 LEVEL FORTRAN FOR THT CIMS CDC 6606

C

9499

DIMENSTUON Z{6Cea)BLIAGYJALPHALAC) ZHETA(LD)

DIMENSINON V1(31:V2{3)«V3{3)VJ(32VPI3),.L1(3),L2(3),L3(3),L4(3),
3 .r'\(BC‘)cB(BC)uD[BC"

TYPE RFAL Ll1+L2.L3+L 4%

CUMMONZJIM/TIEM

DIMENSTIGNC {6G,3)

DIYMENSINN BTo{6CYALDBLIOC).BLBIGC)

DIMENSION AN{4L) :

CNMMON/ZINFO/C

TYPE INTEGER AN+CHARGE, Z.PUNCH

DIMENSION RU45.40)

CCAHON/TDENT/IDENT(LO)

COMMON/ELORB/EL (104 2 OREB(4. 7))

TYPF INTEGRER ORB

DATACIEL(TY o« 121436 )=4H He4H HEJW4H LIs4H BEL4H Be4H Co
16H Neo&H De4H FedH NEs4H NAWAH MGo4H ALs4H ST 44H P
24H Se6H CLe+&H AR ¢ 4H KebH ChoyeH SCO"’*H TI.L.H VeiH CRn
34H MMNe4rH FE.4H  COl4H  NIsa4H CUesH  ZNsb4bH  GAW4H  GEL4H  AS,
46H SEe4iHd  AR.4H KR) _
DATACIEL(T)+I=37+71)=4H RB+&H SRe4aH YeaH ZRs4H NBR4H MO,
14H TLs4H RVe4H RHeaH PDy4H  AGe4H CDoed4H INs4H SNe&H SB,
26H  TE.4H Ie4H XEo&4H CSe4H BAs4H  LAL4H CEe4H  PRL&HT N,
34H  Plis4H  SMydH EUW4H  GDeb&H  TBe4H DYe&dH HOW&H  ERWGH TM,
H4H  YB.4H LU

DATAULEL(TI)1=272,102)=4H HF.+4H TA.4H4 We4H REL4H 0OSv+4H TR,
144 PT+4H AU 4H HGe4H TL +4H PReeH Bl,aH PG+4H AT+4H BN
24H  FRo.4¢H RAW&H ACe4H THe4H PAL4H UedH NPo4H PULH  AM,
34H  CHedH BKedaH CFe4H ESs4H FMe4H MDs4H  NO)
SINFIXi1=SIN{X)

CNSF{X¥=COS5{X)

ABSFIX¥=ARSTX)

SIGNFI X, YI=SIGRIX.Y)

SORTF(X)y = SQRT(X)

ATANFIX)=ATAN(X) , .

e e e A %R e 52 o Ak v A e e e ok e e Ak At e e e A el sk & e me g 3 ook

INPUT AND OUTPUT OF INPUT

PUNCH = BHPUNCH

M=NN

MATNMS =NN

CONTINUR

READ LOD0.LIDENTLI)eI=1+10)




i

| | L - ’
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G TFLEOF.5) 142
¢ 1 5TOP _
2 CONTINUFR .
. PRINT %93
998 FORMAT{1H1)
(. PRINT 2605
2006 FORMAT(/414H INPUT DATAcees/)
c PRINT 1000, (IDENT(I) I=1,10)
1060 FGRMAT(10AR)
¢ IFCIDENT(10) «EQ.PUNCHI3 4
C 3 PRIRT 2008
2008 FORMAT(/4,16H PUNCH OPTICN GNy/)
c PUNCH 1C0C . (IDENT{I)41=1410C)
4 CONTINUE
c READ 1CGLls NATOMS.CHARGE (MULTIP
1001 FORGATI312) ‘
C PRIMTLI0% 2, MATOMS.CHARGE JMULTIP %
1002 FORMAT(//0o10H NATOMS = +14+2Xs10H CHARGE = +1442Xe1CH RULTIP = ,I4-
L %elad/ /) '
C IF(IDENT(10)4EQ05HPUNCH) 546
€ 5 PUNCH 8+NATOMS.CHARGEHULTIP
B FORMAT(314)
6 CONTINUFR

G PRINT 1004
1004 FORMATU//+9H L HATRIXW//)

C e o 7t e ge sl Zralt B R s ofe A e vk e 2 s el ol ol e ot dlene e e AR
¢ CALCULATION OF COORDINATES
DN 696G I=1.+M '
C READ 1003, ANTIY o Z{1alioBLETIYZ(Le2) ALPHALL Y 420 143)BETACL),
c 17114)

1003 FORMAT(I 39 144FT7ebsl&eFllebeldefFlleab [44F1045) )
L6969 PRINT 1003, ANCIYeZ(To1)oBLUIY»Z{T42)oALPHALL) +2Z{T1431+BETALL}
C 172{T o4}

6969 COGNTINUR

DO 232 I=1:M

BTBIT) = BETA(I)
ALB{I) = ALPHA(I)
sLB{I) = BLIT}

232 CONTINUS
DO 562 J=1.H

502 ALPHA(J) = ALPHALJI*3,141592654/18G.
PR 563 J=leM

503 AETA(J) = BETALJI*3.141592654/180
PO 504 J= 1,3 '

504 C{led)=e0
Cl241)=C40
C12,2)=040
C{2+31=BL(2)
CU3.1)=BL{3)%SINF(ALPHA(3))
C(3423=0.0 | '
i e s e v o s ate e e 3l e oo 0 70 o e ok ok b o e s Ao o e e e v e ek
THE FNLLOWING IS AN ADDITION Tu COGRD FINDEP PROGRAM TN BE USED

OO0
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e N

a0 -

509
510

511

512
513

600

514

515

F1

[F THE MOLECULE UNDER COUOHSINERATION HAS ONLY ONE HEAVY ATOM OF FOOW
A MOLECULE SUCH AS NEGPENTANE TH WHICH THE CENTEAL ATOM HLS NG
HYLPCGREMS BOSHED TO IT

IF{Z(3+1)aFe1) B25.500

CU3e3Y = BLIDIFCOSFLALPHACS))

GO 10 507

Cl3v3) = CU2+3)=-BLE3YCOSFIALPHALS M)

[=3

TF{ABSFIC(3:10) L. TeeCOCTL) 550,510

N0 509 T = 4,000 _

IFLIeLEoMe ANDeARSFIC({I~-141)) el TeeCCOC1) 508,510

Cil+1) BLITYAESIMECALPHACLI M

Cil.2) Gall

ITEMP = Z{TI.1)

JTEMP Z(T«2)
OCIT1e3) = CUITEDP3)-BLITVYRCOSFIALPHALTI Y} *STIGHF(La«CIITEMP3)-C{JTF
1"’1pv3)}

CRNTINUE

CORNTINUE

IF(I.EQ«3) 5114512

K=4

GO TO 513

n=1

COMTIMUF

IFIRGTaM) 601,600

CONTINUE

DO 533 J = KaM

IF{720Je%)eEN0D) B5l44517

oAt AR R e e e At e e b s okiop ke sl A A e el ok

THIS PAQT IS USFD I[F THF ATOM IS BEING DSFINED BY A DIHEDRAL ANMGLF
CALL FFLVECIV]YZ(J.21+20J30 ) '
CALL UNIVEGILL.VI1)

V1 IS A VECTOR FROM ATOM Z(J.3) TO ATOM Z{J.2)

LT IS A UNIT VECTOR OF V1. BLIZ(J.2)) 12 BONDLENGTH OF ATOM Z{J.2
CALL RELVECIV2.Z20Js13472(0J420

CALL UNTIVEC({LZ.V2)

VZ IS5 THE VFITOR FROM ATOM Z(J.2) TO ATO& Z{(J,.1)

.2 IS THE UNIT VECTOR 0OF V2. BLUZ(J+1) 1S BORNDLENGTH DEFINING
ATOMN 20410 . ‘
ChtL VECPRNDIVP<LL.L2) ~

N 51% 1 =.1¢3

L30CT)Y = VPl /SORTFIL«—(LL 01220 +L 1L 20 %L 2{2)+L1(3)%L2(3) ) %% 2)
L3 IS THE UNIT VECTOR UF VPJALPHA(Z{J41))IS THE ANGLF DEFINING
ATOM Z(Jd.1)

Call VECPERDIL4.1.3.0L2)

La4sL2.L2 ARE A NEW SET OF MUTUALLY DRTHOGONAL AXESs WE WILL NOWw .
ORTAIMN COORD OF ATOM J IN TERMS OF THESE AXES RELATIVE TO ATOM Z{J
0O 516 F=1.3 .
QVJETY = BLIJYR{=L2(T»*COSFIALPHALJY Y+L4{ DI =SINF{ALPHALJ) I*COSF(BETY
TAUIIY+L 30D «SINFIALPHATJIIHSINF{BETAT{JY))

VJd IS5 THE VFCTNR FROM ATOM 2(J.1) TOD ATOM J

ITESP = Z2{d.1)

"ol

=

i
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516

517

549

5t 48

519
520

521

522
523

524

52500(d) = Z{J+4 )= (SORTF{Le+A{JIRCOSF(BETALIN)=-BJY*COSFLALPHA(JY Y)Y /Y

526

527

528

1

)

ZETA = —(LLOLIxL2000+L1(20-L2{2)+L1132%0L2(3))

th

IFBUPDTE LOG PAGE CC72

Cldel} = VJIUI) + CUITEMP 1)

CONTINUE

60 TO 533 _
IF(Z(J-éi.FO.I-OR-Z(J.Q)vEU.-Ii 549'528

P v R T EVE R YR LR SV EY PR R SV VR B B I R S I F R P B K

THIS PART IS USED IF ATOM IS DEFINED RBY 3W0O BONDAKGLES
CALL PELVECIVLI«Z{Js1)Z2{de3))

CALL UNIVEC{L1.V1)
CALL RELVECIVZ2eZ{Je2)eZ(ds1))
CALL UNMIVEC(L2.V2)

ZETA = ={(L1(1)=L2{1)+L 1020202 4L 203} 2(3)) .
AtJ) = (~COSFIBETALB )+ ZETAXCOSFIALPHALIY I /(1 e~2ET A%%2)
BlJ) = (COSFOALPHALUYY=-ZETAXCOSFIRETA(J))I/(Le=ZETA*%2)

PT = 34141592654

IF(ZETA.LT.0D) 518,519

TEMP = P

GO TO 529

TEMP = (.0

CONTINUE

IFIZETAEQ.C) 521+522

GAMMA = P1/2.

GG TO 523

GAMMA = ATAMFISORTF{le—~ZFTA%x2)V/2ETAY +TEMP
CONTINUF '
IF (ABSFIGAMMA+ALPHALJI +BETALU)=2%PT)abL T« 0000C0OCL) 5244525
DGJ) = 0.0

G0 TO 526

ORTF{Lle~ZETA%%2Z)
CONTINUE

CALL VECPRD{V3.L1l.L2}
NGO 527 1T = 1.3

L3001 = ACDY=LYIG1)+BIJ)*L2(1)«D(JI*V3(])
VJETY = BLEJY=L3(T)

ITEMP = Z(J.13

ClJdeI) = VUITI+C{TITEMP.T)

CONTINUE

GO T0O 533

4 3 3 2 o sl 2k sl g 2 ode e e e ik o ade e o o e e o e e ol e e e e ol e

THIS PART IS USED IF ATOM IS DEFINED BY ONE BCMDANGLE AND BY THF
ANGLE wWHICH BOND Z(Js1)=J MAKSS 9WITH THE PLANE OF Z({Js1).2(J.2)
AND Z0de3) )

CALL RELVECIVI«Z(Js1)eZ(Ju3))

CALL UNIVEC(LLl.V1)

CALL RELVECIVZ42(Je23+2(Js1))

CALL UNIVEC(L2.V2)}

{
(
CALL VECPRD(V3.L1lsL2) -
BETA(J) HERE REFFRS TO 90-ANGLE WHICH BOND Z{Jd.1)-J MAKES WITH THL/
AFOREMENTIONED PLANE

Atd)y = COSFIBETALUI Y/ {La=2ETA%X%2) o ’ . f
IFLZ1Jded)eEQa2) 530,529 ‘
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SO

1998 FORMAT (/720X 11HCODARDINATES/ /64X« LOCHNG OF ATGMe3X+6HSYMBOL 10X

(.

C
C
C
C

529

530
531

532
533
601

1998

2007

aan

1969
900
1999

7
9
11

e

1502

i
A\

pidi= =~SORTFI{1«—COSFIALPHA({JII*X2<-A(J)XCOSFIBETALJ)) ) /{Ye~2ETA%XD
1)}

G TN 531 ‘ v
BIJI=SORTF((L~COSFLALPHALJ) 1 R%2~ A(J)*CJSF(BETA(J)))/ll--ZrTA**Z)a
CUHTINUE '
DL = HIDILZETA+LOSF(ALPHACIY)
DN 532 I=1.43

L3CI) = {H=L1 D +DI*L20T3+A0J)*V3( 1)
VJILtIy = BLED L300

ITREHP = Z{Jdel}

C{deld = VIII)Y + CLITEMPLT)

CONTIMNUF

CONTINUE

CONTINUE

¥ s 4e o o e ook oo X deok e 3k e o e ook ook o ok A e e e e
QUTPUT SECTION

PRINT 2007

IFLIJIM JEQa C) GO TO 11

PRINT 1998
FORMAT [1XeBHMZ MATRIXW//+42H ND AN (1} BL {2) At PHA {(3)
¥ s 20HRETA {4) EL +BXelHX 11X e1HY +12X1HZ)

FORMAT(//«15H DUTPUT DATAcees/)

T1HL S 10X THY o 10X LHZW /8
DO 900 J=1.M
IND1=AN{J)
PRINT 199G, Je ANTJI ¢ 2{Jv 1) 4BLB{J)Y o Z{J42),ALBLIY+Z(Js33,BTBLIY
BIUS e ) wELLINDYL) o IC{JeT )} »1=14+3)
FORMAT (21314 o0FToae2{Ta+F11a6)s1b+6X1ALs4X3F1248)
PRINT 1999 ed e EL{INDLY CiJeld)el=1,3)
FORMAT {3 X+ 125X A& 4Xe3F12.8) '
IFIIDENT(I0) EQPUNCHI Tsl1
PUNCH Q2 {AN{T e {C{T Jd}ed=1s32eI=1+NATDNS)
FORMATITI4«3{3XeF1l2.7)}
COMTINUE
DO 1CI=1+NATOMS
Do 10J=1«NATOMS
K{Twsd) = SORTL(CUTIZ1I=CHlJa1) )22+ 0 0120 CUJe2))%%24({C11,+,3)1=C(Jy
¥y yrxwE2)
CAaLl MOTP {RWNATOMS+NATOMS 40,40, 10H DISTANCES)
DN L1502 J=1.M
ALPHA{J) = ALPHALJ)Y * 180. /3 14159265a
BETALJ)Y = BETALJ) * 18047/36141592654
CONTINUE
RETURN
END
SURRCOUTINMNE RELVEC{RJX?
COMMON/ZINFO/C
DIMENSIONC(60:3)
DIMEMSTON R{3)
TYPE RFEAL CWR
TYPE INTEGENR J.K.l
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1
C
2
C
C
c
1000
- 20
19
32
18
40
C
C
C
c

&1
Ia]

DO 1 I=1.3
RITI=CLJW11=CLK,T)
R IS THE KELATIVE VECTOR FROM ATOM K TO ATOM J
RETURN
END
SUBROUTTYE UNIVECILR)
DIMENSION L{3},R(3)
SORTF (X} =SORT(X)
TYPF REAL LR
TYPE INTEGFR I
na 2 E=1,
L(I)= Rt!)/SQRTFIR(l)*#Z + RI2VFF2 + RU3)#%2)
L IS THE UNITVECTOR QF &
RETURN
END
SUBROUTINE VECPRD(VP,XeY)
DIMENSION VPL33},X(3),Y(3}
TYPE RFAL VPoX,Y |
VPEL)=X(2)EY{3)=X{3)%Y(2)
VPI2)=X(3)%Y{1)-X(1)%Y(3)
VP (=X LIRY{2)=X{2)%Y (1) |
VP 1S THE VECTOR PRODUCT OF X CROSSED Y
RETURN
END
SUBROUTINE MOUTP (A«MoNeMDTH,NDIM, NAME)
OUTPUT OF M X N MATRIX DIMENSIONED YO MDIM X NDIM
DIMENSTON A{MDIM,NDIM)
XMINGF (14 d)=HINO(T4J)
PRINT 1000 «NAME
FORMAT (/74 AL0)

KITE = ¢

LOW = KITE+1

KITE = KITE+14

KITE = XMINOFIKITEWN)

PRINT 19¢(I+1=LOd KITE)
FGRMATL // e aXelu(E6Xe12) /)
DO 32 I=1.M
PRINT 1841 +(A(T¢J)sJ=LOWKITE)
FORMATU1442Xs14F8a64)
IF(N=KITE) 40440420
RETURN
END
SURROUTINE TAUFIX{BLALPHACBETA¢JJeKKeLL oMM, TeR,Z4C)
THIS RGUTINE CALCULTAES TAU{J.Ke.LeM) AND IS USED BY UNZMAT TO
GFAK RINGS. \
INTEGER 1
DIMENSION A(343)
DIMENSTON C(6043) ) | _
DIMENSION BL(40) s ALPHA{40) e BETA(40) e T(4044C+%40) yR{604+60)
DEMENSTON Z{6044)
AT THIS POIMT JJoKKsLLoMM ARE SEQUENTIALLY BOMDED ATOMS WHERE ' JJ
IS GREATER THAN MM

e Ay e

-~

P Ty ™y

MY T Y TS Y Ty Y

oy

-
Ty
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iR e e & St A A = ~rv————————————

CC = COC/IRTJIIVKIIER KK LLY)

CC=040 ‘

DO 1240 [ = 1.3 r !

1240 CC = CCH+{CH{KRII=CHUd+ I M )R(CILLII~-C{KK T} : T
P

.

DN 1230 [ = 1.3 :
1230 A{LleT)=(CILL I}=COIKKST)I/REKK,LLY 4
PO 125C T = 143 -
YYYY = (l.C = CCXCC)
IF (YYYY «LTa $.0) 60 TO 12C5
GO TD 1206
12065 PEINT 1262
1202 FOURMAT(///+36H50RT HAS NEGATIVE ARGUMENT IN TAUFIX.///)
1206 CCNTINUE :
1250 A2 ={~{CIKKeT3=ClJJe 1DI/RIJISKKI+CCH (CILL IV =CIKKs 1D} /R{KKSLLY:
®/ SORT{ ANS(1.C =CC*CCY - )
A{3:10=A01402)%A02,3)-A01:33%A(2,2)
A{3221=A1211%A01430=A0151)%AL2,3)
A{3¢3)=A{1.1)%A{2,2)=A( 211 %A11 42}
I10=0.0
Y0=0.0
NO 1260 1=1.3
20=20+AL 3 TI%(C{MMs 13=C (KK, 1))
1260 YO=YO+AC2, 1) (0 IMMs TI=C{KK D)

CT = ¥
ST = 20
TAU={ 1BCe/3.141592654) * ATAN2(STWCT)

2(Jdd+1) = KK

BLIJJY = RUJJIKK)

I7{34.2) = LL

ALPHALIY)Y = TUJJKKLLLD

2(JdJe3) = MM

BETA{LJJ)Y = TAU

RETLURN :

END .
) ONOT FOUND TN NM-DIRECTORY. STOWED WITH TTR... .
E‘H-iq rrui.(f‘ﬁ — —— _ _

P T S T, -t . IR P T

P T N L - N L




Appendix B:
SZMAT eccepte as Inpub a description of a geometrical system of

gtoms in terms of bond lengths and angles, and four stom torsions,
(model builder input to ZMAT of M. Gordon). It also accepts
parameters for the systematlc incrementing of up to two bond lengths,
bond angles or four atom torsions. Having read the above input, SZMAT
calculsteg an interatomic distance array for each of the configurations
designated by the input. If any intergtomic distance in any of the
configurations goea below the arbltrarily set value of 3.0R, the gtoms
which did this are recorded in an array, KNOWl. Having the knowledge
of which interatomic distances are sterically significant, SZMAT
recalculates these distances and stores them on a peripheral disk.
After gll the distances are written on the disk, they are systematically
examined to determine 1f they change as a function of conformation.

If they do not, they cannot account for changes in conformational,
energy, and SZMAT makes note of this in an array LCIM. SZMAT

then generates a summsry steric grid frhich for all interatomic
distances which change a8 a function of conformation), wkites for a
conformation the following words based on the lowest interatomic
distance:

BAD under ?

FATL between .7 Rﬁand 1.5 R

CLOS between 1.5 A and 2.0 &

The symbol .... is printed if all changing interstomic distances

sre sbove 2,0 B. The appearance of the steric grid is constructed for
eage in visual scanning, and this relatively fast geometricsl procedure
can yleld interesting information regarding sterie intramolecular

interactions.
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RIURSLTIST=ALL
1GCWFw =100

OO0 OO0 0000000000000

fOoOnOO0O

TEBUPDTE LOG PAGL 204

PP

BLACK DATA
ITHPLICTTY RBRLECALZBIA-H.0-2)
COMMOM/LIT/IBLANK I THAT o IBL o TALPHAWIBETALICLEAR,TT1.,112
TEST IHSFRTICN
CCMMON/AREAYS/ZANCILIO2CE)
COMMON/TAPF/RWTAPE«TPOSTNWANDDRSS{4C)
COMMOMN/ZAUXINT/ALLT)B(17)
CCMMCN/RFERTHL/EL YA
DIMENSTION ELILESB)
COMMUON/DRBR /D281 9)
COMMCN/ZL/XYZ{2020)
COAMON/INFGLI/CZT35))YU(BCYULIMIZS) e LLIM{35) JNELECS+NCCALQOCLCHB
COMMON/DPTION/OPTIONM cUPKCLD s HUCKEL o CNDU INDQWCLGSED«CPENIONOFF
COMYOMN/ENGY/ICONE(3: . FRE(3)
COMMON/STHEUNID e I1 o T2 T141I1+BL(RCYANGL{BLY JANGR2(BDYLIE, DﬂLTA.I%
LAelSSePMIN
DATA ELIL)+FL{Z2YsELI3)eFLI4) e ELIBY+ELIBGY+ELITYLEL(BYLELIGY /FTH?Y,
:’,.IHL'.l 'LI’D'BF‘"'B'G‘(' tNl lOl lFl/
COMMON/NTMAT/LTHMAT NVARLLID
INTEGEIX OPTTIOMNSOPNKCLOHUCKEL »CHNDO INDO CLUSED.GPEN.IO“DFF
INTEGEFR OFF
INTEGER ORB.ELANCHABGE
COMMON/ZZETA/FMULLE)
CCMMON/GUESS/IGESyIGURSS
CIMENSICGN EGRIDILAOE)
14H DYZ&iiDX=Y&H DXY)
DATA{INNDO=4HINDD)
OATA{OPEN=6HOPEN )
NETA(CLOSED=6HCILGSED)
DATA TZHMAT/VZHMAT VY
NDATA (I749AT = 4HZMAT)
DATA(DNFF = 3HGFFE)
NDATA{IGUFSS = SHGUFSS)
DATACIOUT = 4 CQUT)
CNRMMONZIPR/IQUTLDUTT
DATA T0QUT/ZY GUTe/
NATA TI1/v11/
DATA 112/%12Yv/
DATA TALPHAZ'ALPH'/
DATA IBETA/Z'BETAY/
DATA IBLANK/Y 1/
DATA ICLFAR/? v/
DATA TRL/'BL v/
DATA ITHMATZ/*TMAT Y/
DATA{IBFTA=SH3ETA )
DATALTIBLANK=8H )
DATACTICLEAR=5H )
DATA(IRL=5H3L )
DATA(TI1=2HI1)
DATA ({LCAL{ D) el=zlebd=4H «4H o4 1‘QH o 4H o 4H )
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NATALLIZ2=7HI2)

DATA [TALPHA=SHALPHA)

DATALITMAT=4HTHAT)

FND

IMPLICET RFAL=3{A~H.0-2)

PROGRLIM SZMAT
FLTMPUT o OUTPUT« TAPES=INPUT TAPEG=0UTPUT « PUNCH s TAPELD«TAPELL)
INTEGERY2 LCTMeKNOWY sKNEW2

DIMFNSTION LCALLA)
COMMON/LIT/ZIBLAMK  ITHAT s IBL» IALPHAIBETALICLEAR,IIL,IT2
CORUu/TPR/TAOUT L LGUTT

COMMON/LAR/TISTOR, 125TOR.TOP

COAMON/STR/US1.JS551,052.4882
COMMONZKENOW/KNOWL (60T« KNOW2(60C)
COMYON/CIM/ZIKIL » JKJLMNG LCTHM

CORMON/CQUNT /NGO

INPUT IS READ IN THE FOLLOWING CROER

(1) OPTION CARD WITH THE FOLLOWING INFORMATION

(A} OPTION (AAVEFUNCTION OPTION) TN COLUMNS 1 -~ 4« THE KEY

WNRNDS ARE INDO) CNDO
(B) OPNCLO (OPFN OR CLOSED SHELL)Y IN COLUMNS 5 = 1Ce THE KEY
WORDS ARE OPEN ' CLESED

{(C) INPUT (T0 READ IM THE MOLECULE IN TERMS DOF BONDLENGTHS. BCNMN-

ANGLFSe AND DIHEGRAL ANGLES. [N COLUMKS 11 -~ 14« THE KEY
WORD IS IMAT

{D) IONOFF (TO SUPPRESS MOST PRINTED OUTPUT) IN COLUMNS 15 - 17.

ANGLE(S?)s OR DIHEDRAL ANGLE(S) SPECIFIED IN LVAR1,IS1l. AND
1SS1 1S {0k ARE) TJ BE VARIED B8Y THE AMOUNY DELTAY. TI1 IS
SPECIFIED IN I3 FORMAT IN COLUMNS 27 - 29.
{H) LVARL {W4HTCH SPECIFIES WHAT IS TO BE VARIED) IN COLUMNS
3G -~ 34. THE KEY WOwDS ARE
ALPHA BETA gL
(T = J) ISL AND ISSt (THE SUBSCRIPT OF LVARL) IM COLUMNS

35 « 38 AND 39 - 42 RESPECTIVELY {EACHY IN Ia FORMAT. FACH

MAY BE ANY POSITIVE INTEGER FROM i1 TO THE NUMBER OF ATGHNS
THE MOLZCULSe IF OUNLY ONF 1S5 BEING VARIED, LEAVE 1SSt BLA
{K) DELTA] {(THE AMUUNT BY WHICH LVARI(ISI) AND/OR LVARLI{USS1)
0R ARE BEIMG VARIEDY IN CCLUMNS 63 ~ 53 {[N Flle.6 FCRMAT)
‘(L = P) 6 = K ARE REPEATED TO PERMIT A SECOND VARIABLE. LVAK2,.
© SUBSCRIPTED 3Y IS2 ANMD 1852 TO 8F VARIED BY DELTAZ SO THAT
A GRID SEARCH CAN BE CUMNDUCTED 12 TIMES.
I2 (1IN 13 FORMATY 1S IN COLUMNS 54 = 5&6.
LVAR2 IS IN COLUMNS 57 - &l
IS2 AND I1SS2 ARE IN COLUMNS 62 - 65 AND 66 ~ 69
OF THF RUN. :

[2) AN TDENTIFICATION CARD WHICH IS PRIMTED AT THE BEGINNING
DELTA2 IS I[N COLUMNS 70 - 80 (IN Fllet6 FORMAT).
RESPECTIVELY {EACH IN 14 FORMAT).

{3) NAT(IMSs CHARGEs MULTIPLICITY FORMAT (312)

{4) ATOMIC NUABER. X COORDINATE. Y COORDINATE, Z CODRDINATE ON

ONE CALRD. FDRAMAT (T443({3XsF12.7))
DECTHMAL POINTS IN COLUMMS 12+ 27, AND 42
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c

99 ¢

9031

4404

9123

Gh4hh

a7

-

T

DATA TRCDZVIBCD/
DATA TO0K/'easat/
DATA IFATL/YFAIL®/
DATA IBADZY BANY/
NATA TGLDS/1CLNSY/
IMTEGRR AN. CHARGE
DIMENS TON JORDL 36,36)
DIMENSION C{57003)AN{HD)
DIMERSION LCTM(6%,6C)
COAMON/TNED/C

PDIMENSTJAIN TOP{286). SIDEL(36)
DIMFNSINN BOZ(3), RUE(3),
COMMON/NTHMAT/LTMAT NVARLLID

NATOMAS CHARGE JAULTIP AN
PDIMENSTON FFEEE(1A.183s OOSTLLIGCC)

TEBUPDTE LOG PASE O70

' N

BLIGOY  ANGYL 6T s ANG2(60)

COMMON/LTIT/IRLANKSTITMAT o IBL+TALPHAWIBETALICLEAR,TIY IT2
COMHCN/STHMRUN/BL ANGLVANG2 s I0e L1211 411141E«DELTAVIS

AsIS5SelMIN
COMMON/EMGY / BOE,ROIE IC
SORTF{A)Y = DSERTIX)

CNNTINUE

NOQQ=0

KKK = 0

DO 9031 T = 1,60
B0 9031 J = 1,60

LCTHIT..00= 0
JKILMN = C

JKJL = 1

DO 4404 [=1.6720

KRNOWLITY = O
KNOW21T) = 0
CONTINUF

PRINT 9123

FORMAT {(1IHY)
NSCR = 10
NDISK = 11

DFFINE FILE L11(10.2400C.Us IDUMP)L10(144C04U,JDUMP)

REWIND NDISK
REWIND NSCR
1C=0
Jo =1
JDB = 2
READ 4444, LFIN
FORMAT (14)
[FILFIN «EQe 12
READ &G,
XKDELTAL T2, LVARZ241S241S52.,DELTA2
T1STUR = 11
i25T0R = 12
TF{ENFIS5)) 998,397
CONTINUE
JS1 = IS1
J8S1 = 1551

GO YO 998

[1.LVAR1.ISL.15S1.,

Y Ty

~

3

~ oo,y

Ty

[ B4 B v T I S

r
C
C:
C,
C.
C
C.
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JS2 = 1582
- 4852 = 1552
11 T1STOR
12 i?STOR
LI = 111
In=1
JD=11
NVaAR=LVAR]
15=181
I55=15851
DELTA=DELTAL
[IFETABSITI1)LEQ.Q) GO TO 999
992 CCNTINUE
Do 995 Jb=1,11
LiD = I11
iD=4D
GO TO 999
991 CONTINUF
DD 993 JDND=2.12
LID =.112
I0=Jd0D
999 CONTINUE
IC=IC + 1
IF=1( _
IF (IC«LTe3) GO TOQO 347C
2471 CONTINUE
r IF {LTMAT.NELITMATY GQ T0O3476
C3477 CALL THAT
3476 1C=1
3470 CONTIMUE
IF{JEKJILHN JME«2Y GO TO 51
IF{T{LOUTT «NEe I0UTH «ANDe (IE o«FQe 1)) GO TO 8C15
IF{LOUTT onEs IOQUTY GO TD 51
8015 CONTINUE ‘
IFINQOQ.NE«Q)Y GO TO 51
PRINT 41, I1+LVAR1.IS1.1IS8S51,
IDELTAL12,LVARZIS2+1SS5ZDELTA241ID4DELTA
C CALL TIN
C IF CINMPUT.NFELIIMATY GO TO 52
51 CALL ZMAT
GO TO 53
52 CONTINUE _ N
READ 2C tAN{L)I=141C) i

W

T T S AL T A N

STy Y T Ty

LT Ly Y S Y

PRINT 30.0AN{T) I=1+10) ¢
READ S5CNATOMS CHARGEWMULTIPTUNITS C
50 FUORMATLA14) ‘ C
PRINT GO+MATOMSSCHARGE «MULTIP, JUNITS £
60 FORMATU/S5X«14&418BH ATOMS CHARGE =,[4+18H  MULTIPLICITY =.l4.12¢
1H [IUNITS = 14,71 :

PO 10 T = 1.NATOMS
READ TC+ANCIYs ClTo1daC{Ta2)CL1,.3)
PEINT ?O-ANIIJ._C(I-l)'C(I-.?J.CH-.‘i}

OOODOOODO00

Lo T an T o I
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CONVERSION OF COORDINATES FROM ANGSTROMS TO ATOMIC UNITS
IFTIUNTITS.EQ4Ll) GO TO I0 '
11 CONTINUE
e 9 Jd=1.3
9 C{I.J)y = C{I!J’/l5291h7
10 CONTINUE
53 CONTINUF
IF {(GPTIOMMELINNDTY GO TO 6
1 DG 5 1=1,.KATOMS
TF (AM{D)«LE«S)Y GO T 4
2 PRINT 3
3 FOCRMAT(4TH THIS PROGRAM DOES NOT DO INDD CALCULATIONS FOR,
1 51H MOLFCULES CONTAIMING ELEMENTS HIGHER THAN FLUDRINE)
STOP '
4 CONTINUE
5 CONTINUE
6 CONTINMUE
TFIJRKJLHN oNFe 2) GG TO 96
‘- KOGRMD = 1IRCD
DO 69 I=2,.NATOMS
IM1 = §-1
DO 99 J=1,1M1
IFILCTIMETIJ)Y oNEW ) GO TO 69
R=SARTFOICTIT « 1) =Clde 12324 (CL{I+2¥~CU{de200%%24(C{1+2)~ClJe3))%%2)
1 *%0e®29167
IF{KGRDWEQ.IFAIL)Y GO TO 7173
IFIR JLEs 105) KGRD = IBAD
TRl {ReGTalob) e MDD (R aLT2Za) e AMND {KGRDNELIBAD)Y) KGRD = [CLOS
STYT3 OCRNTINUF
IFCIRJLMN oNFe 2) GO TO 9GC9
IFLLLOUTT «NEs I0UT) «ANDe (IE oFQe 133 GO TO 2093
IF(LOUTT o«NEes IQUTY GO 1O 9QG9 ’
2093 CONTINUE , -
TF{IFE oLEs 1e¢5 ) oANlNDe (R «aGTs 7)) PRINT TC93:s [+JsR
9009 COMTINUF | "
7093 FORMAT { 45H STERIC IMNTERACTIUN IS LIKELY SINCE e 3H R
#1aelbeb4H) = 4F1Da5)
IFIR «GEs o7 GO TG 4445
KGPD = TFALL
TF{JKJILIMN «NEeZ) GO TN 99
IF(ILOUTT NEe IOUT)Y «AlDe (IF «EQs 1)) GO TO 1287
IF{LOUTT «NFe I0UTY GO 10 99
1387 CONTINUE
TF{NQQR «MFa Q) GO TO 99
9B PRINT 97+1¢JsR '
97 FORMATH 40H MO CALCULATION OF THIS CONFORMATION BYPASSED.2H R{.
¥ G4 +1G484HY = +F10e5)
C GO 10O 96
L44% COMNTINUF
9% CONMTINUFE
IF(KGRD «ENe IRCDY GO TO 192C
GO TO 1921

[aNeke e e e

o
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1920
1621

SSO0O0OD

96
7679

5432

994
5433

993

990

CaA570
3571

915
q16

917

918

394
395

33

74

KGRD = 10K
CCNTINUF
WRITF (NSCR)Y KGRD
CALL OVERLAY(OLONTHDO.1.0)
CALL OVFRLAY(6LCNIMNDI240)
KKK = KKK + 1
FGRID(KKK) = BOF(1)
CALL TIM
CONTIRNUE
FRRHAT (3X 4 3HIZ2=01643X 4ULIN=,A%3H11=414 )
IF ({I12.6T+0)cAMD{LIDaEQI11)) GO TO 994
FORMAT {3Xa 1K)
GO TD 993
CONTINUF
FORMAT (3X+1HX)
NVAP=LVAR?
1S=152
1SS=1$52
DELTA=DNELTA2
GO 7O 591
CONTIMUE
LID = II1l
NVAR=LVAR]
15=181
1S5=1551
DELTA=DELTA1
10=Jn
COMTINUF
IF ((ICaEQs3)+ANDWILTHATLEQ.ITMATY) 357C,3571
CALL THAT
CONTINUE
IFCIKJLMN oNEo 23 GO TO 49
IF{I1 «FQ. 0) GO TO 915
GG TO 916
11 =1
CONTINUE
IF(12 «E0. 0) GO TO 917
GO TO 918
12 = 1
CONTINUE
DO 394 1 = 112
TOP(T) = (1=-11%DELTA2
PO 395 I = 1.11
SIDE{T) = {I~-1)%DELTAL
REWIND NSCR
DD 331 = 1,11
N0 33d=1,12
READINSCR)Y JGRD(TI.J)
IF(JKJILIN oNEe 23 GO TO 49
PRINT 74 .
FORMAT (//+2X.3BHGRID OF STERICALLY EXCLUDED CONFORMERS.//)
PRINT 974

L m e
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974

9124
19

37
18
49

9225

3225

3227

3228

4227
4228

42131
1281

G293

ASTER . . 1EBUPDTE LTG PAGE €007

FORMAT (1X+OHKFYS #3%e22HFATL - R LESS THAN Ce7 e/ +9Xe43HBAD - R L
¥ESS THAN la5 AND GREATEFR THAN QCeTe/+9Xe43HLELOS =~ F LESS THAN ZW0
#ND GREATER THAN 145.//)

RITE = 9

LOw = KITE + 1

KITFE = RITE + 14

KITE = AMINQ(KITE.I12)

PRINT 19 (TOP[I)1=L0OW.KITE)}

PPINT 3124

FORMAT(/ /)

FOAMAT (//7e9X0 402X Fba2)s/)

bG 32 I = 1,11

PRINT 18¢ SIDE(I)S{JGRD(I«J)+J=LOWLKITE}

FORMAT {1XeFbe2elb{2XeAd42X))

IF{I2=-KITE) 49,469,222

CONTINUE

IFTJKJLMN «MEs 13 GO TO 1281

PRINT 9225, JKJL

FORMAT{I1O)

CALL KFIX

KidW = I1%[2

D3 4231 MHO = 1.JKJL
JdHil = 1

KHJ = 1

REWIND NDTSK

D0 4228 KEEP = 1,K0OW

DO 3225 THO = 1.JKJL

READ (NDISK) DOST{TH
COMNTINUF

FFEEE( JHD.KHO}Y = DOST{MHD)
IFIKHD «FQs I2) GO 70 3227
GO TGO 3228

CONTINUE

JHO = JHO + 1

KHO = 1

GO TQ 4227

CONTINUF

KHO = KHO + 1

CONTIMUF

CONTIMNUE

CALL MOUTPT(EEERE.I11412+18:18.LCAL)
CALL ROUTU(EEEEEMHN)
CONTIMUE

CONTINUE

JKJLMN = JKJLMN + 1
TF{LJKJILMN oEQs 11} «0Re (JKJLMN EQe. 203 G0 TO 9293
G TO 996

CONYINUE

NQOQQ=0

1C=0

Jn=l

JOD = 2
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6O T0 997

998 CONTINUE

C PUNCH 848+ (EGRID(II)«I=1,KKK)
88 FLRMAT (8F1C.5)
PRINT 80

26 FORMAT[1TAR)

A0 FOGRMAT( //7.10A8)

40 FORMAT (2(13+Aa+1Xe2144Fl1a6))

41 FORMAT (/£/77/77 ' F77460 11 = S14,GH LYV
CARL = +AS5.6H IS] =41Xe14&,5%.8H 1581 o [445Xs10H DELTAL = +Fllehe/
D/7:6H 12 = (T4, 9H LVARZ = sAS,TH 152 v 14+45Xa8H I552 = s14.5Xe10H
ENDELTAZ = Flle&o///+14H CURRENT IND = 4 14410XelTH CURKENT DELTA =
FF12.6) ' :

T0 FORMAT(T4.3{3X.Fl2.7))

B8G FORMAT{16H END OF THIS RUN)

4443 CONTINUE '
END
SUDBRNUTINE IMAT
IMPLICIT REALXB8{A~H(1=-Z)
INTEGER#*2 LLCIMaKNOALKNLW2
THIS PROUGRAM ACCEPTS A DEFINITION OF A MDLECULE IN TERMS OF
ATOMIC NUMBERS, BCND LENGTHS, .BUND ANGLES AND DIHEDRAL ANGLES
AND CALCULATES THE CARTESIAN COCRDINATLES IN ANGSTRIOMS
ARAPTEDN FRMOM 4ARK GORDONS MBLD SYSTEM 8Y D L BEVERIDGE
CCNED IN CDC SCOPF 3.1 LEVEL FURTRAN FOR THE CIMS CDC 65CC
DIMENSTON Z(6C+4) ALPHA(ED) «BETA(6G)
COMMON/TAU/ALPHALBETA
DATA JCTIM/vJCIMY Y . .
DIAENMSION VI(3).V20U3)eV3(32eVI(3)0VP{3).L1{3)L203)eL3032L4(3),
2 OALOC) B{60YD{50)
DIMENSION BOE(3)e RIOIE(31eANIBC ) CL{6Ce3)BLIEC) +ANGL(O0) JANGZ{ED)
COMMON/CNUNT/NGQQ ’
COMMON/ZTREG/C WM +CHARGE . MULTIP.ANy N
COMMON/IPR/TBUTLLOUTT
COMAON/CTIM/IKIL ¢ JXULMHNLLCTH
DIMENSTON LCTA (50,000
COMMON/STR/JS1JS51.452,J852
COMMOM/KNUN/RNOAL{60C) o KNOW2 (600
INTEGER ANJCHARGE.Z +PUNCH
EQUIVALPMNCEIHM.NATOMS)
REAL*8 L1l+L2+sL3+L4
DIMENSION BLB(&OIALBIGO).RTB(60)
NDIMENSTION RE6C6)
DIMENSTON IDENT(2C)
NDIMENSION EL{17)Y. ORB(4,7}
INTEGER TIRB
COMAONZENGY/ BOE.RQE + IC
COMMON/STHARUN/BL 2ANGLyANGZ2 e IDe 1L 4124 I1,1114 IF«DELTARIS
AdISSRMIN
COMMON/LIT/IBLANK ITMAT , IBL » TALPHA«IBETA. ICLEARSTIL II2
COMMON/NTHMAT/LTHAT NVARLLID
INTEGER FL

non

OO0 DD
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INTEGFR NOPTINN,UPNCLO HUCKEL +CMNDO,INDD,CLOSED.QPEN, IONCFF
INTFGER OFF
C COMAON/COTION/OPTIONOPNCLO y HUCKEL s CNUO . INDOSCLOSEDOPEN, TONUFF
c DATA [OFF = 3HOFF) '
DIMEMSINN Hal{6)
CNATA MALTL) e HALTZ o MALT2) W NMALT4) JNALIS) «NAL(BI/ CFINTE' W TRPATO,
HUMIC Y L,IDIST Y PANCEY 1S v/
DATA ELEL) oELE2) oBLURYvEL(4)2ELIS)FLIO)WELITIEL(BYILEL{G) /tHY,
BAHEN Q VLIV, IRET (B G, INF (I, 1FY/
DATALIMALIT) o121 06)=GHINTE W AHRATOe4HMIC o 4HDIST ¢ 4HANCE o 4HS )
DATA {(S5LIT1)el=149)=24H Hebrt HEs4H  Ll1s4H BE,4H Be4H Ca
% aH Nedail 044H F)
s W e e s ofe 2 sl leale e s ol ol e e e ofe He e e e sk ofe e e ol sl e e e ole e
FORTFAN [T TO 1V CONVERSION
ARSF{X) =DARSIX)
ATANE(X) =DATANTX)
COSF{X) = DCOSIX)
s USINFIX)Y =DSINIUX)
SIGNFIXeY) =DSIGNIX.Y)
SQRTF{X) =DSORT {X)
C. INPUT AND QUTPUT OF INPUT
c PUNCH = 3HPUNGCH
NBFM = 2
IF {IE«EQo11 GO TO 999
GO TD 2919 :
999 CONTINUF
CIFLJKILMN oNEs 03 GD TO 2
READ 100G (IDENT(IY4I=1.20)
GO TO 1324
C IF{EOF(5)) 999,2
2 CONTINUF
NO 1325 [KL=1.NATOMS
ALPHACIKL) = ALPHA(IKLYI*1804/34141592654
BETALIRL) = DETACIKLI®IB0./34141592654
1325 CONTINUE
1324 CONTINUE
2919 CONTINUE
IF(NORQ «HE. 2) GO TO ¢
IF((JKJLHN tEQo 0) oANDo (IE QEQ- l') GU TD 7091
TELJRILYY #NE. 2) GU TO 4
IF(LLOUTT » NEe T0UTY «AND- (1€ «EQ. 1)) GO TO 7091
IFILOUTT oNEs I0OUTY GO TO &
7091 CONTINUE
PRIMT 1111, (IDENT(I)I=1.20)
1000 FORMATI20A4)
1111 FORMAT (/7 .7CA4}
TFLIDENTI10) «EQLPUNCHI3 4
3 PEINT -2008 , .
20CH FORMAT(/.16H PUNCH DPTION O/}
c PUNGCH 10D0{IDENT{I}+I=1,10)
4 CONTINUFE
IF (IF.CO.1) GO TO 1C1

T}

VY Y
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60 TO 102
101 CCHTINUF _
IF{URJLMN ofife G) 60 TD 102
READ 1071, RATOMS CHARGE «MULTILP
1601 FORYNAT(II2)
162 COnTINUFR
IF{JKJLHN oNEe 2} 6O TO 6
TF({LOUTT «iiFe LOUTY) +ANDe (IE +EQe 1)) GO TO 6091
IFILAOUTT «NF. I0OUT) 6O TD 6
AO091 CORNTINUF
TFINQAD WMEe 0) GO T3 4
PRINTION?, MNATCMS.CHARGE.MULTIP :
1007 FORMATU(//«1CH NATDMS = o 1442X+1CH CHARGE = +14,2Xs10H MULTIP = ]«
weldol/) ' :
IFCIDENTLLIO) «EQ L BHPUNGH) B46
5 PUMCH B8+HATODMS,CHARGE .MULTIP
8 FORMAT(314)
6 CONTINUE
9

oo

TF(EIKILMN oFQe 0) «AMDe (IE «EQe 1))} READ 4919, LDENT JLOUTT
FORMAT (2A4)
%2 8¢ e s o o e Sk ofe e dr sjesie o wie e e e e sfe A e sfe e sfe sl e oo ol e
CILCULATIJd OF CCURDINATES
IF {1€.GTo1) GO T 104
163 CONTINGE
DO 59569 I=1.M
TF{JKJLMN oHFa 0} GO TO 1193
READ 10G3+AN{IY o ZUT o1 eBLITI)YeZ[Te2)ALPHALLI) 201, 3’-BETA(I).Z(I-
#4) 4 (LCIM{I ¢ TROIIFD=1,10)
1193 CONTINUE
1003 FORMAT (I3+16eFTo4e14eF1le€albelf1lebelaylXe1013)
ANGY AND ANGZ STCAE THE ANGLES ALFPHA AND BETA IN DEGREE FORMN
G ARGL AND ANG2 STORE THE ANGLES ALPHA AND BETA IN DEGREE FORM
ANGI{TI)Y=ALPHALT)
ANG2(13=BETALD)
IF{AN(T) «LEfe 10) GO TO 261
NBEN = MBEN + 3
GO TO 371
361 TF{AN(IY «LTs 3) GO TO 362
NAFN = M3FN + &
GO TO 371
362 MNBFN = MBFN + 1
371 CONTINUE
6969 CONTINUE
IFL(JKILMAN oEQs C) +ANDe (15 oFQs 1) «ANDs (LDENT oEQ. JCIM))
* GO TO 4920
GD TO 4921
4920 DO 4148 [T = 1.MATOMS
4148 READ 4149, (LCIM{ITJT) . JT=1,NATOMS)
4149 FORMAT (8011)
4921 CUMTINUF
IF{IF «F2. 1) GO TO 338
GO TO 389

OO0

b}
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3848

399

389

5091

A74
1C4

003

1604

1cns

COMTINUE

[F({JKJLMN
AALPHA = A
ANETA = Ar
AL = BLY
RALPHA = A
BRAETA = HF
gBL = BLUJ
GO T 3189
CONTINUF

ALPHALJISY)
BETALJSI)

ALlJSL) =
ALPHALUS2)
BETALJS2)

AL{JSZ2)Y =
ARG2(J51)

ANG2(JS52)

ANGL{JSL)

AMGI(US2)

CONTINUE

TEOIKJLMN
IFC{LOUTT
IF{LOUTY
CONTINUFE

PRINT 374,
FORMAT (/.
CONTINUF

pe 232 1 =
BaTR{I) B
ALB(T) A
BLA(T) B
CONTIMUE

IF [{NVARS
CONT IMU®

IF (HNVASWE
GO TO 7603
BLITSY=hL{
IF (15560
BL{ISS))=RL
GO TN 74066
COMTINUE

IF (MVARWE
GO TO 7005
AMGL{TIS)=A
IF {I85EQ
ANMGLIISS)=
G TO T729C
CONTINUE

IF (NVARWF
GO TO 7307
ANG2CIS)=A

oy

"4 [EAUPOTE LIG PaGE 3011

He £ GO TO 393
LPHA{SS])

TA(JS D)

S

LPHALJS?Z)

TA(JS2)

$2)

= AALPHA
= ABETA
ABL
= GAL PHA
RRETA

e
-

BETALJS])
HETALIS2)
ALPHA(JST)
ALPHAtJS2)

g N

HNEe 2) GO TO 1i4
oMNEW ICUTY «ANDs (IE «Z0e 1)) GO TN 5091
ME. IOUT)Y GO TU 6

NBFN+ NATOMS
3Xeldre 29H BASIS FUNCTIONS REQUIRED FOR,I3.&6H ATOYMS,/)

1.4

ETAlL)

LPHALT)

LiId

EQe ICLEAR) «OR(IDEQaL)) GO TG 7CCO
De IBL) GO T 70C2-
IS) + DELTA

<0y GO TO 7QCC

(IS85) + DELTA

Qe TALPHAY GO TO 70304
NGL{IS) + DELTA

+0} GO TO 7COC
ANGL{TSS) + DELTA
N.IBETAY GO TQ 7306

MG2(TS) + DELTA

Sty ot

TV Y Y T Ty oy e T ey

Lt S e I o

Y
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IF {ISS.EQ.Q) GO TO 70CUC C
ANGZISS)=ANG2{1SS) + DELTA C
GO TO 70CC Y
7007 CONTINUFE ‘.

PRINT 7608
7008 FORMAT (////7. 55H RRRCR DOM FIRST CARD IN COLUMNS 3C - 34 0OR 57 = €
Ceolo///«327H PROGRAM TERMINATED DUE TO THIS ERROR.///7.6CH CHECK PERM:
DISSIBLE STATEMENTS FOR THESE COLUMNS AND RESUBMIT.///)
GG T 1984
TCON COGNTIMUF
IF ([E.FD.1} GO TO 106
10% CONTINUE
DD 109 I = 1.M
ALB(T) ANGLI(T)
BTRIT) ANG2(T)
BsLa(l) BLIEI)
ALPHA (T} = ANGI(T)
¢ - BETALTY = ANSG2(1)
109 CONTIMUE
106 CONTINUE
IF {{NVARANFICLEAR) «AND{IDEQ«I2)+AND«(LIDSEQ.IIZ2)) GO TO 7221
GO TO 720N
7201 olbD=I2 - 1 e
If (NVARCED.IBL)Y GO TO 7202 o o v
GO T 7203 v
72C2 BLIIS)="LITS)Y - {DID * DELTA) ¢
IF (1SSeFR.0) GO TO 7200
BL{ISS=aL{155Sy - (DID * DELTA)
GO TO 723C
7203 CONTINUE )
IF (NVAKEQ.TALPHA) GO TO 7204
G0 TO 7205
T204 ANGL{IS)=ANGIL{IS) -~ (DID * DELTA)
IF (1585.FQ.C) GO 7O 7200
ANGLILISS)I=ANGL{ISS?) =~ (DID * DELTA}
60 TO 7200
7205 ANG2[IS)=ANG2(TIS) - (DID * DELTA)
ANG2LISSY=ANG2{1ISS)Y = (DID * DELTA)
7200 CONTINUE : .
IF(ILTMATAEQ e ITHMAT) s AND o INVARONE-TCLEAR) s AND {ICoEQe2)) GO TO 74011
GO TO 74CC : . (
7401 CONTINUE '
IF (NVARLEQ.IBLY GO TO 7402 ' {
i
{

-

Y e T Ty

i

i i Then B SRR R

e N N o N ol e Bt M B i T o T

. GO TO 7403
7402 ROE(2)=HLI1S)
GD TD 7406
7403 CONTINUE S
1F (NVAR.EQ.TALPHA) GO TO 7404 . .
GO TN 7405 . .
7406 ROE{2)=ANG1{IS)
GO TO 74GC6
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T4n5 FOE(2)=ANG2LIS) , :
TA0A RGE(1)= RQE(2) - DELTA Y
RUE(3)= RQE(2) + DELTA ¢
7400 CONTINUE :
DO 502 J=1.H ' ¢
502 ALPHALJY = ALPHA(J)I%3.161592654/7180, , -
. DO 503 J=1.M 3
563 RETA(J) = BFTA(J)*3.1415924654/180,
DO 504 J= 1.3
506 Clled)=T.0

OO0

505

5C6
S5C7

509

51C

511

512
513

600

CGC{T+3) = CUITEMP3)-BL{II*COSFIALPHALI))*SIGNF(]l++ClITEMP.3)-C(JTL
1MPe 31 :

IF(H «EQ« 10 GO TO AC1

Cl{2+1¥=0a0

C{2+2)=0e4 !
Ciz2.3y=3LI12) e
IFIMN «EQs 2} GO TO 601 a
CO3v 1=l 3)=5TNF{ALPHA(3))

Ci3423=0.C

¥z 3¢ e lF o 2 e e e et e e e e ol sl oo ¥k e R e o ok o e e e

THE FCLLOwING IS AN ADDITION TO CODRD FINDER PROGRAM TO BE USED

[F THE MOLECULE UNDER CONSIDERATION HAS ONLY ONE HEAVY ATQNM OF FOE
A MOLECULF SUCH AS MEOPENTANE IN WHICH THE CENTRAL ATOM HAS Ni
RYDROGERS HONDED TO IT

IF(721341)Y6E041Y GO TO 5CH

a0 TN 506 ,

C{343) = BLIZ)HCOSFLALPHAL3))

GO TO 507

Cl3¢3) = Cl2:+3)=-BLI2VXCOSFLALPHAL(3))

1=3 :

TFIARSFICI341 YL TeaCOGCCLY GO TO 55C .
GO TO 510 | 18
DO 5C9 1 = 4,1C00 i
IF{Iel EaMa ANDoABSF{C{I-1+41))eLTasQGCO1Y GO TO 508 {.
GO TQ 510 I
C(i.1) BL{IJHSINF{ALPHA{LY)

ClIe2) = Cof v
ITEHP = Z(T,1} , , 9
JTEMP = 7{1+2} C

-

L

COMTINUE

CONTINUE

IF(T.EQ«3Y GO TO 511
GO TO 512

K=4

6N TO 513

K=1

CONTIMUE

IF{XK.GT+") GO TO 601
CONTIMNUE

DO 533 J = X
IF(7{J4)oEGaD) GO TO 514
Gn TO 517

T MY (YT Yy T

Y T My
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[ ]

514

o Bban |

14888
1913
1889

515

b4

1965

OO

LTACII 4L 3L I *STNFLALPHAL U IS INFIBETA(SY )

516

517

oo

545

518

3
(]

1

e e e AR o e e =l ofe vie ofg ale ol e e e A ale g s e e e sle e e s we s sl e e i
THES PART IS USFD IF THE ATUY IS BEING DEFIMED BY A DIHEDRAL ANGLL
CALL RELVECIVLZ2(Ju2)+2(0e3)) ’
CALL UNIVeC(LL.VL)

V1 IS A VFCTIR FR0M ATOM Z(Jd.2) TO ATOM Z(J.2) ;
L1 IS & USIT VECTOR OF V1. BLIZ{Jd.2)) 15 BONDLENGTH OF ATOM ZUJd.2
Call RELVFC{VZZlJal)s2Jde2)) i
CALL UNIVECILZ.V2)

vz2 IS ThE VECTOR FRGM ATOM 7{J,2) TO ATOM Z(J.1

L2 IS THz UNIT VECTOR GF V2. BLIZIJe13}F IS BONDLEMGTH DEFINING
ATON Z{Jde1

CALL VECPRD(VP.LL.L2)

XXX = C.0 .

XXX = {Le—=(LL{1)%L2¢1)4L2{2)%L242)+L1(3)%L2(3))4%2}
IFIXXX «LTe Ca0d GO 7O 1884

GO 7O 138%

PRIMY 19134 XvwX

FORMAT {3Xe32HARGUMENT OF DSQRT IS LESS THAN Os6H XXX =4F40Ce20)
CONTINUE )

O 515 1 = 1,3

L2(I) = VP(I)ISQRTFIDAB§(1-—(L1(li*LZI1)4L1(23*L2{2)+L1(3)*L?(3))
2} )

FORMAT (3Xe 1HA)

L3 IS THF UNIT VECTOR OF VPLALPHACZ{JLW1)2IS5 THE ANGLE DEFTINING
ATOM Z(J+1)

CALL VECPRD(LA«L3.L2)

L&sL3eL2 ARE A NEw SFT OF MUTUALLY GRTHOGONAL AXES. WE WILL MNOW
OCRTAIN COORD OF ATOM 4 TN TERMS 0OF THESE AXES RELATIVE TO ATON 7204
D0 516 1=1.3

ovi{I)y = dLlJ)“(—L2!I)*CD‘F(ALPHL(J))+L4(I)#QINF!ALPHA(J))*CDSF{RET

VJ IS THE VECTOR FROM ATCM Z{Je1) TG ATGM J
ITEMP = Z({.Jel} )
Cldel) = VJIIY + CLITEMP.I)

CONT IRNUE

GO TO 533 _
IF{Z(JOQ’OEQOIOOR-ZfJOQ)-EQO"I, G0 TO 549
GO TOQ 528

e o e 2 g e se o e s e sl de e o e ol e ool K e ook o e ek e e ke

THIS PART IS YUSED IF ATOM IS DEFINED BY TWD BONDANGLES
CALL RELVICIVIZIJs1)Z0de31)

CALL UNIVEC(L1.V1)

CALL RELVECIVZeZ2{Jds2)sZ0Jds1))

CALL UNIVEC{L2.V2)

ZETA = —(L1CL)=L2{ 1) +L1L02}=L2(2)+L {3 *L2(3))
Ald)Y = (~COSFIBETA(JIMI+ZETARCOSF{ALPHA(JY )Y /{1l a—ZETAR%®2)
Bld) =

{COSFIALPHALJY I=ZETA*COSFIBETA(JIII/{Le=2ETAX®2)
Pl = 3.141592654 :
IFI{ZETA.LT0) GO THD 518

GO T 519

TeMp = PI

GO TG 520
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OO

C

524 D(J) = 0.0

1987 FORKMAT {3X,1HC)

H

519 TEMP = 0.0 |
520 CCNTINUE
IF{ZETA.EQ.0) GO TO 521 S o g
GO TO 522 -
521 GAMMA = P1/2. ;
GO TO- 523
522 GAMMA = ATANF(SORTF(l.-ZETA%%2)/ZETA) +TEMP
1986 FORMAT (3X,1HS)
523 CONTINUE (
IF (ABSF{GA4MA+ALPHA{JI4BETA(JI~2.%P11.LT+«CCOCCCCYY GO TO 524 i
i

GO TO 525

60 TO 526
525 CONTINUE
VXY = (le=ZETA%%2) o |
IF(ABSF(SORTFLABSEIVXY))) «GTe +0CC1) GO TO 1209
PRINT 121C,VXYed
1210 FORMAT (/773X 4HVXY=43X F1Ca504H) = +144///)
1269 CONTINUE
XYZ = (1a+A(JI*COSF{BETALS)I=BlJI*COSE(ALPHA{JY))
~ IF(XYZ «GEGa) GD YO 1204
- PRINT 1206
1206 FORMAT (//743Xe 4HBUGS /7 7)
1204 CONTINUE o | L
IF{VXY +GE+0.) GO TO 12C7
PRINT 1208
1208 FORMAT(///7+3X,SHBUGS2.///)
1207 CONTINUE
DIdI=Z(J &) (SQRTF( AHSF(1.*&(J)¢COSF(BETA[J})—BlJ)*CDSF{ALPHH[
EENIEEE V/SORTF(ABSF(L.—ZETA®%2))y

T T N )

526 CONTINUE :
CALL VECPRD{V3,L1,L2)
PO 527 1 = 1.3
L3CI) = AL *LICII4BIINRL2(11+DEII%VE(T)
CVJUIY = BLOJI®RL3(T)
ITEMP = Z(Jel) |
Ci{del) = . VJIII+CEITEMP, 1)
527 CONTINUF
G TO 533
Ao A g e e e s ol e ol s o e e e o o oo v e o ol v el ol e e o e e e
THIS PART 1S USED IF ATDM IS DEFINED RY CNE BONDANGLE AND BY THE
ANGLE WHICH BOND Z{J.1}-J MAKES WITH THE PLANE OF Z{J+1142(Js2)
AND Z{de3) - '
528 CALL PELVEC(V1oZ(Je10,2(J,3))
CALL UNIVEC(LLeV1)
CALL RELVEC(VZ4Z(J42)¢2{del})
CALL UNIVEC(L2,V2) B S
ZETA = =(LI(1I®L2010+L1(2)%*L2¢2)+L1(3)%L2{3))
CALL VECPRDIV3,L1.L2) .
RETALJ) HERE REFFRS T0 90-ANGLE WHICH BOMD Z(Js1)=J MAKES WITH THC
AFQREMENTIONGD PLANE

| LI T

Lrmy e ity g e e e o gt gt e

P T e W e
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‘ A(J) = COSFIBETA(JI}/{L—2ETAR%RZ)

o

TF{Z{J.4)EQe2) GO TO 530

e

C

529 BlJ)= ~SQGRTF({{1.-COSFLALPHACU) Y*#4¥2-~ALJ)*COSF(BETALIII)/LLe—ZETA*¥20

1388

530
1989
531

SL2(n

532

533
601

oSO

4093

1998

1999
C
C 1

9

11
1994

10

BOB1 FORMAT (///+3Xs68H STERICALLY AND/OR ELECTRONICALLY SIGNIFICANT IN
*TEKATOMIC DISTAMCES ¢« //+3X e SHORDER s 6X o LHI +BXalHJ s EXeGHR (I 4d) 16Xy

8188

¥  «20HBETA

1n
FORMAT {3X,1HD)
GO TO 531

e e e

¢

L
c.

B{J)=SQRTF{(1.—-COSF(ALPHA{J) )*%2~ AlJ)*CDSFlBETA(J)I)/(1.—ZFTA**2))C

FORMAT {3X.1HE)
CONT INUE

D{Jd) = BlLIYXZETA+COSF(ALPHAL LYY

DO 532 1=1.3
RUJIELLLTIIDOd I #=L2( I Y+A[JI%VI(])
RLEJY*L3T)

ITEMP ItJ.1)
Cldel) = VI
CONT TNUE
CONTINUE
COMTINUE . e
e e A e ek o o e e o e ke ok o e e o sl o ol o ook o ke
OUTPUT SECTION
IF{JKILMN «NEo 2)
IF{{LOUTT oNFE. I0UT)
TFLLOUTT «NEF« I0IUTH
CONTINUFE
IFINDQOR oNEw
PRINYT 1998
FORMAT {1X«BHZ

VJiI}

fnon i

+ CUITEMP,T)

GO T0 1994
«ANDo (1E
GO TU 1994

«F0e 1)) GO TO 4093

) GO TO 1994

MATRIX.//«42H NO AN
{4) EL

(1y  BL  (2)
v BXs IHX+ 11X 1HY s 12X 4 1HZ)

ALPHA

DO [CC S =
ENDY =

14M
ANT DD

900 PRINT 1999 ¢ JsANTJ)eZ(Je1)+BLBLI) s2(J+2) vALB(J) e Z{Je3) BTB(J),
%20 Je4) sELCINDLY » (ClJel1dal=1y3)

FORMAT (213+144F7e6:42(164F1l1e6)+16:6XeA%e4Xs3F]12.8)
IF{IDENT(10) «EQ.PUNCH) Tol1l

PUNCH 9o {ANTTI)»{C(Ledded=1e3)el=1NATOMS)
FGRMAT(I4+3(3XsF12.70)

CONTINUE

CONTINUE

DO 16I=1.MATOMS

N0 10J=1,HATONMS
RIIsJI=SORTFILC{TI1)-ClJ
%)) ER2) _ o .
1F((JRILMN {If « EQ. 1)} PRINT BC81

cEQeC) AND,

¥ 31 CONFORMATION FIRST ENCOUNTFRED.//)

TF{JKJLAN +EO. 03 CALL RSEARC (R}

TE{(JKJLMN oEQe 1) «ANDe (IE +EDe 1}) GO TO B188

GO TO 8199

CONTINUE _

IFUIJKJLMN +FEQs 1) oAND. (IE «EQs 1)) JKJL = JKJIL - 1
DO 8210 IX = l.JKJL

e L) 3RE24(CLTo2)~ CLJ02)x324(0(143)-C(Js3

Y MY ) Yy T Y)Y

“"".l“iﬁﬁﬁﬂ(‘\(‘\(’\ﬁ(“\ﬁﬂ‘mﬂﬁﬁﬁn:'\ﬂf*r‘“f‘ﬁﬁr""n"""'?ﬁt‘"’-hhl"‘!

[
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c PRINT 8211 .KNOWI{IX)4KNOW2(IX) (
8210 CONTINUE {
8211 FORHATI218) i
8199 CONTINUS | {
TF(JKJLMN oFQe 1)  CALL POUT(R) r

2222 FORMAT (3X. 20NN {
13 CONTINUE :
[F(JKILHMN «NE. 21 GO TO 1995 (
IF({LOUTT «NE. ICUTY +ANDe (IE . EO4 1)) GG TO 3093 (

. TF(LOUTT NEe TOUTY GO TO 1995 (
3093 CONTINUE (

[FINQOQ « NEs C) GO TO 1995 N
CALL MOUTPTERWNATOMS JMATOMS 60,60, NAL)
1995 CONTINUE
12 CONTINUE o
c CONVERT COORDINATES TO ATOMIC UNITS
DO 9C I=1NATOMS
DO 90 J=1.3 e
90 CU{I+d) = C(T+J1/04529167
1984 CONTINUE
RETURN
- END
SUBROUTINE RELVECIR,J oK)
IMPLICIT REAL#B(A-H.N=2)
INTEGER CHARGE, AN
COMMON/INFO/C(6C 3 ¢ M +CHARGE » MULTIP, AN(60) 4N
DIMENSION R{3)
INTEGER JoKol

DO 1 I=1,3
. 1_ R(I)=C(J:I)"C{Kol) ) ] )
C R IS THE RELATIVE VECTOR FROM ATOM K TO ATUM J
RETURN

ENMD
SURROUTINE UNIVECIL R}
IMPLICIT PEAL*8(A~-H.0-1)
) DIMENSTION L{31:.R{3)
REAL*8 L
SQRTF{X} = DSORT(X)
ITMTEGER 1 . o o .
BO 2 I=1,3 _ .
2 LOIY=R{TI/SORTFIR{LI®%2 & R(2)%%2 + R(3)%%2)
c L IS THE UNITVECTOR OF R L
RETURN
END
SURROUTINE VECPRDIVP«XsY)
IMPLICIT REAL%B(A~H,0-7}
DIMENSION VP{3)eX{3),Y{3) .
VP LL)=X{2)8Y {3 =X(3)%Y(?) '
VP(2)=XE3)%y(1y=X{1)%y{3)
VP LI I=X{1 Y (2)=X{2)%Y (1)
Cc VP 1S THE VECTOR PROODUCT OF X CROSSED' Y
RETURN

I Ry Ra e R ik e el it T R T T e Mk B BT s TLas N A N S i Uon U e U T cn i T o T A W W St e T e St S e S e W
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1000

20

19

32
18

40

&L

END

SUBROUTINE MOUTPT{A M NsMDIMMNDIMsNAL)

IMEPLICIT REAL*8LA-H.0-2)

IFBUPDTE LOG PAGE 001

QUTPUT OF M X N MATRIX DIMEWSIONED TG MDIM X NDIM

DIMEMS TON MAL(6)

DIMENSTON A{MDIM,NDIH)

PRINT 1000 NAL

FORMAT U//+2Xe 6A&)

KITE = 0

LOW = KLTE+]

KITE = KITE+14

KITE = AMINO(KITESN) .

PRINT 19¢{1.1=LOW.KITE)
FORMAT( 7/ W aXy14(6Xe12147)
PO 32 I=1.M - _
PRINT 1821 {ALT4d) s J=LONKITE)
FORMAT {14,y 2Xs16F8.4)
TF{N-KITE?) 40,40,20

RETURN

END

SUBROUTINE RSEARC {R)

IMPLICIT REAL¥B(A-H.0=2)
INTEGER%2 LCTHMsKNOWL e KNO2

C DIMENSION R{6C.60)

N

3

COMIAON/TAUZALPHAT60) «RETA{6C)

COMMON/KNOW/KNOWLI600 ) KNOW2(6C0)

COMMDN/STR/JSY U551 ,45244582
COMMON/CIN/JIRIL « JRJLMN,LLCIM

COMMOM/INFUO/CI603) +NATOMS»CHARGE«MULTIPLAN(60) oN

CIMTEGER ANy CHARGE

DIMENSION LCIMIGGC.6C)
DO 9 I=1,NATOMS

ALPHALT)Y = ALPHA(II®*180.4/3.141552654
BETA(T) = BETA{I)%1d0./3.141592654

CONT INUF

0O 1 I=2.NATOMS

IMl=1-1

DO 1 J=1.,141

IF(LCIMITIJ)Y «NE. 0 GO 7O 1
ITF{RIT«d) LT 3.00) GO TQ 2
GG TOQ 3

CONTINUE

0G5 TI=1.JKJL
TRIIT «EQ« KNOWL(TI))Y ~ARD. (J
IF({S «EQe KNOWL{IIN))

CONTINUE

-

KNOw2(II»)) GO TO 1
«AND« {1 +EQ. KNOW2{II))) GO TO 1

PRINT To JRKILeTedeR{T«JISBETA(ISL)«BETA(JS2)

FORMAT (3184313X.F10651)

KNOWLIJKJIL)Y = |
KNOWZ2(JKJLY = J
JKJL = JKJIL + 1

CONTINUE

COODONMADOORINOOGODNANDMNON MDD S

Yoy

T LD D
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34 .

1 CONTINUE .
DO 10 I=1,NATOMS
ALPHA(T) = ALPHA({II®3.141592654/180.
BETA{I) = BETA[II)%3.141592654/7 180
10  CONTINUF
RETURN
END
SUBRQUTINE OUT(AGR )
IMPLICIT REAL®B{A-H,0-2)
NIMENSION AGRIIB,18)
COMMOM/LAB/LROWSLCOL oA
DIMENSION A(36)

KITE = ©

20 LOW = KITF + 1
KITE = KITE + 12 : .
KITE = AMINO(KITELLCOL)

PRINT 19y (A{I)eI=LDW.KITE)

19 FORMAT (//746Xe12F10a10//7/) -
¢ - PRINT 212

212 FORMAT (//)
D0 32 I =1,LROM N S
~32 PRINT 18.4(I)«(AGR {1»J)4J=LOWKITE}

18 FORMAT(2XsF5els2Xe12F10a4)

TF(LCOL=KITEY 40+4C,20

40 RETURN

END
SUBROUTIME DOUTI(R)

IMPLICIT REAL#8(A~H,0~1)

INTEGER%2 LCIMe KNl KNOW2
COMMON/TAU/ALPHAL6C Y o BETA(GOY
COMMON/STR/JS1¢JSS14+J5244552
COMMON/CTM/JKIL » JKILMNJLCIM
COMMON/IMFO/C{6043) yNATOMS » CHARGE 4 MULTIP, AN(60) oN
DIHENSION LCIMIG0,6G)

INTEGER CHARGE . AN
COMMON/KNOW/KNOWL (A6C0) e KNOWZ2 {600
DIMENSIGN R{60,60)
DO 20 I=1,NATOMS
ALPHA{T) = ALPHA(I)} * 180./3.141592654
BETA(I) = BETA[I1%180./3.141592654
2C  CONTINUF

NDISK = 11 e - o i e - e e
DO 1 I=1.MATOMS
IM1=1-1 °

D01 J=t.DMl

DO 1 K=1edKJL

LL = KNDW1{K)
, MM = KNDwZ (K) I o S _
t IF({I eEWe LL) «AND« (J «EQs M¥)) WRITE(NDISK) R{1,J}
C IFULL «EQe MM) «ANDe (J «EQe LL)) WRITE(NDISKY R(I,J)
- T EF((I «ENe LL) «AND. {J <EQe MM)) GD TO 5

Gg 0 6

Lo
.
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5 CONTINUE
WRITE(NDISK)Y R{TI+J)
PRINT BeRIToJ) eI od BETA(JSL)WBETA(JS?)
8 FORMAT (3XsI11HLL MM NDISKe3XsFlCe5¢21342F10:5)
6 CONTINUE
IF((T] «ERe MMH4) +ANDs (J +EQ.LL})) GO YO 9
GO TG 10
9  CONTINUE
WRITE(NDISK)Y B(I.J)
PRINTYILoRET oY eI +JaBETA{JSLIYWBETALJS2) :
11 FORMAT {3XelI1HMM LL NDISKe3Xy F10e5+213,2F104.5) (
10 CONTINUF _ e e e e !
1 CONTIMNUE
DO 30 1=1.NATOMS
ALPHA(T)Y = ALPHALI)%3,141592654/180C. ) o . R |

= e e A e mm AT e ey

dETA(T) = BETA(I1%3.141592654/180, f
3¢ CONTINUE 1
- RETURN . e e m—— e e e e
< - EMD - ‘

SUBROBUTIME KFIX '
IMPLICIT REAL#B(A-H,0N-2) e _ K
. INTEGER*2 LCIMyKRNOWL KROW2 1
ABSF(X) = DABS(X) -
COMMON/KNDW/KNOR1(600)  KNIWZ (6002 N
COMMRON/CTM/JIKIL o JKILMN,LCIM B
DIMENSION LCIM{6C60) ;
RKLL = JKJL ~ 1 . e o . Lt
2394 CONTINUF '
MOOSE = 0
D0 2333 IH = 1.KKLL o o
TFIKNOWLIIHY «FEQde KNOWL(IH+1)) GO TO 2395
GO TO 2396
2395 COMTINUE ‘ o _
IF{KNOWZ{TH) «GTe KNDW2({IH+1)) GO TO 2397
GO TC 2398
2397 CONTINUE _
MDDSE = MOQSE + 1
IHOLDZ KNOW2{IH)
JHOLD2 = KNOW2{IH+1)
KNOW2(IHY = JHOLD2
KNO#2{1H+1) = IHOLD2
2398 CONTINUE
2396 CONTINUE
IF{KNDWLI(IHY oGT» KNOWIEIH+1))Y GO TO 2387
GO TO 2398 il
2387 CONTINUF
MOOSE = MOOSE + 1 :
THALDL = KNGOW1(IH) o
JHOLDY = KNAWI(EH+1)
THOLDZ2 = KNOW2{TH)
JHOLDZ2 = KNOW2(IH+1)
KNOWLI(IH)Y = JHDOLD!

1]
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H ,

KNOW2( IH) = JHOLD?2

KNOWL{IH+1) IHOLD]
_ KMOWZ({IH+1) THOLDZ

3398 CONTINUE

2333 CONTINUE

IF{MOOSE «NFe 0) GO TD 2394
RETURN -
END
SUBROUTINE ROUT (EEEEE.MHO)
IMPLICIT REAL®B(A~-H.0=2)
INTEGER®?2 LCIM,KNQW] KNOW2
DIMEMSION ECEEF(18.18) L
COMMON/KNOW/KNOWL{60C), KNOWZ2 (600)
COMMON/CTIN/JKJIL « JKULMN,LCIM
COMMON/LARB/I1.T124A
DIMENSION A(36)
ABSFIX) = DABS{X)

e ReNaNsEeNelaNaNsErEsEeoRalalnRERale ok e X!

o  DIMENSION LGIM(6C.60) o
. _DD 1178 10 = 1,11
DN 1178 JQ = 1412
] DO 1178 IR = 1,11 ) N )
. DD 1178 JR = 1,12 '
IF{ABSF  (EEEEE(I0.40) = EEEEE(IR.JR)) «GT. +CCOOLY GO TO 1179

1178 COMTINUE L
EDD = EEEEE{(1.1)
PRINT 1174, KNOW1{MHO)}. KNOW2{MHD) +EDD
1174 FORMAT (3Xs2HR{+13+3H » +13,5H ) = +F1045,3X+48Hs AND IS CONSTANTC
% FOR THE ROTATIONS CCNSIDERED.)
THEL = KNGW1{MHO )
CIHEV = KNOW2 (MHO)
LCTMIHEV, [HEL)
LCTM(THEL ¢ THEV)
GO TO 1864
1179 CONTINUE
PRINT 1171.KNOWL(MHO )}, KNOW2 (MHO)
L1701 FORMAT (///+11H GRID OF R{+13¢3H o +I34 3H ) +31H AS A FUNCTION OF

nmon
it

I TEe N We RIS Ne i 2l o N e

[

2

¥ CONFORMATIONee/Z/7/7) G
CALL OUT(EEFEE) Q!

1864 CONTINUF o
RETURN ' ) (o

END c

NOT; FOUND IN N4 DIRECTORY. STOWED WITH TTR.
WAS.00000000.. S

P L L R P T P I A

fa em® e e - . P . -



Appendix C:
The following routine is a modification of the INDO routine of

Pople, Beveridge and Dobogh which allows for a significant

reduction in required computer centreal memory. Central to

this modification is the EIGN subroutine of P, Dobosh which
disgonalizes an array and outputs the resulting array within

the same area of compuber memory, Other changes in the routine

were in SUBROUTINES INTGRL, HUCKCL, SCFCL and CFRINT. The central
change in the SCFCL circuitry was the storage of the core hamiltonian
on periphersl disk, and the reading of this ‘disk file upon the

entry to SCFCL. Thus one area of central memory at different times
stores the overlsp intgral matrix (INTGRL),=core hamiltonian (HUCKCL)®
Fock matrix (SCFCL) and density matrix (SCFCL). These changes were
designed by Professor Beveridge, snd coded by R.J.R.
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W
0
AL 18T=01 L ‘
=10, mE =100 ’ _ .
ISPLICTIT REAL®BIA=a1=-1) 2
o TN CHANGF THE SIZ¢ OF THE KOQUTINF AS A FUNCTIGN OF TAT AND IBF cc
r CHAMGE ALL DI¥R0510N STATEMINTS IN THE MAIN PROGRAM, ANG ALSO co
C TEST THSTaTINY o
C TEST ITMSERTION >
C IM EIGH AND E1GOUT . CC
C ALST RESET THF VALUES FOR JAT AND IBF IN THF MAIN PROGRAMe - oac
DEMESSTINN PDIAGE 903 4Q0 9CH W CZISCI UL 9C) e ULTM{SC) +LLIMISC), o
HEXXL FCILASDAL G0, 971 o GAMMA(S5I +50) ¢ 215044 ) +3LISC) yALPHA{SO )} cr
HEETA(RD) WU 901 eC150.2)AM{5D) cC
IHTEGER %G Uyl L or
[NTEGER%4 €7 | | N et
COMMOMM/ENMGY/AYF(3) ROE(3),FTOT,VOLLDP,IC C¢
COMMONZ TNFG/ N e NATOMS s CHARGE «MULTIP 0¢
COMMON/STHRUN/DELTALRMINGINGI o124 11,111, T1E+IS5.,188 cc
INTEGFR %4 7 oL
COMHNMAIRCOV/TIRCOVLIJC INDISKS IRCCC o« JDISK o1a
C IRCOV=TEST FNX COMVERGENCE . - | _ cr
G JJC=PLACE IN GRID (ol4
r. INISK=SEQUENTIAL DISK ASSIGNMENT Q¢
C IRCCC = TEST FOP INITIALLY CONVERGED CALCULATION ol%

CUMMDN/MTMAT/LTMAT W MVAE LLID
INTEGER NFF
COMMON/PECTAL/FLE 9
CCOMMON/ORBR/GRB(9)

COMMIN/OPT TAN/UPTION . OPNCLO+HUCKEL « CNDO . INDOLCLOSEDLUPEN, IONGFF

COMMON/ LT T/TBLANK s ITMAT  IBL TALPHASIBETALZICLEAR,ITIL1,112
INTEGFR  OPTION,OPNCLC.HUCKEL +CNDOs» IND2WCLOSED«GPEN, ICNOFF cr
INTEGER OF A+FLe AN CHARGE

QOO M
i~ ey 4T

DIMENSTON EGANIL18,18)4VGRN(19,18),0GRD118.18) o ‘ N
COMMON/GRIN/LROA.LCOL 0
DATA TZUMAT/124AT Y/ _ els
NATA T8LK/® '/ L . eC
DATA JFEF/YNFFV/ - (a2
C INPUT IS FEAD IM THE FOLLOWING ORDER 0
C (1) OPTTAN CARD WITH THE FOLLOWING INFORMATION _ C
" (A) DPTION (WAVEFUNCTION OPTION) IN COLUMNS 1 - 4. THE KEY C
£, ' WORDS ARF INDD CNDO o]
o {#) OPNCLN (GPEN DR CLOSED SHELL) IN COLUMNS 5 = 10. THE KEY Q
r ANEDS ARF NPEM, | CLOSED . ) - Co
(. WORDS AQT OPEN : CLSN C
G (C) TRNPUT (TO KZAD IN THFE MOLFCULF IN TFRMS OF BONDLENGTHS, BONDS
(i ANGLFES, AND DIHEDRAL ANGLESe IN COLUMNS 11 = 14+ THE KEY ¢
Ci WoRD IS TMAT o}
cl {NY TNNOFF (T0O SUPPFRESS MOST PRINTEC QUTPUT)Y IN COLUMNS 15 = 17.0
C1 . THE KZY W3RN IS OFF 07
C (F) IAES IN COLUMNS 1B - 22. THE KEY “ORD IS . GUESS e
C {F) LTWAT (70 SFT THE EMERGIES DOF THREE CONSECUTIVE QUTPUT SETS Of
Gt T A PAKABILA IN ORGFR TO FIND THE MINIMUM ENERGY G
€y
|

COMFTIGURATION) IN COLUMNS 23 - 26« THE KEY WORD IS 0
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" TML\T ‘ 0
G ._tG) Il [THE NUMBER OF TIMES THAT THE BONDLENGTH(SI. BOND e
C ANGLE(S). DR DIHEDRAL ANGLE(S) SPECIFIED IN LVARLI.IS!., AND OO

C ISSt IS (DR ARE) Tn B8F VARIED BY THE AMOUNT DELTAl. I1 IS 0

I ‘ ~ SPECIFIFM IN 13 FORMAT IN COLUMNS 27 -~ 29, G
C {HY LVARY (WHICH SPECIFIES WHAT IS TO BEF VARIED) IN COLUMNS c

o 30 - 34, THE KEY 4WNRDS ARE . 0

R N e o ~ALPHA .. . . BETA . BL e
. C (I = J) ISL AND [SS1 (THE SUBSCRIPT OF LVAR1) IN COLUMNS 116
G 35 - 3B AND 39 = 42 RESPECTIVELY (EACH) IN 14 FORMAT. EACH Cf
o N MAY RE ANY POSITIVE INTEGER FRCM 1 TO THE NUMBER OF ATOMS INCG
C. THE MOLECULE. IF ONLY ONE IS BEING VARIED. LEAVE 1SS1 BLANKCC

3128 CONTINUF Go
__IK) DELTAl (THE AMOUNT BY WHICH LVAR1{IS1) AND/OR LVARL(USSLl) ISCC
OR ARE BEING VARIFD) IM COLUMNS 43 = 53 (IN Fll.6 FORMAT) GG
SUBSCRIPTED BY [S2 AND IsSS2 TO BE VARIED BY DFLTAZ SO THAT Qf

{L - P) G - K ARE REPEATED TN PERMIT A SECOND VARIABLE, LVAR2, OC

‘o
i

|
|
|

T
L
1
*
!
|
!
1

C
C
C..

C A GRID SEARCH CAN BE CDNDUCTED 12 TIMES. 00
C I2 {IN I3 FORMAT) IS IN COLUMNS 54 = 56. co
G _LVAR2 IS IN COLUMNS 5T = 6ls I 1>
c T -1S2 AND 1552 ARE IN COLUMNS 62 = 65 AND 66 = 69 0C
¢ RESPECTIVELY (EACH IN I4 FORMAT). 00
) o DELTA2 IS IN COLUMMS 70 = 80 (IN Fll.6 FORMAT). . oc
) C {2) AN JTDENTIFICATION CARD WHICH IS PRINTED AT THE BEGINNING ce
C OF THE RUN. 00
G 13) NATOMS. CHARGE, MULTIPLICITY - FORMAT_{312) . _.0C
C {4) ATOAIC NUMBER, X COORDINATE, Y COORDINATE, Z COORDINATE ON 00
c ONE CARD. FORMAT (14,3(3X,F12+72) 0¢
. DECIMAL POINTS IN COLUMNS 12, 27, AND 42" @@
996 CONTINUE 0C
1AT=50 )
e IBFEO0 00
IJC = 0 00
K1 = 1 00
- - — - - - - . K2 = l . S M m e e e vm. mAEEAA . A mts b m mew R e R memm—meemr tmmm § o rmmombe e A - -k A |4k A ¢ e mai AT Sromork <t L mbm—_a oo e s w4 im = X o 00
JDISK = 10 ‘ GO
IDISK = 11 o
e L IRCCC=0 e e e e e e 00
1C=0 00
. JD=1 ‘ _ 00
e dDDE2 00
'RFAD 40,  OPTINN,OPNCLO.INPUT.TONOFF IGES,LTMAT, 11, LVARL,IS1,1S51,C6
XDELTAl«124LVAR2,152,1552,0FLTA2 ‘ 00
} .. LFLOPTIGN.EQ.I8LKY 6D TO 998 .. .. 0O
997 CONTINUF o
LID = 111 00
JD=11 ST , 00
NVAR=LVARL - 00
. 1S=ISY e 00
T1SS=18S1 00

DELTA=DELTAL ' | ' 00
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e e b e e+« e e o e - C e e e et e ot e et e 4 e e )
IF(IARS(11) <EQ. 2) GO TO 999 oe
Lo .. 992 CONMTINUF ' e e e . OO
C LONP OVER VARIABLE ZMAT ELEMENTS - 00
NO 99C JN=1,11 00
. Lm = 111 S - €O
ID=J4D : 00
GO TO 939 00
991 CONTINUF S 0cC
DO 993 JBD=7.12 +]8)
LID = 112 00
- 1D=40D U ce
999 CONTINUE 00
IC=1C + 1 0o
e IR=IC 0O
IF (IC «GT« 3) GO TO 3&71 (o]0,
60 TO 347C _ _ oc
. L 34TY CONTINUE . 00
T IF (LTMAT .FEQ. ITMAT) GO TO 3477 00
GO TO 3476 : 00
N _ 3477 CONTINVE L - oo
< - CALL "TMAT : CG
3476 IC=1 ocC

3470 CONTINUF s Ls

T " PRINT 4ls OPTIONGOPNCLOINPUT IONOFF¢IGES LTMAT 11, LVARL 15141551408
#*NDELTAY 12, LVARZ.ISZ 1552.DELTA2 ¢

. e _— - - - CALL TI‘A .- . e - Ca e ime e i mr e e o meaae _ — s s ome - s - G-
IE {IMPUT +EOQ. [ZMAT) GO TO 51 oc

GQ TO 572 . G

51 CONTINUE 0

T B CALL ZMAT{ALPHARETA,C+BL+ALPHALBETAsGAMMAGZAN, TAT.IBF,7) os
CALL MINERT(C+AN.IBF IAT) 0
DO 9C I=YWNATOMS e B

C

DO 90 J=1,3. 0

90 CII+J)=C{T,+J1/0.52916700 0
6178 FORMAT(2I110) 0
1JC = [JC + 1 0

60 TO 53 0
52 CONTINUE o 0
"READ 204 (AN(T),I=1,10) 0
PRINT 304(AN{I),1=1,10) 0

_ READ 5C HATOMS+CHARGE,MULTIP,IUNITS 0
50 FNRMAT(414) T o
0

C

0

0

0

0

0

G

0

0

PRINT 6G+NATOMS CHARGE«MULTLIP,LIUNITS
60 FORMATU/5X.[4.1811 ATONS _ CHARGE =+14,18H  MULTIPLICITY =,14,12
1H TUNITS = s144/)
ND 10 T = 1.NATOMS
CPEAD TOLAN(T) C{IO]."C‘_I!Z)'C[[DB’
PRINT TOLAM{I)e C{T41)sC{T42)14C(I+H) )
COMVERSION AF COORNDINATES FROM ANGSTRUOMS TO ATOMIC UNITS
CIFCIUNITS «EQe 116D TO 10
.0 T 11
11 CONTINUE
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1o G
i
H

NO 9 J=1,3 ' . oC

- 9 CH{I D =C{T ) /0. 529v57no S, ¢ 1 &
10 CONTINUS .. 0¢C

53 COMTINUF - oc

~ IF{UPTION «EQ. TNV GO TOY 0

G0 1O 6 . 0cC

1 DD 5 1=1.NATOMS ce

e TRLANUTY&GTe9)y GO TO 2 ... oc

GO TO & ‘ ccC

2 PRINT 3 ' : 0

3 FORMAT(47H THIS PROGRAM DMNES NOT DO INDO CALCULATIONS FORs,  0OC

1 51k MDLECULES CONTAINING ELEMENTS HIGHER THAN FLUORINE) 04

STMo 0c

e & CONTINUE e OC
5 . COMNTINUE ' oG

6 CNNTINUF 00C
e G DEFAULT IF ANY ATOMS ARE TOOD CLOSE TOGETHER — _~ 0€
KKK = KKK+1 oc

NN 99 I=2,NATOMS 0GC
e IMT = 11 U * &
. DD 99.J=1,1M1 . o]
c CHECK FOR BONDED ATOHMS o]
o G FLSE CHECK FOR CLOSFST APPROACH oo
R=DSOETIICIT e 1)~Ctds 1R 2+(CLI,2)=ClJe2))%%2¢(CL1,+3)~CL{J,3))%%2) 0C

1%0.529167D0 00

e JEIR@GEQD O DIGO YD 99 e 0C
¢ SFT DEFAULY VALUES 0cC
ETOT=999.99N0 oo

e e NOL=n.CDO e e e ...._..GC
NP=99.99N0 [o]#!

98 PRINT 97,1.J.R 00
.97 FORMATU(//.45H MO CALCULATION OF THIS CONFORMATIGN BYPASSEN.3H R{s OC
*14, IHIQI‘Q 4H) .= 9‘:1005'//) GO

GO TO 96 ocC

e 99 CONTINUE - ' 00

CALL INTGRL{ASDALC+GAMMASCZ U ULIM LLIMANLIBF,IATY 7 777 "¢o
CALL HUCKCL{PDIAGsQ+GAMMAGAMMAZASDA,CoANSIAT+IBF«CZoUsULIM,LLIM,X00

e EXX e NUM) 00
CALL SCFCL{GAMMA,GAMMA, ASDA CoANeIAT, IBFsPDIAG QD CZyUULTMyLLIM, X0O

£XX g NUM) 00

_ CALL CPRINT(GAMMALASDAC+ANS IBFeTATXXXsCZsUsULIM,LLIM.PDIAG,Q00C

sy NUM) . 00

96 CONTINUE ' _ 00

o L TF{I1.EQ.N«ANDT2.EQ.C) GO YD 1750~~~ ...._.0¢
C TUCK AWAY CURRENT VALUES 0OF RESULTS - ‘ 00
EGRNDI{KL«K2) = FTOT ) (o]0}

VGRDIKL«K2) = V0L L . 0G

NGRD(KL,K2) = DP ST T ' 00

IF(K2 «LT. 120 GO TO 1748 Cco

e e . GO TO YT —_ e e 00
1743 rnNTINuc 00

K2 = K2 + 1 Q0
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NEW MASTER c
oy e TEin E m fmmm T = m o e — el #  STEe % o weesdd - m e P —— U S S A — — - —_— - —_

G

G0 TO 1750 , o ! 00

e 1749 CONTINUE — e e 0O

K? =1 ' oC

KL = K1 + 1 , ' (]

1750 CONTINUE e e S -~ 0¢C

CALL TIM 06

IF ((I2.0GTe0)eAND{LIDFQSII1)Y GO TO 994 co

. 6O 7O 993 S 00

994 CONTINUE © 00

NVAR=LVAR2 0¢

IS=152 . U ¢ Lt

I$S=1552 o]s

NELTA=DELTAZ o
60 .TD 991 oo

@93 . CONTIMNURE ' T B o T4
LID = TI1 - 00
NVAR=LVAR] oc

15=181 T
FSS=1551 o0
DELTA=DELTAL oe

" *'-‘ D JD — e e s e e e e OO
990 CONTINUE 0C
G END OF LOOP OVER VARIABLE ZMAY ELEMENTS . ......0oc

IFUTL1eED0+ANDs I2.EQ+0) GO TD 996 sls
C FILL GRDVERT ARRAYS oc

e ——— —_— u— —— ...KI\K n - - W Bemiaimm e s mme s e = maiem mm— .. [P - emiia 4 umar OC
LROw = 11 60
LCOL = 12 , oc
e .. ... DELT = DELTAL , S
CALL GROVER {FGRD,VGRDsDGRN,DELT) oc
GO TO 9999 0C
L 3569 CONTINUE - _ oc

IF [[IC+EQ+3)cANDJ(LTMAT.EQ.TTMAT)) GO 70 3570 00

GO TO 3571 GG
. 3870 CONTINUE iR
CALL THMAT , oC
3571 CONTIMUE o
e ...9999 CONTINULE . UL 1 &
GO TD 996 _ 0¢
998 CONTINUE 00
P . ppTNT BO P . - . —————— Py - e P ) - P, . O
20 FORMAT(l0aBY =~ 7 77 T N o T¢:
3C FORMATL //.1048) 0
) 40 FORMAT {A4,A04A40A3,A50A442(13,A5,2144,F1146)) 0

41 FORMATI/Z ¢1XeA%e3XeA6e3XeA413X0A3¢3XeA5e3XeA%y//46H [1 = 4144 9H LVO
CARY = +AS+6H IS1 =¢1Xs14e5X+e8BH 1551 = 414,5X.10H DELTAL = ,Flle&6./0CC
N/+6H 12 = ,1449H LVAR2 = ,AS5,TH IS2 = 4+1445Xe8H 1552 = +1445X,10d 0
=NELTAZ = +Fileb)

70 FORMAT([4+3(3XsF1l2471})

BC FOAMAT(L&H END OF THIS RUN)
END
BLOCK DATA

OD0O00
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caoaa

nDsEDZ\nm;ﬁpr\mraQ_ - v ) . co
R C COMMON/ORR/ORE(9) ’ -0
COMMON/DPTIAN/OPTIONOPNCLOWHUCKEL « CNDO Y INDOLCLOSED OPENLIONOFF  OQ
COMMMMN/LIT/IBLANK I TMAT . IRL s TALPHAL IBETA+ICLEAR.TI1,112 on
) INTEGER OPTION+IPKNCLOWHUCKEL +CNDD» INDO,CLOSED,OPEN, IDNOFF fole
INTEGFR OFRELy+AN.CHARGE - 0q
DATA ELUL) eFEL{2)VFLI3)eFLI4)sEL{SYELIA)+ELITISELIBYLELIG) F'HY, OC
-—:u- ._lm--jmu--_d- .n- -Z. -D- .—n\ OP
DATA ORB{1)+ORB(?),NRBI3).0FB(4)+0ORB{5),0RB{6)+0ORBI{T)ORB(BI, oq
*QRBI{G) /7 SVel PXV 0 PY®, 1 PIZE,V D221, DXZV, ' DYZ*e'DX~Y', 0O
DATA CNDOZ'CNDOY/ _ - o oqd
DATA INDD/VINDOY/ : . c
e e DATA OPEN/S Y OPEN Y o
DATA CLOSEDZtCLSNDY/ od
DATA LI1/'11t/ cc
O 15 - O - L - ST -1
DATA ITMAT/VTMATY/ _ _ _ or
DATA IBLANK/! v/ _ 0
e DATA ICLEAR/Y M/ 0
: DATA IRL/1BL 1/ . o
DATA TALPHA/VALPH'/ - 0c¢
e AT A IBET A BT A o
END 0c¢
SUBRAUTINF MOUTPT(A,MeN MDIM,NDIM,NAL)Y oc
o G ____DUTPUT NF M X N 3pqux NIMENSIONED TOD MDIM X NDIM Q@
IMPLICIT REAL%*8{A=H +0=-2) 0
DIMENSIDN NAL(&) 0
L _DIMENSION A(MDIMWNDIMY 0
PEINT 1000,NAL . 0C
1000 FORMAT (//.2Xe 6A4) oq
e JKITE = 0D e ... QC
20 LOW = KITE+1 cc
KITE = KITE+14 00
. KRITE = AMINOU(KITEN) R
CPRINT 19,{1,I=LOWKITE) ocC
19 FORMATI // clXela(6Xe12) 4/} e
e DO 32 T=1eM N A
32 PRIMT 1841.(A(L+d),J=LOWKITE) Xols
18 FORMATI{T4,2X,14FRe4) 0
o ) C IFIN=KITF) 40.40,20 ] ) o ) 0
40 RETURN T T . Ce
ENMD 0c¢
 SUBRGUTIME TMAT | L . 0¢C
[MPLIGTT REAL%Z{A-H.,0~2) o e o
o TO SOLVE MATRIX EQ B = T#A FOR T GIVEN A AND B 0C
COMMONZEMGY/B{3)+R(3).ETOT.VOL.DP,IC ] o
COMMON/STHRUN/DELTALRMINGIDCIL1, 12, 11+111¢IE«IS,15S o 0
COMMPN/LIT/IBLANK, ITHMAT . IBL» TALPHALIBETA, ICLEAR,JIY, 112 (oFy
L COMMOMN/NTMAT/LTMATWNVAR,LID N
DIMENSION A{3.31,C(3.31+0(3,3),7T(3) . . 0
o

o o o ol e o o ok o e 40 30 R A A sk e e e de sfe o ol e o 6 e e o3 o o ol o e e e o ol o e e o o o e e o o e ek i e ek sk ek 0 ()
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C

OO0

INPUT SECTION Moan
DO 9 J=Y a3 O
A{l.J)=1.0D0 ' oc¢
A{2.4)=R(J) . : 0¢
Al3+JI=R{JI*RTJ) o o o
CALL MOUTPT(A+3+3¢3¢3,9H MATRIX A) ' oc
CALL MOUTPT(Bel+34143.,9H MATRIX B) (o3¢
*##*#****###*******#*#*#**#####****##*##*#***#*#*****#*#####***#**Qf
SOLUTION FOR T IS T = B*A-INVERSE 0
FORM INVERSE OF A 0t
CALCULATE MATRIX OF COFACTDRS OF A IN D _ o S of
Dlls1)=A(2+2)%AL3,3)=A(2,3)%A(3,2) ) ¢
DELle2)==(A{2,0)%A{3+3)-A(2,3)%A{3,1)) ' . 0
D{1431=A(2,12%A({3,2)=A(2,2)%A(3,1) . o
DU2¢1)==CAl1e2)%A13,3)=A(1,3)%A(3,2)) C
D(Z 2""'A(1'1’*A‘393]-A‘103}*A(3|1) GI
D{2+3)==(Al1.2)*A(342)=A{ls2)*A{3,1)» 0
D{3.,1)=A(1,2)%A(2.3)~A(1,3)%A(2,2) : ” i
D{3¢2)=={Al1,1)%A(2,3)=A(1,3)%A(2,1)) ¥ of
CD(343)=A(1420%A(2,2)-A01,2)%A(2s1) N 4]

1002

1000

oo

" CHECK INVERSE

DO 2 J=1.3
ND{I.J)=0.0D0

- FORM TRANSFURMATION\MATRIX
DO 3 J=1,3

Tld)= T(J:+B(K>*C(K.J)'““

IEBUPDTE LOG PAGE 0007

#***#**##**####*##***###***##********###******###**#*****##******#r
CALCULATE DETERMINANT OF A AND OUTPUT.

DET=A{1.1)%DI(1, 1)+A(1.2)*0(1.2)+A(1;§{$pj1 3) S
1F (DABSIDET)eLT+1.0N-18) GO - TO 5 o

GO TO 6

PRINT 1002, DET e
FORMAT(//+24H MATRIX SINGULAR, DET = +E15e5:/7)

STOP

CONTINUE ]
PRINT 1000, DET
FORMAT(//+7H DET = ,E15.5,//}
*#*#*###*#*#**#***##*********#***#*******######*###***##*****##***
FORM ELEMENTS OF INVERSE
00 1 I=1+3

po 1 J=1,3 _
C(1+J)=D(JsIV/DET

CALL MOUTPT(Ce3+43+3.3.8H INVERSE]
*#*#*#*********#*#********4**#*****#****#********##***#*##*****###

PO 2 1I=1.3

DO 2 K=1.3
DEL+JI=D{L1+JI+ALTKIRC{KeJ)

CALL MOUTPT(D+3+3+43,3,7H CK INV)
*###*#*#*****##****n**#*****#****#*******##****#*****************#

T(J)=C.0D0
DO 3 K=1.3

alulslainlacBbEnlisicoleolsivEcsBeleoReleRkrial=le ink>Ral+NoNeNeNe N

CALL MOUTPT(Ts1+3¢1.3+10H TRANS HAT)
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caocao

RMIN==T(2)}/{2.CDC*T{3)) 00¢

... PRINT 750, RMIN S SRR ¢ 10 1
750 FORMAT (//74.8H RMIN = (F20416) 00¢

RETURN 001

~END _ i o i L oor

SUBRCUTINE TIM Ccot

IMPLICIT REAL%B(A=H.0~2) 0ot

G CALL S19VLI(TIME} P . e ... eor

C PRINT 1111, TIME oQc

C1111 FORMAT(1X.A8) 00¢

) L RFTURN e i 00+
END 00/

_ SUBRDUTINE DMATIPDIAGeXXXeBeCoNoOCCALIBF,ANJTAT CZoUULIMLLIM(NUOO!

M) 00%

IMPLICIT REALX8(A~H,0-1) 00«

DIMEMSION CZ(IAT),U{IBF) ULIM{IAT) LLIM{IAT} 00«

- . DIMENSTON NUME I BF Y e . OO
INTFGER™G C2Z 0G(

INTEGER *&4 U,ULIM 00¢(
. DIMENSION GC{IAT.3). AN{IATY o DCC
DIMEMSION XXX(IBF) 00¢

DIMENSION PDIAG(IBF)
¢ THIS ROUTINE ACCEPTS THE COEFFICIENTS OR ETGENVECTORS IN B
o AND GENERATES THE DENSITY MATRIX ALSO IN B
IMTEGER DCCA
__DIMENSION BUIBF,IBF) o
COMMON/OPTION/GPTION,OPNCLO » HUCKEL  CNDQ+ INDO,CLOSEDOPEN, IONOFF
INTEGER OPTION, OPHCLOWHUCKEL + CNDO+CLOSED,CPEN
INTEGER OFF ’
DATA OFF/'QFFt/ _
ILF(IONDFF «EQe OFF) GG TOD 2222
U PRINT 1111 )
1111 FORMAT(13H GOEEFICIENTS)
CALL SCFOUT(C +ANBosCZ+Us ULIM,LLIM,NUM,O,1+IBF,IAT)
L2222 CONT INUE o o e e e
DD 140 [=1.N
DO 120 J=1.N
XXX{J) = 0.DO

PN 11C K=1,0CCA .
110 XXX{JY = XXX(J) + 2.00%B(I+KI¥%®B{J,K)
—— 120 CONTINUE B
DN 130 J=1.N -
130 B{l.J} = XXX(J)
e e 140 CONTINUE ST e e e e
DO 150 T=1.N
00 150 J=1.N
] ~ PDIAGLTY = B{I.1) o o . o )
150 8(J.1) = B{1,J)
(. WRITE THE DIAGONAL OF THE NEHLY GENERATED DENSITY MATRIX ON DISK
G KDISK = Y1 . I .. ST T . . S
C IKDISK=12 '
C REWIND [KDISK
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N

c
C
C
c
C
C

EW

bo 2222

MASTER

o N ol

REWIND KDISK .
[¥Y=1eN

NO 2222 JY=1,N

IF(IY oME. JY)
WRITE (KDISK)
WRITF (IXDISK)

GO TO 2222
BOIYedY)
BlIYedY)

2222 CONTINUFR

‘3333

OO DOx

G444

L1917

120

130

“SoRTthw

IF{INONDFF
PRINT 3333
FORMAT (154 DENSITY MATRIX)

«EQ. OFF)

G0 TO 4444

IEBUPNTE LDOG PAGE 0009

CALL SCFAOUT(C. AN.B-CZ.U ULIMoLLIMeNUMOW 1 IBF.TAT)

CONTINUE
RETUFN
END

TSURKOUTINE ETIGN{NN,RHO,I'BF.A)

IMPLICIT REAL*B{A=H. 0-1)
ONE MATRIX VFESION

RHUO= UPPE® LIYIT FOR OFF=-DIAGONAL ELEMENT

DIMENSION A{IBF.IBF)
DIMFNSION W( 9071 2GAMMAL

*{ 90y, 10’D( 90)
COMMON/BYE/EIGI
FOLLOWING DIMENSIONED VARTABLES ARE EQUIVALENCED

20)
THE
DIMENSTON VECIIRF,IRF)

CEQUIVALENCE (A(1),VEC(1))

FOUIVALENCE (VFC,A)
DIAENSION PI50),Q(50)

EQUIVALENCE

1(1080{1),BETASQ(1))
ABSF(X) =DABSEX) -
=DSORT{X)
PRINT 1917

ALGEBRAIC ASCENDING ORDER

NN= STZE DOF MATRIX
. A = F MATRIX
FIG = RETURNED EIGENVALUFS IN
VEC = RETURNED EIGENVECTORS IN COLUMNS

_EQUIVALENCE (P(1),BETA{11),(0L1),BETA(L))
(IPOSVI1),GAMMA{L)) s (IVPOS(LY BETA(LI )Y

(ONLY LOWER TRIANGLE IS USED + THIS IS DESTRDYED)
0O

900 .BETA{ 901 ,BETASO{ 901.1POSVI 90).I1VPASCO,

FORMATIL 84 IN EIGN)
RHNSY=RHO*RHO

N=NN

IF{N +EQs
Nl=iN-1
N2=hN~2
GAMMALT)=A(141) o
IFIN?) 230,270,120

NO 260 NR=T.+N2
B=A(MR+1.NR)
S=0.00

NP 130 I=NR.N2
S=S+A(I+2 NR)%*x2

£) GO TO 560

PREPARE FOR PNSSIBLE BYPASS OF TRANSFORMATION

AINR+1 NR)I=04NO

oG

0o

0C:

oC.
Gt

cG!
ec:
0C¢
0ocC
ce
0cC
ce
ce
04
G
00
co
G

GC
(8]§]
ce

GG
ec
cc
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.. 340
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350

351
360
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(‘.C_JC-AG

AlT.J+1)==SINA¥ A{L,J)+C0O5A* A({I.J+1) .00
VECIT J)=TEMP e

AT.J)=TEMP . GO
DITA=GAMMA({ J+1)=SHIFT 00
U=SINA2*{G+DIAY L . 00
GAMHAL J) =G+U) , - 00
G=NTA-U 00

. PP=DTARCOSA-SINAXCOSAP=BETA{ J) _ . oC

IF(J «Ne M) GO TO 360. 00
BFTA{J)=STINA®PP 8]1¢]
AETASQ(J)=SINAZ¥PPXPP 0
GO TO 330 00
PPRS=POXPPHRETASD(I+1) . 06
PPRR=SQRTF(PPRS) _ ) eC

37C
380
C

330

U .~

400

401

416G

411

42C

430
G

440

RETA(J)=SINA%PPBR 00
BETASQ{J1=SINA2+PPHS 0G
GAMMA(M+1)=6 L o S DC
TEST FOR CONVERGEMCE OF LAST DIAGONAL ELEMENT 00
TF{BETASA(M) «GT. RHOSO) GO TO 410 ‘ o)

EIGIM+1)=GAMMA{M+]1 ) +5UM _ 00

BETAIMI=0.DO . 00
BETASQUM)=CaNO _ o
M=M-1 U * €
TFIM EQ. 0) GO TO 430 00
IFIBETASO({M) «LEs RHOSQ)Y GO TO 390 6o
TAKE ROOT OF CORNER 2 BY 2 NEAREST TO LOWER_DIAGONAL IN VALUE 00
AS ESTIMATE QF EIGENVALUE TU USE FOR SHIFT 00
AZ=GAMMA (M+1) : . o]s]
R2=.5D0%42 U ¢ ¢
R1=a5DC*GAMMA(H) (o]
R12=R1+R72 o
_DIF=R1=-R2 e e e 00
TEMP=SQRTF(DIF*DIF+BETASQIM)) 00
R1=R12+TEMHP oc
R2=R12-TEMP 00
DIF=ABSF(A2+-R1)I~ABSF{AZ2~R2} ‘ co
TF(DIF LT« 04DN) GO TO 420 co
SHIFT =R 0O
60 TO 310 00
SHIFT=R] 00
GO 70O 310 00
FIG(1)=GAMMA(1)+SUM . 00
INITIALIZE AUXILIARY TABLES REQUIRFD FOR REARRANGING YHE VECTORS (06

PO 440 J=1.N 00

1POSVIdY=d ee
IVPOS({.=d . 00
I0RD{J)=J I co

tJSE A TRAMSPOSITION SORT TD ORDER THE EIGENVALUES T 00
M=N 00

DO 460 J=1.M [ 1o
If (EIGLJ) «LE. EIG(J+1)) GO TO 460 00

.60 . TQ 470 e LO
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. R VI

451 TEMP=EIG(J) . 00C
L EIGEIIZEIG(J+D) e o Qo
EIG(J+1)=TEMP 0a¢
ITEMP=INRN(J) 00cC
] 10RDIJI=TI0ORN{J+1) - L 00¢
IORD{S+1)=1TEMP 00¢
460 CONTINUE 00cC
470 M=M-t i e
IFIM «NSe 0) GD TO 459 00¢
471 IF(NY +E0. 0) GO TO S00 0G<C
o 472 DO 490 L=1.N1 ) i- L 00t
NV=TORD{L) 00¢
"NP=IPCSV(NV) co!
e TFINP «FO« L) GO YO 490 § oot
473 LV=IVPOS(L} 00«
IVPOS(NP)Y =LV 00«
e 1POSVILV) =NP S A 1
, - DO 48C T1=1,N ot
C TEMP=VEC({I.L) 001
L TEMP= L ALT L o L o _ _0G¢
C VECII.L)=VEC(I,NP) 00!
A{T+LY= ACI,NP) 0CH
~ _C 480 VEC{T.,NP)=TEHP e 00
) " 4BC A(I+NP)=TFVP T T oc¢
49C¢ CONTINUE 00!
500 CODNTIMUE e ) I 11
n:wo CONTINUE . Q07
C PRINT 1919 00;

- 1919 FORMAT(13H LEAVING EIGN) e
RETURN . T ) i 00

END 0c
L SUBROUTIME EIGQUTIMWKY 0o
IMPLICTIT RFAL%B(A=H,N=-2) Cco
C THIS ROUTINE IS CALLED IN SCFOUT TO PRINT THE EIGENVALUES M TO K 0©C
- COMMON/BYE/EPSILNG SO o0
PRINT 10+ (EPSILN(I),I=M.K) 00
10 FORMAT(//+¢15H FIGENVALUES===410FQ9e&4,//) 00
e RETURN e . 0O
END : 00
SURRUUTIME SCFOUT(C+AN«A«CZoUsULIMoLLIM,NUM,OP,MOPIBF,IAT) 00
i  TMPLICIT REAL*B{A-H.N-2) o - . 00
C THIS ROUTINE PRINTS THE ARRAY IN COMMON/ARRAYS/ WHICH IS DESIGNATEQO

C MOP. IF OP = 1 THE EIGEMVALUES CONTAINED IN COMMON/1/ ARE ALSD cC

¢ PRINTED. IF OP= O THE EIGEMVALUES ARE NOT PRINTED 0O
DIMFENSION C(IAT.3). ANCIAT) 00
DIMENSION A(IRF.IBF) o
o N COMMONZ TNFO/NeNATOMS sCHARGE 4MULTIP - o 0
) B INTEGER®4 CHARGE.OCCA.OCCB.UL.ANT o o o9
COMMON/UORR/ORRB(9) 0r
o COMMON/ INFOL/MELECS.NCCA.OCCE O ¢
DIMENSTON nmﬂqpﬂ_.:ﬁmmm_.cﬁhxnHpq,.rruzaanu ocC
COMMON/PERTBL/EL(9) 04
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40
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[ol o

{

re e amemme g e L eeae et e mmm ey — c m o m - o mmbeoa. -

. ¥
DIMENSINN NUM(IRF) . h “Qo¢
INTEGER%& D[P, AN, >zHH CZ+UsORBoULIMWEL 0C«
NO 10 I = 14N Joli
NUMITIY = 1 . 00\
NG 120 M=1,4N,11 o o ) o0
=M+10 00!
IF{KeGTeNY GO TO 20 CO!
60 T0_ 30 i e . oar
K=N 00«
CONTINUF 0C:
PRINT 1CO B . o o i - 00G¢
IF(P«EQ«1) GO TO 40 00!
GD TO 50 001
CONTINUE e I ¢ 141
CONTINUFE 00!
PRINT 60 (NUM{T)I=M.K)} 00:
FORMAT{13X,1119) L 00
DD 110 I=1,N 00
I1=uU(l) o0
CANTI=AN(ID) e N 1t
L=1-LLIM{TT)+1 00!
PRINT BOW L +II«FLIANITI)«ORBIL)+{AITI4J)+J=MK) 00
om3>ﬂﬁﬁx T2¢134A401X0A4,11FY9e8) e 00
CIF(TLEQ.ULIM{TII)) GO TO 90 00
GO TO 110 00
PRINT 1CG e N I *1
FORMAT{ LX) _ 00
CONTINUF . _ 00
CONTINUF R - L - o o 0C¢
PRINT 100 (s,
PRINT 100 [/]o}
CRETURN - — .. GG
END 0o
SUBROUTINE ZMAT(ALPHABETA,C+BL+ANG1+ANG2+R¢ANIATIBF,2Z} (o]¢
CIMPLICIT REAL*8{A~H,0-7) e 00
REAL¥8 L1+L2+L3.1L4 00
DIMENSION ALPHA(IAT)BETA{IAT).Z{I1AT, »_.nﬁmpa.u,.>z~ﬁ>4..mrﬂﬁba.. 00
o xANGLUTAT) L ANG2{TATY T e L ¢
CNMMON/ INFO/NNATOMS ,CHARGE +MULTIP co
THIS PRAGRAM ACCEPTS A DEFIMNITION OF A MOLECULE IN TERMS OF oC
_ATOMIC NUMBERS,. BOND LENGTHS, BOND AMGLES AND DIHEDRAL ANGLES 00
AND CALCULATES THE CARTESIAN COORDINATES IN ANGSTROMS - ¢ol
ADAPTED FROM MARK GORNDOMS MBLD SYSTEM 8Y D L BEVERIDGE G0
CODED IN CDC SCNPE 3.1 LEVEL FORTRAN FOR THE CIMS CDC 6600 00
DIMEMSION VI{3).,V203),V3(3),VJI3)sVP{3),L1{3),L2(3).L313),L4(3) GO
COMADM/JNDENT/IDENT o
. INTEGER AMJCHARGE.Zo.PUNCH 06
DIMENSION RITAT.IAT) _ 0
DIMENSION INEMT(20) 00
~ DIMENSION FLID) B R < 1
COMMON/ENGY/BREL3) (ROE(3),FTOT.VOL,DP,IC .0C

COMMON/STMRUN/ODELTAWRMINID eI o T2+ 1T 011 4IE«IS«ISS

“od
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00 dILINW* IOEVHI*SWOLYN *c001LNTdd
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G0 mzchqz =W
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1003 FORMAT {I3e14+FT a4 144Fllat,t4sFlleb414)

e Lo ANGY AND ANG2 STORE THE ANGLES ALPHA AND BETA TN DEGREE FORM
AMGI (I )= ALPHALT}
ANG2({1)=BETALL)

IF{ANIT) oLE. 10) GO TQ 361
NBFN = MNRFN + 9 )
GN TN 371

361 TF{AN(D) «LTe 3) GO TO 362
NBFN = MBEN + 4
60 TO 371

362 MBFM = MBFN + 1

371 CONTINUE

6969 CONTINUF

e _PRINT 374, NBFN.NATOMS

374 FORMAT (/+3Xe14, 29H BASIS FUNCTIONS REQUIRED FOR,I3,6H ATOMS,7)

1G4 CONTINUF

e C DG 1124 T=1.NATOMS N
G PRIhT 11250 AM{T1)Y22(14 ll-BL(I)'ZII 20 ALPHALT) 4 Z{ 1430 BETALD),
" =11,

_Cl124 CDNTINUF
C1125 FORMAT-AI134T40F7e4¢1&sF11s6+144F11ab414)
IF ((NVARWEQ.ICLEAR)IZOR{ID.EQ.1)) GO TO 70CO
_70C1 CONTINMUE S
If {NVARFQ.IBLY GO TO 7002
GO TN 7003
7002 BLIIS)=BLLIS) + DELTA
IF (ISS.EN.0) GO TQ 7000
BL{ISS)=BL(ISS) + DELTA
60 TO 7090
7003 CONTINUE
IF (NVARJEQ.TALPHA) GO TO 7004
.60 TO 7005 L
7G04 ANGL(IS)I=ANGL{IS) + DELTA
IF {ISS+ED.0) GO TO 7000
 ANGL(ISS)I=ANGL{ISS) + DELTA
G0 TO 7009
7005 CONTIMUE
IF (NMVARCFQW.IBETA)Y GO TO 7006
60 TO 7007
7006 ANG?(IS)=ANG2(IS) + DELTA
IF (1S5.E0.0) GN TN 7000

TEBUPDTE LOG PAGE 0016

-

ANG2(1SS)=ANG2(ISS) + DELTA e

GO TOH 700D
1007 CONTINUE
PRINT 7008

7008 FORMAT (/////, 55H ERROR ON FIRST CARD IN COLUMNS 30 - 34 DR 57 ~ 00(
Celve//7/7+v37H PROGRAM TERMINATED DUE TO THIS ERROR.///4+60H CHECK PERMCC

NISSIBLE STATEMENTS FOR THESE COLUMNS AND RESUBMIT,.///)

GO TO 1984
e, £ 006G CONTINUE S S PRS S
- C NN 1127 T=1.NATOMS

C PRINT 11254 ANTT)4Z(1e1)eBLOI)2oZ{T+2)4ALPHA({L) +Z{143).BETA(]I),
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NEw MASTER

IEBUPDTE LOG PAGE €020

C GO

: :.‘
L31I) = BHLI{I)+DxL2( 1) +¢A%V3{]) cgoc

e NJUTY = oBLLamLALLY _ . 00¢
ITEMP = Z(J.1) _ . 00C

C{Jel) = VLIT) + CUITEMP,I) - 00¢

] 532 CONTINUE i e o 00¢
33 CONTIMUR 00¢

601 CONTIKUE 00¢

~ c A e ok 5 e o s e o o sl e o e ke e e e el e ek ok ke e ook L , 00¢

C CONVERT ALPHA AND BETA BACK TO DEGREES 00¢

DO 9173 LL1=1.,NATOMS 00¢

) ALPHALLLL) = ALPHA(LLL)* 180.00/3.141592654n0 00¢(

_ SETA(LLYL) = BETA(LLY)Y* 18CeD0/3.141592654D0 001«

9173 CONTINUE 00¢

e T PUT S T L ON O
PRINT 1%$98 oc1

1998 FORMAT {1XeBHZ MATRIX.//+42H NO AN (1) BL {2) ALPHA (3) 001
L H_ J20HBETA  {4)  EL  +BXelHXel1Xe1HY412X,1HZ) - ] oc Y
NO 900 J = 1,4 001

INDYI = ANM(J) 001
e 900 PRINT 1999400 ANTUY v Z{Js 12 eBLIJIZ(J02) e ALPHA(J).Z(J,3),BETALJ),  0GI
AHI(Jea)»SL{INDL) o {CUlJeT)eI=1y3) 001}

1999 FORMAT (213.14¢FT704,2(144F11.6)41446XeA%424X93F1248) col
9 FORMATI(14,3(3XeF127)) _ D ¢ [ 3
"11 CONTINUE 0C?

IF(IONOFF +EQe OFF) GO TO 3137 co
e DO OXCTI=YWONATOMS e e 0O
DN 1CJ=1.NATOMS 003

10 RETed)=SORTF{ICIT1I=COIa 1)) #524(CHT42)= ClJe2))%¥24(CL1+3)-C(J,3 COI

I B Rt D | e . oo
3137 CONTINUE 001

2222 FORMAT {3 X, 2HNM) 0C ¥
i 13 CONTINUE e i e 0C
IF{IONOFF«NE«OFFICALL MOUTPI (R.NATOMS,NATOMS, _pq.mpﬂ NALY 001

12 CONTINUE 003

... 1984 CONTINUF o o . N 0Gy
IF (INVARNE«ICLEAR) «ANDe(IDeEQeI2)«AND«{LID«EQ.II2)) GO TQ 7201 0O1

GO T 7200 001

e 1201 0ID=12 -1 ) R ¢ L
IF (NVAREQ.IBL) GO TO 7202 001

GO TQ 7203 00

e e_.....72C2 BLUIS)=RL(IS) =~ (DID * DELTAY 00
IF (155.FN.0) GO TO 7200 N 0C
BLIISS)=3L(15S8) = (DID *= DELTA) . 001

A GG YO 7200 e . e DO
7203 CONTINUE 00

IF (NVAR.EQ.IALPHAY GO TO 7204 00

N GO TO 7205 U ¢ ¢
7204 ANGL(IS)I=ANGL{IS) = (DID % DELTA) oo

IF (1SS<F0.8) GO TO 7200 001

e ANGILISS)=ANGIC(ISS) — (DID * DELTA) _ SR ¢ 1
GO TN 7200 001

7265 ANG2{IS)I=ANG2(IS) - (DID * DELTA) 001




NFWw MASTER IEBUPDTE LOG PAGE 0021

.GOG

ANG2(TISSI=ANG2{ISS) - (DID * DELTA) . D3

IF {ISS.ER.N) GO TO 7200° ' ) ooﬂ

7200 CONTINUE . ce?
IF{(LTMAToEQ«ITMAT ) e AND« (NVARCNE+ICLEAR) «AND{IC.EQe2)) GO TO T40100]

[ . DD HD qpoo . . i m e e s im e m e e - i om PUr—— -t e - e e ame PR P —— - OOML
7401 COMTINUE ‘ 003

IF (NVAR.EQ.IBL)Y GO TO 7402 0C;

o GO TO 7403 . O .. ool
7402 ROE{(2)=BL(IS T 00]

GO TO 74n6 0o :

QN#O& ngzl_.. H7“—hm“ N N = PO o Be A - - iraa maime ma s p R — . DOM

. IF {(MVARLEQ.IALPHAY GN TO 7404 C 003

G0 TD 7405 . 00

7404 ROE(2)=ANGL{IS) L 007
G TO 7406 . . €0}

7405 RUE{2)=ANG2(1IS} Q0]
7406 RQF({1)=RQF(2)~DELTA 3 L CO]
, POE(3)=RQE(2)+NELTA ~ ~ T T T T 001
740Q CONTINUF 001
—t i eame SE e a8 - e a p mﬂ |—|Cﬁ~ ﬂ _ e e aa e b e RrrwbE T omr e e m—— - Ao o |t s 4 & A 8 e i o A A e i - ik e i &y S S 7t = A —— ¢ § W | Waldrm - rwmaras % e e . oo -
“END ‘ 007
SUBRUUTINE RELVECI{R+JeKIATIRFC) - 007
TMPLICIT REAL*8(A=~H.0=Z) S 00}
"DIMENSION C{IAT.3) R o 001
DIMENSION RI[3) 003
__DOUBLE PRECISION C.R e . L 007
INTEGER JasKol 003

_ DO 1 1=1,3 001

I RII1D=C{JI+T1I=C(K,T) S o001
c R IS THE RELATIVE VECTOR FROM ATOM K TO ATOM J° . 00
RETURN co

e END e 00
SUBRNUTINE UNIVEC(LR) 00
IMPLICIT REAL*B(A=-H,0D=2) 00
DIMENSION L{3).R{(3) L 00
"DOURLE PRECISION LeR4X _ 00
INTEGER I 00

e i SOQRTF(X) =DSORT{X) _ U *A &
N0 2 I=1,3 00

2 L{TI=R(I)/SQRTF{R{1)%%2 + R(2)%%2 + R(3)%%2) 00

L n;:f‘:r IS THE UNTTVECTOR OF R e e e 00
FTURN T o . 00

£ ZU ce

. SUBROUTINE <mnvpo_<r Xe¥Y 00
IMPLICIT REAL®8{A=H,0-Z) 00

DIMENSTION VPI3).X{3),Y(3) 00

NOUBLE PRECISINN VPeXeY o o - 00
VPIYL)=X(232Y(3)=X{3)%Y(2) o e e oo
VP{2)=X(3)xY{1)=-X{1)*Y(3) o]e,

o VPI3I=X{1)%Y(2)=X(20%Y (1) e o]o}

C “vP' IS THE VECTOR PRODUCT OF X CROSSED Y T 00
RETURN | 00
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L
1117 FASMLT{5H PASS) ‘ ' oc:
1238 PREINT 1736 . ) o co:
N=0 0cC:
DO 60 I=1,NATAMS o]0}
LLEMIT) = N#1 _ _ | (ool
K=1 . Gos
TFIAN(TI}4GTW1C) GO TO 10 (o]s ]
GO TO 20 - _ ‘ ‘ oo
10 N=N+9 . ok
C7(I)=AN{T1)~10 05"
GATO 5N Co-
20 IF(ANIT)YW.LTW3) GO TO 40 cer
A0 N=MN+4 COo.
CZ(T)Y = AN(I)=-2 S o A Q0
GN TO 50 00:
40 N=N+1 Qe
CI(Iy= AN(I) _ ) ] S ] ‘ GO
50 COMTINUF .
ULIM(TI) = N
6N CANTINUE .
C S FILL o ARRAY===U(J) IDENTIFIES THE ATOM TD WHICH ORBITAL J IS
o ATTACHFD FeGe DRBITAL 32 ATTACHED TD ATOM 7. ETCo,
N0 7C K=1,NATOMS J
LLK = LLIM(K)
ULK = ULIM{K)
LIM = ULK+1-LLK

DO 70 I=1l.LIM
J = LLK+I-1
70 UtJ) = K .
ASSIGNMENT OF ORBITAL EXPONENTS TD ATOMS RY SLATERS RULES
MU{1)=1.2D0
MU{2)=1.7N0
NC(1)=1
NCL2)=1
nn 8¢ I=13,10
NC(T)=2
MU{T)=e325N0%DFLNATII-1)
NG 9¢ 1=11.18
NC(T)=3
90 UULI)={+65DOXDFLNAT{)=4.9500)/3.D0
C ASSIGNMENT OF ANGULAR MOMENTUM QUANTUM NOSe TD ATCMIC ORBITALS
LC(1)=0 .
LGtU2)=1
LC(3)=1
LCl4)=1
LCU5)=2
LCl&)I=2
LC(7y=2
LC(BI=2
LC{9)Y=2
MC{1)=0
MC{2)=1

o

o




NEW MASTER IEBUPDTE LOG PAGE 0027

MO{AY=-1 . _ CC.
MClay=r oc
M{5)=0 . o
MC{6)=1 co
vE{TY=~1 co
MCLd)Y=2 or
MCUS)y==7 o)

C . STEP THRU PATRES CF ATOMS .oo
N 320 K=l o NATLMS ¢

A0 RZC L =K NATOMS ceo

NG 1CN I=1.3 oo

CilT) = CUK.1) to

100 C2(1) = C(L.T1} o

C CALCULATE UNIT VECTNR ALONG INTERATOM AXISWE o i
CALL RLVFLIR«E«014C2) &

LLKE = LLIM(K?} 0z

LLL = LLIM(L) ) . 00

LK = ULIMIL) C

ULL = ULIM(L) . ce

v NORBK=ULK-LLK+1 . o S _ o gc
NARBL=ULL=-LLL+] cC
ARK=ANIK) . oc
ArL=aM{L)} c?

C LOOP THAU PAIRS NF BASIS FUMCTIONS, ONE UON EACH ATOM ce
DN 2C0 1=1.NORBRK C7

DO 200 d=1.NOIRRL o o o o s
TF{K«FR«L) GO TO 160 G

110 TR(MOCLI)NF.MC{JY)Y GO TO 15C cc
12C TF{MC(I)WLTLC) GO TN 140 . _ _ {
130 COMTINUER G

PAIRS(TJI=SORTF ( {HUTAMK)*F) %% (25NC (ANK ) +1 3% ( MULANL %R ) %% (2% NC { ANLCC
11410 7 FACT (25NC (ANKI DHFACT (2%NCIANL 1) 2% (~1eD0 )% (LCLJI+MCIJ D)
2%SS{MCCANK) JLC{ 1) aMC (T NCUANL) o+ LC(J) ¢ MULANK) %R ¢ MULANL ) ¥R)

6G TO 190

140 PATPS(I.JI=PATRS({I=1,J=1)

GG TC 190

156 PAIRS{1,J)=0.0D0
Go TC 1en |

160 IF(1.FR.J) GO TO 170
GU TN 180

170 PAIRS(I.J1=1.000
GOOTH 190

13¢ PATES(T,d)=0CN0

190 CONTINUF

720G CONTINUF

LCULK=LC {NORRK)

LCULL=LC {MORRL)

MAXL = XMAXOF(LCULK.LCULL)

"TF(R.GT«0.000001N0) GO TD 220

21C. GO TO 250 ) o -
C RGTATE INTEGRALS FROM DIATOMIC BASIS TO MOLECULAR BASIS
220 CALL HARMTR{T.MAXL.D)

DOOOC)!‘DOOOF)QO'?DODOOOF)O
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MEW MASTER ™ IEBUPDTE LOG PAGE 0028
G .
[
NO 230 T=1,4%0%RK . : oy
NP0 g=1 GWNOEPL ‘ Cel
TrHP{l+d) = 24N0 c.
NO 230 KK=1.NO0RAL Gul
TEMO{T,d) = TEUMP(T,J)+T{J+KKIXPATRS (I KK) o
730 CONTINUF NG
0 24¢C I=1,NARAK ) f'.':
NN 240 Js1.0N0RPL | oo
PAIRS{TI+J) = $.D0O Ci,
NA 24C KK=14NMUFBK Cr
PATRS(Ted) = PATRSIT ¢ JI+THI(KKIXTEMPIKKed) ¢
740 CONTINUS o
c FILL § MATKIX G
250 CONTINUF S S _ 0
06 260 I=1.NORAK ‘ ol
N0 260 J=1.MORBL 0.
260 S{LLK+I-1sLLL+J=1) = PAIRS(I.J)} G
C COMPUTATICN OF 1-CENTER COULOMB INTEGRALS OVER SLATER S FUNCTIONS 0.
MI=NC(AMK) ecC
NZ=NC{ANLY L o D e
;K 1=MULANK) . ¢
K2=MULANL) 0C
IE{K.NFel) GO TO 29C - - (s,
270 TERMI = FAGT{2%NL1=1)/((2.0D0%K2)¥%(2%N1)) o
TERM2 = C.DC cC
] LT# = 2%N] . S | TS
DO 2RC J=1.L1M oo
NUM =DFLOAT(J (2 eDO*K] ) #4(2%N]~ J)*FACT(#*NI J-1) - 0cC
DEN = FACT{2#N1-J)#2.NC*DFLOATINII#{2.0D0%{K1+K2) ) kx{4*N1=J) oc
TERM? = TERM2 + NUM/DEN ce
780 CONTIMUF on
G0 TO 310 , , . o oc
C COMPUTATION OF 2-CENTER CNULOMA INTEGRALS OVER SLATER S FUNCTIONS 0OC
290 TFRM1=(R/2eNC1%%(2%N2)%SS{0¢04042%N2~140,04D0,+2+DO%K2%R) oc
TERM2 = 0.00 _ S _ ce
LI = 72%N1 : oC
DO 300 J=1.L14 . oc¢
300 TEA4Y? = TERMZ4{NFLOAT{JI*(2DORK1 %% (2%N1=JI%{R/2D0) %% (2% 0C
TN1-J+2%M23 )/ (FACTI2¥M1=0)%24D0%DFLOATINY) I %SS{2%N1~J,0,0+2%N2-1,C05
2.2eN0%KI%R o2 NC*K2%R ) oC
310 GAMMAIK L) = ((2.D0%K21EX{2%N2+1)/FACTI2%N2))*(TERMI-TERM2) ot
320 CANTINUF : 0cC
G SYMMETRIZATION OF OVERLAP AND COULOMB INTEGRAL MATRICES 0¢
NO R3C T=l.N S S B lv
DO 330 J=1.N ol

336 S(JdeI) = S{I1,J)
DM 34C T=1.NATOMS
N0 240 J=1.NATOMS
340 GAMMA(Je1) = GAMMA(IL.J)
 IfUICONOFF.EQ.OFF) 60 TO 12
13 CONTINUF
PRINT 350

OOHOMNOOODO0O
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" .

356G FORNBAT (246 OYPELAP INTﬁGQAL MATPRIX) ' ac
- CALL %ATUUT{GA“HA.H-I.IﬁFcS.IATJ o _ X o ] ct
PRINT 370 QcC
3TC FURMAT {24t COULOMR INTRGRAL MATFIX) GC
CALL MATOUTIGAMMANATOMS:24IRF«S.IAT) . g
12 CONTINUF of
RFTURN (0]
END _ _ i o L
SUBEDUTINE HARMTR (T «MAXL +E) B AT
IMPLICIT REAL%E(A~HO=1) c<e
DIMENSION T{9.,9),F(3) ce
CNST = E(3) Gl
301 FORMAT (ICGH M HARMTR) cr
IF({1e0NC-COST®%2) +GT.C.00CCOCOCALID0Y GO TO 20 o cC
1 SINT = G.DO o
GO 70 30 118
20 SINT=DSART(1.DO-COSTH%2) S . _ 34

30 COMTINUE
: TF{SINT«GTad.CCROCIN0OY 6O TO 50
40 COSP

= 1.D0
© -SINP 2= 0.DO

GO TN 70
50 CNSP = F{1)/SINT
60 SINP = F{2)/SINT

70 CONTIMUS
- DG BO I=1.73
no 80 J=1,9
B0 T[IOJ) = {eDND
Ttls1) =1.D0
IF (MAXL.GTS17 -G00 TO 1C0
9C IF (MAXL.GT.0) GO TO 110
_ 60 TO 120
100 CNS2T COSTa%2=SINT%*%2

SIN2T = 2.D0O%SINT#COST
COSPP = COSP**2~-SINP%*%2
SINZP = 2.D2*SINPXCOSP

C TRANSFORMATION MATRIX ELEMENTS FOR D FUNCTfONS
CSORTZ=0SOFETIZ.DG)

T{5:+5) = (3.N2%CNST*%2=-1.N0)/2.D0
T{5.6) = =SQRT3 #*SIN2T/2.D0

TE5.8) = SQRT3 *S5INTx%2/2.00
Tlée5) = SORTI *SIN2T#COSP/2.DC
Ti6.6) = CLOS2T*COSP

T{647) = ~COSTHSINP

T{6+8) ==T[645)/5QRT3

T(649) = SIHT=SINP

T(7+5) = SORT3  %=SIN2T*SINP/2.DC
TE746) = COS2T*SINP

T{(7.7) = COST#CDSP

T{7+8) = =-T(T7+5)/S0ORT3 _
TU749) = =SINT#COSP

T(B8.%) = SORTI ®STINT=%2%CNS2P /2400
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K o= XMODF{{M1+MN2-L1=L2)s2) L

C FIND A AMEC B INTEGRALS o . _ , o8
CALL AIRTGSIPMI+M2,A,8) ‘ ce
CALL BINTGS{PT MLI+N2.8,R) _ oC
Hnn.rﬁ GTo0YeNRW(L2.GTeG)) GO TO 60 cce

G "GIN SFOTION USED FOR OVERLAP INTEGRALS Hz<:r<_7o S FUNCTIONS o
C m_gg I TABLE NUMAER | GC
40 1 = _90|H4ﬁ7H+zH**Nuu*2m.\m A _ CC
ULIM = NI+ND B o
LLIM = & o¢

NN 50 1=LLIY.ULIM . e
NMNT1=NL+#nN2-T+1 ¢

B0 X=X+ZTI(T+1,L)%A(I+21)=B(NNIL)/2.N0 _ cce
§8=X . . N S o e

GO TO &an o

o REGIN SECTION USED FOR OVERLAPS INVOLVING NON-S FUNCTIONS o]
C FIND ¥ TABLE NUMSFR L _ ocC
60 L=(S5=MI%(24=1ChMN+ME4D )k (83= 304" +3EMEk2) /1204 oc
1 {30=9% 1+l 1%%2=2¥N1)%(P8=-9%L1+L1%%2=2%N]1)/8+ CC

2 {30=-9%L2+L2%%2=24uN2)/2 01 &
SoALIM = 0 cc
DO 70 I=LLIM.8 cC
ULIM = 4="MODIK+1+2) _ S _ ofd

ne 70 J=LLIM.ULINM cC
ITEMP = 2% J+MODIK+1,2)+1 ccC

TO X = X + YIT(141ed+14LD%A01+1)%B(ITTEMP) ; B R
SS=X%{FACLIM+1}/B4D01%%2%DSORT(DFLOAT{2%L1+1)%FACL{L1-M) % Eols

¥ DFLOAT{2%L2+1)%FACLIL2-M)/(4+DO*FACL(LLI+MIXFACL{L2+M))) QcC
80 CONTINUE _ o o o _ old
RETURN ce
END _ 0cC
FUMCTION ZITUJHI«KHT) _ S , oC
IMPLICTT RFAL*8(A=H 0=1) ccC
DIMEMSICON ZZ(37%), JZZ{(87) . ce
NATA J77(1)/341/ . ) o o o o
NDATA J272(213/363/ oc
PDATA J72(3)/345/ ocC
NATA JZ7(&)/367/ . S o o . co
NDATA JZ2(5)/664/ CC
NATA JZZ{~k)/665/ - 0C
DATA J2717)1/666/7 . o S o 0
NDATA JZ7{8)/646T/ ) 0cC
DATA J22(9) /56687 CC
DATA JIZULOY/KKG/ S . ) o . ro
DATA 2211137154/ 0n
DATA JZZ2(1?2)7156/ og
NDATA JZ7(13)/7158/ o o _ o co
DATA JZZ(14)/160/ . 0¢
NATA JZ2ZL15)V/162/ o]e
DATA JZ7(16)/164/ e I o 1
DATA $27(171)/7222/ 0C

DATA J22(181)/223/ oC
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. m  Aa—— s —— o — o —— ——- e b2 e — oy

DATA J22{19)1/224/7

L DATA JIZt20)/2257
DATA JZ22(21)/72267

NATA J2Z2{22y/2271/

B o DATA 477(231/228/
NATA J221(24)/229/

NATA JZ7{25)/230/

...... . ~ NATA JZZ(26)/231/
NDATA J22{27)/307/

DATA JZZ{28B)/308/

N ~ DATA J72(29)/3C%/
. DATA JZZ(3C)/310G/

DATA J27(31)7312/

e DATA J71(323/7313/
DATA J21(33)/314/

DATA QZ21(34)/315%/
. DATA J17(351/4G93/
"DATA JZ2(3617410/

DATA JZZ{37)/411/

DATA JZ1Z(38)/412/

i -DATA J221039)/413/

DATA J772040)/414/

e DATA JZLt41)/415/
NATA JZZ{42)/416/

DATA JZZ(43)/528/
e DATA JZZ(44)7529/7
DATA JZ2Z2{45)/530/

DATA J27(46)/532/.

L NATA J2Z(47)/533/
DATA-JZ72(48)/534/

DATA JZ22(49)/562/

e DATA JZ1(501)/563/
DATA JZZ2(513/565/

DATA JZZ(52)/566/7

e e DATA JZ22(53)/732/
DATA JZ7{54)/733/

DATA JZ7(S5)1/545/

e DATA JI1(56)7546/
DATA JIZ(57)/54T7/

DATA JZ2(58)/548/

e DATA J17(591/549/
DATA JZ2Z{601/550/

NDATA JZ7(61)/579/
L DATA J27062)/580/7
DATA JZ2(63)/581/

DATA JZ2(64)/582/

o NDATA J22(65)/596/
DATA J72166)/598/

DATA JI7(6TY/443/7
L DATA J21(68)/14447
DATA J22(69Y/7445/7

DATA JZZ{T70)¥/4406/7

00

00

g,
00
cce
Co
00
(114

" o0

00

.00

G0
00
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00 . C/0G°T-/tES)22 ViVa

00 /Q0U°*1/(2%)277 viva - ’
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IEBUPDTE LOG PAGE 0035

NEw MASTFR

-
H
1
i
H
'
H

[0 = JHI + ((KHI-1)%17)" :
IF(LI0 «LT. 154) «ORe (IQ «GTe 733)) GO TO 71

nn 97 I=1.87
IF(10 «EQ. JZZ(1)) GO TO S1
. GO TN 97 o o
91 CONTINUE
711=7241)
. . GO TO 90 . o \
97 CONTINUE
71 CONTINUE
ZIT = C.DO ) o

9y CPAMTINYE
RETURN
. END e — e
FUNCTION YIT{JHI.KHILLHI)
IMPLICIT REAL%8(A-H,0-2)
DIMENSTON  YY(224). JYY(224)

T ODATA YY1/ 64.D0/ o
DATA YY(2)/64.00/
_ . DATA YYU(3)/=64eDO/ e o
S DATA YY{4)/-128.D0D/
DATA YY(5)/=54.D0/
L DATA YY{A)/=128.D0/ e
_ DATA YYL7)/128.DG/
DATA YY{B)/64.D0/
L DATA YY(9)/128.D0/ o o
DATA YY({10131/64eD0/ . -
DATA YY{11)}/=064.D0/ )
. DATA YY(12)/-64.D0C/ . e L

“NATA YY(13)/-964D0/
NATA YY(14)/32.DC/
.. DATA YY(15)/~-192.DC/ . e
NATA YY(161/192.D0/

DATA YY(17)/288.D0/

DATA YY{18B)/-96.D0/

T T DATA YY{19)/192D0/ .
DATA YY(20)/~192.DC/
e DATA YY(21)/96.D0/ N . . o

DATA YY(22)/-288.00/
DATA YY(23}/-192.D0/
NATA YY(24}/192.N0/

o T DATA YY{25)/-32.DC/ T T mn mmmmm e e e e e o
DATA YY(26}/98.0C/
. o DATA YY(27)/-16.D0/ - L

DATA YY{2B)/16.DC/ T -

DATA YY(29)/32.DC/

I - Ubﬂ-b I\‘A uG H\IH.OQDO\ N - . [ . . —— e s s e o - [ e et s P
....... T DATA YY(31)/=16.N0/ ) ‘

DATA YY{32)/=16.DC/

 DATA YY(333)/-16.00/

TTUTTTTTT T BATA YYAU34) /32,007 0 T e e
DATA YY(35)/16.D0/
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NEW MASTER C IEBUPDTE LOG PAGE 0038
c )

NATA YY(1an)/16.n0/ - ' (o]}
__ DATA YY(141)/16.D0/ L i 0
DATA YY{142)/~16.D0/ co
NATA YY(143)/164D0/ o]y
) C DATA YY(144)/=16.D0/ - . B co
O DATA YY(145)/~164ND0/ €O
DATA YY(146)/16.D0/ co
 DATA YY(l4T)/-16.D0/ o L i . o I els)
NATA YY(148)/16.D0/7 oc
DATA YY(1491/16.00/ oc
DATA YY(150)/-16400/ o ) ] ce
NATA YY{1513)/h4.DC/ i CC
NATA YY(152)/-64.00/ Gn
. ____DATA v¥Yt15331/-128.D0/7 e 00
DATA YY{154)/128.NG/ (o]
DATA YY(155)/644D0/ co
_ DATA YY(156)/-644D0/ o ) N L (o]
DATA YY[157)/464.00/ (¢l
DATA YY(158)/~&4.D0/ cC
CDATA YY(159)/-6%44D0/ o . L el
= DATA YY{160)/~64.D0/ ' 00
DATA YY(161)/64.DC/ oo
NDATA YY(162)/64eDC/ cce
NDATA YY{163)/64.D0/ ' 00
DATA YY(164)/~64.D0/ Rels!
 DATA YY{165)/-96.D0/ e ©o
DATA YY(166)/32.D0/ o0
DATA YY(L67)/~964DC/ co
_ DATA YY(168)/160.D0/ o I « 1
DATA YY{169)/96.DC/ o]
DATA YY(170)/128.N0/ co
_____DATA ¥Y(171)/-96.D0/ i e - oc
DATA YY(172)/96.D0/ (a]s)
DATA YY(173)/-128.D0/ 06
.. DATA YY(174)/=35.D0/ @O
DATA YY(175)/~160.D07 0C
DATA YY(1761Y/96.D0/ 00
U DATA YYLLTTYN/=32eD0/ oD
DATA YY{178)/96.D0/ 00
DATA YY(179)/=96.D0/ 00
 DATA YY{1R01/32.0G/ e _ oo
DATA YY{18131/32.D0/ . oc
NATA YY(182)/32.00/ (o9
 DATA YY(183)/96.DC/ ) e L 00
DATA YY(184)/32.D0/ 00
DATA YY(1851/-32.0D0/ 00
DATA YY{186)/-96.D0/ o o o 00
DATA YY{187)/-32.D0/ 00
DATA YY(188)/=32.D0/ oc¢
o ___DAYA YY(189)/=32.DO/ L o oo
DATA YY{190)/96.D0/ 00
DATA YY(1913}/48.D0/ 00




NEW MASTER

DATA
__DATA
DATA
DATA
DATA
DATA
DATA
_DATA
DATA
DATA
DATA
DATA
DATA

IEBUPDTE LOG PAGE 0039

acarce

YY(192)/-48.00/
YY{193)/~48.D0/
YY{196)/46.00/

YY(195)/=48.D0/

YY{196)/48.DG/ L o L o0:
YY({197)/48.D0/ ) 00"
YY{198)/~.8.N0/ 00:
YY{199)/48.D0/ e . 1 . 3
YY(200)/-48.00/ 00
YY{201)/-48.D0/ 0o
YY{202)/4B.D0/ o o o o 00
YY{?C3)/-64.D0/ ce
YY(204)/64.007 oG
YY(2CS)Y/64.D0/ o . L L o0
YY(206)/=64400/ oc
YY{207)/-644D0/ 00
YY{208)/-644D0/ o o L ) oo
YY(209)/54.00/ - Cco
YY(2103/64.D0/ 00
L YY{211)/64.0D0/ o - i o9
YY{212)/64.00/ (+14]
YY(213)/-64.D00/ 00
YY{214)/=-64.DO/ e
YY(?215)/16.D0/ 00
YY{216)/~16+D0/ oo}
YY{217%/~16e0/ . co
YY{218)1/16.D0/ 06
YY(219)/16.D0/ _ o]y
YY{220)/=16.00/ e 00
YY{221)/=644D0/ oo
YY(2221/64.00/ ole)
TA YY(223)/564.00/ e e . .....Co
YY(224)/=64.D0/ 0C
JYY{1)/7G39/ ele)
JYY(2)y/7040/ 00
JYY(3)/7049/ 4]
JYY{41/7032/ oc
CJYY(S5)1/7064) 7 ) L L.
JYY16)/T033/ 0
JYY(Ty/ 7042/ -0
Jyvigys7025¢/ N
JYY{91/7034/ i . 0
JYY(101/7C26/7 c
SYYU LY /T35, i 0
JYY{12)/70277 0
JYY(13)/6904/ 0
JYYU14)/76913/ e . ©
JYY{151/6896/ o ’ 0
JYY(16)/6505/ 0
JYY(1Ty/69067 ) ) L o
JYY{18)/6915/ 0
JYY(19)/6889/ . 0



NFW MASTER

" DATA

DATA

_DATA

NATA
DATA
DATA
DATA
NATA
DATA
NATA
DATA
NATA
DATA
NATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

NATA

v DATA

DATA

DATA
DATA

DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
NATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

.DATA

DATA
DATA

JYY(69)/5187/

JYY(20)/690T/
JYY(211/689G/
JYY{22)/6899/
JYY(231/76891/
JYY(24)/6900/
JYY(25)/0892/
JYY(261/6901/
JYY(27)Y/285¢4/
Jyyiz28)/2663/
JYY(29) /28474
JYY{30)1/2856/
JYY(31)/2865/
JYY{32)/23840/

JYvy(33y/z2na9/

JYY(34)/2858/7
JYY{(35)/2842/
JYY(346)/2851/
JYY{(373y/2710/
JYY{38)/2719/

JYY(39)/2711/

JYY(40)/2720/
JYY (411727297
JYY(42)/2703/

JYY(43)VY/2T712/7

JYY{44)/2721/7

JYY (461727137
JYY(4T7)/2722/
JYY(48)/2731/
JYY(49) /27057
JYY(50)/2714/
JYY(51)/2723/
JYY(52)/27067
JYY(53)/2715/
JYYU54)/2724/
JYY{55)/2707/
JYY(56)/72716/

JYY(57)/5329/

JyYyiesyrss3a2z/
JYY{59)/5340/
JYY(60)/5315/
JYY{613/75333/
JYY(62)/5326/

JYY(63)/5185/

JYY(64)/5194/
JYY{65)/5186/7
JYY(65)/5135/
JYY(6TY/52C4/
JYY(631/5178/

JYY{7D)/51906/
JYY(T1) /61797

JYY(45)/2704/

Pl

[EBUPDTE LOG PAGE 0040
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oe
00
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ce
0¢
090
co
0c
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00
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NFW MASTER _ : e IEBUPDTE LOG PAGE D041
' "

DATA JYY(72)/51387 -
LOATA JYY(T3 /5187,

T DATA JYY(T4)/5206/ T o T
DATA JYY(T5)/51807
NATA JYY{(T6)/5189/ ) o o i

DATA JYY(T7)/5198/
DATA JYY{78)/5181/
DATA JYY(79}/510C/
NDATA JYY{BO/S5199/
NATA JYY(81)/5182/
CDATA JYY(82)/5191/

DATA JYYU(83)/4375/ T ) a h - T
DATA JYY(84) /43847
e DATA JYYUBBY/43893) " e

NDATA JYY(B6)/4368/
DATA JYYIBT7)/4386/
CDATA JYY(BR)I/4395/
DATA JYY(B9)/4370/
DATA JYY(90)/4379/
. DATA JYY(911/43097/
: DATA JYY{92)/4372/
DATA JYY(93)/4381/
e DT A UYYUGAYABG0 )

o NDATA JYY{95)/1900/
DATA JYY(95)/1909/
DATA JYY(GT7)/1893/

DATA JYY(98)/1920/
DATA JYY(99)/1895/
o DATA JYY{100}/1922/ ) L o o
DATA JYY(101)/1506/
DATA JYY(1G2)/1915/
e e DA A SYY U033 /955 e e

DATA JYY(1C4)/964/

DATA JYY{1G51/973/
DATA JYY(106)/948/

OATA JYY(107)/966/

DATA JYY(108)/975/
DATA JYY{1053/950/
DATA JYY(110)/959/
DATA JYY(1111/977/
DATA JYY(112)/952/

NATA JYY(113)/9617 T T e o
NATA JYY(114)/97C/
e DT A UYY LYY SRS

DATA JYY(116)/8156/
DATA JYY(1171/8165/
DATA JYY{118)/8148/
DATA JYY{119)/8157/
DATA JYY(12C)/5149/
 DATA JYY{121)/8158/
DATA JYY(122)/8150/
DATA JYY(123)/8020/




NEW MASTER

S

DATA

DATA
DATA
DATA
NATA

" DATA

DATA

DATA

DATA
DATA
NDATA
DATA
DATA
DATA
DATA
DATA

_ DATA

DATA
DATA
DATA
DATA
DATA

.DATA

DATA
DATA

DATA

DATA
NDATA

- DATA

DATA
DATA
DATA
NATA
DATA

DATA

DATA
DATA

.DATA

DATA
DATA

_DATA

DATA
DATA

CDATA

DATA
DATA
DATA
DATA
NATA

naTA

" DATA
 DATA

JYY(124)/8029/

JYY{125)/8021/

JYY(1261/8013/
JYY{127)/8031Y/
JYY(128)/8014/
JYY{129)/8015/
JYY{13C)/8Q024/

JYY(131)/7084/

JYY(132)/7076/
JYY(133)/7085/
JYY (1361770847
JYY(1351/7C69/
JYY(1361/7070/
JYY(13T) /70797
JYY{138)/7CT1/
JYY(139)/3205/

JYY(1401/723214/7

JYY(141)/3206/
JYY{1421/3215/

JYY(143)/3198/7

JYY(144)/3216/
JYY{145)/2199/
JYY{146)732177
JYY{147173200/7
JYY{143)/3209/

JYY(149)/3201/

JYY{150)/3210/
JYY({151}7/7579/

JYY(152)/75807

JYY{153)/7572/
JYY{154)/7573/
JYY(155)/7565/
JYY(156)1/7566/
JYY{157)/5680/
JYY(158)/5681/
JYY(159)/5673/
JYY(160)/5691/

JYY(1611/5674/

JYY(162)/5692/
JYY{(163)/5684/

JYY(164)/5685/

JYY(165)/7435/
JYY(166)/T4064/
JYY{16T7V/T436/
JYY{168)/7445/
JYYL169)/T7428/
JYY(YTOY/7437/

IEBUPDTE LOG PAGE 0042

JYY{171)/77446/7

JYY{1T72V/7429/

JYY(173)1/7438/

JYY{1 T4/ 7446717
JYYL175)/74306/
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NFW MASTER G 1EBUPDTE LOG PAGE 0043

e m t e e ee mme e e e e e i rrim -t R et e e 1 e e e e e 4t ot
DATA JYY(175)/T4339/ L ‘ 00:
o DATA JYYU(YTT/T431/ e . L N 1+ e
DATA JYYI1T7R)/T7440/ 0GC:
NATA JYY(179)/5545/ 00:
DATA JYY(180)/5554/ B B L ) 00:
DATA JYY(1B1)/5546/ 00:
DATL JYY(182)/5555/ 00:
o ) DATA JYY(183)/5538/ . B O + I « 34
NATA JYY{(1843)/5556/ 00:
NATA JYY{185)/5539/ 0c,
CDATA JYY(186)/5557/ ) o S 00C:
DATA JYY{187)1/5540/ 00,
NATA JYY(1381/5549/ 0C:
. DATA avYY(L89)/R541/ . . I ¢ 1+ F
DATA JYY{(192)/555GC/ co:
DATA JYY{191)/3070/ 00
) DATA JYY(192)/3079/ S B oo
. ODATA JdyYY{193)/3Q71/ . 0cC;
DATA JYY(1941/3080/ 00;
o DATA& JYYU1951)/3063/ L ) L _00;
T DATA JYY(195)/73CG81/ . o0,
DATA JYY(197)/3C64/ 00C.
o DATA JYY{1983/3082/ e
o NDATA JYY{199)/3NnK5/ oC.
NDATA JYY(zO0n)/3074/ cC.
S ) DATA JYY(201)/3066/ o o ) ) oo,
DATA JYY{202)/3075/ 00
NATA JYY(203)/8200/ 00
‘ ~ DATA JYY(2041/8201/7 e el
T DATA JYYI12053)/8193/ oG
NATA JYY(206)/8194/ oc
o DATA JYY(2GTY/76YS5/ N L o0
DATA JYY{208)/7616/ Q0
DATA JYY(209)/7625/ qe
o NDATA JYY(210)/7608/ I ¢ 1 ¢
NATA JYY(211)/7617/ 00
DATA JYY{212)/7509/ co
o __DATA JYY(213)/7618/ 00
DATA JYY{214)/7610/ 00
DATA JYY{215)/3250/ 00
] C DATA JYY(215)/3259/ o T, 1+
DATA JYY(217)/3243/ . 0C
DATA JYY(218)/3261/ 00
L DATA JYY 213245 oD
DATA JYY{220)/3254/ co
DATA JYY(221)/5725/ 00
L NATA JYY(2221/97T18/ T 01 ¢
DATA JYY(223)/5736/ 00
DATA JYY{(224)/5729/ . o]+
1@ = LULHT-1)®45) + (9% (KHI~DVY + JgHI ... 00
TF((I0 «LTe G48) «DRe (10 «GTe 8201)) GO TO 61 00
DO 87 I=1.224 : 00
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NE .+ MASTER B 1ERUPDTE LOG PAGE 0047

-

1716

u

COMNMZ INF /e MATONS s CHAIGF I MULTIP
OGLYEMSTON CZITATH ULTRFEY wULIMETAT) JLLIM(IATY
CitMnt/ INFAY/NELECS «OCCALOCCS
CO2N/BRCOV/TIPR GOV TJC TOISKCIRCCC«JDISK
COMMOMN/HELLOD/ENFROGY
CRMNCN/ORTIGR/OPTION OPMCLO WHUCKEL «CNNOL ITNDC,CLOSEDOPEN. IOMNOFF
TRTEGFREG CPTIONGOPNOLDJHUCKEL +CNDO G INDOWCLOSEDOPEN IONDFF
INTEGFE®x4& OFF
DIMENSION ENFGIU184+3)
INTEGER%4 CHARGE «OCCAWOLCR«UL e ANWCZ U ULTM, ANT
NIMENSTAN GL{1AYF21 1)
DATA QFF/Y0OFFYY/
FUDATFLT Y=DFLAT( 1)
AASFIX)Y=DABSIX)

G1(31=.092012 Do

Gli4)=ala07 no

6G1{5)=.199255 no .
Gli61=.2567723 no

G1(7)=.346029 DO

Gl{B)=463423 na o o o
$5119)=.532305 Do

F203)=4049855 PO

FORMAT(10H TN HUCKCL) ) )
F204)=4089125 Do

F2(51=413041 no

F2{6)=417372 Do ) S
F2{7)=.215055 . DO

FP208)=4266415 Do

F2(9)=431580 O%)

ENEG{1.1)=T741761 DO
ENEGI(3,.,1)=32.10585 DO
ENFGI{3,2)=1.258 Do
ENEGI4+1)=58.9455T7 GO
ENEG{4.2)=24563 DC
ENFGIS.1)=9,59407 DO
ENFG{5+2)=44501 Do
ENFGI64,1)=14405]1 no
ENFG(hH21=54572 no
ENEGUT+1)=19.316370D0
ENFG{T42)=T4275 no . .
ENEGIB.1)=25.35017N0
ENFOGIR,Z2)1=9.111 DO
EMEG(94,11=32,2724 DO
EMEG(D.:2)=11.086 no
ENEG{11.13=2,804 DO
ENEG{11.2)=14302 DO
ENEG(12.1)=5,1254 DO
ENEG(12,2)0=2.0516 DO
EMFG(12433=0.1619500
ENEGI13,11)=T7.77C6 DO
ENFG(1342)=2.9951 DO
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IEBUPDTE LOG PAGE 0050

C
NEW MASTER m

U P L

190 IF(K.3T«3) GO TO 200 - 00;
e B0_TD 210 e e 0D
200 0(1)=0(J) ~ +(DFLOAT(CZ{I1)~1.500)1%G1{K)/6+D0 00

210 IFIK«EQ.3) GO TN 220 00.

220 TEMP=G1(K)/12.D0 E 00

GO TO 260 co

230 IF(KeEQe4) GO TD 240 e 00
GO TO 250 00

240 TEMP=GL{K)/4.D0 00
... 60 TO 260 | L .. oC
250 TEMP=GL(K)/3.N0+({OFLOAT{CZ([))=2.5D00)%24D0%F21K)/254D0 00

260 CONTINUE 00
D0 270 L=le3 . o I 1

270 Q{I+LI=D(J+LI+TEMP 00

280 CONTINUE 00
290 CONTINUE .00
nn 310 1= w N co

DO 300 J=I.N 00
300 AJ.D)=A(T.d) L ) 00
316 CONTINUE 00

RETURN 00

e ____END . - | 00
SUBROUTTNE SCFCLIGGAMMAL ALC AN TAT. IBF,PDIAG,Q,CZ U, ULIM,LLIM,XOP

#XX o NUM) 00
IMPLICIT REAL®B(A~M.0-I) B __po
DIMENSTION XXX{IBF) 00

DIMENSTON NUM(IRE) 0o
 DIMENSION PDIAG(IBFY.Q(IBF) I L
DIMENSION CUIAT,3), AN{IAT) 00

c CNDO/INDO CLOSED SHELL SCF SEGMENT 00
¢ GAMMA MATRIX CONTAINED IN G. CORE I>z~raozH>z CONTAINED IN Q@ AND OC
c UPPER TRIANGLE OF A. AND INITIAL DENSITY MATRIX CONTAINED IN B o

C OPTIONS  CNDD OR INDO coe
 COMMDN/HFLLO/ENERGY e o
DIMENSION G{IAT+IAT), GAMMA{IAT.IAT) 00

DIMENSION A(IBF,IBF) 00

L CDMMON/TMFO/N.NATOMS.CHARGE.MULTIP ... .00
COMMON/ INFA1/NELECSOCCA.BCCH 00

DIMENSION CZ{IATI U(IBF), ULIM(IBF) LLIM{IBF) 00
 COMMCON/JRCOV/IRCOVIJC.IDISK,IRCCC,JIDISK e
COMMONZOPT ION/CPTIONOPNCLO HUCKEL « CNDD, INDOSCLOSED,OPEN, IONOFF €O

INTEGER®4 OPTIONsNPNCLO«HUCKEL « CNOO, INDO,CLOSED «OPEN. IONDFF 00
 IMTEGER%4 CHARGE.OCCA.OGCB+ULULIMoUWANGCZeZ . .. . 00
DIMENSTON GL(18).F2(18) 00

INTEGER% 4 OFF 00

o _ DATA OFF/'OFF1/ . o e o0
ABSF(X)=DABS(X) 00

IRCOV = 0 00

. GM3)=.09201200_ 00
Gl({&)=41407 DO 00
G1(5)=.19926500 00




MEW MASTER

e e s mma atm e ey b ees

Gll61=426T7T708D0 . ' 0cz
... 9898 FORMAT( 9H IN SCFCLY . DO
G1(7)=4346029DC 00:

Gl(8)=.43423 DO 00:
G1{9)=.532395DC ] o o 00z
F2(3)=4049855DC 00:
F2(4)1=.08912500 00:

o F2{5)=413041 NO e R ¢ [+ P
F2(6)=417372 DC 00:
F207)1=.21905500 00:
 F2{B)=.266415D0 ] o ) o 00:

. F2{9)=+31580 DO 007

OLDENG=C .0 DO 00z
Y N & —_— SRR £ 1 ¢ 2
IT = 40 00:

10 CONTINUE 00z

e .. IFUIONOFF oNE. OFF) CALL YTEM .~~~  00Z
C READ CORE HAMILTONIAN WITH DIAGONAL INTO THE LOWER TRIANGLE 00:

c OF MATRIX A 00z
" DEWIND JDISK L . _ 00:
READ  (JDISK) ((A{IERT+KERT) KERT=1,IERT)IERT=1,N) 00:

4341 FORMAT(LX.Fl045) 00:
o CALL ECALC(1.ENERGY.N.IBF,A,PDIAG.0Q) ) 002
IFLIONOFF «EQs OFF) GO TO 3791 0c2

PRINT 3792 _ 00z

3792 FORMAT ( 84H LOWFR TRIANGLF HAS CORE HAMILTONIAN. UPPER TRIANGLE AOGZ
*ND DIAGONAL HAS DENSITY HMATRIX) 00z

CALL SCFOUL{CeANsACZeUsULTMoLLIM,NUMsOs1,IBF.IAT) 002

o PRINT 3793 00z
3793 FORMAT(42H OIAGONAL ELEMENTS OF THE CORE HAMILTONIAN) 002

DO 3974 TANB=1.N 002

3974 PRINT 3975, IANR.O{IANB) 002
3975 FORMAT(1X,2HO(+15,2H)=43XeF1045) 002

3791 CONTINUF 00z
L= 141 e - o o coz
DO &4n I=1, 00z

[1=U(T) 002
G AUTLeI) = ALTGI) = BULGIMXG{II,11)%045 - 00z
c READ (KDISK) BI1 00z,

c A(ToI) = O(I) = BIT*G(IT,11)%0e5 002
G AT DY = 00D =B{I IIRG(IILII%0.5 002
A{I«IV = QUI) ~PDIAG(II*G{IT,I1V%0.5D0 - co?z

DO 3¢ K=1.N 002

e e EURY e e e .. 002
G 30 A(T.1) = A(L.I) + B(K.KI*G(II,JJ) 002

c READ ({IKDISK) BII 002
... € 30 Alr.1) = QUI) = BII®G(II,Jo» . p02
C 30 MIsI) = QUIN+BIKKIXG{TT4dJ) 002

30 A(To1) = A{I.I) + PDIAG(KI*G(II,Jdd) 002
LY £ £ B o 02
IFILL «GT« N} GO TQ 40 002

31 CONTINUE 002

caac
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100 TOAC T /O TOR P+ TSI V(I P41Vt P+ )Y T T
200 0006/ (M)1Z3%0Q° TTx(r+]119vI0d + 00°*0G/ (%
J00M) 2400 L (LI )OVIAd~VVd )=00° 9/ (N} TOR(T)OVIAd=(r+[*L+1)v=(C+1*r+1yy
'00 €41=r 0L 00
"00 00*9/ ()19 (LI )IOVIAd=-¥Vd)~(I*1)V = (1°*1)V
00 AE+1)9VIOd+(ZHINOVIOA+E1+11OVIAdH(1)9VIAL=YVd 09
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00 (ITINY=Y
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00 T T 08 01 09 (OONIC03CNUILdDY I T T T
‘00 NOILVIIS100W OUNI 7
00 e . 3INNTINGD O
00 JNNTANOD 14
00 0QG 0% I1)9x( M I}V = (I*F}V = (I*Pr)Y
00 L SoGw(rre HH,3*~H PlU=C1*TIV=LI*r)Y 32
20 T oo ) . (PYft=pp T
00 O N*TI=F 1% 0O
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NEW MASTER G 1EBUPDTE LOG PAGE 0053

i m—— B8+ Ui —— - e - — < & brr— e e b AR e e i emmimy s o A RE R kb e = C ) kT — ——————— e . L = B o ks e e 8+ ik e & e dem = . ma
1115 FORMAT(1XeIS+11H ITERATIONS)' oC
e =100 e e e e _ e 0O
IRCGC = 1 : co
IfCOV = 1 00
130 PRINT 140 | e GO
140 FORMAT(/.17H ENERGY SATISFIED) : : 00
GO 70 170 " 00
. 150 CONTINUE S N ¢ 1 ¢
160 NLNDENG=ENFRGY " 00
17C CONTINUE : 00
. IF (Z.GToITIGO TO 220 cG
. GD TO 240 00
220 CONTINUE oc
e __IF{IONQFF.EQLOFF) GO TO 14 L oo
15 CONTINUE ool
PRINT 230 0o
230 FORMATI28HEIGENVALUES AND EIGENVECTORS) [
CALL SCFOUL(C+AN«A«CZ+UeULIM LLIMNUM(LL1,IBF,IAT) 00
240 COMTINUE 00
e Y4 CONTINUE e e e e 0O
C . FIGENVECTORS [IN B) ARE CONVERTED INTO DENSITY MATRTX (IN'B) co
CALL DMAL(PDIAG+XXXeAsCoNsOCCA+IBFeANs IATCZ UsULIM,LLIM,NUM} Qo
e YE tZeGTITY GO O O3CO . SO
G0N TO 10 ' co
300 CONTINUE Co
oo . IFUIRCOVeNE.1) GO TO 9133 _ RO
REWIND IDISK Co
WRITE{IDISK) ((A{IJO.JJ)»T1JQ=1sN)+JJQ=1,N) 00
e PRINT B0 €€
79133 CONTINUE T ce
8012 FNRMAT (31H WRITING DENSITY MATRIX ON DISK) - ocC
A0 CONT INUE o
RETURN _ co
END 00
L ) SUBROUTINE ECALC(JOINT,ESUMN,IBFsA.PDIAG,O)Y GG
IMPLICIT REAL*B(A=-H.0=-2) _ 0o
DIMENSION PDIAG(IBF). Q(IBF) 0o
. __ _DIMENSION A{IBF.IBF) R - __©o0
TIF{JOINT +EQ. 1) ESUM=0.D0 oo
DO 3136 IBC=1.N : [o10)
e o DO BE3C JIBC=LN e 00
IF(JRC «LE. IBC) GO TO 3130 S T . 0C
ESUM = {A{IBC.JBC)I*A(JBC,IBCI) + ESUM 00
3130 CONTIWNUF U ¢ 1 ¢
TF{JOINT +EQe 2) GU TO 3333 - 00
DO 3131 IRC=1.N 00
i . ESUM = ESUM + ({PDIAG(IRCI*0O(IBRC))I/2.D0) - 00
"3131 CONTINUE T T oo
GN TO 4444 oo
.. ..3333 CONTINUE e e R 0O
D0 1234 I[IT=1.N co
ESUM = ESUY +{(PDIAG(TIIII*A(III,ILI})/2.D0) oo
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o

B 1234 CONTINUE S A
A4 CONTINUE

RETURN

END
. SUSROUTINE CPRINT(G«BsCsANsIBF+IAT ¢ XXXsCZsUsULIM,LLIMyPDIAG,Q4NUMCO2

*)

IMPLICIT REAL*B(A=H,0=-2)

. DIMENSION GIIAT.IAT) e

DIMENSION XXX{IRF) _ .
DIMENSTON MUM{IBF)
o DIMENSION ClIAT.3)s AN{IAT) S
¢ .7 CNRG-INO0 SCF CLDSED SHELL-~ PRINTOUT SEGMENT
COMMON/HFLLO/ENERGY
_DIMENSION PDIAG(IBF). QUIRF).
DIMENSION 3(IBF,18F)
COMHON/ INFO/NeNATOMS « CHARGE + MULTIP
_COMMON/ INFO1/NFLECS.0CCA.DCCH L
DIMENSION C2(IAT)WULIBF) ULIMITAT)LLIM{IATY
COMMON/PERTRL/EL(9)
__COMMON/OPTTON/OPTION.OPNCLO,HUCKEL +CNDD+ INDO.CLOSED.OPEN IONDFF
= COMMON/ENGY/BAE(3) JROE(3),FTOT,MOLVOL,DP,IC
INTEGER®*4 DPTION.OPNCLOHUCKEL CNDO» INDOLCLOSED GPEN, IONCFF
'INTFGFR%4 CHARGE.AN.U.ULIM,EL,DCCA.OCCB.UL,CZ4ANT
'DIMENSION DPM{3),DM{3),DMSP(3}),DMPD{3)
DIMENSION ATENG(18)
e _DIMENSION RCH{3).DMO(3Y e
REAL*8 MAXXeMINXMAXY MINY+MAXZ. MINZ,MOLVOL
INTEGER®4 OFF
. ... DATA QFF/'OFF'/ e
FLOATF({I)=DFLOAT(I)
SORTF{X)=DSORT{X)
L PRINT 9898 - ) e
9898 FORMAT(1CH IN CPRINT)
IF{ENERGY.NE+999.99N0) GO TO 400
€ SET DEFAULT VALUES
ETOT=999.99D0
MOLVOL=999.,99D0
e DP=999.99D0
GO TN 401
400 CONTINUE
IF(OPTIONGEQ.INDOY GO TO 10 . .
GO 7O 20 .
10 CONTINUE
 ATENG(1)=-0.6387302462 DO
ATENG(41=0.0D0
ATENG(3)=0.0D0
CATENG{5)=0.0D0 ‘ |
ATENG(6)=-5.9349548261 DO
ATENG(TI==10.6731741251 DO
e ATENG(8)=-17.2920850650 DO

ATENG(G)==26.2574377875 DO
GO TO 30
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00

(TYLIS+(0G*S) La0SAI/00*L%0091%5*2=4010Vd

0o ] ... 00*€/(0US6°*%7~((rINV)LVOI40%00599*)=1411S 091
00 : _ _ U8T1 0L 09

00 ((T=(MINV)LYOI30%0Q62E°) 1

00 /OUL69CE* Lx{N+X3ANI *X3ANTIE~-(N)dSKOA=(M)IdSHWA 0G1L
00 £+1=% 261 UU

00 (FIWI TY=X3UND C¥1
00 ] ) Gul UL 09

02 0?1 OL C9 (TT*L1°(MINVIZT D€l
20 O81 01 U9 (£*LT1*(PINY)I]

23 SWOLYN® I=1 202 ul

30 QUD°D=¢1)udwa vel
00 0GV*C=(1)dShkU

00 00G*0=(11Wa

00 ’ ’ S ) £*1=1 021 0O~
00 CIIHOY~CTI*VIID = (I*VvI)D 00%
00 A SWOLYN*T=V] 03¢ OC

30 39YVHY JAILISOd 40 ¥ILINID 0L S3LYNIGHOOD NVISILIHVD w333

00 N3Gd/WNNA = (1)HDY

00 - o o INNLIANDD 10
00 _ ((VINZD)41v01d+N30Yd = N3Q4
20 (I*VIID=U4VIZDNAIVAId+W0NG = kNN

09 ) _ SWGLYN*T=¥%1 10¢ UU

27 005*2=N304

00 0CO® I=WNNd

03 o _ _ £41=1 00¢ UU

32 . 39¥VHI 3AILISOd dO ¥3IAN3ID 40 SININOAWUD ¥YOLI3IA JLNdWOD

20 (/*ExxV HE*S*014* = JWNTIOA UVINISI0K HOZ*/)ivikyUd Tig
20 ) T0OAT0K* TTe LiN1Yd

39 JI8911
30625 0% ¢000° THZNIW-ZXVW) (D00 T+HANIW=AXVY )¢ 000 T+XNIN-XX VW )="10A 10N

33 ] INNTLINDD B1E
20 CIXVEHACE VI D) TXVWU=T XV IN _
00 CZMIW (E* VI DY INIWU=2ZHIN

30 (AXFWS (2P VI D) IXVIWO=AXTH

30 CANIVR (2 Y1) DY INIWU=ANIW

00 (XXYWS T2V IXTWA=SXXTH

00 {XNIR* (TS YT} INTWU=XNIW

30 SWOLVN*Z2=Vi 01¢€ 0O

50 (L*T1)0 = ZXPh

o0 (E*T)D = INIw

29 (2*1130 = AXVW

20 (¢*T)D = ANIW
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o9 SNNIANUD J11
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29 (9°L4EXEHY €1 1vkd0d 001
29 GHIS*SHDIA*OHILCCINY I T * 501 INTYd

30 QHIL=CCTIDZI)ivUISU=9HIU

30 . . (LINV=INY

9500 39vd 907 31AdNy3l

.

.
0

Lal

d3LlSviW MIN



MFW MASTER

170

1

1

y

180Q
lag
220

210

220
2306
240
250
260
270

83

280
_ 401

43

- DO "55% J

NP DY=0MI)+OMSP{1I+DMPD( 1)

IEBUPDTE LOG PAGE D057

G

-
e

INDEX=LLIM{J) . '
0N 170 K=143 .
DMSPIKI=DMSP{K)I=RIINDEX s INDFX+KI®10.2T1 7500 /SLTR]

DMPIM{ L) =NMPD{L)=FACTOR%{A{INDEX+2+ INDFX+3)+B( INDEX+3, INDEX+5)
+BIINDEX+L o INDEX+TI=1aN/DSORT{3DCI*B{ INDEX+1+INDEX+4))
DMPD{2Y=0MPN(2)}=FACTOR®{N{INDEX+1s INDEX+8)+B{INDEX+3, INDEX+6)
FR{INDFX+2 o INDFX4+T7)=1+D0/DSORAT{3.00)%B{ INDEX+2, INDEX+4))
DMPO{3I=0MPR{3)I=FACTORX(R{INDEX+1 s INDEX+S)+B(INDEX+2,INDEX+6)

+2«NO/NSIAIRT(3.DDIERB{INDEX+34 INDEX+4))

DO 190 I=1.3
DMATI=NDMIII+(DFLOATICZIIN) - XXX(JII*RC{Js 1) %2a5416D0
CONT ENUF

NG 21C 1=1,.,3

IFIIONOFF«EQOFF)Y GO TDO 83

PRINT 220

FORMAT(//16H %DIPOLE MOMENTS./)

PRINT 230

FRRMAT (5Xs 11H COMPOMENTS e3Xe2H XoBXy2H YeBXe2H 2)
PRINT 240,N4(1)DM{2)DMH{3) )
FORMAT(5Xs10H NDENSITIES+3(1X+sF9e5})
PRINT 250.DMSP{1),DUSP(2),DMSP{3)
mDnEPHnmX-PI SePs6Xe3(1XsFQaB))
PRINT 260,0MPDLLY,,DMPDR(2),0MPD{3)
FORMATIS K+ 4H PaDa X 3{1XsF9e5))
PRINT 270,DPM{1).DPM{2) DPM(3)
FORMATISX +H6H TOTAL+4Xe3(1XsF9e5) /)
CONTINUE
OP=SORTFIDPM{1)%%2+DPM{ 2) %2 +DPM{3 ) %%2)
PRINT 230,0P

FORMAT(15H DIPOLE MOMENT=,F9«5+TH DEBYES.//)
CONT INUE
RETURN
END
SUBROUTINE GRDVER (AGRD.VGRND.DIP.DELT)
TMPLICIT REAL%8[{A-H.N=7) _
NIMENSION AGRD(18+18).,VGRD{18,185).DIP{18,18)
COMMON/GRIN/LRNA.LCODL

OIMENSTONM AL18)

MM = MAXD(LROW,LCOL)

no 6 I =1,844

ATTY = {1-1)%(DELT)

PUNCH 43

PRIMT 43 | -
FORMAT ( /¢3Xe20HAGRD IN ATOMIC UNITS./ )
CALL NUT{AGRD, A) .
BY4IM=9999,0N0

DN 5555 1 1,LR0ON
1.LCOL
BMIN = DMINL (BMIN,AGRDII<J))
CONTINUE
BMAX==1000.0D0

G

Y

CceC

0C

006
co
oC
ocC
6o

T ey e ot 4 mr— i —
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U
) v :
N FI77T7 1 =1.LF 0D C
DN 7777 4 = 1.LCOL * C
IFLAGKDIT e J) e20oCeDCY GO TN 7676 o
RMAX = DMAXL (AMAX,AGRD(I,J)) 0
7676 CONTINUE Q
7777 CONTINUF ¢
"AMAX=iEMAX+14CDC C
Do 8787 | = 1.LROW c
N0 8787 4 = 1,LCOL , - C
IFTAGRDIT+J) «NFo0.0DC) GO TO 8787 o1
AGRN{T,J) = BMAX . 0
R737 CONTINUF 0«
ND 7 1 =1.LR0OA C(
N0 7 0 =1.LCO0L _ _ ) Ct
7 AGRD(TJI=({AGRD(I+J))={BMIN)I*{628.55D0) oL
N0 8765 1 = 1,LROW o¢
PN 8765 J = 1l.LCOL S o _ 0
IF(AGEDI{ I, 4)«GT +9999.0R0) GO TO 8766
GO TO 8767 o GC
B766 AGRDIT,J)=9999.0D0 S o _ _ 0c¢
B767 CONTINUF oc
8765 CONTINUE . oc
PRINT 41 o o _ - N 00
PUNCH 41 - oc
41 FNRMAT(/43Xe 1THEGRID IN KCAL/MOL /) oC
- CALL QUTCAGRDLAY L _ oo
PRINT 2130 Cco
PUNCH 2130 oC
2130 FORMAT(/+21H MOLVOL GRID IN CM%%3,/) o _ -~ oc
CALL QUT(VYGRD.A) _ G
PRINT 2131 0
 PUNCH 2131 - - S CO.
2131 FORMAT{/.27H DIPOLE GRID IN DERYE UNITS./) CG!
CALL QUTI(DIP.A) 00,
- RETURN o _ ‘ i o L cQ:
END _ G0
SUBROUTINE OUT{AGR.A) 00:
IMPLICIT EEAL*8(A-H.0-7) L N 00:
DIMENSINN AGR{18,18) co:
COMMON/GRID/LROW.LCOL 00:
DIMENSTON A(18) o - e co-
KITE = n 00:
20 LOW = KITF + 1 T 00:=
KITE = KITE + 12 o o o o 0 :
KITE = AMINDUKITE.LCOL) oc:
PRINT 19, {A{1).1=L0DW.KITE) _ 003
19 FORMAT ( /+6X«11F10a1,47) ) _ o 002
DO 32 1 =1.LROW 0Cc3
32 PRIMNT 18+A(1),(1AGR (I+4J)+J=LOWKITE) 002
18 FNRMATU2X.F54142X,12F10e%) 0¢3
TF{LCOL=KITE) 40,40,20 003

40 CONTINUE co03
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D120 M=1,N,11 .
K="1+10
IF{K«GTa MY GJ TO 20
GO T0 30
K =M
CONTINUTE
PRINT 140
IF{NPeE}1) GO TO &C
GO 1D 59
40 CALL RIGIOUTIM.K)
80 CONTINUF
PRINT 60, INUM{TYeI=4K)
60 FORMAT{13X.1119)
D0 110 I=1.8
IT=U(1)
ANTTI=ANITI)
L=I~LLIM{TT)+1

woN
00D

IEBUPDTE LOG

70 PRPINT 80, ToIT¢EL{ANTII)ORRBILY+LALT )y J=MK)

BO FORMATIIX+T12413+,A441XeA4411FF64)

« JE{TSEQaULTM{TITYY GO TO 90
GO T 110
9 PRINT 106
100 FORMATLLIX)
110 CONTIMNUE
120 CONTINMUZ
, PRIMT 100
PRINT 1G0
RETURN
END

PAGE COs&1

SUBFOUTINE SCFNU2(C+ANGACZ U ULIMLLIMeNUMsOP MOP+IBF o+ 1AT}

T

IMPLICIT EREAL*®8{A-H+0~1)

OO N

DIMENSION C{IAT+3)s AN{IAT)

DIAFNSTON A{IBF.I8F)

CNMMONS INFO/N«NATOMS sCHARGEWMULTIP
INTEGFR¥4 (AARGE.UCCANCCR.ULVANIT

COMMUN/CRB/ORB( D)

COMMON/INFIT/NELFCS0OCCA.OCCH

DIMENSTIOM CZLTATYUCIBF) +ULIMITAT) JLLIM{TAT)

COMMION/PERITRL/EL(9)
DIYMIANSION NUM{IBF)

INTEGER= 4 OPANJANIT o CZ«UsOFBJULIMLEL

DG 10 T = 1oN
10 NUMITY = 1

N0 126 M=1N.11

K=M+10

IFIK.GT«N}Y GO TO 20

G0 TO 30
20 K=N
A0 CONTINUF

THIS ROUTINE PRINTS THE ARRAY IN COYMON/ARRAYS/ WHICH IS DESIGNATEOQL
MGCPe [F (3P = 1 THE EIGENVALUES CONTAINED IN COMMON/Ll/ ARE ALSO
PRINTEND. IF OP= C THE EIGENVALUES ARE NOT PRINTED

- 0C

ac:
CCe
00
oo
oc:
CC.
oo
CC
CC
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PEINT 170 . ' C
FFINPeEDL 1) GO T 40 - o

GO TN 60 0-

4G CNNTINUE G
50 CONTINYR o
PEINT A0IHUMIT) ¢ I=M,K) O

60 FORVATILINGILIO 0

AN 110 T=1,.N ¢
Ti=utl) C
ARTT=ANCIT)Y C
Lal-LLIMCT T +1 0

T PRINT G0 T e Il aRmLLANMIT e DRRILY{ALIT ) ed=MKD 1

BO FORMAT{LIX e T201340%e1Xe24411FF4%) ot
IFIT«FQULIM{TITYY G0 TO 90 S c

GO T 118 o¢

g0 PRIYT 1IN0 _ o
106 FORMAT(LX) _ . Ct
110 CONTINUE o
120 CrNTINUE o1
PXINT 170 . . o B - - o¢

. PRINT.IGG . o
RETHURN cr

EMD . _ . . (
SURBOUTINE STONLIMN,RHO . IBF4A) G
IMPLICTT REAL*A(A-H,0=1) e

. ONE MATRIX VERSTON B S o
C RHO= UPPER LIMIT FUOR CQFF-DIAGONAL ELEMENT : cC
C NM= S17F OF MATRIX C
c A = F MATRIX (ONLY LOWER TRIANGLE 1S USED + THIS IS DESTROYED) 01
C EIG = AETURMED FIGENVALUES IN ALGEBRAIC ASCENDING ORDER ‘
C VEC = RETURNFD FIGENVECTORS IN COLUMNS oc
DIMEMSINAN A{I3F.IBF) o _ 0c
DIMENSION Wl 90) GAMMA{ 9C) «BETA{ 90)+BETASQ( 503, IPOSV( 90),IVPOSCQO

%( 90).IORND( 90) cc
COMMON/BYE/FIGL 90) 00

o THE FOLLDAING DIMENSIONED VARIABLES ARE EQUIVALENCED 0C
c DIMENSION VECIIRF,IRFY 0C
¢ EQUIVALEMCE (A{1).VEC{1)) S o o oc
C FQUIVALENCE (VEC,A) ol
DIMENSTION P(50),0(50) oo
FAOUTVALENCE (P{1).BETA{1)),(Q(1)BETALL)} 00
FQUIVALENCE (LPOSVIL)oGAMMALII )4 (IVPOS(L) BETA{1) ) . 0C

| 1ET2°0{1) ,ARETASOQ( 13} co
: ARSFIX) =DAASIX) ‘ ‘ . ca

‘ SQRTF{X) =NSORT(X) 0c
c! PRIMT 1917 ]
1917 FORMAT( A4H IN EIGN) oe
i RHOSQ=RHERHO ce
N=NN . 00
CIF{N «EDQ. 0) 6D TO 560 S 00
1 Nl=N=1 00!

N2=N=2 00!
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120

130

140

150

T 16C

1111

la]

,C

L

_ . L
GAMMA{1)Y=A{1,1)
IFIN2Y 2804272120
NN 260 WR=1.N2
B=A(MR+14NMNR)
S=NeNC
DO 130 I=NR,N2
S=S+A{I+2,NRY%ux2
PEEPARE FOR POSSIBLE dYPASS GF TRANSFORMATION
A{NK+]1 «NRI=0,D0
IF (S)Y 250,250,140
S=S+RB*R
SGN=+1.0N0
TF {B) 15G.,160,160
SGh==140¢C
SARTS=SQARTF(S)
TSOR = SQRTS +SORTS
PRINT 1111.TSQR
FORMAT {(FB8C«563G)
N=SGN/[SONRTS+SORTS)
TEMP=SQRTF (+5NC+8%N)
WINR)Y=TEMP
A(NF+1 NR)=TEMP
PRINT 1111.TEMP
D=D/TEMP
B==SGN%SQPTS

D IS FACTOR OF PROPDRTIONALITY. NOW COMPUTE AND SAVE W VECTOR.

C

C

EXTRA SINGLY SUBSCRIPTED W VECTOR USED FOR SPEEDs
DO 170 I=NR«N2
TEMP=D%A(T+2+NR)}

CW{I+1)=TEMP

170

1a¢

190
200
210
220

Tiwd=wi g

A{T+2+NR)I=TEMP

PREMULTIPLY VECTOR W BY MATRIX A TO OBTAIN P VECTOR.
SIMULTANEQUSLY ACCUMULATE DOT PRODUCT WP«{THE SCALAR K)
WTAW=C DO

N 22¢C 1=NR«N1

SUM=C.N0

NG 180 J=NR.1

SUMSSUMFALTT+1.J+1 %KW (J)

1=1+1

TFIN1I-T1) 2100,150,190

ne 260 J=T1.N1

SUM=SUMAA{J+ L I+1 %W

PLIIY=SUM

ATAW=WT AW+ SUMRW{T) _ o

P VECTOR AND SCALAR K NOW STOREDe. MNEXT COMPUTE @ VECTOR
nn 230 I=MNRWN1

D{TY=PL{I)=WTAWEWIT)

NGw FORM PAP MATRIX. REQUIRED PART

DO 240 J=NR N1

RQJ=n1d)

DO 240 I=J.N1

- oc

ne

GC
co
co
co
oo
Co
oc
cc

G

OC

oc
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) o o o ) ; . ga*0=vNIS TIlt A
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e Wel=f 0iLe 0C o
) (Stdd}31350S=uddd 1
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L13IHS={1 I VKHY9 =9
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N*Z=1 0Ov6 0Q
e e L INNILINOD 099
T 0%6 DL 09 (g *39* wrai T T T
(WA H IR (WA N IY=0A°2~00° T=(H* N Y
I YR WA T IUROA =TI 0
. N*dd¥=1 0%9 OU :
ANNTLINDD 0469
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NeI=PF 018 ©Q
N*1=] 208 GO0
e DO*U=¢{NIDOSVLIIO D8Z
T i ) IN'NIV=UINIYWWYSD T T
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Jaac

c PRINT 1111, PPAR ) . _ _ 00:
o €. ____PRINT 1111, PPRS L _ . oot
SINAZ=BSTASQO(J) /PPBS 00"

COSA=PP/PPBR . 00:

. C_ POSTMULTIPLY Pl%...%PN=2 BY ROTATION MATRIX  (P-TRANSPOSE) 00
330 N0 340 T=1,N 6o:

¢ TEMP=COSASVEC (T ed)+SINARVEC (1 4d41) 00

o TEMP=COSA* A{I.J)+SINA%® A(I,J+1) T ¢ 1o N

C VEC{T o+ J+1)==SINAXVEC{I+J)+COSARVEC(Iod+1) _ " 00!

oo Al{T4J+1)==SIMA%X A{I,J)+COSA% A{L,d+1) 00

. .. C 340 VEC(1.,J)=TEMP U ¢+
340 A(T.d)=TEMP : 00;

350 DIA=GAMMA{ J+1}=SHIFT 00

- U=STINA2*(G+DIA) : I [
GAMMA{ J)=G+U Ge'

G=DIA-U 00

. pP=NIA%CNSA-SINA®COSAP*BETA(YY N o
IF(J «NEs M) GO TO 360 00

351 BETA(J)=SINA%PP . Q0

N . BETASQUJ)I=SINA2%PP*PP L ___ocC

GO TO 380 0C

360 PPRS=PP%PP+BETASQ{J+1) ce

e PPBR=SQRTFL(PPBSY - o U 1 &
BFTA(JI=SINA%PPBR Co

370 BETASO{J)=SINA2%PPBS ce

... 380 g W{.Zbﬁ Me1)=G6 e e . . . Gno
c amﬁq FOR CONVERGEMCE OF LAST DIAGONAL ELEMENT 0C
IF(BETASOIM) «GT+ RHOSQ) GO TGO 410 . oo

390 EIGIM+LI=GAMMA(M¥LI+SUM L .....0C
400 BETA(M)=0.N0 8G
BETASO({M)=0.D0 ol

. o ME=M- e e — _ . . e e 9C
IF(M +EQ. 0) GO TO 430 00

401 TF(BETASOIM) +LE. RHOSQ) GO TO 390 0c
€ TAKF RROT OF CORNER 2 BY 2 NFAREST TO LOWER DIAGONAL IN VALUE  OC
C AS ESTIMATE OF EIGENVALUE TO USE FOR SHIFT oC

410 A2=GAMMA{M+1) oc

L R2=45DO%A2 o . oc¢
R1=e5D0%GAMMA(HM) . oc

R12=R1+R2 0cC

e NIF=R1~R2 e e 0(
TFEMP=SQRTF(DIF*DIF+BETASQ{M)) . 0¢

RI=R12+TFMP o¢

I R2=R12-TEMP TR 1
DIF=ABSF{A2-R1)=ARSF{A2~R2) 0«

IF(DIF «LT. Q0.N0) GO TO 420 . 0¢

o 411 SHIFT=RZ Y
GO TO 310 . ) ) o]t

4?6 SHIFT=R1 of
GO O 320 e T &
430 EIG(1Y=GAMMALL) +SUM 0f

¢ INITIALIZE AUXILIARY TABLES REQUIRED FOR REARRANGING THE VECTORS Of
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450 DD 465

460

AT

471
472

473

10
20
.30

40

LIpasvidy=d

CEIGUJI=EIGIJ+]1)

TVEC{T«LY=VECtI.NPY 777

. VEC(I1.NP)=TE4P

9 FORMATI13H LEAVING EIGN)

"TF{NEQ«Q)

CGG

‘DO 440 J=1.N I

IvPasidr=d
[IORDIJ)=J

USE A TRANSPOSITION SORT TO ORDER THE EIGENVALUES
M=N

GO TG 470
J=14+M N
IF {EIG(J) +LE.
TEMP=EIG(J)

FIGLJ+1)=TEMP
ITEMP=TORNLJ)
JORDIII=T0RDII+LY_
TIO0RD(J+1)=1TEMP

CONT INUE

M=M-Y
IF{# «NE. 0) GO TO 450
IF(NL +EQe 0) GD TO 500

NG _49C L=1.N1 _

EIG(J+1)) GO TO 460

IEBUPDTE LOG PAGE €066

NV=10RD{L)
NP=IPOSV(NV)
IF(NP «EQes L) GO TO 49C
LV=IVPOS(L)
IVPOSINP) =LV
IPOSVILV)I=NP

DO 480 I=1.N
TEMP=VEC (I .L)
TEMP=  &(T1.L)

A{TI.«L)= A(I.NP)

AT NP)=TEMP
CONTINUE
CONTINUR
CONTINUE

PRINT 1919

RETURN
END

CFUNCTION FACLIN)

IMPLICIT REAL*B(A=H,0=2)
INTEGER*4 N, [,PRODT
FLOATFI{I1=DFLDAT(I)
PRONT = 1

GO TO 10
GO TO 20

GO TO 40

PO 3G 1=1.N

PRONT = PRONT*I
FAC1=FLOATF({PRADT)
RETURN

00

00

¢o

.00

oc

. 0C

OO;
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00
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0e
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co
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00!
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00
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0c
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NEW MASTER

G GC

END . : 00:
NOT FOUND IN NM DIRECTORYe STOWED WITH TTRe _ .
4AS CGCCcOoCcQ
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