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Abstract

" GAUSSIAN 76 is a general-purpose computer program for ab initio
Hartree-Fock molecular orbital calculations. It can handle basis sets
involving s, p and d-type gaussian functions. Certain standard sets
(STO-3G, 4-31G, 6—316* etc.) are stored internally for easy use. Closed
shell (RHF) or unrestricted open shell (UHF) wavefunctions can be §btained.
Facilities are provided for geometry optimization to potential minima

and for limited potential surface scans.
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1. Introduction

GAUSSIAN 76 is a conﬁected.system of programs capable of
performing ab initio molecular orbital (MO) calculationé within the linear
combination of a£0mic orbitals (LCAO) framework. It represents a further
development of the GAUSSiAN 70 system already‘published.l .The version of
GAUSSIAN Z? distributed throﬁgh~thé<Quéntum CheﬁiStry Program’Exchénge
(QCPE) has been made Operationai on the Brookhavevaational Laboratory ;
cpe 7600 coﬁputér;

| The system contains programs for the calculation of the required
one- and two-electron integréls using basisvsets-of s, p or d cartesian
gaussian functions. These are followed by programS‘forAaetermination of
self-consistent field (SCF) singie-determipantﬁwave functiéns and asso-
ciated'total energies. For clésed'shell.singlet étates, the restricﬁed
Hartree-Foﬁk (RHF) procedure of Rootha;an2 is used. For open-shell states,
wave functions and energies are obtained with the unrestricted Hartree-
Fock (UHF)*précedure.3 This is followed by a program’for~Mulliken popu-~
lation analys_is4 and computation of the electric dipole moment.

Execution of GAUSSIAN 76 requires specification of nuclear
geometry (by coordinates or by internuclear distances and angles), net charge
‘and spin multiplicity, basis set details (either from internally stored ;tandard'
sets or from cards) and an initial guess aﬁ the-density matrix (which may be
generated intefnally or may be obtained from the output of a previous execution).

In these notes,'the general features of GAUSSIAN 76 are described
and detailed instructions provided for execution. 1In Section 2, the
arrangement of'the program is ouflined and certain key terminology is

introduced., Various limitations (maximum number of basis functionms,



1.2,
maximum number‘of atoms,~étc.) are given at theAenﬁ of this section.
Section 3 gives detailed instructions concerning the preparation of input’
decks for simple (self-contained) jobs.‘ This inbludés a description of'some
6f the options that exist within the program. Section 4 de5cribes;compound~
jobs,those‘which require use of output from a previous job. Finally,
séétion.q contains a complete list of the options -available in GAUSSiANi?G;

%



2. General Featurgs,ok GAUSSIAN 76

GAUSSIAN 76 is a collection of thirteeﬁ intercoﬁnected links,
Aeacﬁ consisting of a main program and assbciated rogtines"that occupy
high-speed ﬁemory‘together. A group of liﬁks that ére.rel#téd by common
objectives comprises an @vég}az. The overlays a:e'numbeted in logical
sequénce and have thelfollowing general functions:

) Overlay 2: Nuclear géométry, net charge and spin multipiicity
Qverlay 3: . Basis sét and integrals

Qverlay 4: TInitial guess at deﬁsity matrix

Overlay 5: Self-éonsistent fiéld'calcula;ions

Overlay 6: Analysis of resplt;

With eacﬁ overlay is associated a set of oRtibns,lwhich control #he'way
the overlay is executed.

Within an overlay, there are various links which are speéified
by a two-digit number following the overlay number. For‘example, the.first
link of overlay 3 is numbered 301 and given the laﬁel L301. Each link
also has a descriptive name. When use of an overlay is reéuired, instructions
must be provided for the sequence of links and the 0ptions; Note that

the set of options apply to the whole overlay ‘and are the same for each

link in the overlay.
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The complete list of links .in GAUSSIAN 76 is given in
Tablevl. It should be noted that the numbering is not sequential. This
is because the published version contéins only a subset of the links of
a larger system. |
The first three>links (LINKO, LINKl.ana LINK2) do .not fofm
part of any overlay. LINKO is the only part of GAUSSIAN 76 which is
permanently resident iﬁ high-Speed memory and sérveé to initializé blank
cémmon (described beléw)ﬂand to call LINKl. The éurpose of LINKllis
(a) to determine from input the required execution sequencerf links and
(b) to read:in the options which are specified for each errlay. LINKZ
is concernedvonly with repeated execution of a given route.
Data produced or reQuiréd by the various links are internally
communicated by means of shared hiéh-speéd memory (blank commoﬁ),
"shared random-access mass storage files (disc or low-speed mémory) and
shared sequential;access mass storage files (tape or disc) for two-electron
integrals.
To'complete a calculation with GAUSSIAN 76, the foilowing four
types of data.are required: |

1. Nuclear geometry. This must always be specified externally,

usually in terms of internuclear lengths and angles, supplied to L202.
There is provision for geometry optimization to minimize the energy and
for partial scan of a potential surface.

2. Net charge and spin multiplicity. -This is always required

by L202 and specifies the number of electrons of either a or B spin. For
spin multiplicities greater‘than one (doublet, triplet ,.... states etc.),
the program determines the wave function component with the maximum possible

number of a-electrons.
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TABLE 1. List of Links in GAUSSIAN 76 |
‘ |
‘Number Name Function
1.000 LINKO Initialization
1001 LINK1 Control of route through the links
L002 LINK2 Control of repeated execution.
L202 VGEOM2 Computation and modification of nuclear geometry
L301 GINPUT Specification of basis set h
i302 STVINT V Overlap, kinetic and potential one-electron
integrals
L303 DIPOLE Dipole one-electron integrals
L311 'SHELL Two-electron”integralé involving s and p
functions '
L312 UNCON Two-electron integrals involving s, p and
d-functions
L401 GUESS Initial guess at the density matrix
" L501 CLOSED Closed-shell (RHF) self-cOnsistent-fieid
- L502 OPEN Open-shell (UHF) self-consistent field
L601 MULPOP Mullikén population analysis and dipole

. computation '
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3. Basis set. ' The gaussian basis set may be specified éxternally>
for L30l. However, certain types of basis set are stored internally and
may be used automatically by appropriate choice of option. The internal
sets aré (i) the minimal STO-NG . setzss EN=2,3,4,5‘OY<6),; the splitevalence
N31G set$6 (N=4,5 or 6) and the polérized'sets?’8-5-3le, 6-31¢" " and STO;NG*.’

4. -Initial guess. The initial guess at the density matrix is

usually é;nerate& intérnally by L401. Thefe ére options to interchange
some occupied and unoccupied orbitals at this stage‘to give some control
over which electronic state of the molecule is obtained. External speci-
fication of the initial density matrix is possible only if it is available
on‘a file from a previous rum. |

If all the necessary information is provided, overlay.5 will

s . . . . 2
attempt an iterative solution of the Reothaan equations:

FC = SCE

- or their UHF equivalents.3 Here F is the Fock mafrix, C the matrix.of'
LCAO coefficients, S the overlap:mat:ix and gtthe diagonal matrix of MO
eigenvalues. Thé initial guess is:used.to compute F, equations (1) are
solved for C and E, C is used to .calculate a new density matrix and this is
in turn used to compute F for the next iteration. This procéss is
.repeated until convergénce is achieved.

| Thé two most common sources of difficulty arelfailure to:achieve
'SCF convergence and convergénce to a wave function for the wrong state.
These can sometimes be overcome by experimentation (orbital éwitching)
with the initial guess. A more reliable (but more ekpensive) procedure

is available in the GAUSSIAN 78 sys;:em.9
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There are upper limits to the size of computation that can be

‘carried out with GAUSSIAN 76. These are:

Maximum number of atoms. This is 35 in the published version.

Maximum number_éf:basis functions. This is 90 in the QCPE
version. By appropriate rédimensioning, this can be increased to 127 if
sufficient high-speed mémory is available.

Maximum number of shellé. A shell is a set of baéis functions

on ohe center with shared gaussian exponents (e.g. the 2s, 2p , 2p , 2p.
~ . b4 z

functions on carbon in ST0-3G constitute a shell with four members).

The number of shells cannot exceed 80 in the published version.

Maximum degree of contraction. Each function ¢ in a shell is
.2 linear combination of primitive gaussian functions

= E d. P(x,y,z) exp ('a-rz)
j=1 I a i

wherc P is a polynomial. The uumber of terms n in such a sum is the

degree of éontraction for that particular shell. This cannot exceed
six in GAUSSIAN 76.

Maximum number of independent gaussian exponents. This is the

sum of the degrees of contraction of all the shells. The total number

here cannot exceed 240 in the published version.
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3. Input. Decks for Simple Jobs

An input-deck is a set of cards (or card images) which specifiés
the job to be executed. It consists of two parts--gonﬁrdl iﬁput and data
input. The control input, which comes first, speéifies the route or |
sequence of links to be executed together with various pptionsvteliing each

link what to do. The system may be instructed, for example, to perform

* :
an RHF/STO-3G single point calculation or a UHF/6-31G geometry
dptimizatioﬁ, depending upon the control input. Each link may be

directed by the control input to read cards from the following data input.

This may consist, for example, of the molecular geometry, charge, spin multiplicity anc

‘the basis set. :Thus, the type of data input. required is determined by the control
input. . ' o
If only a single route is specified (which may be executed -

several times), the job will be termed simple. The complete control

input must then precede the data input. 1If additional routes are specified

‘which follow- the execution of the first route and which make use of output

from execution of the first route, the job will be described as comEoﬁnd.

Simple jobs will be described first, compound jobs being left for Section 4..




3A. Control Inmput forxSimple,Jobs

The first control card called for by GAUSSIAN 76 is the system

control card. Certain standard routes may be generated automatically
by this‘card,‘in which case no further control input is decessary. Alter~
natively, ‘the route may be specified by a following sequence of overlay

control cards.

The following information is always required on the system
control card:
Column 1: This must contain a '$'.

Column 2: This must be blank or contain an 'N'.

These features identify the .card as a system control card. - If 'N’ appéafs
in. column 2, economical or compressed printing is called for throughout.
This option is to save paper and prianting charges and is not recommended

until the user is familiar with the output.

Colﬁmn 4: The parameter NTIMES, the number of times the
prescribed route is to be executed. If greatér than 9,»this is read in
12 format from columns 3 and 4. | |

7‘If’thé routéris‘to be specified by overlay coptrol cards (see
" section 3A.2>,‘the‘remaiﬁder of the system control card is 1éft blank.
" However, if thé'route‘is to be generated automatically, fur;her entries

are needed.
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"3A.1 Automatic Route Generationm.

"The additional parameters read from the system control card are:

Column 6: ITYPE ... Type of calculation to be. performed.

0

1

(or blank) ... Read route from cards (see 3A.2) -
... Single point calculation

... Ceometry optimization (see section 3A.2)

.e+s Potential surface scan (seé section 3A.2) .

... Restart of geometry optimizations. (See Section 4B). -

Column 10: 1IBASIS ... Type of S,p basis set used
0 (or blank) ... One of the'miniﬁal STO-NG bases, using
standard exponents. N-is specified by the next
parameter NGAUSS.
1l ... One of the split;valence N-3iG bases, using
standard scéling factors. Nis specified by the
next parameter, NGAUSS.
2 ... General basis set input frém cards (see data input
for L301). |
Column 12: NGAUSS ... Number of gaussians in a contraction (see
description'under IBASIS above).
0 (or blank) ... Default value. For IBASIS = O,Ithis will
| giye.STO-BG; for IBASIS = 1, the default is 4-31G.
.N .;. If IBASISV= 0, values 2,3,4,5 or 6 are permitted.

If IBASIS = 1, values 4,5 or 6 are permitted.
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Column 14: IPOL ... Polarization functions in the'bésis set.
0 (6r.b1ank) ... No pdlafiZation functions
1 ... Include a set of ;s;aﬁdérdlpélériigti;n fuﬁcfidns on each
- non=hydrogen. atom. | |

2 ... In addition to the "above, include a set of )

p-functions on each hydrogen.

Columﬁ 16:”:IGUESé ... iype of iniciéi'guess

0 (or blank) ... Obtéined by projection from a Huckel
minimal baéis Ealculébion.
1 ... Obtained by-diagonalizatién of core Hamiltonian
2 ... Huckel-type gueés for extended basis. However, this
must -not be used if IBASIS = 2.

Column 18: ISCF ... Type éf SCF calculation performed
0 (or blank) ... Restricted closedéshell'Hartree-ﬁock (RHF)
1 ... Unrestricted épen-shell HaftreefFock (UHF) »

At this point, wé give some examples to illusﬁrate'automafic

route generation by the system control card.
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Example 3A-1. A single closed shell RHF/STO-3G calculation

Card 1:: $aal.l

Card 2:: First card of data input

Hére ITYPE = = 1; single point‘caléulation
IBASIS =0 ; minimél STO-NGbasisv
NGAUSS =0 ; N=3 |
IPOL = 0 ; No polarization func;ions
IGUESS = 0 ; Huckel-type minimal guess

ISCF = 0 ; closed shell SCF
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Example 3A.2 A single open shell UHF/6-31G calculation

ITYPE
IBASIS
NGAUSS

IPOL

IGUESS

ISCF

Card 1-: $ 11 161 1.

BA A RAAN A ATANA

Card 2 : First card of data input

‘3

; single point calculation

'; split valence N-31G basis

M ‘N=:6

© 3 polarization functions on heavy atoms

3 prbjected HUckel-type guess

; open shell SCF



Example 3A.3 RHF/ST0-3G geometry'optimization with minimal printing

Card 1 : $N$1“3_

Card 2 : First card of da;é input

"ITYPE =3 -3 'geometry»Optimization

IBASIS

[

0 ; minimal STO-NG basis
NGAUSS = 0 ; N =3
IPOL = O 3 no polarization functions

IGUESS

Il
(>
-

projected Hlickel-type guess ‘

ISCF = 0 ; closed shell RHF



ExampieISA-A UHF/4-31G potential surface grid scan
Card 1 : $ 1.4 1 .. 1 ‘

AL A AAN AR NAN

Card 2 : First card of data input

ITYPT = 4 ; potential surface scan

IBASIS split valence N-31G basis

=l;
NGAUSS = 0 ; N = 4

IPOL = 0 ; mno polarization function

IGUESS

i
(]

projected Hlckel-type guess

ISCF =1 3 unrestricted open shell Hartree-Fock (UHF)
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3.A2. Route Generation by Qverlay Control Cards

‘Although the type of control input described above is sufficient
for many jobs, it does not reflect the full flexibility of éhe~program.
"In this section, we describe the more detailed réucé genération by a
sequence of overlay control.cards, called for by ITYfE = 0 (or biaﬁk) in
column 6 of the system coﬁtrol card., Each overlay pontrol‘card prescribes
a sequence of 1inks to’be executed’and‘the set of options used. This sequence
of overlay control cards (a maximum of.ZO) is terminated by a blank card.

The parameters read from an overlay control card are:

10V, (I0P(T),1=5,34), (ISEG(J),J=1,18), JUMP with Format (I4,480L,I4).

The functioms of these parameters are as follows:
Column 4: IOV ... The number of the overlay called. If ‘IOV=3,
fo? example, this implies that'oné:or more
links from overlay 3 will be executed.

Columns 5-34: IOP(I) ... These are thirty options which are

available in gach overlay (not allvare used).
'A detailed listing\of the options is given in
Seétion .. In this desc?iption, we shall only
mention some of those most cbmmonly used in
examples. The options are-gg&gl quantities
(between 0 and ?); . and the option number
coincides with the column number. Thusvﬁhe

value of IOP(7) should appear in column 7.
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Columns 35-52: ISEG(J) ... The entries in these columns must be

either 'l' or '0' and determine which links
of the overlay are executed. Column 35
corresponds to the fifét link of thevpverlay,
- column 36 to the<éecond and so forth. If a 'l’
appeérs, the»}ink'is execﬁted, if a '0' or a
 blank, it is not. The links are called once
in turn.

Columns 53-55: JUMP ... If this parameter is '0' (or blank)

control is transferred to the next overlay
control cafd: Non-zero values are used to

. generate loops in the rdqte. Fof example.
"JUMP = -2 will transfer éontroi to the overlay
control card two placés before the current
one. Use of this fgaturé will become cleér

in some of the examples given below.

As an example of the use of these fields, consider the following card image:

Col. 1 - .35
! : - 1
annsL8 1.1

This overlay control card requests the execution of the first and third
"links (cols. 35 and 37) of overlay 3 (Col. 4). These are links L301 and
L303. In addition, options 5 and 6 are set at non-zero values, IOP(5)=1

and IOP(6)=6.
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Example 3A.5

. As an example of route specification, consider a single closed

shell RHF/STO-3G ca1cu1atioﬁ. ‘The steps required are:

'Steé . V , ' . ﬁLink Required
Input geometry - : 202

’ . . .
Specify basis set - ' 301.

Overlap kinetic and potentiél integrals 302

Dipole integrals ' . 303
.Electron rgpulSiOu iuLegrals. - 311
Generate initial guess : 401
Solve SCF equations ‘ : 501
Mulliken population analysis ' 601

Reference to Section 5 shows that the route can be. executed without setting
any options to non-zero values. Hence the calculation can be executed

with the following cards:

' : $4444555555555
000000000111111111122222222223333333333444 44444 5555
12345628901 234562890123456728901234562890123%562890123456728

CARD 1: % 1 :

CAED. 22 2 1 .
CAFD 3: 3 lil 1
CAFD 4@ 4 1

CARD S: 5 ' 1

CARD b2 b 1

CARC 7z

CARD 8: (FIRST CARD OF DATA INPUT) _
- 123%56789012345678901234567890123%567890123%56789012345678

0aoooouunliillliilnleceeeee2e233333333334 T4 444 55555555%
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~ Example 3A.5 (cont'd)

Card 1

Card 2

Card 3

Card 4

card 5

Card 6

Card 7

Card 8

is the system contrsl caxd with‘ITYPE=0 (col 6), ihdiééting that
overlay control cards follow.

indicates that link 202 is executed with all options set to zero.
This performs the first step of the calculégien by»feading from
cards the molecular geome;ry‘in tﬁe.fo:m of alz~mat;ix (see

éection 3B8). ; |

calls for limks 301, 302, 303 and 311 of overlay 3. Since all
options are zero, the ST0-3G basis is selected and appropriate
integrals are eva}uated.

calls for thé initial guess link 40l. This forms the density matrix
based on the minimal Hilckel guess.

calls for link Sdl to solve the closed ;hell réétriqted Hartree-
Fock equations. |

calls for link 601 ﬁo carry out a Mulliken population analysis and
evaluate - the‘dipole moment.

is blank indica£ing:the‘end of the route specification

is the beginning of the data input which;willabe called for during
execution of the specified links. . After.this exeéution is complete,
the bfogram will seek another system coﬁtrol card to indicate the
beginning of another job.

The route generated in example 3A.5 is identical with that produced

automatically by the.system control card in example 3A.l. However, the longer ‘

version has advantages of greater flexibility since various options may be -

changed.
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Example 3A.6

Suppose that ‘in example 5, a print of the initial guess MO coeffi-

cients is required. This is called for by option 33 of overlay 4 (see

Section 5), and the modified control input is:

0C00000N011111111112222222222333333333 3444444 4455555555

CARD
CAED

LE3%56?89012345578QD123456?890123456789012345&?SQG133456?
3 -

CARD
CARD

l 0
o111 1
) N ‘

CARD
CARD

| Wi e
—~ b

CARD
CAKRD

(FIRST CARD OF DATA INPUT)

123456?89012345678qnlEB%Sb?BQQlE345b?8ﬂolé3%55?8q0123456?

Q000000001111111111222222222233333333334 444455555555
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Example 3A.7

3.14

: UHF/6-3lzesingle point. calculation

This example introduces some more links and options that are

commonly used.

GUGUUODDUllllllIlll22828222223333333333444%44494%555555555

12345628901 23%56728901234567289012345628901234567896)12345678

CARC 1: $. 1 : , :

CAED 23 2 : - 1 >
CARC 3: 3161 111 11

CARD Y43 Y . ‘ 1

CARD G -3 , : 1

CAED  hs [ ' 1

CARC 7:

CARD Rz (FIRST CARD OF DATA INPUT)

12345&789012395b?890123*5&?8901234SE?BQULE345678QUl2345b?8

_ 0O0NU0O000LLYTIL11111222222222233333333334 4 4444555555555

Cards 1,2 are as in the previous example

Card 3 specifies some new options and the additional link 312.

‘IOP(5)=1 indicates 'a K-31G split valence basis
IOP(6)=6' indicates K=6

IOP(?) 1 indicates standard polarlzatlon functions on
_first row atoms. This.implies the 6= 31G basis.

Card 4

Card 5

calls for an initial guess formed by projection

calls for the unrestricted Hartree-Fock solution

Cards 6-8 as in the previous example
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. . -
Example 3A.8 UHF/6-31G  single point calculation.

A simple extension of the calculation described in example 7

is the addition of a set of p-type polarization functions to each hydfogen

atom in the molecule. This isAaccomplished by setting IOP(7)=2 on the

ovérlay 3 route card. ‘As in the previous example, first row atoms have the

standard 6-31G basis supplemented with a set of six second-order gaussian

polarization functions

000000000U11111111112222222222333333333 3444 H444444555555566¢

1234567890312345628901234567890123456728901234567849012345678"

CARC 1: & 1 ' _
CARD__ 23 2 ' 1 I
CARC 3: 31lee ‘ 111 11

__CARD__ 43 4 L o
CARC 53 5 1 :
CARL K3 b » 1
CARD 73 :
_CARD _ 83 (FIRST CARD OF DATA_INPUT)

1234567890123456789012345678901234567849p1234%5678901234567819

00000000Glliillll112¢22e2eeeae33333333334 MYt 5555555555
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~This completes the exaﬁpies of control input'for singlé-runs
at one nuclear geometry. The reader only congefned with this type-ofArun
may wish to skip the rest of this sectionAAnd proceed directly to 3B
forAinstructions on the congtruction of datg input.

.We now turn to geometry optimization. Here-thé“program system
can be used to minimize the energ§ witﬁ respect to a series of géometricﬁl'
parameters. -Tbis is accémplished by appropriate use of L202. After the
input of the initial geométry and'calculatidﬁ of the cofre3poﬁding total
energy,‘LZOZ may Be'called agéin with I0P(5)=1. This causes a
véfiaﬁle geqmétricél parameter. to be read in (details in Section 3B)
together with.a stepsize. The energy variation is then ipvesfigated
by repeating tﬁe energy calculation as the parameter is'changed;
Initially, two additional points are calculated, followed by a third at
the minimum predicted by a quadratic fit. If there are several paraﬁeters
to be-Optimized, this is repeated for each parameter, except that each
later optimization uses the 'final' geometry obtained by optimization of

the previous parameter,
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Example 3A.9 RHF/STO-3G geometry optimization

The control input for this kind of geometry requires the following

steps for execution:

s

.Step - Links requ;red
1. Igput starting'éeometry’ o 202
2. Evaluate integrals | 301,302,393,311
3. Initial‘guéss A 401 ‘
4. Soive SCF equations - 1111
S; Mulliken population analysis 601 .
6. Vary geometry ﬁ | - 202

7. Return to step 2 -

Step ?‘introduceska idop iﬁtd the sequenée of overlays. After'
stebs 2-5 are carried out to calculate~theiwave furiction and~enefgy at the
initial geometry, step 6 changes the geometry and the process is repeated
- with a varied geo@etry. When all the requested parametérs'have been
varied, control must cause eséape from the loop. The above series of

steps can be accomplished by the following route:

| ‘WW%%Q%SSSSSBS‘
GO0000111111111122222222223333333333%4 44 ;
33345&?8%01?3456?oQﬂlEBQSE?SqB183¢S&?8QHLdBWSb?SQEld345b

CAFCD 13 8§ 1)
CAED 221 2 ) . -4 - e
CARD 33 3 11} - |
—CAEL %12 4 1 ]
CARD 53 5 {
CARD .61 2 : . —- e
CARD 7?3 el X
_CARL. 81 [ e e
CAKD 93 (FLPST CARU UF DATA IAFUT)

LEjWSb?qulEB455?SqaLaj%sb?SQUlEBQSB?AQH1234557SQG12345&

0O000UUUUG1111141111222222222233333333334 44444 445555555
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Example 3A.9 (cont'd)

The only new features are on card 7 which performs the 'vary geometry'
step and défines the loép over control-cards. First I0P(5)=1, indicating
that this is a 'vary'-instfuction rathe£ than an initial geometry. L202
will remember the initial geometry‘an&'read data cards indicating a
'parametér to be optimized,. Af;ef‘this, a‘pafameter card specif&ing the
variable to Be altered is read in every féufth entry to 1202. The JUMP
entfy -4 in columns 54 and 55 will‘then transfer céntrol back to‘overla} 3
(4-?€rds bagk) so that the calqulation is repeated. 'Tﬁg optimization of
the enérgy is continued in this manner by L202 until all the bérameters

have been varied,at which time the JUMP value is suppressed. Control then

passes to the next card (8) which terminates the route.




Although the route in example 9 works correctly and'gives.a
partial geometry optimizafioﬁ,'it has séveral undesirable features. In -
the first place, it performé a population analysis for each MO ca;cula-
tion, which is usually not necessary. It is normally sufficient to do tﬁis
'only for the initial and final points. ‘Secondly, ﬁhe dipole integrals
play no part in the energy calculations and are not required until the finai\'
point. Thirdly, it is ;sually a good idea to:avoid the initial guess after
the first point since the éonverged-density mat;ix for the pfevidus run is
normally a better guess than can be produced by L40l. 1In the next.exahple,

we give a route which incorporates these time-saving modifications.
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Example 34.10 Modified route for RHF/ST0-3G geometry optimization

i BUUUOUUUUllll111111236222628233333333334%4%4444445555555555
123456289012 34%5678901234%567890123456289042345678901234%56789

CAFD 1: % 1
L CARD 23 2 3
'CARD 33 3 - 111 1
CARD %3 b 1
CARD S 5 1
CARD  h: b 1
CARD 7 el 1
CARp 8:; 3 11 L
CARD 9: 5 1
CARD 103 2l 1
CARD i1: -3 11
CARD 123 b 1
CARD 13:¢

CARD 3143 (FIRST CARD OF DATA INPUT}

123?55?aqa123*5&7893183*5b?8qU183%Sb?SQQ123%S8?390123§5&?8q
oauoopoaunllillly 1112222222;2333133 3333444%%%4%4%5555555555

Cards 2-6 perform the initial pointkédiéuiééiéﬁ %iéh population
analysis. The resulting density matrix 4is stored.
Card 7 executes L202 for the second tiﬁe.. Since IOP(5)=1,
vthis link'will read a variable parametef from
data input and will initiate geometry variation.
Cards 8-9 carry out the next MO calculation. Note that no dipole
‘integralé are needed. Also L401 is not called, as a suitable

guess is already available from the previous calculation.
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Example 3A.10 (cont'd)

‘Card 10

Cards 11-12

is a further call to L1202 with IOPY5)=l. Since a _

variable parameter:is now active, no further ones will

be read. After readjustment of the variables, control is

returned to card 8 by the value JUMP = -2. This constitutes

the loop in the program execution. After optimization of the
first variable, 1202 reads another variable specification for
another optimization. When the list of variables is exhausted,

the JUMP instruction is suppressed .and control passes to the

- next card‘(cafdvll).'

calculaté the dipole integrals and do a population analysis
using the geometry of the last MO calculation performed. This

completes the full optimization run which is terminated by

a blank card.
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The structure ofAthe route in example iO is the -standard one
for geometry optimizations. It i#'the rdute actually ge#éﬁate& automati;
,call? (section‘3A1) by the single card |
s .13

for an RHF/ST0-3G geometry Optihiza;ioncfrifi“

We give two additional examples of the full routes for geometry

optimizations:
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' *
Example 3A.11 RHF/6-31G g&ecmetry optimization

00000000011111111112222222222333333333 344444 445555555555%
12345628901 234567289012345628901234562890123456789012345672819

TCARD 1: 5 1

CAEQ__ 23 2 : 4 1
CARD 13: 3161 ' . ; 111 1
CAED . 42 4 : , , 1 .
CARD 5: 5 - S I |

—CARD b b . e 1
CARD " 73 21 S , 1
CARD : 3161 11 11
CARD 19: 5 : , 1 _
CARD 103 21 . , ‘ 1 ' -2
CARD 113 316l ‘ 11 :
CARD 122 o) 1
.CARD 13:

CAEH 143 (FIRST ﬁgRD QF DATA INPUT)
2345b?890133456?8QQLEBQSb?8?012345&?890123%5&?89012345&?8“

«__________nﬂHﬂﬂﬂﬂﬂﬂilllLlLlll&R&aﬁiiﬂaailiiiiiiiiwiii&iii&&§5555555§M

This route includes options relevant to polarization functions as in

example 7. It could be genérated automatically by the single card:

$ 130161

BN N N e N
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Example 3A.12. UHF/4-31G geometry optimization.

000UBOCU011]111111112222222222333333333344444444445555555555
1234567890123456789012345628901234562890123%567890123%5678"

CARD 13 & 1

CARD : 2 : ' 1 :
CARD 33 31 A 111 1

CARD % Y ' ‘ o 1

CARD &3 5 1

CARD b3 b A _ )

CARC 73 el ‘ : 1

CARD ~ 83 31 : ' _ 11 1

CARC 93 S ' 1

CARD 113 31 A P 11 . B
CARD_12: 3 . 1

CARG 133 -

CARD 1%: (FIRST CARL_QF DATA INPUT)
123%567890123%56789012345b789012345678490123%567890123%5678°
0000GOR0GIL111111)1122222222223333333 333444444 4444555555555¢

This control input would be generated automatically by the single card:

$ 1.3014

AN A A A A
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Another feature of GAUSSIAN 76 is its ability to pérform.a
potential surface Scaﬁ for a'aeries of~vé1ueé‘of a single geometricél
variable; Thé méthod of doing this is similar to thaﬁ for geometryA
optimization. After the input of the initial geometry (by L202) gnd
the first MO calculation, 1202 may be éalled agaih with IOP(5)=2. This
will request ‘details of the variable to be éhanged, the number of points

to be calculated and the stepsize (see Section 3B for‘details); A typical

route for such a run is as follows:
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Example 3A.13.  RHF/STO-3G potential surface scan

UUUOUDUUOllllllLll1232282222233333333334444%9%4%45555555555
12345628901 2345672890123456789G1234562890,23456728491234%5h738H4

S

1 .
11 Tl

b

n
-

1
rd
3
h 3H
CARKD S
[}
?
8
q

CARD

CARD 103

»
L]
-
a
»
L
-
(]
-
L 4

CARD 113
CARD 123

LAV s ol Vo I WU ¥}

(4V]
[

-3

CARG 13:

(FIRST CARD UF DATA INPGT)

15345678Hﬂla34567890123+Sb?8q0133456?8q0123%5b?8q012345b78%

UﬂUUUUUUUll111111112&8226822’333333333344%4%44%4455555 5555

The structure.of the route in example 13 is standard and cau be

‘generated automatically by the single card

Cards 2-6

Card 7

Cards 8-10

Card 11

Card 12

$ 14

~

perform the initial point calculation.

executes L202 for the second time. Since IOP(5)=2, this
link will read details about the variable parameter and
will initiate geometry variation.

cgrrY’éut the mext MO calculation. The density matfix from
the previous point is available as a suitable gﬁess.

is a further call to L202 with IOP(5)=2. Since the variable

parameter specification is now active, no further data is

‘read. The variation is continued, and the JUMP instruction

returns control to card 8 for continuation of the computations.
When all steps have been completed, the JUMP instruction
is suppressed.

terminates the control input.



3B. Data Input for Simple Jobs for GAUSSIAN 76

Many of the links in GAUSSIAN 76 may read cards frém the data
input (which immediately follows the 1ﬁst control input .cardy, 1Thesé
data cards may specify, for instance; the molecular geometry, éhe basis
set, or pérameterslto be &aried in é‘geometry opﬁimization. ~This section
describes, on aAlink-by—link basis; tﬁe meaninés andlfofmats of the.

- various types of data cards which may be required.

3.B.1 Data Input to L202.

The molecular geometry must always be specified on data cards. .
This can be supplied to L202 in the form of a Z-matrix, which specifies
the geometry conveniently in. terms qf'internuclear distances and angles.,

With this form of gedmetry input, the first two data cards contain:

1. (ITITLE(I),I=1,10) FORMAT (10A6)

2. ICHARG,MULTIP : FORMAT(212)

The first card is simply a title card describing the job.
The second card specifies the net charge (ICHARG) and the sbin multiplicity
(MULTIP). For the latter, we use the 'l' for singlets, '2' for doublets,
'3' for triplets, étc.
: Aftér this'comes the Z-matrix which specifies thé molecﬁlar
geometry.‘ The nuclei. in the molecule are numbered sequentially, and the

nth nucleus 1s specified by:




3.28

IAN;N1,BL, N2, THETA,N3, PHL, J

FORMAT (I3,1¥, I3,1X,F6.4,1X,13,2(1X,F10.4,1X,13))
Columns 1-3: This is the atomic number of the nucleus in I3 FORMAT.
Columns 4-7: N1 is the sequentialinumber (NI<N) in I4 format

of a nucleus for which the internuclear distance_AR(N,Nl) will be given.

Columns 8-14: BL is the magnitude of the internuclear
separation R(N,N1). This is a floating point number in units of angstroms.

Columns 15-18: N2 (<N,#N1) is the sequentiél number of the

nucleus for which the  internuclear angle 8 (N,N1,N2) at N1 will be given.

Columns 19-29: THETA is the magnitude of the internuclear angle
8 (N,N1,N2) at N1, The units are &egrees.

Columns 30-33: - N3 is the sequential number (<N;#N1;#N2) of the

nucleus for which the internuclear dihedral anglécp(N,Nl,NZ,NB) will be
‘given.

Columns 34-44: PHI is the magnitude of the internuclear dihedral

-

angle @(N,NI,NZ,N3). Thié is a floating point number in degrees. The
dihedral angle is defined as the angle between the planeé (N,N1,N2)
and (N1,N2,N3), the éign being positive is the seéuence N,N1,N2,N3 is
such that movement of the directed vector Ngl to the directed vector
N£+N3 involves a righthanded screw motion .-

Although it is usually possible to gpecify the position of
" ‘nucleus N by a BondAlength, a‘boﬁd-angle, and a dihedral angle, it is
sometimes simpler to replace the dihgdfal angle by a second bond angle.

Thus, we may specify the following alternate items:

Columns 30-33: N3 here is the sequential number (N3<N; #N1; #N2)

of the nucleus for which the second internuclear angle X(N,N1,N3) at N1

will be given.
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Columns 34-44: The magnitude of the angle X(N,N1,N3), é floating
point number in units of .degrees.

Columns 47 and 48: Specification of the two angles; 8,X

will lead to two possible directions for the line NIN. 'To fix one of |
these, the number +1 is specified here if the triple vector product
NIN (iINZVIN3) is positive. If the triple - . . . .
§ector product is negative, -1 is used. The pfesence of either +1 hefe
is used as an indication that the second angle is an internuclear angle
and not a dihedral angla;

These seven (or possibly‘eight) items are generally sufficient to
specify the nature and position of nucleas N uniquely if ‘the nuclei with
smaller sequential numbers are already defined. At the beginning of #he
sequenée, leés informatioﬁ is required. For nucleus 1, only the atomic'
number is required, and it istpositioned at‘the origin. 'For nucieus 2,
only the first three fields need be specified, and tﬂe angles are
determined by placing this atom on the Z-axis;. For'thé third nucleus,
the first five fields are required, and thus nucleus is placed'in Xz—élane.

A few4éxamp1es will illustrate this means of geometry input. .
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Example 3B.1 RHF/ST0-3G single calculation of H,0.

Consider the standard model geometry for water (l). The

(2)

H |
O‘?G'z,;, ' 109.471

O&H(:;)
1

o

superscripts are the sequence numbers assigned to the atoms. The

foilowing deck will perform a MO calculation on this molecule.

000000000111llllll1226222322’3333333333444b%%%%%?SSSSSSSSS&
123456789012345b7840 12395b?8QUleBQBBPSQULLBWﬁb?BQU12345578q

CARD -

CARD

$ 11

CARD
CARD

WATER MOLECQLE RHF/STU0=36

CARD
CAED

CARD

11 G.Y6 _2_109,%721

12345678901 2345b6?2890123456728901234567289012345678901234567?849

. 0000000U011111111112222222222333333333 344 ¥ 44445555556555
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Example 3B.1 (conﬁ'd)

Card 1  is the system control card, directing the system to perform a
single RHF/STO-3G calculation.

“Cards 2 and 3 Spegify'(i) the title of the job, and (i1) ;be net charge
#ﬁd spin multiplicity for the molecule.

Card .4  specifies "Nucleus 1 is an oxygen (atomic number = 8)". This
atoﬁ is plaéed at the origié; and no.ﬁore yalues.nged be speéified:

Card 5 specifies "Nucleus 2 is a hydrogen, and is 0.96 & from Nucleus 1".
This is placed on the Z-axis; so that no angle is specified on
the-ca;d.l

Card 6 specifies '"Nucleus 3, a hydrogen, is 0.96& from Nucleué 1, and

-the H-0-H angle is 109.471°",
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Example 3B.2

The use of the dihedral angle is illustrated in the following

. example of a calculation on the fluoromethane molecule:

F'(Z)

‘UUUUUUUﬂolllllllll122222222223333333333%444%%*44455?5555555
12345628901 234562890123456728901234562890.12345672890123456?89

CARD 13 3 1.1 G161

CAED _ 2: FLIIGROMETHANE MOLECULE  _ RHF/6=316Gx
CARD -3: 0 1 .
CARD H b :
CARD 8¢ 8 1 1,38%
CAED b3 1 11,097 2 110,.6b8

~ CARD : 1 - 1 1,097 2 .ilag,b 3 1ap.
CARD 83 1 31,092 - 2 il0.b 3 ~120,

CARD 93

00G00000G11111111112222222222333339333 344444444 45555555555

Cards 1-6 have nothing new. The first directs the system to perform

a single,RHF/6-31Gd caléulation. - The next 2 specify the title, charge,

and multiplicity. Cards 4-6 specify the geometry of the F2C1H3 fragment.

Card 7 specifies ''nucleus 4, a hydrogen, is bound to nucleus 1 By 1.097%,
: A S ,
forming an cmlH angle of 110.6. The plane defined by nuclei-

HQ,ClAand Fz forms a 120° dihedral angle with the plane defined by nuclei

. chz and H3. Card 8 specifiesla hydrogen nucleus identical to that on

card 7 except that the dihedral angle here is ;120°. ‘Card 9 terminates

the geometry output.
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Example 3B.3 RHF/STO-3G Ethane molecule (staggered)

'0000000001111111111222282é2223333333§3344w4»444445555555555
123%567890123456289012345628901234%562890123456289G123%5678

CARD 1: 85 11

CARD__ 23 ETHANE MOLECULE, RHF/STQ0=3G, STAGGERED CUNFGRMATION
CARD : 01 :

CARD __%: b

. CARD 53 b 11,31

CARD K3 I 1 1.G8 2 109,.%721

CARD : 1 11,068 -2 109,471 .3 120,

CARD - 83 1 1 1,08 2 _i09.%721 .3 =120,

"CARD : 1 21,08 1.109,471 3 6O,

CARC 103 1 2 1,08 1 109,471 b 109,471 +1
CAKD 11: 1.2 1,08 1 109,%71 b 10q 4?21 S |
CAKD 122

12H*SE?BQOlBBWSb?SQD123%5&789012345b?890123%5&7BQO1234BE78‘
DOQUOUDUUlllllllll12822228222333333333:4%4%%WW%*%SSSSSSSSB'

This example'illustrates the use’ of the alternate scheme for
specification of the second angle. The first methyl group is specified

using dihedral angles and the second using another internuclear angle.
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There are two other types of 'atoims’ whichjmayjbe-épecified in
a z-maﬁrix: those with datomic number zero and those with negdative atomic
numbers. Atomic number zero specifies a 'ghost atom'. This is a center
to which'é bésis functioﬁ may be attaéhed, for instance, buf has zero
cﬁargea. Standa;d internal bases should not be used if a ‘ghosﬁ atom'
is spégified; external ba;is input should be used. An example using a
ghost étom is given lafer, in the &escfiétion of external basis input.
An atom witﬁ a ﬁegative atomic number is a "dummy étoﬁ", and'baéis functions

may not be attached to this type of center. It is used only to help

generate. coordinates of the other atoms, and is non-existent outside L202.
Dummy atoms are useful, for instance, in fixing the orientationms of a

symmetry axis. Consgder the C3v ammonia molecule (3)

Axi§

-
|

H m!”“
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Example 3B.4: RHF/ST0-3G NH molecule.

3

000000000111111111122222222223333333333494 M4 4444555555656

CARD

123456289012345628901234567890G123456289(123% 5678912345678

1: 8 11 : :
CAED .23 AMMONIA MOLECULE, RHE/STO=3G
CARD 3: 0 1 '
CARD %3 ? .
CARD - 53 =1 1 10, :
CARD w3 1 1 1,01 2 118, , ,
CARD. ?: 1 11,61 2 115, . 3 120,
CARD 83 1 - 1 1,01 2 115, : 3 =120,
93

" CARD

1234567890) 2345678901 2345678901234567890)23456789312345678

U00U000UGL1111111112222222222333333333 344444 44444555555555

»

This ~‘matrix specifies a C

3v NH3_mblecu1e with NH bonds of 1.01&

and angles of 115.0° from the C, axis to one of the hydrogens. Card 5

3

Specifie§~a "dummy atom', which. defines the three-~fold notation axis

to coincide with the z-axis of the coordinate system. The hydrogens are

then placed around this.
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Geometry Optimization and Potential Surface Scan

We now consider geometry qptimizations. In this‘proéedure,
L202 reads not only the initial geometry, but alsd‘specifiéétions'and
step size for parameters to be varied. However, these a%e used in different
executions of the link; the initial»geomefry is réad.when 1202 is exe-
‘cuted with IOP(S)=0, and tﬁe optimization data is read in subsequent
entries when L202 is éxecuteé with IOé(S)=l. To specify a parameter to
be varied, first,assign sequence numbers to the floating point numbers in
the Z-matrix: firgt the internuclear diétances (BL), then the internuclear
angles (THETA) and finally the dihedral angles (PHI), -PT the second
internuclear angles. -The parameters to be varied together are specified:

A‘oﬁ a card in the following format:

(IVAR(I), I=1,15), STEPSZ FORMAT (1512,F10.6)
The IVAR(I). are the sequénge numbers of. the Z-matrix variables which are
to be varied simultaneously using stepsize STEPSZ. A couple of examples

should illustrate this.



Example_33.5 RHF/STO-3G geometry optimization of one bond lehgth in H
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20.

000U00000111111111122222222223339333333344444444445555555555

123456728901 234%5628901234567890123%562564901234567849¢123456769

CARD : S 13 .
CARD 23 WATER MOLECULE RHF/STC=3G OPTIMIZATION

CARD 3: 0 1
CARD 43 8

CARD 5:¢ 1 .1 0,9

CAFD b3 1 1 0,96 2 109,421

CARD 73 :

CARD .83 1 . .01
CARD 9

lEB%Sb?89012345&?8ﬁg12345b?890123456?8qu12345b?SQU1234SB?8Q

000000000111lllll11222322222333333333334$%$%W*W*%SS55555555

Card 1 is the usual system control and specifying RHF/STO0-3G
geometry optimization. | -
lCards 2-7 specify the title; cha;ge, multiplici?y, and initial
geometry for the water molecule. The two bond lengths
are variables 1 and 2, while the angle is variable 3;
_Cafd 8 indiéates'to the optimization program (L202) that the
first variable (the first bond length) ié to be
optimized using a stepsize of .014.
. Card 9, a blank card, terminates the reading of optimization
parameters. )

Since only one of the two bond lengths is being optimized, the

initial sz symmetry-of-this-molecule will be lost during the optimization.

If this is undesirable, both bond lengths may be varied simultaneously

and equally,. as is illustrated in the following example.




Example 3B.6.
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RHF/ST0-3G optimization of two variabl

es simultaneously
with equal stepsizes, '

600000000111lllllllE22222222233333333334?444*?*4%5555555555

_123456789012345b675901234%5678901234562890123456289312345b78

CARD 1: S 1 .3 o -
CARD 22  WATER MO} ECULE RHF/ST0=36 QPTIMIZATION
CARD 3: o 1 .
CARD %3 8 _ ‘
'CAFD ©5: 1 1 0,496 .
CARD &3 1. 1 0,96 2 109,%?1
CARD 73 : 4
CAED 83 1 2 : g Og0L A
q: : o ~
CARD _123%562890123456789012345678901234567890123456789012345678
00000000G1111111111222222222233333333334444444444555555555

Cards 1-7 are the same as in the pPrevious example.

Card 8 specifies that variables 1 and 2 (the two bond lengths)

Card .9 terminates the list of parameters.

are to be varied simultaneously using the stpsize 0.014.
Note that although tWo z-matrix variables are involved,

this is a single parameter optimization.

The ﬁext example shows how both bond lengths can be optimized

independently,
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Example 3B.7.
po00000001111111111222222222233333333334% 444 44455555655¢

‘ . 12345678901 p3%5b7840123%5678301234562890123456783G1234567¢

CARD 1: 8§ 1 3

CARD 2: . WATER MOLECULE, RHF/STG-3G OPTIMIZATION

CARC 3: ¢ 1 ' -

_CARD 43 .8

CARD 5: 1 1 0,9

CARD b3 1 ) 0,56k 2 109,492}

CARD 73 ' ' ,

CARD 82 ) 0.01

CARC 95 2 0,01

CARD )03

123%56789012395b789012395678901234%56789012345676890123%567

GOOUUUUUOllLllllli122822222223333333333444%%44%“455555555!

Cards 1-7 are the same as beforé;i

card 8 iﬁdicates that variable 1 in' the Z~matrix (the first

bond length) is to be optimized using the stepsize 0.01R.:

Card 9 indicates that variable 2 is to be optimized (after

optimization of the first parameter). ,



stepsizes

variables

" terminate

continues
varied by

terminate

"3.40
Several variables can be varied sSimultaneously using different

in fhe following way. On the first cafd, list tﬁoée to be

to be varied by the first step siie (in the usual format), and
the listAby '99'. This indicates that the parameter description
on ‘the next card. On the next card list those v;riables to be
the second stepsize. If there are'only-two‘different stepsizes,

the list by a blank; otherwise, use '99' to indicate continuation

on the following card. A maximum 6f four continuation cards .is allowed.

The following example illustrates the use of this feature.

i
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Example 3B.8:

L
ULOOBUUGBIllllllll1682622272333333333334%%W%W%WWWSSSSSSBSS

1: 5 1 3

gi:?' 2 HAYER HOLEﬁHLE. RHF/STG-BG QPTIMIZATION.

CARD '3 0 1

CARD 4: 8 -

~ 53 1 1l O ] o

gﬁgg: 53 1 n:qg 2 109,421

CAFD 73 ‘

CAED 8% 1 299 ‘ ?:21,

CARG 9: 3 | 1 ,, _
E— 1234567890123456789012345678901234%56789042345678901234%5

333 YHEYH YUY 5 56555555
n_”__v_“______Jlﬂﬂiu1Q1U1QJ“L1J_LlJuLlJJ1a5U;a3j51;5L*a“jL1a3jti3"'"_'JL“—_—_-“—““——_—wvf~

Card 9

Card 10 terminates thé list of parameters,

Cards 1-7 are the same as before,.

Card 8 indicates that variables one and two (the two bond lengths)

are to be optimized, varying both simultaneously using

stepsize 0,014, However, the '99' as the 1last non~zero

variable indicates that the parameter description continues

on the next card.

1nd1cates that varlable three (the bond angle) is also

to be varled but a stepsize of 1.0° ig used,
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Example 3B.8 (contfd)

_After the calculation at the initial geometry, both bond lengths
are incremented by 0.014, the béndAangle is incremented by 1.0°, and the
second calculation is performed. -Thus, although three variables are being

varied, this is a single parameter optimization.
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The parameter specifiéations are read by L202 one at a time.
'The'first‘timé that L202 is executed withl;OP(5)=1, the firét parameter
specification is read in. After that,'a new paraméter specification is
read every fourth entfy to L202 until a blank card is encountered.

The input for a pulential surface  scan ié'vgry similar to
that for a geometry Qpﬁimizatién. Onee again, this data is read in the
first time that L202 is executed with IOP(5)=2. The specification of the
parémeterAto be varied is the séme.vas'forygebmetry optimizgtioné,
except that an additional card preceding the parameter,speéification must
- indicate thévnumber of steps for that parameter (Format 125).'.The'following

‘example illustrates a potential surface scan.
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Example 38.9

00000000011)111111112222222222333333333I4 44444444 45555555555
12345678901 234%5b789012345672390123456789012345678461234567569
CARD 1: S 1 %
CARD 23 NATER MOLECYULE POTENTIAL SCAN
CARD 3: 01 ‘
CARD 43 8
'CARD 653 1 1l 0,9

CARD b3 1 ) ‘6,96 2 109,00

CARD 7:

CAED . 83 4 , R

CARD .'9: 3 ‘ , 1,0
CARD ‘10z '

123%567890123456789912345678301234567890123456789012345678¢
—  0000000UGAAILLLLL1122222222223333333333 % HHE445555565555

Card 1, the system control card, requests as RHF/STO-3G potential
surface scan.
Cards 2-7 specify the title, charge, multiplicity, and initial

geometry for the H,O0 molecule.

2
Card 8 indicates that 4 points on the potential surface are to

be calculated.
Card 9 specifies that for each point, the bond angle (variable 3)

is to be incremented by 1.0°.

Card 10 terminates the parameter specification.

This job will perform 4 energy calculatiéns with HOH bond
angles of 109.0°, 110.0°, 111.0°, and 112.0°. As in geometry optimizations,
parameter variation may involve simultaneous incrementation of several -
variables with equal or different stepsizes. This is illustrated in the

following example.
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Example 3B.10

000000830111111111122 222222233333333II4HH 44455555555

E3iﬁR2ﬁ3ﬂl2ii5i2ﬁ3LLﬂ3i5n1ﬁmhLa1i&hlgﬂﬂiﬂiléhl_ﬂﬁlﬁiiﬁhl
e b
CARC 1: & 1 ¥ ‘ o ' ) ,
—CAED 22, WATER MOLECULE KHE/ST0=36 POTENTIAL SCAN
CARC 37 0 1 ~ - .
CAEC. %: 8 , ‘
CARD 5 1 1 0.9 g
CAEL  h3 11 0,86 2 109,421
CARG 72:
CARD .82 % . , _ ‘
CARD 9: 1 299 : . 0,01
—CAFD 20: 3 1.0

12345&?8q0183“Sb?BQULEBWSb?BQO123%5b7SQQ12345&?890lE3§Sb?
. . 33 FUHY 4444556555555

Cards 1-7 are the same as before.

~ Card 8 requests four points on the potential surface.

Card 9 indicates thaﬁ.variables 1 and 2 are to be variedlby
0.014 each step, and that the parameter spec1f1cat10n
contlnues on the next card.

Card 10 specifies that variable 3 also be varied each step,

| but with stepsize 1.0°. .

Card 11 terminates the list of parameters.
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3-B.2 Data fnput to L301
Ic is unnecessary to supply data input to link 301 in those
calculations employing a standard (internally stored) basis. It is

possible, however, for the user to supply input data to L301 to

(a) perform limiged mo&ification of intefnaily.st&red Baéis sets or

(b) input non-inte;nallyvgtéred (i.e. external) basis setg.‘
Various options, discussed below, control the use of these input features.

Béfore describing the éxact‘natureuof the'various input options, .

it is necessary to fully define the concept of a shell of functions introducedf

in Section 1. A shell is a set of basis functions @u with shared expoments.

Gaussian 76 supports &4 kinds of shells: s-shells, p:shells, d-shells and
sp-shells. An s-shell contains a single s-type function consisting of up
to 6 primitive gaussian s-type‘functidns. A p-shell contaiﬁs the three

functions P> py'aﬁd P, likewise built uplfrom one.to six primitiéé p~-type

gaussian functions. Since P, Py and P, primitive functions share exponents,

they constitute a primitive shell. d-shells may be defined to contain.the

, 2 2 2
six second-order gaussians dx R dy s dz 5 dxy”dxz’ dyz or the five d-
2 2 2 2 . :
functions d, -T , dx =¥ dxy’ dxz’“dyz' Finally, an sp-shell consists of

up to 6 primitive sp-shells (a primitive sp-shell contains an s-function and

a set of p-functipns*(px, py'and pz) with a common gaussian exponent).




The complete specification of a basis function gﬁl) appearing in

_the i-th shell is

.y . N
.¢(1) -5 f‘zrz)
k= 1

N . dkp X exp (-«

k

In the above equation, P, is expanded as a linear combination of N primitive

gaussian functions X exp'(dkfizrz), N is frequently referred to as the

degree of contraction. Note that the contraction coefficients dkp depend
on both k and p indicating that functions of different angular momentum in

a shell are not constrained to have the same coefficients. oy is the exponent

of the primitive gaussian function and fi is the scale factor associated with

the i-th shell.r'k provides the angular description of the basis function
\and may take on the values indicated in Table .. Note that a d-shell
caﬁ be defined to contain the true dffunctioné {(I0P(8)=1) of.the’éix second~
order gaussians (IbP(8)=2). Completing the.definition4ofv¢(i)

]
distance from the center of the function and x,y,z, etc. appearing in

,.r is the

Table 2 are the cartesian coordinates relative to the center of the
function.

To further illustrate the ﬁeaﬁures described above, consider the
series of basis sefs STO-3G, 4-31G and‘6-31G%.for the carbon atom. The
STO-3G basis on. any first row atom consists of énly 2 shells. bne shell
consgists of a set of 3 gaussian functions least-squares fitted to a S}ater
1s orbital with an appropriate scale-factér; for the cacboﬁ atom, the ls
orbital scale-factor is 5.67. The other shell is a 1eas£—squares fit of
*The super-script i wiil generally be inclqded only when it is necéssary

to indicate the shell to which qh'belongs.



¢ ' o » - © 3.48

TABLE 2. .- Values of X for s-, p- and d-shells.
Shell 4 X
s 1
P | . X yorz
2 2 2 . ' .
d X, Y, 2, Xy, X2 or yz (second. order gaussians

3z2—r2, Xz, ¥z, xz-yz or xy (true d functions)
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3 gaussians to a Slater 2s and 2p orbitals with the constraint that the

s and p functioﬁs have equal exponents, For carbon atom ﬁhe_Z sp-shell has

a scale factor of 1.72. The 4-31G basis on a first row atom has three shells.
One shell is a contraction of four primitive s-type'g;ussians with a scale
factor of unity. The second shell is a combination of three primitive
sp-shells, again with a scale factor of'uﬁity. The third‘shell consists of.

a singleisp-function with a scale factor of 1.04. The 6-31G* basis has four
shells and differs from the 4-31G basis in énly two respectg. First,,the |
innermost shell is a contraction of-sik gauésians instead of four; and secondly
the last shell i; a d-shell (second order gaussian).. )

With these definitions establishe&,.we aiscuss now the exact nature
of L301's input options, considering internal basis set modification first.
Once a basis set has beepASpecified by setting IO0OP(5) to I0P(8), it may be
subsequently altered iﬁ either or both of two ways: Treading in replacgment
scale-factors and reading in replécement éolarization exponeﬁts.

Replacement scale factors are read in when IOP(10) = 1 or 3. The
format of the required cards is (1512, 5F10.4).  One specifies the desired
centers (up to 15) in the numbering established by the order in whicﬁ the
centers were read in in L202 and the scale-factor to be applied to each
shell in the set of sﬁells for the particular atoms. . Table & tabulates
the correlation-between the floating-point fields on the cards read and

the shells to which the new $cale-factors are ‘applied. Input is terminated

By a blank card.
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EXample 3B.11 Use of scale-factor input.

00000U00ULL111111122282222222333333333344 4 H4%4444555555555

12345672890123456789012345673931234%5678490123'15676901234%5678

CARD 1: 5 1

"CARD 23 2 1

CARD 3: -3 1 11 1

CARD %3 4 1

CARD S S 11 :

CAED 63 : : ‘ e
CARD 7: WATER, RHF/STU=-3G, REPLACEMENT OF SCALE FACTORS.
CARD 83 0O 1 ' :
CARD 19; 8

CARD 10 1 1 0,96

CARD 11: 1 1 0,98 2.168,4%71

CARD 12 o _

CARD 133 1 o 74060 24275

CARC 14%: 2 3 = , ' ~l.28

CARD 15:

12345&78QQ12345b78q01EB*Sb789012345578QQ123455789012345578

Q00000000111111111122222222223333333333 444 44444 4555555555

In this example, cards 1,2 and 4 to 12 should already be familiar.
On card 3, evaluation of the dipole moment integrals has been omitted (L303

is not selected) merely because we have also omitted overlay 6. IOP(10)

on card 3 is selected, and this causes cards 13 to 15 to be read by program

GINPUT. Card 13 specifies replacement scale factors for the oxygen atom,
center 1. ﬁe are using the standard value for the ls-orbital scale-factor
and the Slater's rule value (2.275) for the valence shel}. The standara ls
orbital scale-factor for both hydrogen atoms is replaced by the optimum
<STO-3G value for the water molécule (1.28). Card 15 terminates écale-

factor input.
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When IOP(10) = 2 .or 3, the program will read in one card (4E20.10)
specifying replacement poiarization exponents (hydrogen atoms in the
N-31G**.basis) and (fifst row N-31G% atoms or second row STO—NG* atoms).
The fields on the éard are further detailed in Table 5 . If a field is
left empty, the program will pSe the default (i.e. internally.gtored value

for the particular -atom/basis).
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Assignment of the Floating-Point Fields on Scale-Factor

a * *%
Also N-31G and N-31G

bSecohd row atoms only

cSubscript i refers to 'inner' and subscript o refers to 'outer'.

o

TABLE 4.
Replacement Cards.
‘Field(s) Columns __Shells Affected
| STO-NG - N-316% NN-31G
1 31-40 1s 1s 1s
2 " 41-50 2sp 2sp;° 2sp
: b c . c
3 51-60 3sp 25?0 3spi
4 61-70 - - 3sp,
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TABLE 5. . Definition of Fields on Replacement Polarization Exponent

Card.
Field . Columns. Replacemeht
.. ) N ** .
1 A 1-20 N-31G hydrogen p-exponent
: e
2 : 21-40 N-31G first row atom d-exponent
3 41-60 STO-NG d-exponent for Na or Mg

4 61-80

*
STO-NG d=-exponent for AL to Ci.
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Example 3B.12 6-31Gﬁ calculation with replacement polarization

exponents.

Q0UCUO0N0011111E11)112222222222333333333344444444445555555555b6h6

CARD

1&3456?89012395b?89012345&?8qQ123456?890LEEWSb?BQQlE34Sb7BQU123

1: 8 1 '
CAKC 23 2 : , 1 — )
" CAFD " 3: 316l 2. ’ 111 11
. CARD 43 4 1
CARD &S 5 1
CARD. . k2 b 1 '
CARD 73 . : . N _ |
CARD 82 METHANGL, RHF/g=31G*, REPLACEMENT OF POLARIZATION EXPONENTS
CARD 9: 0.1 ' :
CAFD 1p2 b
CARD 11: 8 1 1.43
CARD 12 1 1 1.09 2_109,.%21221 ‘
CARD 13: 1 2 0,96 1 109,%721221 3 180.0
CARD 1% 1 1 1,09 2. 109,%?2122i % +6{(.0
CARD 15: 1 1 1,098 2 109,%71221 % «b60,0
CARD 1lb: : :
CARD 17: 0.9

12345&78QU1P345b78qQL23WSb?8q0L23456789u12345678q0L2345h?8QUl23

0000000001111111111222288222’3333333333444%%*4%4%5555555555666b

In Example 3B.12, a single RHF/6-31G calculation is performed.

The pélarization exponent ay on both the carbon atom and the oxygen atom
is 0.9 instead of its usual value of 0.8. No other modifications are
made to the basis. As one further example of basis set modification,

consider the vinyl-cation at RHF/6-31G .
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ample 3B.13. Vinyl cation with mddified scale-factors and

- modified polarization exponents,

00000000011111111112222222222333333333 3444444 4455555555656bb6t
1234562890123456789012349567890123456289042345678901234%562690423"

CAFD .1: & 1 : :

CAFD 23 - 2 ‘ 1

CARD 3: 3iee 3 ' 111 11

CAKD %3 4 . 1 '

CARD &3 5 : 1

CARD b2 b } . 1

CARD 7¢ S ' o o A

CARD 8: NON=CLASSICAL VINYL CATION, RHF/6=31G*x (MODIFIED)

'CARD . 9: 0 1 . ’ - -

CARC 1no: =1

CARD 11:¢ & 1 0,bg?

CARD )2: L .2 1,665 1 1?7.0

CARD 13: b 1 0,607 2.180,0 3 180,0

CARD 14: 1 % 1,.06S 1 27,0 3 0.0

CARD 15: 1 11,1507 2 90,0 3 18q,

CAFD jibs

CARD 173 1,1S -

CAED 18: 1 3 1.0 1.0 1.0

.CARD 193 2 %S ‘1,0 1,0

CARD 203 , ' :
1234567890123456789312345b78901234567890123456789¢01234%567890123Y
0000G0O0G6AL]111111122222222223333333333%4 U 4444455555555556bb660

This example demonstrates how to modify both scale factors and
polarization exponents. Note that the polarization exponent card is read
before the scale-factor modification cards. Additiomally, since the field

assigned to «) is blank,. the internally stored value of 0.8 is used. The

d
p~exponent is taken as 1.15 instead of the.standérd value of 1.1. The atom
_ optimized scale-factor (1.0 throughout) are specified for both the carbon

and hydrogen atoms. Note in particular the numbering of the various centers;

the durmy atom is not counted.
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External basis sats may be read in to Gaussian.76 by setting
I0P(5)=7 and IOP(6)=0. Further specification of the desired external
basis can be achieved by using‘IOP(S) (refer to Appendix  for a listing
of the.overlay 3 options).  All external basis input is nandied_by routine
GBASIS.

The basic unit of information that rouéine GBASIS deals with is

the shell definition block. A shell definition block, together widh
IOP(8), contains(all necessafy information to defina a shell of functions;
It consists of a.sheli descriptorucard and from zero_io six primitine
gaussian cards. The shell descriptor card nas 5 fiélds with format (A4,

A6, A4, 12, F10.4), and contains IBASIS, TORB, ITYPE, NGAUSS and SC. ITYPE
defines the ahell type and shell constraint and may take on the values

Vanar 81, "»a»P'; {.anD”, '~~SP' and '.SPD' for respectively an s-shell,
p-shall etc. NGAUSS Spacifies the number of primitive gaussian shells in
.the contraction for the shell being defined and must- be between.l and 6.

" The shell scale-factor is given by SC, IBASIS and IORB control where the
exponents and coefficients (ak and dkp) of primitive gagssmn shells are
taken from. When IBASIS = 'aa--~', the @, and dku are read in from cards
~and the contents of IORB are used only in the printing'of the gaussian_
function table. The fnrmat of-the'cards defining therozk and dkp<is 4E20.10;
field l'contains ak and fields 2,‘3 and 4 contain the s-, p- and 4~
coefficient for the particularAprimitive shell. NGAUSS such cards are required.
The only acceptable non-blank value for IBASIS is '.sTO' indicating that
the ak and dku are to be taken from the internally stored STO-NG bases.

In this case, IORB determines the type of STO-NG shell that is constructed;

the possible values are given in Table 6. ITYPE, although redundant, is

required; NGAUSS and SC have the same meanings as outlined above.
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One customarily places at least one, and quite often several

shells on any given nuclear center., A center definition block consists

of a center-identifier card, and one shell definition block for each

shell.desiréd og‘the center(s) Specified; and- is terminated by a card with-
%%« in columms l-4. The éenter idéntifier card has 35i2 format and
simplyAgiVEs the numbers of the cgntéﬁs on which(the basis functions gré to
be placed. |

The'descriﬁtion of'inbut to GBASIS is.néw complete éxcept for;the‘
first card and the last .card. The first card (80Il1) contains the degréé
§f conﬁraction for eachvshell in the calculation. Centers are delimitéd
by a contractioh&of 0 and the listiis terminated by a 9. If necéssary;'
the program will read additional éards uﬁtil a9 is encountered. Overall

input to GBASIS is terminated by a blank card.
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TABLE 6. STO-NG Shells Defined by TIORB.

IORB Type of STO-NG Shell Defined V'Reqﬁired Type §f Shell*
T meanls’ ls-orbital s

Y men2s 2s-orbital s

'ua»;2p"' a set of 2p-functions ‘ P

ﬂ-~¢25pw Zs;q;bital +a sét of 2p fthfiéns'with:

‘ the S=P constrains sp
3" 3s-orbital s
T peie3p" a set of 3p-functions P
“A.-3s§“ 3s-orbital + a set of 3p;fuﬁctions with

' | the S=P constraing | '

Sp

* ' : :
To be placed right justified in field 3 of the shell descriptor card.
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" Example 3B.1l4 - Triplet hethjlene (583p/3s) uncontracted.

00000000011111111112222222222333333333344444444445555555555bb66
1234567289012 3496289C12345626901234562849(14234567890123%56268%0123!
CARD 1: 8 1 1020001
_~£AED__14_____NthiLﬁmk_BAQlﬁA~L_JR1~L£__Lb51_LjS) VAN DUIJNEVELDT BASIS

CARD : 03

CAFD 43 b

CARD 5 1 1 1,08

CARD k3 1 11,08 2.130,.0

CARD 73 ' ‘

CAED__8: 11111111011101119

CARD 9: 1 ‘ '

CARD 163 Sl S 11,0

CARD 1l: 45b, awa - 1,0

CARD 123 §2 s 1 1.a

CARD 13: bS,?q?l ‘ - 1.0

CAED 1Y4: S3 S .1 1,0

CARD .15: 15,3852 o 1,0

CAFD 1h2 Sy S_1.1,.0

CARD 1?: %,08163 1,0

CARD 183 S8 S 1) .0

CARC 19: pg,29683 1,0

CAED 203 Pl P 11.n :

CARD 21: 4,1873S 0,0 1.0
CARD 223 P2 Pl 1.0 _
CARC 23: 0,85%05 0,0 1,0
CAERD 2% . _P3 £ 1.0 _ _

CARD 25: p,1997?? : 0,0 u,0

CARD 26bs *fn%
CARD 27: 2°3 . . ,
__CAFD 283 81 S§_1.1,0 : o : o
CARD 29: 4,5018 . 1.0 : : o
CAFD 303 S2 Sl 1.0
CARD 31: g,b81l4%%4 1,0
CARC 32: S3 s 11,0
CARC 33: g,151398 1,0
CARD 3%: =x2xax%
CARD 353 ~°°

12345678901 23456789012345678490)2345678912345678901234%567890123
0000000U0L1111111112282282222233333333334 444 44445555555555b666




g

Example 3B.14 (cont'd) 3.60

In this'example, a fully uncontracted basis is empibyed giving rise
to 20 atomic orbital basis functionms. ‘Card 1 is the system control card,
card§ 2 to 7 specify the route and car&s 8 to 13‘specify the nuclear geometry.
On card 3, IOP(5)=7 indicating to the pfogram that an external basis is to
be read from cards; cards 14 to 41 constitute the requested input. Card 14
specifies the numﬁer of shells on each of'ﬁhe'three centers and thé.number
of primiti;e gaussian shells in eachr shell. 1In more detail, the first
8 columns all contain.one's'indiCating‘that the first center contains 8
shells each consisting of one primitive shell. The zero in column 9 indicates
that the next string of:digits is for the next center, in this case éente; 2.
The one's punched in columns 10, 11 and 12 instruct GBASIS that center 2 -
ﬁill have 3 shells, éach containing one primitive shell. Thg-zero in columm
.B agaiﬁ serves as a punctuation mark stepping the prégram fo the next |
center. The last center receives 8 shells consisting of one*function each
-and the list is.terminated by a 9..

Cards 15 to 32 and cards 33 to 40 constitute two different center

- identification blocks. The functions defined by cards 16 to 31 are applied

to center 1 (the carbon atom) and the functions defined by cards 34 to 39
are placed on each of the hydrogen'atoms.
Each of the pairs of cards 16-17, 18-19, 20-21, 22-23, 24-25; 26~-27,

28-29, 30-31,. 34-35, 36-37, 38-39 constitutes a shell definition block.

Let's examine cards 26 and 27 more closely. The first field on card 26, the
shell déscriptor card, is blank, indicating that the-gauésian expénents and

contractipn\coeffiéients for the shell will bg»read on the following cards.

The 1 in the fourth field specifies that the degree of contraction is.l and

Aiﬁdicates to GBASIS that only 1 primitive gaussian card is to be read in

following the shell descriptor card. The alphanumerie string 'aa~~Pl’ in'
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Example 3B.14 (cont'd)

field two of card 26 is merely used as a print variable in the printout of

the gaussian function table. The 'P', right-justified in field 3 of card 26

declares thié shell to be a p-shell, containing a set of p#funétions
(px,py and pz). Finally, the last field contains 1.0, supplying.the
scale-factor for this shell. |

Card 27 is an example of a primitive gaussian card. Here, there are
4‘fig1ds,'a11 E20.10. The first field supplies the exéonent,'a=4.18735;
for this shell.  Fields 2 and 4 (starting in columns 21 and 61 reépectively) S
are blank;'indicating tﬁ#t the s-.and d-coefficients for this shell are zero.

The p-coefficient, in field 2 of card 27, is non-zero (1.0).

The specification of an s-shell, e.g. cards 16 and 17, is quite

.similar, the only differences being the contents of the third field on the

shell déscriptor and ('~;¢S') and the location of the non-zero coefficient

on the primitive gaussian card (column 21). .
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Example 3B.15. 6-31Gxx basis, fed in as external basis.

In this example, two input decks will be presented. The end result

from either deck is the same, limited of course by the small precision differences

encountered in reading the basis in as compared to using'theAinternaliy

.atored version.

ocud000001;1111lllieaaeaeazeeaaa333333344ww»www#wssssssesSSbsbb
72345678901 2345b78901234567849012345678901234567289012345675901234

CARD 1: S 1L.1016 2 . . .
CARC _2: WATER MOLECULE, RHF/b=31Gx*, EXPERIMENTAL GEOMETRY
CARD 33 0.1 -
CARD 43 8

CAFD  s3 1 1.0,957?

CARD b i L 0,457 2 _10% .53

CARD 7?3 )

123456789012345b6789012345678901234567849012345672849012345678901234

00000000061111111111222222222233333333334 %4 44444 45555555555bbb60

The above deck introduces nothing new--the program will perform a

6-31G&“ (6-31G basis augmented by the addition of a set of second-order

" gaussians to the oxygen atom and -addition of a set of p-functions to each

hydrogen atom) calculation on water molecule at the‘SPecified geometry.

" consider now the following deck:
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V0000000011111 11222222222233333333I 444 444445555555555bbbbbb
123456789012345b2890)2345678901234562890)2345678901234567890123%5

CARD : 5 1
CAED : 2 1
CARD 3: 3?7 2 111 11
CAED Y4: 4 1
CARD §: 5 1
CARD b3 & 1
CARD '7: ' : , -
CARD i WATER MOLECULE, RHF/6-31G*%*, EXPERIMENTAL GEGMETRY
CARD : 0.1l o : o ‘
CARD 103 8 _
CARD 113 1 ¥ 0,957
CARD i2¢ L1 (,952 .2 104,53
CARD 133 '
CARD 1%¢ 6311031103119,
CARD 15: 1
CARD 163 1S S b 1.0 ‘
CARD 17: S48%,671631 0,001831074%4%3Y%
CARD 18: 325,23%49422 (1.01395017223
CARD 19¢ 188,04b9589 U,0684%50?810
CARD 20: 52,96%4%9995 0.23271%33b%
CARD 21: 16,89757037 0,4761492898)
CARD @23 5,799635351 0.358520854%3
CARD 233 2sPI  SP 3 n,as§
CARD 2%: 35,85513341 ~0,1107272254%9% 0.070824%426819
CARD 25: 3.,6?342b830 ~0,1%80262615 0,339752828¢0
CARC 263 1, p3%34S2e4 1,130767003 06.22715857?b3
CAKD 27: 2SPC .SP 0,98
CARD 28: p,28113892390 1.0 1.0
- CAFD 29: D D 11,0 .
CAFD 30: 0,80 0.0 0.0 1.0
CARD 31: =#xzaxn
CARD 323 2°3 _
CARD 33: 1S S 1,20 :
CARD 3%: 13,00?73% 0.03349%604%3%
CARD 35: 1,962079%2 0.,23%7269535
CARD 363 g 444528953 0.8137573267
CARD 373 LS $1.1,5 "
CARD 38: 0,121949)5Sbn__ 1.0
CARD 393 P P 1,0
CARD %02 1,1S 0.0 1.0
CARD %1: xan*
CARD 423 =~~~

112345678901 234567890123456789012345678912345678901234%567890123%

00000000GLAIAL113112222222222333333333 4+ 49555555555bbbb6
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Relative to example 3B.14 , the following new,feaﬁures:are employed:-

1. Shells containing more thén one gaussian. ’(See card 14 and note |
that two of the shell definition blocks have 3 gaussians contragted together
and one block (the oxygen ls-orbital) has 6).

2. This example utilizes sp-shells, two of which are present on the
oxygen atom, one a contraction of three primitive sp~shells, the other
uncontracted. Note in particular the&use of "aaSP' in field 3 of the cards .
23 and 27. | |

3. Use of d-shells. Cards 29 and 50 define aAd-shgll.to be placed .
on the oxygen atom. ‘Because IOP(8)=2 on card.3,’the six second-order
gaussians (xz, y23 zz, Xy, %z and y2) are used.

" Note that both decks in example 3B.15 will produce the séme‘final
energy. Obviously the second deck requires considerably more effort.and
presents greater opportunity for error.

'Routiné GﬁASIS has a limited capability to‘utilize.some internally
stored bases in external basis calculations. VCurxentlf, this. feature is

only.programmed‘for the STO-NG bases.
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Example 3B.16. Hydrogen cyanide, STO-3G external basis input.

00000000011111lll112282828222353333333344444444445555555555556bb
123456728901 234567849001234567890123%56759012345672890123456789G123Y

CARD 13 § 1 - '
__CARD_ 2% e 1

CARD 3: .37 111 1

CARD %3 4 1 '

CAKD S -5 1

CARD b3 b 1

CARD H ' : :

CARD : HYDROGEN CYANIDE, RHF/STOvaG

CARD : o1

CARD lo: 7 ,

CARD 11: 6 1 1,153 .

CARD j2: 1 2 1,020 2_180.0

CARD 143

CARD 14%: 33033039

CARD 1G: 1

CARD 1bs ST0 LS S 3 b,h?

CARD 1?: STO 2SF 'SP 3 1,95

CARD 18: =xxnx% <

CARD 19: 27~ - A

CARD 203 3870 1S S 3 5,67

CARD 21: STO 2SP SP 3 1,72

CARD 223 xzaanz%

CARD 23: 37~

CARD 243 STC 13 9 3 1.2%

CARD 25: #%=xan

CARD 2b: S

123456789012345b67890123456789012345678901234%5678901234567890123"]

the obvious differénce is the absence of the primitive gaussian cards; the
program. takes tﬁe necessary data from internally stored tables. Note that
the contents of field two is no longer arbitrary--it 3pe§ifies the type of
STO-NG functiomns obtaiﬁed ;s outlined in Table 7+ . The éontents of the
third field must be chosen from the appropriate entry in column 3 of

Table 7, | . The number of gaussians in the contraction is given 5y~the
fourth field. The scale factors, field five, have been chosen in this
examplé to coincide with the internally stored values for carbon, nitrogen

and hydrogen.

Comparing this example with the previous external basis examples;

0000060uG11)11111111222222222233333333334 4 44444445555555555bbbbbt




As a final example of GBASIS input, consider the following example

of a geometry optimization utilizing the basis re-use feature.

"Example 3B.l7 Geometry optimization with general basis.

DUDUOUOUOll111111112622222223333333333344449%44445555555555&&bbb

CARD

‘ ]dﬂ%SbZBSQ]Ei%Sb?SQQ] 3456?8q913345b78qg1a3»5b78qn;g345578q0;23
CARD 1: s L
_-CARD .22 2 1
-CARD 33 37 111 1
_CARD . %3 4 1
CARD &S 5 1
CAKD b2 b 1
CARD 73 el 1
CARD 83 3721 11 1
CARD 9: 5 1
CARD 10: 2l 1 =2
CARD 11: 371 1.1 :
CAFD 123 [ 1
CARD 13: , :
CARD 142 SULFUR OXIDE, UHF/ST0=3G OPTIMIZATION
CARD 15: 0 3 '
CARD 1h3 1h :
CARD 173 8 1 1l,%7e
CAEQ 182 :
CARD 19: 33318339
CARD 202 1 ‘
CARD 213 S8TO 18 S 3 15,47
CARR 223 57T0 2SP . SP 3.5,79
CARD 23: -87G . 3SP 8P '3 2,05
CAED 243 DD 1 1.0 :
CARD 25: g,39 0.0 0,0 1,0
CARD 2h3 =xnax
CARD 27: 27 . :
CAED 283 STO 1S 'S 3 2,66
CARC 29: 870 2SP -SP 3 2,25
CARD 303z xaax _
CARD 31: ~°°
_CARE 32: 1 001
332

1234%5678901234567893123456789012345678490123456789312345678901234%

000UDUUUUll11111111222222282 33333333334 HHHHHHH45555555555bb6b6b0
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Example 3B.17 (cont'd)

In this example, card 1 is the.system control card. - Cards 2 to 13
is the control input supplying'the route information. Cards 14 to 18 |
Specify‘the'initial geometry and are read in ﬁhen'the program executes L202
the first time (card 2). The input to routine GBASIS is cards 194to 31;
note the mixture of internally stored.STO-3G shells andAén external shell
(the polarization function) on the sulfur atom. The five d-functions
(3zzfr2,'x2-y2, Xy, xz and yz) are uééd because IQP(5)=7 and IOP(8)=0
on the two integtral route cards (3 and 8 in this example), When-fhe basis
is first processed (card 3), it is stored in the RW-files for possible
later use; this is always done for external bases. When iink 301 is subse-
quéntly re-entered (card 8) the program will recover the previously stored
basis (I0P(5)=7 ‘and IOP(6)=1) thus eliminating the need to read in the
- bases again. (In earlier ve%sions of ﬁhe'program;.pgrticularly Gaussian 70,
it was necessary to read the basis in fpr each point calculated, four times
in the Eurrent example.) Cards 32 and 33 are read in subsequent re-executions

of 1202 (cards 7 and 10).




4. Control Input for Compound Jobs

AA. External Initia1-¢uesses
A cgmpound job coﬁsistsVof EWO executions;.tﬁe second of.which
uses‘output from the first. The most common' type of compound job is one
in which.the cénvérged'MO coefficignts from one job are read as an initial -
guess to a subsequent job. RHF/STO—3G MO coeffi;ients, for instancegAméy -
be used as an initial guesé‘ig a RHF/6-31G* calculatioﬁ. In this case;
the firs£ job must savé the necessary information; and the second must
.read it back in.
Qutput .from a job can be saved'by using the "puncH"A;ptions;
The information is not really punched onto'gards,vbut rather is written
onto FORTRAN unit 8. The contents of thié unit can then be saved on al
disk file, for instance, to be read later by another job. Usually, for
the initial guess, both the basis set aﬁd,MO coefficients from the first

job should be saved, and the following example illustrates how thié can

be done:
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Example 4A.1 Write out basis and MO coefficients from RHF/STO-3G

single point calculations of HZO'

00000000011121111112222222222333333333344444%4444555555556566bb6!

19345678901 2345b62849012345678931234562890123456728901234567890123%!

CARD 13 $ 1

CARD 23 2 1 A
CARD 3: 3 1 111 1
CARD 43 Y 1

CARD 53 5 11

CAFD h: & . 1

CARD  7: o ‘

CARD g3 WATER MOLECULE  SAVE MO COEFS

CARC 93 0 1 , .

CARD 103 8 A

CARD 113 1 1 0,9

CARD 123 1 1 0,9 2_409,%21

CARD 133

'12345b?8q0133&55?8q012345678q012345b?8qﬂlEEWSb789012345&?8Qd12345

000000000111111111122222282233333333333$444%4%%4#555555555566&&6&

This is just the usual route for a single point RHF/STO-3G calculation,
except that IOP(32) is set to "1" in overlays 3 and 5. In overlay 3,
this indicates that L301 (GINPUT) should write the basis set onto unif 8,
while in overlay 5, it causes the final MO coefficignt to be written. The
user must insure that unit 8 is saved on permanent mass storage for laﬁer
use (by use of the aﬁprOpriate'CDC control s;atements, for instance).

The route aone éan be generated automatically by specifying the

"punch'" parameter (column 20) on the '"dollar sign' card:

Card1: § 110000001

This card generates a route identical to that in Example 15. The '1'
in column 20 indicates that both the basis set and the final MO coefficienté

are to be written to unit 8.



If the proper options are gét iﬁ~t4dl, this.data can-be read in a
"subsequent job, and usea as an initial guess. The data_ié read from unit 9.
The key option is IOP(5) in L401l,. which specifies tﬁe type- of guess:

IOP(5) ... Type of guess, . - '

0 ;.. Projécted Huckel-t&pe.

1 .;. Diagonalize core Hamiltonian

2 ... Huckel type - o

3 ... Read density mAtriforom unit 9.

4 ... Read density from unit 9 and project into space of current basis.

5 ... Read MO coefficients.from unit 9.

6 ... Read MO coefficients from unit 9 and project these into

the  space of the current basis.

If the density matrix or MO coefficients to be redd are in a different basis
than that of the current job, then projection must be specified (IOP(S) = |
4 or 6). In this case, the guess (in the current basis) is formed by
choosing. those coefficients (or density matrix eiements) which give the

best (least-~squares) fit to the data read.
\ o : '




',The previous example produced as outpuﬁ.the»basis set and final

"MO coefficients. This data is used as input in the next example.




Example 4A.2 Read cbnverggd MO coefficients from unit 9.

0000UUN0UL111111111222222222233333333334 44 H44444555555555
123%5628901234%567849012345623901234562890423%56784G1234567¢F
‘CARC 13 § 1

CARQ 23 2. 1 - ‘
CARD 3: 3 111 1
LARD 43 45 1

CARD s3 5

CAED b2 . 23 1

"CARD " "73 .

CARR gz  WATER MOLECULE READ MO CQEFS

CARD 9: 0 1

CAED 10z 8 . ,
CARD 11t 1 1 0.9 R
CARD 323 - 1 _ ) _0.96 2_ 109,421
CARD 133

1234562890123456789012345578901234562890)234562890123456"
00U0G0000L11111111122222222223333333333% 444 4444445555555!

This .is the usual route for a single RHF/STO-3G calculation, except that
in overlay 4, IOP(5) is set to 5. This option indicates that the initial
guess MO coefficients are to be read in, and the'program assumes that these

are available on unitv9;A The above route can be generated automatically
.with the singlé card:

Card 1: § 1100005
The 'S' in column 16 specifies the type of guess,'and is the same as

IOP(3) in overlay 4,
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In the foilowing examples, two input decks are given: the first

writes MO coefficients to unit 8, and .the second reads these from unit 9.




Examglg 4LA3.

4.7

. Water molecule. RHF/STO0-3G MO coefficients used as a guess

for RHF/6131G* calculation.

Deck 1: S5ave RHF/STO-3G basis. and coefficients.
UUUUUDDDUIlllllllll22222222233333333333444%4449445555%5555
o 16345678q0123455?8qﬂlES%Sb?SQUlE345b?8qﬂla3WSEPSQC12345H7&
CARD 1: 5 ‘11 1
CARD : WATER MQLECULE, RHF/STO 36
CARD : 01l ’
CAED : 8
CARD : 1 1l 0,9
CARD" . b I__1 9,96 .2 109,471
CARD 7:

1&345678q01234567SQQ1234557SQD1234567BQQ12345b78quEBWSb?S

Deck 2: ' RHF/6-31G calculation using projected guess.

OODUDDUDUlllllllll1222282222233333333334944W4W444555555555

00000000011111 11112222222222333333333344444 4444555555555

" CARD

12345628901 2345678 QQLE3456?8901234SbPBQQ;234557SQC133W5&73

1:' S 11016616
CARD H WATER MOLECULE, RHF/6=-31Gx, READ GyESS
CARD i 01 :
CAKD. 43 8
CARD 5 1 1 0,9
CARD b3 1 1 0.9k _2 109,471
CARD 73

12345678901234567890123%456?28901234%567890123456?89012345678

000000000L11111111122222222223333333333444H444444555555555

Deck 1 in the above example writes to unit 8 both the basis set and

final MO coefficients for RHF/STO-3G water molecule. Deck 2 reads this

data ffom unit 9 and uses it to form an initial guess in the RHF/6-31G  run.
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Example 4A.4  RHF/4-31G MO coefficients used as guess in RHF/6-31G*

calculation (water molecule).

t

Deck 1: Savecoefficients from RHF/4-31G calculationms.

00000000011)11111111222222222233333333334444444444555555555
1234567890123%567890123456289012345672890123456284012345678

CAFG 1: 5 1101%00G01 : ' -

CAFD 23 WATER MOLECULE, RHF/4=31G, SAVE MO COEFS

CAKD 1 I - A .

__CAFD 4: 8 ,

GAFD S5: 1 1 0,9 -

CAFD &2 1 1 0,9 2 408.%21

CARD 73

LEB#Sb?8401234§§?8QD12345578qQ42345b7890123»5518q013345578

g0006GG0001111111111222222222233333333334 444444 44555555555

Deck 2: RHF/6-31Gf4ca1cu1ation-. Initial‘guess is read and projected.

' 3 : 2 - 334U 4 YH4555555555¢
000000 11111122222222223333333333% | <
gggwgsvaqéi§§45578q012345578qo;2345528qqlaawsbvsqglgawava

' 1: S 11G01lsl6bs . . N
Eﬁig é: > WATER MQLECULE, RHF/b=31G%, GUESS FROM RHF/4=316
" CAFD 3: o0 1 :

CAED %3 8
CARD & 1 1 0,96 o A
CAEL &3 -1 1L_0.96" 2 109,421

CARD v laawsa78q013345b78qalaawsbvaqulga»sa7squ12345578q01235§b7g;
OGUUDDUUUlllllllll12222222222333333333344%%%WW%W%SSSSSSSSB
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. 4B. Restarts of geometry optimizations
N

It sometimes happens that an optimization run dies before the
optimization is completed (max time exceeded, etc.). 1In
this case, the restart feature may be useful. The following data input

is necessary for a restart of a geometry optimization.

1. ~Title
2. Charge, Multiplicity
'3. Specification of initial geometry by a Z-matrix.
4. Total energy of initial geometry; fORMAT (4X,E20.10).
5. Variable parameter Specification..(Same format as described in
L A o ~ Section 3B.)
6. Total energy of incremented geometry. Format (4X, E20.10)
7. Total energy of third geométry. Format (4X?'E20.10)
8. .AVCard.with stars in‘cblumns 1-4 | - |
9. Blank card.
" All of this daté is reéd by L202 when réstaft is specified by
I0P(6)=1. ' The usual input to L202 is giQen by items 1-3. - The
"initial" geometry specified should be that from the last succesSful>
: extrapolation.- If the total energies (6) apd‘(7) are not avaiiable, simply .
omit‘thesé; the cafd with stars indicates’that'nofmore energies are évailﬁ
:aﬁlei If,optimization of additional parameters is desired, specifié#tioh
‘ofAthese should‘précgde the blapk'card'(9). Some éxamples.may clafify

this:
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Example 4B.1  Restart of RHF/STO0-3G optimization of Hzo.

G000000UC11)11111112222222222333333333 344 4 HHH4¥¥SE5555556¢
1234567890133456783012345678901234567890423456289012345528

CARD : $ 1 s

CARD_ 23 _WATER MOLECULE, RESTART OF RHF/S70-3G OFTIMIZATION

CARD : 01
CARD 43 8

CARD 53 1 1 0.,9%

CARD : i1 0,98 2.109,471
CARD 7?23 ‘ R :
CARD  8: =7%,960723.
CAFRD 1 e : : 0,01
CARD 103 -24%,9b6164%2 :
CARD 1il: =x=ax ' :
_CARD 123 3~ — ‘ — 2,0 -
CAFD 13: ‘

1234%567890123456784901234567890123456789012345678901a345678Y

00OUOBUUGllllllllllBBEEEEE2223333333333%44%%*&44%5555555555

‘Card 1 specifies re;ﬁart of an RHF/STOvSG geometry optimization.

. Cards 2-7 give éhe usual input to ﬁ202.

Card 8 gives the total energy ag the initial éeometry.

Card 9 specifies a variable parameter gn& the stepsize,

~Card 10 givés the total energy at tﬁe inﬁremented-geometry.

Card'll indicates that no more‘energies are avéilable, and the normal
optimization will pick up here.

Card 12 specifies'another vériable pérameter and stepsize.

Card 13 terminates the parameter list.
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The route automaticélly'generated by the system gohtrol card
(1, above) is identical to that for a normal geometry optimization, -except
that IOP(6)=1 on the first entry to L202. This option indicates that .

this is an optimization restart.



5. List of Options
| As. indicated in section 2, various opfions (IOP(5) to IOP(34) .
are avaiIable on an overlay basis. These are read in by overlay control
cards or are implicit in a selected standard route." A given Optiqn is
valid fo’r"all links within an overlay.
In this sectic-m, we list the opti(m's' available to useré of

GAUSSIAN 76/QCPE.
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SA. Options for QOverlay 2

LZ02 generates the cartesian coordinateé of each nucleus in a

molecule and stores them in blank common for later use by other links.
On a normal run (see IOP(5)), L202 needs a matrix, which specifies the

_ molecular geometry in terms of internuclear distances;and angles. This
information is then converted-into x, y, and z coordinates. Howevér, this
link can, if desired, read theAnuclear coordiﬁate directly from cards.

During a geometry 0ptimizatioﬁ, 1202 is exgcuted~severa1 times.

The first time (a normal entry), it constructs the initial nuclear
coordinates of the.molecule from the Z-matrix that it read in. The second
execution of L202 is a "contipuation of the geometry optimization" (see
-I0P(5)). At this point, it reads from cards a éeometry parameter to be
optimized; and increments the coofdinates iﬁ blank common accordingly.
Subsequent entries to L202 are also 'continuations', but a. new parameter
is read only every fourth entry. By incrementing the spécified geometry .
parameter and remembering the total energies calculated for e;ch geometry,
the program can find the minimum energy value for the parameter.
I0P(5) ... Type of entry fo L202.
0 ... This is a normal entry to L202, read in Z-matrix.
1 ... This is a continuation of a gedmetry optimization, using the'Z-matrix.
2 ... This is a continuation of a potenti#l-surface scan, using the Z-matrix.
3 ... Normal entry, read in coordinates in angstrom units. | |
4 ...<ﬁormal entry, read in coordinates in atomic units.
I0OP(6) ... Whether this is a restart
0 ... No. This is a normal run.

2 ... Yes. This is a restart of a geometry optimization.
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I0P(7) ... Punching of restart cards.
0 ... Do punch these.

1 ... Supptess punchiﬁg;of'the restart cards.

I0P(8) ... Test of second derivative during optimizationms.
0 ... Abort optimization run if negative second derivative is found.

1 ... Do not abort. Extrapolate to extremum.

I0P(9) ... Printing of distance matrix.
0 ... Print the distance matrix.

1 ... Suppress printing the distance matrix.

"IOP(10) ... Fixing of near-tetrahedral angles.
0 ... Do not lookufor»nearftetréhedral-angles

1 ... Will interpret 109.5° as the tetrahedral angle accurate to 17 figures.

I0P(1ll1) ... Print reduction.

0 ... Regular print is produced

l... Ali printing except the title, charge, and multipliéity
is-suppreséed. Printing of distance matrix is controlled

by IOP(9).




5B. Options for Overlay 3 3eb

The options for overlay 3‘ére convenientiy divided into thdée options
that specify the basis fo be used (IOP(5) to.IOP(9)) and other ﬁiscellaneous
infrequently used options (I0P(22) to IOP(34)) (debug, activation of special
features, etc.). In what follows, the'pptions are merely summarized. -Further
information regarding‘shell definitions and input examples are.given in
;Sebtion.BB.. Users.are advised to exercise caution in using external bases,
non~-standard féatures and the like; problems and conflicts can arise.. Use

" of some options. produce voluminous output‘(e.g. I0P(33) = 3 or 4) while others
can cause the program to run slowlj (breaking the s=p constraint can easily

~

double the two-electron integral evaluation time).

IOP(5) and IOP(6) ... Specification of basis set.

0... Miﬁimal STO-NG basis where N is specified by IOP(6)..

1 ... Split valence N-31G basis whege N is specified by IOP(6). -

-7 +.. External Eaéis. CIf IOP(6)=0, the basis is read in from'caras.

When IOP(6)=1,:the basis in the RW-files is merge& with the
coordinates in blank common to produce the new basis.. This feature
is useful in geometry oétimizations employing an external basis by
eliminating the necessity to réad-the basis in for each energy cal-

culation in the optimization.

I0P(7) ... Addition of polarization‘functions to internal basis sets.
0 ... No polarization functions are added to the basis.set.

1 ... I0P(5)=0, an uncontracted d-shell is added to each second row

o
-

atom, converting the basis to STO-NG .



5.5 .

IOP(S);l; an uncontracted d-shell is added to each first row atom,

P

converting the basis to N-31Gﬁ.
2 eee IOP(5)=O; the STO-NGK basis, described above is produced.
I0P(5)=1, in addition to placing a d-shell on first row atoms,. the
basis is further extended by the -addition of an
uncontracted p-shell to hydrogen atoms, producing the
&k ' '
6-31G  basis.
I0P(8) ... Selection of second-order gaussians/true d-functions for d-shells.
0 ... The selection is determined by the basis:
.N-31G ... 6 second-order gaussiaﬂs,
. N-31G ees b second-o;dér gaussians,
STO-NG ... 5 true d-functions,
General basis ... 5 true d-functions.
. . s 2 2 2 2
1 ... All d-shells consist of the 5 true d-functions (32 -r ,x -y ,xy,x2,yz)

2 ... All d-shells consist of the 6 second-order gaussians (xz,yg,zzsxy,xz,yz)

I0P(9) ... Specification of overall shell constraint.
0 ... s, s=p or d, depending on the angular quantum number.
1...s, pord, depending on the angular quantum number.

2 ... s, s=p or s=p=d, dependiﬁg on the angular quantum number.




be(lO) ... Modification of»internaily stored bases.

0... No modificétion is performed.

1 ... Read in replacement scale factors. Details on the use of this option
are provided in the section describing input to:L301.

2 ... Read in replacemeﬁt polarization expomnents. Further information on the
use of this option is given in the section describing input to L30l.

3 ... Read in both replacement scale-factors and replacement poiarization
‘exponents. Note that tﬁe pfogram'will read the replacement'polariza_

tion exponents before reading the replacement scale-factors.
IOP(11) to IOP(2l) ... inactive in G76/QCPE.

I10P(22) ... Parfial con;rol of short-cuts aﬁd cutoffs iﬁ the two-electron
d-infegral program.
0... Only regular cutoffs and_short-§uts are taken.
1'... Special cutoffs; parameterized for the‘6—31G* basis, are invoked,'
substantially reducing the integral evaluation time. Use of this
option is not recommended for other bases (at least not.without

extensively examining the effects).

10P(23) ... Dgfinition of two-electron integrai scale-factor (not to be

-. confused with,theAscale?féctors that.appear in ;he basis set)..
‘Two-electron integrals are then stored.as intégers.-

0o... 108 (the nofmal}value) is selected.

N ... 108+n is used.



QIOP(24) ... Control of printing of gauésian-function table.

0 ... The table is printed only if ﬁon-standardAféatures are employed
(e.g; exterpal basis, replacement scale-factors, eté.).

1 ... The table is printed.

2 ... The table is not printed.

IOP(ZS)‘and IOP(26) ... Specification of last two-electron integral link.

(0,0) ... The las; link on the o&erlay 3 card.is assumed to be the last
two-=electron link and_ﬁas the reSponsibility qf c1osing the |
two~electron file.

(N,K) ... ©NK is a two-digit octal number specifying tﬁe iast‘two-elgetron

link.

10P(27) s Handling of small two-electron integrals.
0 ... Integrals with magnitude less than 10-6 are discarded.

N ... Discard integrals with magnitude less than lO-N.

_IOP(28) voo Speéial éccﬁracy option.
0 ... No spécial feafureg are involved.
1 ... Inactive in G76/QCPE..
2 ...'Compute all two-electron integrals in L312; pfogram UNCdN.
Note that Link 311 must be omitted from the.roﬁte~for this optién

to work properly.
I0P(29) ... Coordinate rotation.
0 ... Coordinates are not rotated,

1 ... Read one card (3E20.10) specifying the three Euler angles @, 6 and X.

IOP(30) to IOP(3l) ... inactive in G76/QCEE.
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I0P(32) ... Punch option.
0 ... No punching is performed.

1 ... Common /B/ is punched (via BINWT).

I0P(33) ... Print option.

0... No integrals-areAprintedr

1 ... All one-electron in;egrals'are printed.

3 ... Print two-electron integrals in standard format.
4 ,,, Print two-electron integrals in &ebug formaé.

5 ... Combination of 1 and 3.

6 ... Combination of 1 and 4.

I0P(34) ... Dump option.

0 ... No duﬁping,

1 ... Various control words are dumped as they.afg modified or examined,
and'common /B! is printed by L301.

2 ... Addiﬁionally, common /B/ is printed in each integral 1link aﬁd ali

the integrals are printed.
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3

5C.” Options for Overlay 4
This ;s a program which produces an initial guess to- the
solution of the SCF equations. This guess is in the'form of molecular
»orbitaa coefficients and/or density matrices which ére stored on ‘the
appropriate read-write files. The steepest aes;ents procédureA(ﬁipk 503)(G78 only)
rgquires MO coefficients as an initial gﬁess, while the classical SCF
procedure; (Links 501 and 502) require-densit& matrices; Since a densiﬁy'
matrix cén be produ;ed from the MO coefficients, but not vice‘versé, the
- former is‘a more constraining requiiement.
‘There are several ways in which this guess may be produced. .
One easy way is to diagonalize the core Hamiltqnian. In general, this is
not a very good guess, but it is applicable to»an& basis set, and is
available as an Option, |
Another type of guess is called the Huckel_gﬁess, which is modelea
:after extended Huckel MO theory. Essentiélly, the initiél gﬁegs is formed
from intermally stored constants. (for more details'see-subroutine'Huckel).
Thesé constants were determined from studies~on internal minimal -and split
valence basis sets (éTO—3G, 4-31G, 6-31G), so.the use of this type of guess
with bases other than thgse is not recommended. o
| This Huckel guess can be applied to'other bases in the following
ways. Thé guess MO cogfficiénts.are formed from internal data as if there
were an STO-3G'basisHse£ on. the molecule. The guess MO vectors iﬁ the‘
‘desired basis are then formed by choosing the vectors ;hich give the best
(least-squares) fit to those described in the STO0-3G basis. Since this
will usually produce feﬁer than NBASIS vectors, fhe MO coefficient métrix

must be completed with orthonormal vectors of the proper symmetry if' the
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full matrix is required (Link 503). This procedure islcélled a proﬁecfed
‘Huckel guess, and is applicéble to any basis set. |

A ;till better type of guess, usually, is to read the coefficient
or density matrix froﬁ cards. If the matrix read in is for a basis other
than the oné used in the current run, the matrix can be projected (by a
1eastas§uares £it) into the,dgsiréd basis. Since the projected MO vectors
can. be normalized and orthogenalized, and this is not possible for a projec;e&
density matrix, projection of MO coefficients usuallykproduces a better
euess than projection of the dénsity'matrix. |

The options which determine the initial guessiprocedure to be uégd _
»are'described below.- ‘
I0P(5)... Type of guess
+ss O Projected Huckel guéss'
«++ 1 Huckel guess
+.s 2 Diagonalize the core Hamiltonian
+++ 3 Read in the density matrix'f:om cards.
... & Read from cards the dgnsity matrix in another basis and project it

into the space of the current basis (see'also IOP(6)5.

«e+ 5 Read the MO coefficients from cards;
... 6 Read from cards the MO cqefficient§ in arother basis and project

these into the space of the current basis set (see also IOP(6)).

IOf(é) «+. Input of préviou§ basis‘set information; This is.used énly
when IOP(5)=4 or 6.

«+. 0 The basis set information is to be read from cards in compressed form
.before the MO ccefficieﬁt or density matrix is‘read in.

+.» 1 The MO coefficient or density matrix read in is for a minimal basis.

No basis set input is necessary.
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IOP(7) ... Removal of degeneracies (only for blocked Huckel guess)-.
ees 0 Scan the diagonal elements and remove coincidental degeneracies.

... 1 Do not scan diagonal elements,

I0P(8) ... Alteration of configuration.
.. 0 Do not alter configuration;
oss 1 Read in pairs‘of integers indicating which pairs éf MO;S are to
be intercﬁanged. Pairs are read until a blank card is encountered.
ees 2 Read iﬁ (801I1) the oécupatibn level of each MO. Normally'values of
only zero or one are used. Larger iﬁtegeré may be used to pan:tially.z~
occupy an MO (0CC=1/N). This option should not be used for the
PHF ﬁrocedure. V
Note:
I1f alteration of configuration is done on an open shéll’system,-the
program will expect two sets of data.#s described above: The first

for the alpha MO's and the second for beta.

IOP(9) ... Off-diagonal scale factor used in forming Huckel matrix.
... 0 Default (K = 1.65)

ees N (K = N*0.875)

IOP(10) ... Diagonal elements for Huckel matrix -

... 0 Determine from internal daté,

oo 1 Read-in diagonallelements (8F10.4). For a blocked Huckel guéss,
thé program will read NBASIS values. For a projected Huckel
gueés, it will’;eadAMBASIS values, where MBASIS. is the number of

basis functions in a minimal basis set for the system.




IOP(I1l) ... Completion of coefficient matrix

«.. 0 Do not complete

... 1 After a projected guess, complete the.coefficient matrix.

.12

I0P(12) ... Fractional occupation of MO's in partially filled degenerate sets.

.. 0 Do not adjust occupation levels,

see 1:Adjust the occupation levels so that each of the orbitals in a degenerate

set is equally occupied.

I10P(13) ... Open or closed shell.
... 0 Use multiplicity to determine.
+o« 1 Closed shell.

++. 2 Open shell.

;IOP(14)'... Type of basis
ee. 0 Use ILSW to determine
ees 1 Minimal basis

... 2 Extended basis .

I0P(15) ... Polarization functions on hydrogen
... 0 Use ILSW to determine
.+« 1 No p functions on hydrogen

eoee« 2 Put a set of p functions on hydrogen

I0P(16) ... Polarization functions on first row atoms °

... 0 Use ILSW to determine
.es 1 No d functions

+e+ 2 Yes, a set of d functions on first row atoms

I0P(l7) ... Polarization functions on second row atoms
... 0 Use ILSW to determine

ees 1 No d functions on second row

wee 2 Put a set of d functions on second row
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IOP(18) ... Control of siée of largest off-diagénalzelement in,EIéENa »
See routine EIGEN for details.

10P(18) ... Five ér six d functions |

«.» 0 Use ILSW to-detérmine

ess 1 Five d functions"

ees 2.8ix d functions

I0P(20) ... Print option

,.;. 0 Print nothing

wes L Prinf:only the HO‘qqefficients

... 2 Print the initial guess Fock matrix, the MO coefficients, and the
density matrix. | |

I0P(21) ... Blocking of the overlap matrix (only for blocked Huckel guess).

..,‘O’Do not block

ces 1 Blogk off the overlap matrix before calculating che-transformation ‘

) é

matrix. In order to reproduce a run from an earlier system, it

is necessary to specify this along with IOP(5)=1.
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- 5p. Options for Overlay 5.

The programs in overlay 5 seek solutions to the SCF equatiors:

FC=SCE

or their UHF equivalents. Starting with some initial guess at the

solutions (IOP(5)) the program iterates either until the root-mean-squared
‘difference in two sucéessive.denSity matrices‘is below the convergence
threshold (IOP(G)S, or until the maximum nﬁmber of cycles is exceeded,(IOP(f)),

There 'are also exﬁ:apqlatixnzoptions (I0P(11)) which can help speed up the

convergence.

IOP(5) ... Initial'gﬁess'density matrix.
0 ... Already on read-write file. Thié is either the output from L401,
or the result of a previous SCF calculation (during optimiza-
_ tions, for instance).
1 ... Density’ﬁatrix is calculated from MO coefficients obtained by
| diagonalization of the core ‘Hamiltonian.
‘2 ..; The &cnsity matrix is to be read from unit 9. This must h%ve

been produced as the output of a previous job.

IOP(6) ... Convergence on density matrix.
0 ... Terminate iteration when the rms error in the density matrix
is less than 5%10%%(-~5).

N ... Terminate iteration when density matrix has converged to 10**(-N).

IOP(?) ... Maximum number of cycles.
0 ... Terminate iteration after twenty cycles.

N ... Terminate iteration after 2#%*(N~-1) cycles,

10P(10) ... ﬁe-use of the previously generated seé of two-electron
| integrals. Note that on electron integrals must always
 be re-evaluated. |
0 ... Normal run, no restart.

N ... Copy integrals from unit IUX(N) to IUX(l). See subroutine RESCLO.
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I0OP(1ll) ... Three-point extrapolation. This is a procedure for helping

to achieve rapid convergence of the density matrix

‘elements.
0 ... When possible, perform a 3-point extrapolation.

1 ... Suppress the extrapolation.

7
I0P(12) ... Entry mode
0 ... Normal entry, SCF is performed.

1 ... Null mode entry 1is made only for possible punch.

I0P(32) ... Writing'Mo coefficients and a denéity matrix to unit
0 ... Nothing

1 ..; Write out final MO coefficients.’

2 ... Write out final density matrix.

'3 ... Write out both. ' : ‘

4 ... Write out both each cycle of the SCF.

IOP(33) ... Printing of coefficients and density.

0 ... No printing.

1 ... Print final MO cpefficients

2A... Print final density matrix and MO coefficient

3 ... Print both each cycle of the SCF.

IOP(34) «e. Dump option.
0 ... No dump

.1 ... Turn on all possible priﬁting.

8.
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5E. Options for Overlay 6

This program performs a Mulliken population analysis on a wave

function. The options are described below.

I0pP(5) ... Open or élose& shell.
0 ... Use ILSW to determine.

1 ... Forced épen shell.

2 ... Forced closed shell.

The remaining opticné are print/no-print optioﬁs.' if thel
value of the option is zero, the default value (given below) is éssumed.
1f the option is set to 1, the information is printed, #ndxif it is 2,
the printing is suppressed.A
0 ... Default
1..;. Print.

2 ... Do not print.
I0P(6) ... Distance matrix. Default: No*prgnt.
- I0P(7) ... Molecular orbital coefficients. Default: Print.
I0P(8) ... Density matrix. Default: Noaprint.‘ |
" I0P(9) ... Full population analysis. Default: Print.
I10P(10) ... Gross orbitéi charges. Default: Print.
T0P(11) ..; Gross orbital tyﬁe chargeé. Default: No-print.

102(12) coe Condensed to atoms. Default} Print. .
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