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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 

* (ST0-3G, 4-31G, 6-31G etc.) are stored internal ly for easy use. Closed 

shell (RHF) or unrestricted open shell (UHF) wave~unctions can be obtained. 

Facilities are provided for geometry optimization to potential minima 

and for limited potential surface scans. 
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1.1 

1. Introduction 

GAUSSIAN 76 is a connected system of programs capable of 

performing ab initio molecular orbital (MO) calculations within the linear 

combination of atom~c orbitals (LCAO) framework. It represents a further 
. . 1 

development of the GAUSSIAN 70 system already published. The version of 

GAUSSIAN 76 distribu~ed through the·Quantum Chemistry Program ~xchange 

(QCPE) has been m~de operational on the Broo~aven National Laboratory 

CDC 7600 computer. 

The system contains programs for the.calculation of the required 

one- and two-electron integrals using basis sets of s, p or d cartesian 

gaussian functions. These are followed by programs for determination of 

self-consistent field (SCF) single-determinant wCl,ve functions and asso-

ciated total energies. For closed shell singlet states, the restricted 
. 2 

Hartree-Fock (RHF) procedure of Roothaan is used. For open shell states, 

wave functions and energies are obtained with the unrestricted Hartree-

3 Foci< (UHF) procedure. This is followed by_ a program for Mulliken popu-

lation analysis4 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 standard 

sets or from cards) ·and an initial guess at the dens_ity matrix (which may be 

generated internally 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. In Section 2, the 

arrangement of the program is outlined and certain key terminology is 

introduced. various limitations (maximum number of basis functions, 
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maximum number of atoms, etc.) are given at the end of this section. 

Section 3 gives detailed instructions concerning the pre~aration of input 

decks for simple (self-contained) jobs. This inCludes a description of some 

of the options that exist within the program. Section 4 describes. compound 

jobs,those which require use of output from a previous job. Finally, 

Section 5 contaip.s a complete list of the options ·available in GAUSS.IAN · 76. 
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2. General Features of GAUSSIAN 76 

GAUSSIAN 76 is a collection of thirteen interconnected links, 

each consisting of a main program and associated routines that occupy 

high-speed memory together. A group of links that are.related by common 

objectives comprises an overlai_. The overlays are number.ed in logical 

sequence and have the following general, functions: 

Overlay 2: Nuclear geometry, net charge and spin multiplicity 

Overlay 3: . Basis set and integrals 

Overlay 4: Initial guess at density matrix 

Overlay 5: Self-consistent field calculations 

Overlay 6: Analysis of results 

With each overlay is associated a set of options, which control theway 

the overlay is executed. 

Within an overlay, there are various links which are specified 

by a two-digit number following the overlay number. For example, the first 

link of overlay 3 is numbered 301 and given the label L301. Each link 

also has a descriptive name. When use of an overlay is required, instructions 

must be provided for the sequence of. links _and the options. 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 

Table 1. It should be ·noted that the·numbering is not sequential. ·This 

is because the published version contains only a subset of the links of 

a larger system. 

The first three links (LINKO, LINKl.and LINK2) do.not form 

part of any overlay. LINKO is the only part of GAUSSIAN 76 which is 

permanently resident in high-speed memory and serves to initialize blank 

common (described below) and to call LINKl. The purpose of LINKl is 

(a) t;o determine from input the required ~xecution sequence c:if links and 

(b) to read in the options which are specified for each overlay. LINK2 

is concerned only with repeated execution of a given route. 

Data produced or required by the various links .. are internally 

communicated by means of shared high-speed memory (blank common), 

·shared random~access mass storage files (disc or low-speed memory) and 

shared sequential-access masG storage files (tape or disc) for tt-To-electron 

integrals. 

To complete a calculation with GAUSSIAN 76, the following four 

types of data are required: 

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

usually in terms of interriuciear 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 alt.;ays required 

by L202 and specifies the number of electrons of either a or i3 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 

LOOO LINKO 

L001 LINKl 

L002 LINK2 

L202 VGEOM2 

L301 GIN PUT 

L302 STVINT 

L303 DIPOLE 

L311 SHELL 

L312 UN CON 

L401 GUESS 

. L501 CLOSED 

L502 OPEN 

L601 MULPOP 

Function 

Initialization 

Control of route through the links 

Cont;rol of repeated execution. 

Computation and modification of nuclear geometry . 

Specification of basis set 

Overlap, kinetic and potential one-electron 
integrals 

Dipole one-electron integrals 

Two-electron integrals involving s and p 
functions 

Two-electron integrals involving s, p and 
d:-functions 

Initial guess at the density matrix 

Closed-shell (RHF) self-consistent-field 

Open-shell (UHF) self-consistent field 

Mulliken population analysis and dipole 
. computation 
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3. Basis set. The gaussian basis set may be specified externally 

for L30l. However, certain types of basis set are. s·tored internally and 

may be used automatically by appropriate choice of option. The internal 

sets ar(i. (i) the minimal STD-NG sets
5 (N=2,3,4_,5 ar 6),: the spli:t.,.valen,~e 

6 . 78 * ·** * N:.:31G sets (N =4,5 or 6) and the polarized sets ' . 6-31G , 6-31G ~nd STO-NG • 

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

usually generated internally by L401. There are options to interchange 

some occupied and unoccupied orbitals at this stage to give some control· 

over which electronic state of the mo.lecule is obtained. .External speci­

fication of the initial density matrix is possible only if it is available 

on a file from a previous run. 

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

attempt an iterative solution of the Raothaan equations2 · 

h . . 1 3 or t e~r UHF equ~va ents. Here ! is the Fock matrix, Q the matrix of 

LCAO coefficients, 2. the overlap matrix and! the diagonal matrix of MO 

eigenvalues. The initial guess is. used to compute F, equations (1) are 

solved· for f. and !, Q is used to .calculate a net.r density matrix at).d this is 

in turn used to compute ! for the next iteration. This process is 

.repeated until convergence is achieved. 

The two most common sources of difficulty are failure to achieve 

SCF convergence and convergence to a wave function for the wrong.state. 

These can sometimes be overcome by experimentation (orbital switching) 

with the initial guess. A more reliable (but more expensive) procedure 

9 
is available in the GAUSSIAN 78 system. 
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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 of basis functions •. This is 90 in the QCPE 

version. By appropriate redimensioning, this can be increas.ed to 127 if 

sufficient high-speed memqry is available. 

Maxim~ num"ber of shells. A shell is a set of basis funetions 

on one center with shared gaussian exponents (e.g. the 2s, 2p , 2p , 2p· 
. X y Z 

functions -on carbon in ST0-3G constitute a she~11 with four members). 

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

Maximum degree of contraction. Each funct~on ~ in a shell is 

.a linear combination of primitive gaussian functions 

where P is a ·polynomial. 

2 
d. P(x,y,z) exp (-a.r ) 
~ ~ 

The number of terms n in such a sum is the 

degree of contraction for that particular $hell. 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 specifies 

the job to be executed. It consists of two parts--control input and data 

input. The control input, which.comes first, specifies the route or 

sequence o~ links to be executed together with various options telling each 

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

*·. . 
an RHF/ST0-3G single point calculation.or a UHF/6-31G geometry 

optimization, 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 an< 

the basis set •. Thus, the type of data input required i.s determined by the control 
input. 

If only a single route is specified (which may be executed 

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

inp.ut must then precede the data input. If 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 compound. 

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

I 
.I 
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3A. Control Input for .Simple Jobs 

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

control~· Certain standard routes may. be generated automatically . 

by this card; in which case no further control input is necessary. Alter-

. , natively, 'the route may be spec.ified by a· following sequence of overlay 

~ontrol cai;d.s. 

The following information 'is always required on the system 

control card: 

Column 1: This must contain a '$'. 

Col,umn 2: ·This must be blank or contain an. 'N'. 

These features identify the card as a system control card. If 'N' appears 

in. column 2, economical or compressed printing is called for throughout. 

This. option is to save papP.rand printing charges ap.d is not reconnnended 

until the user is familiar with the output. 

Column 4: The parameter NTIMES, the number of times the 

prescribed route is to be executed. If greater than 9, this is read in 

I2 format from columns 3 and 4. 

If the route is to be specified by overlay control cards (see 

section 3A.2), the remainder of the system control card is left blank. 

However, .. if the route. is to be generated automatically, further entries 

are needed. 
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3A.l Automatic Route Generation. 

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

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

0 (or· blank) ••• Read route from cards ("see 3A. 2) 

1 Single point calcu~ation 

3 Geometry optimization (see se.ction 3A. 2) 

4 .••• Potential surface scan (see section 3A.2) 
5 Restart of geometry optimizations. (See Section 4B). · 

Column 10: IBASIS ••• Type of s,p basis set used 

0 (or blank) ••• One of the minimal STO-NG bases, using 

standard exponents. N is specified by the next 

parameter NGAUSS. 

-1 ••• One of the split-valence N-31G bases, using 

standard scaling factors. N is specified by the 

next paramet.er, NGAUSS. 

2 ••• General basis set input from cards (see data input 

for L301). 

Column 12: NGAUSS ••• Number of gaussians in a contraction (see 

description under !BASIS above). 

0 (or blank) •• ."Default value. For IBASIS = 0, this will 

give ST0-3G; for IBASIS = 1, the default is 4-31G. 

N If IBASIS = 0, values 2,3,4,5 or 6 are permitted. 

If !BASIS = 1, values 4,5 or .6 are permitted. 
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Cc;>lumn 14: !POL Polarization functions in the basis set~ 

.0 (or.blank) ••• No polarization functions 

1 Include a set of :standard p~~arization functions on each 

non-hydrogen atom. 

2 In addi.tion to the ·above, include a set of 

p-functions on each hydrogen. 

Column 16: !GUESS ••• Type of initial guess 

0 (or blank) ••• Obtained by projection from a Ruckel 

minimal basi_s cal~:ulation. 

1 Obtained by diagona_lization of .:ore Hamiltonian 

2 Huckel-type guess for extended basis. However, this 

must not .be used if !BASIS = 2. 

Column 18: ISCF ••• Type of SCF ca~culation performed 

0 (or blank) ••• Restricted closed..;shell · Hartree-Fock (RHF) 

1 Unrestricted opert-shell Hartree-Fock (00) 

At this point, we give some examples to illustrate-automatic 

route generation by the system control card. 
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Exa~ple 3A-1. A single closed shell RHF/ST0-3G calculation 

Card 1 · $ ...... 1~1 

Card 2 · · First card of data input 

I TYPE = L single point ·calculation, 

I BASIS = 0 minimB.l STO- NG basis 

NGAUSS = 0 N = 3 

IPOL = 0 No polarization functions 

I GUESS ·- 0 Huckel-type minimal guess 

ISCF = 0 closed shell SCF 



,. 

.* Example 3A.2 A single open shell UHF/6-31G calculation 

Card 1· : $ 1 1 · 1 6 1 1 . 
AA A AAA A A'AAA 

Card 2 • First card of data input 
. 

I TYPE = 1 single pOint calculation 

I BASIS = 1 split valence N.-31G basis 

NGAUSS = 6 ., N= 6 

IPOL . = 1' polarization functions on heavy atoms 

I GUESS = 0 projected HUckel-type guess 

ISCF = 1 open shell· SCF 



.. 

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

ITYPE =· 3. 

!BASIS = 0 

NGAUSS = 0 

IPOL = 0 

!GUESS = 0 

ISCF = 0 

card 1 $N 1 3 
A .... 

card 2 First card of data input 

geometry optimization 

minimal STO-NG basis 

N ·= 3 

no polarization functions 

proje.ct"ed Hllckel-type guess 

closed shell RHF 



Example 3A •. 4 UHF/4-31G potential surface grid scan 

card 1 $ L 4 1 1 
""" " """"" 

,.,.,...,,.,.,.,... 

Card 2 First card of data input 

ITl'PE - 4 pote.nti.al surface scan 

!BASIS = 1 split valence N-31G basis 

NGAUSS = 0 N = 4 

!POL = 0 no polarization function 

!GUESS = 0 projected Hllckel-type guess 

ISCF = 1 Unrestricted open shell Hartree-Fock (UHF) 
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3 .A2.. Route Generation by Over1ay Control Cards 

·Although the type of control input described above is sufficient 

for many jobs, it does not reflect the full flexibility of the program. 

· In this section, we describe the more de~ailed route generation by a 

sequence of overlay'control.cards, called for by !TYPE= 0 (or blank) in 

column 6 of· the sys.tem control card. Each overlay control card prescribes 

a sequence of links to be executed and the set of options used. This sequence 

of overlay control cards (a maximum of 20) is terminated by a blank card. 

The p.arameters ·read from an overlay control card are: 

IOV, (IOP(I),I=5,34), (ISEG(J),J=J,,18),{nJMP with Format (.I4,480L,I4) . 

.. 
The functions of·these parameters are as follows: 

Column. 4: IOV ••• The number of the overlay called. If IOV=3, 

for example, this implies that one or more 

links from overlay 3 will be executed. 

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

available in each overlay (not all are used). 

A detailed listing of the options is given in 

Section 5. In this description, we shall only 

mention some of those most commonly used in 

examples. The options are .octal quantities 

(bet~V"een 0 and 7), and the option number 

coincides with the column. number. Thus the 

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 '1' or 'O' and determine which links 

of the overlay are executed. Column 35 

corresponds to the first link of the overlay, 

colt.nnn 36 to the second and so forth. If a 'l' 

appears, the link· is executed, if a 'O' or a 

blank, it is not. The links are called once 

in turn. 

ColUmns 53-55: JUMP ••• If this parameter is 'O' (or blank) 

control is transferred to the.next overlay 

control card.· Non-zero values. are used to 

. generate loops in the route. For example. 

JUMP = -2 will transfer control to the overlay 

control card two places before the current 

one. Use of this feature will become clear 

in some of the examples given below. 

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

Col. 1 
~ 316 

35 
~ 
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. 



·_,', 
3.11 

Example 3A.5 

As an example of route specification, consider a single closed 

shell RHF/ST0-3G .calculation. The steps required are: 

·Step ··.Link Required 

Input geometry 202 

Specify basis set 301 

Overlap kinetic and potential integrals 302 

Dipole integrals 303 

.Electron repulsiou luL~grals 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: 

.CARD 1: 
.-C..~RD . 2: 

CARD 3: 

CARD 5: 

CARD ( :. 
___ C..~R D H : 

ooooooooollllllllll22222222223333333333~~q~,~~~~~sssssssss 
~ 2 3 ~ s i-l 7 13 q a 1 2 3 ~ s b 7 8 q o 1 2 3 tt 5 b 7 8 q o 1 2 3 If s b 7 8 q a 1 2 3 't 5 b 7 8 t:J o 1 2 3 '+ s b 7 8 
$ 1 

_____ _!. __ ~ 

3 lll l 

5 1 

ctiRST CARD OF DATA INPUT> · 
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Example 3A.S (cont'd) 

Card 1 is the system control card with ITYPE=O (coi 6), indicating that 

overlay control carc;ls follo't-1. 

card 2 indicates that link 202 is executed with all options set to zero. 

This performs the first step of the calculation by reading from 

cards the molecular geometry in the form of a Z-matrix (see 

Section 3B). 

Gard 3 calls for links 301, 302, 303 and 311 of overlay 3. Since all 

options are zero, the ST0-3G basis is selected and appropriate 

integrals are evaluated. 

Card 4 calls for the initial guess link 401. This forms the density matrix 

based on the minimal RUckel guess. 

card 5 calls for link 501 to solve the closed shell restricted Hartree-. . 

Fock equations. 

Card 6 calls for link 601 to carry out a Mulliken population analysis and 

evaluate the dipole moment. 

Card 7 is blank indicating.the end of the route specification 

Card 8 is the beginning of the data input whic~will~be called for during 

e~ecution of the specified links. After this execution is complete, 

the program will seek·another system control 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. 



3.13 

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: 

CARD 1: 
CARD 2: 
CARD 3; 
CARD ~ : 
CARD s·: 

R 
CARD 7: 
CARD 8; 

OOOOOOOOOll!lllllll22222222223333333333~~~~,~~~~~55555555' 
123~5b7890l23~5b78q0123~Sb7890l23,5b789Q123~5b7890l23~Sb7 
$ 1 

2 

5 

(FIRST CARD UF UATA INPUT 

111 
1 1 

1 

1 

123~Sb7B9ol23~Sb78gal23~5b7B9ol23~Sb7B9ol23~Sb7B9o123~Sb7 
OOOUOOOOOlllllllltl2c222222223333333333~~~~~~~~'~'5555555S 



3.14 

Example 3A.7 UHF/6-31G* ·_sing~e point; calculation 

This example intro.duces some more links and options that are 

commonly used. 

CARD 
CArD 
CARC 

CARD 

CARD 
--.C..l\RD 

1: 
2 ; 
3: 

s: 

7: 
8; 

OOOUOOOOU111111111122222222223333333333~~~~'~Lflflf~555555555 
l23,5b78G0\?3~5b78901~345b78q0123~Sb78Gol23~Sb78G0123~Sb7R 

$ . 1 
1 

3lb1 111 11 

5 1 

(FIRST CARD OF UATA INPUTJ 
l~3,5b7~GOl23,Sb7890l23~Sb7890l2jlfS678YQ!23'S~78Gol23lf-Sb78 
no o uooou o 11Jlll.Alll2~R~-~~33 3~332-llnlf-'+ ~~ ~~ ttlf-lf-'+ '+~.?55 s.s 5~5.. 

cards 1,2 are as in the previous example 

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

· IOP(S)=l indica.tes a K-31G split valence basis 

IOP(6)=6 indicates K=6 

IOP (7)=1 indicates standard polarizad .. on functions on* 
first row atoms. This. implies the 6-31G basis. 

Card 4 calls for an initial guess formed by projection 

Card 5 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. 

'i. '' . I ';: 

A simple extension of the calculation described in example 7 

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

atom in the molecule. This is accomplished by setting IOP(7)=2· on the 

overlay 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 gaussi.an 

polarization functions 

0 0 0 0 0 0 0 O~olllll.l111112 22 2 2 222 2 2 3 3 3 3 33 3 3 3 3 1+ If-If ·~·It 'tIt 't 't If 55 55 55 55 5!: 
12 3 '+ s 1:1 189 n12 3.'+ s b 1 a 9 a 12 .3 '+ s b 7 s q o 12 3 4- s b 7 a 9 o 12 3'• s b 7 a c; o l2 3 '+ s b 7 a c 

CARD 1: S 1 
__ C.ABJL __ Z...; __ -'2...._ ________ ------- ------ ---------------···--

CMiC 3: . "3.Lb2 111 11 
__ CARD~-~'+~:~-~.~~-·------------ ______ ____,l__ _______ _ 

CAFiC 5: 5 1 
CAFiC b: b 
CARD 7: 

_J:_Afr.ll __ a_: ( F I R S l C A R D 0 F 0 A T A._.l N P iJ T) _ _ ----·-
123'+Sb789Q.L23't5b7S90l23'+Sb7890!23'+5b78901231~5b789ol23'+Sb789 

_____ ...._o Y..lo o o o o o Q..Qll.lllll_.l,_l. 12 2j! 2 2. 2 2 2 ~2 3 3 R~ 3 3 3 3 3 '+ '+If 1r ~~ '+ tt '+ '+ tt 5 s 5 s 5 s 5 s 5_~ 
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This completes the examples of control input for single runs 

at one nuclear geometry. The reader only concer.ned with this type of run 

may wi?h to skip the rest of this section ·and proceed directly to 3B 

for instructions on the construction of data input. 

We now turn to geometry optimization. Here the program system 

can be used to minimize the energy with respect to a series of geometrical 

parameters. This is accomplished by appropriate use of L202. After the 

input of the initial geometry and calculation of the corresponding total 

energy, L202 may be .called again with iOP(5)=1. This causes a 

variable geometrical parameter. to be read in (details in Section 3B) 

together 't-lith a stepsize. The energy variation is then investigated 

by repeating the energy calculation.as the parameter is changed. 

Initially, two additional points are calculated, follm-1ed by a third at 

the minimum predicted by a quadratic fit. If there are several parameters 

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. 

I 

l 
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Example 3A.9 RHF/ST0-3G geometry· optimization 

The control input for this kind of geometry requires the fo~lowing 

steps for execution: 

. Ste.e . Links required 

1. Input starting geometry 202 

2. Evaluate integrals 301' 302,, 303 J 311 

3. Initial guess 401 

4. Solve SCF equations 501 

5. Mulliken population analysis 601 ., 
' 

6. vary geometry 202 

7. Return to step 2 ' 

Step 7 introduces a loop into the sequence of overlays. After 

steps 2-5 are carried out to calculate· the wave function and energy at the 

initial geometry, step 6 changes the geometry and the process is repeated 

with a varied geometry. When all the requested parameters have been 

varied, control must cause escape from the loop. The above series .of 

steps can be a~complished by the following route: 

--·---.. ····-----
O~OU0000011111lllil22222222223333333333~~~~~~~~·~ss~ssss 
J23~Sb789ol?3~Sh?Bqnl23~5b7890l23~5b78q01~3~Sb7Yqol23~5b 

CARD 1: $ 1 
___ u H.i.L.....c..:.__._~a ·---·-......:...---· --· _________ L ____ _:_ __________ . __ ,._ .. ____ .. ._ __ 

CARD 3: 3 
. _CAf!Q 't_a...• __ _:x._ ____ _ 

· CARD 5: 
_W\6..0 b:. 

CAj:; D· 7: 

5 
h 

21 

111 '1 
J. __________ _:__:_ ___ . ----

1 
l 

1 

-~··C l\.fi G.--~.l~.l.~---·-·---_:_----------7~~-~-.--.::::-:-··--·--·- -----··--- .. --·-----··-~·----·-·--·u·-·· · ·---· 
CARD ·q: (FIRST CARD UF I>ATA INPUT) ·. · · . 

J.2..3 '~- s b 1 o..:!il.l.2...liS b., s q o l.a..3. .. tt.S.J:d.~ __ :.tol_2 ~-~s-~.1.9 .. ':10 ,tr;_3_~•.iP..!J.l !.i o.~ a.J_'t s _ 
-----00 oou u u u 0111111111122 2222 222233 3 33 3 3 3 3 3\f '+'t"tLt ·~'+ ... "t ~~ 5 ssss 5 
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Example 3A.9 .(cont'd) 

The only new features are on card 7 which performs the ·~ary geometry' 

step and defines the loop over control cards. First IOP(5)=1, indicating 

that this is a 'vary' instruction rather than an initial geometry. L202 

will remember the initial geometry and read data cards indicating a 

parameter to be optimized~ After this, a parameter card specifying the 

variable to be altered is read in every fourth entry to 1202. The JUMP 

entry -4 in columns 54 and 55 will then transfer ~ontrol back to overlay 3 

(4 cards back) so that.the calculation is repeated. The optimization of 

the energy is continued in this manner by L202 until all the parameters 

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

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

"\. 
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Although the route in example 9 works correctly and gives a 

partial geometry optimization, it has several undesirable features. In 

the first place, it performs a population analys-is for each MO calcula­

tion, which is usually not necessary. It is normally sufficient to do this 

only for the initial and final points. Secondly, the dipole integrals 

play no part in the energy calculations and are not required until the final 

point. Thirdly, .it is usually a good idea to avoid the initial guess after 

the first .poi:nt since the converged·density matrix for the previous run is 

normally a better guess than can be produced by L401. In the next example, 

we give a route which incorporates these time-saving modifications. 



•· I 
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Example 3A. 10 Modified route for RHF /S.T0-3G geometry optimization 

OOOUOOOOUlllllllll122~22222223333~33333~~~~~~~~~~55555SSS55! 
)2 3'+ Sb 7 R 9U 12 3'+.Sb 78 q01.2 31f Sb.7 8 90 123'+5b 7 B qu.J..£_3'~ 5 b 78 90 123~ 5 b 78 Cf( 

CAFD 1: :.ti 1 
~-CAiiQ __ 2_:__ __ a. ---------------··-·-··l------··--··---:..--·---.-

'CARD 3: 3 111 1 
__c}.R D ~: '+ 

CAiiD 5: 5 1 

CARD 7: 
CARD 8: 
CARD q: 

·21 
3 
5 

1 
11 
1 

1 

CAfiD 10: ~~~~~~~2~1~--------------------·--------~--------~~----~-~-
CARD ll: 

CARD 13: 
CARD 1~: 

Cards 2-6 

Card 7 

Cards· 8-9 

3 1 i 

(fiRSt CARD OF DATA INPUT} 
123~Sb789ol23'+Sb7S9cl23'+5~7s9o123'+5~7Bqol23~Sb7B9ol23'+5b7a9 
n a o a u n n n u 11 J 1111 Ll 1 2 2 2 2 2 2 2 z 2 2 3 ;3. 3_3.3..J..3. 3 3 3 '+ '+ ~ '+ '+ '+ '+ '+ '+ q. s s s s.~5. s s 

perform the initial point calculation with population 

analysis. The resulting density matrix i:s stored. 

executes. L202 for the second time. Since IOP(S)=l, 

this link will read a variable parameter from 

data input and will initiate geometry variation. 

carry out the next MO calculation. Note that no dipole 

integrals are needed. Also L401 is not called, as a suitable . 

guess is alr.eady available from the previous calculation. 
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Example 3A •. l0 (cont'd) , 

·card 10 

Cards 11-12 

is a further call to. L202 with IOP{S)=l. Since a 

variab~e 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, L202 reads another variable specification for ', 

another optimization •. When the lis.t of variables is exhausted, 

the JUMP instruction is suppressed .and control passes to the 

·next card (card 11). 

calculate the dipole integrals and do a population analysis 

using the geometry of the last HO calculation perform~d.· This 

completes the full optimization run which is terminated by 

a blank card. 
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The structure of the route in e·xample 10 is the· standard one 

for geometry optimizations. It is the route actually generated automati-

cally (section 3Al) by the single card 

$ + 3 ...... ,. 

for an RHF/ST0-3G geometry optimization<)··::'·-~~-

We give two additional examples of the full routes for geom~try 

optimizations: 
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* Example 3A •. ll RHF/6-31G geometry optimization 

000000000llllllllll222222222233333333331f~~tt•.'+lf'+~'+555555555S 
l231f5b7890i?3~5b7890l23~5b}8qOl231fSb789Ul~3~5b?890l2345b789 

CARD 1: $ 1 
r"EO 2.: --~ -~~-~-----~--------~---------2 
CARD 3: 
CA60 It: 

CARD 5: 

CARD ?: 
_tARO 8: 

CARD 9: 
CARD 10: 
CARD 11: 

.CARD 13: 

'31bl 
If 

5 

21 
31bl 
5 
21 
3lbl 

CARD.l4: (FIRST CARD Of DATA INPUT) 

111 1 

1 

1 
1 
1 
1 ""!'2 
1 1 

l231f=Sb?8qOl231f=Sb789o1231f5o7890!231fSb789Q!23 1tSb?8qOl231f5b78c 
ono otHIIltJ o llJ 111111 1 2 a22_222 2 2233 3 33 3 333 3 '+'t '+'iltlf'+lf'+ tt55 5sssss~ 

This route includes options relevant to polarization functions as in 

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

$ 1 3 0 1 6 1 
;..h A' ,... •#tt!f ""'· A' 
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Example 3A.l2. UHF/4-31G geometry· optimization. 

CARD 1: 
CARD 2: 
CARD ] : 
CARD '+: 
CARD s: 
CARD b: 
CARD 7: 
CARD ~ B: 
CARD q• .. 
CARD 10! 
CARD ll: 
CARD 12: 
CARr. 13: 
CARD l'+! 

---·-·--·--------------···-----
0 0 0 0 0 0 0 U 0 1lllllllll2 2 2.2 2 2 2 2 2 2 3 3 3] 3 J 3 3 3 3 If '+ I~ I~ 't 'f '+ '+ If 'f 5 55 5 5 5 5 5 5 5 
123~5b789Ql23'+5b7890123'+Sb7890!23'+5b789U123'+5b7890l23'+~b78G 
$ 1 

2 l 
31 111 1 
'+ 1 
s 1 
b 
21 
31 
5 
21 
31 
b 

(FIRST CARU OF OATA INPUT) 

1 . 

l 
l 

l 
1 

1 1 
l 

1 

!23'+5b7B9Q!23'+5b7E9ol23'+Sb789o!23'+5b78~Ul23 1~Sb7H9cl23~5b78c 
00000000Ullll1lllll22222222223333333333'+'+~~'+'+'+'+'+'+555555555~ 

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

$ 1,3 0 1 4 



3.25 

Another feature of GAUSSIAN 76 is its ability to perform a 

potential surface scan fo~ a f\eries of values·. of a single geometrical 

variable. The method of doing this is similar to that for geometry 

optimization. After the input of the initial geometry (by L202) and 

the first MO calculation, 1,'202 may be called again with IOP(5)=2. This 

will request details of the variable to be changed, the number of poin.ts 

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.l3. RHF/ST0-3G potential surface scan 

--------------------~- -------·-------'--------------

CAF<D 1 : 
_C_ARU 2: 

CARD 3: 
CARD If : 
CA~D s: 
C:AI'"' '"' . 
CARD .7: 
CARD 8: 
CARD 9: 
CARD 10; 

CARD 11: 
CAt;n lil' 

CARD 13: 

UOUOUDDOOllll1ll11122222222223333333333~~~·~~~,,~~5555555555 
t23~~b7890l23~5b7Hqq123~Sh7B9Ql23~5b789nl23~5b7H9q123~5h78Y 
$ 1 

jJ ----~~---------------------------~---------------------

5 
. h. 

22 
3 
5 
b 
22 

(FIRST CARD UF DATA INPUT) 

111 
1 

l 
1 

l 
111 
l 
1 

1 

1 

1 

-3 

l 2 3\f- 5 b 7 8 9o 12 3\f- 5 b 7 B 9 o 12 3lf 5 b 7 8 9 o 12 3lt 5 b 7 8 q o 12 3l~ 5 b 7 8 ~_l_£__~ 't Sb 7 8 9 • 
UOUOOU0001ll11111112~2222~2223333333333~ltlf-~'tlf-~~'t~SSSSS555SS 

The structure .of the route in exa~ple 13 is standard and can be 

generated automatically by the single card 

$ 1 4 
,.h ... 

Cards 2-6 perform the initial point calculation. 

Card 7 executes L202 for the second time. Since IOP(5)=2, this 

link will read details about the variable parameter and 

will initiate geometry variation. 

Cards·s-10 carry out the next MO calculation. The density matrix from 

the previous point is available as a suitable guess. 

Card 11 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 computatfuns. 

When all steps.have been completed, the JUMP instruction 

is suppressed. 

Card 12 terminates the control input. 
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3B. Data Input for Simple Jobs for GAUSSIAN 76 

Many of the links in GAUSSIAN 76 may read cards from the data 

input (l-Ihich immediately follows the last control input .card)". ·These 

data cards may specify, for instance, the molecular geometry, the basis 

set, or parameters to be va:t:ied in a·geometry optimization. This section 

describes, on a link-by-link basis, the meanings and formats of the­

various types of data cards which may be required. 

3.B.l 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 of· internuclear distances and angles. 

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

1. (ITITLE(I),I=l,lO) 

2. ICHARG,MULTIP 

FORMAT(l0A6) 

FORMAT(2I2) 

The first card is simply a title card describing the job. 

The second card specifies the net charge (ICHARG) and the spin multiplicity 

(HULTip). For the. latter, we use the '1' for singlets, '2' for doublets, 

'3' for triplets, etc. 

After this comes the Z-matrix which specifies the molecular 

geometry. The nuclei. in the molecule are numbered sequentially, and the 

nth nucleus is specified by: 
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IAN:;Nl,BL,N2,THETA,N3,PHI,J 

FORMAT (I3~1Y., I3,1X,F6.4,1X,I3,2(1X,Fl0.4,1X,I3)) 

Columns .1-3: This is the atomic number of the nucleus in !3 FORMAT. 

Columns 4-7: Nl is the sequential_number (Nl<N) in !4 format 

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

Columns.S-14: BL is the maS.nitude of the internuclear 

separation R.(N,Nl). This is a floating point number in units of angstroms. 

Columns 15-18: N2(<N,~Nl) is the sequential number of the 

nucleus for which the -internuclear angle 9(N,Nl;N2) at. Nl will be given. 

Columns 19-29: THETA is the magnitude of the.internuclear angle 

9(N,Nl,N2) at Nl. The units are degrees. 

Columns 30-~3: · N3 is the sequential number (<N;~Nl;~N2) of the 

nucleus for which the intern·uclear dihedral angle cp (N,Nl,N2,N3) will be 

given. 

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

angle cp(N,Nl,N2,N3). This is a floating point number in degrees. The 

dihedral angle is defined as the angle between the planes (N;Nl,N2) 

and (Nl,N2,N3), the sign being positive is the sequence N,Nl,N2,N3 is ... 
such that movement of the directed vector NNl to the directed vector 

... 
N2 N3 involves a righthanded screwmotion.· 

Although it is usually possible to specify the position of 

.·nucleus N by a bond length, a. bond angle, and a dihedral angle, it is 

sometimes simpler to replace the dihedral angle by a second bond angle. 

Thus, we may specify the following alternate items: 

Columns 30-33: N3 her·e is the sequential number (N3<N; ~Nl; ~N2) 

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

'"ill be given. 
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Columns 34-44: The magnitude of the angle X(N~Nl,N3), a floaeing 

point number in units of.degrees. 

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

will lead to two possible directions for the line NlN. To fix one·of 

these, the number +1 is specified here if the triple vector product 

NlN (N1N2XN1N3) is positive. If the triple 

vector product is negative, -1 is used. The presence of either ±~ here 

is used as an indication that the second angle is an internuclear angle 

and not a dihedral angle. 

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 the 

sequence, less information is req1.1ired. For nucleus 1, only the atomic 

nUmber is required, and it is positioned at the origin. For nucleus 2, 

only tpe first three fields need be specified, and the angles are 

determined by placing this atom on the z-axis. For the third nuc;:leus, 

the first five fields are required, and thus nucleus is placed in XZ-plane. 

A few examples will illustrate this means of geometry input •. 

• 
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Example 3B.l RHF/ST0-3G single calculation of H
2

o. 

Consider the standard model geometry for water (1). The 
"' 

1 

superscripts are the sequence numbers assigned to the atoms. The 

following deck will perform a MO calculation on this molecule. 

. 
CARD · 1: 
CM\D 2: 
CARD 3; 
CARD 't: 
CARD 5; 
CAR.D b: 
CARD 7: 

Q 0 0 0 0 0 0 Q 0 111·111.11! l2 2 ~ 2 2 2 2 2 2 ~ 3 3 3 3 3 3 3 3 )3 't IJ-'t 1• 1 ~ If 1t If If I~ 55 55 55 55 55 
123'+5b7890123'+Sb7~9Q123'+5&78q0123'+~b7a9o123't5b78q01231Sb7B~ 

$ 1 1 

0 1 
8 

WATER MOLE:Ct·LE RHF/ST0-3G:.___ ____________ _ 

1 1 o.9b 
l 1 0,4h 

t23'+5b7890l23'+Sb789ol23'+5b7890123'+Sb789Qi23'~5b789c123'+5b7H~ 

OOOOOOOU0ll1ll1111122222222223333333333'+'+'+~~'+'+'+'+'t5555555555 
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Example 3B.l (cont'd) 

card 1 is the system control card, directing the system to perform a 

singleRHF/ST0-3G ~alculation. 

Cards·2 and 3 specify (i) the title of the job, and (ii) the net charge· 

and spin multiplicity for the molecule. 

Card 4 specifies . "Nucleus 1 is an oxygen (atomic number = 8) ". This 

Card 5 

atom is placed at.the origin, and no more values need be specif~ed. 

specifies "Nucleus 2 is a hydrogen, and is 0.96 fl. from Nucleus 1". 

This is placed on the Z-axis, so that no angle is specified on 

the-card. 

Card 6 specifies "Nucle·...ts 3, a hydrogen, is 0. 96Jl.. from Nucleus 1, and 

. the H-0-H a1:1gle is 109.471° 11
• 



' 
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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 (2) 

. _, 1;1)1-
H{S >tiJH C '- · . 
. HiitJI ~l-1 c'l . 

CARD 1: $ 1.1 0 1 b 1 
CARD 2: ._J.U:u.!..£"---'-..__ __ _._F_,.L._.,t~l O.._.R_,_,O]'I E T H A N_Lli_O L E..C.ULE · R H fIb- 3 .LG,_,_*=-----'---
CARD . 3: 0 1 

_ __.C_Afu)_ '+ ~ 
CARD s: 9 l l.Ja~t 
CARD h: 1 1 1 ~ 0 97. z llOP b. 
CARD 7: l' 1 1.097 2 .liO pb 3 120. 

_CARD 8. . 1 1 1.097 2 l10,b 3 ... 120 
-~ 

CARD 
----·-·--

9: 
l2 3'+ Sb 7 8 9o 12 3 '+ Sb 78 91l.la_3lf-Sb 7 B.~C! 3'+ Sb 7 8 90 1.£~nb 71!.10 . .L~3'tS_b] 8~­
cioooo0000111111111122222i22223333333333'+lf-'+lf-~lf-'+'+'+'+5555555555 

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

* a single RHF/6-31G calculation. · 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. 097lt, 

2 1 4 
forming an F C H angle of 110.6. The plane defined by nuclei: 

4 1. 2 
H ,C and F forms a 120° dihedral angle with the plane defined by nuclei 

1 2 3 
C F and H. Card 8 specifies-a hydrogen nucleus identical to that on 

card 7 except that the diht:!dral angle here is -120°. Card 9 terminates 

the geometry output. 
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Example 3B.3 RHF/ST0-3G Ethane molecule (staggered) 

000000000lllll1111122222222223333333333~~~~4'+''44qS55555555~ 
12 311- 5 b 7 B q n 12 3 '+ 5 b 7 a q o 12 3 '+ s b_l_~ q o_12 ~~~--92~ q o 12 3_'• 5 b 7 B 9 G 12 3 4- s b 7 a c 

CARD 1: S l 1 -
___ C.A.HD 2=-.• ,_· ~--'~ T HAH~_J1.Q_l-EC UL_E_,_J!tj£/ ~J 0-3-~-~-IA.GJ?.t:.liEQ. __ C_Q.~_f OJ3J1ALlQ_N __ _ 

CARD 3: 0 1 
CARD '+: ·.b ··-·-----
CARD S; 'b 1 1.,31 
CARD b: 1 1 1,08 2 1Uct,~?1 

CARD 7: 1 1 1.,08 ·2 l09.,'t"l1 3 120. 
CARD· 8: 1 1 1.os 2 109.,~-~1 .3 ... 1i!Q_._ 

·cARD 9; l -2 1!t08 l l09.'+?1 3 bO. 
l __ CAE. LJ.JL:!_____,...____ 2 1_._08 _,t_ __ l_Q~ .. -~L?),_ f? ___ !_0_~ .~:?J, ______ t). 

CARD 11: l '2 1,08 l 109,.'t71 b 109.'+71 -1 
CARD 12: 

123'+5b7890l23~5b7890l23't5b?890l23~Sb78'lU12345b78~0123'+5b78c 
______ .QO_Q(l G 0 lli! U 111 .lllllll 2 2 2 ~-?_~-~-~2 2_ 3 3_).;1.]_.1_~_3 3 ]._'±_'t~ '+ 't 't '+ '+ '+ ~-_? 5~? 5 _?~ ~~ ~ 

This example illustrat~ 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 'atoms' which may:be specified in 

a z-matrix: those wit.h atomic number zero and thos.e with negative atomic 

num~ers. Atomic number zero specifies a 'ghost atom'. This is a cen~er 

to which a basis function may be attached, for instance, but has zero 

charge. Standard internal bases should not be used if a 'ghost atom' 

is specified; external basis input should be used. An example using a 

ghost atom is given later, in the description of external basis input. 

An atom with a negative atomic number is a "dUllln't}r atom", and basis 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 orientations of a 

symmetry axis. 4 Gons1der the c3v a~onia molecule (3) 
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Example 3B.4: RHF/ST0-3G NH3 molecule. 

---·-----.. ---·-· 
oouo 000·001 lllll1l,ll222 222222 2 33 33 3333 3 31f.'t't 1r1t 1.'tlf.lf.lf. 555555 555: 
12 3 't s b ra q o 12 3 ~ s b 7 a q a Uli5 b 1 a q GJ..2.3 tt s b 1 a q u 12 3•t- 5 b 1 a q u 12 3tt .s b 7 a_ 

CARD 1: $ 1 1 
_Jd\11...0 __ ,..2-'L: ___ A tlM 0 N lA-J1.ClL E C u LE, R_tlfL.S.LQ_:o:_3 Y...------------·-----------· 

CARD 3: 
_C).RD 't; 

CARD 5: 
CARD h: 
CARD.. ? : 
CAf!D 8: 

·cARD q; 

0 1 
1 

-1 1 10, 
1 1_1.o, 2 llS, 
1 1 1.01 2 i15~ 3 120!11 

.1 1 1 11 !H 2 115, 3 -120 
. . 

t2 3't5 b 7 8 9o 12 31t 5 b 78 9 0 i_~3't Sb 7_8 9 Ol2:;J!f 5b 18 9 !l.l..f.} 1r 5 b? 8 9UJ;.2 3'+ 5 b_]_~ 
UOOUOOOUU1illlll11122222222223333l33333''t'+'+'t'+'+'t'+'t555SS5555 .. 

This ··-matrix specifies a c3v NH3. molecule with NH bonds of. 1. OlA 

and angles of 115.0° from the c3 axis to one of the hydrogens. Card 5 

specifiet; ·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.Qptimization and Potential Surface Scan 

We now consider geometry optimizations. In this procedure, 

L202 reads not only the initial geometry,. but also ·specifications and 

step size fo~ parameters to be varied. However, these are used in different 

executions of the link; the initial geometry is read when L202 is e::ice-

cuted with IOP(5)=0, and the optimization data is read in subsequent 

entries when L202 is executed with IOP(5)=1. To specify a parameter to 

be varied, first assign sequence numbers to the floating point numbers in 

theZ-matrix:· first the internuclear distances (BL), then the internuclear 

angles (THETA) and finally the dihedral angles (PHI), . pr the. second 

internuclear angles. . The parameters to· be varied together. are specified. 

4 on a card in the following format: 

(IVAR(I),I=l,l5), STEPSZ FORMAT(l5I2,Fl0.6) 

The IVAR(I). are the sequence numbers of the Z-matl:'ix variables whi.ch are . .. 

to be varied simultaneously using stepsize STEPSZ. A. couple of examples 

should illustrate this. 



. 
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Example 3B.5 RHF/ST0-3G geometry optimization of one bond length in H
2
o. 

CARD 1; 

·----------------~-------- -·- ··-·---·------ ---·-------··--··--.:_·-------. ·--·---~-~~ -· -- ··- ··--- . 
OOOUOOOOOllllllllL1~2222222223333333333~~~~~~~~'~55555&5555 
12 3 '+ 5 b. 7 8 Cl 0 1 2 3 ~ S b 7 13 'i 0 12 3 '+ 5 b 7 8 9 0 12 3 4- 5 h 7 8 !..\ Q]; c 3 ~~ 5 b 7 8 9 D 1 2 3 ~ 5 b 7 8 q 
·s 1 3 

·--CARD 2: h<..n.J~__.Jr.....L. ___ ~tu' A T E R -1'1 OJ.. E C u L E FHi FIST 0- 3 (; 0 P T1 ftiL_A_,__J-'-'I,_O=-N:..:...' ---------
CARD 3: 0 1 

_c 
CARD s: 1 .1 

CARD (: 

._CAffO a: 1 0 
c.A;:;D ~: 

oooou6oao1llllll111~22~2222223333333333~~~~~'+~'+~~ssssssssss 

Card 1 is the usual system control and specifying RHF/ST0~3G 

geometry optimization. 

Cards 2~7 specify the title, charge, multiplicity, and initial 

geometry for the water molecule. The two bond lengths 

are variables 1 and 2, while the angle is variable 3. 

Card 8 indicates· to the optimization program (L202) ·that the 

first variable (the first b9nd length) is to be 

optimized using a stepsize of .01!. 

Card 9, a blank card, terminates the reading of optimization 

parameters. 

Since only one of the ~~o bond lengths is being optimized, the 

initial c2v s:Ynfiiie"try·=of···this·· molecule will be lost during th~ optimization. 

If this is undesirable, both bond lengt.hs may be varied simultaneously 

and equally,. as is illustrated in the follo,~ing example. 

., 
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Example 3B.6. RHF/ST0-3G optimization of two variables simultaneously 

with equal stepsizes. 

CARD l: $ 
_-.!C~.&..Aao._Ru.O_.c.2 ..... :_--'-..ll:.CL-!...IO~....:.M"'-"'-'0Lf..C_.u.U.=L.!csE __ __,_,R.tiE.LST_0-3G_OPUJil.UllJJ_N.!...'--·------1 

CARD 3: 0 

·CARD 
CARD 
CARD 

't: 8 
5: 1 

7: 
8: t 2 --o.r 
q: . . 

1 2 3 't 5 b 78 q 012 3 't 5 b 7 8 q 0 l.£3 't 5 b 7 8 q 0 12 3 't 5 b 7.S q 0 12 3 1• 5 b 7 8 q 0 12 3 ~ 5 b 7 8 
OOOD0000011llllll1122222222223333333333't't't't~'t't't't't55~55S555 

car.ds 1-7 are the same as. in the previous example. 

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

are to be varied simultaneously using the stpsize O.OlA. 

Note that although twq z-matrix variables are involved, 

this is a ·single parameter optimization. 

card.9 terminates the list of parameters. 

The next example shows how both bond lengths canbe optimized 

independently. 
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Example 3B. 7. 

CAF.D 1: 

OOOOUOOOOllllllll1122222222223333333333'~~~~~~~'~55555555~ 
123,Sb7896123~5b78~Ql23~5b7890l23~5b789Q123~~b78qG123~Sb7f 
s 1 3 

CARD 2! r;; • W A~ E R M 0 L E C Ull..t RH F IS 1 G- 3 G 0 P T l,_,_i'l'--"'I'"""z~A_,_T_..I-=O..:...:N _______ _ 
CARD 3; 0 1 
CABO ~ i 
CARD s: 1 1 o.9b 

·cAF'Q b: l . 1 o.tth "2 . l 0"9 .. \j: 71 
CARD 1: . 
c·ARQ s: l, OL.Ul 
CARC q; 2 0~01 
CARD 10: 

123~Sb7890123~Sb789Q123~Sb7B90l23~Sb789ol23,5b789ol23~Sb7: 
OOOUUUOQOllllllllll22222222223333333333~~~~,~~~~~55SS55SS! 

Cards 1-7 are the same as before;. 

Card 8 indicates that variable 1 in· the Z~matrix (the first 

bond length) is to be optimized using the stepsize 0. 011~.~. 

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

optimization of the first parameter). 
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Several variables can be varied simultaneously using different 

stepsizes in the following way. On the firs.t card, list those to be 

variables to be varied by the first step size (in the usual format), and 

terminate the list by 1 99'. This indicates that the parameter description 

continue.s on ·the next card. On the next card list those variables to be 

varied by the second stepsize. If there are only two different stepsizes, 

terminate the list by a blank; otherwise, use 1 99' to indicate continuation 

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

The following example illustrates the use of this feature. 
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Example 3B.8: 

CARD 1: 
CARD' 2: 

-"cARD' '3: 

CARD s: 
CARD· h: 
CAftD 7: 
CAFD ~-.. , 
CARD 9' . 
CARD ltl: 

OO 00 00000 llllll·llllc2~ ~~ ~~z~9~~~~tt Sb 18 9012 J'tSb?8 9U l23lJ:Sb 7 b c 
I23~Sb]890l23~5b7890l_____ . . 

S 
1 ~EA MOLE.CULE.~ RHE/ST0~3G OPTIMiZATION riA _ . _ 

0 1 

1 299 

1 o.9b 
o.s.h ? i u q .. q. 

o.u1. 

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 ~sing 

stepsize 0.01A..· ij:owever, the '99'.as the last non-zero 

variable indicates that the parameter description continues 

on the next .card. 

Card 9 indicates that variable three (the bond angle) is also 

to be varied but a stepsize of 1.0° is used. 

Card 10 terminates the list of parameters. 
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Ex.;unple 3B. 8 {cont' d) 

... 
After the calculation. at. the initial geometry, both bond lengths 

are incremented by OoOlA, the bond angle is incremented by 1.0°, and the 

second calculation is per:formed. 'Thus, although three variables are being 

varied, this is a single parameter optimization. 
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The parameter specifications are read. by L202 one at a time • 

. The 'first time that L202 is executed with IOP(S)=l, the first parame.ter 

specification is read in. After that, a new parameter specification is 

read every fourth entry to ·L202 until a ·blank card is encount.ered. 

The input for a pol.:t:mtial surface scan is very similar to 

that for a geametry optimization. Onee again, this data is read in the 

first time that L202 is executed with IOP(5)=2. The specification of the 

parameter to be varied is the same. .as · for gepmetry op<:imizations, 

except that an additional card preceding the parameter specification must 

indicate the number of steps for that parameter (Format I2)). ·.The following 

example illustrates a potential surface scan. 



,-------------------------------------~- ----.-- -~~~~-
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Example 3B.9 

CARD 1: 

---·------
000000000111111111122222222223333333333'~~~~'~'''5555555555 
123*Sb789Ql23~5b7890l23~~b7a90l23,5b789U123~Sb789G12J~Sb7b9 

$ l * 
CARD 2: --~~~~L-----~~~A~T~E~R~M~OLECuLE POT~~N~'T~l~A~L~S~C~A~N~-------~--
CARD 3: 0 1 
CARD ~= 
CARD 5: 1 1 o.9b 
CARD . b; 1 1 (J.qh 
CARD 7: 

_CARD. a: 't 
CARD 
CARQ 

q: 
10: 

3 1 9 0 

l23,5b7~90l23'Sb789Q123~5b7890!23~5b789o!23'Sb789Q123'5b78q 
o o au a a o o u 11 1 1111 ~~a.a_a_3 3 3 3 3 3. 3 3 3 3 '+ ~ '+ ~ 't * '+ ~ ~ 't 55 5 s s s 55 s s 

Card 1, the system control card,· requests as RHF/ST0-3G potential 

surface scan. 

cards 2-7 specify the title, charge, multiplicity, and initial 

geometry for the H
2
o molecule. 

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

be calculated. 

Card .9 specifi_es 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 calculations with HOH bond 

angles of 109.0°, 110.0°, 111.0°, and 112.0°. As in geometry optimizations, 

parameter variation may involve sirnul.taneous incrernentation of several 

variables with equal or different stepsizes. This is illustrated in the 

following example. 
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Example 3B.l0 

OOUfrOOUOOllllllllll222~222222~333333333~''''~q~qqSS5555555 
.. · 2 3't5b789.n 1 2 3 4- Sb -/89n 12 3~5.b ZB qo J 23'+ ~18 9o L2 3't5b78 9G li! jq 5 b 7 8 

CARD 1: $ l '1-
__cAfifl......__a ....... • ._. __ i!AIElLJ:!OJ....E..C~ui..E._fitiELSIO- 3 G J::Q.IE.t!.LIAL.S..C.~J'~ 

CARD 3; 0 l 
~a~L·--~~----~------------~ 

CARD s: 
CAED h: 
CARD 1: 

l 
1 

1 u.qb 
. 1 0. 9b 

. --kaA~R~D~.~L-~--~--~------------------~-----------------------------
CARD 9: 1 299 o.o1 

_kAfiD_l. o : 3 ·------- 1. 0_ . ----
123~5b7BqOl23~5b78~0l234-Sb?B90l23~5b7890l23,5b789ola3qSb71 

iJoooooot,wll 1 111111 1 22222a2.222;3333333333tttt+ 1tttlf't'+'tlfs.s'ssssss• 

CaT:ds l.-7 are the same as before. 

Card 8 requests four points on the potential surface. 

Card 9 indicates that variables 1 and 2 a1;e to be varied by 

O.OlA each step, and that the parameter specificatfo~ 

continues on the next card. 

Card 10 specifies that variable 3 :;tlso be varied each step, 

but with stepsize 1.0°. 

Card li terminates the list of parameterso 
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3-B. 2 Data Input to L301 

Ic is unnecessary to supply data input to link 301 in those 

calculations employing a standard (internally stored) basis. It is 

poss;i.ble, hm11ever, for the user to supply' input data· to L301 to 

(a) perform limited modification of internaily .stored basis sets or 

(b) input non-internally stored (i.e. external)· basis sets. 

Various options, discussed below, control the use of these input features. 

Before describing. the exact· nature .. of the various input options, 

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

in Section 1. A shell is a set of basis functions cp with shared exponents. 
~ . . 

Gaussian 76 .s~pports 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 functions. A p-shell contains the three 

functions p , p ·and p ~ likewise built up from one to six primitive p-type 
X y Z 

gaussian functions. S·ince px' Py and Pz· primitive functions share exponents, 

.they constitute a primitive she.ll. d-shells may be defined t.o contain. the 

. 2 d 2 d 2 d d d six second-order gaussians dx , y , z , xy' xz' yz or the five d-

2 2 2 2 
functions dz -r , d '"Y , d , d , d • Finally, an sp-shell consists of x · xy xz · yz· 

up t·o 6 primiti '.te sp-shells (a· primitive sp-shell contains an s-function and 

a set of p-functions· (p , p · and p ) with a cormnon gaussian exponent). 
· · x y z 
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(i) The complete specification of a basis function cp~ appearing in 

* the i-th·shell is 

N 
I: dlq.l. 
k=l 

"( ,. ; 

In the above equation, ~ is expanded as a linear combination of N· primitive 
. IJ. 

. '2 '2 
gaussian functions X exp· (cxkfi r ). N is frequently referred to as the 

.degree .2f ·contraction. Note that the contraction coefficients dlq.!. depend 

on both k and ~ ~ndicating that functions of different angular momentum in 

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

of the primitive gaussian ~unction and fi is the scale factor.associated with 
I 

the i-th shell. ·X provides . the angular description of the basis func.tion 

and may tak~ on the values indicated in Table • . Note that a d-shell 

can be defined to contain the true d-functions (IOP(8)=1) or the 'six second-

order gaussians (IOP(8)=2). Completing the definition of ~(i),. r is the 
IJ. 

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

Table 2 

function. 

are the cartesian coordinates relative to the center of the 

To further illustrate the features described above, consider the 

* series of basis sets ST0-3G, 4-31G and 6-31G for the c~rbon a.tom. The 

ST0-3G basis on. any first row atom consists of only 2 shells. · One shell 

consists of a set of 3 gaussian functions least-squares fitted to a Slater 

ls orbital with an appropriate scale-factor; f.or the carbon atom, the ls 

orbital scale-factor is 5.67. The other shell. is a least-squares fit of 

* The super-script i will generally be included only when it is necessary 

to indicate the shell to which cp belongs. 
~ 

. I 
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TABLE 2. Values of X for s-, p- and d-shells. 

Shell X 

s 1 

p x, y or z 

2 2 2 
(second order X ' 

y , z , xy, xz or yz gaussians .d 

3z 
2 2 2 2 

(true d functions) -r 
' xz, yz, X -y or xy 
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3 gaussians to a Slater 2s and 2p orbitals with the constraint that the 

s and p functions have equal exponents. For carbon atom the 2 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 gaussians with a scale 

factor of unity. The second shell is a combination of three primitive 

sp-shells, again with a scale factor o.f unity. The third shell consists of 

a single sp-function with a scale factor of 1. 04. * The 6-31G basis has four 

shells and differs from the 4-31G basis in only ovo respects. First, .the 

innermos.t sqell is a contraction of six gaussians instead of four; and secondly 

the last shell is ad-shell (second order gaussian) •. 

With these definitions established, we discuss now the exact nature 

of L3"0l's input options, considering internal basis set modification first. 

Once a basis set has been specified by setting IOP(5) to IOP(8), it may be 

subsequently altered in either or both of two ways: reading in replacement 

scale-factors and reading in replacement polarization exponents. 

Replacement· scale factors are read in when IOP(lO) = 1 or 3. The 

format .of the required cards is (15I2~ 5Fl0. 4) •. One specifies the desired 

centers (up to 15) in the numbering established by the order in which the 

centers were read in in L202 and the scale-factor to be applied to each 

shell in the set of shells for the particular atoms. Table 4 tabulates 

the correlation between the floating~·point fields on the cards read and 

the shells to which the new scale-factors are applied. Input is terminated 

by a blank card. 
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Example 3B.ll Use of scale-factor input. 

o o o o o uo-o~811.11111 1!'i-2 22222222·~3-3 3 3·333333 ~ '+ ~-.-~-~~~-~~-;~5·5-s s 5 s s s 5 
123~5b7840l23'+Sb7890l23~Sb7a9o12J'+Sb78Go123~Sb7B9o123'+Sh7! 

CARD 1; S l 

--·~C~A~R~D--~2~:~--~2--~----------------------------~~~:------------------------
CARD 3: 3 1 11 1 

___ C.AEJ.lD_...J'+L':L_ __ _.,!'+'--------------------- ___ _,l ___________________ _ 
CARD 5: 5 1 1 
(:ARD b:. 

CARD . 7: ~ATEH~ RHF/ST0-3G, REPLACEMENT OF SCALE FACTORS 
CARD 8: o 1 
CARD 9: 8 
CARD_ lh..L ______ _l ____ .. ____L_!L.._9.:,.:bg,_,_~----::---------------~-------l 
CARD 11 : 1 l 0 ~ '1 b 2 . 1 U ~. '+ 71 ', 
CARD 12: 
CARD 13: 1 
CARP 1'+: 2 3 
CARD 15: 

'7" bb 
· 1. 2R 

I23'+5b7sqo123'+5b78qol23'+5b?89o~23'+Sb7B9ol23'+5b789gl23'+Sh78 

ooobooooollllllllll2?~22222223333333333'+'+'+ 1~'+'+'+'+'+'+~ssssssss 

-

In this example, cards 1,2 and 4 to 12 should al~eady be familiar. 

On card 3, evaluation of the dipole moment integrals has been omitted (1303 

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

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

GINPUT. Gard 13 specifies replacement scale factors for the oxygen atom, 

center 1. l~e are using the standard value for the ls orbital scale-factor 

and the Slater's rule value (2.275) for the valence shell. The standard ls 

orbita·l scale-factor for both hydrogen atoms is replaced by the optimum 

· ST0-3G value for the water molecule (1. 28}. Card 15 terminates scale-

factor input. 
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When IOP(lO) = 2 .or 3, the program will read in one card (4E20.10) 

specifying replacement polarization exponents (hydrogen atoms in the 
.l.J.. 

N-31GAA basis) and * * (first row N-31G. atoms or second row STO-NG atoms). 

The fields on the card are further detailed in Table 5 If a field is 

left empty, the program will use the defauit (i.e. internally stored value 

for the particular atom/basis). 
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TABLE 4 . Assignment of the Floating-Point Fields on Scale-Factor 

Replacement Cards. 

·Field(s) Columns Shells Affected 

STO-NG N-31Ga NN-31G 

1 31-40 ls ls ls 

2 41-50 2sp 2sp:( 
c 

2sp 

5i-60 
b c .c 

3 3sp 2sp 3sp·. 
0 l. 

e .. 
4 61-70 3sp0 

' 

a * ** Als.o N-31G and N-31G 

b . . 
Second row atoms only 

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



TABLE 5. 

Field 

.1. 

2 

3 

4 

Definition of Fields on Replacement Polarization Exponent 

card. 

Columns. Replacement 

1.-20 N-31G ** hydrogen p-exponent 

21-40 N-31G * first row atom d-exponent 

41-60 STO-NG * d-exponent for Na or Mg 

* 61-80 STO-NG d-exponent for AJ, to ce. 
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* Example 3B .• 12 6-31G calculation with replacement polarization 

exponents. 

···-----
ODUOUD00011lll1111122222~22223~33313333~~'t''~~~~~~SSSSSSS5S5bbbb 

1 2. 3 '+ s b 1 a ~ a l2 3 '+ s b 1 H ~ 0 1 2 3 ' s b ? a q g 12 3 '+ s b 7 a q o 12 3 ~~ s b 7 a q o 12 3 '+ s b 7 a c:t o 1 2 3 
CARD 1: s 1 
CAfiD 2: 2 1 
CARD "3: 31b.1 2. 111 11 

. CARn . 4- • '+ 1 
CARD 5: s 1 
r.AF<n .h• h 1 

CAf'D ?: 
CA6Q a; ME,TH~NG!,, RHFLb-31G*t REP!..ACEMENT OF POLARIZATION EXPONENTS 
CARD q: 0 l : ... 

_CARD lO: b 
CARD 11: 8 1 1.'+3 
CA8Q 1~: l l l.g9 ' l!J~L"'+:Zl221 
CARD 13: l 2 o.'~a 1 10'1.'+71221 3 180.0 
CARQ l'+: l 1 l.Q9 2· 109.~"?1221 '+ +bu.a 
CARD 15: 1 1 1.oq 2 1 o 'I ~ 'r 7 1 2 2 1 '+ -bo.o 
CA::1n lh" 
CARD 17: o.9 . . 

12 3 '+ 5 b? !:19 n 1 ;J 3 't 5 b 7 8 q n12 3 '+ 5 b 7 8 q o 12 3 '+ 5 b 7 8 'I 1112 3 1~ 5 b 7 8 9 o .12 3 '+ 5 h 7 8 q 0 12 3 
6ooutiaoooi1!1lll11122222222~2j333j33333'+'+'+''+'+'+'+'+'+5Ss~sssssSbbbb 

... .. 

In Example 3B.l2, RHF/6-31G * a single calculation is performed. 

The polarization exponent ad 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 ** . 

I 



Example 3B.l3. 
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Vinyl cation with modified scale-factors and 

modified polarization exponents. 

0000000001111111lll22222222223333333333~~~··~~~~~~55555S5555bbbbl 
123~5b789Ql23~5b789D12J~~b7890123~5b789Q123~Sb7890123~Sb7890123" 

CARD .1: ~ 1 . 
kAE. D.____2_.. 2 1 
CARD 3; 31~2 3 111 11 

" . . 
CARD s: 5 1 ··' 

CARD f..: h 1 -
CARD 7: 

.CARD 8: NON-CLASSICAL VINYL CAtiON, RHF/b-31G** (MODIFIED) ' 
CAF;D . q; 0 1 
CARD tn: _, 
CARD 11: b 1 o.bo7 
CARD 12: 1 .2 l.ObS 1 177 0 
CARD 13: b J. u.,bo7 2 . .l~fJtO 3 lBo.,o · ., . 

CARD 111: ·1 '+ l_OhS _l 177 0 3 o_o 
CARD 15: .1 1 1,1507 '2 90.,0 3 18o., 
CARD lb: 
CARD 17: 1.,15 .' 

CARD 1~: 1 -=1 t n 1 0 1 0 
.CARD 19; 2 If 5 1.,0 1,0 
CARD ;>n• 

l23~Sb7890l23LfSb789o123~Sb78~0123~5b7B9o123~Sb789ol23LfSb7890l23' 
OOODOUUUGllJ11111112222222~223333333333Lf*Lf'•~~Lf~~~SSSSSSSSS5bbbbb 

This example dem~nstrates how to modify both scale factors and 

polarization exponents. Note that the polarization exponent card is read 

before the scale-factor modification cards. Additionally, since the field 

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

p":""exponent is taken as L 15 instead of the standard 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 numberin·g of the various· centers; 

the dummy atom is not counted. 
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External basis sets may be read in to Gaussian 76 by setting 

IOP(5)=7 and IOP(6)=0. Further specification of the desired· external 

basis can be achieved by using IOP(8) (refer to Appendix for a listing 

of the overlay 3 options).· All external basis input is handled by routine 

GBASIS. 

The basic unit of information that routine GBASIS deals with is 

the shell definition block. A shell definition block, together with 

IOP(8), contains all necessary information to define a shell of functions. 

It consists of a shell descriptor card and from zero to six primitive 

gaussian cards. The she~l descriptor card has 5 fields with format (A4, 

A6, A4, 12, Fl0.4), and contains IBASIS, IORB,; !TYPE, NGAUSS and SC. !TYPE 

defines the shell type and shell constraint and may take on the values 

., s• 
,.#11>~ . ~ ~· .............. p·•, ·, --··D:', 1 

........ sp' and :, ..... SPD'' for respectively an s-shel:, 

p-shell, etc. NGAUSS specifies the number of primitive gaussian shells in 

the cont:ract.ion for the shell being defined and must be between 1 and· 6. 

The shell scale-factor is given by sc, IBASIS and IORB control where the 

exponents and coefficients (ak and d~).of primitive gaussian shells are 

taken from. When IBAS IS = .;. ... _ ·• 1 
, the ak and dk!J. are read in from cards 

and the contents of IORB are used only in the printing of the gaussian 

function table. The format of the·cards defining the ak and dk!J. ·is 4E20.10; 

field 1 contains ak and fields 2,· 3 and 4 contain the s-, p- and d-

•, 

coefficient for the particular primitive shell. NGAUSS such cards are required. 

The only acceptable non-blank value for IBASIS is ' ... STO' indicating that 

the ak and d~ 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, artd quite oft;:en several 

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

of a center identit'ier card, and one she.ll definition block for each 

shell.desired o~ the center(s) specified, and.is terminated by a card with 

·: 'Irn**' 1 in columns 1-4. The center identifier card has 35I2 format and 

simply gives the numbers of the centers on which the basis functions are to 
. ' 

be placed. 

The de~cription of input to GBASIS is now complete except for the 

first card and the last card. The first card (80Il) contains the degree 

of contraction for each shell in the calculation. Centers are delimited 

by a contraction of 0 and the list is terminated by a 9. If ~ecessary, 

the program will read additional cards until a. 9 is encountered. Overall 

input to GBASIS is terminated by a blank· card. 



TABLE 6. 

IORB 

.. r ;r 
,..r_,.. ... ~ls 

. '
1 ~~Ao .... 2s·' 

0 
;f ., 
. . ,..,..- ... 2p' 

it 3 IJ 
,.._~ ... ·- p 

STO-NG Shells Defined by IORB. 

Type of STO-NG Shell Defined 

Is-orbital 

2s~orbital 

a set of 2p-functions 

2s-orbital + a set of 2p functions with 

the S=P constrains 

3s-orbital 

a set of 3p-functions 

3s-orbital + a set of 3p-functions with 

the S=P constraing 

3.58 

* Required Type of Shell 

s 

s 

p 

sp 

s 

p 

sp 

* To be place-d right justified in field 3 of the shell descriptor .card. 
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Example 3B.l4 ·Triplet ~ethylene (5s3p/3s) uncontracted. 

OOOOOOOOOll!l1il11122222222223333333333~~~~·t~~~~~5~555SSSSSbbbbl 
t23~5b789pt?3~5b78~ol2315b7890123~~~7Hqo123~5bJ890l23~5b7Sqol23' 

CARD 1: $ .1 1 0 2 0 0 0 1 
_,.._C =A cR. u.D _.._2 .L· __ __,tj£..lti1..LE N E R A. 0 I C A.l...L_l R lE..L.E.L .. l!i.S_3.fL:L~)_.V A t\ _Q_u.LI._f'!_t;_y _f,;l,._O..l...__B A S J..§_ 

CARD 3; 0 3 
CARD q.; 

CARD s: 
CARD b: 
CARD 7: 
CARD 8: 
CARD 9: 

_cARD lG: 
CARD 11: 
CABO 12: 
CARD 13: 
CARD liJ.: 

CARD lS: 
CAFD lb: 

CARD 17: 
CARp iB: 
CARD 19: 
CARD 20: 
CARD 21: 

_ _cARD 22: 
CARD 23: 
CAFW ?'+: 

b 

1 1 1.oa 
l I • 0 8 

. 
11111111011101119 
"l 

Sl 
't5b·2~3 

S2 
b8~7971 

S3 
.1.5,3852 

Slf 
tt.oalb3 

ss 
o,29b83 

Pt 
lf-,18735 

P2 
o,asttos 

P3 
CARD 25: 0"19977 u.o 

__ c.AEJ)_2h_;_~*~*~B.!:!.*-----------.,---- ·--------­
CARD 2?; 2"3 

I __ c~~a~=----~-~S~l---= -----------------·· ··-----------; 
CARD 29: lt"S018 
CARD -=Jn· 
CARD 31: O,bB!~IJ.~ 

S2 

CARD 32: S3 
CARD 33: 0,151398 
C A R Q_ 3 4- : * * ~ * 
CARD 35; 

· ... 

OOODOOUU0111111111122222222223333333333lflf-~~'t~'tlflf't5SSSSSSSS5bbbb 

.. - ..... ----------·--··· ··········· 



Example 3B.l4 (cont'd) 3.60 

In this example, a fully uncontracted basis.is employed giving rise 

to 20 atomic orbital basis functions. Card 1 is the system control card, 

cards 2 to 7 specify the route and cards 8 to 13 specify the nuclear geometry. 

On card 3, IOP(5)=7 indicating to the program that an·external basis is to 

be read from cards; cards 14 to 41 constitute the requested input. card 14 

specifies the number of shells on each of the three centers and the number 

of primitive gaussian shells in each• shell. In more detail, the firs·t 

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 center 2. 

The one's punched in columns 10, 11 and 12 instruct GBASIS that center 2 

wiil have 3 shells, each containing one primitive shell. The ·zero in column 

.B again serves as a punctuation mark stepping the program to the next 

center. The last. center receives 8 shells consisting of one function each 

· and the Hs t is. termim\.ted 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 descriptor card, is blank, indicating that the gaussian exponents and 

contraction.coefficients for the shell will be read on the following cards. 

The 1 in the fourth field specit'ies that the degree of contraction is 1 and 

indicates to GDASIS that only 1 primitive gaussian card'.is to b2 read in 

following the shell descriptor card. The alphanumerie string ' ......... ~Pl' in 
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Example 3B.l4 (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 this shell to be a p-shell, containing a set of p.:.functions 

(px,py and pz). Finally, the last field contains 1.0, supplying the 

scale-factor for this shell. 

car·d 27 is an example of a primitive gaussian card. Here, there are 

4 fields,·an E2p.l0. The first field supplies the exponent, a=4.18735, 

for .this shell. Fields 2 and 4 (starting in columns 21 and 61 respectively) 

are blank, indicating that the s-.and d-coefficients for.this shell are zeroo · 

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 descriptor and (' ... ~~S') and the location of the non-zero coefficient 

on the primitive gaussian card (column 21) • 

.. 
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** Exampl~ 3B.15. 6-31G basis, fed in as external basis. 

In tnis 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 c()mpared to using ·the.internally 

. stored ver(i_ion. 

CARD 
CARD 
CARD 
CARD 
CARD 
CARD 
CARD 

.1: 
2: 
3; 
4- • .. 
s: 
b: 
]: 

o c u o o o o o o 11111111112 2 2 2 2 2 2 22233 3 3:3 3 3 3 33'+ q.·~·• •• lf-'+lf-'+ tt-5 55 s 5 s~s.sss b b b b t: 
? 2 3'+ 5 b I 8 q 0 1 2 3 '+ 5 b '18 q l1 1 2 3 If- 5 b 1 8 9 0 i 2 3 If- 5 b I 8 9 n 12 3 ·~ !::i b I 8 9 0 12 3 If- 5 b I 8 q 0 1 2 3 '+ 
s 1· 1 0 1 b 2 

WAfEH MOLE~uLEr HHF/b-31G**' EXPERIMENTAL GEOMETRy 
0 .! 

8 
1 
l 

1 o~9s'i' 
1 0 957 2 lO't 53 

OOOOOUOOGlllllllll!22222222223333333333't'tlf-~lf-lf-lf-lf-~'5S555SS55Sbbbbb 

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

** 6-31G (6-31G basis augtnented 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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--------------------~---- -------
UOUOOOOOOllllllll1122222222223333333333~~,~~~~~~~555~555555bbbbbb 
!a3~5~7R9ol?3'5b7890123'tSb7890l23~5b7890123~5b78qql23~Sb7890l23~S 

CARD 1; $ l 
CARD 2: 1 
CARD 3: 37 2 111 11 

CARD s: 5 l 

CARD ' (: 
CARD a: 
CARD 9: 

_C_AE_ 
CARD 11: 
CARD 12! 
CARD 13; 

1 
i o.qs7 
1 0.957 . 2 10~~3~----------------------------------------, 

-~fi_Q llf : h 3 11 0 3 11 0 3 1 1 q . 
CARD 15: 1 

___c_8RD lb: 15 
CARD 17: sqs~.b7lb31 
CARD 18: 825,23~9,72 

s b 1.0 
o.oo!B3lo7~'31f 
o .. ot39Sol7223 
O.,Ob8~'tS078lO. 

------~o~.-~271~33b~ 
O.,lfi'bl'i28981 

CARD 19: l~B,O~b9589 
__ c~~ 2o: S2.9b~~qqqs 

CARD 21: ~b,.B9757037 
_j;_~RD 22: S.,799b3535l O., ;15 B S 2 O.]...::::S-!.'t-=3~-------------------------~­

CARD 23: 2SPI 
CARD 2~: 15,855133~1 
CARD 25: 3~b7~U2b830 

CARD 2b: i,o3't3iS22' 

SP 3 0,9'1 
-o ,11!17775'~9~ 

CARD 27: 2SPO .SP 

.. O,l~B02b2b15 
1.13o7b7oo=3~----­

l 0,9H 
~ " D..__.2""""B,_,:,____.o ...... '"""2....,B,_.l...,l3 a 9 2 3o 1~u__ ________ _ 

CARD 29: D D 1 .1.0 
CARD 3o: o~Bo 0.0 
CARD 31: *~14* 

0.0?087't2b8t9 
0,.3397528280 
o.727J.S857b3 

.L.Jl ___ . __ . _______ _ 

0.0 1.0 

__ CA.u~~~~~~------------~-----------------------------------------
CA~D 33: lS S 3 1 9 20 
CARD 3~; 13.00773' 0.033~9~b0~3~ 
CARD 35: 1 .9b2079~2 0 9 23~72b9535 
CARD 3&: 6~~~~528953 o.8137S732b2 
CARD 37: lS S 1 .1~5 

-~~RO }B-~~219~-~~b~n ______ ~~-----------------------------------------
CARD 39: P 

__ CARD '+o: 1 41 15 
CARD ttl: *~* 

p l 1,0 
o.o 1,0 

·123~5&7890!23't5b789b123~5b7890l23'+Sb78qor23~5b7B9or23~Sb7H9ol23~ 

______ .u.o.u.o_...o_...u'"""oJlJlU..ll.lJ.__lllll2 2 2 2 ~~-2 2 2 2 3 3 3_3 3 3 .3 3 3 3 '+ ~-~ '+ ''~ ~ ~ '+ '+ s s s 5 s 55 s 55 b b ~~-, . 



:e:;xarnpre :::ro. XJ . scone . . "1 

Relative to·example 3B.14 , the following new features :are employed: 

1. Shells containing more than one gaussian. (See card 14 and note 

that two of the shell definition blocks have 3 gaussians contracted together 

and one block (the oxygen Is-orbital) has 6). 

2. This example utilizes sp-shells, two of which are present on the 

oxygen atom, .one a contract·ion of three primitive sp . ...:shells, the other 

uncontracted. Note in particular the use of .. , ,.,. SP' in field 3 of the cards · 

23 and 27. 

3. Use of d-shells. cards 29 and 30 define a d-shell to be placed 

on the oxygen atom. ·Because IOP(8)=2 on card 3, the six second-order 

• (2 2 2 d ) d gauss~ans x , y , z , xy, xz art yz are use • 

Note that both decks in example 3B.15 will produce the same final 

energy. Obviously the second.deck requires considerably more effort and 

presents greater opportunity·for error. 

Routine GBASIS has a limited capability to utilize so~e internally 

stored bases in external basis calculations. Currently, thisfeature is 

only programmed for the STO-NG bases. 
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Example 3B.l6. Hydrogen cyanide, ST0-3G external basis input. 

-------
0 0 0 0 0 0 0 0 011111111112 2··2 2 2·2-2 2 2.2)3.33 3 3-3 3 J-~~-;;v;,t If-~~'+ ITS S_S_S_S_S 55 55 b b b b-b ~ 
1 2 3 '+ 5 b 7 8 q a 12 3 '+ S b 7 8 ~ o ,12 3 ·~ S b 7 i:l C! _Ql_~ 3 't_S b 7 ~-~-O.l2 3'+ S b 7 H ~ £112 3 4- 5 b 7 8 q 0 1 2 3lf ~ 

CARD l: 
,. 
;;, 1 

-. C.AED 2 .• ~ __ l 
CARD 3: 37 111 1 

_C.i\RD If : ·If- 1 -
CARD s: .s 1 
rAhn .f..• h 1 
CARD 7: " 
CAnD 8 • • HYDROGEN CYANIDE, RHF/ST0 ... 3G 
CARD 9: 0 1 
CARQ lQ: 7 
CARD 11: b 1 1,153 
C8RQ l2: l 2· .L.o:zo 2 JJt!L._rJ 
CAli I) 1~: 

CARD l'f: 3JQ33Q39 -- ·-·----- ----------· -
CARD 15: 1 
CARQ lb: STO J.S s 3 b.,b7 -
CARD 1?: STO cSF :SP 3 1,95 
CARn lR• ~*tt* 

CARD 19: 2 .. 
~..EJL2o: ~IO !S s 3 5 Lbi 

CARD 21: STO .2SP SP 3 1,72 
CARD 22: **i1* 
CARD 2.3: 3 .. 
CARD 2'+: STG iS s 3 1 .. 2't 
CARD 25; **~~ 
CARD 2b: 

- .. 

·. l23~5b7890123'+5b7890123'+5b7B90123'+5b78q0123~5b7890123lfSb7H90!23~ 1 

0 0 0 0 0 u 0 u 011111111112 2 2 2 2_2 2 2 2 2 3 3 3 3 3 3 33_32_~ '+'+'+'+It'+'+'+ 't 55 55 55 55 55 b b b b b 

' 

Comparing this example with the previous external basis examples, 

the obvious difference is the absence of the. primitive gaussian .cards; the 

program takes the necessary data from internally stored tables. Note that 

the contents of field two is no longer arbitrary--it specifies the type .of 

STO-NG functions obtained as outlined in Table 7. The contents 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 by the 

fourth field. The scale factors, field five, have been· chosen in this 

example to coincide \-lith the internally stored values for carbon, nitrogen 

and hydrogen. 
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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. 

' .' 

OOOOOU000111111111122222222223333333333'tttt''~''''S55SSSS55Sbbbbb 
1 ~ 3 ~t 5 b 1 s ~a 12 ::1 tt 5 b 7 s '1 c 1 ~ .3 '+ s b is g a 1 ~ ;1 ' 5 b 7 a. q o .l2 3 i• s b 7 a go 12 3 ' 5 b 7 B go 12 3 't 

CARD 1: s l 
--'-CA!ifl__ 2...~_.2.__ -· 1 --

CARD 3: 37 111 1 
_kAB~tt_: '+ L 

CARD s: 5 1 
CA8D b : h 1 

CARD l: 21 1 
C86D 8 ; 3:21 ll l 
CARD ~: 5 1 
CM!D lQ: ~l 1 -2 
CARD 11; 371 1 .1 
CA~Il t2• b l 

CARD j,.3; 
CARD ~ !!: : SULEUR QXJDE, UHELST0-·3G 0 P T_IJiiZAli 0 N 
CARD 15: 0 3 
CAED 1 ,P._; 1 h 

CARD l jl; 8 1 1.4-72 
CAFil 1 ~ • 

CARD 1'1: 33310339 
.CARll ;Jn • 1 

CARD 21: STO 15 s 3· 15.,7 
_C.AEUL22: SHl 2SP sp 3 s.:t9 

CAFD 23: STO 3SP SP 3 2.05 
CARn ;:14-• 0 l) 1 1 n 
CARD 25: o,39 o.o 0,0 l,O 

__cARD 2b; :;.'nl:-::.-.'c 

CARD 27: 2 .. 
__ CARD 28; STO .LS ·s 3_2..J:~b 

CAR.C 29: STO 2SP ·SP 3 2.25 
CARn :tn• ">!r+•.);o'c 

CARD 31: 
. - . 

-·-~Af~D 32: 1 o . n t 
CARD 33:. 

123'+5b7890l23'Sb?89~!23~5b78q0123,5b7B9o!23,5b789U!23lfSb789Ql23tt 
OOOOOOUUOllllllllll22222222223333333333'+~t~~''+'+tttt5555SSSSS5bbbbb 

: 
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Example 3B.l7 (corit'd) 

In tl'lisexample, 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 when.the program executes L202 

the first time (card 2).. The input to routine GBASIS is cards 19 to 31; 

note the mixture of internally stored ST0-3G shells and an external shell 

(the polarization function) on the sulfur atom. The five d-functions 

2 2 2 2 
(3z ~r , x -y , xy, xz and yz) are used because IOP(5)=7 and IOP(8)=0 

on the two integral route cards (3 artd 8 in this example). When the 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 link 301 is subse-

quently re-entered (card 8) the program will recover the previously stored 

basis 0:0P.(5)=7 ·and IOP(6)=1) thus eliminating the need to read in the 

· bases again. (In earlier versions of the program,'. particularly Gaussian 70, 

it was necessary to :t:eau the basis .in for each point: calculated, four times 

in the current example.) cards 32 and 33 are read in subsequent re-executions 

of L202 (cards 7 and 10). 



4.1 

4. Control Input for Compound Jobs 

4A. External Initial Guesses 

A compound job. consists of two executions, .the second of ~-1hich 

uses output from the first. The most commoritype of compound job is one 

in which the converged MO coefficients from one job are read as an initial 

guess to a subsequent job. RHF/ST0-3G MO coefficients, for instance, may 

be used as an initial guess in a RHF/6-31G* calculation. In this case, 

the first job must save the·necessary information, and the seconq must 

. read it back in. 

Output .from a job can be saved by using the "punch" options~ 

The information is not really punched onto cards, but rather is written 

onto FORTRAN unit 8. The contents of this unit can then be saved on a 

disk file, for instance, to be read later by another job. Usually, for 

the initial guess, both the basis set and. MO coefficients from the first 

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

be done: 



------

CARD 1: 
CARD ~; 

CAnD 3: 
CARD 't : 
CARD 5: 

CARD 7; 
CARD 8: 
CARD q; 

_CARD 10: 
CAFiD 11: 
CARD 12: 
CARD 13; 

4.2 

Example 4A.l Write out basis and MO coefficients from RHF/ST0-3G 

single point calculations of H2o. 

000000D001lllllllll22222222223333333333't't't 1.'t't't't't't555S55555Sbbbbbl 
.12 3'+ Sb 78~0 12 3lt-Sb 78~012 3'+5b 7 8qQ.l23'+ 5b 789012 J't Sb 7 B9Cl23.'+ 5h789o 123'?' 
$ l 

2 
3 
'+. 
5 

WATER HOLEC~LE 
0 l 

8 
1 
1 

1 o.'ib 
1 o.~b 

"l 

1 1 

SAVE MO COEFS~-----~-----------------------

·-------'-------·---· ·.,; 

. l 2 3 't 5 b 7 8 q 0 1 2 3 't 5 b 7 8 Cj 0 1 2 3 '+ 5 b 7 8 q 0 _,l2 3 '+ 5 b 7 8 q 0 1_2 3 ,. 5 b 7 8 9 c 1 2 _3 't 5 b 7 8 '"i 0 1 2 3 '+ ~ 
6oooooooolll1i1ll11222222~2223333333333,'+'+'+~'+'t'+~~ss5sssssssbbbb&~ 

This is just the usual route for a single point RHF/ST0-3G calculation, 

except that IOP(32) is set to 111 11 in overlays 3 and 5. In overlay 3, 

this indicates that L301 (Gli~PUT) should write the basis set onto unit 8, 

whi~e in overlay 5, it causes the final Md coefficient to be written. The 

user must insure that unit 8 is saved on permanent mass storage for later 

use (by ~se of the appropriate ·cnc control statements, for instance). 

The route above can be generated automatically by specifying the 

11punch 11 parameter (column 20) on the 11dollar sign 11 card: 

Card 1: $ 1 1 0 0 0 0 0 0 1 
AA - W A A ~ A A ~ 

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 HO coefficients 

are to be written to unit 8. 
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If the proper options are set in 1401, this data can be read in a 

·subsequent job, and used as an initial guess. The data is ~ead from unit 9. 

The key option is IOP(5) in 1401,. which specifies the type. of guess: 

IOP(5) ••• Type of guess. 

0 Projected Huckel-type 

1 Diagonalize core Hamiltonian 

2 Ruckel type 

3 ••• Read density matrix from unit 9. 

·\ .... 

4 Read density from unit 9 and project into space of· curr.ent 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 read are in a "different basis 

than that of the current job, then projection must be specified (IOP(5) = 

4 or 6). In this case, the guess (in the current basis) is formed by 

choosing those coefficients (or density matrix elements) which give the 

best (least-squares) fit to the data read. 
\ 
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The previol,ls example produced as output.the basis set and final 

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



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

------
0 o o o u o a o u 11111111112 2 2 2 i 2'2 2 2 2 3 3 3 3-3;; 3 3 3 3 It 't '+ 't lr lf.'t 't '+ •• 5 s 5 s s s s s !:i 

·CARD 1: 
CARD 2: 
CARD .3: 

.CARD 'i • 
CARD s: 

·CARD· .. , : 
CARD 8: 
CARD 9: 

_C..AfiO 1 0: 
CARD 11: 
CAf'O 12; 
CARD 13: 

t23·'t Sb 7 8 90J,2 3'+ S b 78 GO 1~ 3 if Sb; 89012 ]If 5 b 78 9..QJ, 2.3't~b7 H<iQJ2 J'+ Sh7 i: 
s 1 

2 

5 

0 l 
a 
1 

WATEB 

111 l 

1 

MOLECULE REAP MO COEFS 

2 109,..'+71 

t23'tSb78qOl?3'tSb78qol23'tSb78AQ123'+5b7B9oJ,23q5b1Sqal2~'tSb~ 

ooooooooallllllllll22222222223333333333'+~~'t't't'+'+'t'tSSssss5! 

This .is the usual route for a single RHF/ST0-3G calcula.tion, except that 

in overlay 4, IOP(S) 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 unit 9. The above route can be generated automatically 

with the single card: 

Card 1: $ 1 1 0 0 0 0 5 
1'\oA A A "'-' .,_ h A 

The 1 5 1 in column 16 specifies the type of guess, and is the same as 

IOP(5) in overlay 4. 
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In the following examples, two input decks are given: the first 

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

. -
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4.7 

Example 4A3 •. Water molecule. RHF/ST0-3G MO coefficients used as a guess 

for RHF/6-31G* calculatio~. 

Deck 1: Save RHF/ST0-3G basis. and coefficients. 

CARD 
CARD 
CARD 
CARD 
CARD 
CARD·. 
CARD 

uo·uuuo 0 001111111111222.22 22 222333] 3333 33'+'+'+ 1~ 1• '+'+'+ '+ '+ 5 5S~55 55 s: 
I23'+~bl890l23'+5b7890123'+5b7890l23'+5b7890123'+Sb7890l23'+5h78, 

1: s ·1 1 1 
2: WATER MOLECULE, RHF/ST0-3G 
3: 0 1 . 
tt: 8 -
5: l 1 0,9b 
b: 1 1 0 9b 2 109.LJ.71 . 
7:. 

1 ~3'+ 5b78 9Q J.23lt Sb 78qQ 12 3'+ 5b 18 90.1,2 3'+ 5b 78 9Q 12 3'• Sb 7 8 9Q .l,.2 3'+5 b 7 8 
oo oo oou o o11111111112 22 22 2 2 2 2 2 3333 333 3 33 '+ '+ '+ '•'• '+'+ '+ '+ '+ s·5 ssss 5 !::75 

-- ·- .. 

· RHF/6-31G * k 2: calculation using projected guess. Dec 

OOOOOOU001111~111!i22222222223333333333'+'+'+'+'+''+'+'+'+555555SSS 
J~3'+5b789Ql23~5b789Ql23'+5b789gJ.23'+5b]89Q!23'+5b789Cl23~Sb78 

CARD .1: $ l 1 0 1 b 1 b 
CARQ ~: ~jATER MO!,.ECuLEt. RHF/b-31G*~ READ GuESS ---
CARD 3: 0 1 
CAoC ~; a -· -

CARD 5: 1 1 u.9h 
CAF<D h" 1 1 0 9_h ? 109 lJ-71 
CARD i' ; 

l 2 3 '+ 5 b 7 8 9 0 12 3 '+ 5 b 7 8 q 0 12 3 I~ 5 b 7 B 9 a .tn_ '+ 5 b 7 8 q 0 12 3 '1-? b 7 8 9 0 12 3 '+~. b 7 B 
OU000UOOU11111i111122222a22223333333333'+'+'+'+'+'+'+'+'+'+555555555 

_ _:__ 

.., 
.. .. 

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

final MO coefficients for RHF/ST0-3G water molecule. Deck 2 reads this 

guess in the RHF/6-31G * 
a from unit 9 and uses it to form an initial run. dat 

I 

! 
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Example 4A.4 RHF/4-31G MO coefficients used as guess in RHF/6-31G* 

calculation (water molecule). 

Deck 1: Save coefficients from RHF/4-31G calculations. 

----------"-------·-----------------··----

CARD .1: 

OOOOU00001llll1111122222222223333333333~~'~,,~~'~55SSSSS55 
123~5b78q0123~5b7890123'Sb78q0123~Sb7B~0123~Sb78q0123~5b78 

$ 1 .1 0 1 ' u 0 0 l 
_CARD 2; 

CARD 
~I.L_~_._ _____ _JH:l..!A~_T.!...Eb.!.!.R.,..-!-!M.Yo..!:!Lo..!oE~c .u L E , R H F 1'-3..l.!U_..§A.'LE ~~ o c a E F §--~---,.---

o 1 . 
._c._ R 

C-AFD 
CAFD 
CARD 

3: 

s: 
b: 
7: 

8 
1 
1 

. . . 
______ l_2 3 ~ 5 b 7 H q U J.a.li?. ~ .?_8 Cl O.:! .. ?.~~!S b l_~_QJ.~--~~+_? b 7 8 9 O_l~ 3'• 5 b 7.8 q 0 !_~-~ 4-5 ~2.~. 

O.OOOGUOOU111111ll!l2~22222222~333333333~~~~~~'''~555555555 

* Deck 2: RHF/6-31G. calculation.. Initial guess is read and projected. 

CARC 1: $ l l G l b l b 
.CA.E.D.~A T_i; R_li_Q_L._E Cl._J-Lf..L_Rii.E.L.b.-:? .. 1 G~_,___!iu!=.~$__t_RQL8.ttF /_~ -3.J,j; __ _ 

CARD 3: 0 l 
·_CARD If; 8 

CARD 5: l 
CARD bi 1 
CARD 7; 
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4B. Restarts of geometry optimizations 
. \ 

4.9 

It sometimes happens that an optimization run dies before the 

optimization is completed (max time exceeded, etc.). In 

this case, the restart fea.ture may be us.eful. 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 
Section 3B.) 

6. ~otal energy of incre~ented geometry~ Format (4X, E20.10) 

7. Total energy of third geometry. Format (4X, · E20.10) 

8. A card with stars in· columns 1-4 

9~ Blank card. 

All of this data is read by L202 when restart is specified by 

IOP (6 )=1. The usual input to L202 is given by items 1-3. The 

"initial" geometry specified should be that from the last successful 

extrapolation. If the total energies (6) and (7) are not available, simply 

omit these; the card with stars indicates that no.more energies.are avail.; 

. able~ If optimization of additional parameters is desired~ specification 

of these should precede the blank card (9). Some examples may clarify 

this: 
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Example 4B.l Restart of RHF/ST0-3G optimization of H2o. 

----·------------·---------·-- ····-··---------··--------. ·-----··-··---· - ----·---·--
000 00 0 0 01111111111222 2 2.2:222 233333 3333 3 1t 't 1t't 1~ 1 t 1t'+'+ 'f 5 55!:)555 55~ 
12 3'+ Sb ?89U12 3'+ 5 b 18 qO r2 3'+Sb 7 ~ 'l0123tt5b 7 8 tto 12 3 1

• Sb 7_8.q0123\fSb 78~ 
CARD 1: S 1 5 . 

_:_C .A.ED.~.-~---'-· -~_I_E ftJl9_1,£ ~-U.hf:_,_-'fi~-~- T A fiJ_Q.E_B_tif.LS T 0.:.:.3 G 0 F TJ!:t..I. .. 7.A.llQt! ___ _ 
CAF D 3: 0 1 

__ C_A_B_o__ '* : __ 8w.. __ _;_ 
CARD 5: 1 1 o.qb 
CAAD b: 1. l o.qb 
CAfiD 7: 
CARD a: ~7tt.qb0723 

CAf'D q; 1 2 (),01 
CA;:; 0 10 : --7 tt q ~-1 b 't 2,___ _________ -:..--------
CARD 11: **~~ 
_f MiD 12: 3. ----··· ........ ........-..----~-......... ----------!2.._-.J.L.--.....-_..,...------~---
CAFO 1.3: 

1 2 31f- Sb 78 q012 31f.S b 78 90123 '1-Sb 1'8 9U 12 31f So 78 9Q 12 '3 1t 5 b 78C\Q .1.23'+S·b 7 B't 
OOOUODOOOllllllllll22222222223333333333'+'+'+'+'+'+~'+'+'+555SSSSSSS 

Card 1 specifies restart of an RHF/ST0-3G geometry optimization. 

Cards 2-7 give the usual input to L202. 

Card 8 gives.· the total energy at the initial geometry. 

card 9 specifies a variable parameter and the stepsize. 

Card 10 gives the total energy at the incremented geometry. 

Card 11 indicates that no more energies are available, and the normal 

optimization will pick up here. 

Card 12 s.pecifies another variable parameter and stepsize. 

Card 13 terminate$ the parameter list. 
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.The route automatically generated by the system control card 

(1, above) is identical to that fora normal geometry optimization, except 

that IOP(6)=1 on the first entry to L202. This option indicates that . 

this is an optimization restart. 
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5. List of Options 

As indicated in section 2, various options (IOP(5) to IOP(34) 

are available on an overlay basis. These are read in by overlay _control 

cards or are implicit in a selected sta~dard route. A given option is 

valid for all links within an overlay. 

In this section, we list the options available to users of 

GAUSSIAN 76/QCPE •. 

' \ 



5.2 

SA. Options for Overlay 2 

LZ02 generates the cartesian coordinates 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. However, this 

link can, if desired, read the nuclear coordinate directly from card.s. 

During a geometry optimization, L202 is executed several times. 

The first time (a norm.<1.l P.ntry), it constructs the initial nuclear 

coordinates of the molecule from the Z-matrix that it read in. The second 

execution of L202 is a "continuation of the geometry optimization" (see 

. IOP(5)). At this point, it reads from cards a geometry parameter to be 

opt;tmized; and increments the coordinates in blank common accordingly. 

Subsequent entries to L202 are also 'continuations', but a.new parameter 

is read only every fourth entry. By incrementing the specified geometry . 

parameter and remembering the total energies calculated for each geometry, 

the program can find the minimum energy value for the parameter. 

IOP(5) ••• Type of entry to L202. 

0 This is a normal entry to L202, read in Z-matrix. 

1 This is a continuation of a geometry optimization, using the Z-matrix. 

2 This is a continuation· of a potential· surface scan, using the Z-matrix. 

3 Normal entry, read in coordinates in angstrom units. 

. . 

4 Normal entry, read in coordinates in atomic units. 

IOP(6) ••• Whether this is a restart 

0 No. This is a normal run. 

2 Yes. This is a restart of a gedmetry optimization. 
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lOP (7) ••• Punching of restart cards. 

0 Do punch these. 

1 •·· Suppress punching.of the restart cards. 

IOP(8) ••• Test of second derivat~ve during optimizations. 

0 Abort optimization run if neg~tive second deriva.tive is found. 

1 Do not abort. Extrapolate to extremum. 

·., 

IOP(9) ••• Printing of distance matrix. 

0 Print the distance matrix. 

1 Suppress printing the distance·tru:ltrix • 

. IOP(lO) ••• Fixing of near-tetrahedral angles. 

0 Do not look.for near-tetrahedral·angles 

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

IOP(ll) ••• Print reduction. 

0 Regular print is produced 

1 All printing except the title, charge, and multiplicity 

is suppressed. Printing of distance matrix is controlled 

by IOP(9). 
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5.4 

The options for overlay 3 are conveniently divided into those options. 

that specify the basis to be used (IOP(5) to.IOP(9)) and other miscellaneous 

infrequently used options (IOP(22) to IOP(34)) (debug, activation of special 

features, etc.). In what follows, the options are merely surmnariz.ed. ·Further 

information regarding. shell definitions and input examples are given in 

:Section 3B. Users are advised .to exercise caution in using.external bases, 

non-standard, features and the like; problems and conflicts can arise •. Use 

·of some options. produce voluminous output (e.g. IOP(33) = 3 or 4) while others 

can cause the program to run siowly (breaking the s=p constraint can easily 

double the two-electron integral evaluati·on time). 

IOP(S) and.IOP(6) ••• Specification of basis set. 

0 Minimal STO-NG basis where N is sper;:ified by IOP(6). 

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

7 External basis •. If IOP(6)=0, the basis is read in from cards. 

When IOP (6)=1, the basis in the R~.J-files is merged with the 

coordinates in blank common to produce the new basis. This feature 

is_useful in geometry optimizations employing an external basis by 

eliminating the necessity to read·the bas~s in for each energy cal-

culation in the optimization. 

IOP(7) ••• Addition of polarization functions to internal basis sets. 

0 No polarization functions are added to the basis set. 

1 IOP(S)=O, an uncontractedd-shell is added to each second row 

* atom, converting the basis to STO-NG • 
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IOP(5)=1, an uncontracted d-shell is added to each first·row atom, 

* converting the basis to N-31G • 

* 2 ••• IOP(5)=0, the STO-NG basis, described above is produced. 

IOP(5)=1, in addition to placing ad-shell on first row atoms,. the 

basis is further extended by the ·addition of an 

uncontracted p-shell to hydrogen atoms, producing the 

** 6-31G basis. 

IOP(8) ••• Selection of second-order gaussians/true d-functions ford-shells; 

0 •.. The selection is determined by the basis: 

1 

2 

* . N-31G 

·** N-31G 

••• 6 second-order gaussians, 

6 second-order gaussians, 

5 true d-functions, 
I 

General basis ••• 5 trued-functions. 

2 2 2 2 
All d-shells c.onsist of the 5 true. d~functions (3z -r ,x -y ,xy,xz,yz) 

All d h 11 . . f h 6 d .d . ( 2 2 2 · ) -s e s cons~st o t e secon -or er gauss~ans x ,y ,z ,xy,xz,yz 

IOP(9) ••• Specification of overall shell constraint. 

0 s, s=p or d, depending on the angular quantum number. 

1 s, p or d, depending on the angular quanfum number. 

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

IOP(lO) ••• Modification of internally stored bases. 

0 No modification 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 replacement polarization exponents. Further information on the 

use of this option is given in the section describing input to L301. 

3 ••• Read in both replacement scale-f~ctors and replacement polarization 

exponents. Note that the program will read the replacement polariza-

tion exponents before reading the replacement scale-factors. 

IOP(ll) to IOP(21) ••• inactive in G76/QCPE. 

IOP(22) Partial control of short-cuts and cutoffs in the two-electron 

d-integral program. 

0 Only regular cutoffs and. short-cuts 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 recotmnended for other bases (at least not without 

extensively examining the effects). 

IOP(23) ••• Definition of two.-electron integral scale-factor (not to be 

confused with. the scale-factors that appear in the basis set) •. 

0 

N 
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IOP(24) ••• Control of printing of gaussian function table. 

0 ••• The table is printed only if non-standard features are employed 

(e.g. external basis, replacement.scale-factors, etc.). 

1 the table is printed. 

2 The table is no't printed. 

IOP(2S).and IOP(26) ••• Specification of last two-electron integral link. 

co;o) The last link on the overlay 3 card is assumed to be the last 

two-electron link and has the responsibility of closing the 

two-electron file. 

(N,K) ••• NK is a two-digit octal number specifying the last two-electron 

link. 

IOP(27) ••• Handling of small two-electron integrals. 

0 .• •• 
-6 Integrals with magnitude less than 10 are discarded. 

N Discard integrals with magnitude less than 10-N. 

IOP(28) ••• Special accuracy option. 

0 No special features are involved. 

1 ••• Inactive .in G.76/QCPE .• 

2 Compute all two-electron integrals in L312, program UNCON. 

Note that Link 311 must be omitted from the route for this option 

to work properly. 

IOP(29·) ••• Coordina.te rotation. 

0 Coordinates are not rotated. 

1 Read one car~ (3E20.10) specifying the three Euler angles~' 9 and X· 

IOP(30) to IOP(31) inactive in G7()/QCPE. 



IOP(32) .•• Punch optie.n. 

0 No ·punching is performed. 

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

IOP(33) ••• Print option. 

0 No integrals are printed •. 

1 All one-electron integrals are printed. 

3 Print two-electron integrals in standard format. 

ll. Print two ... el.ectron integrals in debug format. 

5 Combination of 1 and 3. 

6 Combination of 1 and 4. 

IOP(34) ••. Dump option. 

0 ••• No dumping~ 

5.8 

l Vari.ous control words are dumped as they are modified or examined) 

and common I B/ is printed by L301. 

2 ••• Additionally) common /B/ is printed in each integral link and all 

the integrals are printed. 
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5C. · Ootions for Overlay 4 

This is a program which produces an initial guess to the 

solution of the SCF equations. This guess is in the form of molecular 

orbital coefficients and/or density matrices which are stored on the 
"' 

appropriate read-write files. The steepest descents procedure (Link 503)(G78 only) 

requires MO coefficients as an initial guess, while the classical SCF 

procedures (Links 501 and 502) require density matrices. Since a density 

matrix can be produced from the MO coefficients, but not viceversa, the 

·former is a more constraining requirement. 

There are several ways in which this guess may be produced. 

One easy way is to diagonalize the core Hamiltonian. In general, this is 

not a very good guess, but it is applicable to any basis set, and is 

available as an option~ 

Another type of guess is called the Ruckel guess,. which is modele~ 

·after extended Ruckel MO theory. Essentially, the initial guess is formed 

from internally stored constants (for more details see subroutine Ruckel). 

These constants were determined from studies· on internal minimal and split 

valence basis sets (ST0-3G, 4-31G, 6-31G), so the use of this type of guess 

with bases other than these is not recommended. 

This Ruckel guess can be applied to other bases in the following 

ways. The guess MO coefficients are formed from internal data as if there 

were an ST0-3G basis.set on the molecule. The guess MOvectors in the 

desired basis are then formed by choosing the vectors which give the best 

(least-squares) fit to those described in the ST0-3G basis. Since this 

will usually produce fewer than NBASIS vectors, the MO coefficient matrix 

must be completed with orthonormal vectors of the proper S)~etry if· the 
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full matrix is required (Link 503). This procedure is· called a projected 

Ruckel guess, and is applicable to any ba5is set. 

A still better type of guess, usually, is to read the coefficient 

or density matrix from cards. If the matrix read in is for a basis other 

than the one used in the current run, the matrix can :be projected (by a 

l.east-:squares fit) into the desired basis. Since the projected MO vectors 

can.be normalized and orthogonalized, and this is not possible for a projected 

density matrix, projection of MO coefficients usually produces a better 

·~uess than projection: of the density matrix. 

The options which determine the initial guess procedure to be used 

are described below.· 

IOP(5) ••• Type of guess 

0 Projected Ruckel guess 

1 Ruckel• guess 

2 Diagonalize the core Hamiltonian 

3
1
Read in the den~ity matrix from cards. 

4 Read from cards the dens.ity matrix in another basis and project it 

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

5 Read the MO coefficients from cards. 

6 Read.from cards the MO coefficients in another basis and project 

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

IOP(6) ••• Input of previous basis set information. .This is. used only 

when IOP(5)=4 or 6. 

• • • 0 The basis s.et information is to be read from cards in compressed form 

before the MO coefficient 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 Ruckel guess). 

0 Scan the diagonal elements and remove coincidental degeneracies. 

1 Do not scan diagonal elements. 

IOP(8) ••• Alteration of configuration. 

0 Do not alter configuration. 

1 Read in pairs of integers indicating which pairs of MO's are to 

be interchanged. Pairs are read until a blank card is encountered • 

••• 2 Read in (80!1) the occupation level of each MO. Normally values of 

Note: 

only zero or one .are used. Larger integers may be used to partially 

occupy an MO (OCC=l/N). · This option should not be used for the 

PHF procedure. 

If alteration of configuration is done on an open shell system, the 

program will expect two sets of data as described above: The first 

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

IOP(9) ••• Off-diagonal scale factor used in forming Ruckel matrix. 

0 Default (K = 1.65) 

N (K = N*O. 875) 

IOP (10) • ·•• Diagonal elements for Ruckel matrix 

0 Determine from internal data. 

1 Readin diagonal elements (8Fl0.4). For a blocked Ruckel guess, 

the program will read NBASIS values. For a projected Ruckel 

guess, it will read.rffiASIS values, where MBASIS.is the number of 

basis functions in a minimal basis set for. the system. 



IOP(ll) ••• Completion of coefficient matrix 

0 Do not complete 

1 After a projecte~ .guess, complete the coefficient matrix. 

5. 12 

IOP(l2) ••• Fractional occupation of MO's in partially filled degenerate sets. 

0 Do not adjust occupation levels. 

,. .. 1 Adjust the occupation levels. so that each of ·the orbitais in a degenerate 

set is equally occupied. 

IOP(l3) ••• Open or closed.shell. 

0 Use multiplicity to determine. 

1 Closed shell. 

2 Open shell. 

.IOP(l4) ••• Type of basis 

0 Use ILSW to determine 

1 Hinimal basis 

2 Extended basis 

IOP(l5) ••• Polarization functions on hydrogen 

0 ·Use ILS\v to determine 

1 No p functions on hydrogen 

2 Put a set.of P. functions on hydrogen 

IOP{l6) ••• Polarization functions on first row atoms 

0 Use ILSW to determine 

1 No d functions 

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

IOP(l7) ••• Polarization functions on second row atoms 

0 Use ILSW to determine 

1 No d functions on second row 

2 Put a set of d functions on· second rm-.1 



IOP(l8) :control of size of largest off-diagonal' element in EIGEN. 

See routine EIGEN for details. 

IOP(l9) ••• Five or six d functions 

... 

0 Use ILSW to determine 

1 Five d functions.· 

2. six d functions 

IOP(20) ••• Print option 

0 Print nothing 

1 Print.only t:he MO c~~rneients 

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

density matrix. 

IOP(21) ••• Blocking of the overlap matrix (only for blocked Ruckel guess) • 
. 0 Do not block 

... 1 Block off the overlap matrix before calculating the·transformation 
matrix. In order to reproduce a run from an earlier system, it 

is necessary to specify this along with 10~(5)=1. 

ED 



. /"' 

. 51). Options for OVerlay 5. 

The programs in overlay 5 -seek solutions to the SCF equations: 

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

solutions (IOP(5)) the program iterates ei.ther until the root-mean-squared 

·difference in qvo successive .density matrices is below the convergence 

threshold (IOP (6)), or until the maximum number of cycles is exceeded (IOP(7)) •. 

There ·are also extrapolation options (IOP (11)) which can help speed up the 

convergence. 

IOP(S) ••• Initial guess density matrix.. 

0 ••• Already on read-write file. This is either the output ·from L401, 

or the result of a previous SCF calculation (during optimiza-

tions, for instance). 

1 ••• Density matrix is calculated from MO coefficients obtained by 

diagonaliz;ation·of the co:re ·Hamiltonian. 

2 ••• The density matrix is to be read from un:i.t 9. 
4 

This must have. 

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(7) ••• Maximum number of cycles. 

0 Terminate iteration after twenty cycles. 

N Terminate iteration after 2**(N-l) cycles. 

IOP(lO) ••• Re-use of the previously generated set of two-electron 

integrals. Note that on electron integrals must ahvays 

be re-evaluated. 

0 Normal run, no res·tart. 

N Copy integrals from unit IUX(N) to IUX(l). See subroutine RESCLO. 

'• ... 
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IOP(ll) ••• Three-point extrapolation. This is a procedure for helping 

to achieve rapid converg~nce of the density matrix 

·elements. 

0 \{hen possible, perform a 3-point extrapolation. 

1 Suppress the extrapolation. 

IOP(l2) ••• Entry mode 

0 Normal entry, SCF is performed. 

1 Null mode entry is made only for possible punch. 

IOP(32) ••• Writing MO coefficients and a density matrix to unit 8. 

0 Nothing 

1 Write out final MO coefficients.· 

2 \.J'rite 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 coefficients 

2 Print final density matrix and.MO coefficient 

3 Print both each cycle of the SCF. 

IOP(34) ••• Dump option. 

0 No dump 

. 1. Turn on all .possible printing. 
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5E. Options for Overlay 6 

This program performs a Mulliken population analysis on a wa,•e 

function. The options are described below. 

IOP(5) ••• Open or closed shell. 

0 Use ILSW to determine. 

1 • • • Forced open shell. 

2 Forced closed shell. 

The remaining options are print/no-print options. If the 

value of the option is zero, the default value (given below) is assumed. 

If the option is s.et to 1, the information is printed, and if it is 2, 

the printing is suppressed. 

0 Default 

1 ••• Print. 

2 Do not print. 

• IOP(6) ••• Distance matrix. Default: No-print. 

10P(7) Holecular orbital coefficients. Default: Print. 

IOP(8) . . . Density matrix. Default: No-print • 

IOP(9) Full population analysis. Default: Print. 

IOP(lO) ... Gross orbital charges. Default: Print. 

IOP(ll) Gross orbital type charges. Default: No-print. 

IOP(l2) Condensed to atoms. Defaul.t: Print •. 

.. 
' 
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