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* Section 2 - Input Description *
* *
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This section of the manual describes the input to
GAMESS. The section is written in a reference, rather
than tutorial fashion. However, there are frequent
reminders that more information can be found on a
particular input group, or type of calculation, in the
'Further Information' section of this manual. There are
also a number of examples shown in the 'Input Examples'
section.

The order of this section is chosen to approximate the
order in which most people prepare their input ($CONTRL,
SBASIS/SDATA, S$SGUESS, and so on). After that comes run
type related input, then properties input, input for two
different solvation models, integral related input, and
finally CI/MCSCF input. The next page contains a list of
all possible input groups, in the order in which they can
be found in this section.

*

name function module:routine

Molecule, basis, wavefunction specification:

SCONTRL chemical control data INPUTA:START
$SSYSTEM computer related control data INPUTA:START
SBASIS basis set INPUTB:BASISS
SDATA molecule, basis set INPUTB:MOLE
SZMAT coded z-matrix ZMATRX : ZMATIN
SLIBE linear bend data ZMATRX :LIBE
SSCF HF-SCF wavefunction control SCFLIB:SCFIN
$SCFMI SCF-MI input control data SCFMI :MIINP
SMP2 2nd order Moller-Plesset MP2 :MP2INP
SGUESS initial orbital selection GUESS :GUESMO
SVEC orbitals (formatted) GUESS :READMO

Potential energy surface options:

$STATPT geometry search control STATPT:SETSIG
STRUDGE nongradient optimization TRUDGE : TRUINP
STRURST restart data for TRUDGE TRUDGE : TRUDGX
SFORCE hessian, normal coordinates HESS :HESSX
SCPHF coupled-Hartree-Fock options CPHF :CPINP
SHESS force constant matrix (formatted) HESS :FCMIN
SGRAD gradient vector (formatted) HESS :EGIN
SDIPDR dipole deriv. matrix (formatted) HESS :DDMIN
SVIB HESSIAN restart data (formatted) HESS :HSSNUM
SMASS isotope selection VIBANL:RAMS

$IRC intirisic reaction path RXNCRD: IRCX



$DRC
SSURF

dynamic reaction path
potential surface scan

Interpretation, properties:

$LOCAL
STWOEI
$ELMOM
SELPOT
SELDENS
SELFLDG
$SPOINTS
$GRID
$PDC
SMOLGRF
$STONE
SMOROKM
$FFCALC
STDHF

orbital localization control

J,K integrals (formatted)

electrostatic moments
electrostatic potential
electron density

electric field/gradient
property calculation points
property calculation mesh

MEP fitting mesh

orbital plots

distributed multipole analysis
Morokuma energy decomposition
finite field polarizabilities
time dependent HF NLO properties

Solvation models:

SEFRAG

effective fragment potentials

SFRAGNAME specific named fragment pot.

$FRGRPL
$SPCM
$SPCMCAV
SNEWCAV
$DISBS
SDISREP
$SCRF

Integral

SECP
SEFIELD
$INTGRL
$TRANS

MCSCF and CI wavefunctions,

$CIINP
SDET
SCIDET
$DRT
SCIDRT
$MCSCF
$MCQDPT
SCISORT
SGUGEM
$GUGDIA
$GUGDM
$GUGDM2
$LAGRAN
STREFDM2
STRANST

inter-fragment repulsion
polarizable continuum model
PCM cavity generation

PCM escaped charge cavity

PCM dispersion basis set

PCM dispersion/repulsion

self consistent reaction field

and integral modification options:

effective core potentials
external electric field
format for 2e- integrals
integral transformation

control of CI process
determinantal full CI for MCSCF
determinantal full CI

distinct row table for MCSCF
distinct row table for CI
parameters for MCSCF
multireference pert. theory
integral sorting

Hamiltonian matrix formation
Hamiltonian eigenvalues/vectors
le- density matrix

2e- density matrix

CI lagrangian matrix

2e- density backtransformation
transition moments, spin-orbit

DRC
SURF

LOCAL
LOCCD

TDHF

EFINP
EFINP
EFINP
PCM
PCM
PCM

SCRF

ECPLIB:
PRPLIB:
:INTIN
:TREFIN

INT2A
TRANS

and their properties:

GAMESS:
:DETINP
:DETINP
GUGDRT :
GUGDRT:
:MCSCF
MCQDPT :
GUGSRT:
: GUGAEM
GUGDGA:
: GUGADM
: GUG2DM
LAGRAN:
: TRF2DM
TRNSTN:

ALDECI
ALDECI

MCSCF

GUGEM

GUGDM
GUGDM2

TREFDM2

:DRCDRV
:SRFINP

:LMOINP
:TWEIIN
PRPLIB:
PRPLIB:
PRPLIB:
PRPLIB:
PRPLIB:
PRPLIB:
PRPLIB:
PARLEY:
PRPPOP:
MOROKM :
FFIELD:
: TDHEFX

INPELM
INPELP
INPELD
INPELF
INPPGS
INPPGS
INPPDC
PLTMEM
STNRD

MOROIN
FFLDX

:EFINP

:RDSTFR
:RDDFRL
: PCMINP
:MAKCAV
:DISREP
PCMDIS:
PCMVCH:
: ZRFINP

ENLBS
MORETS

ECPPAR
INPEF

WENCI

ORDORB

ORDORB

MQREAD
GUGSRT

GUGADG

CILGRN

TRNSTX



* this column is more useful to programmers than to users.

SCONTRL GIOUD ..vveevvetieietetetieee ettt et ettt e s e s st et eseas et et esses et et esssses et ess s et esssssesessasesesessesesesessasasess 4
SSY STEM ZIOUD ..ttt ettt ettt ettt et e a e e bt e bt e b e et e st e bt ebenbesbena et eneeneeneaben 13
SIS IOUD .ttt ettt ettt ettt ettt et ettt e be e te e st et e st e st e bt e st et e teeseenbeeheent et e et e ententeeseenaenseeseentens 17
BDFT GEOUD vouvevieietiietitetesteteeteseesestese e ete st ete st ese b ese s et essesassesessesseseseeseseesessesessesessesess et essesesseseeseseeseseesenis 17
BBASIS GIOUD ...vitiieeieiietieteett ettt ettt ettt et et et et e et e e teesessessesse st eseeseese et e s e s ensenseseeseeseesensenseneeneeseerans 20
BDATA GIOUP ...vvierieitinietiieteetete et ete et e e ete st et e st esese et e st esese et assese s et et esessesessesesseseeseseesessesessesassessesesesseseesenis 22
BZIMAT GIOUD...veuivirietenieteeetestetestese et eteete st ete st saeseeseseeseseesassese s esassesessesesseseeseseaseseesessesensesenseseesesesseneesens 30
BLIBE QIOUD ..vvveuiviuietinieteietesteteetesestesesteseetestese st esessesessesassesessesesseseeseseesese et eseeseneesensesensesensesessesesseseesens 33
BSCE GIOUD ..ttt ettt ettt ettt ettt et et ae e te e s e st et et et e ss et e et eseeseseeseneeseneeseseesensesenses et ese s eneeseneesens 33
SSCFMI IOUP ...ttt ettt ettt et et ea e et e s s s et ess s e s esessas et et esssseseseas et eseseasasesessssesesesssseseseassanas 36
SIMP2 GIOUD ..ottt ettt ettt ettt ettt et et e et et e e beestess e s e eseesseeseessesseesaesbesseeseensensaeseenseereensenseeseensens 37
SIMP2GRDD GIOUD ...ttt ettt ettt et et ae et e e s et e s e e et eneeseeseebeenesseneeneeneeneeneas 41
SIMP3 GIOUD ..ottt ettt ettt ettt ettt e et et eebe e st esb e s e e st esseeseessenseeseessenseeseensenseessenseereesseseeseensens 43
SIMPA GIOUD ..ottt ettt ettt et et ettt be e st et e b e e st e se et e ens e seebeenbebeeseent et e eneenbeebeenaeseeseentens 43
SGUESS IOUD ..ttt ettt et h e bt ettt e et eseeb e e b s b e st et e e eneeneenenbens 44
SVEC ZIOUP .ttt ettt sttt et b e bt ettt et s st b e bbbt et e st eneeneeaea 46
BSTATPT GIOUD .ottt ettt et ettt ete st ete b te e ta s esa s esess et e eseseeseseesessesessesessesassesensesassesessesesseseesenis 47
STRUDGE IOUD....uteuietietieiiieieieiet ettt st st e st et ettt ettt e bessesseseeseeseeseesessessessenseseeseesessessensensensenseseesensans 51
STRURST IOUP.c..cuteueetietietietistetetet et et eteetessetesteseeseeseesessessessenseseeseeseesessensensensesaeseesessessensensenseseesensans 53
FEORCE GIOUD ..vvviviiieieieeietestete sttt ettt et ettt se et e st et estese s et essesessesesseseeseseeseseesensesensesensesessesesseseesens 53
BOPHE QIOUP .vevivieietinieteeet sttt ettt ettt et ea et et s st e s et et e ss et et eseeseseesesesseseeseseesens et enses et esensesesseseesenas 56
FHESS GIOUD .vvevivieietiietetete sttt ettt ettt et e st et et e s et esess et e eseseesese et eneesensesensesensesenses et eseesesesseseesenas 56
SGRAD GEOUP....evveteeeieteeeeeeteteeee e te et et eaeae et et et s et eseaess et et e st et essas et et esessesesessesesesessasesesessasesessasesesnesasasas 57
SDIPDIR GIOUD ....vvevieevetieeeeeteteeeete ettt et eaees et et eas e et esese s et eseas et esessas et et essssesesessesesesensasesessesesesessasesesnessanas 57
SVIB GIOUD ...vcveeeeeeeeeeeteteee ettt ettt ettt ea st et e s eae s et ese s s esessas et et essaseseseas et eseses st et essasesesessasesesnnssanas 57
SIMASS GIOUD .ttt ettt ettt et ettt et e e be et et et e e st esbeeseesb e beeseestenbeeseenseeseestenbeebeebeentenseeseentens 57
SIRC GIOUP .ottt ettt ettt et ettt e be e teest e b e e st eseesseeseensesseeseenseeseensenseeseensensesseensensenseensans 58
SGRADEX GIOUD ...vvievvetieieeveteaeeteteeet et teae ettt e s ssss et eseas s es et ess et et esessesesessssesesessasesessssasesessssesesesssasas 61
BDREC GIOUD ..vvveriririetiietieete et ete et ese et eseeteseebe st esessetessesessesesses e st es e s eseeseseeseseesesseseseesessesensesasseseesesesseseesens 63
BSURFE QIOUP .vivitirieiieietetete ettt ettt ettt ettt te e be st ebe st esess et e s esessesesseseeseseesessesessesessesessesessesesseseesenas 66
BLOCAL GIOUP....vvirieriietiietietettetese et ettt ete st ete st e e s ese s eseeseseesesses et esessesessese s esessesesesessessesesessesesseseesens 68
STWOREL ZrOUD ..ottt ettt ettt ettt ettt s st et e st ese s et e s esessesesseseeseseesessesensesensesensesensesesseseesenis 70
FSELMOM GIOUD ....vivvvinietiietieteteetestetestesestetestesestesessesassesasesessesesseseasesessensssensesessesansesensesensesensesesseseesenes 71
BELPOT ZIOUD..euetiuietinietenietesteteetesesteeete st etestssesteseseeseseesassesessesasseseasesessesesseseeseseesensesensesensesessesessesessens 71
FSELDENS GIOUD.....cuvitiietiietieteteetettet et eteseetestete st etesseseseetssese et esseseseesessesessesessesessesesseseasesesseseesessesessesens 72
FSELFLDG GIOUP......cueetiuietieietietetieteteeteteeteseeteseetestesessesesseseesessssessesessesessesessetessesessessssesssesssseseesessesessasenis 73
FPOINTS GIOUP ..evvievevitetieteteeteaeeteeete et ete et ete et ete et ete st ese et esseseseesess et et ese s ese s ese st esessessesessesesseseseesesessensesenis 73
SGRID GIOUD -..evevveeeeevetieie et ettt ettt ettt et eas e et e s sas s et ese s et esesses et et essssesesess et esesesssesessssesesessaseseseasasasas 73
SPDIC GOUP ..ttt ettt ettt ettt e be e te e st e b e e st e st e e seestenbeeseeseenbeeseent e b e eseensenteeseentenseeseentens 74
SMOLGRE GIOUD ...vveevvieiecteteeeteteteeeet ettt eteas e st ae st ess s et esesses et et easssesesess et esesessesesesssesesessaseseseassanas 76
BSTONE GIOUD ...ttt ettt tet ettt et e seese st esestese s es et esessesessesesseseeseseesessesessesessesessesesseseesenas 77
SMOROKM GIOUP......viuietinietiiietiitetistestetesteteseete e tessesessesessesessesassesessesessessssesseseseesessesessesessesessesessessesesas 79
BEFCALQC GIOUP ...tiuteiieiietietieteetetet ettt ettt e te st et et e st e st et e esessessessenseseeseeseesessensensensesaeseeseesessensesseneeneaseasans 81

BTDHE GIOUD....teueetirietiietiieteeteteet et et e e e te st ete e se st e tessesesses e sesessesesseseeseseeseneesensesessesensesensesensesensesessesessenis 82



STDDFT EOUD vvtvivievenieteietesteteeteseeteseetesteteseesestesessesessesessesesseseeseseaseseeseneesensesessesensesensesesesensesesseseesens 86

STDVEC GIOUP....etirietiietiietieteitetestetete et testese st e sesse s e ses e sesessesaeseseeseseesensesensesessesensesensesesesessesesseseesenas 88
SEFRAG IOUD ...ttt ettt ettt et e b ste et esaeeteestesseeseessesseessessesseeseessesseessensansaassensesseessensesseessans 89
SERAGNAME GIOUD.....vitivitiitetiiteeteteee et etet et ettt ete et ete et ese et essesesseteasetessese s eseasesesessseseesessesessesens 91
SERGRPL GIOUP .....vcvevvetieeeteteecee e teee ettt ettt eseae s s et ese s et esessas et et essssesesess et esesessasesessesesesesssseseseasesasas 94
SPCIM GIOUP ...ttt ettt ettt ettt et ste et et e beestesbe st eseeseeseensenseeseenbenbeeseensenseeneenseeseensenseeseensens 95
FPCMOCAYV QIOUD ...ttt ettt ettt ettt et e st ese st et et ese s essesessebessesessesessebessebesseseeseseesessesenis 98
FNEWCAV GIOUP ..oovviiieiiieieteeetet ettt ettt ettt ettt e ssese st ese s ebe st ese s eseesessesessesessesessesessseseesensesens 99
BDISBS GIOUD ..vivinieuieiietietiete ettt ettt et e st e st et et e st e st eseeseesesesse st eseeseeseesensensensesseseeseeseasensenseneeseeeeesenes 100
FDISREP QIOUP ...vveuveviiieiieiietesietet it eteste e ese e et eseeteseeseseese st esassesessesessesessesaeseseesessesessesessesessesensesessenas 100
BSCRE GIOUD eevevivieieiiieteieteet ettt ettt et et te bt e s e se s et e s esseseseesese et essese s esesseseeseseeseseesessesassesensesessenas 101
BECP QIOUP ...cutviuietenietiietetett ettt ettt e e te e te st e te s et esses e sese s eseeseseeseseesensese s esesseseseseesesesessesansesensesensenes 101
SEFTELD GIOUP ...evevvevinietesietieteteeteeeteseeteseesassesessesessesessesesseseesaseesassesesesessesassesessesessenssansesansesensesessess 104
FINTGRL GIOUD .evtvievinieiiieeietesieteteteteteeetetesestesessesesseseeseseesaseeseseesesesessesessesessesessesassassesansesensesessesas 104
SEIMM . GIOUD . ...vttieiieteetieie ettt ettt et ettt e e ete e st esbeeteestessaeseessesseeseesseseessesseseessensansaessensesseensensenseenes 106
STRANS GIOUD .ttt ettt ettt ettt s e st e bt et e st et en e st es e ebesseete s et eneeneeneeneeseesenee 108
BIIDIO <ttt n e a ettt e b et e n e n e a e eh et e be et et et et eneeneenenee 109
SCIINP GIOUD. ..ttt ettt ettt ettt b e a e bttt st et s e st es e eb ettt e st et et et ene et e ebesbententensns 110
SIS IOUP ...ttt ettt ettt et s b e s bbb e e et s et e bttt et aeeaeere e 111
BCISVEC IOUD ..ttt ettt b et sttt et s bttt et e et et e sttt ebe et etententens 113
BDET ZIOUD .vovveviuietieietiietetete et esteteseete st ete e tessetesesessesesseseeseseeseseesesses et ese s esesseseseseesesasessesessesensesessenas 114
BCIDET GIOUD ..veuvevievetiietieteiteteseetetetetetesesesesessesesseseeseseesessesassesassesessesessesassesesseseesessesessesessesessesessess 114
BDRT GIOUP ..vvviritieietitetitete et ete et et ete st te st e et ete s et e sseseeseseesesseseseesese et et ese s esesesesesessesaesessesessesensesassess 116
BCIDRT GIOUP ..vvtveriverietestetestetestesesteseeteseesestesesesesses e sesesseseeseseesessesesesessesesseseesessesensesenssansesensesensanes 116
BIMICSCE IOUP...ueviuievinieteietieteteetetetete et e testesessesesses e seseeseseesessesessesassesessesesseseeseseesessesensesensesensesensens 117
SMOCQDPT GIOUD w.vrvvevinieriietietetieteeeteste et et estetessesessesesseseeseseeseseesessesessesessesesseseesessesensesansesensesensesensanes 121
SIMOCQFIT ZIOUP ..ttt ettt ettt sttt et ettt ettt steaeese st e ebensen e e st en e eseeaeeaesseneeneeneeneeneesenee 123
BCISORT GIOUD ..ttt ettt ettt ettt b et st et et e st es bt b et et et et et e st ebeebesb et et eneens 124
SGUGDRT ZIOUP ..ottt ettt ettt b et st e et e st eb e eb et et et et et et ene et e ebessentensensens 125
SGUGEM IOUD ..ttt ettt ettt h e bt ettt et s bt b e b et et et et e st ebeebe st et et ensens 125
BGUGDIA GIOUD ...vevvevieieiiteiietestetet ettt et et e s etesaeseseese s esessesessesessesesseseeseseesessesessesessesessesensesessanis 126
BGUGDM ZIOUD ....viuvetiieiiieeietetietet ettt te st e et eseeseseeseseesessesessesessesessesessesassesessessesessesessesessesensesessenis 127
BGUGDM2 GrOUP ...vvviveetinietiteteeteieetest et testete s tessesessesessesseseseesessesessesessesassesassessesessesesaesessesensesessesas 128
SLAGRAN GIOUD c.vrvveviieiiieiietesietetetet e te e te e tesesseseeseseesessesaseesessesessesessesessesesseseesessesessesensesensesensenas 129
STREDM2 QIOUD ...vcvevevietenietiietesteiesteseeteseesestssestesesesesesesseseesaseeseseesensesessesessesessesessessesensesansesensesensass 129
STRANST GIOUD weeveueetinietiietietetietestetestete e e tetesestesesaeseseseeseseeseseeseseesensesesesasesesesessesessasesansesensesensenas 130
$CONTRL group (optional)

This is a free format group specifying global switches.

SCFTYP together with MPLEVL or CITYP specifies
the wavefunction. You may choose from

= RHF Restricted Hartree Fock calculation
(default)



= UHF Unrestricted Hartree Fock calculation

= ROHF Restricted open shell Hartree-Fock.
(high spin, see GVB for low spin)

= GVB Generalized valence bond wavefunction
or OCBSE type ROHF. (needs $SCF input)

= MCSCF Multiconfigurational SCF wavefunction
(this requires $DET or $DRT input)

= NONE indicates a single point computation,
rereading a converged SCF function.
This option requires that you select
CITYP=GUGA or ALDET, RUNTYP=ENERGY,
TRANSITN, or SPINORBT, and GUESS=MOREAD.

ds =0 Requests cartesian basis sets (default)

=1 Allows the use of pure spherical basis sets. In this
instance, $d5 input group is read in and parsed.
Note that the current implementation of d5 option is
not compatible with non-standard molecular input
frames (custom orientations of axes).

MPLEVL chooses Moller-Plesset perturbation

theory level, after the SCF.

See S$MP2 and S$MCQDPT input groups.

=0 skips the MP computation (default)

= 2 performs a second order energy
correction. MP2 is implemented only
for RHF, UHF, ROHF, and MCSCF wave
functions. Gradients are available
only for RHF, so for the others you
may pick from RUNTYP=ENERGY, TRUDGE,
SURFACE, or FFIELD only.

=3 performs a third order energy
correction.

= 4 performs a fourth order energy
correction.

CITYP = chooses CI computation after the SCF,
for any SCFTYP except UHF.
= NONE skips the CI. (default)
= CIS single excitations from a SCFTYP=RHF
reference, only. This is for excited
states, with analytic nuclear gradients
available. See the $CIS input group.

= GUGA runs the Unitary Group CI package,
which requires S$CIDRT input.
Gradients are available only for RHF,
so for other SCFTYPs, you may choose
only RUNTYP=ENERGY, TRUDGE, SURFACE,
FFIELD, TRANSITN, or SPINORBT.



= ALDET runs the Ames Laboratory determinant
full CI package, requiring $CIDET
input. RUNTYP=ENERGY only.

Obviously, at most one of MPLEVL or CITYP may be chosen.

RUNTYP specifies the type of computation, for
example at a single geometry point:

= ENERGY Molecular energy. (default)

= GRADIENT Molecular energy plus gradient.

= HESSIAN Molecular energy plus gradient plus
second derivatives, including harmonic

harmonic vibrational analysis. See the
SFORCE and $CPHF input groups.

multiple geometry options:

= OPTIMIZE Optimize the molecular geometry using
analytic energy gradients. See $STATPT.

= TRUDGE Non-gradient total energy minimization.
See groups S$TRUDGE and S$TRURST.

= SADPOINT Locate saddle point (transition state).
See the S$STATPT group.

= IRC Follow intrinsic reaction coordinate.
See the S$IRC group.

= GRADEXTR Trace gradient extremal.
See the $GRADEX group.

= DRC Follow dynamic reaction coordinate.
See the S$DRC group.

= SURFACE Scan linear cross sections of the
potential energy surface. See S$SURF.

= RSURFACE Relaxed potential energy scans. See S$SURF

single geometry property options:

= PROP Properties will be calculated. A S$DATA
deck and converged S$VEC group should be
input. Optionally, orbital localization
can be done. See $ELPOT, etc.

= MOROKUMA Performs monomer energy decomposition.
See the $MOROKM group.

= TRANSITN Compute radiative transition moment.
See the S$TRANST group.

= SPINORBT Compute spin-orbit coupling.
See the STRANST group.

= FFIELD applies finite electric fields, most
commonly to extract polarizabilities.
See the S$FFCALC group.

= TDHF analytic computation of time dependent
polarizabilities. See the STDHF group.

* x kK kK kK kK K* K*k K*k Kk Kk Kk Kk Kk Kk * * Kk * Kk Kk Kk k¥ * *



Note that RUNTYPs involving the energy gradient,
which are GRADIENT, HESSIAN, OPTIMIZE, SADPOINT,
IRC, GRADEXTR, and DRC, cannot be used for any
CI or MP2 computation, except when SCFTYP=RHF.

* k kK kK kK Kk Kk K* K* Kk Kk Kk Kk Kk k¥ * * Kk Kk K*x Kk kK * K *

EXETYP = RUN Actually do the run. (default)
= CHECK Wavefunction and energy will not be
evaluated. This lets you speedily
check input and memory requirements.
See the overview section for details.

= DEBUG Massive amounts of output are printed,
useful only if you hate trees.

= QFMM obtain timing statistics of the various QFMM stages
during SCF.

= routine Maximum output is generated by the

routine named. Check the source for
the routines this applies to.

MAXIT = Maximum number of SCF iteration cycles.
Pertains only to RHF, UHF, ROHF, or
GVB runs. See also MAXIT in S$MCSCF.
(default = 30)
* Kk k* X*x k% *x %
ICHARG = Molecular charge. (default=0, neutral)
MULT = Multiplicity of the electronic state
=1 singlet (default)
=2,3,... doublet, triplet, and so on.

ICHARG and MULT are used directly for RHF, UHF, ROHF.
For GVB, these are implicit in the $SCF input, while
for MCSCF or CI, these are implicit in S$DRT/SCIDRT or
SDET/SCIDET input. You must still give them correctly.

* *x Kk k* *x *x %

ECP = effective core potential control.
= NONE all electron calculation (default).
= READ read the potentials in S$ECP group.
= SBKJC use Stevens, Basch, Krauss, Jasien,

Cundari potentials for all heavy
atoms (Li-Rn are available).

= HW use Hay, Wadt potentials for all the
heavy atoms (Na-Xe are available).

* *x k* * *x *x %

* * * the next three control molecular geometry * * *



COORD = choice for molecular geometry in S$DATA.

= UNIQUE only the symmetry unique atoms will be
given, in Cartesian coords (default).

= HINT only the symmetry unique atoms will be
given, in Hilderbrandt style internals.

= CART Cartesian coordinates will be input.
Please read the warning just below!!!

= ZMT GAUSSIAN style internals will be input.

= ZMTMPC MOPAC style internals will be input.

= FRAGONLY means no part of the system is treated
by ab initio means, hence $DATA is not
given. The system is specified by $EFRAG.

Note that the CART, ZMT, ZMTMPC choices require input of
all atoms in the molecule. These three also orient the
molecule, and then determine which atoms are unique. The
reorientation is very likely to change the order of the
atoms from what you input. When the point group contains
a 3-fold or higher rotation axis, the degenerate moments
of inertia often cause problems choosing correct symmetry
unique axes, in which case you must use COORD=UNIQUE
rather than Z-matrices.

Warning: The reorientation into principal axes is done
only for atomic coordinates, and is not applied to the
axis dependent data in the following groups: $VEC, S$SHESS,
SGRAD, S$DIPDR, $VIB, nor Cartesian coords of effective
fragments in $SEFRAG. COORD=UNIQUE avoids reorientation,
and thus is the safest way to read these.

Note that the choices CART, ZMT, ZMTMPC require the use
of a $BASIS group to define the basis set. The first
two choices might or might not use $BASIS, as you wish.

UNITS = distance units, any angles must be in degrees.
= ANGS Angstroms (default)
= BOHR Bohr atomic units

NZVAR = 0 Use Cartesian coordinates (default).

= M If COORD=ZMT or ZMTMPC and a $ZMAT is not given:
the internal coordinates will be those defining
the molecule in S$DATA. In this case, S$DATA must
not contain any dummy atoms. M is usually 3N-6,
or 3N-5 for linear.

= M For other COORD choices, or if $ZMAT is given:
the internal coordinates will be those defined
in $ZMAT. This allows more sophisticated
internal coordinate choices. M is ordinarily
3N-6 (3N-5), unless $ZMAT has linear bends.

NZVAR refers mainly to the coordinates used by OPTIMIZE
or SADPOINT runs, but may also print the internal's
values for other run types. You can use internals to
define the molecule, but Cartesians during optimizations!

LOCAL = controls orbital localization.
= NONE Skip localization (default).



BOYS Do Foster-Boys localization.

RUEDNBRG Do Edmiston-Ruedenberg localization.

= POP Do Pipek-Mezey population localization.
See the $LOCAL group. Localization
does not work for SCEFTYP=GVB or CITYP.

DFTTYP = Functional

pure exchange functionals (no correlation)
LDA exchange:

SLATER Slater exchange, no correlation

LSDA the same as SLATER

GGA exchange:
= B88 Becke 1988 exchange, no correlation
XPWIO1l Perdew-Wang 1991 exchange, no correlation
= GILL96 Gill 1996 exchange, no correlation
XPBE96 Perdew-Burke-Ernzerhof 1996 exchange, no correlation
OPTX Handy-Cohen 2001 OPTX exchange, no correlation

pure correlation functionals (Hartree-Fock exchange)
LDA correlation:
VWN1RPA Hartree-Fock exchange, VWN formula 1 RPA LDA

correlation
= VWN5 Hartree-Fock exchange, VWN formula 5 LDA correlation
= PWI91lLDA Hartree-Fock exchange, Perdew-Wang 1991 LDA
correlation

GGA correlation:
= LYP Hartree-Fock exchange, Lee-Yang-Parr 1988 correlation
CPBE96 Hartree-Fock exchange, Perdew-Burke-Ernzerhof 1996
nonlocal +Perdew-Wang 1991 LDA correlation
CPWO1l Hartree-Fock exchange, Perdew 1991 nonlocal +
Perdew-Wang 1991 LDA correlation

exchange-correlation functionals

= SLYP Slater exchange, Lee-Yang-Parr 1988 correlation

= BLYP Becke 1988 exchange, Lee-Yang-Parr 1988 correlation

= GLYP Gill 1996 exchange, Lee-Yang-Parr 1988 correlation

= XLYP Extended exchange functional (a combination of Slater,

Becke 88, and Perdew-Wang 91 exchange functionals) of
Xu and Goddard III, Lee-Yang-Parr 1988 correlation

= OLYP OPTX exchange, Lee-Yang-Parr 1988 correlation (

= SVWNIRPA Slater exchange, VWN formula 1 RPA correlation

= BVWNIRPA Becke 1988 exchange, VWN formula 1 RPA correlation

= SVWN5 Slater exchange, VWN formula 5 correlation
= BVWN5 Becke 1988 exchange, VWN formula 5 correlation
= PBE96 Perdew-Burke-Ernzerhof 1996 exchange,

Perdew-Burke-Ernzerhof 1996 nonlocal +
Perdew-Wang 1991 LDA correlation

PBEPW91 Perdew-Burke-Ernzerhof 1996 exchange,
Perdew 1991 nonlocal + Perdew-Wang 1991 LDA
correlation

PWol Perdew-Wang 1991 exchange,
Perdew 1991 nonlocal + Perdew-Wang 1991 LDA
correlation



MOLPLT

PLTORB

AIMPAC

RPAC

hybrid functionals
B3LYP1 B3LYP as implemented in NWCHEM and GAUSSIAN 98,
using VWN formula 1 RPA correlation
B3LYP5S B3LYP as implemented in GAMESS (US),
using VWN formula 5 correlation

B3LYP either B3LYP1l or B3LYP5 depending on the value of
B3LYP keyword in the S$DFT group, see later.
X3LYP Extended exchange functional (a combination of Slater,

Becke 88, and Perdew-Wang 91 exchange functionals) of
Xu and Goddard III + Hartree-Fock exchange,
O3LYP1 Slater + OPTX + Hartree-Fock exchange,
VWN formula 1 RPA + Lee-Yang-Parr 1988 correlation
O3LYP5 Slater + OPTX + Hartree-Fock exchange,
VWN formula 5 + Lee-Yang-Parr 1988 correlation
O3LYP The synonym of O3LYP5
NOTE: FOR ALL O3LYP FAMILY FUNCTIONALS,
SEE THE DESCRIPTION OF THE O3LYP OPTION BELOW!
BHHLYP Becke 1988 + Hartree-Fock exchange, Lee-Yang-Parr 1988
correlation
PBEO Perdew-Burke-Ernzerhof 1996 + Hartree-Fock exchange,
Perdew-Burke-Ernzerhof 1996 nonlocal +
Perdew-Wang 1991 LDA correlation
PBE1PW91 Perdew-Burke-Ernzerhof 1996 + Hartree-Fock exchange,
Perdew 1991 nonlocal + Perdew-Wang 1991 LDA
correlation
B3PW91 Slater + Becke 1988 + Hartree-Fock exchange,
Perdew 1991 nonlocal + Perdew-Wang 1991 LDA
correlation

* * interfaces to other programs * * *

flag that produces an input deck for a molecule
drawing program distributed with GAMESS.
(default is .FALSE.)

flag that produces an input deck for an orbital
plotting program distributed with GAMESS.
(default is .FALSE.)

flag to create an input deck for Bader's atoms
in molecules properties code. (default=.FALSE.)
For information about this program, contact
Richard F.W. Bader
Dept. of Chemistry
McMaster University
Hamilton, Ontario L8S-4M1 Canada
bader@sscvax.cis.mcmaster.ca

flag to create the input files for Bouman and
Hansen's RPAC electronic excitation and NMR
shieldings program. RPAC works only with

RHF wavefunctions. (inactive)



FRIEND string to prepare input to other quantum
programs, choose from

= HONDO for HONDO 8.2

MELDF for MELDF

GAMESSUK for GAMESS (UK Daresbury version)
GAUSSIAN for Gaussian 9x

= ALL for all of the above

PLTORB, MOLPLT, and AIMPAC decks are written to file
PUNCH at the end of the job. The two binary disk
files output by RPAC are written at the end of the
job. Thus all of these correspond to the final
geometry encountered during the job.

In contrast, selecting FRIEND turns the job into a
CHECK run only, no matter how you set EXETYP. Thus the
geometry 1s that encountered in $DATA. The input is
added to the PUNCH file, and may require some (usually
minimal) massaging.

PLTORB and MOLPLT are written even for EXETYP=CHECK.
AIMPAC requires at least RUNTYP=PROP. RPAC requires at
least RUNTYP=ENERGY, and you must take action to save
the binary files AOINTS and WORK15.

* * * computation control switches * * *

For the most part, the default is the only sensible
value, and unless you are sure of what you are doing,
these probably should not be touched.

NPRINT Print/punch control flag
See also EXETYP for debug info.

(options -7 to 5 are primarily debug)

= -7 Extra printing from Boys localization.

= -6 debug for geometry searches

= -5 minimal output

= -4 print 2e-contribution to gradient.

= -3 print le-contribution to gradient.

= =2 normal printing, no punch file

= 1 extra printing for basis, symmetry, ZMAT

= 2 extra printing for MO guess routines

= 3 print out property and le- integrals

= 4 print out 2e- integrals

= 5 print out SCF data for each cycle.
(Fock and density matrices, current MOs

= 6 same as 7, but wider 132 columns output.
This option isn't perfect.

= 7 normal printing and punching (default)

= 8 more printout than 7. The extra output

is (AO) Mulliken and overlap population
analysis, eigenvalues, Lagrangians,

= 9 everything in 8 plus Lowdin population
analysis, final density matrix.



NOSYM

Il
o

the symmetry specified in $DATA is used
as much as possible in integrals, SCF,
gradients, etc. (this is the default)
=1 the symmetry specified in the $DATA group
is used to build the molecule, then
symmetry is not used again. Some GVB

or MCSCF runs (those without a totally
symmetric charge density) require you
request no symmetry.

INTTYP POPLE use fast Pople-Hehre routines for sp integral
blocks, and HONDO Rys polynomial code for
all other integrals. (default)
= HONDO use HONDO/Rys integrals for all integrals.
This option produces slightly more accurate

integrals but is also slower.

When diffuse functions are used, the inaccuracy in
Pople/Hehre sp integrals shows up as inaccurate
LCAO coefficients in virtual orbitals. This means
the error in SCF (meaning RHF to MCSCF) energies is
expected to be about 5d-8 Hartree, but the error in
computations that OCCUPY the virtual orbitals may
be much larger. We have seen an energy error of
1d-4 in an MP2 energy when diffuse functions were
used. We recommend that all MP2 or CI jobs with
diffuse functions select INTTYP=HONDO.

FSTINT=.TRUE./.FALSE. Enables (default)/disables the use of the new
direct SCF code. For use with MCSCF algorithms,
either Smcscf SOSCF=.t or FOCAS=.t. may be used,
but fullnr method is not supported.

REORDR=.TRUE./.FALSE. Enables (default)/disables shells reordering
for even better direct SCF performance.

GENCON=.TRUE./.FALSE. Enables (default)/disables the use of the
special version of the fastints code designed
for general contraction (GC) type basis sets.
It is mainly intended to dramatically speedup

calculations involving large GC-type basis sets
like ANO basis sets by Roos et al (the example of pure GC
basis sets), and to some degree cc-pVXZ basis sets (which
are only partially of GC type), and many others. The code
is very efficient, but requires some additional amount of
memory, as well as has minor addition computational
overhead for setup. It can result in slightly different
energies than the standard fastints code using the same
value of ICUT and ITOL parameters, and does not improve
performance for pure segmented contraction basis sets at
all. This is why the gencon code automatically disables
itself if the basis set is not of GC type. It has no
effect at present on QFMM calculations. For use with MCSCF
algorithms, either S$mcscf SOSCF=.t or FOCAS=.t. may be
used, but fullnr method is not supported.



NORMF = 0 normalize the basis functions (default)
=1 no normalization

NORMP

Il
o

input contraction coefficients refer to
normalized Gaussian primitives. (default)
=1 the opposite.

ITOL = primitive cutoff factor (default=20)
=n products of primitives whose exponential
factor is less than 10** (-n) are skipped.

ICUT

Il
=]

integrals less than 10.0** (-n) are not
saved on disk. (default = 9)

WIDE = True. Wide format for vectors in S$VEC groups for both INPUT and
PUNCH files Default is .False.
= False. Normal format (which is standard for GAMESS) .

* * * restart options * * *

IREST = restart control options
(for OPTIMIZE run restarts, see S$SSTATPT)
Note that this option is unreliable!
= -1 reuse dictionary file from previous run,
useful with GEOM=DAF and/or GUESS=MOSAVED.
Otherwise, this option is the same as 0.
=0 normal run (default)
=1 2e restart (l-e integrals and MOs saved)
= 2 SCF restart (l1-,2-e integrls and MOs saved). Now allows
one to restart with the AOINTS file only, without
DICTNRY. 1l-e integrals will be recomputed if the old
DICTNRY file does not exist.
=3 le gradient restart
=4 2e gradient restart

GEOM

select where to obtain molecular geometry
INPUT from $DATA input (default for IREST=0)
= DAF read from DICTNRY file (default otherwise)

As noted in the first chapter, binary file restart is

not a well tested option!

$SYSTEM group (optional)

This group provides global control information for
your computer's operation. This is system related input,
and will not seem particularly chemical to you!

TIMLIM = time limit, in minutes. Set to about 95 percent
of the time limit given to the batch job so that
GAMESS can stop itself gently. (default=600.0)



MWORDS = the maximum replicated memory which your job can
use, on every node. This is given in units of
1,000,000 words (as oppsed to 1024*1024 words),
where a word is always a 64 bit gquantity. Most
systems allocate this memory at run time, but
some more primitive systems may have an upper
limit chosen at compile time. (default=1)
In case finer control over the memory is needed,
this value can be given in units of words by
using the keyword MEMORY instead of MWORDS.

KDIAG = diagonalization control switch
= 0 selects use of very stable and fast diagonalization routine
which requires large amount of extra memory. (default)
= -1 selects potentially less stable but even faster
diagonalization routine which uses less memory than kdiag=0
= -2 selects a combination of two above mentioned methods which
can be more stable than kdiag=-1, is usually as fast as
kdiag=-1 but requires as much memory as kdiag=0
= 1 use EVVRSP diagonalization. This may
be more accurate than Gamess (US) KDIAG=0.
= 2 use GIVEIS diagonalization
(not as fast or reliable as EVVRSP)
= 3 use JACOBI diagonalization
(this is the slowest method)

The Fastdiag dynamic library (fastdiag.dll in Windows PC GAMESS distribution

and fastdiag.ex in Linux version) contains fast optimized modern algorithms for
symmetric matrix diagonalization and inversion and is intended to improve the
performance of initial guess generation, DIIS extrapolation, as well as some
other computationally-intensive steps. You should put it into the same folder

as the PC GAMESS executables (Windows users) and in your working/scratch
directory (Linux users). It should be renamed to be all lower-case (Linux users).

Note that fast diagonalization routines uses extra memory which is not
taken into account during check runs at present. Thus it is recommended to
reserve some additional amount of memory for diagonalization routines. For
example, i1if you have a job with 1000 basis functions, it is a good idea to add
ca. 2.5-3MW of memory for diagonalization purposes. Otherwise, the slower
built-in routine will be called if the amount of memory is not enough to use
the fast routines.

Finally, it should be noted that fastdiag is not compatible with and is not
used by the generic Pentium PC GAMESS version.

NOJAC = n never use Jacobi diagonalization for matrices of size n x n
and above. Recommended for "large-scale" CI and MCSCF
calculations (i.e. systems having large number of basis
functions (e.g., 1500) and relatively small active spaces
(e.g., 12 electrons/12 orbitals).

COREFL = a flag to indicate whether or not GAMESS
should produce a "core" file for debugging
when subroutine ABRT is called to kill
a job. This variable pertains only to



FASTE =

SAFMEM

LDAR

TRUNCF

UNIX operating systems. (default=.FALSE.)

False. Normal operation
True. Turns on the usage of fast (non-fortran) sequential file

access routines. This increases the overall performance,
and allows PC GAMESS to handle large (> 2Gb) sequential
access files under Windows NT.

The size of the safety memory pool (in double precision
words), which is used by several parts of PC GAMESS in the
case when there is not enough dynamic memory to perform
current operation. In some cases, the PC GAMESS tries to use
slightly more memory than the amount available. Then,
increasing SAFMEM can help.

The default value of LDAR parameter (the size of direct access
file record) for S$SINTGRL, S$GUGDM2, S$STRFDM2, S$CISORT, and
SMCSCF groups. Default is 2045

= .False. The existing files of non-zero length are not truncated

when being (re)opened for writing. This may be useful in
some cases, for (almost) all the needed disk space is
permanently (pre)allocated at the beginning of your PC
GAMESS run, which prevents other disk-intensive programs
from causing GAMESS to die in future if the free disk
space is exhausted. It has an effect only if FASTF is
set to True.

= .True. The files are truncated while being (re)opened for

WSCTL

writing. This is the default behavior, which results in
the faster write operations. Default is .True.

= .False. Normal operation. The operating system controls the

amount of physical memory (the size of the working set)
used by the PC GAMESS.

= .True. The PC GAMESS tries to allocate the working set as

MAXWS

large as the amount of memory needed for the current
operation. Roughly speaking, the process working set is
the amount of physical (not virtual!) memory that is
allotted to the process. Thus, this strategy usually
considerably reduces paging in the case of memory-
demanded jobs. On the other hand, this can leave less
physical memory available to other processes and to the
operating system itself. See also FAQ for information
concerning the possible problems (and how to solve
them). It has an effect when running under WinNT only.
Default is .True.

The upper limit for the size of the PC GAMESS working
set, in DP words. The PC GAMESS will never try to
allocate working set that is larger than this amount. The
value of 0 means the automatic selection of an
appropriate limit. Namely, the limit will be set to the
value smaller by 16 MB than the amount of the physical
memory installed (or to the half of the physical memory,
if the latter value is larger. It has an effect only when



BLAS3

running under WinNT, and WSCTL is set to True. Default is
Zero.

= sleep Additional threads that were created by BLAS level 3

routines, are suspended when not in use. (default)

= nosleep Additional threads are permanently active. Use this

DECOMM

option only if you encounter some unexpected SMP-related
problems with the default settings. It is supported only
by SMP-enabled PC GAMESS version running in SMP
environment.

= .False. 0Old-style memory manager behavior. Use this option only if
you encounter some unexpected problems with the default settings.

= .True.

FLUSH
= .False.

= .True.

Turns on the advanced memory management feature. The
advanced memory management is enabled by default.
It is supported under NT, Win95/98, and 0S/2.

Disables the usage of file cache flush operation. It is
recommended to disable flushing only in the two following
situations:

# if the total size of all PC GAMESS working files is less
than the available size of the 0S file cache;

# if the hardware RAID volume is used as the scratch storage.
Enables the file cache flush operation. PC GAMESS will flush
the cache buffers of its working files into disk, when
necessary. File flushing is enabled by default.It is
supported under NT, Win95/98, and 0S/2.

L2SIZE The size of fast L2 cache per CPU, in Kbytes. This information
is used by several parts of the PC GAMESS (e.g., by MP3/MP4
code) in order to select the computational strategy optimal for
the specific hardware the PC GAMESS is running on. At present,

the default value is 0 for all Pentium-optimized PC GAMESS
versions, and 512 for Win32-specific Pentium Pro/II/III-
optimized version. Change the defaults appropriately for your
hardware configuration.

* * * the next three refer to parallel GAMESS * * *

The next
are more

BALTYP

XDR =

three apply only to parallel runs, and as they
or less obsolete, their use is discourged.

Parallel load balence scheme

LOOP turns off dynamic load balancing (DLB)
NXTVAL uses dynamic load balancing

(default = LOOP)

a flag to indicate whether or not messages
should be converted into a generic format
known as external data representation.
If true, messages can exchange between
machines of different vendors, at the cost



of performing the data type conversions.
(default=.FALSE.) --inactive at present--

PTIME = a logical flag to print extra timing info
during parallel runs. This is not currently
implemented.

$D5 group (optional)

d5=.true. (default)/.false.
f7=.true. (default)/.false.
g9=.true. (default)/.false.

The default values of d5, f7,and g9 keywords of the $d5
group are all .true., i.e., to use pure spherical d,

f, and g functions. The $d5 group has no effect if

d5 flag of the S$Scontrl group is not set, which is the
default settings. Thus if you prefer to usecartesian
basis set, you shouldn't do anything special. If you
want to use pure spherical basis, set $contrl d5=1
Send. If you like to use Cartesian d functions but
spherical f and g harmonics, you should specify:

Scontrl d5=.t. $end
$d5 d5=.f. S$end

$DFT group (optional)

NRAD (integer) the default number of radial points per atom used.
Default value is 63.

NRDATM (integer array, dimension 128) An array to change the actual
value of NRAD on per element number basis. For example, setting
NRDATM (6) =128 will apply the radial grid of 128 points to all
carbon atoms. The entry NRDATM(128) is used for dummy atoms
with no charge. The default values are all equal to NRAD.

LMAX (integer) the default order of Lebedev angular grid to be used.
The default value is 29. Valid values are:

LMAX Number of points per radial shell
3 6
5 14
7 26
9 38
11 50
13 74
15 86

17 110



LMXATM

ANGPRN

KAP

RADPRN

RMXATM

19 146

21 170
23 194
25 230
27 266
29 302
31 350
35 434
41 590
47 770
53 974
59 1202
65 1454
71 1730
77 2030
83 2354
89 2702
95 3074
101 3470
107 3890
113 4334
119 4802
125 5294
131 5810

(integer array, dimension 128) An array to change the actual
value of LMAX on per element number basis. For example, setting
NRDATM (1) =25 will apply the angular grid of 25th order to all
hydrogen atoms. The entry LMXATM(128) is used for dummy atoms
with no charge. The default values are all equal to LMAX.

(logical) flag to activate the angular grid pruning as function
of radius, uses the scheme similar to proposed by Murray, Handy
and Laming (MHL) .

Default is .true. Setting it to false will slow down the
calculations but will result to the more accurate results.

(double precision) The parameter Ktheta used for angular
pruning. The default value is 5.0 as recommended by MHL.
Increasing this wvalue to, say, 10.0 will improve precision
by the cost of performance. This parameter has no effect if
angular pruning is not used.

(logical) flag to activate the radial grid pruning.

Default is .true. Setting it to false will slow down
calculations to some degree but may improve precision.

Note that to get correct results you must explicitly

disable radial pruning if your system has any basisless atoms!

(integer array, dimension 128). An array to change the atomic
cutoff radii used during radial pruning on per element number
basis. For example, setting RMXATM(8)=6 will set the effective
radius of all oxygen atoms to 6 Angstrom. The entry RMXATM (128)
is used for dummy atoms with no charge. The default values

are probably much larger than is actually necessary and depend
on the basis set used.
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H

CUTOFF

CUTAO

CUTWGT

CUTORB

CUTGG1,
CUTGG2,
CUTGG3,
CUTGG4

B3LYP

O3LYP

(double precision). Contributions to the DFT Fock matrix due to
batch of angular points, which are smaller than CUTOFF, are
ignored. The default value is 1.0d-10.

(double precision). If the absolute numerical value of AO is
smaller than CUTAO, it will be set to zero during calculations.
The default value is 1.0d-10.

(double precision). If the absolute value of weight associated
with grid point is less than CUTWGT, this point will not be
taken into account during DFT calculations. The default wvalue
is 1.0d-20.

(double precision). Contributions to the DFT Fock matrix due to
batch of orbitals, which are smaller than CUTORB, are ignored.
The default value is 1.0d-15.

(double precision). Various cutoffs used during calculation
of grid weights derivatives contributions to the molecular
gradients. The default values are 1.0d-13, 1.0d-13, 1.0d-13,
and 1.0d-30 correspondingly and are probably too strict.

(symbolic) . Selects the default implementation of B3LYP
functional. The default value is NWCHEM which makes B3LYP
to be synonym of B3LYPl. Setting this value to GAMESS will
change B3LYP to be the same as B3LYP5.

(symbolic). Setting it to GAUSSIAN changes the weight of
non-local exchange in all O3LYP functionals so that the
resulting functional will be identical to one used in

Gaussian 03 Rev D.0l1 and above. The default value is DEFAULT
which makes code compatible with O3LYP implementations in other
programs. Note there are some ambiguities in O3LYP-related
papers which do not allow to decide which implementation
(default or Gaussian) is correct. These two implementations
should be considered as just two different xc functionals.

the sample input file.

(US) STYLE B3LYP OPTIMIZATION+HESSIAN CALCULATION OF WATER MOLECULE
SCFTYP=RHF DFTTYP=B3LYP5 runtyp=optimize S$END

TIMLIM=3000 MEMORY=3000000 S$END

GBASIS=n31 ngauss=6 NDFUNC=1 S$END

hssend=.t. nprt=-2 $end

Sforce nvib=2 S$end

o O

0.0000000000 0.0000000000 0.7205815395
0.0000000000 0.7565140024 0.1397092302



SEND

$BASIS group

(optional)

This group allows certain standard basis sets to be
easily given.
must be given instead in the $DATA group.

GBASIS =

GBASIS

MINI -

MIDI -

STO -

N21 -

N31 -

N311 -

bzv -

DH -

TZV -

MC -

If this group is omitted, the basis set

Name of the Gaussian basis set.
Huzinaga's 3 gaussian minimal basis set.
Available H-Rn.

Huzinaga's 21 split valence basis set.
Available H-Rn.

Pople's STO-NG minimal basis set.
Available H-Xe, for NGAUSS=2,3,4,5,6.
Pople's N-21G split valence basis set.
Available H-Xe, for NGAUSS=3.
Available H-Ar, for NGAUSS=6.

Pople's N-31G split valence basis set.
Available H-Ne,P-Cl for NGAUSS=4.
Available H-He,C-F for NGAUSS=5.
Available H-Ar, for NGAUSS=6.

For Ga-Kr, N31 selects the BC basis.
Pople's "triple split"™ N-311G basis set.
Available H-Ne, for NGAUSS=6.
Selecting N311 implies MC for Na-Ar.
"double zeta valence" basis set.

a synonym for DH for H,Li,Be-Ne,Al-Cl.
(14s,9p,3d) /[5s,3p,1d] for K-Ca.
(14s,11p,5d/[6s,4p,1d] for Ga-Kr.
Dunning/Hay "double zeta" basis set.
(3s)/[2s] for H.

(9s,4p)/[3s,2p] for Li.

(9s,5p) /[3s,2p] for Be-Ne.

(11s,7p) /[6s,4p] for Al-Cl.

"triple zeta valence" basis set.
(5s)/[3s] for H.

(10s,3p) /[4s,3p] for Li.

(10s,6p) /[5s,3p] for Be-Ne.

a synonym for MC for Na-Ar.

(14s,9p) /[8s,4p] for K-Ca.
(14s,11p,6d)/[10s,8p,3d] for Sc-Zn.
McLean/Chandler "triple split" basis.
(12s,9p) /[6s,5p] for Na-Ar.

Selecting MC implies 6-311G for H-Ne.

* the next two are ECP bases only * * *

SBKJC-

Stevens/Basch/Krauss/Jasien/Cundari
valence basis set, for Li-Rn. This choice
implies an unscaled -31G basis for H-He.
Hay/Wadt valence basis.



This is a -21 split, available Na-Xe,
except for the transition metals.
This implies a 3-21G basis for H-Ne.

* * * gemiempirical basis sets * * *

The elements for which these exist can be found
in the 'further information' section of this
manual. If you pick one of these, all other data
in this group is ignored. Semi-empirical runs
actually use valence-only STO bases, not GTOs.

GBASIS = MNDO - selects MNDO model hamiltonian

= AM1 - selects AM1 model hamiltonian
= PM3 - selects PM3 model hamiltonian
NGAUSS = the number of Gaussians (N). This parameter

pertains only to GBASIS=STO, N21, N31, or N311.

NDEFUNC = number of heavy atom polarization functions to
be used. These are usually d functions, except
for MINI/MIDI. The term "heavy" means Na on up
when GBASIS=STO, HW, or N21, and from Li on up
otherwise. The value may not exceed 3. The
variable POLAR selects the actual exponents to
be used, see also SPLIT2 and SPLIT3. (default=0)

NFEFUNC = number of heavy atom f type polarization
functions to be used on Li-Cl. This may only
be input as 0 or 1. (default=0)

NPFUNC = number of light atom, p type polarization

functions to be used on H-He. This may not
exceed 3, see also POLAR. (default=0)

DIFFSP = flag to add diffuse sp (L) shell to heavy atoms.
Heavy means Li-F, Na-Cl, Ga-Br, In-I, Tl1-At.
The default is .FALSE.

DIFFS

flag to add diffuse s shell to hydrogens.
The default is .FALSE.

Warning: if you use diffuse functions, please read
INTTYP in the $CONTRL group for numerical concerns.

EXTFIL = a flag to read basis sets from an external file,
defined by GBASIS=name, rather than from a S$DATA group.
(default=.false.)

The GBASIS “name” keyword must be an 8 or less character string,
obviously not using any internally stored names. Every atom must be
defined in the external file by a line giving the chemical symbol, and
this chosen string. Following this header line, give the basis in free



format $DATA style, containing only S, P, D, F, G, and L shells, and
terminating each atom by the usual blank line. The external file may
have several families of bases in the same file, identified by different
GBASIS strings.

By default, PC GAMESS looks for the file called “basis name”.lib in the
directory where input file resides. If the -b < path to basisfile >
option is given, then it looks for file called "path to basisfile"
first. If it does not exist, it then tries to find file called basis.lib
in the directory "path to basisfile".

POLAR = exponent of polarization functions
= POPLE (default for all other cases)
= POPN311 default for GBASIS=N311, MC)

(

DUNNING (default for GBASIS=DH, DZV)

HUZINAGA (default for GBASIS=MINI, MIDI)
(

= HONDO7 default for GBASIS=TZV)
SPLIT2 = an array of splitting factors used when NDFUNC
or NPFUNC is 2. Default=2.0,0.5
SPLIT3 = an array of splitting factors used when NDFUNC

or NPFUNC is 3. Default=4.00,1.00,0.25

The splitting factors are from the Pople school, and are
probably too far apart. See for example the Binning and
Curtiss paper. For example, the SPLIT2 value will usually
cause an INCREASE over the 1d energy at the HF level for
hydrocarbons.

The actual exponents used for polarization functions, as
well as for diffuse sp or s shells, are described in the
'Further References' section of this manual. This section
also describes the sp part of the basis set chosen by
GBASIS fully, with all references cited.

Note that GAMESS always punches a full $DATA group. Thus,
if $BASIS does not quite cover the basis you want, you can
obtain this full $DATA group from EXETYP=CHECK, and then
change polarization exponents, add Rydbergs, etc.

$DA TA group (required)

This group describes the global molecular data such as
point group symmetry, nuclear coordinates, and possibly
the basis set. It consists of a series of free format
card images.



-2- GROUP, NAXIS

GROUP is the Schoenflies symbol of the symmetry group,
you may choose from

ci1, cs, Ci, CN, S2N, CNH, CNV, DN, DNH, DND,

T, TH, TD, O, OH.

NAXIS is the order of the highest rotation axis, and
must be given when the name of the group contains an N.
For example, "Cnv 2" is C2v. "S2n 3" means S6.

For linear molecules, choose either CNV or DNH, and enter
NAXIS as 4. Enter atoms as DNH with NAXIS=2. If the
electronic state of either is degenerate, check the note
about the effect of symmetry in the electronic state

in the SCF section of REFS.DOC.

In order to use GAMESS effectively, you must be able
to recognize the point group name for your molecule. This
presupposes a knowledge of group theory at about the level
of Cotton's "Group Theory", Chapter 3.

Armed with only the name of the group, GAMESS is able
to exploit the molecular symmetry throughout almost all of
the program, and thus save a great deal of computer time.
GAMESS does not require that you know very much else about
group theory, although a deeper knowledge (character
tables, irreducible representations, term symbols, and so
on) is useful when dealing with the more sophisticated
wavefunctions.

Cards -3- and -4- are quite complicated, and are rarely
given. A *SINGLE* blank card may replace both cards -3-
and -4-, to select the 'master frame', which is defined on
the next page. If you choose to enter a blank card, skip
to the bottom of the next page.

Note!
If the point group is Cl (no symmetry), skip over cards
-3- and -4- (which means no blank card).

-3- X1, Y1, 21, X2, Y2, 22

For Cl group, there is no card -3- or -4-.

For CI group, give one point, the center of inversion.

For CS group, any two points in the symmetry plane.

For axial groups, any two points on the principal axis.
For tetrahedral groups, any two points on a two-fold axis.
For octahedral groups, any two points on a four-fold axis.



-4- X3, Y3, 73, DIRECT

third point, and a directional parameter.

For CS group, one point of the symmetry plane,
noncollinear with points 1 and 2.

For CI group, there is no card -4-.

For other groups, a generator sigma-v plane (if any) is
the (x,z) plane of the local frame (CNV point groups).

A generator sigma-h plane (if any) is the (x,y) plane of
the local frame (CNH and dihedral groups).

A generator C2 axis (if any) is the x-axis of the local
frame (dihedral groups).

The perpendicular to the principal axis passing through
the third point defines a direction called D1. 1If
DIRECT='PARALLEL', the x-axis of the local frame coincides
with the direction D1. If DIRECT='NORMAL', the x-axis of
the local frame is the common perpendicular to D1 and the
principal axis, passing through the intersection point of
these two lines. Thus D1 coincides in this case with the
negative y axis.

The 'master frame' is just a standard orientation for

the molecule. By default, the 'master frame' assumes that
1. z is the principal rotation axis (if any),
2. x 1s a perpendicular two-fold axis (if any),

3. xz is the sigma-v plane (if any), and
4. xy 1s the sigma-h plane (if any).
Use the lowest number rule that applies to your molecule.

Some examples of these rules:
Ammonia (C3v): the unique H lies in the XZ plane (R1,R3).
Ethane (D3d): the unique H lies in the YZ plane (R1,R2).
Methane (Td): the H lies in the XYZ direction (R2). Since
there is more than one 3-fold, Rl does not apply.
HP=0 (Cs): the mirror plane is the XY plane (R4).

In general, it is a poor idea to try to reorient the
molecule. Certain sections of the program, such as the
orbital symmetry assignment, do not know how to deal with
cases where the 'master frame' has been changed.

Linear molecules (C4v or D4h) must lie along the z axis,
so do not try to reorient linear molecules.

You can use EXETYP=CHECK to quickly find what atoms are
generated, and in what order. This is typically necessary
in order to use the general $ZMAT coordinates.



* kK kK K

Depending on your choice for COORD in S$CONTROL,

if COORD=UNIQUE, follow card sequence
if COORD=HINT, follow card sequence
if COORD=CART, follow card sequence
if COORD=ZMT, follow card sequence
if COORD=ZMTMPC, follow card sequence

O NeNeNa)

Card sequence U is the only one which allows you to define
a completely general basis here in $DATA.

Recall that UNIT in SCONTRL determines the distance units.

-5U- Atom input. Only the symmetry unique atoms are
input, GAMESS will generate the symmetry equivalent atoms
according to the point group selected above.

if COORD=UNIQUE NAME, ZNUC, X, Y, 2

Ak hkkhkhkkhkhkhk Kk kK kk*k

NAME = 10 character atomic name, used only for printout.
Thus you can enter H or Hydrogen, or whatever.
nuclear charge. It is the nuclear charge which
actually defines the atom's identity.

X,Y,7Z = Cartesian coordinates.

ZNUC

if COORD=HINT

kA Ak Kk Kk Kk kkhkkkkkk

NAME, ZNUC, CONX, R, ALPHA, BETA, SIGN, POINT1, POINT2, POINT3

NAME = 10 character atomic name (used only for print out).
ZNUC = nuclear charge.
CONX = connection type, choose from

'LC! linear conn. 'CCPA' central conn.
'PCC' planar central conn. with polar atom
'"NPCC' non-planar central conn. 'TCT' terminal conn.
'PTC' planar terminal conn. with torsion

R = connection distance.

ALPHA= first connection angle

BETA second connection angle

SIGN = connection sign, '+' or '-'

POINT1, POINT2, POINT3 =
connection points, a serial number of a previously
input atom, or one of 4 standard points: O,I,J,K
(origin and unit points on axes of master frame).



defaults: POINT1='0O', POINT2='I', POINT3='J'

ref- R.L. Hilderbrandt, J.Chem.Phys. 51, 1654 (1969).
You c