Program SOS
Sum-Over-States calculations of VCD, ROA, polarizabilities, susceptibilities and NMR coupling 

List of options in the file SOS.OPT


The file is read at the beginning of program execution, see the source code in iopar.f. The option is a keyword in capitals at the beginning of each line sometimes followed by parameters on the next line. Default parameters are listed in parentheses. Last line of SOS.OPT must end by the END keyword.

I. General options
II. Printing options
III. Ab initio options

A. CI and MP2 options
 
B. General ab initio
IV. ROA options
V. NMR options
VI. VCD options
VII. Debug options
Cazimir
ORD 

Time Propagation
-----------------------------------------------------------------------------

I. General options
ABINI

abini (F)

the ab initio routines are called

CC5

cc5 (F)

read all from Cadpac output

FILE

file
file=file name of the main input file (=Gaussian or Cadpac output)

LC5

lc5 (T)

a Cadpac v5 output file expected as the main input for ab initio

LG94

lg94 (T)

then a Gaussian 94/98 output file expected as the main input

HELL

lhell (F)
test the Hellmann-Feynman theorem
OOI lopt(108)
loo (F) make the <O> gradient integrals
LSP
lsp (F)
a single point calculation (no differentiation) requested
LZMAT

lzmat
use the Z-matrix orientation in the Gaussian output

MMIT

mmit (10)

iopt(20), Mitin subspace diagonalization dimension

N1N2

n1 n2 (all modes)

Define the range of modes (n1..n2)

REMARK

ignore this line

RAMAN

raman (F)

ROA tensors are set to zero and only Raman intensity is calculated

SCALED

scaled (F)

S-matrix is read from F.INP

TURBO

lturbo (F)

read Turbomole output (files coord, basis and mos), #60, this option may not work for many cases

TTT

ttt (F)

ROA tensors read from FILE.TTT

XYZ

xyz (F)

read geometry from FILE.XYZ

II. Printing Options

LEV

levprint (F)

print the SCF eigenvectors 

LPR

llprint (F)

print magnetic dipole in atomic orbitals 

LTXT

ltxt (f)
make text files with MO integrals
PPR

lpprint (F)

print electric dipole in atomic orbitals 
QPR

lqprint (F)

print electric quadrupole in atomic orbitals 

SPR

lsprint (F)

overlap and several other matrices are printed out, lopt(1)

VPR

lvprint (F)

print gradient in atomic orbitals 
III. Ab Initio Options

A. CI and MP2
CI

lci (f)

call configuration interaction (lopt(59)); active space NSTART...NEND, see also LMPN4, LMPDISK, NECI

CONFIG

lconfig (F)

multi  ndog  nsi

define high-spin configuration of the ground state, for MP2 calculations;

lconfig=lopt(65); multi=iopt(11),  ndog=iopt(12),  nsi=iopt(13)

Example: 4N atom: electron configuration: 1s((()2s((()2p(()2p(()2p(():

multi=4 (multiplicity), ndog=2 (number of doubly-occupied orbitals), nsi=3 (number of singly occupied orbitals)
GCONGIG

gconfig (F)

nconfig

c_1

.

.

c_nconfig

Read general CI, rewrite it also to file CONFIG.SCR. Configurations (list of SO, 1..nmo, format 80i1, gconfig=#66
DOX31

ldox31(f)

lopt(74) call dox31 instead of dox3

IDIAGO

idiago (1)

iopt(17) CI diagonalizaton:

1 .. TRED

2 .. diagos

3 .. mitin

-2 .. diagos, only ground state

-3 .. mitin, only ground state

IGRADC

igradc(7)

iopt(18) Mitin grad convergence = 10**(-IGRADC)

IHAM

iham(0)

make CI Hamiltonian from MO (0) or AO (1), iopt(21), not yet implemented

LCISS

lciss(t)

lopt(71) include all CIS + active space for CI

LHDISK

lhdisk (t)

lopt(70), use disk-based routine for CI Hamiltonian cighd.f instead of direct cigh.f

MCON

lmcon(f)

lopt(75), partial contraction ~N5, not yet implemented

MP1

lmp1 (F)

Calculate MP1, lopt(62)

MP2

lmp2 (f)

call MP2 calculation of energies (lopt(61)), see NSTART and NEND 

MPDISK

lmpdisk (f)

disk-based MP2 calculation, obsolete (lopt(63)), calls cmp2II, batches of (IJ|KL)(MO) transformed

MPN4

lmpn4 (f)

disk-based MP2 calculation (lopt(64)), calls cmp2I, (ab|cd)(AO) written on disk, transformed to MO later

NECI

neci (2)

iopt(16), Maximum excitations involved; 1..mono, 2..di-, -2 ...FCI

NEV

nev(0)

iopt(19) how many eigenvalues get by Mitin

NCUT

ncut(0)

iopt(22), if <>0 then int cut-off=10**(-NCUT)

NEND

nend (must be defined for MP2)

last orbital for correlation (see MP2), iopt(9), see NSTART
NSTART

nstart (must be defined for MP2)

 iopt(8), start of orbitals involved in electron correlation, see NEND
TRIPLETS

ltriplets(f)

lopt(72) get also triplet energies in CI

B. General ab initio
CHARGE

icha (0)

define molecular charge

CO66

l66 (F)

if l66=true, use the slower routine for integral contraction

FUZZY

lfuzzy (f) 

lopt(77) fuxxy nuclear distributions for gradient

GRADC

lgradc(f)

lopt(78) investigate 
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with Hellmann Feynman theorem

INORMO

inormo (3)

How Mos are re-normalized after read in:

1 .. do not normalize

2 .. normalize <J|J>=1

3 .. orthonormalize <J|K>=(JK
IOE

ioe

Defines the energy difference: ioe = 0 for MOs energies ((J-(K), 2 for HF signly excited spin adapted states ((J-(K-JJK+2KJK), 3 same as two, but without Coulomb terms, 4 for a DFT approximation

NEK1

nek1

NEK2

nek2

NEJ1

nej1

NEJ2

nej2

Define active space in occupied (NEK1(iopt(3))...NEK2(iopt(4)) and virtual (NEJ1(iopt(5))...NEJ2(iopt(6)) orbitals, not yet implemented

NORMAO

lnormao(f)

lopt(76) renormalize AOs

NPROC

nprc (3)

beckup each nprc % the integral calculation

LALL

lall (f)

where implemented, make expansion over all orbitals istead of occupied, lopt(44)

LEX

lex (F)
read the EX.SCR extract of Gaussian output

LGRAD

lgrad (F)
calculate gradient by the Hellmann-Feynman theorem and leave the program
LI3

li3 (f)

calculate integrals using the expansion (K(L=L<JKL>(L, not yet implemented (lopt(60))

LOOSE

loose (F)

use extremely loose criteria for integral cut offs

LRDOX

lrdox2 (T)
restart integral evaluation from a scratch file

LSCF
lscf (F)
calculate HF energies

LVV

lvv (F)
test a hypervirial theorem for each molecular orbital (large output!)

NMO

nmo 

nmo is the highest molecular orbital read in 

ONLY

lonly (F)

Lopt(69), calculate SCF energies + selected (JJ|KK) (JK|JK) according to NSTART..NEND orbital choice

PLOT

lplot (F)

produce file for 2D or 3D of electronic density or electrostatic potential plotting on PC with the "density" program. File BBB.INP is required for this option (see source code in og.f).

This is an obsolete option since similar calculations are implemented in Gaussian more

efficiently.

RECALCULATE

lrec (F)

use new HF energies as the orbital energies

RESTART

lres (F)

read in the Coulomb and exchange terms from a previous calculation, obsolete

RFUZ

rfuzzy(0.0)

define fuzzy nuclear charge spraad, in a.u., see FUZZY

TIGHT

tigh (F)
use tight cut offs

333
l333 (F)
use the three coefficient fit in the error function

IV. ROA Options

ADER

lader (F)
calculate the ROA tensors ab initio

CROA

lcroa (F)

calculate ROA with the translational and rotational invariance imposed. This leads to rubish results and is not recommended. Probably a bug exist in the code, too.

DOROA
ldoroa (F)
use the distributed origin gauge for ROA (usually with the LAN option).

LAN
lan (T)
use the analytical derivatives of alpha, if present in the main input file or in ALPHA.TTT.

LD2

ld2 (F)

if ld2=false and ld2=true, one- and -two point differentiation expected, respectively

LPOLAR
lpolar (F)
set local ROA tensors to zero ("polar model").

ROAX

lroax(f)

lopt(73) explicitly evaluate local <MO|X|MO>

STEP

step

step: step of the differentiation in atomic units

WEXC

wexc(0.0)

ropts(1) excitation frequency in a.u. for (, A, G', (v
V. NMR options

CNMR

lcnmr (F)

Calculate spin-spin coupling constants using the SOS procedures.

CALL

lcall (F)

all MO's used for S-S coupling;not very usefull, #67

KMIN 

KMAX

JMIN

JMAX

if <>0 use (sometimes) this orbital range

NCNMR
ncnmr (10)

Grid for numerical integration used in computation of diamagnetic coupling. Basic grid interval is thus (1/ncnmr) Bohr.

NMR
lnmr (F)
calculate NMR shieldings. Experimental, not fully functional, except of the diamagnetic GIAO coupling.

NNO
lnno (F)

Include occupied orbitals for the SOS calculation. This option does not have a physical meaning and does not lead to any improvement of anything.

GIAO

lgiao (F)
calculate use GIAOs where implemented (i.e.diamagnetic shieldings)

SPPL

lsppl (F)

Extra plots of electronic density perturbed by the nuclear spins. File SPPL.INP must exist with this structure: 

first line dummy, 

next line define LODIA (T/F), i.e. whether to plot diamagnetic coupling density,

if LODIA=T, then define atoms N, M for the diamagnetic coupling on the next line,

define LOPARA (T/F) of the next line - density perturbed by PSO coupling

if LOPARA=T, define the atom for PSO perturbation on the next line,

define LFPARA (T/F) on the next line - density perturbed by FC interaction,

if LFPARA=T, define the atom on the next line.

For example, the file looks like this:

example file

t

1 2

t

3

f
VI. VCD Options

APT
lapt (F)
calculate VCD tensors by the EXC scheme

COMBINE

lcomb (F)
read the APT from APT.TEN and use distributed origine for AAT

PROJECT
lpro (F) lopt(39)
project translations from the tensors - not implemented yet, use VCD instead

SUPER
lsuper (F)
calculate VCD tensors by the EXC scheme

SSUPER

lssup
use the closed-shell superexcitation expansion

VCD
lsupinv (F)
use the closed-shell superexcitation expansion with the invariance correction

VII. Debug Options 

The options above are part of a 300 option field, which can be also addressed by a three line definition:

###

optionnumber

optionvalue

--------------------------------------------------------------------------------------------------

Examples of jobs
1)  Read ROA tensors from Cadpac output and a general force field.
Usefull options: SCALED (if S-matrix in F.INP), LDO (if the local origins used), CC5 must be true, LAN (if analytical derivatives are present and should be used),FILE must be defined.

2)  Plot J-J coupling densities, detailed procedure 

- make Gaussian input G.INP with the “iop(5/33=3) GFInput 10d 10f iop(3/32=2)” options to list the basis and MO coefficients in the output G.OUT, run SP Gaussian calculation. “SCF=Tight” option is recommended. 

(iop(5/33) lists MOs, iop(3/32) switches of reduction of a linearly dependent basis set)

- make ROA.OPT:

FILE

G.OUT        
The ab initio output
ABINI

t

NORMAO        
Renormalize atomic orbitals
t

INORMO        
Renormalize and orthogonalize MO coefficients
3

LZMAT               (According to symmetry choice)
t

LSP      

SP calculation only
t

LSCF 

recalculate HF energies
t

IOE 

use 2-ele integrals in energy estimations
2
LG94 

Gaussian input
t

CNMR
Calculate J-J coupling
t

NMR 

Calculate some NMR shielding terms
t

GIAO 

Use GIAO where possible
t

SPPL 

Plot the J-J densities
t
NCNMR
1/NCNMR = grid interval in bohr for  the J-J densities
10
 END
- make SPPL.INP:
J-J plotting
t    LODIA plot diamagnetic density
1 3   two atoms for the LODIA pltting
t   LOPARE plot paramagnetic spin orbit density perturbation
1      atom causing the apramagnetic perturbation
t  LFPARE  plot Fermi contact density perturbation
1     atom causing the FC perturbation
LIST OF SOURCE CODE FILES

	
	purpose
	calls
	is called by

	acor.f
	
	
	

	ader.f
	
	
	

	altt.f
	
	
	

	alttt.f
	
	
	

	cig2.f
	generates CI states
	
	

	cigh.f
	makes CI Hamiltonian
	
	

	cighd.f
	makes CI Hamiltonian, disk based
	
	

	cmp2I.f
	writes (ab|cd)(AO) on disk
	
	

	cmp2II.f
	contracts (ab|cd)(AO) into MO in disk file MPDISK.SCR
	
	

	comp.f
	
	
	

	compare.f
	
	
	

	contramp.f
	contracts (ab|cd)(AO) into MO in common mp2II/Aabcd
	
	

	contra3.f
	
	
	

	contra4.f
	
	
	

	contra66.f
	
	
	

	contras.f
	
	
	

	dapt.f
	
	
	

	dcoupl.f
	
	
	

	dgauge.f
	
	
	

	dnmr.f
	
	
	

	dojk.f
	
	
	

	doma.f
	
	
	

	doma3.f
	
	
	

	doraman.f
	
	
	

	dox2.f
	
	
	

	dox3.f
	
	
	

	dox3i.f
	(JJ|KK),(JK|JK) by the expansion JK(<JKL><L>
	
	

	dpolp.f
	
	
	

	dqmpol3.f
	initiates SOS calc
	
	roaai

	ee4.f
	
	
	

	erfcacm.f
	
	
	

	erfi.f
	
	
	

	factor.f
	
	
	

	fcp.f
	
	
	

	fitro1.f
	
	
	

	fuvcd.f
	
	
	

	fitri.f
	
	
	

	field.f
	
	
	

	gradc.f
	get dcK/dR by HF theorem
	
	

	gradhf.f
	
	
	

	hell.f
	
	
	

	hell2.f
	
	
	

	hfuzzy.f
	gradient with Hellmann Feynman theorem, fuzzy nuclear charge
	
	

	iactiv.f
	
	
	

	iactivate.f
	
	
	

	iactiv~1.f
	
	
	

	inifd.f
	
	
	

	initfd.f
	
	
	

	iopar.f
	
	
	

	ittt.f
	
	
	

	main.f
	
	
	

	Makefile
	
	
	

	mclock.f
	
	
	

	mifu.f
	
	
	

	mu.f
	
	
	

	muk.f
	
	
	

	nppp.f
	
	
	

	nppp2.f
	
	
	

	oc4d.f
	((ij|00)/(Rl,(
	
	

	oc22.f
	(2(ij|00)/ (Rl,((Rl,(
	
	

	oce2.f
	primitive integral (ab|cd), individually
	
	

	oce2d.f
	primitive integral (ab|cd), derivative with respect to a center
	
	

	oce5.f
	primitive integral (ab|cd), buffered
	
	

	og.f
	plotting
	
	

	oi
	(x-xi)nixm(x-xj)nj e-ai(x-xi)2 e-aj(x-xj)2
	
	

	ooi
	(x-xi)ni(x-xk)nk (x-xj)nj e-ai(x-xi)2 e-aj(x-xj)2 e-ak(x-xk)2
	
	fitro1, overlaf2.f

	oooi.f
	<(((>, AO(x-xi)ni(x-xk)nk (x-xl)nl (x-xj)nj e-ai(x-xi)2 e-aj(x-xj)2 e-ak(x-xk)2 e-al(x-xl)2
	
	

	 ortog.f
	ortogonalizes MOs
	
	

	osnake.f
	amplitude of an orbital
	
	

	overla22.f
	<a|(2H/(R(R|b>(AO)
	
	

	overlaf2.f
	
	
	

	overla33.f
	<(((> (AO), contract to get (JK|J'K')
	
	dox3i

	overla55.f
	AO of gradients
	
	

	overlagg.f
	AO of gradients, in buff
	
	

	overlall.f
	(x(r)y(r')/(r-r'), AO
	
	

	overla66
	(abc) (AO), write on disk
	
	

	overlap6.f
	basic AO overlap integrals
	
	

	overlapq.f
	
	
	

	overlaps.f
	overlap AO integrals for NMR
	
	

	overlapsonly.f
	overlap AO integrals
	
	

	overlapponly.f
	overlap AO dipole integrals
	
	

	oo.f
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overla22.f
	
	
	

	overla44.f
	AO int for diamagnetic couplign
	
	

	overla55.f
	
	
	

	overlazz.f
	fuzzy <i|dH/dR|j>
	
	

	overlav.f
	kinetic + potential AO integrals, drives also SCF and MP2
	
	dcipol.f, dqmpol3.f, eeget.f



	overpot.f
	(x(r')y(r')/(r-r'), AO (potential at r)
	
	ppot

	ppot.f
	
	
	

	pro3.f
	
	
	

	pro6.f
	
	
	

	proj3.f
	
	
	

	project.f
	
	
	

	project3.f
	
	
	

	project6.f
	
	
	

	projectg.f
	
	
	

	projectp.f
	
	
	

	qpol.f
	
	
	

	rehf.f
	calculates <(|H|(> for Slater det (
	
	

	readaal.f
	
	
	

	readalv.f
	
	
	

	osnake.f
	
	
	

	readc5.f
	
	
	

	redim.f
	
	
	

	report.f
	
	
	

	roaai.f
	
	
	

	roainp.f
	
	
	

	roapp.f
	
	
	

	roatest.f
	
	
	

	rox.f
	
	
	

	roxb.f
	
	
	

	roxg.f
	
	
	

	roxp.f
	
	
	

	rul.f
	
	
	

	savero.f
	
	
	

	ssup.f
	
	
	

	ssupcor.f
	
	
	

	super.f
	
	
	

	simcap.f
	
	
	

	sppl.f
	plot NMR coupling
	report, inifd, osnake, inibe4, rosnake
	dcoupl

	tem.doc
	
	
	

	tep.f
	calculate core hamiltonian, write to disk (AO) LAPLACE.SCR, EP.SCR
	
	nknj, overla68, overlav

	tepmo.f
	transforms core hamiltonian ao->mo
	
	nknj, overla68, overlav

	test.f
	
	
	

	thk.f
	
	
	

	tttt.f
	
	
	

	util.f
	
	
	

	writettt.f
	
	
	


Files
CORE.SCR
MOs: kinetic, electronic-nuclear and there sum
EP.SCR

electron-nuclear potential, AOs
LAPLACE.SCR
kinetic energy, AOs
OO.SCR.TXT
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RNCAW – variant of RN for the radiation corrections

CAZIMIR
lcaz (F)
calculate the radiation "Casimir" energies

KCAZIMIR
lkcaz (T)
calculate the radiation "Casimir" energies by continuous integration, rather than with discrete spectrum

CAZFACTOR
lcazfac (F)
not yet implemented – intended for x.y.z primitive function factorization

CAZIDK

idk (4)
integration path type:

-3 – constant spacing XY plot only
-2 – constant spacing XZ plot only
-1 – constant spacing YZ plot only
0 – constant spacing

1- variable spacing dk=k*dk0

2 – constant spacing k-> k**2

3 – constant spacing k-> k**2, finds ktol for de<ktol

4 - k-> k**2, rklim, smooth cut off

5 – constant spacing, rklim, smooth cut off 

6 – spherical grid (all previous idks were Cartesian)

7 – spherical grid, r-> r^2

CAZIN3

nxmax,nymax,nzmax (10,10,10)
maximum quantum numbers for discrete integration

CAZIK3

kxmax,kymax,kzmax (30,30,30)
default integration limits (au)

CAZIP3

px,py,pz(1,1,1)

integration increments (au)

CAZPARA
lpara(F)

paramagnetic part only (trial calculations only)

CAZLORB
lkorb(F)

orbital contribution plotting
CAZIDIPOLE
lcazdip(F)

???

RKLIM

rlim(40)

limit for angular grid integration
EKLIM

eklim(1e30)

limit of molecular energies in SOS
DKLIM

dklim(1e30)

damping for limit of molecular energies in SOS
LDAMP

ldamp(f)

damping for molecular energies in SOS

NKLIM

nklim(0)

last MO limit (0=all)

LKLIM

lklim(F)

limit radial k
ORD Beyond BO

LORD

lord (F) lopt(97)
calculate non-BO corrections to ORD, FILE.OUT required with the numerical differentiation
IDIFF

idiff (22) iopt(31) differentiation type

LLOC

lloc (T) lopt(100) localize orbitals during the numerical calculation of orbital derivatives

PROJECT
lpro (F) lopt(39)
project translations and rotations from the derivatives

Time propagation (experimental only)
NP

NP (100) iopt(33) number of spectral points

NSTEP

NSTEP (0) iopt(34)  Number of time steps
ISTEP0

ISTEP0 (10) iopt(35) update norms each ISTEP0

WMIN
WMIN 0 ropt(23) minimum spectral frequency, au

WMAX
WMAX 0 ropt(24) maximal spectral frequency, au

WEAU
WEAU 0.6 ropt(25) excitation frequency, au

DT

DT 0.01 ropt(26)  integration time step, au
EX

EX 0.01 ropt(27)  external intenzity of electric field, x, au
EY
EY 0.01 ropt(27)  external intenzity of electric field, y, au
EZ
EZ 0.01 ropt(27)  external intenzity of electric field, z, au

GAMMAAU
, frequency incertainty (1/lifetime), in au of energy
GAMMAAU 10-4 ropt(30)
H2+ beyond Born-Oppenheimer Hamiltonian
(Molecule must be oriented along the z-axis:)
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If file NB.TXT is present, read from it basis set and masses, number (Ne) and values ((i) of excitation frequencies 
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Remark - gradient integrals
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Two-electron integrals
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Notation:

aa = 2(, bb = 2(, cc = 2(, dd = 2(, 
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