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PURPOSE 
      S4 program calculates anharmonic vibrational energies of molecules. Current version reads output of the Gaussian program. The older program M4 is now a part of S4 and calculates spectra; it has a separate option file M4.OPT. In the file S4.OPT options for S4 are specified. Keywords follow from the first line each on a separate line until the END keyword is reached. Single space must precede each keyword, keywords are case sensitive. In the following list control variables and default values are specified for each keyword.

ABILITIES

PT2 (classical second-order perturbational approach) 


PT2 degeneracy corrected PT2 (kw:ENA2)


PT2 –big AH constants (kw: ENAS)


VSCF 


PHASE 


VCI


VCI+PT2 combination


vibrational averaging of NMR shifts, J-couplings, ORD, dipoles, geometry

Key steps in anharmonic calculation:

1) Prepare Gaussian input, usually 6N geometries, N= number of atoms.

The pmz script can be used.
2) Calculate higher energy or other property derivatives numerically, i.e. run Gaussian on pmz output
3) Run s4
OPTIONS

1. General options

2. Diagonalization options

1. General options (start after a blank character on each line of S4.OPT)
Input-related

 L36

L36 [false]
File FILE.36.OUT used for differentiation, calculate all two-atomic quartic constants.

L37
L37 [false]
File FILE.36.OUT used for differentiation, calculate all three-atomic quartic constants.
AH4L

ah4l [0.2]

cut=off limit for the rotational part of quartic perturbation

 ANSATZ  
[lans=true]

 lans
The frequencies calculated from phase integrals will be used as a new basis.

 ASL

[asl=2.0]

 asl
Cut-off limit for the cubic and quartic force fields, if lsparse=true.

ASK

[asl=2.0]

 ask
Second cut-off limit for the cubic and quartic force fields, if lsparse=true, used to divide H = H0 + H1 + H2, se DC and DC2 options
A44

a44 [0.0001]

The limit in the iterative projection of space coordinates from the quartic FF.

 BLOCK  
[lblock=false]

 ncan
 ican(1),ican(2) ... ican(ncan)
Some states will be "frozen", ncan .. number of the blocked states, ican .. the list, counted from the lowest.

COFF

COFF (1.0)

cage dimension for plane waves

if COFF>0 ... global

COFF<0 ... local

DC      
[dc=false]

The perturbational correction will be applied to the VCI energies.

(if LENAS then Hamiltonian is partitioned, see ASL and ASK keywors, else just remaining states added).

DC2      
[dc=true]

The perturbational correction will be applied to the VCI energies including second order.

 DOH 
[doh=0.0]

 doh
The step of OH, otherwise OH doubles when number of states overflows. See OH, NG0.
 END
Terminates the list of options.

 HW      
[hw=false]

hw

The full vibrational Hamiltonian and the eigenvalues and eigenvectors will be listed in S4.OUT. For a bigger molecule very large output can be generated!

IAAA

iaaa, iopt(5) [0]

if=1, disable AH dipolar derivatives

IEXC
iexc [0]

m1 l1 
.....
 miexc liexc
If iexc<>0, then for selected modes m1  ..... miexc define maximal excitations l1 .....  liexc.

program numbering used (N7 ...N)
IBR

ibr [0]

restart diagonalization from symmetry block ibr

IP4

ip4 [1]

number of cycles for iterative projection of quartic ff

LCIA [false]

In setstate2 (for IEXC>0) take all states according to LEXCL, regardless to the interaction to ground end fundamentals.

 LEXCL  
[lexcl=5]

 lexcl
Limit for excited states (lexcl<6)

LH40

lh40 [F]

add kinetic part of quartic potential

 LINEAR  
[linear=false]

This option must be indicated for a linear molecule.

 LQD     
[lqd=true]

 lqd

The quartic off‑diagonal terms will be considered. 

 LQD1    
[lqd1=true]

 lqd1
The quartic off‑diagonal terms will be calculated only in the final

Hamiltonian. 

LPC

lpc

take projected quartic

 L4  
[l4=true]

 l4

Quartic off-diagonals as diiij and diijk included.

VSCF

lvscf  [false]

Vibrational self-consistent field, frequency calculation

LXS

lxs

sparce ff (see xlim for cutoff)

M4

lm4
Perform the spectrum calculation (separate options M4.OPT) after the frequencies.Z
M4ONLY

lm4only
Start the spectrum calculation immediately
MODCPL

modcpl [iopt(17)=0]

Maximum number of coupled modes (no limit for zero). Works with the SPARSE option only.
MASS

nmass

iat am(iat) (1)

..

(nmass)

define non-default atomic masses

NGH

ngh [1]

cosinus basis - how many atoms are excited

 NHAND  
[nhand=0]

 nhand
 nhand of additional states defined in the file HAND.OPT

NZF

nzf

iqf(1)..iwf(nzf)

wf(1)..wf(nzf)

nzf frequencies will be substituted, as defined

 NOENA   
[lena=true]

The perturbation calculation will not be performed.

ENA2
call the perturbation calculation with the degeneracy-corrected PT2 formula
lena2 [true]
ENAS
call the perturbation calculation with the degeneracy-corrected PT2 formula, for super-sparse cubic and quartic FFs
lenas [false]
ISET
iset, iopt(2)

how many atoms can be excited (for Iset=2 .. cosinus basis)

iset=4, iexc>0 ... take states also interacting with existing states

NG0

NG0 [iopt(18)=12000]

Limit dimension of the direct diagonalization.
 NOHBIG  
[lhbig=true]

The variational calculation will not be performed.

NQ1

iopt(1) 1..5

how many modes can be excited for a basis state

 NZF     
[nzf=0]

 nzf
 iwf(1) iwf(2) ... iwf(nzf)
 wf(1) wf(2) ... wf(nzf)
nzf frequencies will be substituted and used in the basis (iwf‑frequency number, wf ‑ new value)

 OH       [oh=0.0]

 oh
The v parameter, criterium for selection of the basis functions. See NG0, DOH.
 PHASE   
[lphase=true]

 lphase
The phase integrals for normal modes will be calculated.

STOL
[stol=1e-4]
stol

tolerance for S-matrix inaccuracy

 QUARTIC 
[quartic=true]

The quartic corrections will be calculated. In this case, a two‑point differentiation is required. 

 L411 [l411=false]

Quartic Cartesian constants from one atom only, D((,((,((,((.

PHASE

lphase [T]

phase integrals calculated for normal modes

 RDST
[rdst=false]

Read-in states to diagonalize from STATES.LST scratch file.

 RESTART 
[restart=false]

The normal mode force constants will be read from the disk files CQ.CUB and CQ.QUA, rather than calculated again from the cartesians.

 SCALED  
[scaled=false]

The S‑matrix will be read in from the F.INP file, rather than from C5.OUT.

 SPARSE
[lsparse=false]

 lsparse
Algorithm for sparse cubic and quartic fields used.

 SYMMETRY
 sstr
Symmetry of vibrational modes will be defined in the file SYM.OPT. sstr is a three-letter code of molecular group, capitals must be used (C2V, D2H etc. in the [1X,A3] format).

SSTEP

sstep

differentiation step, in Å
TOL3/TOL4
tol3/tol4  [0.0]
Cuttoffs for normal mode cubic/quartic constants, in cm-1 (dimensionless normal mode coordinates).
2. Diagonalization options 
CONT

lcont [false]

rcont [0.1 cm-1]
set off diagonals in H to rcont, an experimental option

DT
dt [0.1 fs]

With the LFT option, integration time step
GRADCONV
[gradconv=0.0000001]

 gradconv
The gradient limit of the eigen-functional, for convergence of diagonalization routine MITIN.

FTW0

w0 [0 cm-1]

Damping frequency limit, see FTNI.
FTNI
ni [0.0]

Damping frequency barrier, see also FTW0, the vector propagates approximately as exp(-i(t)exp[ - ni ((-(0)].
HSLIMIT
[HSLIMIT=0.0]

 hslim
Cut off limit for Hamiltonian elements (in cm-1).

IERM

ierm [0]

restart diagonalization from EV # ierm

IMT3

imt3, iopt(4) [0]

if =1, then do not diagonalize DOHBIG2 and just grab calculated eigenvectors and eigenvalues 

LVAR

lvar

vary dimension of iterative subspace in mitin

LG
lg [false]

Use Gaussian bands for convolution, for the LFT option

LFT

lft [false]

Use the direct Fourier transform based generation of the spectra

LFTG
lftg [false]
With the LFT option, use exact ground state.

LTO

lto [false] 
LTOP

etlim [4000] det [400] etal [0.9] 

Empirically scale the Hamiltonian diagonal elements. For Hii > etlim, Hii’ = Hii ( (etal +(1 - etal )( exp[-(Hii - etlim)2det-2]).
lto=lopt(40) , etlim=ropt(17), etal=ropt(18), det=ropt(19) For the direct diagonalization only.
MITIN  
[lmitin=false]
 lmitin

  nmm vmm
The Mitin's routine will be used for diagonalization, nem .. number of lowest eigenvalues to be calculated, smaller than vmm.

nmm is the dimension of iterative sub‑space.

NMD
nmd  [10000]

With the LFT option, number of integration steps
NMIT   
[nmit=0]

 nmit
Number of eigenvalues already computed (restart option for MITIN routine).

NP
np  [4000]

With the LFT option, number of spectral points
NWV
nww [10]

With the LFT option, number of random vectors.
OLIMIT   [olimit=0.000001]

 olimit
The sub‑space convergence limit for the MITIN diagonalization routine.

WMIN
wmin [0]

With the LFT option, lower range limit [cm-1]
WMAX
wmax [4000]

With the LFT option, upper range limit [cm-1]
3. Options for local oscillator basis (located on atoms)
CUT1

cut 1 [2.0 Å]
Cut off for multiple center excitations.

ICEM

icem [4]

Maximum number of excited centers
ICEX

nc (ice(i),i=1,nc) [all maximum 3*nat] 
For each number of excitation maximum number of centers (e.g. if ice(6)=4,  6(excited states will be limited to those comprising 4 and less atoms).
LBTO

wlbtol [10 cm-1]
Tolerance beyond which the local mode is switched off.

LCBS

lcbs [false]

Start calculation in the local Cartesian basis.                     (( main option)

LCB2

lcb2 [true]
Include harmonic constants.
LCB3

lcb3 [false]

Include cubic constants.
LCB4

lcb4 [false]
Include quartic constants.

XDIA

lxdia [true]
Diagonalize the atomic force fields locally.

Miscellaneous

DAFAC
dafac [1.0]

Damping factor for anharmonic terms, c(x**3 ( c(x**3*exp(-dafac*x**2), etc.

LCDA
lcda [false]
Use the anharmonic factor damping, see also DAFAC.
M4 Options (start immediately on each line of M4.OPT, unlike for S4.OPT)
STRING
OPTION=default value (actual specified on next line)
AD    
AD=.FALSE.


The anharmonic dipole derivatives considered
GEOMETRIES 
GEO=.FALSE.


Geometry correction calculated
LFD   
LFD=.TRUE.


Dipole derivative from FILE.TEN
LTT   
LTTT=.FALSE.



Dipole derivative from FILE.TTT
VCD

LVCD=.TRUE.


Read VCD (from CADPAC)
INS   
LINS=.FALSE.


Inelastic neutron scattering
WRQ      
WRQ=.FALSE.




Extended output
RAMAN      
RAMAN=.FALSE.


Calculate Raman intensities
LCO   
LCORE=.TRUE.


In core spectra calculation
WRONLY     
WRONLY=.FALSE.


Write states, do not calculate spectra
TEMP   
temp=298K

temperature, for case with many ground states

INERTIA    
INERTIA=.FALSE.
      IIN1=0      IIN2=0



Calculate rotational constants, mode limits on another line
RES   
LRESTART=.FALSE.


Restart disk-based calculation
GROUND
Ground state definition on the next line:
NGROUND, (IGROUND(i),i=1…NGROUND), by default, NGROUND=1 and IGROUND(1)=0, which means that the lowest-energy state will be taken
N1N2

N1=0, N2=32000


Lower-Upper mode limits

ACU
ACUT=1.0



Expansion cutoff
FGEO 

FGEO=100000 (cm-1)


FGEO limit for geometry calculation

ELIMIT
ELIMIT=999999.9 (cm-1)



Energy limit
Files
	name
	type
	made in
	

	nA.SCR
	bin
	dohim
	VCI Hamiltonian

	CFI.SCR
	bin
	
	block VCI wavefunctions

	CQCUB.SCR
	bin
	docqi
	cubic constants in normal modes, all

	CQQ.SCR.TXT
	text
	docqi
	cubic constants in normal modes, (>TOL3)

	D42.SCR.TXT
	text
	loadcd
	all normal mode quartic constants

	D42Q.SCR
	bin
	
	all normal mode quartic constants

	DIPOLE.TXT.SCR
	text
	
	property derivatives for averaging

	DQQ.SCR.TXT
	text
	dodqi
	“IIJK” normal mode quartic constants > ACO

	EEE.SCR
	bin
	m4
	block eigenvalues (VCI energies)

	EEO.SCR
	bin
	dohbig
	all eigenvalues (VCI energies)

	EIGEN.SCR
	bin
	
	all VCI wavefunctions

	FILE.36.OUT
	text
	INPUT
	input for two and three quartic constants, otherwise equivalent to G.OUT

	FILE.FC
	text
	INPUT/OUTPUT
	harmonic force field

	FILE.TEN
	text
	INPUT/OUTPUT
	atomic polar and axial tensors

	FILE.X
	text
	INPUT/OUTPUT
	Cartesian coordinates

	FS4.INP
	text
	harmonic
	S-matrix

	G.OUT
	text
	INPUT
	standard input

	M4.OUT
	text
	m4 OUTPUT
	output with spectral part

	M4.TAB
	text
	m4
	anharmonic IR and VCD spectrum

	M4ROA.TAB
	text
	m4
	anharmonic Raman and ROA spectrum

	M4.runwatch
	text
	m4
	progress of m4 calculation

	P.FC
	text
	harmonic
	projected Hessian

	SCR.33
	text
	readg98
	cubic constants cijk, i=1,N; j=1,N;k=1,N

|diijk|(YLIM

	SCR.44
	text
	readg98
	quartic constants diijk, i=1,N; j=1,N;k=1,N

|diijk|(XLIM

	SCR.36
	text
	readg9836
	two-atomic quartic constants, > XLIM

	SCR.37
	text
	readg9836
	three-atomic quartic constants, > XLIM

	S4.OPT
	text
	INPUT
	standard input with options

	S4.OUT
	text
	OUTPUT
	main output

	SMAT.SCR
	bin
	control
	Cartesian-normal mode S-matrix

	STATES.SCR
	bin
	ws
	VCI states

	TEN.SCR
	bin
	readg98..
	ATP and AAT Cartesian derivatives

	TEN1Q.SCR
	bin
	readg98i
	ATP and AAT normal mode derivatives

	TEN1Q.TXT.SCR
	text
	readg98i
	ATP and AAT normal mode derivatives

	TENQ.SCR
	bin
	readg98i
	ATP and AAT normal mode second derivatives

	TENQ.TXT.SCR
	text
	readg98i
	ATP and AAT normal mode second derivatives

	TTAQ.SCR
	bin
	doteni
	(,G’,A second normal mode derivatives

	TTAQ.TXT.SCR
	text
	doteni
	(,G’,A second normal mode derivatives

	TTQ.SCR
	bin
	doteni
	(,G’,A normal mode derivatives

	TTQ.TXT.SCR
	text
	doteni
	(,G’,A normal mode derivatives

	TTT.SCR
	bin
	readg98
	( Cartesian derivatives

	TTTQ.SCR
	bin
	doteni
	( normal mode derivatives

	ZIM.SCR
	bin
	harmonic
	atomic masses


Example:Water molecule absorption spectrum, Cartesian FC
1) optimize geometry

Gaussian input-optimization “opt.inp”

#hf/6-31G opt 

h2o

0 1

o  0.0 -0.3 0.0

h  0.8  0.1 0.0

h -0.8  0.1 0.0
2) by “ggopt” get optimized geometry S-orientation for symmetry,
(evetually symmetrize manually FILE.X)

3) make file G.TXT:

%chk=1.chk

$hf/6-31G freq
4) make PMZ.PAR (option file to pmz):

STEP

0.05

IDIF

2

IC

0

END
5) run “pmz”, eventually check FILE.INP
6) get gaussian outputs (“g03 FILE.INP G.OUT”)

7) make a)S.OPT
ENA3

t

 SYMMETRY

 C2V

 VSCF

t

 PHASE

t

 ENA2

t

 END
b)M4.OPT

RAMAN

f

LTT

f

AD

t

GEOMETRIES

t

FGEO

1000.0

END

c)SYM.OPT

1

1

2
8) run “s4”

get the spectra, e.g. “tabprnf M4.TAB 1 4301 100 4400 L 298 10”

Example:Water molecule absorption spectrum, Cartesian FC

9) perform harmonic frequency calculation “harm.out”,

use new1, new2, new4 to make F.INP

10) make PMZ.PAR (option file to pmz):

STEP

0.05

IDIF

2

IC

1

NMD

3

1

2

3
END
11) run “pmz”, eventually check FILE.INP
12) get gaussian outputs (“g03 FILE.INP G.OUT”)

13) make a)S.OPT
ENA3

t

 SYMMETRY

 C2V

 VSCF

t

 PHASE

t

 ENA2

t
 NORMAL MODES

t

 NMDI

3 9 8 7
 END
b)M4.OPT

RAMAN

f

LTT

f

AD

t

GEOMETRIES

t

FGEO

1000.0

END

c)SYM.OPT

1

1

2
14) run “s4”

get the spectra, e.g. “tabprnf M4.TAB 1 4301 100 4400 L 298 10”
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