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1.Purpose
      S4 program calculates anharmonic vibrational energies of molecules. Current version reads output of the Gaussian program. ACES and CASTEP output reading is implemented for special cases. Options are specified in S4.OPT. 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. 

 An older program M4 for spectral intensities is now a part of S4 and calculates spectra; it has a separate option file M4.OPT. 

2. 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

3. 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
4. List of all options

ACOEF
AH4L
ANATUR
ANSATZ
ASK 
ASL
BLOCK  
CLIM
DAFAC
DC
DC2
DOH
LDSTATE
DT 
DW
ENA2
ENA3
ENAF 
ENAG
ENAP 
ENAS 
END
HW
HLIM
HSLIMIT
IDIFF
IEXC
IP4
IC2X
ILQC
INMN
ISET 
JNMN
L36
L411 

L4  
LCDA 
L56FIT
LCHK56
LCIA
LCOEF
LCOMB
LDH3
LDW
LEXCL
LFFF
LFT
LFTRY
LH40
LHSYM
LINEAR  
LNATUR
LNM2
LNMN
LPRO
LQC
LQD     
LVAR 
LXS 
MASS 
M4
M4ONLY
MITIN

MODCPL
 NG0
NGH 
NHAND  
NMD
NMDI
NNATUR
NORM
#PROC 
NP
NQ1
NWV 
NZF 
NTEM
OH       
OHD
PHASE   
RDST 
QUARTIC 
LSCALED  
SMITIN
SPARSE 
SSTEP 
STEM
STOL
SYMM
TMITIN
TOL3 
TOL4
 VSCF

WMIN
WMAX


5. General options (in S4.OPT) 
AH4L 



ah4l [0.2]

Cut-off limit for the rotational part of quartic perturbation

ANATUR
anatur [2, ropt(27)] integration limit of dimensionless coordinates, see ANSATZ and LNATUR
 ANSATZ  

lans [false]
The frequencies calculated from phase integrals will be used as a new basis, which implies that NZF will be set to the number of vibrations.

 ASL
asl [0.001]
Cut-off limit for the cubic and quartic force fields, if lsparse=true.

ASK
ask [0.001]

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
 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.

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.

LDSTATE [ldstate = lopt(47) = false]
If true, states interacting with ground and fundamentals are chosen with OH, and then again states interaction with those states with option OHD are added to STATES. SCR..TXT.

 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!

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)
IP4

ip4 [1]

number of cycles for iterative projection of quartic ff

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.
L56FIT l56fit [false]
When the 5-point differentiation (quintic and sextic FF), use polynom fit

LCHK56 [t, lopt(59)] check accuracy for 5th and 6th derivatives, eventually set them to zero, not implemented yet.
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)

LFFF LFFF [F]
Faster evaluation of the cubic and quartic matrix elements, recommended whenever possible.
LINEAR  
[linear=false]

This option must be indicated for a linear molecule.

VSCF lvscf  [false]

Vibrational self-consistent field, frequency calculation only
M4 lm4 [t]
Perform the spectrum calculation (separate options M4.OPT) after the frequencies.Z
M4ONLY  lm4only [f]
Start the spectrum calculation immediately
MASS

nmass

iat am(iat) (1)

..

(nmass)

Define non-default atomic masses

#PROC nproc (1)

Number of processors requested for parallelized parts of the program

 NHAND  
[nhand=0]

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

NMDI
N, i1 … iN number of normal modes and their list, for NORMAL MODE differentiation.

Rem.: the numbering may not correspond to the S-matrix, i1 is usually 3*Nat.
NNATUR [nnatur=0, iopt(22)]
nnatur i1 … innatur number of normal modes transformed to natural ones and their list. If nnatur=0, take all modes in LNATUR.
NORMAL MODE

lnm [false]

Normal mode differentiation instead of Cartesian

NZF

nzf

iqf(1)..iwf(nzf)

wf(1)..wf(nzf)

nzf frequencies will be substituted, as defined.
Remark: 2017: works with ENAF, ENAG and Dohim4 (VCI diagonalization); with Cartesian differentiation some programming may be required 

ENA2

lena2 [true]
Perturbation calculation with the degeneracy-corrected PT2 formula

ENA3

lena3 [false]
Perturbation calculation, property averaging with the degeneracy-corrected PT2 formula
ENAF lena2 [true]
Perturbation calculation with the degeneracy-corrected PT2 formula, fast variant of ENA2, cannot be used with the sparse option. This has an intensity correction, too.
ENAG lenag [false], lopt(55)
Perturbation calculation with alternate PT2 formula, as in ENAF, but normalize WF
ENAP lena  
[true]

Classical PT1, PT2 perturbation calculation.

ENAS
lenas [false]
Perturbation calculation with the degeneracy-corrected PT2 formula, for super-sparse cubic and quartic
INMN 

inmn [0, iopt(23)], 2 ( INMN +1 is the degree of the differentiation, see LNMN.

JNMN
jnmn [5, iopt(24)], degree of polynom fitted, see LNMN, 2(INMN+1 ( JNMN ( 5.
ISET iset [1]
how many atoms can be excited (for Iset=2 .. cosinus basis)

How to define vibrational states

iset = 0 based on LEXC and NQ1

iset = 1 estimate interaction with ground + fundamentals

iset = 11 estimate interaction with ground + fundamentals, implementation allowing for LNATUR, LNM2 and ANSATZ

iset = 2 DCT, Cartesian basis only

iset = 3 read only HAND.OPT

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

LVAR
lvar  
[true]

Variational calculation, vibrational configuration interaction (VCI).
LNATUR
lnatur [lopt(56)=f] natural normal modes
LNM2 

lnm2 [false] 

If true, use the 5-point (-2q, -q, 0, q, 2q) differentiation to get the quintic and sextic constants.

LNMN 

lnmn [false, lopt(60)] 

If true, use the extended differentiation to get the quintic and sextic constants. Number of points is 2(Inmn+1 (-Inmn ( q, -(Inmn-1) ( q, ..., -q, 0, q, 2q, ... Inmn ( q), Inmn must be defined by INMN. A polynom is fitted to the second derivatives (F = a1 + a2 q + a3 q2 + ... + aJnmn qJnmn-1), the degree Jnmn can be defined by JNMN.
NQ1
NQ1 [5]

 Maximum number of excited centers (modes) in harmonic oscillator basis.
OH       [oh = 0.0001]

The v parameter, criterion for selection of the basis functions. See NG0, OHD, DOH.
OHD       [ohd = 0.0001 = ropt(23)]

The v parameter, criterion for selection of the second set of basis functions. See LDSTATE, NG0, DOH,OH.

 PHASE   


 lphase
[true]
The phase integrals for normal modes will be calculated, "one-dimensional VSCF".

QUARTIC 
quartic
[true]

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

RDST
rdst
[t]

Read-in states to diagonalize from STATES.LST.TXT if the file exists.

LSCALED  

scaled [false]

The S‑matrix will be read in from the F.INP file, rather than from the ab initio output.

 SPARSE


 lsparse
[true]
Algorithms for sparse cubic and quartic fields used, note that this is not the fastest variant, but saves computer memory.

 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).

TOL3

tol3 [0.0]
Cuttoffs for normal mode cubic constants, in cm-1 (dimensionless normal mode coordinates), smaller ones not used or set to zero.
TOL4

tol4  [0.0]
Cuttoffs for normal mode quartic constants, in cm-1 (dimensionless normal mode coordinates) ), smaller ones not used or set to zero.
6. Diagonalization options 
ACOEF (0, acoef=ropt(25))

Coupling parameter with the LCOEF option.
CONT

lcont [false]

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

CLIM (clim = 10-6 = ropt(24))

In SMITIN ignore eigenvalue coefficients smaller than clim.

DT
dt [0.1 fs]

With the LFT option, integration time step

DW
dw [5 cm-1]

Fourier-generated spectrum spacing
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=0.0001]

 hslim
Cut off limit for Hamiltonian elements, taken when |Hij/(Ei-Ej)| >HSLIM.

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 

LCOEF (false, lcoef=lopt(50))

Try to reduce the number of coefficients in VCI expansion by minimizing 
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LCOMB (false, lopt(53))

PT2 for combination and overtone bands.

LDH3 ldh3 [f] (lopt(46))
use the fast Hamiltonian building option, dohim3, obsolete, LFFF is better

LDW ldw [f]
Double-(-integration during LFT
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
 (see also options DW, LDW, DT, #PROC , NMD, NWV ,  NP, STEM, WMIN, WMAX)
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.
NG0 NG0 [iopt(18)=12000]

Limit dimension of the direct diagonalization, for large dimensions Davidson (Mitin) algorithm is used.
MAXIT MAXIT [10000]

Maximum iteration number for the Mitin/Davidson procedures.
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.

SMITIN  [smitin=true, lopt(49)]
smitin

The all-in-memory Mitin's routine will be used in combination with MITIN. See also CLIM.

TMITIN  [smitin=false, lopt(57)]
tmitin

SMITIN with microiterations, might be more numerically stable.

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]
7. M4 Options (In file M4.OPT!!!)
STRING
OPTION=default value (actual specified on next line)

AD    
AD=.FALSE.


The anharmonic dipole derivatives considered
GEOMETRIES 
GEO=.FALSE.


Geometry correction calculated
LTEN   
LTEN=.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
8. 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.

9. Miscellaneous 

COFF

COFF (1.0)

cage dimension for plane waves

if COFF>0 ... global

COFF<0 ... local

DAFAC

dafac [1.0]

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

L411 

l411 [false]

Quartic Cartesian constants used for one atom only, D((,((,((,((.
LCDA

lcda [false]
Use the anharmonic factor damping, see also DAFAC.

LFTRY

LFTRY [false] Atomic masses will be read from FTRY.INP; FILE.X must exist in this case.
LPRO

lprot[false]

Simple harmonic temperature (at 273 and 373K) averaging <p>=p0+(1/4)pii (exp(-wi/kT)+1)/(1-exp(-wi/kT)). See also NTEM.
HLIM

hlim [0] ropt(22) If not zero, limit by it the HO energies, for states involved in VCI.
IBR

ibr [0]

restart diagonalization from symmetry block ibr

IC2X

ice2(j)=3*NT3 on how many centers j-times excited state can reside

IDIFF
IDIFF [0] iopt(20) differentiation type, if zero, classical differentiation, e.g. 0,x-,y-,z-....  x+,y+,z+; if IDIFF=22(44) then the order follows the coordinate for single(double) differentiations, e.g. 0,x-,x+,y-,y+,z-,z+.

ILQC ilqc=iopt(21) [2]

For non-linear coordinates (LQC)

ilqc     1 - correct potential sinking 
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           2 - correct 1 and coordinate dilatation
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          3 - correct 1 and 2 and kinetic correction 
LH40 
lh40 [F]

add kinetic part of quartic potential

LHSYM lhsym [t, lopt58] symmetry Hamiltonian in mitins

LQC lqc=lopt(51) [F]

Introduce normal mode-based non-linear coordinates
LQD     
[lqd=true]

The quartic off‑diagonal terms will be considered. 

L4  
[l4=true]

 l4

Quartic off-diagonals as diiij and diijk included.

LXS lxs [false]

sparse ff (see xlim for cutoff)

MODCPL modcpl [iopt(17)=0]

Maximum number of coupled modes (no limit for zero). Works with the SPARSE option only, NQ1 is a better way to do this..

NGH

ngh [1]

cosinus basis - how many atoms are excited
 NZF     


 nzf
[0]
 iwf(1) iwf(2) ... iwf(nzf)
 (1 (2       ...        (NZF
 NZF frequencies will be substituted and used in the basis (iwf‑frequency number, (i ‑ new value)

NTEM

NTEM

(tems(i),i=1,NTEM)

List of temperatures for calculation of molecular properties, to the LPRO option. By default, NTEM=2, for tems(1)=273K and tems(2)=373 K.
STEM stemp (300)
Temperature (K) for spectral (Raman) simulations, also with LFT.

STOL
[stol=1e-4]

stol

Tolerance for S-matrix (the program checks that StS = 1 and St F S = ()
SSTEP

sstep

differentiation step, in Å, if not specified is determined automatically

10. Perturbational calculus overview
ENAP: Classical hard-way first and second order perturbation
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ENA2
ENAS
ENAF
ENA3: Degeneracy-corrected second order perturbation
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where the + sign holds for En>Em and – sign for En<Em.
ENA2 oldest version, both complete and sparse FFs

ENAS sparse force field … for only a few AH constants cijk, diijk
ENAF fast version for complete AH FFs, with the intensity corrections
Intensity is dependent on momenta like 
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ENAG
Alternate PT2 formula  (1), for intensities use normalized wavefunction
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Note that when l(n 
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ENA3: Property averaging
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11. Alternative Inputs

Apart from the default from G.OUT, if A.OUT exists, ACES output is read. Similarly, if directory CASTEP exists, CASTEP force field and NMR parameters are read from individual subdirectories (for the NORMAL MODE option only).

12. Use Gaussian 16 output with freq=anharm for S4:
1) Not to use S4, extract the main G16 output by gahtables
gahtables.f  makes the following files
DH.TAB

harmonic absorption

DAH.TAB

anharmonic absorption

ROAH.TAB
harmonic Raman, ROA

ROAAH.TAB
anharmonic Raman, ROA

This is enough to plot the Gaussian results. For further calculations, go to the next point.

2) Make F.INP and FILE.X in the working directory. F.INP is important because it contains the S-matrix needed to transform the mixed Cartesian/Normal mode second derivatives from G16 to normal modes only.
3) Extract G16 tensors by gar9
gar9.f  makes the following files usable by S4:

FILE.FC


quadratic (harmonic) force field

CQQ.SCR.TXT

cubic force field
DQQ.SCR.TXT

quartic force field

FILE.TTT

first Cartesian polarizability derivatives
FILE.TEN

first Cartesian dipolar derivatives
TTTAQ.TXT.SCR
second normal mode polarizability derivatives
4)
Make S4.OPT:

G98
disable direct reading of Gaussian output

f
SCALED
read F.INP

t
NORMAL MODE DIFFERENTIATION

t
..... rest of S4.OPT as usual


5) Run s4
13 File overview
	name
	type
	made in
	

	nA.SCR
	bin
	dohim
	VCI Hamiltonian

	CFI.SCR
	bin
	
	block VCI wavefunctions

	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
	Cartesian cubic constants cijk, i=1,N; j=1,N;k=1,N

|diijk|(YLIM

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

|diijk|(XLIM

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

	SCR.37
	text
	readg9836
	Cartesian 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.TXT
	text
	ws
	VCI states

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

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

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

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

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

	ZIM.SCR
	bin
	harmonic
	atomic masses


14.1 Remarks to VCI and diagonalization procedure
As an alternative to the perturbation calculation, limited vibrational configuration interaction looks for wavefunction in a form of  
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, where ci are expansion coefficients = eigenvectors and (i harmonic-oscillator states. This leads to an eigenvalue problem
[image: image18.wmf]ec
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where H is the Hamiltonian matrix, c is the matrix of the coefficients, and e is a diagonal matrix of energies = eigenvalues.
For small N (N < ~ 30000) a direct in-memory diagonalization can be called. This is the fastest way, but may need too large memory.

Alternatively, a Davidson-type diagonalization routine is implemented (Mitin’s variant, according to Alexander V. Mitin, J. Comp. Chem. 1994, 15 (7), 747-751) allowing to calculate eigenvectors and eigenvalues one-by-one, starting from the lowest energy. Typically, we need a ground state and part of spectrum within 0...4000 cm-1. Calculation of fraction of the eigenvectors this way can be even faster than the direct diagonalization, and the Davidson diagonalization allows to treat dimensions practically up to ~ 5000000. This is invoked by the MITIN keyword.

Originally, the matrices H and c were written on the disk, which allows for large dimensions, but the I/O operations slow down the computations. Therefore another version of the Davidson diagonalization was programmed where non-zero or non-small elements of H and c are in the memory, and others are neglected, which is invoked by SMITIN. The MITIN options are the same, sizes of H and c are regulated by HSLIM and CLIM.
In the Mitin’s/Davidson procedure each new eigenvector must be orthogonalized with respect to the previous ones, which makes calculation of states with higher energies slower and slower, so it is still desirable to keep N small by a pre-selection of the states (i, using OH, BLOCK, LDSTATE, NQ1, etc.
14.2 Remarks to anharmonic potential
The anharmonic part of the potential is
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By default all cijk and semi-diagonal (i = j) dijkl constants are considered as these can be calculated easily by a two-step differentiation of harmonic force field as
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To some limit it is possible to add the 5th and 6th derivatives, using
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The option in S4.OPT is LNM2, the quadruple-differentiation (each normal mode to Qi-2(, Qi -(, Qi +( and Qi +2() input for gaussian is prepared by the pmz.f program with IDIFF=100 in PMZ.PAR file, and 5 steps are defined for each mode in N.LST.
NZF Option
Rewrite Hamiltonian
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 and take oscillators with (’i  as a new basis and 
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 as a new perturbation potential, can be combined with the PHASE and ANSATZ options. In new dimensionless normal coordinates 
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15 Examples
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”

Example:Raman/ROA spectra of a molecule with freq=anharm Gaussian 16

1) Gaussian input contains freq=(anharm,ROA), run Gaussian
2) Run gahtables to get the spectra directly from Gaussian output, in files DAH.TAB and ROAAH.TAB
3) To continue VCI calculation, run gg to get FILE.X from Gaussian output
4) Make F.INP and ROA.TAB
5) Run gar9 to extract files from Gaussian output: FILE.TEN, FILE.TTT, FILE.FC, CQQ.SCR.TXT, DQQ.SCR.TXT, TTTAQ.TXT.SCR
6) Make S4.OPT (example):
G98

f

SCALED

t

 NORMAL MODE DIFF

t

 LDSTATE

f

 OHD

0.1

 OH

0.002

 CLIMIT

1.E-4

 HSLIMIT

1.E-4

 SMITIN

t
 LFFF

t

 SPARSE

f

 NQ1

5

 #PROC

1

 LEXCL

5

 ENAP

f

 ENA2

f

 ENAF

t

 HW

f

 LCBS

f

 ENA3

f

 STOL

0.01

 NMDI normal mode number and list

39 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7

 VSCF

f

 PHASE

t

 M4

t

 M4ONLY

f

 ASL

1.0

 MITIN

t

10 2900

 GRADCONV   convergence of the Mitin's diagonalization

1.E-12

 END
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