uworks.f 

A program for VCD intensities beyond the Born-Oppenheimer approximation.
File locations


C(jean): /cygdrive/e/cyghome/uworks


program

C(jean):\bour\new\F\docs\uworks.doc


manual


C(jean):\bour\TXT\archive\ord\EV-interaction.doc

theory

C(jean):\bour\TXT\archive\ord\EV-remarks.doc

implementation
Main Options in UWORKS.OPT:
Format:

OPTION
keyword
value

specification(s) on the next line(s)
Main Options
FILE filename [G.OUT]

TD DFT output
FILD filename [GD.OUT]

CP output

WORK 
work 1 

Switch on various calculations:

work=1, read numerical differentiated output in FILE, make derivatives of the expansion coefficients, write them to CIJ2.TXT.SCR ; for Gaussian:... iop(9/40-4) td


work=2, reads the coupled-perturbed matrices from FILE, for Gaussian, for example: #B3LYP/6-311++G** freq=vcd nosymm iop(10/33=2) IOp(10/21=1) iop(5/33=3) GFInput


work=3, makes the non-BO Hamiltonian, from the derivatives obtained in the two previous works


work=4, calculates the spectra into DOG.TAB

These can be combined , for example

WORK

3 1

WORK

4 1
tells the program to calculate the Hamiltonian and spectra.
Other Options:
Logical:

LORT lort [true]
orthonormalize CI’s coefs.
LZMAT lzmat [true] 
if true, read the Z-matrix orientation

LNORM lnorm [true] normalize CI’s coefs.

PROJECT lopt(1) [f]
project translations and rotation from derivatives of TDDFT state coefficients
LWRT lopt(2) [f]lwrt


write large output
SIGN lopt(3)
LV01 
lv01=lopt(4) [t] (this and the following 4 options) involve a Hamiltonian term
LV02 lv02=lopt(5) [t]

LV03 lv03=lopt(6) [t]

LV1M lv1m=lopt(7) [t]

LV2M lv2m=lopt(8) [t]
LKDJ
 lopt(9) [f] calculate integrals between excited states
LFIRST lopt(10) [f]
simplified Hamiltonian, first and diagonal second state derivatives

expanded into other states
LDAM lopt(11) [f] 
skip suspiciously large CI derivatives

LCBF
lcbf =
lopt(12) [f] 
eliminate backward excitations

LSC6
lcbf =
lopt(13) [f] include the term containing 
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, which slows the program significantly
LNM
lnm = lopt(14) [t] 
include Jnm derivatives with m ( n
LCI1 lopt(15) [t]
use first CI coefficient derivatives
LCI2 lopt(16) [t]
use second CI coefficient derivatives
LSCA lopt(17) [f]
scan electronic frequency over an interval (central SW0, bandwidth SDEL, SSTA state, SNP points)
LDC6 lopt(18) [t]
direct calc of the <n'|n''> term
LPERT lopt(19) [f]
use the perturbational calculus 
Integer:
NSTATES nst [0] if <>0, limit the number of CI states

IFIX ifix [3] how to fix back-excitations 
Limit the electronic and vibrational states taken in the Hamiltonian by:
NE1 
ne1 = icon(1) [0] 
first el state included (if ne1(( 0)

NE2 
ne2 = icon(2) [0] 
last el state included (if ne2(( 0)

NV1 
nv1 = icon(3) [0]
first vib state included (if nv1(( 0)

NV2 
nv2 = icon(4) [0]
last vib state included (if nv2(( 0)

IUCP 
 icon(5) [0]
icon=0: use analytical U~



icon=3: use numerical U~




icon=30: use the smallest ones from both 

IBUF 
icon(6) [100]
dimension of the buffer for largest CKab coefficients and derivatives ( use all if icon(5)(( 0)
MO1
icon(7)[0] 
lower limit of orbitals in U
MO2
icon(8)[0] 
upper limit of orbitals in U
SSTA icon(9)  [1]    selected electronic state for the scan
SNP  icon(10) [20] number of points of the scan
Real:
TEMP ropt(1)
 [273]
temperature
GLIM ropt(2)
 [10-4]
GLIM
CLIM ropt(3)
 [10-4]
ignore CI coefficients for |c| < clim, obsolete
SDEL ropt(4)
 [50]
bandwidth (cm-1) for the electronic scan
SW0 ropt(5)
 [3000]
central frequency (cm-1) for the electronic scan:
-----------------------------------------------------------------------------------------------------
Example of usage
1) For convenience, make 3 directories, fre, tddif and h:

In fre do:

2) Run Gaussian frequency with options to provide the coupled-perturbed matrices, e.g.

%chk=XX.chk
#hf/6-31G nosymm freq=vcd iop(10/33=2) iop(10/21=1) iop(2/11=1) guess=

 checkpoint pop=full geom=allcheckpoint GFInput
Rename the frequency output to GD.OUT.
3) Format the checkpoint (“formchk XX.chk”) and run sos on it. Alternatively, use directly GD.OUT instead of the formatted checkpoint.Example of SOS.OPT:

LTXT
t
FILE

1.fchk
(or GD.OUT)
INORMO

3

LZMAT

t

LD5

(important – set it according to Gaussian output)
t

LF7

(important – set it according to Gaussian output)
t

ABINI

t

LSXR
(important – produces S-matrix derivatives SXA.SCR.TXT, SXB.SCR.TXT)
t

END
4) Run uworks to extract the U-matrix, with UWORKS.OPT like this:
FILE

GD.OUT

WORK
(important – extracts the Pople’s U-natrix)
2 1

LZMAT

t

LWRT

f

LORTHO

f

LNORM

f
5) Make F.INP from GD.OUT (“gar9 GD.OUT”, “new1”, “new2”, “new4”).
In tddif do:
5) Make a PMZ.PAR:

STEP

0.01

IDIFF
(important – X-(, X+( differentiation)
22

IC

0

END
and G.TXT, e.g.
%chk=XX.chk

%mem=2gb

%nproc=6

#B3LYP/6-31G td=(nstates=50) nosymm iop(2/11=1) scf=(tight,qc)

Geom=(NoDistance,NoAngle) iop(9/40=4) pop=full
and CM.TXT if needed. FILE.X should be present, too (e.g. “cp fre/FILE.X tddif/FILE.X”) Run pmz to prepare numerical differentiation of excited electronic states into FILE.INP.
6) Run Gaussian (“g16 FILE.INP FILE.OUT”).

7) Prepare UWORKS.OPT:

FILE

FILE.OUT

WORK

1 1

LZMAT

t

LWRT

f

LORTHO

f

LNORM

f

PROJECT

f

SIGN

t
and run uworks.
In h do:
8) Copy or move F.INP, FILE.TEN and all scratch files (AIJD.SCR.TXT (open shell), BIJD.SCR.TXT (open shell), CIJD.SCR.TXT (closed shell), CC0A.SCR.TXT , CC0B.SCR.TXT (open shell), DIMS.SCR.TXT, DIPOLES.SCR.TXT,  DIPOLEDER1.SCR.TXT, DIPOLEDER2.SCR.TXT, EE.SCR.TXT, OPEN.SCR.TXT,  UouA.SCR.TXT, UouB.SCR.TXT (open shell)) here
 (e.g.:

cd fre

cp F.INP FILE.TEN UouA.SCR.TXT, UouB.SCR.TXT ../h

cd ../tddif

cp EE.SCR.TXT OPEN.SCR.TXT AIJD.SCR.TXT BIJD.SCR.TXT CC0A.SCR.TXT DIPOLES.SCR.TXT DIPOLEDER1.SCR.TXT DIPOLEDER2.SCR.TXT  CC0B.SCR.TXT  DIMS.SCR.TXT ../h
or

ln -s ../fre/F.INP F.INP

ln -s ../fre/UouA.SCR.TXT UouA.SCR.TXT

ln -s ../fre/UouB.SCR.TXT UouB.SCR.TXT

ln -s ../tddif/DIMS.SCR.TXT DIMS.SCR.TXT

ln -s ../tddif/OPEN.SCR.TXT OPEN.SCR.TXT

ln -s ../tddif/EE.SCR.TXT EE.SCR.TXT

ln -s ../tddif/CC0A.SCR.TXT CC0A.SCR.TXT

ln -s ../tddif/CC0B.SCR.TXT  CC0B.SCR.TXT

ln -s ../tddif/AIJD.SCR.TXT AIJD.SCR.TXT

ln -s ../tddif/BIJD.SCR.TXT BIJD.SCR.TXT

ln -s ../tddif/DIPOLES.SCR.TXT DIPOLES.SCR.TXT

ln -s ../tddif/DIPOLEDER1.SCR.TXT DIPOLEDER1.SCR.TXT

ln -s ../tddif/DIPOLEDER2.SCR.TXT  DIPOLEDER2.SCR.TXT

ln -s ../tddif/sos/Ucp.A.SCR.TXT Ucp.A.SCR.TXT

ln -s ../tddif/sos/Ucp.B.SCR.TXT Ucp.B.SCR.TXT
)
9) Prepare UWORKS.OPT:

FILE

freq.out

WORK

3 1

LZMAT

t

LWRT

f

LORTHO

f

LNORM

f
and run uworks. This produces and diagonalizes the hamiltonian.
10) Rerun uworks with work 4, e.g. with UWORKS.OPT like this

FILE

freq.out

WORK

3 1

WORK

4 1

LZMAT

t

LWRT

f

LORTHO

f

LNORM

f

LFIRST  only first der simplified

t
DOG.TAB is produced.
Note: The programs makes scratch files on the way (*SCR*), and can restart from some points. If this is not desired, the scratch files need to be deleted at the beginning so that old results are forgotten.
Remark: making U-matrix using SOS:

1) prepare PMZ.PAR, e.g.
STEP

0.005 A

IDIF

 22

IC

0

END
and G.TXT, e.g.
%chk=h2o2.chk

%mem=1GB

%nproc=2

#B3LYP/6-311++G** sp GFInput nosymm pop=full
and run pmz, produce FILE.INP and FILE.OUT

2) prepare SOS.OPT:

FILE

G.OUT         only zero point part of FILE.OUT may be here*)  
LZMAT

t

LD5

t

LF7

t

ABINI

t

IDIFF

22

LORD

this will require FILE.OUT
t

LLOC

t

PROJECT

t

END 
*) if G.OUT and FILE.OUT are the same, FILE.OUT for LORD will be read again

and run sos to produce

Ucp.A.SCR.TXT(Ucp.A.SCR.TXT)

- our U from overlap

UPcp



- Pople's from overlap

UOcp



- our from Pople

UOPcp



- our from Pople and S-derivatives

Alternate SOS.OPT:

FILE

FILE.OUT

LZMAT

t

LD5

f

LF7

t

ABINI

t

IDIFF

22

LLOC

f

LMAO

t

PROJECT

t

END

Some subroutines
cij2
Makes CI coefficient derivatives from numerically-differentiated Gaussian output, writes them to CIJ2.TXT.SCR.

cp
Extract orbital derivatives from Gaussian output, writes them to Uou.SCR.TXT.

MO: 
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, note that U is not exactly Pople’s matrix.

Subroutine flow

-read geometry

-read MO coefficients

-read U, F, P matrices (?derivatives) for R and E

-read derivatives of MO S matrix, 
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- calculate 
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, write it to  UanFA.SCR.TXT
- replace occupier-virtual block and implant diagonals as 
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, write to UanA.SCR.TXT
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- get 
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, write it to UouA.SCR.TXT

dospec

Takes eigenfunctions and makes the spectra in DOG.TAB
makeh
Makes the Hamiltonian matrix 
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 in the basis of BO wavefunctions 
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, and diagonalizes it, H C = E C, energies are stored to ENBO.SCR.TXT and coefficients to CNBO.SCR.TXT.

makehl as makeh, using largest CKab derivatives only
psum

precalculates useful sums for Hamiltonian construction
readcij2
Read CKa(b and CKb(a first and second derivatives from a file
Scratch files
AIJD.SCR.TXT, BIJD.SCR.TXT, CIJD.SCR.TXT
first and second (diagonal) derivatives of CI coefficients, all
DA.SCR.TXT, DB.SCR.TXT, UA.SCR.TXT, UB.SCR.TXT
first and second (diagonal) derivatives of CI coefficients, largest

Ucp.A.SCR.TXT, Ucp.A.SCR.TXT MO derivatives (our U) from sos
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_1605031945.unknown

_1605210565.unknown

_1605210910.unknown

_1605074708.unknown

_1605033032.unknown
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_1600504505.unknown
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