hoe.f - "Harmonic oscillators in electric field" -

semi-classical calculation of absorption and VCD spectra from real time-dynamics
Supplementary programs: 

alextract.f
extracts polarizability and mass center from Gaussian output, writes on screen

ppropag.f
distributes polarizabilities and geometries

Input files: 
FILE.X 
... geometry



FILE.TEN, FILE.TTT   
... dipole, polarizability derivatives



FILE.FC  
... force field

         

FTTRY.INP 
... atomic masses



HOE.OPT
... options
Options [default]

APOL polarization for which path is recorded

ipa [1]

CAGE plot the intensity (
[image: image1.wmf]2

E

) in Gaussian cube like cage

lcage [f]

x0 y0 z0 [0 0 0] cage origin [Å]

na ax ay az [0 0 0 0] number of point in the a-direction and the shift vector [Å]
nb bx by bz [0 0 0 0] same for b and c
nc cx cy cz [0 0 0 0]

CHIR how to treat chirality
chir [0]    

CRAMAN force the complex path for Raman (otherwise only with IPOL(0)

cram [f]

CRT coupling constant for rotation-translation correction
crt [0.1]

DELTA (-function width, cm-1
tt [10]

E0 external electric field, au

e0 [10-3]    
FCOORD use field in the POINT coordinates

fcoord [f]    
FFT fast Fourier transform, pulse radiation, experimental option

fft [f]    
GAMMA  damping constant, au

gamma [10-4]    
GEOMETRY write geometry [debug option]

lgeo [f]

IPOL number of polarizable particles (if (0, file POL.LST expected)

ipol [0]

KK arbitrary constant to keep atoms in place

Kk [10-3]
LIJK
use all cubic and quartic constant, experimental option
lijk [f]

L3
use cubic constants, experimental option
l3 [f]

L4
use quartic constants, experimental option
lijk [f]

LOC
calculate relative energies absorbed/dispersed on atoms, as charges in XL.X

lloc [f]

LRT apply translation-rotation correction
lrt [t]

LW0 avoid negative PES slips
lw0 [f]

LTW type of LWT option, see PES slips
lwt [1]  
NINT step when the integration starts

nint [5000]
NPROC number of processors for parallel run

nproc [1]
NR coordinate to record

nr [1]
NT [10000] number of time steps

nt

NW number of frequencies

nw [100]
PATH path (coordinate) to record

pr [1]
PLANE list the intensity (
[image: image2.wmf]2

E

) in a plane

lplane [f]
x0 y0 z0 [0 0 0] plane origin [Å]

na ax ay az [0 0 0 0] number of point in the a-direction and the shift vector [Å]

nb bx by bz [0 0 0 0] same for b 

POINT write fields in this point, use it in an analytical formula
lpoint [f]

xp yp zp [0 0 0]

QUADRUPOLE use quadrupole derivatives
quad [f]

RAMAN make Raman/ROA spectrum .
lram [f]
RDIR direction for which path is recorded (123=xyz)

ida [1]

RLIM discard units closer than rlim
ida [1]

SFT slow Fourier transform, pulse radiation, experimental option

sft [f]    
SMAT make S-matrix
ls [f]   

STEP time step, fs

dt [0.5]   

TEMP temperature for Raman, in K

ftresh [293.15]    

TRESHOLD threshold for the force field, at. units

temp [10-4]    

USEA use the A-tensor for ROA

usea [t]    

USEG use the G'-tensor for ROA

useg [t]    

VCD make VCD/IR

lvcd [t]    

WLMIN minimal frequency, cm-1

wmin [1450]
WLMAX maximal frequency, cm-1

wmax [1850]
Theory

Classical molecular Hamiltonian is a function of coordinates d(( ((-deviation of atom ( from the equilibrium position) and momenta p((  




[image: image3.wmf]B

m

E

E

μ

×

-

×Ñ

×

Q

-

×

-

+

=

å

3

1

2

,

2

V

m

p

H

a

l

l

la


where m( is atomic mass, V is the nuclear potential, (, ( and m are molecular electric dipole, electric quadrupole and magnetic dipole, respectively, E and B are intensities of the electric and magnetic field, respectively. For V, we take the harmonic potential, 
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 is the force constant. We do the first expansion of the multipole moments with respect to the atomic positions, using the derivatives 
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For the atomic motion in the electromagnetic field of light the classical Hamilton equations give
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where 
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. To the force, we added two arbitrary terms, a small harmonic force 
[image: image13.wmf]la

kd

-

 keeping atoms in place (KK option), and the friction 
[image: image14.wmf]la

l

g

d

m

&

-

 (cf. the GAMMA option), both stabilizing the motion. The Hamilton equations thus give
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Using the frogleap scheme, we propagate in time steps ( as 
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The system is irradiated by the light. For propagation in the x-direction and right-circularly polarized light,
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The energy absorbed by the system is calculated as
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and we can get the absorption spectrum as 
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Localization of absorbed/dispersed energy on atoms

Dividing the absorbed/scattered energies to individual atoms and integrating over a frequency interval ((1,(2), we obtain an atomic contribution as
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This makes it possible to link spectral intensities to particular molecular parts, in an analogy to the usual normal mode assignment. For plotting, normalized atomic energies 
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S-Matrix

Alternatively, complex vibrational normal mode-like displacement can be extracted for each frequency J as a Fourier transform of time-dependent coordinates, 
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 we obtain real displacements S(J when we calculate a 2(2 moment in the complex plane, 
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The constant k is calculated from a comparison to the exact solution at the harmonic approximation. For each mode I with the normal mode coordinate QI the dipole strength of a fundamental transition is 
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, where ħ is the Planck constant, s(I are elements of the Cartesian-normal mode transformation matrix, and (J the normal mode angular frequency. For the Cartesian coordinates, we simplify notation grouping the Cartesian and atomic index (
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we replace the Cartesian coordinates by 
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Multiplying by s(J , summing over (, and using 
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Then we look for a stationary solution with 
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The absorbed energy
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Using 
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Alternate formulation (Fourier transform)
We are using the same Hamiltonian, 
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, but the external field is in a form of "(-pulse", 
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tk = k(, T=N(,
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Subroutine runft:

Algorithm: from time dependence dk (k = 0 ... N-1) make complex 
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(-function form:
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Chirality treatment
CHIR=0: record w(with magnetic and quadrupole moments)-w(without)
CHIR=1: record w(with L-CPL)-w(with R-CPL), is less stable than CHIR=0 or CHIR=2
CHIR=2: record w(R-CPL, R-enantiomer)-w(R-CPL, L-enantiomer)
Anharmonic correction (experimental only-does not look useful so far):
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Single sums only:
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PES Slips
In each step, investigate 
[image: image79.wmf]d
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If s>0 then use corrected mechanical force 
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Example 1: s negative, do nothing. 

Example 2: s positive, correct.
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LWT=0
do nothing

LWT=1
subtract projection destroys spectrum

LWT=2
make projected force positive coord. too big
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LWT=3
2, with transition distance runs ok, but VCD destroyed
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LWT=4
make whole force positive coord. too big
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LWT=5        
4, with transition distance coord. too big
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Rotation-Translation Correction
At each time increment, calculate repaired coordinates 
[image: image87.wmf]i

i

i

crt

v

v

d

d

d

å

=

×

-

=

6

1

'

, where crt is a coupling constant, and vi are unit vectors corresponding to 3 translations and 3 rotations with respect to the xyz axes.

Embedding in polarized units
 SHAPE  \* MERGEFORMAT 



External circularly polarized 
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Field from dipoles induced in individual chromophores - dipole only:
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(Barron 2.4.42b)
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Analytical formula, molecule in the electromagnetic field
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 At chromophore, 
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No extra groups, 
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1) SCP
p=0, p’=+/-1, k~k
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2) DCP
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2) DCP

pp’:1-1- (-1)(1)
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Stephens definition of AAT
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y-polarization:
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Raman - Complex Formulation
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y-polarization:
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z-polarization
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Structure of POL.LST
(1,xx, (1,xy, (1,yy, (1,xz, (1,yz, (1,zz, x1, y1, z1

(2,xx, (2,xy, (2,yy, (2,xz, (2,yz, (2,zz, x2, y2, z2

...

(ipol,xx, (ipol,xy, (ipol,yy, (ipol,xz, (ipol,yz, (ipol,zz, xipol, yipol, zipol
ppropag.f
distributes polarizabilities and geometries

Input: 
ONE.POL

polarizability


ONE.X

geometry of the molecule


PPROPAG.OPT
options

Output:
POL.LST
polarizabilities and positions (atomic units)



MORE.X
rotated geometries

Options:

X, Y and Z multipliers: NXMIN, NXMAX, NYMIN, NYMAX, NZMIN, NZMAX
Rotations and shifts in each direction: ROTX, ROTY, ROTZ, SHIFTX, SHIFTY, SHIFTZ
hoe.f flow:
read FILE.X

make unit vectors v6

if ipol>0 get polarizabilities from POL.LST

real masses from FTRY.INP

read force field from FILE.FC, keep non-zero elements only

if l3, l4 read anharmonic parameters

read dipole derivatives from FILE.TEN

read quadrupole derivatives from FILE.QEN

if lpoint ( wpo

if fft ( FFT

if sft ( slow FT

if lvcd ( runvcd

if lram


if cram or ipol(0 ram or ram2
subroutine wpo 


load s-matrix from F.INP


transform quadrupole derivatives to normal modes


transform electric and magnetic dipole derivatives


write isolated chromophore spectra


subroutine calcpo: calculate matrices a b c for r( = point

calculate dressed fields
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