dynamim.f
(self-standing Fortran code)
Simulates vibrational (IR, VCD, Raman, ROA) spectra from MD trajectories via the autocorrelation functions. Ensemble of many molecules can be defined.
Input:


FILE.X




DYNAMIM.OPT

Optional input:
SMALL.POL, INT.POL
polarizability ((), Cartesian, internal



SMALL.G.POL, INTG.POL 
polarizability (G'), Cartesian, internal



SMALL.A.POL, INTA.POL 
polarizability (A), Cartesian, internal




SMALL.TTT 

 
polarizability derivatives, Cartesian, internal




SMALL.TEN 

 
dipole derivatives, Cartesian, internal




CCT.INP


transfer options



SMALL.X  


source molecule geometry, with bond table for the CCT option
Output
FILE STRUCTURES AND OPTIONS:

Principle input is FILE.X with all MD geometries:

Line 1: any name for the first MD geometry
Line 2: NAT, number of atoms

Line 3: Q1 X1 Y1 Z1, atomic number and Cartesian coordinates of the first atom

...

Line 2+NAT: QAT XNAT YNAT ZNAT, atomic number and Cartesian coordinates of the last atom

Line 2+NAT+1: [any name], etc., for the second MD geometry

DYNAMIM.OPT
The options must start at the beginning of line, are character-sensitive, and the values is usually defined on the next line.
Options [default values]:
CONVOLUTION
lconv [false]
In order to prevent too narrow peaks for long time simulations, the accumulated spectra are instantaneously convoluted with a broadening Gaussian function, 
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 (see the RESOLUTION option)
CONTYPE 
lg [G] convolution with Gaussian (G) or Lorentzian (L) function

CCT
transfer Cartesian tensors ala cctn

lcct [false]

DRESS

ldress [false] used tensors adapted [dressed] on intermolecular interactions

DW

(( [2] frequency interval in recorded spectrum, in cm-1
IPRINT

iprint [100] Spectra will be dumped out on disk every iprint steps.
LAVERAGE

lave [f] average individual molecular polarizabilities (AB and products (AA(AA (AB(AB (AA(BB
LCIDR Rayleigh parameters and write polarizabilities each step
lcidr [f] 

LEXP
read atomic polarizabilities from POLAR.TXT

lexp [f]

LEXCA
read atomic charges from CHARGE.TXT

lexca [f]

NMOL number of molecules
nmol

NAT1, L1 ... LNAT1 number of atoms in the first molecule and their list [related to FILE.X]
...

NATnmol, L1 ... LNATnmol number of atoms in the last molecule and their list 
NNAMES 

lnames [f] named tensor file
if true:

nnames
number of molecular kinds

for each:

snam (name)

nmol       

imk_1

…

imk_nmol
PERIODIC

lper, perx, pery, perz [false, 0, 0, 0,] use periodic conditions, followed by box dimensions in Å

PROJECT

lproject [false] project translations from polarizabilities at each step

RESOLUTION

res [5] Width of convoluted peaks [cm-1]

TENI

ltei [false] input polarizabilities in internal coordinates

TEMK
kelvin [298] temperature in Kelvins
TSTEP

(t [0.00009672] integration MD time step, in ps

TTTI

ltti [false] input polarizabilities in internal coordinates

WMAX

(max [4000] upper limit of recorded spectrum [cm-1]

WMIN

(min [50] lower limit of recorded spectrum [cm-1]

Other files:
Atomic charges are defined in the file CHARGE.LST:

Line 1: empty or anything

Line 2...N+1: charges of atoms 1...N 

Atomic polarizabilities are defined in the file POLAR.LST:

Line 1: empty or anything

Line 2...N+1: polarizabilities of atoms 1...N 

INT.FC, INT.TEN, INT.TTT force field, dipole and polarizability derivatives in internal coordinates
SMALL.FC, SMALL.TEN, SMALL.TTT force field, dipole and polarizability derivatives in Cartesian coordinates
CCT.INP overlap definition between the source and target geometries if the Cartesian tensors are used
Most relevant options in CCT.INP:

ALPOL
transfer ( polarizability

lopl [f]
APOL

transfer A polarizability

lopla [f]
GPOL 
transfer G’ polarizability

lpolg [f]
LNAMES
name fragments

lnames [f]
LRAM

transfer Raman tensor

LRAM [f]
LROA 

transfer ROA tensors

LROA [f]
LABS 

transfer atomic polar tensor

LABS [f]
LVCD 

transfer atomic axial tensor

LVCD [f]
OLDFORMAT
20i3
loldformat  [t]
1. Theory to the Raman part
Raman Spectra of Interacting Molecules


In an ensemble of N molecules with dipoles (i in local field sensed by molecule i is an external electric field E0 plus the field from other dipoles,
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where 
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 is the distance vector. The total dipole moment is thus
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and the total polarizability
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A derivative with respect to coordinate ( of an atom ( present in molecule m is
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Deriving the previous formula we used the definition of molecular position as a geometrical center of M atoms with position vectors ri, 
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 is the identity matrix.
Atomic Polarizability Model


In this simplification, all atoms are treated as polarizable spheres of a isotropic polarizability (i, i = 1…NAT. Utilizing the expression above, we obtain the following derivative of the total polarizability with respect to a position of sphere k

[image: image10.wmf]å

>

-

¶

¶

=

¶

¶

i

j

ij

ij

ij

ij

k

j

i

k

r

r

r

r

r

r

5

2

0

3

2

1

ba

a

b

e

e

ab

d

a

a

pe

a



[image: image11.wmf](

)

[

]

å

¹

-

+

+

=

k

i

ki

ij

ij

ki

ki

ki

ij

ij

i

k

r

r

r

r

r

r

r

r

e

a

b

e

ba

b

ea

a

eb

d

d

d

a

a

pe

5

4

6

2

7

0


From the coordinate derivatives of the polarizability, we obtain the time derivatives using the chain rule:
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where the velocities vk( are known at each point. We collect Fourier transforms of the polarizability derivatives
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that provide the Raman intensity of the backscattered (180() signal as
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where 
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, k is the Boltzmann constant, T temperature, K is an arbitrary intensity multiplier, (ħ is the Planck constant.
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