alphaq.f 

Calculates transition electric dipole polarizabilities in resonance by a perturbation procedure.

G-Fortran compilation: f95 -w -O3 -fopenmp alphaq.f -o ../alphaq
Input: 
FILE.TTT 
“static” part of polarizability derivatives, optional


ALPHAQ.OPT
option file


TD.OUT 
Gaussian output, vibrational parameters for the excited state

SLIST.TXT 
list of Gaussian outputs for more states (instead of TD.OUT)


TD.OUT.DUSCH
FIle with the Duschinsky matrix (obtainable by dusch.f, see guvcde.doc)

Output:

.TAB files with Raman and ROA intensities

Options variables[defauts]:

BLOCK
number of normal modes to block
lblock [6]

EATTT
delete tensors according to EA.LST
eattt [f]

EXCNM
excitation wavelength
EXCNM [532 nm]

GAMMA
frequency uncertainty (, “bandwidth”)
Gammacm [500 cm-1]

HERZBERG
include the Herzberg-Teller contributions
lht [t]

IMAG

read imaginary parts of teh static derivatives 

limag [f]

IPOL

include the I-part (zero order of polarizabilities)
lii [t]

JPOL

include the J-part (first order of polarizabilities)
lij [t]

KTLIMIT
limit for initial states (for e-E/kT)
ktlim [0.2]

LEXCI
maximal excitations for initial states
lexci [3]

MMAXI
maximal class for initial states
mmaxi [3]

NAALPHA
number of frequencies recorded
NA [1000]

NPROC
number of cpus used
nproc [1]

IMAG

read imaginary parts of teh static derivatives 

limag [f]

IWRITE
regulates the amount of output
iwr [0]

KELVIN
temperature
kelvin [300 K]

PISVEJC
trial constant to mix static and dynamic polarizability
pis [1]

SLIST

SLIST.TXT present
slist [f]

STATIC
add static part of the polarizabilities
lstat [f]

USEA

use the A tensor (quadrupole)
luseA [t]

USEG

use the G tensor (magnetic dipole)
luseG [t]

VERTICAL
the vertical approximation, if true make new shift vectors K from gradients
lvert [t]



[image: image1.wmf]å

-

¶

¶

=

J

J

J

IJ

I

Q

E

J

K

2

w


WMAX
maximal frequency
wmax [4000 cm-1]

WMIN
minimal frequency
wmin [10 cm-1]
WRAX
maximal Raman frequency
wrax [4000 cm-1]
<TYPE>
type of spetra (choose at least one!)
ldo [f]

<TYPE>: 
ICP_0   
ICPx_90 
ICPz_90 
ICPs_90
ICPu_90    
ICP_180    
SCP_0      
SCPx_90 
SCPz_90    
SCPs_90    
SCPu_90    
SCP_180 
DCPI_0     
DCPI_90    
DCPI_180   
DCPII_0   
DCPII_90   
DCPII_180  
FCTAB      
Example of a calculation  ([image: image2.wmf]N

N

O

O

Co

molecule):

1) optimize ground state geometry and get the frequency (opt freq in Gaussian)
2) make directory ground, put there FILE.X (optimized geometry) and F.INP (S-matrix, new4: record all 3(Nat modes)
3) calculate frequencies and transition dipole derivatives for excited states (say 7,8,9 and 10, #p td=(nstates=10,root=10) freq), in *.log files
4) make the Duschinsky matrices *DUSCH, e.g. by the script:

for i in {7..10}

do

rm -rf excited

mkdir excited

cd excited

gar9 ../$i.log

new1

new2 0 0 y

new4 y -2 1

cd ..

dusch

mv DUSCH.OUT $i.log.DUSCH

done
5) make the list SLIST.TXT:
7.log

8.log

9.log

10.log
5) make ALPHAQ.OPT:

BLOCK
0
EXCNM

532 nm
GAMMA
500 cm-1]

LEXCI
1

MMAXI
1
SLIST

t
VERTICAL

f

SCP_180
t

Theory

The transition electric polarizability between states n and m is
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(1)

where ħ is the reduced Planck constant, ( and m are respectively the electric and magnetic dipole moment operators, ( and (' are frequencies of the incoming and scattered light, frequency (jn corresponds to the difference between j and n, the sums run over excited states j. 

We investigate the contribution of one electronic transition, between ground g and excited e electronic states. Within the Born-Oppenheimer approximation, the states are products of the electronic and vibrational parts, 
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. We will separate (jn = (0 + (v, where ħ(0 = E0’ – En (see Figure), and (v is part of the vibrational energy in the excited state. We also abbreviate the electronic transition moments 
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(2)


[image: image9]
Figure. Simplified scheme of the Raman scattering process. Electronic (Eg/Ee) and sum of the electronic and zero point (E0/E0’) energies of the electronic ground/excited state, energies of the initial En, intermediate Ej and final Em states, angular frequencies of the incoming ( and scattered (' light, ħ(v = Ej - E0’ . ħ(V is the “vertical” excitation energy, in the optimized electronic ground state geometry. The electronic potentials are dependent on the normal mode coordinates in the ground (Q) and excited (Q') electronic states.

In the first resonance frequency part of (2), we expand to the first power of (v
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(3)

In the second part of (2), because usually (v<<(0, we can neglect (v, and( can be set to (' because these two frequencies differ only by a small difference in the vibrational energies of the ground electronic state.
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Now, significant simplifications are possible. Realizing that 
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is the vibrational Hamiltonian in the electronic excited state and ħ(Z is the zero point energy, the identity 
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 can be used in all three terms of (4). The first and third terms then can be joined, using 
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(5)

Where the integrals 
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Within the harmonic approximation, we can write H as a function of the normal mode momenta P'i and coordinates Q'i of the excited electronic state
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Using the Duschinsky transformation 
[image: image20.wmf]K

JQ

Q

+

=

'

, where Q are the ground-state normal modes, 
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where 
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Because the commutator 
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(9)
Next, we express the coordinates and momenta using the creation (a+) and annihilation (a-) operators, 
[image: image33.wmf])

(

2

j

j

j

j

a

a

i

P

-

+

-

=

w

h

 and 
[image: image34.wmf])

(

2

j

j

j

j

a

a

Q

-

+

+

=

w

h

. For brevity, we also introduce 
[image: image35.wmf]i

i

i

K

k

h

w

2

=

, 
[image: image36.wmf]j

k

jk

jk

u

U

w

w

4

h

=

, 
[image: image37.wmf]j

k

jk

jk

v

V

w

w

4

h

=

, 
[image: image38.wmf]jk

jk

jk

U

V

X

-

=

, and 
[image: image39.wmf]jk

jk

jk

U

V

Y

+

=

. Then the Hamiltonian becomes



[image: image40.wmf])]

(

)

(

)

(

[

j

k

j

k

j

k

j

k

j

jk

k

j

k

j

k

j

jk

k

j

k

j

jk

a

k

a

k

a

k

a

k

k

k

V

a

a

a

a

Y

a

a

a

a

X

H

-

+

-

+

-

+

+

-

-

-

+

+

-

-

-

-

+

+

+

+

=

å

å

k




(10)
and the integrals
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They simplify for a fundamental transition with 
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If we suppose that the normal modes of the ground and excited electronic states are the same (i.e., 
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As usual, to avoid divergence when (eg=(, we introduce imaginary frequency uncertainty i. Replacing 
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For the "ROA" polarizabilities, we proceed similarly. They are defined as




[image: image63.wmf]å

å

¹

¹

¹

¹

+

+

-

=

n

j

m

j

n

j

m

j

jn

jn

n

j

j

m

m

n

m

j

j

m

G

,

,

'

~

w

w

m

w

w

m

a

b

b

a

ab

h

h



(17)




[image: image64.wmf]å

å

¹

¹

¹

¹

+

+

-

=

n

j

m

j

n

j

m

j

jn

jn

n

m

j

j

m

n

j

j

m

m

,

,

'

~

w

w

m

w

w

m

a

b

b

a

ab

h

h

G



(18)




[image: image65.wmf]å

å

¹

¹

¹

¹

+

Q

+

-

Q

=

n

j

m

j

n

j

m

j

jn

jn

n

j

j

m

n

j

j

m

A

,

,

,

'

~

w

w

m

w

w

m

a

bg

bg

a

bg

a

h

h



(19)




[image: image66.wmf]å

å

¹

¹

¹

¹

+

Q

+

-

Q

=

n

j

m

j

n

j

m

j

jn

jn

n

j

j

m

n

j

j

m

,

,

,

'

~

w

w

m

w

w

m

bg

a

a

bg

bg

a

h

h

A



(20)

and we get
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where 
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. These integrals are analogous to I and J, where the appropriate operators are substituted.
Alternative – expansion around vertical excitation energy
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Fundamental
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Implementation (Stokes only):
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