
Overview of calculations
for energy transfer project

Estimating Franck-Condon factors from Raman spectra

Calculating absorption spectra using the time-correlator

Calculating spectral overlaps 



Rhodamine 6G



Rhodamine 6G fluorescence spectra



Rhodamine 6G Raman

We can use relative Raman cross sections
to determine the displacement of modes
in the excited state. All the modes in the 
Raman spectrum are Franck-Condon active.
This means that they arise from vertical 
transitions. To a first approximation their
intensity is proportional to Se-S, where S
is known as the electron-phonon coupling
constant. These data are obtained using
514.5 nm excitation.

Source: Handai Biophotonics (2007)
Hiroshi Masuhara & Fumio Tokunaga, Eds.



Calculated model of Raman spectrum

The model of the Raman spectrum
was taken from the reference on the
previous slide. There is a rise in the
baseline above 1000 cm-1 that we
did not try to model. The point of such
a model is to obtain an estimate for
the relative intensities of the Franck-
Condon active Raman modes. 

We used the program raman_spec.f
which can be compiled and used on
any unity account.



Method for modeling a Raman spectrum
Make a list of wavenumber shifts and 
relative intensities of the Raman 
bands. Obtaining absolute intensities
would be better, but it is very difficult.
The list obtained from the above paper 
looks like
1662.0,  1.0
1595.0,  0.67
1491.0,  0.82
1354.0,  0.78
1296.0,  0.37
1178.0,  0.26
1124.0,  0.15
Since these are relative values they 
will need to be scaled. In our example,

we divided them by a factor 20 to 
calculate the absorption spectrum.



Method for calculating an absorption spectrum
For this calculation we use the time-
correlator formalism for calculating the 
Franck-Condon factor. The Raman 
frequencies and relative intensities are 
an input. We use the approximation that 
the intensity is approximately equal to S. 
This is true as long as S << 0.1, which is 
the case here. For this calculation we 
Use the program timetherm. 

Finally, once we have the absorption 
spectrum we can calculate the 
fluorescence spectrum using the mirror 
image relationship. In our project we will 
be helped by the fact that rhodamine

and fluorescein have quite similar 
structures and therefore they have similar 
vibrations and absorption line shapes. You 
can see this from the available data.



Using timetherm calculate absorption spectra



Satisfactory, but not excellent model…
Lorentzian tail



Rhodamine 6G Fluorescein



Fluorescein



Fluorescein absorption and fluorescence spectra



Fluorescein Raman spectra
As for rhodamine 6G, fluorescein spectra can be 
observed when the molecule is bound to a gold 
nanoparticle. The fluorescence is quenched and 
the Raman can be observed.

Hildebrandt, 
J. Raman Spec. 1986



Rhodamine B and 123



Absorption spectra of three rhodamines

Obtained from 
PhotochemCAD



Absorption spectra of three rhodamines
overlapped with fluorescein









Raman spectra of 
Rhodamine B


