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Motivation: Electronic Transition 
of Molecules in Solution

Electronic Transitions are very sensitive to the conditions of 
the environment: solvent affects the energy of the transition; 
temperature affects the band intensity; pH affects the 
population ratio of moieties.
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Our Goal

Biggs, Trans. Faraday Soc. 50 (1954) 800
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Left) The theoretical spectrum obtained from the electronic transitions convoluted by a 
Lorentzian function. The electronic transitions used in the convolution are also shown. Level of 
calculation: TD-B3LYP/aug-cc-PDVZ; Right) the experimental spectrum [Ando et al., JPCA 111 
(2007) 7194].
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Configuration
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One of the configurations used in the TD-DFT calculations. The solute 
molecule and the 5 nearest water molecules (thick) were treated 
quantum mechanically, whereas the remaining water molecules (thin) 
were treated as point charges.
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Today’s Talk:

• Dependence of the results with the number of 
explicit water molecules; 

• Convergence of the results obtained for transition 
energy values and oscillator strength; 

• Currently status of CpH calculations.
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# of QM water molecules



Convergence of the Values



Oscillator Strength
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Oscillator Strength
The oscillator strength fij of a transition from a lower state |imi> 

and an upper state |jmj> may be defined as: 

where:
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Oscillator Strength
The oscillator strength fij of a transition from a lower state |imi> 

and an upper state |jmj> may be defined as: 

where:
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Oscillator Strength
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CpH Calculations
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I have prepared files and executed a test calculation 
that resulted in a fail. The problem seems to be 
related to the description of a torsion angle. This is in 
some sense connected to the calculation artifacts 
that have to be used to prepare the topology file for 
the CpH-MD method. I am working with Kitamura-san 
to solve the problem and then resume the 
calculations.



Conclusions
•The inclusion of 5 QM water molecules seems to be 
enough to describe the electronic transitions; 

•The energy values are converged; 

•Oscillator Strength values are fluctuating with a little trend 
to decrease, as expected.
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Next Steps
•I will try to solve the problem with the CpH input files and 
resume the calculations CpH-MD simulations; 

• If we get consistent results, it will be possible to 
convolute the spectrum in different pH conditions.
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