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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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Jaramillo et al, CPL 516 (2011) 250 
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S. Canuto & K. Coutinho, IJQC 77 (2000)192 
Solvent Effects on Molecules and Biomolecules, S. Canuto (ed.), Springer 2008 (chap. 6) 
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ASEC: Average Solvent  
Electrostatic Configuration

With a rigid solute, if all the solvent 
molecules can be taken as point 
charges, it is possible to overlap the 
snapshots in one single configuration:

ASEC has al l the electrostatic 
contribution, and also preserves the 
statistical information of the ensemble 
and structural information, as HB.
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Coutinho et al., Chem. Phys. Lett. 437 (2007) 148 
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ASEC-FEG
M. Nagaoka & co-wks., 
IJQC 70 (1998) 95:                        

M. Aguilar & co-wks., 
J. Comp. Chem. 25 (2004) 1227:

H. C. Georg & S. Canuto, 
JPCB 116 (2012) 11247.
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H. C. Georg, K. Coutinho & 
S. Canuto,  
Chem. Phys. Lett. 429 (2006) 119
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The first time I came here…
Table 1: Lowest π-π* transition of pNP and pNP– in 
aqueous solution, calculated with CASPT2(12,10). 
Geometries obtained by using different methods. In order 
to include the solvent effect, the ASEC model was used. 
Values in eV.

a) In gas phase, the geometry of pNP– has C2v symmetry, whereas the 
interaction with the solvent breaks this symmetry (C1 group);
b)  Ando et al., J. Phys Chem. A 111 (2007) 7194; 
c)  Abe et al., Bull. Chem. Soc. Jpn. 35 (1962) 318.
d)  We estimate a correction of -0.1 eV caused by non-electrostatic 
interaction between pNP– and the solvent. 

Table 2: Geometrical changes in the nitro group.
 Bond distances in Å and bond angle in degree.
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Our Goal

Biggs, Trans. Faraday Soc. 50 (1954) 800
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One of the configurations used in the TD-B3LYP/aug-cc-pVDZ 
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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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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Convergence of the Values
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Oscillator Strength
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• CpH-MD results; 

• (Tentative) construction of the spectrum depending 
on the pH.
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Today’s Talk



Simulation details: 

• Amber simulation: NPT ensemble, 1 atm, 298.15K; 
• 1 solute molecule + counter-ion + 854 water 

molecules; 
• Every 50ps, 1 trial to change the protonation state 

is done (10 trials were done); 
• 3 pH conditions were considered: 5, 7 and 9.
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CpH-MD Simulations



• Population ratio of pNP and pNP- depending on the  
pH:
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Results

pH pNP pNP-
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• This is consistent with experimental data
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Simple tentative:  
  
1. Assume that the intensity is proportional to the 

population ratio; 
2. Multiply the intensity previously obtained by the 

population ratio (and normalize considering all the 
pH conditions.
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Spectrum
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Spectrum
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Spectrum
The most acid (pH = 5) and most basic cases (pH = 9)  
are in good agreement with the experimental spectrum.  
This is not true for the intermediate case (pH =7).



• Accuracy of the CpH-MD; 

• Relation between electronic transition intensity and 
population ratio
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Some points to be investigated



• The results of the CpH-MD simulation seem to be 
consistent with the observed electronic spectrum; 

• We could successfully reproduce the main aspects of 
the pNP electronic spectrum pH dependence for the 
most acid (pH = 5) and most basic (pH = 9) cases. 

• However, the intermediate case (pH = 7) presented just 
a qualitative agreement, i.e., showed a correct change 
in the intensity, but the values are not in agreement with 
the experimental results. 

Conclusions
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• Search in the literature results about the population ratio 
of pNP in different pHs in order to validate our CpH-MD 
results; 

• Try to establish a more accurate relation between 
intensity and population ration in order to construct a 
more realistic spectrum; 

• Perform calculations in other intermediate pH cases 
(e.g., 6.6 and 7.4). 
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Next Steps


