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Abstract  

Calcein as fluorescent material is well known for microscopic visualizing of cells. Possibility to use the calcein indicator in 
invivo cell experiments requires the specific knowledges concerning the molecular conformation activity.  This work is devoted 
to estimate the electronic properties of two molecular forms of calcein (hydrophilic and hydrophobic) in aqua surrounding. 

Ground state geometry optimization and following excited state simulation was provided using Gaussian09. Intramolecular 
charge transfer in calcein plane could be manipulated by controlled presence of ionized groups especially metal cations.  
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1 Introduction 

Calcein (fluorexon) as derivative of well-known fluorescein 
represents a laser dye with high luminescence yield. Due to 
high molecular stability and solubility in aqua, calcein is 
popular in cell coloring actions. For example, calcein could 
play the role of indicator in estimation of lipid layer quality 
[1]. Presence of absorption band (495 nm) and luminescence 
band (515 nm) in visible region allows to use it as complex-
metric indicator in Ca2+ titration [2]. Also denaturated cells 
cannot adsorb the calcein due to loss of active esterase.  For 
this reason, only viable cells fluorescent.  

This work is devoted to estimate the electronic 
properties of two molecular forms of calcein (hydrophilic 
and hydrophobic) in aqua surrounding – see Fig. 1 and 2. 
Intermolecular and intramolecular charge transfer was 
modelled according to quantum chemistry simulations.  

2 Quantum chemistry simulations 

Computations were performed on resources at the High 
Performance Computing Center „HPC Sauletekis” in 
Vilnius University Faculty of Physics. Ground state 
complex geometry optimisation was provided using 
Gaussian09 package using B3LYP/6-31+G(d,p) method. 
Effects of aqueous solution were estimated by means of 
polarized continuum method PCM. Electronic excitation 
and following intermolecular charge transfer (CT) was 
calculated using TD method for singlets only.  

3 Discussion 

Molecular properties of calcein must be estimated in 
framework of molecular clustering. Presence and/or absence 
of intermolecular bonds “calcein-calcein” and 
intermolecular bonds “calcein-water” allows to use calcein 
as a switch in structure formation [3]. Absence of 
intermolecular charge transfer allows to keep detection limit 

at several micrograms per litter [4]. Hydrophobic form 
(Calcein AM) is known as a molecular conformer readily 
absorbed by cells [5]. Figure 3 represent the electronic 
charge redistribution for non-protonated calcein in aqua. 
Significant charge redistribution takes place in three-ring 
system only but several chains are included also in this 
process. Significance of carbonyl group containing chain 
increases when additional protons or additional metal 
cations are localized in near surrounding.  

 
FIGURE 1 Hydrophobic calcein (Calcein AM) 

 
FIGURE 2 Hydrophilic calcein 
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4 Conclusion 

Geometry of nonprotonated and protonated hydrophilic and 
hydrophobic molecular structures (calcein in aqua) was 
studied and presence of proton in long chain area was 
estimated as the significant of following charge transfer 
reaction.  

Intramolecular charge transfer in calcein plane surface 
could be manipulated by controlled presence of ionized 
groups especially metal cations.   

 
FIGURE 3 Calcein in aqua. Intramolecular charge transfer. Charge 

redistribution from ground to 1st excited state. 
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