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Electro-optical parameters of fluorescein molecule in the second excited electronic state and information
on the interactions with solvents were obtained from a solvatochromic study. Parameters of the solvents
such as the refractive index, electrical permittivity and Kamlet-Taft parameters (hydrogen bond acidity and
basicity) were related with the experimentally recorded shifts of UV absorption spectral band of fluorescein
dissolved in several solvents. Through a variational method, the electric dipole moment and polarizability in
excited state of fluorescein molecule were estimated. The calculus requires some parameters of the
fluorescein molecule in the ground electronic state, which were determined through a quantum-mechanical
study.
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Fluorescein is a fluorophore pigment first synthesized
by Adolf von Baeyer in 1871 [1] by heating phthalic
anhydride and resorcinol over a zinc catalyst. Depending
on the pH of the solution, fluorescein exists in seven
prototropic forms with different photo-physical properties:
three neutral forms and four charged forms [2].

The large rigid π-conjugated structure of fluorescein
determines an intense absorption and emission in the
visible wavelengths, high photo-stability and high
fluorescence quantum yield [3]. These properties make
the fluorescein a very good candidate for a wide range of
applications. However, it is most widely used as a
fluorescence label due to its low cost, high absorptivity
and good quantum yield when conjugated to the
biomolecules, being used as standard for the calculation
of quantum efficiency by relative fluorescence quantum
yields methods [4].

Fluorescein is a well-known substance in medicine,
being intensively used into a lot of applications. Thus, in
ophthalmology, fluorescein is the most used stain, with
important applications in both clinical practice and
research. Fluorescein is used in investigation of lacrimal
characteristics, by observing the normal and pathological
pleats of the conjunctiva, and obtaining knowledge about
aqueoserous tear secretion, its complex flow along the
lacrimal pool and its clearance [5]. In addition, fluorescein
is used in the measurement of intraocular pressure with
Goldmann applanation tonometry [6], as well as to observe
various ocular surface pathologies. Recently, a new
methodology for tear-film dynamics assessment was
introduced in ophthalmology and called fluorescein
profilometry [7]. Ultra-widefield fluorescein angiography
is a technique that enables a visualization of up to 200
degrees of the eye’s retina within a single scan [8].

Beside ophthalmology, fluorescein is also widely used
in other branches of medicine. Thus, fluorescein
fluorescence technology is a valuable tool in the surgical
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management of neoplastic and vascular lesions [9]. By
using a microscope-integrated fluorescence module, this
technique allows performing intraoperative angiography
to guide microsurgical management of aneurysms and
arteriovenous malformations, as well as the maximization
of tumor resection [10]. A comprehensive review on the
fluorescein-guided surgery of malignant gliomas can be
found in [11]. Dermofluorometry is a technique used for
skin microcirculation evaluating, as for example the
assessment of diabetic microvascular disease, consisting
of measurements of skin fluorescence after an injection
of sodium fluorescein [12]. Photobleaching of fluorescein
is used as a probe to detect the response of individual cells
to oxidative stress and the intracellular reactive oxygen
species [13]. As photodynamic sensitizer, fluorescein is of
great value in fluorescence immunoassays. Thus,
fluorescein derivatives silver nanohybrids have a very good
antimicrobial activity against different bacterial strains and
fungi [14]. Encapsulated in protective hollow silica
nanospheres, fluorescein molecules were used as labels
for a biosensor for the rapid detection of Escherichia coli
O157:H7 [15]. Biocompatible silica-gelatin hybrid aerogels
covalently labeled with fluorescein were recently
introduced as drug delivery devices [16]. For fluorescent
monitoring of drug delivery in vivo, fluorescein based
chemosensors connected to anticancer drugs were used
[17]. Fluorescein is used for synthetization of fluorescein
labelled cationic carbosilane dendrimers and dendrons, for
biomedical applications (carriers in gene therapy) [18].

Fluorescein is often used in the construction of different
kind of sensors for relative humidity, ultraviolet light and
temperature monitoring, sensitive blood detection, thiols
biological imaging, ammonia and picric acid (2,4,6-
trinitrophenol) detection, rapid and selective detection of
gold(III), Zn2+, Al3+, Cu2+, S2- and Fe3+ ions, highly selective
and sensitive detection of sulfite in aqueous solution and
cysteine over other amino acids [19,20].
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In optoelectronics, fluorescein dye is well known as a
good laser medium in the visible region of the spectrum,
being notable for its moderate fluorescence quantum yield
and photostability [21]. Nanocrystalline thin films of
fluorescein dye were proposed as good candidates for the
fabrication of optoelectronic/nonlinear optical devices [22].
Solar cells have been designed based on nanostructured
titanium dioxide sensitized with fluorescein sodium salt
[23].

Other application of fluorescein dyes are in ground water
tracing studies [24], seed security [25], ratiometric
fluorescence imaging of nuclear pH in living cells [26] and
as an exceptionally simple molecular arithmetic system
[27].

Solvatochromism describes the pronounced change in
the position and sometimes intensity of a molecular UV-
Vis absorption band of solute induced by changes in solvent
polarity. Solvatochromic properties of fluorescein have been
studied in both aqueous and nonaqueous solvents [3, 28-
33]. Based of Lippert’s, Bakshiev’s and Chamma-Viallet’s
equations, Acemioðlu et al. estimated the excited-state
dipole moment in the first excited state of fluorescein in
different solvents [31], using information from both
absorption and fluorescence spectra. Recently, the dipole
moment in the first excited state of fluorescein, as well as
the angle between the dipole moments characterizing the
electronic states participating to the absorption photons
from the visible range were determined [34].

The excited state dipole moment of the molecules can
be also estimated based on Abe model [35] but a very
great number of parameters even for the solvent and for
solute molecule must be known. The electric dipole
moments in the electronic states participating to the
absorption and emission process were estimated for
anthracene using Abe model [36-38].

The aim of this study was to apply the variation method
in order to estimate the molecular dipole moment in the
second excited electronic state of fluorescein.

Experimental part
Fluorescein was purchased from Sigma-Aldrich

Chemical Company and it was used without purification.
The skeletal formula of fluorescein molecule with labeled
atoms is displayed in Fig. 1.

Density Functional method of Spartan’14 program [39,
40] was used to compute some theoretical properties of
fluorescein. Spartan is a molecular modeling program using

Fig. 1. Skeletal formula of
fluorescein molecule with

labeled atoms

molecular mechanics and quantum chemical
calculations. Spartan offers a variety of graphical tools for
interpreting the results of calculations: structure models,
molecular orbitals, electron and spin densities, local
ionization potentials and electrostatic potentials that can
be displayed as surfaces, slices and property maps.

The solvents achieved from Merck were of high spectral

purity. The solvent polarity   and polarizability

 functions on refractive index and electric

permittivity [41, 42], respectively, are listed in Table 1, which
also contains the  Kamlet-Taft solvent parameters hydrogen
bond donor (α ) and  hydrogen bond acceptor (β) [43-46].

Ultraviolet electronic absorption spectra of fluorescein
were recorded in 14 solvents at room temperature, with
QE65000 UV-Vis Ocean-Optics spectrometer.

The statistical analysis of the solvatochromic data was
performed by Origin 9 program.

Results and discussions
The chemical structure of fluorescein was optimized by

Spartan’14 program. The lengths of interatomic chemical
bonds (calculated with Spartan’14) of fluorescein molecule
are listed in Table 2. As it can be seen, the longest chemical
bonds are C7-C14 (1.490 Å), C19-C20 (1.489 Å) and C11-
C12 (1.471 Å), while the shortest chemical bonds are O2-
H5 (0.969 Å) and O5-H1 (0.975 Å).

The measure of some dihedral angles are listed in Table
3. From the data presented here, it results that fluorescein

Table 1
 SOLVENT POLARITY FUNCTION f(ε), SOLVENT

POLARIZABILITY FUNCTION f(n) AND KAMLET-TAFT
SOLVENT PARAMETERS (α- HYDROGEN BOND
DONOR, β - HYDROGEN BOND ACCEPTOR)
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Table 2
LENGTHS OF INTERATOMIC CHEMICAL BONDS OF FLUORESCEIN MOLECULE

Table 3
THE MEASURE OF SOME DIHEDRAL ANGLES OF

FLUORESCEIN MOLECULE

molecule consists of a plane determined by three cycles
connected through a simple covalent bond C7-C14 (Fig. 1)
by a benzene cycle substituted at C19 by –COOH atomic
group. The benzene cycle is almost perpendicular to the
plane determined by the three cycles (the dihedral angle
C5,C7,C14,C19 is -85.29o).

The atomic and molecular properties of fluorescein were
computed using EDF2/6-31G* density functional and QSAR
models, several of them being listed in Table 4.

The charge distribution in a molecule determines its
physical and chemical properties. Chemical reactions are
associated with charged sites. The most highly-charged
site in a molecule is often the most reactive one. Fig. 2
shows the atomic electrostatic charges of fluorescein
(expressed in percent of elementary charge), computed
by density functional method of Spartan’14.

HOMO (highest occupied molecular orbital) and LUMO
(lowest unoccupied molecular orbital) give, by their
modulus, the ionization potential and the electron affinity
of the fluorescein [47]. They are the most important orbitals
with respect to reactivity [47]. The frontier orbitals of
fluorescein molecule are shown in Fig. 3a (HOMO surface)
and Fig. 3b (LUMO surface), respectively.

Table 4
MOLECULAR PROPERTIES OF FLUORESCEIN, COMPUTED BY

SPARTAN’14 PROGRAM

Fig. 2. Electrostatic charges of fluorescein molecule, computed
by Spartan program (The arrow indicates the orientation of the

dipole moment of the molecule)

The partition coefficient [48] is defined as a particular
ratio of the concentrations of a solute between the two
solvents. When water is one of the solvents and the other
one is a non-polar solvent, then log P value is a measure of
hydrophilicity or hydrophobicity. Fluorescein molecule has
a hydrophilic character because log P = - 0.91 < 0.

The polar surface area (PSA) of a molecule is defined as
the surface sum over all polar atoms, primarily oxygen and
nitrogen, including also their attached hydrogen atoms. In
medical chemistry, PSA is used for the optimization of a
drug’s ability to permeate cells. Molecules of fluorescein
having PSA = 72.3 Å2 can traverse both the cell membranes
(PSA must be less than 140 Å2) and the blood–brain barrier
(PSA must be less than 90 Å2) [49].

Fig. 4 shows the ultraviolet electronic absorption bands
of fluorescein in several solvents. The wavenumbers from
the maxima of absorption bands were determined for 14
solvents.

The experimental values of the wavenumbers in the
maximum of the UV band of fluorescein in different solvents
are listed in Tables 5.
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Fig. 3. HOMO (a), LUMO (b) surfaces of
fluorescein molecule

The total shift of the electronic bands can be described
by the following relation [50-53]:

(1)

where νo (cm-1) has the significance of the wavenumber
in the maximum of absorption electronic band for gaseous
phase of the spectrally active substance and C1 -C4 are the
regression coefficients obtained by multilinear regression
analysis. The terms C1f(ε)  and  C2f(n) give the contribution
of the universal interactions by orientation–induction and
polarization–dispersion processes, respectively, while the
terms  C3β and C4α give the contribution of the specific
interactions to the total spectral shift.

When the solvent parameters and the experimental
wavenumber of the absorption band are known, a
multilinear regression applied to formula (1) allow
estimating the regression coefficients from Table 6.

Table 5
EXPERIMENTAL AND COMPUTED (USING FORMULA (2)) WAVENUMBERS IN THE MAXIMUM OF UV

ABSORPTION BAND OF FLUORESCEIN

Using the values of these coefficients, the relation (1)
can be written as:

(2)
The computed (by using the relation (2)) wavenumbers

in the maxima of UV band are listed in Table 5. The
computed wavenumbers νcalc (cm-1) versus the
experimental wavenumbers νexp (cm-1) are plotted in Fig.
5. A good linear dependence between the experimental
and calculated values of the wave numbers was obtained:
the slope is 0.88, the regression coefficient is R = 0.87 and
the standard deviation is SD = 33.19.

The contribution of each type of interaction to the total
spectral shift in different solvents, in cm-1 and in percentage
(%), is listed in Table 7. The data show that the dispersion-
polarization interactions have the greatest contribution to

Table 6
REGRESSION COEFFICIENTS OBTAINED BY MULTILINEAR REGRESSION ANALYSIS FOR ELECTRONIC ABSORPTION BAND

OF FLUORESCEIN IN ULTRAVIOLET
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the total spectral shift. The weight of dispersion-
polarization interactions is between 66.1  and 92.3 %.

If only the electronic absorption spectra of a molecule
in different solvents are available, a variational method
could be applied to obtain information on both the electric
dipole moment in the excited state of the studied molecule
and the angle between the dipole moments in the
electronic states participating in absorption process. Such
a procedure, described below, was successfully applied
for other molecules [52-56].

The regression coefficients C1 and C2 from relation (1)
depend on the microscopic parameters of the solute
molecule [52, 53]:

Using Eqs. (3) and (4), the dipole moment and the
polarizability of the spectrally active molecule in excited
state can be estimated. Thus, from Eqs. (3) and (4) the
next relation can be obtained:

. (5)

Fig. 5. νcalc (calculated using relation (2)) vs. νexp  for the UV
electronic absorption band of fluorescein

Table 7
 CONTRIBUTION OF EACH
TYPE OF INTERACTION TO

THE TOTAL SPECTRAL SHIFT
IN ULTRAVIOLET DOMAIN

The molecular radius a can be calculated function of
the values of volume and surface area in the ground state
of the molecule (Table 1):

(6)

For the fluorescein molecule, the radius can be
approximated by a = 2.9522 Å = 2.9522 . 10-8 cm.

In Eqs. (3)-(5) the following notations were made: µg
and µe -the dipole moments of the spectrally active
molecule in the ground and excited states, respectively, ϕ
-the angle between them, ag and ae -the polarizabilities of
the molecule in its ground and excited states, respectively,
c -the speed of light in vacuum, a -the radius of molecule,
h -the Planck’s constant, k -the Boltzmann’s constant, T -
the absolute temperature, Iu -the ionization potential of the
spectrally active molecule, Iv -the ionization potential of
the solvent molecule. Chloroform (Iv = 8.4 eV) was the
solvent used to calculate the polarizability and the dipole
moment of fluorescein molecule in the excited state.

The following data are used in the calculus: ,
, , 

 (Tables 1
and 6). One obtains the following equations:

(3)

(4)

Fig. 4. Ultraviolet electronic absorption band of fluorescein in four
solvents (1-hexanol, ethyl acetate, methanol and ethanol,

respectively)
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         αe = 78.0297 – 0.1507µe
2,  (7)

0.0183µe
2 – 15.88µe cosϕ + 124.9647 = 0.  (8)

In Eqs. (7) and (8) αe  is expressed in Å3, while µe is
expressed in D. Equation (8) has real solutions for positive
discriminator ∆:

∆= 252.1744cos2ϕ - 9.1474. (9)
The next condition is necessary to have real values for

excited state dipole moment:

∆ ≥ 0 for ϕ ≤ 79.02°. (10)

It results that the angle ϕ between the molecular dipole
moments in the electronic states of fluorescein must be
smaller than 79°. Considering the value 7.94 D for the ground
state dipole moment and 66.33 Å3 for the ground state
polarizability of fluorescein, one obtains the data from Table
8 for step by step variation of ϕ  with 10°.

For ϕ ≥ 25.5o the molecular polarizability is smaller than
the ground state polarizability of fluorescein. The electronic
transition in UV absorption takes place at this angle.

Conclusions
Fluorescein molecule has been investigated by quantum

mechanical and spectral measurements in order to
determine its excited state dipole moment using only the
information from electronic absorption spectrum. In UV
domain of the fluorescein absorption spectrum, a π→ π*
transition takes place, with increase of the molecular dipole
moment.

Based on the quantum mechanical and spectral results,
the dipole moment of fluorescein in the second excited
electronic state π* is determined in this paper in the
hypothesis that the molecular electric polarizability does
not change its value in the absorption process. The angle
between the dipole moments in the ground and excited
states of fluorescein was also estimated.
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