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Optical characterization of Prodan aggregates in water
medium†

Cı́ntia C. Vequi-Suplicy,* Kaline Coutinho and M. Teresa Lamy

The fluorescent probe Prodan (2-dimethylamino-6-propionylnaphthalene) has been widely used in

biological systems, mainly due to the high sensitivity of its emission spectrum to the medium polarity.

Though mostly used as a membrane probe, in lipid dispersions Prodan partitions in water, mainly in the

presence of gel-phase bilayers. Here, optical properties of Prodan in aqueous medium are

experimentally studied using absorption and emission spectroscopies, and compared with those of the

probe in cyclohexane, where it is supposed to be very soluble. In parallel, theoretical calculations of the

absorption spectrum of a monomer and aggregated Prodan in water were performed. Moreover, to

understand Prodan–water and Prodan–Prodan interactions, solvation free energies of Prodan in water

and in liquid Prodan were calculated. A light scattering profile underneath the optical absorption

spectrum of Prodan in water clearly indicates the presence of aggregates at very low Prodan concentra-

tions (0.9 mM). Experimental evidence of Prodan aggregation is theoretically supported by solvation free

energy calculations, which demonstrate that Prodan molecules interact preferentially with other Prodan

molecules than with water molecules. Theoretical calculations for electronic transition energies of

monomers and aggregated Prodan in water show that a Prodan optical absorption band at 358 nm

is related to the monomeric form of Prodan. This band saturates as Prodan concentration increases,

indicating that aggregated Prodan prevails at higher concentrations. The relative increase in Prodan

aggregated population is monitored by the increase in an absorption band at higher energies, at

around 250 nm, and by the disappearance of a band at around 280 nm. Surprisingly, it was observed

that the fluorescent emission spectrum of Prodan is not sensitive to probe aggregation up to around

15 mM. Hence, Prodan aggregation in water medium, even at very low concentrations, must be considered

when using this fluorescent probe in biological systems, having in mind that its fluorescence spectrum is

rather insensitive to aggregation.

1. Introduction

In the last few decades, biological molecules surrounded by
different liquid solvents have been the object of many studies,1–7

since in most biological systems molecules are embedded in
fluids, especially water. From both experimental and theoretical
points of view, a good description of the interaction between a
given molecule and its environment is of fundamental importance
to the understanding of its biological, chemical and physical
properties.

Since it was designed by Weber and coworker,8 Prodan
(2-dimethylamino-6-propionylnaphthalene) has been used as

a fluorescent probe to study several biologically relevant systems,
such as membranes,9–24 proteins,8,25–28 and others.29–32 Although
widely used and studied, mostly as a lipid membrane probe,
Prodan properties in different environments, both in the
fundamental and excited states, are still controversial.10,11,33–59

Prodan was designed to have a large charge separation between
the nitrogen and the oxygen atoms placed at opposite positions
in the naphthalene ring, to make the probe highly sensitive to
the medium polarity (Fig. 1). This charge separation was also
thought to increase the probe interaction with water molecules.
But a recent theoretical study,60 which presents the atomic
charges of Prodan in three different environments (vacuum,
cyclohexane and water), showed that the charge separation in
water is not between the amine and carboxyl groups, but it
occurs locally in the carboxyl group, between the oxygen and the
carbon atoms. Also the presence of the highly hydrophobic
naphthalene ring can decrease the interaction of Prodan with
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water molecules. So the hydrophobic–hydrophilic characteristics
of Prodan are still an open question.

Considering this question, the present paper focuses on
solubility properties of Prodan in water and in the non-polar
solvent cyclohexane, through the study of the optical properties
of the probe in the two solvents. It was reported that Prodan is
aggregated in aqueous solution but only at concentrations
higher than 10 mM,42,55 and a fluorescent emission band at
430 nm was attributed to Prodan aggregates.55 However the results
presented here show that both statements are not correct.

Here, Prodan optical absorption and emission spectra were
studied at different Prodan concentrations, in two solvents,
water and cyclohexane. Parallel to that, theoretical calculations of
the absorption spectra of a single Prodan molecule and Prodan
aggregates, in water, were performed, and compared with the
absorption spectrum at low and high molecular concentrations,
respectively. Moreover, to understand Prodan–water and Prodan–
Prodan interactions, solvation free energies of Prodan in water and
in liquid Prodan were calculated. Considering the optical absorption
spectrum of Prodan, we show that Prodan in water is aggregated at
very low concentrations, namely 0.9 mM, whereas the fluorescent
probe in cyclohexane is monomeric up to 20 mM. Theoretical
calculations were found to be in accord with optical experimental
results. Surprisingly, the fluorescent spectrum of Prodan was found
to be rather unresponsive to Prodan aggregation, and no special
emission band could be detected for aggregated Prodan in pure
water, up to 20 mM. To our knowledge, this is the first time that the
Prodan optical spectrum is carefully studied as a function of Prodan
concentration, in pure water medium.

2. Materials and methods
2.1 Experimental procedures

2.1.1 Materials. The fluorescent probe Prodan (Fig. 1) was
purchased from Molecular Probes Inc. (Eugene, OR, USA) and
the solvent cyclohexane from Sigma-Aldrich (St Louis, MO,
USA). Water was from Milli-Q Plus (Millipore), pH B 6.

2.1.2 Sample preparation. A stock solution of Prodan in
chloroform or acetonitrile (1.5 mM) was used in all experi-
ments. An appropriated amount of this solution was trans-
ferred to a glass flask, using a calibrated glass microsyringe.
Chloroform (or acetonitrile) was evaporated under a stream of
dry N2. The dry residue was dissolved in the desired solvent
(water or cyclohexane) to obtain the initial Prodan concen-
tration of 20 mM. Lower concentrations were obtained by the
addition of pre-determinate volumes of the solvent. Before each
measurement (for each concentration), the sample was stirred

and incubated for 10 minutes at room temperature, to assure
that equilibrium had been achieved. pH was measured for all
samples in water, and no alteration was observed when Prodan
concentration was varied.

2.1.3 Electronic absorption and emission measurements.
Electronic absorption spectra were measured using a HP UV-Vis
8452A diode array spectrophotometer (Hewlett-Packard Co.,
Palo Alto, CA, USA), and temperature was kept at 25 � 1 1C
using a Julabo F25-HP water bath (JULABO USA Inc., Allentown,
PA, USA). The fluorescent emission spectrum and the steady
state anisotropy were measured using a VarianCary Eclipse
Fluorescence spectrophotometer (Varian Australia PTY LTD,
Mulgrave, VIC, Australia), with automated polarizers and a
Peltier temperature controller (at 25 1C). Prodan was excited
at 360 and 340 nm, in water and cyclohexane, respectively. For
fluorescence anisotropy measurements, the emission wavelength
was set at 521 and 390 nm, for water and for cyclohexane,
respectively. For all measurements, a quartz cuvette with an
optical path of 1 cm was used.

The sample emission spectrum was measured right after the
absorption spectrum, with no more than a few minutes
between the two measurements. All data shown are means of
the results of at least three experiments, and uncertainties are
calculated standard deviations. If not shown, the uncertainty
was found to be smaller than the symbol.

2.2 Theoretical calculations

2.2.1 Electronic absorption energy calculations. To calculate
the electronic absorption transitions of Prodan in solution, the
sequential hybrid method using Quantum Mechanics (QM)
and Molecular Mechanics (S-QM/MM) was used.61,62 Initially, a
Monte Carlo (MC) simulation of the solution was performed and
then relevant configurations of the solute–solvent system were
selected to perform the QM calculation of the electronic absorp-
tion spectrum. All QM calculations were performed using the
Gaussian03 program,63 except for the absorption transition
energies that used the semi-empirical method, Intermediate
Neglect of Differential Overlap (INDO), with the spectroscopic
parameterization method,64 and single excitations calculated
with Configuration Interaction (CIS), implemented in ZINDO
program.65 All the MC simulations were performed using the
DICE program.66

The MC simulations were performed using the Metropolis
sampling technique,67,68 periodic boundary conditions, and the
minimum image method, in the isothermal–isobaric NpT
ensemble, where the number of molecules N, the pressure p
and the temperature T are fixed.69 Room temperature (T = 298 K)
and normal pressure ( p = 1 atm) were used for all simulations.
Interacting potential was described by the Lennard-Jones (LJ)
and Coulomb potentials, with three parameters for each atom i
(ei, si and qi).

62 For Prodan, the geometry was obtained with QM
optimization using the Density Functional Theory (DFT) with the
hybrid potential B3LYP,70,71 and basis functions 6-31G(d) and
6-311+G(d,p).72 Both sets of basis functions present the same
planar structure as the Prodan molecule in the ground state, and
this geometry is in good agreement with the X-ray structure.40

Fig. 1 Prodan molecular structure.
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The LJ parameters, ei and si for the Prodan molecule, were
obtained from the Optimized Potentials for the Liquid Simula-
tions/All Atoms (OPLS/AA) force field,73 the atomic charges
were calculated using the QM second order perturbation
method (MP2),74,75 and the basis functions aug-cc-pVDZ,76 in
a vacuum and in water solution, as described in previous
publication.60 For water molecules, the used force field was
the single point charge (SPC) model.77

Two systems were simulated: Prodan in aqueous solution
and liquid Prodan. For Prodan in water, the system was
composed of one Prodan molecule surrounded by 1000 water
molecules. Since Prodan has one dimension bigger than the
others, a rectangular box was chosen to keep approximately the
same amount of water molecules at all directions around
Prodan. The simulation consisted of a thermalization process
of 1.2 � 108 MC steps, followed by an equilibrium process of
1.5� 108 MC steps. In equilibrium, the average box dimensions
were 30.6 � 36.6 � 26.6 Å, which gives an average density of
1.029(8) g cm�3. For liquid Prodan, the system was composed
of 250 Prodan molecules in a cubic box. The simulation
consisted of a thermalization process of 4.0 � 108 MC steps,
followed by an equilibrium process of 1.5 � 108 MC steps. In
equilibrium, the average box size was 46.2 Å, which gives an
average density of 0.953(3) g cm�3.

After simulations, statistical analysis was performed,62 and
75 configurations of the system with less than 10% of statistical
correlation were selected and subjected to QM calculations. For
the monomeric Prodan molecule in water, the electronic
absorption transition energies were calculated in 75 statistically
uncorrelated configurations composed of 1 explicit Prodan
molecule embedded in the electrostatic field of 290 water
molecules represented as point charges. To take into account
the effect of the Prodan aggregation, the electronic absorption
transition energies were calculated in 75 statistically uncorre-
lated configurations, composed of 2 explicit Prodan molecules
(dimers selected from the liquid Prodan simulation) embedded
in the electrostatic field of the self-consisted reaction field
(SCRF) of the aqueous solution. The final values for electronic
absorption transition energies were calculated as an average
over 75 QM calculations. Absorption electronic energies for
larger aggregates, with 3 to 10 Prodan molecules, were also
calculated and the results were found to be similar to those of
the dimer, only with the increase of the number of transitions
at each electronic energy. Therefore, comparing the calculated
absorption spectrum of the Prodan dimer and larger aggre-
gates, no band shift was observed, but only an increase in band
intensities. For computational reasons, the 75 calculations were
performed for the dimer only, to obtain the mean values.

2.2.2 Solvation free energy calculations. To try to under-
stand the interaction between Prodan–water and Prodan–
Prodan, the solvation free energies of Prodan in water and in liquid
Prodan were calculated using the thermodynamic perturbation
theory (TPT),78–82 implemented in the MC simulations.83,84

The solvation free energy was calculated through a hypothetical
process where solute–solvent interactions are switched-off in several
simulations, using the double-wide sampling technique.81,85

Ten simulations were performed to make the solute molecule
disappear in the solution: four simulations with double-wide
sampling were performed to annihilate the Coulomb potential
(lqi with l = 1.00, 0.95, 0.90, 0.80, 0.70, 0.60, 0.40, 0.20 and 0.0),
three simulations with double-wide sampling to annihilate
van der Waals interaction (attractive term of the LJ potential,
r�6 with l = 1.00, 0.75, 0.50, 0.40, 0.30, 0.20 and 0.00), and three
simulations without double-wide sampling to annihilate the
cavitation term (repulsive term of the LJ potential, r�12 with
l = 1.00, 0.50, 0.25 and 0.00). For each simulation 1.20 �
108 MC steps were performed in the thermalization stage,
and 3.00 � 108 steps in the equilibrium. More details about
this procedure can be found in ref. 83 and 84.

3. Results and discussion
3.1 Prodan fluorescence

Fig. 2 shows the fluorescence emission spectra of Prodan in
water (a) and in cyclohexane (b), as a function of the Prodan
concentration. The spectrum maximum is at 522 nm for Prodan
in water and 394 nm for Prodan in cyclohexane, in agreement
with previous results.46,55,86 In the studied concentration range,
0.9 to 20 mM, the shape of the fluorescent emission spectrum
of Prodan is not concentration dependent, either in water (e =
78.9) or in cyclohexane (e = 2.0), as indicated by the super-
position of all normalized fluorescence spectra (insets in Fig. 2).

It is important to stress that the previously reported emis-
sion band at 430 nm, detected in Prodan water solutions,42,55

and attributed to aggregated Prodan,55 was not detected in
Prodan water solutions studied here (Fig. 2). As our samples
were prepared in the total absence of organic solvent (see
Materials and methods), this is in accord with the discussion
made by Sun et al.,42 who pointed out that the band at 430 nm
was absent in water Prodan samples obtained after total
evaporation of the organic solvent. Hence, it shall be due to
Prodan–solvent interaction, and not to aggregated Prodan.

To better analyze the concentration dependence of the
Prodan emission spectrum, in both solvents, Fig. 3 shows the
area under the spectrum (proportional to the number of
emitted photons) as a function of Prodan concentration. In
water, up to around 15 mM, Prodan emission increases linearly
with the concentration. In cyclohexane, the linear dependence
between the concentration and the emission intensity goes up
to the maximum concentration tested, 20 mM. That could be
interpreted as an indication that the fluorophore is monomeric
up to B15 mM in water, and at least up to 20 mM in cyclohexane,
as proposed before.42,55 However, as discussed below, the Prodan
optical absorption spectrum gives different information.

Prodan steady state fluorescence anisotropy was also monitored
at all concentrations studied. Anisotropy values measured in both
water and cyclohexane were found to be nearly independent of
Prodan concentration (Fig. 4). This indicates that the dimensions
of Prodan in solution, either monomeric or aggregated, do not
change much with the probe concentration. If present, larger
Prodan aggregates would tumble slower in solution, hence
would yield higher fluorescence anisotropy values.86 The higher
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anisotropy value observed for Prodan in cyclohexane (Fig. 4)
could be due to lower Prodan excited state lifetimes found in this
solvent: 0.6(1) and 2.1(2) ns in water as compared with 0.2(1) and
0.8(1) ns in cyclohexane, which are in good agreement with
values reported before (Rowe et al.57).

3.2 Prodan electronic absorption

The electronic absorption spectra of Prodan in water and in
cyclohexane are presented in Fig. 5. They were obtained over
the same Prodan concentration range as the emission spectra
shown in Fig. 3. In cyclohexane, as observed for the emission
spectra (Fig. 3b, inset), the shape of the Prodan electronic
absorption spectrum seems to be independent of its concen-
tration (see normalized spectra in Fig. 5b, inset), and there is
no obvious light scattering, up to 20 mM, clearly indicating the
presence of very small absorption centers, possibly Prodan

monomers. However, opposite to the emission spectra behavior
(Fig. 3a, inset), a clear change in the shape of the optical
absorption spectrum of Prodan in water is observed at con-
centrations higher than 6 mM, as shown in Fig. 5a (very similar
spectra were obtained for four different samples). At lower

Fig. 2 Emission spectra of Prodan in water (a) and in cyclohexane (b), at
different concentrations. Insets show the superposition of all normalized spectra.
Water: lexc = 360 nm. Cyclohexane: lexc = 340 nm. Temperature 25 1C.

Fig. 3 (a) Concentration dependence of the total area underneath the emission
spectrum of Prodan in water (J) and in cyclohexane (K). As indicated, (b) is an
amplification at lower Prodan concentrations.

Fig. 4 Concentration dependence of Prodan steady state fluorescence anisotropy
in water (J) and in cyclohexane (K). In water, lexc = 360 nm and lem = 521 nm,
and in cyclohexane lexc = 340 nm and lem = 390 nm. Temperature 25 1C.
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concentrations, until B6 mM, it is possible to observe a band at
around 280 nm (lmax = 280 nm), which tends to disappear at
higher concentrations, and another one comes up at around
250 nm (lmax = 252 nm), and increases up to 20 mM. A lower
energy band, around 358 nm, increases as Prodan concentration
increases, but seems to saturate at around 9 mM. Changes in the
shape of the absorption spectrum indicate that interactions
between Prodan molecules are changing when the concentration
is increased, leading to alterations in the electronic levels related
to light absorption. Moreover, even at the lowest Prodan concen-
tration tested, 0.9 mM, a clear light scattering profile can be
observed below the absorption spectrum (light scattering
depends on l�x, where x depends on the scattering particle
dimensions87). Due to the presence of the absorption bands, it is
impossible to precisely subtract light scattering from the probe
absorption spectrum (see ESI†). However, light scattering is

strong evidence that there are Prodan aggregates in water at
concentrations as low as 0.9 mM, as small monomeric Prodan
should not scatter UV or visible light.

For a quantitative analysis of the Prodan optical spectrum,
absorbance values at the maximum of the lower energy band
(358 nm in water and 344 nm in cyclohexane) were plotted versus
Prodan concentration (Fig. 6). The lower energy band was chosen
as it is less altered by the scattered light (turbidity proportional to
l�x), which distorts the Prodan spectrum in water. Prodan in
cyclohexane shows a linear dependence on the concentration, in
accord with the Lambert–Beer law,87 undoubtedly indicating the
presence of the same optical absorption center, from 0.9 to 20 mM.
Considering this result, together with the absence of light scattered
by Prodan in cyclohexane (Fig. 5b), we conclude that there is no
aggregation of Prodan in cyclohexane, up to 20 mM.

For Prodan in water, it was not possible to identify a range of
concentrations where a linear dependence of absorbance at
358 nm versus Prodan concentration could be observed, even at
very low Prodan concentrations (see Fig. 6b). As mentioned above,
there is an obvious saturation of the absorbance measured at l =
358 nm. Hence, the amount of absorption centers that absorb light
at this wavelength at very low concentration (0.9 mM) does not
increase linearly with Prodan concentration, and could be related
to monomeric or aggregated Prodan. As discussed above, there
are Prodan aggregates in water at all concentrations studied
here, but the dimensions of the aggregates should not change
much with Prodan concentration, as samples at all studied
concentrations yielded similar fluorescence anisotropy values
(Fig. 4, and discussion therein).

Fig. 5 Absorption spectrum of Prodan, in water (a) and in cyclohexane (b), for
different concentrations. Temperature 25 1C. Optical pathway of 1 cm. Insets
show the superposition of normalized spectra at 360 nm in cyclohexane.

Fig. 6 (a) Concentration dependence of the absorbance of Prodan in water (J,
l = 360 nm) and in cyclohexane (K, l = 340 nm). As indicated, (b) is an
amplification at lower Prodan concentrations.
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To try to understand the optical absorption spectrum of
Prodan in water (Fig. 5a), absorption transition energies were
calculated for monomers and aggregated Prodan embedded in
aqueous solution. The absorption electronic energies for aggre-
gates, with 2–10 Prodan molecules, were calculated and no
band shift was observed as the number of molecules increased
from 2 to 10, but only an increase in band intensities. For
computational reasons, statistical calculations were done with
75 different configurations of two Prodan molecules, obtained
from the Prodan liquid simulation. Hence, for both systems,
monomers and dimers, 75 QM calculations were performed,
and average values for electronic absorption transition energies
and the corresponding oscillator strength values (OS) were
obtained. These results are presented in ESI.† In Fig. 7, average
values for electronic absorption transitions of Prodan mono-
mers and dimers are compared with the experimental absorp-
tion spectra obtained at low and high concentrations, 1.2 mM
(black line) and 20 (red line) mM, respectively. Vertical (dashed) lines
are calculated energy values, and their heights are proportional to
the transition oscillator strength, indicating electronic transition
intensities. There is a correlation between the electronic absorption
energies calculated for the Prodan monomer and experimental
spectra obtained at low concentrations (Fig. 7). Clearly, the low
energy absorption band, at around 29 � 103 cm�1 (approximately
corresponding to the 358 nm band), is present in the monomer
spectrum only, hence it seems to be due to monomeric Prodan.
Accordingly, Fig. 5 and 6 indicate that monomeric Prodan
concentration slowly increases as Prodan concentration
increases, but absorbance at 358 nm flattens, showing the
predominance of aggregated Prodan as concentration increases.

Alternatively, in the electronic transitions calculated for Prodan
aggregates, two transitions appear at around 40–41 � 103 cm�1,
which are present in the aggregated Prodan spectrum only, and
they describe the increase in the experimental band at around
250 nm, showing that this band is characteristic of the aggre-
gates. All the other bands are present in both forms, monomer
and aggregated Prodan. Considering the experimental spectrum
at 1.2 mM, it is possible to see a small shoulder at around 40 �
103 cm�1 that reaffirms the presence of aggregates at very low
concentration, as observed by the presence of the light scattering
already discussed in Fig. 5.

3.3 Prodan–Prodan and Prodan–water interactions

To further analyze the presence and stability of Prodan aggregates
in water, we calculated the solvation free energy of Prodan in
water and in liquid Prodan. As used before, the solvation free
energy was obtained as the negative value of the annihilation free
energy in solution.83–85 As described in the previous section, the
annihilation process was performed in three stages: first, the
atomic charges of the Prodan force field were slowly reduced to
zero and the electrostatic term of the solvation free energy of
Prodan in solution was calculated; then, the attractive term of the
Lennard-Jones potential was also removed and the van der Waals
term was calculated; and finally, the repulsive term of the
Lennard-Jones potential was taken way and the cavitation term
was calculated. The results of the calculated solvation free energy
of Prodan in water and in liquid Prodan are presented in Table 1
together with the three contribution terms.

Table 1 shows that Prodan solvates better in liquid Prodan
(DGsolvation = �38.8 kcal mol�1) than in water (DGsolvation =
�29.6 kcal mol�1). The electrostatic term of the solvation
free energy favors Prodan–water interaction by approximately
13 kcal mol�1. However, the van der Waals term favors the
Prodan–Prodan interaction by almost the same amount. There-
fore, the difference between the two environments comes from
the cavitation term, which is the amount of free energy neces-
sary to open a cavity to insert the Prodan molecule in each
solvent. In water, this free energy term is much larger than in
Prodan liquid. In water, more molecules are displaced to insert
the Prodan molecule, hence several water–water hydrogen
bonds are broken. This result shows that the Prodan molecule
prefers to interact with other Prodan molecules than with
water. Hence, this is a strong indication of the presence of
Prodan aggregates in water, even at low concentrations of the
fluorophore.

Fig. 7 Comparison between energy values calculated for electronic transitions
of a Prodan monomer (dashed black lines) and aggregates (dashed red lines). The
experimental spectra measured at two different concentrations, 1.2 mM (solid
black line) and 20.0 mM (solid red line) are presented for comparison. Heights of
the vertical lines are proportional to the corresponding transition oscillator
strength values. Electronic transitions not shown were found to have negligible
oscillator strength values.

Table 1 Contribution of the electrostatic, van der Waals and cavitation terms for
the calculated solvation free energies for Prodan molecules in water and in liquid
Prodan. All values are in kcal mol�1

In aqueous solution In liquid Prodan

Electrostatic �19.5 � 0.6 �6.2 � 0.2
van der Waals 20.3 � 0.6 33.6 � 1.0
Cavitation 10.1 � 0.3 1.0 � 0.1
DGsolvation �29.6 � 1.5 �38.8 � 1.3
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4. Conclusions

The light scattering profile underneath the optical absorption
spectrum of Prodan in water clearly indicates the presence of
aggregates at very low Prodan concentration (0.9 mM in Fig. 5).
Experimental evidence of Prodan aggregation is theoretically
supported by electronic transition energy calculations: the
optical absorption band at 358 nm is related to the monomeric
form of Prodan and the one at 250 nm is related to aggregates
(Fig. 7). The 358 nm band saturation and the relative increase
in the 250 nm band indicate that aggregated Prodan prevails at
higher concentrations, but they are present at all measured
concentrations. Prodan aggregation in water is also corrobo-
rated by solvation free energy calculations, which showed that
Prodan molecules interact preferentially with other Prodan
molecules than with water molecules (Table 1).

Considering the non-linear dependence of the intensity of
the 358 nm absorption band on Prodan concentration (Fig. 6),
it is rather intriguing that the intensity of the Prodan emission
spectrum, obtained by excitation at l = 358 nm, would be linear
up to around 15 mM (Fig. 3). That certainly deserves further
investigation.

Optical spectroscopy, both absorption and emission, clearly
indicates that Prodan is monomeric in cyclohexane, at all
concentrations studied.

Prodan aggregation in water medium, even at very low
concentrations, must be considered when using this fluores-
cent probe, having in mind that its fluorescence spectrum was
found to be rather insensitive to aggregation.
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