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ABSTRACT: The flavonoids have been the target of several experimental works due
to its influence in the human health as antioxidant elements. The fluorescence
properties of these compounds have been widely studied due to the large Stokes shifts
experimentally observed and the variety of processes that lead to the fluorescence. In
the present work the role of the solvent in the large Stokes shift experimentally
observed in the daidzein molecular system in water is theoretically studied. Also
studied is the nonfluorescent decay mechanism in a polar aprotic solvent like
acetonitrile. The solvent effect in the ground and in the low-lying excited electronic
states is taken into account by using the sequential-QM/MM methodology. Excited
state properties like equilibrium geometries and transition energies were studied by
using multiconfigurational calculations, CASSCF and CASPT2. The excited electronic
state responsible for the fluorescence spectrum in water was identified, and the large
Stokes shift seems to be the result of the large interaction of the system in this
electronic state with the solvent. On the other hand, spin−orbit coupling calculations,
between the singlet and triplet electronic states, indicate favorable conditions for intersystem crossing, in agreement with the
experimental result of nonfluorescence observation.

1. INTRODUCTION

The flavonoids are members of a family of polyphenolic
compounds with antioxidant properties directly linked to health
benefits1−4 including a possible explanation for the French
paradox.5,6 Many studies7−11 have suggested that the regular
consumption of red wine could be the answer to the paradox,
because the flavonoids are abundant in the seeds and skin of the
grape and hence in the red wine.
For these and other reasons the flavonoids have been much

studied. In particular, the fluorescence properties of these
compounds have been the subject of several experimental
works,12−25 increasing the interest of theoretical studies of the
excited states.26−28 There is a wide variety of fluorescence
characteristics of the flavonoids. Large Stokes shifts in solution
have been observed in the 3-hydroxyflavones molecular systems
(flavonols). The fluorescence, observed at about 500 nm,
originates in an excited electronic state that is characterized by
an intramolecular proton transfer from the 3-hydroxy group to
the 4-carbonyl group.12,16,18 Other systems characterized by the
intramolecular excited-state proton transfer are the 5-
hydroxyflavones, in which two emission bands were exper-
imentally observed.23 On the other hand, in the 7-
hydroxyflavones, a large Stokes shift is also observed in alcohol
and water, but this is not attributed to the intramolecular
excited-state proton transfer. In these systems, two emission
bands are normally observed in solution with pH higher than 2.
The more intense is associated with the emission from the
anionic form, and the weaker band is related to the keto

tautomer. In solutions with pH less than 2, the fluorescence is
associated to the zwitterionic form of the enol tautomer.15,24,25

The isoflavones are a subset of flavonoids, shown in Figure 1,
that have deserved some experimental and theoretical attention.

In a variety of these compounds, large Stokes shifts, on the
order of 1.4 eV,13,14,21,28 have been observed in the solvent
environment. The fluorescence of these molecular systems have
been observed in both basic and neutral conditions,13,21,22 and
no pH dependence has been obtained in some of them.21 The
experimental evidence concerning these compounds (see
discussion in ref 28) indicate that the fluorescence can be
assigned to the neutral forms.
In the present work we are particularly interested in the

daidzein molecular system as a model compound. This is an
isoflavone, as indicated in Figure 1, with R = OH and R′ = OH.
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Figure 1. Representation of the isoflavones subset. For daidzein, the
radicals are R = R′ = OH.
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Our interest in studying this molecular system arises from the
necessity of a better understanding of the large Stokes shift
values observed experimentally in the isoflavones subset.
The daidzein molecular system exhibits large Stokes shifts in

polar protic solvents like water and methanol.22,28 However,
only a weak or nonfluorescence spectrum is detected when the
daidzein is in a polar aprotic solvent like acetonitrile.21,22

Hence, the aim of the present work is to theoretically elucidate
the causes of the large Stokes shifts in polar protic solvents,
such as water, and in addition to understand the nonfluorescent
deactivation mechanism in acetonitrile. There is a recent and
interesting theoretical work28 that attempts to explain the role
of the solvent in the photochemistry of isoflavones. There,
analysis of the anomalous behavior is made using a simplified
microsolvation model. In the present study we will consider a
more realistic model for the solvent interaction with daidzein.
Thus, Monte Carlo simulations of the liquid in the proper
thermodynamic conditions are combined with quantum
mechanics calculations to study the photophysics of this
molecular system.

2. COMPUTATIONAL DETAILS
The energies of the low-lying excited electronic states of the
daidzein were calculated using the multiconfigurational second-
order perturbation theory (CASPT2),29 based on the CASSCF
reference wave function. In the CASSCF calculations, 12
electrons were correlated in 12 orbitals. The active orbitals are
the five π and six π* that better describe the three lowest ππ*
excited states and it was added the oxygen lone-pair orbital to
describe the lowest nπ* excited state. These active orbitals were
selected by analyzing the contribution to the low-lying excited
states in a previous multiconfigurational calculation that
involved a higher active space, but only considering the single,
double, triple, and quadruple excitations. It was used the ANO-
L type basis set (atomic natural orbitals with Large primitive
set), where the contraction scheme C, O (14s9p4d)/[4s3p1d],
and H (8s4p)/[2s1p]30,31 has been used. This basis set yields
converged results for the electronic transition energies, as
verified in the early work of Roos and Fülscher.32 The 1s core
electrons of the oxygen and carbon atoms were kept frozen in
the second-order perturbation step. In the CASSCF calcu-
lations, it was used the state average procedure, in which one
single set of molecular orbitals is used to compute the five
lowest roots.
The absorption transitions were studied using the ground

electronic state equilibrium geometry optimized in the gas
phase. This geometry was obtained at the MP2 level with the 6-
31+G(d) basis set. The optimization was carried out with the
Gaussian 03 program package.33 The influence of the solvent in
the ground state geometry was checked, using the polarizable
continuum model (PCM)34 model. In the case of both solvents
considered, water and acetonitrile, the geometries are similar
and do not differ much from that obtained in the gas phase.
The major difference has been the change in the (2−3−1′−2′)
dihedral angle from 49° in the gas phase to 57° and 56°, in
acetonitrile and water, respectively. It is expected that the PCM
could be a better approximation for the case of acetonitrile
(nonprotic) than for water (protic solvent). To consider the
protic aspect of water, we have also optimized the complex
daidzein−water with one molecule of water attached to the
oxygen atom of the CO bond. As expected, in this case we
find a stretch of the CO bond length of 0.006 Å with the (2−
3−1′−2′) dihedral of 50°, very close to that of the gas phase.

The CO stretch in the liquid should be smaller than this
obtained in the minimum energy configuration. As expected,35

this CO bond stretch slightly decreases the 1(nπ*) transition
energy in water but these little modifications in the daidzein
structure are not expected to change the qualitative conclusions
regarding the radiative and nonradiative decays, so we only
used the structure obtained in gas phase.
The study of the fluorescence spectrum was directed to

identify the electronic state most populated in the absorption
transitions and follow its behavior in solvent environment. The
geometry optimizations of the excited electronic states were
performed at the CASSCF level, considering the same active
space and basis set discussed above. All multiconfiguration
calculations were performed in the MOLCAS 7.4 program
package.36 The geometry optimizations of the excited states
were performed for the isolated molecule.
Water and acetonitrile were the solvents considered in the

present work, as used also in the experimental works. The
solvent effect is taken into account using the sequential-QM/
MM methodology.37 Monte Carlo (MC) simulations were
performed to generate solute−solvent configurations in the
proper thermodynamic condition. These are then used in the
quantum mechanical (QM) calculations of the electronic
transitions. The MC simulations have been used as in previous
applications in the ground electronic state38,39 and also in the
excited states.40 We used the Metropolis sampling technique41

in the NPT ensemble implemented in the DICE program.42 In
the simulations, one molecule of daidzein and 700 molecules of
solvent were used in a cubic box with periodic boundary
conditions and the image method,41 at room conditions (T =
25 °C and P = 1 atm). The molecular interaction was described
by the usual Lennard-Jones plus Coulomb potentials, with tree
parameters for each atom i (εi, σi, and qi). The Lennard-Jones
parameters are combined to generate the pair-potential
parameters by εij = (εiεj)

1/2 and σij = (σiσj)
1/2. For daidzein

in the ground and excited states, these parameters were
obtained from Jorgensen’s OPLS-AA force field.43 For the
water molecules the TIP3P model44 was used and for
acetonitrile the model proposed by Böhm and McDonald.45

The atomic charges qi for daidzein in the ground and the
excited electronic states have been obtained by taking into
account the electronic polarization of each electronic state
caused by the solvent.
The electronic polarization was considered by performing

the iterative and sequential-QM/MM procedure previously
described,38,46,47 which brings the daidzein in the respective
electronic state into electrostatic equilibrium with the solvent.
Initially, the qi charges, obtained from the gas phase, were used
in the MC simulation and the statistically uncorrelated
configurations48 of the liquid were selected to recalculate the
new atomic charges and the solute dipole moment in the
presence of the solvent. These QM calculations were
performed with the daidzein embedded in the electrostatic
field of the solvent using the average solvent electrostatic
configuration (ASEC)49 model. In the iteration, the calculated
atomic charges of the solute are then updated in the Coulomb
part of the potential for another MC simulation. This process is
repeated until the convergence in the calculated dipole moment
is obtained. The QM calculations of the solute dipole moments
and charges were performed by using the electrostatic potential
fitted (ESPF) method50 implemented in MOLCAS 7.4.36

The total number of configurations generated in each MC
simulation was 3.0 × 105, after 2.1 × 108 MC steps. After the
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convergence in the dipole moment, 100 statistically uncorre-
lated configurations were selected with less than 12% of
statistical correlation for the QM calculation of the electronic
transitions. In the absorption and emission energy calculation,
the solvent was included by using the ASEC model.49 ASEC
accounts for all the solute−solvent electrostatic interactions,
and a single QM calculation gives the same value as the average
obtained with the entire ensemble.49 In this model, after the
MC simulation, statistically uncorrelated configurations are
selected and used to construct an average configuration of the
solvent, described as point charges. Explicit use of solvent
molecules is not considered because of the very high
computational effort involved.
To explain the inexistence of daidzein fluorescence in

acetonitrile, the intersystem crossing transition was studied.
In that sense, the spin−orbit coupling (SOC) elements
between singlet and triplet electronic states were calculated
by using the approximate one electron effective Hamiltonian51

for the spin−orbit interaction. These calculations were
performed using the RASSI (restricted active space state
interaction) program52 also implemented in MOLCAS 7.4.36

The spin−orbit eigenstates are calculated in a variational way in
the space spanned by the spin-free CASSCF wave functions,
considering the spin−orbit interaction in the Hamiltonian. The
dynamic correlation effects are included shifting the diagonal
elements to the energies obtained in the CASPT2 calculations.
The SOC strength between the involved electronic states (l, k)
was evaluated as in ref 53:

∑= |⟨ | ̂ | ⟩|T H SSOC
u

ulk l, SO k
2

(1)

where u represents each spin component of the triplet state (u
= x, y, z).

3. RESULTS AND DISCUSSION
A. Absorption Spectrum. The absorption spectra of

daidzein molecular system in water and in acetonitrile were
determined by using the ground electronic state optimized
geometry, shown in Figure 2a. The dihedral angle between the

chromone and the phenyl ring obtained in our optimization
calculation is 49°, which is in reasonable agreement with the
result of Beyhan et al.28 of 39.9°, calculated at the CC2/aug-cc-
pVDZ level of theory. The full information of the geometry can
be found in the Supporting Information.
To take into account the solvent effect in the absorption

spectrum, the iterative procedure discussed in the previous

section was performed to reach the solute−solvent electrostatic
equilibrium of the daidzein in the ground electronic state. Parts
a and b of Figure 3 show the convergence of the dipole
moment in the iterative procedure for water and acetonitrile
respectively, where the dipole moment of the ground state S0
increases from 2.5 D in the gas phase to 10.0 D in water
solution and to 3.8 D in acetonitrile.
In Table 1 are shown the four lowest excited electronic states

calculated in solvent at CASPT2/ANO-L level. To distinguish
the low-lying ππ* electronic states, the Platt nomenclature was
adopted,54 where the 1(ππ* La) state is mainly described by the
HOMO (H) → LUMO (L) transition and 1(ππ* Lb) by H−1
→ L. The 1(ππ*) electronic state is characterized by the
HOMO−2 to LUMO transition, whereas the 1(nπ*) is
characterized by the transition from the oxygen lone-pair
orbital to the LUMO. The molecular orbitals characterizing
these electronic states are shown in Figure 4.
In the following, the results of the absorption transitions in

water are discussed and subsequently those in acetonitrile.
According to the results shown in Table 1, the calculated
absorption spectrum in water shows two intense transitions,
one due to the 1(ππ* Lb) electronic state and the other to the
1(ππ* La), with energies of 4.16 eV (298 nm) and 4.70 eV (264
nm), respectively. The first of these transitions is in excellent
agreement with the experimental band observed with a
maximum at 4.09 eV (303 nm) and used in the fluorescence
excitation.28 The second transition (4.70 eV) is in very good
agreement with the experimental band witha maximum at about
5.00 eV (248 nm).28 On the other hand, the fourth electronic
transition shown, with an energy of 5.44 eV (228 nm), agrees
with the experimental band that appears at the edge of the
spectrum at about 5.85 eV (211 nm). Finally, the transition to
the 1(nπ*) electronic state, with an energy of 4.14 eV (300 nm)
is not observed experimentally because it is weak and beneath
an intense band.
The results obtained for the absorption in acetonitrile are

also shown in Table 1. As can be seen, only one intense
transition appears, given by the transition to the 1(ππ* Lb)
electronic state with an energy of 5.09 eV (244 nm). This
transition is very close to the main band, experimentally
observed with a maximum at 4.77 eV (260 nm). Another
transition, to the 1(ππ* La) electronic state, is obtained with
lower intensity and energy of 4.37 eV (284 nm). This transition
is close to a weak experimental band observed as a shoulder at
4.09 eV (303 nm).28 It can be noted that these two electronic
transitions are simultaneously displaced to the higher energetic
region by about 0.3 eV (or 15 nm) in relation to the maxima of
the experimental bands. This behavior may be due to the ASEC
model used in the QM calculations, wherein only the
electrostatic interaction with the solvent is considered and,
perhaps, the exchange and van der Waals energies might be
important for describing the interaction with the acetonitrile.
The transition calculated at 5.76 eV (215 nm) corresponding to
the 1(ππ*) electronic state is in good agreement with the band
observed at the edge of the spectrum at 5.85 eV (212 nm).
Moreover, the 1(nπ*) electronic state appears to be a dark
state, indicated by the null oscillator strength.

B. Fluorescence Spectrum in Water. Based on the
absorption spectrum of the daidzein, the emission spectrum
description was oriented to the study of the 1(ππ* Lb) excited
state, because this state is most populated in the absorption
transitions (Table 1) and reproduces very well the fluorescence
excitation energy. In that way, the 1(ππ* Lb) excited electronic

Figure 2. Optimized geometries of the corresponding electronic states.
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state was optimized at the CASSCF/ANO-L level. In this
optimized geometry, shown in Figure 2b, the chromone and
the phenyl ring approximate to a planar configuration (∼14°,
details can be found in the Supporting Information).
The solvation of the 1(ππ* Lb) electronic state in water was

studied in two stages. First, the lifetime of this electronic state is
considered to be short and the solute−solvent electrostatic
equilibrium is not reached. In that case, using the equilibrium
geometry of the 1(ππ* Lb) electronic state, solute−solvent
configurations were obtained with the solvent in electrostatic

equilibrium with the ground electronic state. That procedure is
shown in Figure 3c by the circular points. The convergence of
these points indicates the electrostatic equilibrium with the
ground electronic state. Subsequently, an excited state lifetime
large enough to reach the solute−solvent electrostatic
equilibrium with the solvent is considered. That procedure is
also shown in Figure 3c by the convergence of the diamond
points. Splitting the iterative procedure in these two stages, it is
possible to explicitly observe the electronic polarization
corresponding to the excited electronic state once it is

Figure 3. Changes of the dipole moment values of the corresponding electronic states in solvent, with respect to the number of iterations in the
sequential-QM/MM procedure of solute electronic polarization. ACN means acetonitrile.

Table 1. Absorption Energies to the Four Lowest Excited Electronic States in Water and in Acetonitrile and Emission Energy in
Watera

Absorption

water acetonitrile

state Eabs f Eabs
b exp28 state Eabs f Eabs

b exp28

1(nπ*) 4.14 0.070 1(nπ*) 3.72 0.000
1(ππ* Lb) 4.16 0.196 4.09 1(ππ* La) 4.37 0.077 4.09
1(ππ* La) 4.70 0.165 5.00 1(ππ* Lb) 5.09 0.305 4.77
1(ππ*) 5.44 0.057 5.85 1(ππ*) 5.76 0.027 5.85

Emission in Water

fluorescent state Eemi
c Stokes shiftd Eemi

b exp28 Stokes shift exp28

1(ππ* Lb) 2.85/3.24 1.31/0.92 2.70 1.40
aThe energetic values are indicated in eV. f is the oscillator strength. bEnergetic values corresponding to the experimental bands maxima. cEmission
energy calculated in electrostatic equilibrium/nonequilibrium with the solvent. dStokes shift calculated by using the absorption energy of the 1(ππ*
Lb) electronic state, which is the experimental fluorescence excitation, and the fluorescence energy obtained in electrostatic equilibrium/
nonequilibrium with the solvent.
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populated. From Figure 3c, it can be seen that the electronic
polarization of the 1(ππ* Lb) excited electronic state, caused by
the interaction with the solvent, increases the dipole moment
from 11.1 to 19.8 D.
Both in the equilibrium condition and in the nonequilibrium,

the 1(ππ* Lb) electronic state is the lowest excited state, as
shown schematically in Figure 5a. This electronic state stabilizes
considerably due to the interaction with the water, whereas the
1(nπ*) electronic state, which in the gas phase appears as the
lowest one, is shifted to the blue.
The emission energies in water, calculated at the CASPT2/

ANO-L level, are shown in Table 1. In the solute−solvent
electrostatic nonequilibrium condition, the emission energy
corresponding to the 1(ππ* Lb) electronic state is 3.24 eV (383
nm). This leads to a Stokes shift value in water of 0.92 eV (85
nm) when compared with the absorption energy. Considering,
as previously commented, that the 1(ππ* Lb) excited-state
lifetime is large enough to reach the solute−solvent electro-
static equilibrium, the calculated emission energy in water is
2.85 eV (435 nm). This result is in very good agreement with
the experimental result of Beyhan et al.,28 wherein the emission
band is observed with a maximum at 2.67 eV (464 nm). In
comparison with the absorption energy, a Stokes shift in water
of 1.31 eV (137 nm) is obtained. That large Stokes shift value is
in very good agreement with the experimental result of 1.40
eV.28

According to these results, the interaction with the solvent
has great influence on the Stokes shift of the daidzein molecular
system. We considered that the large electronic polarization of
the 1(ππ* Lb) excited electronic state, shown in Figure 3c, is the
main cause of the large Stokes shift value experimentally
observed, because it leads to a considerable energy stabilization
of this electronic state. The deactivation mechanism of the
daidzein in water, after the absorption transitions, is
summarized in Figure 5a. It is interesting to mention that an

electron density transfer can be seen resulting from the
interaction of the system with the solvent. The electronic
polarization caused by the solvent modifies the molecular
orbitals (Figure 6), delocalizing the electronic density from the
phenyl ring to the chromone.

C. Suppression of the Fluorescence in Acetonitrile.
The fluorescence of the daidzein in polar aprotic solvent like
acetonitrile is not observed experimentally. In this section we
analyze this nonfluorescent decay and attempt a possible
explanation.
According to the results shown in Table 1, the 1(ππ* Lb)

electronic state is the most populated in the absorption
transitions. Hence, using the equilibrium geometry of this
excited electronic state, the influence of the acetonitrile, as
solvent, was considered in the low-lying excited states. As
previously, the solvation of this electronic state was also studied
in two stages. The electronic polarization of the 1(ππ* Lb)
electronic state, due to the interaction with acetonitrile, is weak,
causing a small dipole moment change from 4.9 to 6.4 D.
Because of this, the 1(ππ* Lb) electronic state does not stabilize
enough, being less stable than the 1(nπ*) state, as shown
schematically in Figure 5b.
In these conditions, according to the Kasha rule,55 the system

will decay by internal conversion from the 1(ππ* Lb) electronic
state to the 1(nπ*). Therefore, to clarify the mechanism of the
nonfluorescent decay of the daidzein, we studied the
intersystem crossing between the 1(nπ*) electronic state and
the triplet states. The equilibrium geometry of the 1(nπ*)
electronic state was optimized at the CASSCF/ANO-L level,
obtaining the geometry shown in Figure 2c, wherein the
chromone and the phenyl ring form an angle of about 59°. In
that geometry, the spin−orbit couplings between this electronic
state and the closest triplet states were calculated. The results
are shown in Table 2. The largest SOC value, equal to 42.5
cm−1, is observed with the third triplet electronic state, 33(ππ*).

Figure 4. Representation of the molecular orbitals involved in the studied electronic transitions.

Figure 5. Schematic energetic profiles of the electronic states and deactivation mechanisms of the daidzein in water (a) and in acetonitrile (b).
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Although the energy of this electronic state appears 0.2 eV
above the 1(nπ*) state, this profile may be inverted in
acetonitrile. We believe that, due to the weak interaction of the
system with the acetonitrile, the 1(nπ*) electronic state will be
mildly shifted to the blue region whereas the 33(ππ*) state is
shifted to the red, the triplet state remaining a little more stable
than the singlet. The results shown in Table 2 are in excellent
agreement with the El-Sayed rule,56 which indicates that the
intersystem crossing is allowed when the involved electronic
states are of different spatial symmetries, like the 1(nπ*) singlet

state with the triplets 13(ππ*) and 33(ππ*). The SOC with the
23(nπ*) triplet state is negligible.
The intersystem crossing (ISC) rate is inversely proportional

to the energy gap (ΔE) between the electronic states and
proportional to the SOC magnitude. The ISC rate is
proportional to the following interaction factor:57

=
Δ

f
E

SOC
SO

2

2 (2)

Therefore, the large SOC value between the 1(nπ*) and
33(ππ*) electronic states and the small energy gap between
them can lead to an efficient intersystem crossing, preventing
the fluorescent decay. This proposed deactivation mechanism
of the daidzein in acetonitrile is summarized in the schematic
representation shown in Figure 5b.
It is interesting to observe that different deactivation

mechanisms depending on the solvent type were also
experimentally observed in the 5-fluorouracil molecular system.
In that system, it is experimentally observed that the fluorescent
rate is much lower in acetonitrile than in water. The theoretical

Figure 6. Changes in the molecular orbitals of the daidzein in the 1(ππ* Lb) excited electronic state due to the electronic polarization caused by the
water solvent.

Table 2. Spin−Orbit Coupling Calculated Values and
Energetic Gaps between the Considered Electronic States
for Isolated Daidzein

state SOC (cm−1) ΔEa (eV)
1(nπ*) 13(ππ*) 31.4 −3.64

23(nπ*) −0.29
33(ππ*) 42.5 0.20

aEnergies compared to the 1(nπ*) electronic state.
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results of Improta et al.58,59 indicate, in general, that in
acetonitrile the nπ* (dark) and ππ* (bright) electronic states
are very close energetically. Therefore, besides the fluorescence
of the ππ* electronic state, another deactivation mechanism
appears through a conical intersection between these electronic
states. This behavior is not observed in water because the nπ*
state is less stable than the ππ*.

4. CONCLUSIONS
The photophysics of the daidzein molecular system was
theoretically studied in water and in acetonitrile. The
absorption spectra were properly characterized in both solvents,
but the electronic deactivation is different depending on the
solvent type, as indicated in the experimental works. The
obtained results are summarized in the schematic energetic
profiles shown in Figure 5. The fluorescence mechanism of the
daidzein in water, after the absorption transition, is shown in
Figure 5a. The 1(nπ*) state, that in the gas phase and in
acetonitrile is the lowest excited electronic state, is shifted to
the blue region due to the interaction with water, whereas the
1(ππ* Lb) electronic state is energetically stabilized. The
emission energy corresponding to this electronic state is in
excellent agreement with the experimental results, as well as the
calculated Stokes shift value.
In acetonitrile the picture is different, as indicated in Figure

5b. The 1(ππ* Lb) electronic state is the most populated in the
absorption transitions. This electronic state in the equilibrium
geometry is weakly solvated by the acetonitrile and does not
stabilize enough. In the same way, the 1(nπ*) electronic state is
mildly shifted to the blue and remains more stable energetically
than the 1(ππ* Lb) state. The

1(nπ*) electronic state, which is
populated by internal conversion according to the Kasha rule,
shows very favorable conditions for an intersystem crossing
with the 33(ππ*) electronic states. It can be concluded that the
deactivation mechanism proposed in Figure 5b explains the
nonfluorescent decay experimentally observed for the daidzein
in acetonitrile. The deactivation mechanism of the triplet
electronic states is still open for future investigation.
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