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The low fluorescence quantum yield of 8-hydroxyquinoline cannot be correctly interpreted without knowing
the form that such a compound assumes in different environments. The commonly accepted emission-quenching
excited-state proton transfer can follow different reaction paths if 8-hydroxyquinoline is dimeric or monomeric
or if it exists in the form ofcis andtransconformers; in this light, the knowledge of the compound form in
a particular environment is basic. We have performed a spectroscopic and computational investigation aimed
at the determination of the form of 8-hydroxyquinoline in different solvents. UV-vis, fluorescence, and IR
spectral features have been assigned byab initio computations based on the density functional theory and
time-dependent density functional theory; the density functional theory and MP2 computations have been
applied to the determination of the relative stability of the dimeric and monomericcis and trans forms of
8-hydroxyquinoline in different solvents. Molecular dynamics computations have been used to determine the
compound behavior in water solutions. According to our results, 8-hydroxyquinoline shows a clear preference
for the cis conformation (as dimer or monomer), but, in water solutions, a small fraction of thetrans
conformation is also present.

Introduction

8-Hydroxyquinoline is a known complexating agent. It is also
known as oxine, especially in analytical chemistry, but we will
refer to it as 8HQ in the following. The 8HQ structure is shown
in Figure 1; 8HQ can assume two isomeric forms that will be
referred to ascis-8HQ andtrans-8HQ in the following. When
its phenolic-like OH function is deprotoned, the resulting anion
quinolin-8-olate (8Q-) acts as a bidentate ligand that is able to
bind metal cations so effectively that its chelating ability is
considered only second to EDTA.1 Although this finding is
already sufficient for fruitful application of such a molecule,
8HQ has been extensively used for the fluorogenic determination
of metal cations,2 also taking advantages from its chelating
ability as a means to concentrate metals before the fluorometric
determination.3 In fact, 8Q coordination compounds are often
strongly emissive both in solution and in solid phases; this
feature is exploited in the use of such complexes as emissive
materials in the emerging display technology based on organic
light emitting diodes (OLEDs).4

Although 8Q- forms very fluorescent metal complexes, 8HQ
is weakly emissive. According to Ballard and Edwards,5 the
observed 8HQ low fluorescence quantum yield in many solvents
and in wide ranges of solvent acidity has to be assigned to a
tautomerization process that takes place in the excited state. The
process consists of a proton transfer from the OH function to
the N function of 8HQ, and it is referred to as excited-state

proton transfer (ESPT). The resulting ketonic form of 8HQ is
supposed to be barely emissive. The authors observed that, in
H2O solution, excited-state protonation of the N function of
8-methoxyquinoline (8MeQ) is too slow to take place before
deactivation to the ground state. By virtue of the great similarity
between geometrical and electronic properties of 8MeQ and
8HQ, they concluded that, if the ESPT quenches fluorescence,
it has to be an intramolecular process and/or the presence of
the OH proton should be decisive.

Goldman and Wehry6 studied solvation and temperature
influences on the fluorescence quantum yields of 8HQ and
5-hydroxyquinoline (5HQ). 5HQ is similar to 8HQ, but it is
unable to form the intramolecular hydrogen bond. The authors
noted that 5HQ fluorescence quantum yield decreases in solvents
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Figure 1. cis-8HQ andtrans-8HQ isomers of 8-hydroxyquinoline.
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capable of forming strong hydrogen bonds with the OH function.
The clear correlation between the ability of forming hydrogen
bonds and the fluorescence quantum yield led the authors to
conclude that the presence of the intramolecular hydrogen bond
in 8HQ is the principal cause of the poor fluorescence of the
molecule. The fact that 8HQ is poorly emissive in alkane and
H2O, but relatively emissive in solvents like THF and chloro-
form was explained with the limited ability of these solvents to
form fluorescence-quenching hydrogen bonds with 8HQ and,
at the same time, its sufficient ability to disrupt the intra-
molecular hydrogen bond. The thesis of the ESPT as quencher
of emission was further defended by Shulman7 and appears to
be the most considered theory in the late sixties and starting
seventies.8

Recent investigations have pointed out a further complication.
According to osmometry measures of Bardez et al.,9 different
solvents have strong influences on the aggregation behavior of
8HQ. Inn-heptane solution, 8HQ appears to form strong dimers.
According to the authors, it is likely that this is the form of
8HQ also in other alkane solutions by virtue of the observed
similarity of the IR and UV-vis spectra inn-heptane and
cyclohexane solutions. Furthermore, the narrowness of the OH
stretching band in these solvents suggests the presence of well
defined and kinetically stable dimers on the IR time scale. In
chloroform solutions, osmometry measures indicated that 8HQ,
in the concentration range from 1.3× 10-2 to 5.14× 10-2 M,
forms 1:1 adducts with one H2O molecule. Also in this case,
the authors suggest that this is the form of 8HQ in other
chlorinated solvents like CH2Cl2 on the basis of indirect
observations.

The importance of the study of Bardez et al.9 is the
recognition that a detailed explanation of 8HQ fluorescence
quenching should be strictly related to the particular form that
8HQ assumes in a specific environment. If the ESPT is so fast
to occur in the excited state, it should follow different reaction
paths in alkane solutions and chlorinated (or H2O) solutions.
The dimeric form of 8HQ in alkane solutions has been suggested
to parallel 8HQ with 7-azaindole.10 7-Azaindole is a sort of a
prototype compound for the double proton transfer when it is
prepared in dimeric form in alkane solutions. This fact, together
with the structural similarity between the two compounds,
suggested that an excited-state double proton transfer also takes
place in 8HQ dimers.10

The issue of structure and behavior of H2O-8HQ adducts is
a not simple task. Li and Fang11 have performedab-initio
computations on one possible 1:1 H2O-8HQ adduct. According
to their work, the presence of one H2O molecule interposed
between the OH and N functions incis-8HQ lowers the energy
barrier of the proton transfer in the first excited state. Further-
more, a concerted proton transfer involving 8HQ and H2O is
modeled as a single-barrier path. However, the authors have
only reported a detailed study of three stationary points of the
potential energy surface (PES) of one of the 1:1cis-8HQ-H2O
adduct. They have not investigated the possibility that H2O
molecules can inducecis-trans isomerization in the ground
state, with a consequent drastic change in the ESPT reaction
path. Furthermore, they have only investigated one of the
possible adducts involvingcis-8HQ and H2O, whereas several
minima points of the PES are reasonably predicted for several
relative dispositions of H2O and 8HQ.

trans-8HQ cannot form the intramolecular hydrogen bond;
thus, the intramolecular ESPT cannot take place in this
conformer. In solvents like H2O, the hydrogen bond ability of
solvent molecules could favor thetrans-8HQ isomer. It is

possible that the presence of 1:1 H2O-8HQ adducts in
chlorinated solvents could lead to a fraction of 8HQ astrans-
8HQ. This could explain the relatively intense fluorescence in
solvents like CHCl3, CH2Cl2, and THF; in fact, the intra-
molecular ESPT cannot take place intrans-8HQ and the solvent
cannot operate as acid or base in the intermolecular ESPT. On
the other hand, the postulated 8HQ intramolecular hydrogen
bond could not exist in H2O or in H2O-containing solvents even
though the molecule exists ascis conformer. A H2O molecule
could be invariably interposed in the intramolecular hydrogen
bond, and its influence on the ESPT could be always present.
The high reaction rate of tautomerization allows us to discard
the hypothesis ofcis-trans isomerization during the proton
transfer.

Thus, it appears of great importance to clarify the preferred
form of 8HQ in different solvents and the possible influence of
solvent-8HQ hydrogen bonds on the relative stability of the
cis and trans isomers. This is the basic knowledge for any
hypothesis about the emission quenching mechanism. In fact,
different forms of 8HQ (dimeric 8HQ, 1:1 H2O-8HQ adducts
in cisor transconformations) have to be associated to quenching
reaction paths that are different in principle.

In this paper, we try to shed light on the form assumed by
8HQ in different solvents with the aim to support future
investigations about the detailed fluorescence quenching mech-
anism. We have combined UV-vis and vibrational spectro-
scopic observations with quantum-chemicalab-initio and classic
molecular dynamics computations with the aim to understand
the cis-trans conformational equilibrium of 8HQ in alkane
solutions, chlorinated solutions, and H2O solutions. Direct
interaction between 8HQ and H2O has been taken into account
in our computational work, so that we can report a quantitative
estimate of the relative stability of thecis and trans isomers
with and without the presence of hydrogen bonds with solvent
molecules. Influences of hydrogen bonds on the UV-vis and
vibrational absorptions have been investigated.

Methods

Experimental Methods.8-Hydroxyquinoline and KBr were
obtained from Aldrich and used without any purification.
Spectrofluorometric grade solvents (Acros Organics) were used
for the photophysical investigations in solution at room tem-
perature. A Perkin-Elmer Lambda 900 spectrophotometer was
employed to obtain the UV-vis absorption spectra, and the
corrected emission spectra, all confirmed by excitation ones,
were recorded with a Jobin Yvon Horiba Fluorolog-3 spectro-
fluorometer, equipped with Hamamatsu R928 photomultiplier
tube. Emission quantum yields were determined using the
optically dilute method on aerated solutions whose absorbance
at excitation wavelengths was<0.1; Ru(bpy)3Cl2 (bpy ) 2,2′-
bipyridine) in H2O was used as standard (Φ ) 0.028).12,13The
experimental uncertainty on the emission quantum yields is 10%.

The room temperature infrared absorption spectra were
recorded in the range 400-4000 cm-1 at a resolution of(4
cm-1 using a single beam JASCO 460 Plus FT-IR spectro-
photometer. Solution spectra were obtained using a 0.1 mm path
length NaCl cell whereas the concentration of the solutions was
tipically of 10-2 M.

Ab Initio Methods. Molecular geometries were optimized
by using the Kohn-Sham density functional theory (DFT) with
the 6-311G(2d,p) basis sets and the Becke three-parameters
hybrid exchange-correlation functional known as B3LYP.14 In
some circumstances, smaller basis sets have been used for a
rougher investigation of the potential energy surface. In this
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case, the obtained minima were refined by using the larger base.
The analytical evaluation of the energy second derivative matrix
with respect to Cartesian coordinates (Hessian matrix) has
always followed the geometry optimization and has been
performed at the same level of approximation to confirm the
nature of the stationary points associated to the optimized
structures.

The post Hartree-Fock Møller-Plesset correlation method,
truncated at the second-order (MP2),15 has been used with the
6-311G(2d,p) basis set for single point computations on the
B3LYP/6-311G(2d,p) geometries (MP2/6-311G(2d,p)//B3LYP/
6-311G(2d,p) computation). Energy changes lower than 0.2 kcal/
mol have been found by comparing the fully optimized
structures at the MP2/6-311G(2d,p) level of approximation with
the single point MP2/6-311G(2d,p)//B3LYP/6-311G(2d,p) com-
putations described above (this test has been performed on the
cis-8HQ, trans-8HQ,cis-adduct-1, andtrans-adduct-1 structures
discussed in the following).

Solvation effects have been included by treating the solvent
by the IEF-PCM method (integral equation formalism polariz-
able continuum model).16 Single point energy computations have
been performed on the B3LYP/6-311G(2d,p) optimized struc-
tures.

Time dependent density functional theory (TD-DFT)17,18

allowed the computation of excitation energies, oscillator
strengths, and excited-state composition in terms of mono-
electronic excitations between occupied and virtual Kohn-Sham
orbitals. TD-DFT calculations were performed by using the same
B3LYP functional and the 6-311+G(2d,p) basis set on the
B3LYP/6-311G(2d,p) optimized structures.

All the computations were performed by using the Gaussian03
suite of programs Revision B.05.19

The figures have been produced by the programs Molden3.720

and Molekel4.3.21

Molecular Dynamics Methods.Molecular dynamics (MD)
simulations were carried out with the Amber program version
6.0.22 The calculations were carried out in H2O with periodic
boundary box. A rectangular cell was used with 256 H2O
molecules described by the TIP3P23 model. An initial config-
uration was taken with 8HQ incis conformation and H2O
adapted from a box of 216 molecules described by the TIP4P
model23 coming from a Monte Carlo liquid simulation. The force
field is based on the empirical potential energy function:

The function parameters are those of the Amber94 standard
data base24 and TIP3P23 for H2O. All the charges were divided
by a factor 1.2 for evaluating the 1-4 interaction. The 1-4
Van der Waals interaction was scaled by a factor 0.5. The 8HQ
charges were computed by the Gaussian03 package rev.B.0519

using the Merz-Singh-Kollman25 method and the B3LYP/6-
31+G(d) level of approximation. Geometry optimization was
performed at the same level of approximation before computing
the atomic charges.

All the MD calculations were performed within the NPT
ensemble at the temperature of 300 K and pressure of 0.1 MPa.
Temperature scaling was made with the Berendsen algorithm26

by using separate scaling factor for solute and solvent. The PME
method27 was used for the Coulombic interaction. A cutoff of
8.0 Å was applied for the Van der Waals interaction. The
SHAKE algorithm28 was used to constraint all the hydrogen
atoms at their equilibrium distance values within each molecule.
No further constrains were imposed to other internal geometrical
parameters. The MD simulation time step was 1 fs and the
simulation was conducted for 6 ns. The first 3 ns were discarded
from analysis and used as equilibration time. Data for analysis
were collected for the last 3 ns. According to the analysis, the
computed density was 0.944( 0.013 g/dm3 and energy of the
whole system was 1918( 11 kcal/mol.

Spectroscopic Results

We have recorded absorption spectra inn-hexane (n-C6H14

in the following), THF, CHCl3, and H2O solutions and as solid
phase in the form of KBr pellets. Table S1 (in the Supporting
Information) collects our results, and Figure 2 shows a typical
8HQ solution spectrum and some details of the recorded spectra.

8HQ shows two principal absorption bands. The first one has
been found in the range from 305 to 320 nm and appears
broader. The second one is more intense and sharper and it is
placed in the range from 237 to 247 nm.

In the cases ofn-C6H14 solutions and CHCl3 solutions we
have measured the sample absorbance in the concentration range
from 10-4 to 10-7 M. In such a range, the Lambert-Beer law
can be considered satisfied in both the solvents and the molar
absorbivity at peak wavelengths has been determined by a linear
fit and reported in Table S1 (in the Supporting Information).
The interested reader is directed to the Supporting Information
for more details about the linear fit. These solvents have been
chosen by virtue of the experimental evidence of dimeric 8HQ
in alkane solutions and 1:1 H2O-8HQ adducts in CHCl3.9 In
spite of this difference due to solvation effects, we have found
small changes in both peak wavelength and molar absorbivity
in the case of the first band; a blue shift of 6 nm has been found
in CHCl3, the band shape and widths are very similar.
Differently from the first band, the second absorption band
seems more dependent on the environment: passing from
n-C6H14 to the CHCl3 one, its peak molar absorbivity is
significantly reduced and it is 3 nm red-shifted relative to
n-C6H14 solutions.

THF solution (1.0× 10-5 M) shows absorption spectra
similar to the CHCl3. It is red-shifted and somewhat weaker.
However, the band shape is very similar to then-C6H14 and
CHCl3 solutions, whereas the shape and molar absorbivity of
the second absorption band are closer to those of CHCl3

solutions.
H2O solutions (1.0× 10-5 M) present a different shape of

the first absorption band (Figure 2) in comparison ton-C6H6,
THF, and CHCl3 (which show a clear similarity). Its peak
wavelength is blue-shifted in comparison to the other solvents
and this fact suggests an ipsochoromic behavior of this spectral
feature (Table S1). The second absorption band is blue-shifted
in comparison ton-C6H6 solutions, THF, and CHCl3; thus, for
this band, there is not a monotone shift of the peak wavelength
with solvent polarity.

From the above, we can say that there exists a sort of
discontinuity in the absorption features moving from THF and
CHCl3 to H2O. This trend is paralleled by the changes in
fluorescence quantum yields. As reported in the literature6,9 and
confirmed in this paper (Table S1), the fluorescence quantum
yield is very low inn-C6H14 and H2O and higher in solvents of
intermediate polarity like THF and CHCl3. Furthermore, the
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emission peak wavelength in H2O is red-shifted by about 15
nm (Table S1). Such lacking of monotonic modification in the
absorption and emission characteristics changing the solvent
polarity can be traced to the different form of 8HQ in different
solvents.

Solution IR spectra have been recorded with the aim to
localize the OH stretching band in different solvents; such a
band has been easily assigned according to previous works.9,29

Table 1 lists some features of the recorded band. The most
important point to be underlined is the substancial similarity in
peak wavelength in environments that have heavy influences
on the 8HQ form. Passing from dimeric 8HQ in apolar alkane
to monomeric H2O-8HQ adducts in CHCl3 shifts the OH
stretching frequency by 12 cm-1; the peak wavelength spreads
only 17 cm-1 in the set of used solvents. The negligible
dependence of 8HQ OH stretching frequency has already been
reported without a clear explanation.30 It appears relatively easy
to attribute this feature to the 8HQ intramolecular hydrogen
bond, which is not affected by the environment and could be
the primary reason for the OH force constant. However, the
actual knowledge about 8HQ forms in different solvents allows

us to formulate an alternative hypothesis. In the set of studied
solvents, 8HQ could always exist as part of an adduct. It is
aggregated to H2O (like in CHCl3 solutions) or to another 8HQ
molecule (like in alkane solutions). In these 8HQ dimers, the
reported high association constant9 suggests a strong perturbation
of the 8HQ OH force constant due to the strong intermolecular
hydrogen bonds. Thus, the similarity in OH stretching frequency
in the case ofn-C6H6 and CHCl3 solutions implies a similarly
strong perturbation on the 8HQ OH force constant also in the
case of H2O-8HQ adducts. In other words, we suggest that
8HQ is normally aggregated to a second molecule by means of
hydrogen bonds that have a similar effect on the 8HQ OH
stretching frequency. We will return on the low variability of
the OH stretching frequency in the following, when computa-
tional results will be reported.

Also if the similarity between 8HQ stretching frequencies in
different solvents is clear and somewhat surprising, some
environmental effects can be discussed. Like in UV-vis spectra
and fluorescence emission quantum yields, a larger similarity
in OH stretching wavenumber and bandwidth (FWHM) has been
found in THF and CHCl3 solutions.n-C6H14 solutions produce
a blue-shifted and narrower band. The band shrinkage in alkane
solutions has been attributed to the existence of stiff and well-
defined dimers,9 whereas more dynamic 1:1 H2O-8HQ ag-
gregates in CHCl3 are thought to produce a broader band. The
analogue THF solution band appears similar to the CHCl3 one
in peak wavelength and width. Et2O solutions seems particularly
similar to n-C6H14 solutions in terms of peak wavelength and
(more important) bandwidth. This finding could suggest the
presence of 8HQ dimers in such a solvent. The CCl4 solution

Figure 2. UV-vis spectra of 8HQ in different environments: (a) spectrum of 8HQ inn-C6H14 solution (molar absorbivity versus wavelength); (b)
more detailed plot of the 8HQ second absorption band and its variation with the environment; (c) more detailed plot of the 8HQ first absorption
band and its variation with the environment.

TABLE 1: 8HQ OH Stretching Frequencies and Band Full
Width at Half-Maximum (FWHM)

solvent
concentration

(M)
stretching frequency

(cm-1)
FWHM
(cm-1)

n-C6H14 1.1× 10-2 3423 19
Et2O 1.1× 10-2 3419 22
CCl4 1.1× 10-2 3416 58
THF 1.0× 10-2 3406 65
CHCl3 1.1× 10-2 3411 83
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band seems somewhat intermediate between CHCl3 solutions
and n-C6H14 solutions. The presence of a relatively large
bandwidth could suggest the existence of H2O-8HQ adducts
similarly to CHCl3 and THF solutions or, at least, less tight
dimers in comparison ton-C6H14 solutions.

8HQ in Alkane Solution: Assignment of the UV-Vis
Spectral Features.According to the experimental work of
Bardez et al.,9 8HQ in a solution ofn-heptane principally exists
as dimer, at least in the concentration range from 4.7× 10-3 to
9.4× 10-3 M, with a dimer stability constant equal to 7× 107

M-1. This high thermodynamic stability of 8HQ dimers can
explain the lack of significant trends in the absorption features
observed in a range of concentration from 9× 10-7 to 2 ×
10-3 M in n-heptane and cyclohexane. An 8HQ crystal has been
reported that can be considered an aggregate of dimers.31 In
this crystal, the 8HQ hydrophilic groups (OH group and the N
atom) are responsible for the bond between the two monomers
(hydrogen bond), and hydrophobic contacts (π-π contacts) take
place among the dimers. This dimeric structure is possibly
preserved in alkane solution and this fact could explain the large
solubility of the 8HQ in these apolar solvents. Other hydroxy-
quinolines (like 7-hydroxyquinoline) are much less soluble in
alkane.9 More interestingly, the 8HQ fluorescence quantum yield
in alkane solvents appears very low (2× 10-4) if compared to
5-hydoxyquinoline in isopentane (0.30) and 8-methoxyquinoline
in isopentane (0.05).6 In n-C6H14 solutions, we have not recorded
any significant emission. As discussed in the Introduction, a
possible explanation is the occurrence of a fast double proton
transfer from the OH groups to N atoms which takes place in
the first excited state.5,9,10It is not possible at present to establish
if this transfer is intramolecular of intermolecular, that is, if it
implies or not an exchange of protons between the monomers
although the intermolecular channel appears the easiest. Inves-
tigations in this sense are in progress in our laboratories by the
means of computational approaches. However, the proton-
transfer product is considered to be the 8HQ ketonic form, which
is supposed to be barely emissive. Because the emission
quenching in alkane solutions is evident also at 77 K,6 the
excited-state reaction seems to be associated to a very low (or
nonexistent) energy barrier.

We have modeled the 8HQ dimer by the means ofab-initio
DFT computations. Geometry optimizations at the B3LYP/6-
31G(d) level of approximation were performed without use of
symmetry constrains and led to structure ofC2 point symmetry.
The B3LYP/6-311G(2d,p) level of approximation has been
applied to refine the found structure and for the analytical
computation of its Hessian. Figure 3 shows that the obtained
structure is not planar, differently from the results of the
semiempirical computations of Bardez et al.9 The C2 rotation
axis interchanges the two 8HQ moieties. These geometrical
features are also present in 8HQ crystals,31 where each dimer
shows C2 point group symmetry and its characteristics are
similar to the computed ones. Table S2 (in the Supporting
Information) lists some computed and experimental geometrical
parameters. Both the computations and the experimental values
agree in describing the intermolecular hydrogen bond shorter
than the intramolecular counterpart; furthermore, the hydrogen
bond angle (O-H-N angle) is more favorable to the inter-
molecular hydrogen bond than the intramolecular one. This fact
suggests that the intermolecular ESPT could be favored over
the intramolecular one, although we have to remember that this
process can only be effective in the excited state of the molecule
and, in such a case, the geometry could be different. Further-
more, in each monomer, the hydrogen atom of the OH group is

significantly outside the average plane of the remaining atoms
by virtue of the torsion around the C-O bond (H-O-C8-C7
parameter in Table S2). In this way, it points more directly
toward the nitrogen atom of the nearest molecule and forms a
stronger intermolecular hydrogen bond. The sign of the torsion
deformation is the same in both computations and X-ray results.
Furthermore, their values are similar, especially if we consider
that the dimer geometry in the crystal can be influenced by
packing effects. For comparison, other dihedral angles associated
with the C-O bond are reported and they show the substantial
planarity of the remaining part of the monomer.

Table 2 reports the computed energetic and thermodynamic
parameters for the dimerization process:

These computations have been performed by treating the
molecules in a vacuum. In this situation, the loss of entropy
due to the aggregation counterbalances the energetic and
enthalpic gains due to the intermolecular hydrogen bonds. Our
conclusion is that in the gas phase there is no significant
dimerization. Nevertheless, in alkane solutions, the entropy
change could be more favorable to dimerization. From the
reported value of the dimerization equilibrium constant in
n-heptane of 7× 107 M-1 at 40°C,9 we have a measure of the
Gibbs standard energy of-10.7 kcal/mol. A comparison with
the computed dimerization standard Gibbs energy (+4.5 kcal/
mol at 25 °C, Table 2) and the computed standard enthalpy
(-6.7 kcal/mol) at 25°C, Table 2) clearly indicates that a
positive dimerization entropy is the primary cause of dimer-
ization in solution. A similar behavior has been reported for
7-hydroxyquinoline in benzene.32,33 Furthermore, several ex-
amples of the importance of the solvation entropy in dimeriza-
tion processes are reported in literature.34,35

With the aim to verify the effect of the dimerization on the
absorption spectrum and to assign the absorption bands of 8HQ,
we have performed TD-DFT computations. Figure 4 reports the
Kohn-Sham’s orbitals energy levels close to the HOMO and
LUMO for the monomer and dimer. The energy values are listed
in Table S3 (in the Supporting Information). In Figure 5, surface
plots of some of the Kohn-Sham’s orbitals of thecis-8HQ
monomer have been reported. The monomer orbitals are labeled
according to their symmetry; furthermore, a progressive number
has been indicated in parentheses.

It is possible to correlate the energy levels and the Kohn-
Sham orbitals of the monomer with a couple of closed-spaced

Figure 3. Different views of the computed dimeric form of 8HQ. Some
atoms are labeled for reference in Table S2 (in the Supporting
Information).

8HQ + 8HQ ) (8HQ)2
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orbitalic energy levels and of the dimer. Each couple can be
considered as produced by the in-phase (A symmetry) and out-
of-phase (B symmetry) linear combinations of the monomer
fragment orbitals (qualitatively reported in Figure 5). Thus, each

couple of orbitals has been labeled according to the same
progressive number that identifies the monomer orbital. The
energy splitting of the two orbitals in each couple is relatively
low, apart from orbital 36; it is aσ-type orbital mostly located
on the nitrogen atom and pointing outside one monomer. Thus,
it is more affected by the presence of the other monomer because
it is particularly involved in the intermolecular hydrogen bond.
All the other orbitals areπ-type orbitals or they point outside
the dimer structure, as in the case of theσ-type orbital 33a′
(41); thus they are less influenced by the interactions between
the two monomers.

In Table 3, we compare the computed electronic transitions
of the monomer and the dimer. The numeric label of the Kohn-
Sham orbitals has been used for indicating the excited-state
composition in both the monomer and dimer. In the case of the
dimer, we have reported the excited-state composition without
distinguishing the a and b orbitals of the couple.

The computed absorption spectrum is characterized by two
main features both in the monomer and in the dimer. In the
cis-8HQ monomer (Table 3), they are computed at 340 and 232
nm, with the second feature significantly more intense (oscillator
strengths of 0.034 and 0.630, respectively). This description is
in good agreement with the experimental findings (Table S1 in
the Supporting Information and Figure 2).

The first computed absorption band can be considered a
HOMO-LUMO transition in the case of thecis-8HQ monomer.
In the case of the dimer, the HOMO and the LUMO are almost
degenerate with the HOMO-1 and LUMO+1 orbitals, respec-
tively, producing four close-spaced electronic transitions. Among
them, the first one at 351 nm is computed as the most intense
feature, and it has to be associated with the first absorption at
340 nm in the case of thecis-8HQ monomer. The sum of the
oscillator strengths of the first four absorptions of the dimer is
significantly more than twice the oscillator strength of the
monomer (0.103 versus 2× 0.034). In our experimental spectra
in n-C6H14, we have found that the Lambert-Beer law is
satisfied in the concentration range from 10-3 to 10-7 M. Such
a finding could be due to the large dimerization constant of
8HQ in this environment, which prevents the observation of
monomeric 8HQ also at the lower concentrations; this fact is
in good agreement with the previously discussed 8HQ dimer-
ization constant measured inn-heptane.9 We should note,
however, that we observed a substantial invariance of the first
experimental band molar absorbivity in different solvents (Table
S1). This suggests that, unlike the computational results, the
first absorption band of 8HQ is scarcely affected by inter-
molecular interactions deriving from solvation and/or dimer-
ization.

If we assume that only dimeric 8HQ was the absorbing
species in our experimental spectra, an error of+33 nm (-0.37
eV) is to be assigned to the computation of first band peak
wavelength. Among the solution spectra,n-C6H14 solutions are
the most reliable benchmark for our computations because we

TABLE 2: Computed Dipole Moment, Electronic Energies, and Thermodynamic Parameters of thecis-8HQ Dimer Formationa

∆Eel
b

(kcal mol-1)
∆EZP

c

(kcal mol-1)
∆H0

(kcal mol-1)
∆S0

(cal K-1 mol-1)
∆G0

(kcal mol-1)
dipole moment

(debye)

-7.8 -7.3 -6.7 -37.7 +4.5 2.72

a The reported values are associated with the adduct formation from two isolatedcis-8HQ molecules in their relaxed geometry to the dimeric
structure in its relaxed geometry. The collected parameters can be directly referred to the dimerization equilibrium in a vacuum. All the data have
been computed at the B3LYP/6-311G(2d,p) level of approximation. The dimer dipole moment lies along theC2 axis of the molecule and it is
perpendicular to the average plane of the dimer structure. For comparison, the dipole moment of the isolatedcis-8HQ is 2.47 debye at the same
level of approximation, and it lies on the plane of thecis-8HQ molecular structure.b Electronic energy (self-consistent field energy in the Born-
Oppeneimer approximation).c Electronic energy corrected by the zero-point energies.

Figure 4. Energy levels of the Kohn-Sham orbitals computed for
isolated 8HQ and its dimeric form.

Figure 5. Some 8HQ Kohn-Sham orbitals close in energy to the
HOMO and LUMO.
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have a clear knowledge of the form of 8HQ in such a solvent.
However, as discussed in the following, the same information
is not guaranteed in other solvents.

The correspondence between the monomer and dimer bands
is kept also for the second intense absorption, which is computed
at 232 nm for the monomer. It can be associated to the two
absorptions at 237 and 233 nm in the case of the dimer; the
absorption at 233 nm is more intense, so that the computed peak
wavelength can be assigned to its value. In this case, the sum
of the oscillator strengths of the two dimer bands is less than
twice the oscillator strength of the monomer transition (1.086
vs 2× 0.630). These computed features are easily assigned to
the second experimental band (Table S1); also in this case, we
have found that the Lambert-Beer law is followed in the
concentration range from 10-4 to 10-7 M. However, differently
from the first absorption band, the second band appears more
affected by solvation in terms of molar absorbivity and shape.
The fact that the spectrum does not vary also at the lowest
concentration indicates that 8HQ is mainly dimeric also at 10-7

M. Because the experimental band is placed at 243 nm in
n-C6H14, we can evaluate an inaccuracy of-10 nm (+0.12 eV)
versus the computed value.

Other low-intensity features have been computed between
the two principal features. The monomer shows two absorptions
at 288 and 264 nm. The dimer counterparts are the four
absorptions between 291 and 261 nm with a maximum at 291
nm. Also in this case, the monomer-dimer correspondence is
clear. All these transitions are predicted as relatively weak bands;
thus, it is not surprising that no features have been observed
between the two main bands in the experimental spectra.

8HQ in Chlorinated Solvents: H2O-8HQ Adducts. Ac-
cording to vapor pressure osmometry measurements,9 8HQ in

chlorinated solvents principally exists as an adduct with one
H2O molecule in the concentration range from 1.03× 10-2 to
5.14× 10-2 M. It has been supposed that competition between
the internal hydrogen bond and the hydrogen bond with the H2O
molecule allows a significant fraction of molecules intrans
conformation, or at least partially breaks the internal hydrogen
bond.6,9 In this situation the ESPT could be much slower and/
or the partial disruption of the fluorescence-quenching intra-
molecular hydrogen bond might lead to a higher emission
quantum yield. As a consequence, in chlorinated solvents (and
other solvents like THF) 8HQ produces higher quantum yields.6

Several 1:1 H2O-8HQ adducts can be postulated for both
cis-8HQ andtrans-8HQ. We have performed geometry opti-
mization with the aim to verify the most likely form of such
adducts. Figure 6 shows different adduct structures optimized
at the B3LYP/6-311G(2d,p) level of approximation. Thecis-
8HQ and trans-8HQ structures are the two isolated 8HQ
isomers, with no direct bonds with H2O molecules. The
structures labeled ascis-adduct-1,cis-adduct-2, andcis-adduct-3
have one H2O molecule bound tocis-8HQ, whereas thetrans-
adduct-1 andtrans-adduct-2 labels are used for the two
optimized structures oftrans-8HQ. Table 4 collects some
computed values relative to the structures above; in all the
structures, the first excited state reported in Table 4 is the same
HOMO-LUMO transition (π-π*) that we have described in
the case ofcis-8HQ and its dimer. Also the main characteristics
of the HOMO and LUMO appear unchanged; thus, Figure 5
can be still considered for a visual characterization of the HOMO
and LUMO. The same considerations can be extended to the
second absorption band.

Table 4 shows that thecis-8HQ isomer is more stable than
trans-8HQ. Our geometry optimization in the cases of H2O-

TABLE 3: Results of TD-DFT Computations at the B3LYP/6-311+G(2d,p) Level of Approximation Performed on the B3LYP/
6-311G(2d,p)-Optimized Geometriesa

monomer dimer

state λ (nm) fb composition λ (nm) fb composition
1A′ 340 0.034 38-39, 87%

38-42, 2%

1B 351 0.090 38-39, 89%

1A 349 0.006 38-39, 88%
1A 339 0.001 38-39, 98%
1B 339 0.006 38-39, 98%

1A′ 288 0.004 37-39, 38%
38-40, 61%

1A 291 0.001 37-39, 36%
38-40, 63%

1B 291 0.010 37-39, 37%
38-40, 62%

1B 268 0.002 38-40, 100%
1A 268 0.000 38-40, 100%

1A′′ 264 0.002 36-39, 95% 1B 264 0.002 36-39, 94%
1A 261 0.002 36-39, 93%
1A 253 0.001 37-39, 98%
1B 253 0.004 37-39, 99%

1A′′ 232 0.001 38-41, 94%
38-43, 3%
38-44, 2%

1B 236 0.021 38-41, 91%
38-43, 2%

1A 235 0.003 38-41, 89%
38-43 2%

1A′ 232 0.630 35-40, 8%
37-39, 44%
38-40, 25%
37-42, 3%

1A 237 0.115 35-40, 6%
37-39, 46%
38-40, 22%
38-41, 3%

1B 233 0.971 35-40, 8%
37-39, 41%
38-40, 21%
38-41, 2%
38-42, 3%

a Excitation wavelengths, oscillator strengths, and composition of the excited states are reported. Regarding the excited-state composition, the
interested Kohn-Sham orbitals are labeled according to Figure 4. In the case of thecis-8HQ dimers, the excited-state composition is referred to
the couple of almost-degenerate orbitals of Figure 4.b Oscillator strength.
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8HQ adducts has been achieved by starting from different
possible initial geometries, without symmetry constraints, and
using large basis sets. The presence of direct interactions
between 8HQ and H2O does not seem to effectively reduce the
stability of the two 8HQ conformers. The energy difference
between the most stablecis-adduct (cis-adduct-1) and the most
stabletrans-adduct (trans-adduct-1) is 8.8 kcal/mol in a vacuum
(DFT computations), to be compared to the 8.3 kcal/mol
between isolatedcis-8HQ andtrans-8HQ. A second point to
be underlined is the higher stability ofcis-adduct-1 in the class
of 1:1 H2O-8HQ adducts. This is the structure already described
by computations in literature;11 it is characterized by a H2O
molecule interposed between the OH group and N atom.

The presence of two H2O molecules (cis-adduct-4 andtrans-
adduct-3 in Figure 6) seems to reduce the relative stability of
cis-8HQ andtrans-8HQ in a vacuum (6.6 kcal/mol from DFT
computations). However, the inclusion of solvation in our
computations is more effective in this respect. As reported in
Table 4, CHCl3 solvation, as treated by the IEF-PCM model,
reduces the energy gap betweencis-8HQ and trans-8HQ to
about 50% of its value in a vacuum. This is also true for 1:1
H2O-8HQ adducts. In the case of 2:1 H2O-8HQ adducts, the
energy gap is lowered to 2.6 kcal/mol in CHCl3; the existence
of higher aggregates between H2O an 8HQ has been postulated
by Bardez et al.9 in chlorinated solvents at low 8HQ concentra-
tion, but it has not been experimentally demostrated. Here we
can say that the increase in the number of H2O molecules around
8HQ seems to reduce the energy preference for thecis-8HQ
conformer. At the low concentration used for fluorescence
spectra, the 2:1 or superior H2O-8HQ adducts could allow the
existence of a significant fraction oftrans-8HQ, with possible

increased emission quantum yield. However, the preference for
thecis-8HQ seems to remain quite high so that, in the absorption
spectra, it is not possible to observe the small fraction oftrans-
8HQ also at low concentration. Indeed, we have found that the
Lambert-Beer law is satisfied in the concentration range from
10-4 to 10-7 in CHCl3 solutions. Furthermore, as shown in Table
4, the presence of one or two H2O molecules around 8HQ does
not lead to definite changes in the absorption features.

If we assume that in CHCl3 solution the principal form of
8HQ is 1:1 H2O-8HQ adducts, thecis-adduct-1 seems to be
the most likely form of 8HQ. Research aimed at studying the
excited-state proton transfer of 8HQ should take into account
this point, because the H2O molecule in such a position can
take part in the proton transfer through a concerted process.
Further computational work in our laboratories quantifies the
influence of the H2O molecule on the kinetics and dynamics of
the ESPT.

OH Stretching Frequency. IR spectroscopy can be a
valuable tool for confirming the 8HQ conformation in solution.
Computations based on the Hartree-Fock theory were accurate
in predicting the low-frequency vibrational modes in 1:2
7-hydroxyquinoline-H2O aggregates;36 DFT computations at
the B3LYP/6-31G(d,p) level of approximation were reliable for
the assignment of the 7-hydroxyquinoline OH stretching mode
in adducts with methanol.37

Not scaled OH stretching in 8HQ dimer were computed at
3383 and 3385 cm-1. The experimental stretching inn-C6H14

and cyclohexane have been reported at 3419-3421 cm-1,9 in
good agreement with our measure inn-C6H14 (3423 nm, Table
1); interestingly, a value of 3420 cm-1 has been reported for
8HQ crystals,38 where 8HQ forms dimeric units as in alkane
solutions. Because we have experimental evidence that the form
of 8HQ in n-C6H14 and cyclohexane is a dimer ofcis-8HQ,9

we can think that the computational model is able to predict
the stretching frequency with good confidence. In chlorinated
solvents, the OH stretching peak has been found at 3411 cm-1

in CHCl3 and 3416 cm-1 in CCl4. According to our computation,
the cis-adduct-1 structure (the most stable H2O-8HQ adduct
in Table 4 and Figure 6) shows two normal modes at 3331 and
3460 cm-1 that are a combination of the OH stretching of 8HQ
and OH stretching of H2O. The normal mode at 3460 cm-1 is
computed to be more intense (more than a factor 10); thus the
experimental band can be assigned to the normal mode at 3460
cm-1. All the other 1:1 H2O-8HQ adducts computed structures
show more different OH stretching frequencies (Table 4); in
particular this is true for all thetrans-8HQ structures. Also in
this case, the computations suggest thatcis-8HQ is the preferred
form of 8HQ in chlorinated solvents; in particular,cis-adduct-1
seems the preferred form. It is noteworthy thatcis-adduct-4 (the
most stable 2:1 H2O-8HQ adduct) also presents two features
that can be assigned to the 8HQ OH stretching; the peak at
3426 cm-1 is clearly more intense and in very good agreement
to the experimental value in CHCl3 solutions.

Now we can evaluate the effect of adduct formation on the
OH stretching frequency. From Table 4, according to the
computations, the OH stretching frequency is red-shifted of at
least 174 cm-1 passing from isolatedcis-8HQ to cis-adduct-1
(the most likely form of 1:1 H2O-8HQ adducts) and of about
239 cm-1 passing from isolatedcis-8HQ to dimeric 8HQ. It is
evident that aggregation has important effects on the OH
stretching frequency. In this light, the hypothesis that the 8HQ
intramolecular hydrogen bond is the only responsible of the OH
stretching frequency invariance in different environments should

Figure 6. Optimized structures of the 1:1 adducts between H2O and
8HQ.
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be rejected. Besides, the similarity in intermolecular interactions
influences on the 8HQ OH stretching frequency seems more
reasonable.

8HQ in Water. The possibility that solvent molecules disrupt
the 8HQ intramolecular hydrogen bond and lead to a higher
fraction of trans-8HQ should be higher in H2O solution. From
the discussions of the preview paragraphs, the fact that the 8HQ
absorption spectrum in H2O shows the most blue-shifted band
at 305 nm is effectively consistent with the presence of a
significant fraction oftrans-8HQ. Goldman and Wehry6 sug-
gested that such a solvent is the most capable in favoring the
cis-trans isomerization. The very low emission quantum yield
in H2O, even in presence oftrans-8HQ (which cannot perform
an intramolecular ESPT), has been explained as a consequence
of the quenching action of the strong H2O-trans-8HQ hydrogen
bond6 and/or the fast intermolecular ESPT between 8HQ and
H2O molecules.5,9 Both these effects are predicted to be stronger
in H2O than in chlorinated solvents, thus, both of them are
possible explanation of the low quantum yield in H2O.

Because the detection of the OH stretching frequency is
impossible in H2O, we have performed a computation by classic
molecular dynamics (MD) simulation of 8HQ solvation in H2O.
Among the results of the simulation, one of the most important
points to be evidenced is that a not negligible fraction of the
compound can assume thetransconformation. Figure 7 shows
the population of the 8HQ OH group torsion angle and around
the O-C(aromatic) bond rings. From this curve, a 6% popula-
tion of trans-8HQ can be computed; this value is associated to
a cis-trans isomerization equilibrium constant of 16 at 25°C
(Keq ) [cis-8HQ]/[trans-8HQ]) and Gibbs free energy difference
of 1.7 kcal/mol. A 6% fraction oftrans-8HQ inevitably forces
to consider the intermolecular ESPT as an effective way to
quench emission in H2O solutions.

Thecis-transGibbs energy difference of 1.7 kcal/mol is in
good agreement with ourab-initio computations which include
solvation effects. Table 4 shows that H2O solvation (even though
treated as a polarizable continuum by the IEF-PCM model)
neatly changes the relative stability of thecis-8HQ andtrans-
8HQ conformers. Passing from vacuum to H2O solution, the
energy difference is reduced from 8.3 to 2.5 kcal/mol for DFT
computations and very similar values have been produced by
the MP2 computations (Table 4). A still larger change takes
place in the case of 1:1 H2O-8HQ adducts: the energy
difference between the most stablecis-adduct and the most stable
trans-adduct passes from 8.8 kcal/mol in a vacuum to 2.1 kcal/
mol in H2O solution (DFT computations).cis and trans 2:1
H2O-8HQ adducts (cis-adduct-4 andtrans-adduct-3) show a
more similar energy in the presence of H2O solvation (energy
gap of 1.0 kcal/mol). A comparison of theab-initio energies
with the MD results leads to the conclusion that in H2O, like in
CHCl3, H2O-8HQ adducts are the most likely form of 8HQ;
however, a doubt remains on the number of H2O molecules
that can be considered actually bound to 8HQ. A crude
comparison of the computed energy and MD equilibrium
constant should indicate a fraction of 1:1 H2O-8HQ adducts
and a fraction of 2:1 H2O-8HQ adducts.

MD simulations does not leave doubts about the existence
of H2O-8HQ adducts. Figure 8 shows that the H2O concentra-
tion is much higher (in comparison to bulk concentration) in
proximity of 8HQ. Furthermore, the localization of H2O
molecules from theab initio computations is in very good
agreement with the description of MD computations. In the case
of cis-8HQ (Figure 8a), there is a larger concentration of H2O
in the region of the intramolecular 8HQ hydrogen bond; this
fact is in good agreement with the higher stability ofcis-adduct-1
(Figure 6 and Table 4). Accordingly, MD computations describe

TABLE 4: Computed Data of the Optimized Structures Reported in Figure 6 and Dimeric 8HQ (Figure 3)a

main absorptions
in a vacuumb

structure
relative energy
DFT (kcal/mol)

relative energy
MP2 (kcal/mol) λ (nm) f

OH stretching in
a vacuum (cm-1)

dimericcis-8HQ 351 233 0.090 0.971 3383; 3385
cis-8HQ vacuum: 0.0 vacuum: 0.0 340 0.034 3624

CHCl3: 0.0 CHCl3: 0.0 232 0.630
H2O: 0.0 H2O: 0.0

trans-8HQ vacuum:+8.3 vacuum:+8.5 317 0.044 3818
CHCl3: +4.6 CHCl3: +4.6 227 0.651
H2O: +2.5 H2O: +2.6

cis-adduct-1 vacuum: 0.0 vacuum: 0.0 358 0.036 3331; 3460
(1:1 H2O-8HQ) CHCl3: 0.0 CHCl3: 0.0 236 0.597

H2O: 0.0 H2O: 0.0
cis-adduct-2 vacuum:+5.1 vacuum:+4.9 335 0.040 3583
(1:1 H2O-8HQ) CHCl3: +4.2 CHCl3: +3.9 231 0.634

H2O: +3.4 H2O: +3.2
cis-adduct-3 vacuum:+3.5 vacuum:+4.3 335 0.035 3607
(1:1 H2O-HQ) CHCl3: +4.9 CHCl3: +4.2 231 0.638

H2O: +4.5 H2O: +3.8
trans-adduct-1 vacuum:+8.8 vacuum:+8.8 317 0.044 3584
(1:1 H2O-8HQ) CHCl3: +4.1 CHCl3: +4.2 227 0.651

H2O: +2.1 H2O: +2.2
trans-adduct-2 vacuum:+9.9 vacuum:+9.2 320 0.043 3821
(1:1 H2O-8HQ) CHCl3: +6.1 CHCl3: +5.4 228 0.654

H2O: +4.1 H2O: +3.4
cis-adduct-4 vacuum: 0.0 vacuum: 0.0 348 0.036 3274; 3426
(2:1 H2O-8HQ) CHCl3: 0.0 CHCl3: 0.0 230 0.603

H2O: 0.0 H2O: 0.0
trans-adduct-3 vacuum:+6.6 vacuum:+6.5 327 0.043 3559
(2:1 H2O-8HQ) CHCl3: +2.6 CHCl3: +2.4 226 0.609

H2O: +1.0 H2O: +0.9

a B3LYP/6-311G(2d,p) level of approximation for energies and OH stretching frequences; B3LYP/6-311+G(2d,p) applied to the B3LYP/6-
311G(2d,p) gemetries for the excitation energy and oscillator strength (f). MP2/6-311G(2d,p) for MP2 single point computations applied on the
DFT geometries.b The first and second main absorption bands of 8HQ,.
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a smaller probability to find H2O molecules which form
hydrogen bond with the oxygen 8HQ lone pair. In the case of
trans-8HQ (Figure 8b) a larger concentration of H2O can be
associated to the hydrogen bond between H2O and the 8HQ
OH group (OH acting as acceptor). The nitrogen atom is less
capable to bound H2O molecules, also if a higher (than bulk)
concentration of H2O in its proximity is anyway present. These
facts agree with the higher stability of thetrans-adduct-1
structure fromab-initio computations.

From Figure 8 we can expect that 2:1 H2O-8HQ adducts
are not likely in H2O. In fact, bothcis-8HQ andtrans-8HQ
show two zones of higher H2O concentration (the “clouds” in
Figure 8), whose relative position is well predicted byab initio
computations. However, the probability of finding H2O mol-
ecules in the two zones is very different (the “clouds” have
different dimensions). If structures likecis-adduct-4 andtrans-
adduct-3 (Figure 6) would be very populated in H2O, the
probabilities to find H2O in the two zones would be more
similar. We can conclude that the existence of such structures
cannot be excluded in H2O, but their population cannot be
considered as relevant as the most stable 1:1 H2O-8HQ adducts
(cis-adduct-1 andtrans-adduct-1).

A final note to be discussed regards the shape of the
population plot reported in Figure 7 (OH torsion angle) around
180° (the cis-8HQ form). A sort of doublet can be seen, with
the two peak of the doublet shifted of about+3 and-3° from
180°. We have verified thatab-initio computations predict this
behavior of the OH torsion angle. In fact, thecis-adduct-1
structure shows an OH torsion of 178.5° (-1.5° with respect
to 180°). From similarab-initio computations performed on four
H2O molecules around onecis-8HQ structure, a torsion angle
of about 172° has been detected (the interested reader is directed
to the Supporting Information).

Conclusions

8HQ shows a clear preference for thecis conformation. This
is the most probable form in alkane solutions, where 8HQ is
dimeric and seems to preserve the dimeric form found in the
crystal structure. Chlorinated solvents are not able to induce a
cis-trans isomerization also if (at least) one H2O molecule is

Figure 8. Molecular dynamics results forcis-8HQ andtrans-8HQ in
H2O. Theab initio cis-adduct-4 andtrans-adduct-3 structures (Figure
6) have been included to stress the agreement with theab initio
predictions about the H2O positions. (a) Three-dimensional view of
the H2O oxygen (red) and hydrogen (white) positional probability
distribution aroundcis-8HQ. An arbitrary scale from 0 to 10 has been
used for the probability distributions. A contour value of 3.3 has been
used in the representation. (b) The analogue representation of Figure
8a for trans-8HQ; in this case, the used contour value is 2.5 on a scale
from 0 to 10.

Figure 7. Probability distribution of the torsion angle between the OH group and the aromatic rings of 8HQ. 180° corresponds to a planarcis-
8HQ; 0° corresponds to a planartrans-8HQ. The probability distribution is in arbitrary units.
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strongly bound to the hydrophilic groups of the molecule. We
have verified that, in such a solvent class, even the existence
of 2:1 H2O-8HQ adducts (postulated at low 8HQ concentra-
tions) does not seem sufficient to allow an easy spectroscopically
detectable presence oftrans-8HQ. H2O solution can be a
possible environment for 8HQ isomerization totrans-8HQ.
Molecular dynamics andab-initio computations agree to predict
the presence of a significant fraction oftrans-8HQ in H2O.

The presence oftrans-8HQ in H2O suggests fluorescence-
quenching reaction paths alternate (also if not exclusive) to the
intramolecular excited-state proton transfer with a direct par-
ticipation of solvent cage molecules.

Monomeric 8HQ seems to have a strong affinity toward H2O
molecules in spite of the intramolecular hydrogen bond: H2O-
8HQ aggregates should be always present in H2O-containing
organic solvents apart from alkane solutions (dimeric form) and
perhaps Et2O solutions. In H2O solutions, 8HQ hydrophilic
groups strongly interact with H2O molecules so to definitely
concentrate them in its proximity. As a consequence, 8HQ is
normally found as an adduct with H2O or itself; this explains
the similarity in IR OH stretching frequency passing from alkane
solutions to more polar organic solutions.

The hypothesis of Goldman and Wehry that the fluorescence
quenching in 8HQ is due to the influences of the intramolecular
hydrogen bond on the 8HQ OH group is not corroborated by
our investigations. The fact that polar organic solvents like
CHCl3 and THF allow higher fluorescence quantum yields
cannot be associated to the partial disruption of the intra-
molecular hydrogen bond and consequent stiffer O-H bond.
In fact, we know that 8HQ forms a strong hydrogen bond with
one H2O molecule in such solvents. This H2O molecule is
interposed between the OH group and the N atom. Furthermore,
the preferred aggregation site of the H2O molecules is the same
observed in water solution where fluorescence is much lower.
The small change in OH stretching frequency passing from
alkane solutions to CHCl3 and THF solutions should be
associated to a similar perturbation induced by the intermolecular
interaction rather than the scarce perturbability of the OH group
mostly employed in the intramolecular hydrogen bond. Ad-
ditionally, the OH stretching frequency is lowered (also if by
few cm-1) in chlorinated solvents and THF solutions in
comparison to alkane solutions, a fact that should be associated
to a stronger and stiffer hydrogen bond and lower O-H force
constant.

In this light, the ESPT remains the most influential phenom-
enon to be considered. From the discussions of this paper, such
a reaction path can be different in different environments. In
alkane solutions, when 8HQ is dimeric, at least a double proton
transfer involving the two aggregated 8HQ molecules should
be necessary. It seems more probable that the OH protons move
from one monomer to the other one, but additional investigations
seem necessary for this point. In chlorinated solvents, the H2O
molecule interposed to the 8HQ intramolecular hydrogen bond
cannot be omitted (in this respect, ref 11 seems correctly
addressed). Its influence on the energetic and characteristics of
the tautomerization process appears certain. In water solutions
the 1:1 H2O-cis-8HQ adducts are present in a larger concentra-
tion and with a very similar structure in comparison to
chlorinated solvents. In this case, the lack of fluorescence also
in the presence of a fraction oftrans-8HQ forces us to consider
the direct role of solvent molecules on the proton-transfer paths
of both cis-8HQ andtrans-8HQ.

The only hypothesis that we can formulate in this moment is
that the ESPT is particularly fast in alkane and H2O solutions.

In the first case, a stiff dimeric structure could favor the proton
transfer from one molecule to the other one. In water solutions,
the presence of water in the solvation sphere of 8HQ implies
very fast H2O-8HQ and H2O-H2O proton exchanges that could
quickly lead to the 8HQ ketonic form, also whentrans-8HQ is
involved. In chlorinated solvents or other polar organic solvents,
the 1:1 H2O-cis-8HQ adducts lack the support of H2O
molecules in the solvation cage. In this case, a relatively large
part ofcis-8HQ in the excited state is able to emit light before
the quenching tautomerization process is accomplished.
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