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Abstract In this paper we explore the formation and the
photophysical properties of the scarcely studied open hydrogen
bonded aggregates of 7-Azaindole, 7AI. Thus, we have ana-
lyzed the influence that the increase of the 7AI concentration
and the decrease of the temperature have on the 7AI
photophysics. To help the interpretation of the results, the
7AI-Pyridine system has been used as the model for the anal-
ysis of the photophysical properties attributable to the open
Npyrrolic −H::::Npyridinic hydrogen bonded aggregates. Also, the
hydrogen bond interactions have been studied by means of the
atom in molecule approach from the Bader theory.
Experimental and theoretical results support that the formation
of open hydrogen bonded aggregates, (−7AI-)n with n≥2 can
efficiently compete with that of the profusely studied centro-
symmetric cyclic dimer (7AI)2. Moreover, these aggregates
suffer a proton-driven electron transfer process that strongly
quenches their room temperature fluorescence and, therefore,
masks their presence in the 7AI solutions. Therefore, because
most of the studies on the 7AI photophysics have been
interpreted without considering the existence of such aggre-
gates and, more important, ignoring its quenching process,
many conclusions obtained from these studies should be care-
fully revised.
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Introduction

More than 40 years ago, Kasha et al. [1] attributed the
anomalous long Stokes shifted emission at 480 nm of 7-
azaindole, 7AI, to the phototautomer of its cyclic c2h dimer,
(7AI)2, Fig. 1. Since then, this photoreaction has been pro-
fusely studied [2] because it has been considered the para-
digm of the light induced mutagenesis processes and the
prototype of other molecular systems undergoing excited
state double proton transfers. Noteworthy, despite it has been
hypothesized on the presence, in the 7AI solutions, of hy-
drogen bonded complexes distinct from (7AI)2, such as
tetramers and chained oligomers [3–8], their implications
in the 7AI photophysics have received much less attention.
Thus, on one hand, it has been supposed that the oligomer
population is very small and, on the other hand, because
these aggregates are supposedly unable to experience the
phototautomerization reaction, they have been considered
as non-reactive species.

However, we have recently demonstrated that a compound
structurally related to 7AI, 1-azacarbazole orα-carboline, AC,
Fig. 1, forms highly reactive singly hydrogen bonded open
dimers and higher aggregates [9]. These complexes experi-
ence an intermolecular photoinduced proton-driven electron
transfer process that strongly quenches the fluorescence of the
AC solutions at room temperature. Due to the close structural
relationship between 7AI and AC, it can be presumed that
similar reactive species could also be formed in the 7AI
solutions. To verify this hypothesis, that could have important
implications in the 7AI photophysics, we have studied the
influence of the 7AI concentration and the temperature in the
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7AI photophysics in low polar aprotic solvents. As for AC, to
analyze the photophysics of the Npyrrolic − H::::Npyridinic open
hydrogen bonded aggregates the spectral properties of the
7AI-pyridine (Py) system have also been studied. Finally,
the nature of the hydrogen bonded complexes has been theo-
retically analyzed by applying the atom in molecule, AIM,
approach from the Bader theory [10].

Experimental

7AI, 4Azaindole, 4AI, and Py (≥97%) from Sigma-Aldrich,
hexane and 2-methylbutane stored on molecular sieves, were
used as purchased. Absorption and emission spectra were
measured with a UV/Vis spectrometer Cary-100 and a fluo-
rimeter Hitachi 2500. For the calculations of the absorption
second derivative spectra, the Savitzky-Golay technique
implemented in the Cary-100 computer was used [11].
Sample temperatures, ranged from 298 to 118 K were con-
trolled by means of an Oxford DN1704 cryostat, purged with
dried nitrogen, 99.99 % pure, equipped with an ITC4 con-
troller interfaced to the spectrophotometers. It was found
that, under these experimental conditions, the spectral
changes induced by lowering the temperature were revers-
ible. Time resolved fluorescence studies were investigated
by using the time-correlated single-photon counting (SPC)
technique in a FL-900CD Edinburgh Analytical Instrument.
The excitation source, a nanosecond, nF900, flash lamp
filled with 0.4 bar H2, operated at 40 kHz with 7.5 kVapplied
across 1 mm electrode gap. Fluorescence kinetic constants
were extracted by fitting profiles to computer-simulated ex-
ponential curves convoluted with instrument response
functions.

Full optimization of the geometries has been performed by
using density functional theory (DFT) bases approaches, in
the context of the Becke’s three-parameter hybrid functional
with gradient correction provided by the Lee-Yang-Parr func-
tional (B3LYP) [12, 13]. The cc-pVTZ basis sets on C and H
and aug-cc-pVDZ basis set on N have been employed. The
equilibrium structures have been characterized as real minima
by the calculations of their second derivatives. The interaction
energies for the complexes have been calculated after

applying the zero-point energy correction (ZPE). The quan-
tum mechanical computations have been carried out using the
Gaussian 03 system [14]. Wavefunction analysis has been
focused on the properties of the hydrogen bond adducts by
employing the atoms in molecule approach of Bader, AIM
[10], as implemented in the AIM2000 program [15]. The
electron density and the Laplacian at the bond critical points,
the ring critical points and some integrated properties have
been calculated.

Results and Discussion

As previously observed for AC [9] and betacarboline (9H-
pyrido[3,4-b]indole), BC [16], the addition of Py to a solu-
tion of 7AI in hexane broadens and shifts to the red the
lowest energy absorption band of 7AI, spectra not shown.
These spectral changes indicate that 7AI molecules associate
with Py molecules by Npyrrolic − H::::Npyridinic hydrogen
bonds to produce complexes in the non polar solvent. The
mean value of the ground state association constant for the
formation of these 1:1 7AI-Py complexes, calculated as in
previous works, is 8.8±0.6 M−1. This value is similar to the
value of 12.5±0.2 M−1 and 20±2 M−1 previously obtained
for the formation constant of the AC-Py [9] and BC-Py [16]
complexes in hexane, respectively.

The emission of the 7AI monomers in hexane, at 320 nm,
is strongly quenched by the addition of Py, see Fig. 2.
Interestingly, neither the shape nor the position of this UV
band apparently changes with the increase of Py concentra-
tion. Thus, the Npyrrolic − H::::Npyridinic hydrogen bonded
complexes between 7AI and Py must be weakly fluorescent
species at room temperature, see below. The Stern-Volmer
plot of the relative fluorescence quantum yields of the 7AI-
Py solutions, calculated as the ratio of the areas under the
emission spectra, deviates upward, inset of Fig. 2. This
indicates the simultaneous presence of a static and a dynamic
quenching mechanism of the 7AI monomer. The dynamic
component of the quenching has been evaluated by the
Stern-Volmer plot of the mono-exponential fluorescence de-
cay times of 7AI measured at the blue edge of the band and at
different Py concentrations, inset of Fig. 2. The value of the

Fig. 1 Chemical structures of
7AI, (7AI)2, (−7AI-)n, and AC

46 J Fluoresc (2014) 24:45–55



quenching rate constant, (2.7±0.3) 1010 M−1 s−1, at 298 K,
has the magnitude order typical of a diffusion-controlled
reaction and it is similar to the value (2.3 ± 0.3)
1010 M−1 s−1 previously reported for the AC-Py system at
the same temperature.

These experimental observations can be rationalised by
using a mechanism similar to that previously proposed for
the AC-Py system, Fig. 3 [9]. According to this mechanism,
the 7AI monomer interacts with Py in both the ground and
the excited states. The Npyrrolic − H::::Npyridinic 7AI-Py hy-
drogen bonded complexes experience, in the excited state, a
quenching process, k2, similar to that reported for other
intermolecular hydrogen bonded aromatic chromophores
[9, 16–20]. Mataga et al. [21], proposed that this highly
efficient deactivation of fluorescence states can be explained
in terms of curve-crossing dynamics involving a biradicaloid
dark charge transfer state. The model of these authors, con-
firmed by computational studies carried out by Sobolewski
et al. [22, 23], assumes that the proton movement along the
hydrogen bond, in the excited state, induces an electron
transfer that quenches the fluorescence [21].

To get further insights on this fluorescence quenching pro-
cess, the influence of the temperature decrease in the emission
spectra of the 7AI-Py hydrogen bonded complexes has been
analyzed. These variable temperature experiments have been
carried out using 2-methylbutane as the solvent. This solvent,
with similar polarity than hexane, allows studying the liquid
solutions in a wider temperature range because its significantly
lower melting point. The influence of the temperature on the
fluorescence spectra has beenmeasured for a solution 5 10−6M
of 7AI and 1 M of Py, Fig. 4. These concentrations have been
selected to minimize the possible 7AI self dimerization upon
the temperature decrease. Thus, under these conditions, the
proportion of the 7AI-Py hydrogen bonded complex can be
estimated greater than 90 % and, therefore, in the fluorescence
spectra at room temperature only a tiny emission from the
monomer, at 320 nm, is observed. As can be seen in Fig. 4,
the influence of the temperature decrease on the emission
spectra of this solution reveals an interesting feature of this
quenching process: The appearance of a new red shifted emis-
sion band, at 350 nm, that progressively grows up upon de-
creasing the temperature. Again, this behaviour is completely

Fig. 2 Influence of Py addition
on the room temperature
emission spectrum of a 7AI
solution 5 10−6 M in hexane,
λexc=285 nm. In the inset, the
Stern-Volmer plots of the relative
quantum yields, taken as the
areas under the emission spectra,
φo/φ (empty circle), and the
fluorescence decay times, τ0/τ
(filled circle), against the Py
concentration

Fig. 3 Ground and excited state
hydrogen bonding interaction
mechanisms between 7AI and Py
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similar to that previously reported for AC-Py and BC-Py
systems. Thus, this new emission must be ascribed to the
Npyrrolic − H::::Npyridinic hydrogen bonded 7AI-Py complexes.
According to the mechanism in Fig. 3, the enhancement of the
emission intensity of these hydrogen bonded complexes at low
temperatures can be related with the expected progressive
decrease of k2 with the temperature decrease. As the tempera-
ture decreases k2 diminishes becoming similar or smaller than
the radiative rate constant of the 7AI-Py complexes. Therefore,
at the lowest temperatures, the quenching becomes inoperative
and the emission intensity of the Npyrrolic − H::::Npyridinic com-
plexes maximizes.

Figure 5 shows that the lowest absorption band of 7AI in
hexane broadens and grows at 310 nm with an increase in the
7AI concentration. Although these changes have been usu-
ally interpreted as due to the direct transformation of the 7AI
monomer into the (7AI)2 dimer, neither isosbestic nor
isoclinic points, inset of Fig. 5, are observed in the absorp-
tion and second derivative spectra, respectively. Moreover,
the value of the dimerization constant, determined as else-
where [24, 25], decreases as the monitored absorption wave-
length increases reaching values around 2 103 M−1 similar to
those reported by other authors [24, 25]. This behaviour,
hardly attributable to the sole formation of (7AI)2, could be

Fig. 4 Influence of the
temperature on the emission
spectra, λexc=295 nm, of a 7AI 5
10−6 M plus Py 1 M solution in
2 MB

Fig. 5 Concentration
normalized room temperature
absorption spectra of solutions
with increasing concentrations of
7AI, 10−6–10−2 M, in hexane. In
the inset, the absorption second
derivative spectra
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reasonably explained assuming the additional formation of
other 7AI hydrogen bonded species.

As previously observed [24–28], the emission spectra of
the 7AI solutions, at different 7AI concentrations, markedly
depend on the 7AI concentration, the excitation wavelength
and the temperature. Figure 6a typically shows that at
λexc≤300 nm, the 7AI monomer emission at 320 nm is the
only band of the 7AI dilute solutions. Upon increasing the 7AI
concentration, the intensity of this band diminishes and, at 7AI
concentrations above 10−4 M, the weak emission band of the

(7AI)2 phototautomer, at 480 nm, becomes perceptible.
Noteworthy, contrary to that generally assumed, the
quenching of the 320 nm emission band is not only due to
the static ground state dimerization of the 7AI monomers, but
a dynamic component also operates. Thus, as previously
reported by Takeuchi and Tahara [26], the monoexponential
decay times, measured at the blue edge of this band, signifi-
cantly diminish upon increasing the 7AI concentration. The
dynamic quenching constant estimated from the Stern-Volmer
plot in the inset of Fig. 6a, (3±0.5) 1010 M−1 s−1, is entirely

Fig. 6 Room temperature
emission spectra of solutions with
increasing concentrations of 7AI,
10−6–10−2 M, in hexane at: a
λexc=290 nm and b λexc=315 nm.
In the insets: (6a) 1/τ (filled circle)
against the 7AI concentration and
(6b) Emission spectra in the 300–
400 nm wavelength range at
λexc=315 nm. R denotes Raman
band
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similar to that calculated in this work for the 7AI-Py system
and those reported for other related systems [18–20].

Figure 6b shows that, for a given 7AI concentration, the
emission band at 480 nm becomes more prominent as the
excitation wavelength increases and the monomer absorption
progressively diminishes. Also, a tiny emission, red shifted with
respect to the monomer emission, at 350 nm, is observed, see
inset of Fig. 6b. This ultraviolet emission, also distinguishable at
low 7AI concentrations, cannot be due to themonomer emission
because it is present at λexc≥305 nm where the monomer does
not absorb. Neither it can be ascribed to the emission from the
(7AI)2 dimer. Thus, Takeuchi and Tahara [28], also observed this
band, at 350 nm, in a room temperature concentrated 7AI
solution at λexc=313 nm.According to the authors, this emission
could not be due to the (7AI)2 complex because the double
proton transfer process in this complex is highly efficient at
room temperature and, therefore, the (7AI)2 fluorescence can
be only noticeable in the femtosecond time resolved measure-
ments. The authors then supposed that this band should be due
to a small population of aggregate species different from (7AI)2.
This, together with the fact that this emission reminds the
fluorescence band showed in Fig. 4 and ascribed to non cyclic
Npyrrolic − H::::Npyridinic hydrogen bonded complexes formed in
the 7AI-Py system, let us to assume that species such as those
shown in Fig. 1, can be responsible for this red shifted emission.

If this is so, the studies of the temperature influence could
help to confirm this hypothesis. For these studies a highly
dilute solution of 7AI has been selected in order to assure the
exclusive presence of the 7AI monomer at room temperature.

As Fig. 7a shows, at λexc=290 nm the intensity of the
emission band of the 7AI monomer progressively decreases
and below 198 K another red shifted structured fluorescence
band centred at 350 nm begins to appear, Fig. 7a. This new
band is practically the only emission observed at λexc≥305 nm,
Fig. 7b. Catalán has recently attributed this emission to certain
(7AI)2 “trapped dimers” that, because of the low temperatures,
have not enough energy to surmount the barrier for the
tautomerization process [29]. However, as before mentioned,
this band is observed at room temperature, Fig. 6b, and at
different 7AI concentrations. Furthermore, the changes ob-
served in the 7AI emission spectrum, upon lowering the tem-
perature, are completely similar to those get for 7AI-Py and
other related systems such as AC-Py, BC-Py, AC, BC and 4AI,
that do not form cyclic dimers [9, 17]. In fact, this band
excellently matches those of 7AI-Py and (−4AI-)2 complexes
at 138 K, inset of Fig. 7a, and it is equal to that reported for the
7AI tetramer in the solid [30]. Therefore, the emission band at
350 nm, clearly observed at low temperatures, Fig. 7, is due, as
that observed in the room temperature steady state spectrum,
inset of Fig. 6b, to the presence of 7AI non phototautomerizable
hydrogen bonded aggregates, see Fig. 1.

Accordingly, if we assume for these 7AI complexes the
photophysical mechanism in Fig. 3, the intensity increase of

the band at 350 nm, upon decreasing the temperature, should
be, as in the 7AI-Py system, related with the decrease of k2
with the lowering of the temperature. Thus, at sufficiently
low temperatures, once the 7AI complexes are formed and
under photo stationary conditions, the following modified
Stern-Volmer equation can be derived [9, 17],

ϕ0

ϕ
¼ 1þ k2 τ

0 ¼ 1þ k2
kr

ð1Þ

Whereϕ0 andϕ represent the fluorescence quantum yields,
i.e. the areas under the emission spectra of the unquenched
and quenched complexes and kr and τ0 (kr=1/τ

0) their radia-
tive rate constants and the fluorescence lifetimes, respectively.
Since kr should not change with the temperature, the relative
quantum yield, ϕ0/ϕ, would decrease as k2 diminishes and, at
sufficiently low temperatures, the quenching process
completely disappears and ϕ≈ϕ0. By using the Arrhenius
relation, the Eq. 2 can be derived:

lnk2 ¼ ln ϕ0=ϕ−1
� � ¼ −EA=RT þ cte ð2Þ

From the plot in the inset of Fig. 7b a value of 1.7 kcal-
mol−1 can be estimated for the activation energy of the
photoinduced proton driven electron transfer process expe-
rienced by these 7AI aggregates. This value is similar to
those of 1.4 kcal mol−1 and 1.0 kcal mol−1 reported for a
similar process suffered by the non cyclic hydrogen bonded
complexes of AC and BC, respectively [9, 17]. Noteworthy,
these values are also remarkably close to that of 1.4 kcal-
mol−1 previously reported for the 7AI system but ascribed to
the intrinsic energy barrier of the photoinduced double pro-
ton transfer experienced by the (7AI)2 dimer [24, 29, 31].

The formation of the 7AI aggregates different from the
cyclic (7AI)2 complex is, on the other hand, very plausible
from a mechanistic point of view. Thus, it is reasonable to
suppose that the initial hydrogen bond interaction between
the pyridinic nitrogen and the pyrrolic proton would give rise
to the formation of a singly hydrogen bonded dimer,
(−7AI-)2. Later on, this dimer could cyclise to produce
(7AI)2 or, alternatively, it could continue the aggregation
process adding new 7AI molecules to form (−7AI-)n com-
plexes as those shown in Fig. 1. Moreover, those open
aggregates with the adequate structure can form cyclic olig-
omers as the basket-like tetramers, (7AI)4, constituting the
structural unit of the 7AI crystal [32]. These tetramers have
been proposed by Fedor and Korter [7] to explain the
terahertz time domain experimental spectra of the 7AI solu-
tions at room temperature. It must be noted that the formation
of the (7AI)4 necessary implies the existence of their open
chain trimer and tetramer precursors. Nevertheless, because
the commonly accepted great stability of (7AI)2, as com-
pared with other dimeric structures, the population of hydro-
gen bonded complexes distinct from the cyclic dimer has
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been usually considered negligible. This could be possibly
the reason why the systematic study on the relative stability
of the dimers and higher order aggregates has never been
carried out.

As in a previous work [33], to theoretically analyze the
hydrogen bond interactions of 7AI, the atom in molecule
approach, AIM, from the Bader theory [10] has been applied.
This theory has demonstrated to be very useful in the analysis
of different intermolecular interactions and, in particular, the
hydrogen bond interactions. In fact, it has fully supported the
hypothesis, postulated from our experimental studies, on the
nature and properties of the hydrogen bond complexes formed
between a related heteroaromatic ring, BC, and different hy-
drogen bond donors [33]. Thus, the properties of the bond

critical point as the electron density at the bond critical point,
ρ, and its Laplacian, ∇2ρ, reveal the characteristics of the
interactions. Therefore, apart from the well known (7AI)2
dimer, we have applied the AIM theory to the singly hydrogen
bonded 7AI-Py, (−7AI-)2 and (−AC-)2 dimers, the open
(−7AI-)3 trimer and the (7AI)4 tetramer. As typically shown
in Fig. 8, the first topological criterion of the existence of a
hydrogen bond is fulfilled: bond critical points indeed appear
where they are expected, i.e. between the pyridinic and pyrrolic
nitrogen atoms of the partners. Moreover, the concomitant
bond path links these two atoms. The selected AIM parameters,
the electron density and its Laplacian at the bond critical point
along the Npyrrolic − H::::Npyridinic bond paths, together with the
formation enthalpies for the different complexes are reported in

Fig. 7 Temperature influence on
the emission spectra of a 7AI
solution, 5 10−6 M, in 2-methyl
butane, 2 MB, obtained at a
λexc=290 nm and b λexc=305 nm.
In the insets: (7a) the normalized
emission spectra of a 7AI 5
10−6 M plus Py 1 M, a 4AI
solution, 5 10−6 M, and a 7AI
solution, 5 10−6 M, in 2 MB at
138 K, λexc=290 nm and (7b)
Arrhenius plot according to Eq. 2
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Table 1. As can be seen in this Table, there is an excellent
concordance between the enthalpies obtained in the present
work and those reported for the (7AI)2 dimer and tetramer
formation. It should be also mentioned that in the (−7AI-)2, in
the (−AC-)2 and in the (−7AI-)3 complexes a bond critical point
also appears between the free pyridinic nitrogen of one mole-
cule and the CH group adjacent to the pyridinic nitrogen, of the
other molecule, involved in the Npyrrolic − H::::Npyridinic bond,
Fig. 8. However, the corresponding ρ and ∇2ρ values are very
low indicating an extremely weak Npyridinic

::::H − C bond and,
therefore, they have not been included in the Table.

The data in Table 1 show that all the studied hydrogen bond
interactions are weak or close-shell interactions. Thus, while
the Npyrrolic − H bond keeps the characteristics of a covalent
bond, the magnitudes and sign of the AIM parameters indicate
that the Npyridinic

::::H is a weak hydrogen bond interaction. As
expected, the Npyrrolic − H::::Npyridinic bonds in (−AC-)2 have
the same characteristics than those in (−7AI-)2 and both

dimers have also equal formation enthalpies. Interestingly,
the formation enthalpies depend linearly upon the number of
hydrogen bonds, Fig. 9. This fact, previously observed by
Fedor and Korter [7], indicates that, contrary to that generally
assumed, there is not an extra stabilization in the formation of
the (7AI)2 complex but the formation enthalpy merely reflect
the presence of two hydrogen bonds in the complex. Thus, in
all the complexes analyzed, the nature of the hydrogen bonds
is completely similar and the stabilization energies per hydro-
gen bond are, as Fig. 9 shows, the same. Therefore, from an
energetic point of view once the open (−7AI-)2 hydrogen
bonded complex is formed, it can indistinctly cyclise or con-
tinue the aggregation process adding a new 7AI molecule to
produce (−7AI-)3, and higher order aggregates, see Table 1. In
this sense, the high value obtained for the experimental di-
merization constant of 7AI [24, 25], is not due, as previously
proposed [24], to a cooperative effect resulting from the
resonance interaction between the 7AI rings in the (7AI)2

Fig. 8 Molecular graphs of
(7AI)2 and (−7AI-)2 complexes.
The small red circles and lines in
the left side graphs represent the
bond critical points and bond
paths, respectively

Table 1 Electron density, ρ, and
its Laplacian, ∇2ρ, in arbitrary
units, at the bond critical points
along the Npyrrolic −H::::Npyridinic

bond paths and the formation
enthalpies, ΔH, in kcal mol−1, for
the hydrogen bonded complexes

a Taken from Reference 7

System Npyrrolic − H H::::Npyridinic -ΔH

ρ ∇2ρ ρ ∇2ρ

7AI-Py 0.333 −1.972 0.010 0.030 6.3

(7AI)2 0.329 −1.963 0.032 0.069 12.5(12.7)a

(−7AI-)2 0.334 −1.981 0.028 0.068 5.2

(−AC-)2 0.334 −1.970 0.028 0.068 4.8

(−7AI-)3 0.332 −1.974 0.030 0.070 13.3

0.338 −1.977 0.029 0.069

(7AI)4 0.328 −1.960 0.034 0.071 26.4(26.6)a

0.328 −1.960 0.034 0.071

0.328 −1.961 0.034 0.071

0.328 −1.961 0.034 0.071
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complex. Conversely, this apparent association constant em-
bodies the different self-association steps occurring in the 7AI
solutions. Moreover, the simultaneous presence of different
hydrogen bonded complexes help to understand the aforemen-
tioned absence of the isosbestic and isoclinic points in the
absorption and second derivative spectra, respectively.

These data also indicate that, since the successive hydrogen
bond interactions in the 7AI complexes are similar, the spec-
troscopic characteristics of the different hydrogen bonded com-
plexes should be similar too. Also, due to the larger enthalpies
for the higher order aggregate formation, these species should
be efficiently stabilized at the lowest temperatures. Therefore,
although the emission, at 350 nm, observed in the 7AI solutions
at the lowest temperatures could be ascribed, as reported by
Catalán, to a trapped (7AI)2 complex that cannot suffer the
double proton transfer, we better believe that, as for 7AI-Py,
AC and BC, this emission in the 7AI solutions is mainly due to
the unquenched non phototautomerizable (−7AI-)n hydrogen
bonded aggregates. The fact that the activation energy for the
proton driven electron transfer quenching process is the same
for the complexes of 7AI, AC and BC further supports this
statement. Finally, the quenching process suffered by the 7AI
aggregates nicely explains the origin of the tiny emission, at
350 nm, observed, at room temperature, in this paper and by
Takeuchi and Tahara in the concentrated solutions of 7AI. As
mentioned, the authors ascribed this emission to the small
population of 7AI oligomers. Thus, we agree with the emitting
species being different from the (7AI)2 complex but the low
intensity of this band is not caused, as the authors proposed, by
the small population of the 7AI aggregates but it is due to the
high efficiency, at room temperature, of the proton driven
electron transfer quenching process experimented by these
species.

Summary and Conclusions

Although it is commonly accepted that the photophysics of 7AI
in low polar aprotic solvents is almost exclusively determined
by the formation of its readily phototautomerizable cyclic
dimers (7AI)2, this paper highlights some experimental results
that could hardly be explained on this basis. These results can
be briefly summarized as follows: i) The absence of isosbestic
and isoclinic points in the absorption and second derivative
absorption spectra of the 7AI solutions with increasing the 7AI
concentration and the different values of the dimerization con-
stant calculated from the absorbance titration data obtained at
different wavelengths, ii) The dynamic quenching of the emis-
sion band of the 7AI monomer at 320 nm upon increasing the
7AI concentration and the appearance of a weak emission band
at 350 nm together with the strong enhancement of this band
intensity upon decreasing the temperature.

The theoretical calculations carried out in this work and the
similarity among these results and those observed for other related
systems, that cannot form cyclic hydrogen bonded dimers, led us
to attribute these experimental findings to the formation of non
phototautomerizable (−7AI-)n aggregates. Accordingly, the simul-
taneous ground state formation of (7AI)2 and (−7AI-)n species
could nicely explain the aforementioned absence of isosbestic and
isoclinic points in the absorption spectra and the wavelength
dependent values of the apparent dimerization constant of 7AI.
Furthermore, the excited state formation of these kinds of
(−7AI-)n aggregates could also justify the quenching of the
7AI monomer emission and the appearance of the emission
band at 350 nm. By analogy with the model 7AI-Py and other
related systems, the band at 350 nm is, at room temperature,
extremely weak because of the photoinduced proton driven
electron transfer process occurring in the (−7AI-)n aggregates

Fig. 9 Relationship between the
formation enthalpies and the
number of hydrogen bonds in the
complexes (nHB)
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strongly quenches their emission. This quenching is probably
the reason why the role played by the (−7AI-)n aggregates in the
photophysics of 7AI has been systematically overlooked in
previous studies. Nevertheless, as the temperature decreases
and, consequently, the efficiency of the quenching process di-
minishes, the emission of the (−7AI-)n aggregates becomesmore
evident in the fluorescence spectrum of 7AI. Therefore, because
most of the studies on the 7AI photophysics have overlooked the
role played by these non phototautomerizable 7AI aggregates,
we can conclude that many aspects on our current knowledge of
the 7AI photophysics should be carefully revised.
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