Acc. Chem. Res. 2004, 37, 349—355
|

Breaking, Making, and Twisting
of Chemical Bonds in Gas,
Liquid, and Nanocavities

ABDERRAZZAK DOUHAL'

Departamento de Quimica Fisica, Seccion de Quimicas,
Facultad de Ciencias del Medio Ambiente,

Campus Tecnologico de Toledo, Avenida Carlos Ill, SN,
Universidad de Castilla-La Mancha, 45071 Toledo, Spain

Received October 31, 2003

ABSTRACT

In this Account, we recount on our studies of 1'-hydroxy-2'-
acetonaphthone (HAN, a proton transfer prototype molecule) in
gas, solutions, and nanocavities. The internal H-bond photoreac-
tion in HAN leads to a keto type structure, and following its
formation, an internal twisting motion gives birth to keto rotamers.
Theory, temperature, and solvent effects on its photodynamics
show the involvement of efficient radiationless processes in both
keto structures. When HAN is caged in a cyclodextrin nanocavity,
the spectroscopy, photodynamics, and issues of twisting motion
are strongly affected and could be tuned: a behavior relevant to
those of many chemical and biological systems.

Introduction

In molecular science, the essence of chemical reactivity
and therefore the change of matter is due to electron
exchange, the breaking, making, and rotating of chemical
bonds.}™® The driving force behind these elementary
processes comes from induced orbital interactions giving
rise to atomic charge redistribution and thus to swings in
acidity (or basicity) or in electronic affinity (or ionization
potential) of the involved atoms, groups, or molecules.
Since Mulliken, Lewis, and Pauling, much progress has
and is being made for understanding the potential-energy
surfaces (PES) that govern the dynamics of a chemical
reactivity in gas, cluster, and condensed phases. A par-
ticular case is the H-bond, and because of its special
unique character (energy, directionality, and quantum
tunneling) and the related ubiquitous phenomena in
influencing architectural, energetic, and dynamical aspects
of a wide variety of systems ranging from material to life
sciences, the related proton (or H-atom) transfer is one
of the most important studied reactions.°~1® Furthermore,
the H-bond breaking and making processes can trigger
other chemical bond events such as cis—trans isomeriza-
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Scheme 1. Structures of Enol (E*), Keto (K*), and Keto Rotamer
(KR*) of 1'-Hydroxy-2'-acetonaphthone (HAN) at the S; State with
the Arrows Showing the Involved Atomic Motion
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tion found in retinal proteins for example. In addition to
that, molecules undergoing proton transfer have been
suggested as an active medium in lasing devices and as
fast systems for logic gates!” and molecular memory.18
Others systems have been used for probing the topology
of nanocavities!®?° and for detecting metals,?'?? to cite a
few examples.

A prototype system showing proton transfer and twist-
ing motion following an electronic excitation is 1'-hy-
droxy-2'-acetonaphthone (HAN).273* |t is an aromatic
molecule with two groups able to form an intramolecular
H-bond (Scheme 1). This bond is comparable to that in
methyl salicylate®>~3° but with a larger z electronic mo-
lecular system. HAN has been studied from the point of
view of theory (quantum chemistry) and experiment: gas,
liquid, and nanocavity phases. Here, we recount our
results of studying HAN?32429-34 giming at a unified picture
of the photophysical events following a photoinduced
excitation of this type of molecule undergoing fast proton
transfer and twisting motion of the protonated group. We
believe that the results are relevant to the behavior of
several molecular systems undergoing proton-transfer
reactions. In the following, we will discuss the results of
ab initio calculations, dispersed emission under jet-cooled
molecular beam conditions, and temperature, solvent, and
nanocavity effects on the fluorescence and dynamics of
HAN. Details can be found inthe original contributions.?32429-34

Theoretical Studies

The ab initio theoretical calculations have shown that, at
the Sy state, the enol (E) form is the most stable structure
and it has an intramolecular H-bond between the OH and
the CO groups (Scheme 1).%° The keto (K) type structure
result of an intramolecular proton transfer in E does not
have a local minimum at Sy. However, other local minima
due to rotation of OH and acetyl groups or protonated
acetyl group (keto type rotamer, KR) exist at Sy (Figure
1).%° These structures might be accessible through elec-
tronic or vibrational excitation of E. Following an elec-
tronic excitation, the behavior of HAN is completely
different from that at S,.3° The internal H-bond in the
excited enol (E*) is stronger. From the point of view of
geometry, the excited E shows a shortening of the O---O
distance (2.56 A) by 0.03 A. This is also reflected by an
increase in acidity and in basicity of the OH and CO(CHj5)
groups (necessary for the subsequent transfer of proton
or H-atom), respectively. The CO(CHj3) increases its elec-
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FIGURE 1. Energy profile for proton motion within E* and twisting motion of formed K* to give KR* at the S; state. Energies (kcal/mol) are
relative to that of E*. Between parentheses are the value of the dihedral angle between the planes of acetyl group and naphthalenic frame.

tronic charge by 0.07 e, while those of the carbon atom
bringing the OH and CO(CHj3) suffer a loose of about 0.05
e. The ultrafast electronic redistribution helped by vibra-
tional motions constitutes the driving force for the proton
transfer. According to the calculations the origin of the
energy barrier for the proton transfer in E* might be in-
plane and out-of-plane vibrational motions of OH and
CO(CHy) groups involved in the H-bonded chelate ring.
In fact, the results show active in-plane vibrational modes
at 325 and 381 cm™! and out-of-plane motions at 380 cm?
which can be correlated to the bands at 307, 365, and 370
cm™1, respectively, observed in the fluorescence excitation
spectrum obtained under jet-cooled molecular beam
conditions.?® These correspond to the bending deforma-
tions of the H-bond ring. Figure 1 shows a schematic
energy profile for the stationary points located at the S;
state and related structures for the proton-transfer reac-
tion and twisting motion. K* is almost isoenergetic to E*,
and the transition state connecting both structures in-
volves an energy barrier of ~5.5 kcal/mol. Rotation of the
acetyl group in K* leads to the keto type rotamer KR*. This
one is the most stable structure in S; (6.23 kcal/mol bellow
E*). The protonated acetyl group in KR* is almost per-
pendicular to the plane defined by the naphthalene ring.
After the acetyl group rotation, another transition state
(TSs*) that connects KR* with an equivalent molecular
structure was found. While the HAN PES shows three wells
with small energy barriers, those of salicylic acid and its
methylated derivative (methyl salicylate, MS), another
proton-transfer reaction prototype, have been found to
have a surface with a single distorted well and, thus, a
much more exothermic proton-transfer rection.36-%° In-
deed, K* and E* structures of HAN have almost similar
energies contrary to those of MS. These factors play a
central role in the surfaces crossing of reactive (r,7*) and
nonreactive (n,7*) states and, thus, on the spectroscopy
and dynamics of proton-transfer reactions and subsequent
issues.

In conclusion for this part, the calculations suggest a
ground-state PES with two wells corresponding to the enol
form (the most stable structure) and to a keto type
rotamer. At S;, a proton-transfer reaction takes place in
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FIGURE 2. Dispersed fluorescence spectrum of a jet-cooled

molecular beam of HAN excited at the origin of S,—S; transition
(25 735 cm™1, ~389 nm).

E* through or over a small barrier of energy to produce a
keto type phototautmer. This one may give a keto type
rotamer structure which emission should be observed at
the red side of the enol and keto emissions. Therefore,
the PES at S; contains three minima.

Jet-Cooled Molecular Beam Studies

In a supersonic jet-cooled molecular beam of HAN, the
dispersed fluorescence indicates the presence of a single
conformer at the Sy, state which corresponds to E.??* The
excitation of HAN at ~389 nm (So—S; transition) gives a
structured emission which corresponds to that of E* form
and two emission bands from the keto type structures with
maxima at 426 and 452 nm (Figure 2). The OH/OD
isotopic substitution abnormally suppresses the structured
emission of E* due to the change in the coupling between
the vibrational modes of the involved structures (E* and
K*). The isotope effect shows also a tunneling mechanism
for the proton transfer in E*. No emission from E* was
observed at excess energies of excitation above ~300 cm™,
providing experimental evidence for the existence of an
energy barrier (~0.9 kcal/mol) for the proton transfer in
the potential energy surface at S;. In addition to that, the
excitation spectrum showed peaks at 203 cm™* and 677
cm~! which might be correlated with the theoretically
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observed modes at 189 and 539 cm™1, respectively. These
are assigned to the C—O—H out-of-plane mode and the
in-plane bending motion of the C=0 group, respectively.
The bending of this part in the chelate ring induces a
variation of the O---O distance and therefore can be
considered as an efficient active mode in the proton-
transfer dynamics of HAN.?® Similar observations have
been reported in methyl salicylate 536740, For 2-hydroxy-
acetophenone (OHAP), a molecule comparable to that of
HAN, the bending mode of C=0 in the resonance Raman
spectrum of OHAP in cyclohexane solutions was observed
at 622 cm~1.4* Immediately after an electronic excitation,
and during the time probed by the Raman spectrum, the
system evolves along a larger number of vibrational
coordinates (appearing in the resonance Raman spec-
trum) which do not include proton motion.** The changes
in acidity/basicity character of the involved partners in a
proton (or H-atom) motion is governed by a fast electronic
redistribution and must occur in the subpicosecond time
scale. Therefore, the time scale for proton transfer in HAN
will be mainly dictated by the relatively slower in-plane
and out-of-plane motions of the H-bonded chelate ring.
Oscillations in the femtosecond transmission transient of
HAN in cyclohexane were observed with frequencies at
312 and 370 cm™! and assigned to skeletal deformation
occurring in the normal modes of the photoproduct after
an ultrafast (30 fs) proton motion.?®

Furthermore, the calculations for HAN suggest that the
high activity of the O—H out-of-plane motion (bending
mode at 822 cm™1) in E* can suppress the emission signal
in the molecular beam beyond ~900 cm~? from the origin
of excitation. The fluorescence lifetime of HAN in the
molecular beam is 9.4 ns at zero point level of excitation,
and it is independent of the observation wavelength,
suggesting an equilibrium between E* and K* structures.
On the basis of the structured and abnormally shifted
emission band of the keto tautomers, the ground-state
potential-energy surface has been suggested to contain
an additional minimum, which following the theoretical
results corresponds to that of keto type rotamers (KR).
Using femtosecond time-resolved multiphoton ionization
spectroscopy, the ultrafast dynamics of HAN at S; pump-
ing at different excitation wavelengths 385—410 nm has
been studied.?® An unresolved fast initial decay followed
by a longtime nonexponential decay with two compo-
nents, 7, ~ 61—86 ps related to the proton-transfer process
and 7, ~ 610—1010 ps assigned to the emission of K*
structure, was reported.? The results were explained on
the basis of an equilibrium between E* and K* with the
keto tautomer crossing a very low energy barrier (~0.9
kcal/mol) at the S; state. Other gas-phase experiments
using time-resolved photoelectron spectroscopy have
observed two transient bands in the spectrum of excited
HAN and assigned to the photionization of E* and K*.
The report also concluded that proton transfer occurs
within 50 fs and that the depletion of K* via internal
conversion (S; — Sp) occurs in 30 ps, enhanced by a close-
lying n,r* state. Because of the large excess of energy of
the pump (>2500 cm™1), the experiment could not detect
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FIGURE 3. Emission spectra of HAN in methyl cyclohexane (MC)
at 298 (dotted line) and 77 K (solid line) when excited at 380 nm.

the small energy barrier for the proton-transfer process
(~0.9 kcal/mol).

In conclusion for this part, the excited enol structure
of HAN in a jet-cooled molecular beam undergoes a fast
proton transfer through (tunneling) or over a small barrier
of energy. The emission of E* is observed when the excess
of the excitation energy is null and vanishes when the
excitation is 300 cm~! above the 0—0 transition. Above 900
cm™1, an efficient nonradiative channel is open suppress-
ing the total emission of HAN in the molecular beam. The
structured and triple fluorescence bands of HAN suggest
that the potential-energy surface at S; contains three wells
in agreement with the theoretical results.

Temperature Effect Studies

The emission behavior of HAN in solutions at different
temperatures has been studied.?* In methyl cyclohexane
(MC, an inert solvent) at 298 K the spectrum band is broad
with the maximum at ~480 nm and a shoulder at ~450
nm (Figure 3). At 77 K, the emission exhibits a structured
band with maxima at ~440 and ~480 nm. The structural
difference between both spectra is due to the involvement
of a twisting motion in the formed phototautomer K* to
give KR* at S;. Results of nanosecond—microsecond time-
resolved experiments in solution and in rigid media
concluded that following the proton-transfer process at
S: a conformational change takes place in K* to produce
a metastable state (keto type rotamer, KR*).%> Furthermore,
a twisting motion in the keto type structure, K*, has been
also observed in the proton-transfer cycle of 3',4'-benzo-
2'-hydroxychalcone, a derivative of HAN.** A previous
report*® concluded the absence of proton transfer in
excited HAN in contrast with others.?*73* Interestingly, the
emission bands of keto structures (with maxima at 440
and 480 nm) at 77 K (Figure 3) might be correlated to
those found in cooled molecular beam (maxima 426 and
452 nm) and assigned also to keto phototautomers (Figure
2). The coldest conditions (a few Kelvins) in the supersonic
molecular beam experiment and the absence of solvation
in these conditions might be the reasons for the blue shift
of these emission bands when compared to the 77 K
experiment using methylcyclohexane.
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FIGURE 4. (A) Emission decays of HAN in MC at 298, 260, 240, 220,
210, 200, 190, 180, 170, 160, 150, 130, 100, and 80 K when excited at
393 nm and gated at 480 nm. (B) Arrhenius plot (solid line) of the
nonradiative rate constants (kn2) of HAN in MC vs U/T. Ey and Exp
are the activation energies for the nonradiative processes of K* and
KR*, respectively. The dotted line indicates the deviation from the
Arrhenius behavior.

More information on the effect of the temperature on
the photodynamics of HAN in MC was obtained (Figure
4A). The decay fitting at 298 K needed a biexponential
function with time constants of 39 ps (22%) and 101 ps
(78%). The shortest time constant is assigned to K*, while
the longest one is assigned to KR*. Femtosecond experi-
ments in solution showed that the time constant of the
proton transfer in E* is ~30 fs.2 Down to 80 K, the global
emission decays show a remarkable change. At 480 nm
for example, the lifetime values change from 39 ps to 2.16
ns (4%) and from 101 ps to 8.38 ns (96%) assigned for K*
and KR*, respectively. The presence of efficient nonra-
diative processes at higher temperatures such as those due
to twisting along the naphthyl—COCHj; bond, torsion and
out-of-plane motion of the naphthalene molecular frame
in K* and in KR*, respectively, is the reason for short
lifetimes at room temperature. A loss of aromaticity of the
naphthalene ring and a lower conjugation with the twisted
and protonated acetyl group in KR* have been suggested
by theory.?° Similar emission deactivation processes with
a dependency on the viscosity and polarity of the medium
have been observed in methyl salicylate.®

From the nonradiative decay rate constants of each
structure at different temperatures, the activation energies
for the radiationless processes for both emitting structures
have been deduced (Figure 4B).3* The activation energy
and the frequency factor for nonradiative decays of K* and
KR* are E;; = 0.96 + 0.20 kcal/mol, A; = 9.7 x 1010 51
and E;, = 3.4 + 0.2 kcal/mol, A, = 2.3 x 1012 s71
respectively. The twisting motion of the protonated acetyl
group has a lower energy barrier and a lower frequency
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term (A,/A; = 24) than those of the out-of-plane (dragging)
motion of the naphthalene skeleton. In the 298—130 K
range the linearity of both plots (Arrhenius type) shows
that the nonradiative processes of K* and KR* in MC are
controlled by hydrodynamics factors, while below 130 K
the deactivation of KR* is rather controlled by free volume
factors. In fact, the large solute motions largely decrease
while friction and restriction of the solvent motions
increase at lower temperatures.3*

The finding in studying the temperature effect is a large
influence of the temperature on the photodynamics of
HAN in solution, indicating the large activity of radiation-
less modes at higher temperatures and identified as
twisting motions of the acetyl group and of the naphtha-
lene molecular frame.

Solvent Effects Studies

The effect of the viscosity and hydrogen-bonding interac-
tions of the medium on the deactivation processes of HAN
have been studied by recording the fluorescence spectrum
and lifetime in different alcohols.3* In these solvents, the
emission decays were fitted using a double-exponential
function.?* For example in methanol, the lifetimes are 34
ps (33%) and 142 ps (67%), while in 1-octanol these times
are 63 ps (29%) and 283 ps (71%). The rate constant values
of the nonradiative processes, ky,, of both keto phototau-
tomers decrease when the viscosity of the medium
increases. The contribution of the short-time component
(assigned to K*) drastically decreases when gating the
emission at longer wavelengths. For example in 1-butanol,
the contribution shows the following changes: 59% (425
nm); 33% (460 nm); 9% (520 nm); 3% (560 nm). Therefore,
the emission of K* is centered at the blue part of the
spectrum, in full agreement with the temperature and
nanocavities results.3'~3* The dependence of the lifetimes
of K* and KR* on the viscosity (and polarity; vide infra) of
the alcohol series is due to the twisting motions involving
the acetyl group and the naphthalene molecular frame in
these forms, respectively.

The longest component of the Debye relaxation time
7p has been used to analyze the nonradiative processes
of K* and KR*. Both kp, values decrease when 1p
increases. Thus, a longer Debye relaxation time for sol-
vation shell allows stronger fluorescence of the phototau-
tomers. The solvent friction is more significant for K* (K1)
than for KR* (knr2). For the later, the dependence is very
weak. This suggests also that motion of the naphthalene
ring does not play a major role in the deactivation process
of K* and KR*. The result showed also that solvent friction
due to hydrogen-bonding interactions between solvent
molecules and the phototautomers plays a significant role
in the nonradiative processes of both structures.

Both proton transfer and rotation processes involve a
charge redistribution, and therefore, a solvent polarity
effect is expected. Therefore, solvent effect has been also
analyzed by considering the reaction dielectric field factor
parameter f(e,n) = (¢ — 1)/(e + 2) — (n? — 1)/(n? + 2). For
both keto type tautomers, we observed a linear correla-
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tion.3* The results suggests that that the emission of K* in
the alcohols family is more efficiently deactivated by
solvent polarity than that of KR*. One of the deactivation
channels is that of the protonated acetyl rotation in K*
leading to KR*. For the alcohols, the viscosity of the
medium and the H-bonding interactions with the solute
play a crucial role in the deactivation process. Therefore,
to reduce the effect of H-bonding donating of the solvent,
and working under lower and similar viscosities, the
variation of kpn, with that of f(e,n) in nonhydroxylic
solvents was examined. Both k., » values decrease when
f(e,n) increases, contrary to the alcohols behavior. This
reflects the role played by the H-bonds in the alcohol
frictions, making slower the rupture of the clusters
structure (solvation shell) around the dye. The depend-
encies for both k1, in this series of solvents are similar
suggesting that the radiationless channel sensitive to
polarity is of the same nature for both tautomers. This
channel might be connected to the coupling between the
mt,r* and n,or* states mediated out-of-plane motions, as it
has been suggested for other comparable systems.3%4°
Therefore, this internal conversion should be more im-
portant for K* relaxation leading to shorter lifetimes as it
was observed. This reflects the importance of the H-bond
between the solvent molecules involved the solvation shell
surrounding the dye.

In summary for the neat solvent part, the K* — KR*
reaction is dependent on the viscosity, H-bonding, and
polarity of the medium. For the alcohols family, the
nonradiative rate constants of both keto forms increase
with the solvent polarity, while for non-H-bonding media,
the reverse trend was observed.

Nanocavity Studies

Caging a molecule into a molecular pocket (hanochamber)
produces a confined system with interesting physical and
chemical proprieties. It reduces the degrees of freedom
available to the molecule to move along the reaction
coordinates and confines the wave packet in a small area
of propagation.** By reduction of the space for relaxation,
it makes the system robust and immune to transferring
“damage” or heat over long distances. Using ultrafast
techniques and selecting the size and nature of the
molecular chamber offered by the host to the guest, one
will be able therefore to explore and control the spectro-
scopy (space domain) and dynamics (time domain) in real
time of witness.*>%6 Even for small solvent molecules
(including water), confinement in nanoporous materials
leads to important restriction in the orientational and
translational dynamics.*’~%0

In the present case, we will recount the results of the
solution nanocavity studies of HAN using cyclodextrins
(CD) as host media.’'"% a-, -, and y-CD having large
diameter d ~ 6, 85, and 9.5 A have been used for
nanocaging. Addition of CD’s to a water solution of HAN
results in an intensity enhancement and shift of the
emission band of keto phototautomers. Both observations
show the formation and emission behavior of inclusion

FIGURE 5. Schematic illustration of HAN in water and complexed
with one a-, -, and -CD or two a-CD cavities.
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FIGURE 6. (A) 480-nm emission decays of HAN in water and in the
presence of mM o, 3-, and y-CD. (B) Emission spectra of HAN
complexed to CD's.

complexes of HAN with the used CD. The stoichiometry
of the complexes depends on the nature and size of the
cage. For - and y-CD, the complex has an 1:1 stoichi-
ometry, while, for a-CD, the stoichiometry is 1:2 HAN:a-
CD (Figure 5). Thus, the spectroscopy and dynamics of
the complexes have been also found to depend on the
nature of the cage (Figure 6). Compared to the observation
using water or tetrahydrofuran (considered as a solvent
with a polarity comparable to that of CD), the following
picture has been provided. Due to the restriction offered
by o- and -CD cages, the rotation of the protonated
acetyl group of the guest is restricted giving rise to a
stronger K* emission with the maximum in intensity at
460 nm. For y-CD, a larger cage, the conversion of K* to
KR* is allowed; the resulted emission has its maximum at
500 nm, and the phototautomers are more fluorescent due
to the protection (from quenchers such as H-bond with
water and O,) provided by the cage. Thus, a shift of ~40
nm is observed, due to an increase in the cavity size of
the host. The lifetime of caged KR* is in the nanosecond
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FIGURE 7. Right: Anisotropy decays of HAN in water and in the
presence of 10 mM a-CD. The solid lines are the best fits using
single or biexponential function. Left: 70-ps and 1-ns gated emission
spectra of HAN in the presence of 10 mM a-CD.

regime, while that of caged K* is in the subnanosecond
or nanosecond time scale. Depending on the size of CD,
the protonated acetyl group can be found inside or outside
the cage. So, its twisting to produce KR* and connecting
with noradiative channels depend on the degree of
confinement and stoichiometry of the complex (Figure 6).
The reorientation times of the guest and of the overall
guest:host complexes have been examined using aniso-
tropy experiments. To begin with, in pure solvents, like
water and tetrahydrofurane, the rotational times are 70
and 35 ps, respectively. These values reflect the role of
H-bonding of the solvent (water) and the involvement of
the solvation shell (water molecules) in the friction
dynamics of the dye. For 1:1 complexes involving 3-CD
and y-CD nanocages, this time is 70 and 47 ps, respec-
tively. Thus, for the guest trapped into 5-CD (d ~ 8.5 A)
the internal molecular rotation is restricted and its time
is longer, while included into a larger cavity (y-CD, d ~
9.5 A) the internal rotation produces a caged KR* rotamer.
The overall rotational time of the complex (HAN:CD)
increases with the size of the caging entity: 745 ps and
1.1 ns for -, and y-CD complexes, respectively. For, o-CD
complexes the situation is different due to the 1:1 and 1:2
(HAN:0-CD) complexes formation involving one or two
H-bonded linked CD cavities. Caged and photoproduced
K* in 1:1 complexes have the maximum of emission at
480 nm and a lifetime, ~90 ps, similar to that of free K*
in water. Those of the 1:2 complexes are 440 nm and ~1
ns, respectively (Figure 7). For 1:1 entity, the protonated
acetyl group of K* is found outside the CD cavity and it
should not suffer any restriction for twisting to produce
caged KR* (which was observed). However, for 1:2 com-
plexes, physical restriction dictated by the cavity of 2
linked CD does not allow the formation of KR*, but it
enhances the nanosecond emission of caged K*, as this
fluorophore is now protected from quenchers and twisting
noradiative processes. The COHCHg rotation in K* to
produce KR* involves an energy gain of ~4 kcal/mol, close
to the obtained energy gap (~6 kcal/ mol) between these
structures in gas phase using theoretical calculations. The
rotational time of the caged phototautomers into a-CD
cages depends on the emission wavelength, and it varies
from 50 to 180 ps (Figure 7). That of the global rotational
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time of 1:2 complex is almost constant, ~950 ps. This
variation with the wavelength of emission indicates the
existence of several rotors (or excited conformers) and
thus agrees with the involvement of 1:1 and 1:2 complexes.
Clearly, the result indicates that the size of the nanocavity
of the host governs the emission spectroscopy (space
domain, shift by about 40 nm) and the photodynamics
(time domain, change from picosecond to nanosecond
regime) of the nanostructure.

The experimental observation using CD nanocavities
clearly showed the involvement of twisting motion in the
formed tautomer K* in the PES of HAN at S; and the
possible formation of a keto rotamer KR* emitting at the
red side of the spectrum. The internal twisting motions
and related photophysics can be controlled by choosing
the size of the caging nanocavity, a result in full agreement
with the calculations, temperature, and solution experi-
ments recounted above.

Conclusion

This Account shows the rich spectroscopy and dynamics
of a conceptually simple aromatic molecule bearing two
H-bonding groups able to reach, following a photoinduced
excitation, an electronic configuration to exchange a
proton (or hydrogen atom) in an already formed H-bond
at the ground state. The ultrafast shift of the proton (less
than 30 fs in solution) might be followed by a twisting
motion of the now protonated acceptor group giving birth
to an excited keto type rotamer. The radiationless pro-
cesses of both keto phototaumers are largely sensitive to
solvent properties: polarity; H-bonding ability; viscosity.
The use of a nanohost like that provided by cyclodextrins
is a simple tool to tune the spectroscopy and photody-
namics of HAN. We believe that the results and conclu-
sions reached from the studies of HAN in gas, liquid, and
cyclodextrin nanocavities, in addition to the theoretical
work, are relevant for a better understanding of the
behavior of several molecular systems undergoing this
kind of phenomena: H-bond rupture within this proto-
type molecule and subsequent twisting motion are remi-
niscent to key reactions of chemical bonds governing the
architecture, stability, function, and reactivity of many
biological systems where charge transfer, proton transfer,
twisting motion, and folding are events happening almost
continuously at least in living organisms.
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recounted here. This work was supported by the MCYT and the
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