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Excited-state intramolecular proton transfer (ESIPT)
is a phototautomerization occurring in the excited states
of the molecules possessing a cyclic intramolecular or
solvent-bridged hydrogen bond.1 Since this process is
fast enough to accompany the short-lived first excited
singlet state, the electronic excitation of a normal form
(N) in the ground state yields a proton-transferred
excited-state tautomer (T*) of the much lower energy.
This T* relaxes radiatively or nonradiatively to the
metastable ground state T, which reverts to N via
reverse proton transfer. Therefore, the different absorb-
ing and emitting species result in a large Stokes shift.
Since the first report,2 ESIPT has led to a wide range
of potential applications such as luminescence probes,3
laser dyes,4 polymer photostabilizers,5 scintillators,6
and solar collectors.7 To date, ESIPT has been studied
mainly in the solution systems for small organic mol-
ecules such as benzazole8-12 and pyridine deriva-
tives,13,14 etc. In most cases, however, phototautomeric
fluorescence is rather weak for practical applications at
ambient temperature due to more effective internal
conversion or broken hydrogen (H) bond by torsional
motion.14 So it has been used essentially as only a probe
for ESIPT phenomenon. To address these limitations,
we have considered polymeric ESIPT system and de-
signed semirigid prototype polyquinoline (PQH), which
comprises intramolecular H bond between the enol and
imine groups15 (Scheme 1).

We examined the possibility of ESIPT in PQH theo-
retically with semiempirical molecular orbital calcula-
tion of the simplified model structure16 of PQH shown
in Figure 1, following a reported method.17 On the basis
of the reaction path (Figure 1) depicted from the
calculated energies and bond lengths of N, T, and
transition state (TS) in the ground and first excited
singlet states, ESIPT was considered very possible in
PQH.

PQH was prepared from bis(aminoketone) (1) and
OH-substituted bis(ketomethylene) (2-OH) monomers
by Friedländer reaction following reported proce-
dures15,18 (Scheme 1). As PQH has two possible emitting
sites, i.e., protic (i.e., OH-substituted) and aprotic units,
we also prepared fully aprotic polyquinoline (PQ) for
comparison, using aprotic bis(ketomethylene) (2-H)
monomer. PQH shows excellent thermal stability with
the glass transition and initial decomposition temper-
atures of 230 and 450 °C, respectively, and good solu-

bility in m-cresol, formic acid, and tetrachloroethane
(TCE), enough to cast an optically clear film. The
weight-average molecular weight of PQH was estimated
as 8000 (PDI ) 1.4) from gel permeation chromatog-
raphy (GPC).

Figure 2 shows the static absorption and fluorescence
spectra of PQH and PQ. Aprotic PQ in TCE gives
ordinary absorption and photoluminescence (PL) bands
that are partially overlapping each other (Figure 2a).
The absorption spectrum of PQH is structured similar
to that of PQ and matches well with the calculated one
as indicated by vertical bars19 in Figure 2b in terms of
the excitation energies and oscillator strengths at dif-
ferent vibrationally coupled transitions. Except for the
slight red shift of absorption edge, no remarkable
difference was observed between the absorption of PQH
and PQ, implying that the electronic effect of OH
substitution is not significant. With respect to PL,
however, the enol group exerts a noticeable influence,
so that PQH solution shows an additional red PL band
besides the normal blue one (Figure 2b). This suggests
a probable occurrence of the ESIPT process. The blue
band, when compared with the spectrum of aprotic PQ,
may originate both from the aprotic unit and from N*
of the protic one, while the red band is attributable to
T*. The excitation spectra for each band, though not
shown here, are almost superimposable on one another,
implying that the precursors of both bands originate
from the same species in the ground states. Thus, PQH
exists predominantly as the N form in the ground state,
and its Franck-Condon-excited state is the precursor
of T*.20 In the PQH film spin-coated from TCE solution,
the absorption spectrum is the same as that of solution,
while the blue PL is totally quenched, giving only the
red band (Figure 2c). This suggests that ESIPT becomes
much more efficient in film than in solution. In film,
the torsional motion is virtually frozen far below the* Corresponding author. E-mail parksy@plaza.snu.ac.kr.

Scheme 1. Synthetic Scheme of PQH and PQ
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glass transition temperature so that the H-bonded
conformer is preferred energetically. Furthermore, no
blue emission also indicates that the energy of the
excited aprotic unit transfers completely to the protic
unit of a lower energy in advance of ESIPT. To our
interest, the tautomeric PL from PQH film is so strong
as to be seen brilliant by the naked eye under room
light.

Picosecond emission kinetic profiles21 in Figure 3
show direct evidence that the red emission of PQH in
both solution and film is the fluorescence from T*
following ESIPT, rather than phosphorescence from N*.
As expected from static spectra, the excitation of the
aprotic PQ decays with the time of 450 ps, much more
slowly than the blue emission decay of PQH, to the
vertically lower energy states (Figure 3a). As for PQH
solution, conformers without a H bond may also exist
though H-bonded one is favorable energetically. In
Figure 3b, the fast decay time of 19 ps (91%) for the
blue emission of the TCE solution is ascribed to proton
transfer in the H-bonded conformer, while the slow one
of 140 ps to the internal rotation of non-H-bonded PQH
around the C (phenol)-C (quinoline) bond in order to
obtain a geometry suitable for proton transfer.8,22

Furthermore, the delayed rise at 600 nm is a clear
evidence that T* arises from the ESIPT of Franck-

Condon excited N.8,20 It should be noted that the
incorporation of red-tailed N* emission makes the
observed rise of the red band mistakenly faster than
the fast decay of the blue one. For this reason, we assign
19 ps, instead of 7 ps, to the ESIPT time. The biphasic
decay of the red emission suggests that besides ESIPT
an additional photochemical process takes place from
S1. T* resulting from ESIPT is the excited zwitterionic
form (Z*), and we assign 30 ps to the electronic rear-
rangement time of Z* to convert into the excited keto
form (K*). Electronic rearrangement is known to follow
fast proton transfer to form relatively more stable
species in the S1 states of quinoline derivatives.23,24 The
slower decay time of 400 ps is attributable to the decay
time of K*.

In film, the ESIPT and rearrangement take place in
the shorter times of 8 and 20 ps and occur more
efficiently, showing no long-lived blue emission. The
slow decay time of 300 ps is considered as the relaxation
time of K*. The shorter times for all the observed
processes in film are owing to the effect of better-
organized geometry where the torsional motion is frozen
and only the energetically favored H-bonded conformer
is present.

The intense large Stokes-shifted (∼250 nm) lumines-
cence has led us to consider the applicability of ESIPT
process in PQH film. The electroluminescence (EL)
spectrum from the single-layer device assembly of Al/
PQH (55 nm)/ITO at 20 V shows only the red band from
T* about the same as the PL spectrum (the inset of
Figure 2c). To our best knowledge, this is the first report

Figure 1. Calculated bond lengths in the ground and first
excited singlet states of the simplified model structure and the
schematic diagram of proton-transfer reaction path. Excited-
state values are given in the parentheses. N, T, and TS
indicate normal form, tautomer, and transition state, respec-
tively.

Figure 2. Absorption (dotted) and fluorescence (solid) spectra,
excited at 310 nm, of PQ in TCE solution (a), PQH in TCE
solution (b), and PQH film (c). Vertical bars in the absorption
spectrum of (b) indicate the calculated transition energies and
oscillator strengths for the model structure in Figure 1.
Vertical bar in the red fluorescence band in (b) indicates the
T* f T adiabatic transition line calculated from Figure 1. The
inset of (c) is the EL spectrum of a PQH single-layer device.
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on ESIPT-involved EL and can be understood by the
simple explanation: the exciton produced in the pre-
dominantly existing N* by the recombination of hole and
electron decays with the radiation of K* following fast
proton transfer. The large Stokes shift in PQH leads to
the EL without any self-absorption.

In summary, we have synthesized semirigid PQH
with alternating building blocks, one of which has an
intramolecular H bond, and examined the ESIPT of the
polymer. A TCE solution of PQH shows dual blue and
red fluorescence bands while a PQ solution shows the
blue one only. As semiempirical molecular orbital
calculation supports the ESIPT phenomenon in PQH,
the blue band is emitted from N* following ESIPT while
the red one is emitted from T*. In solution, intra-
molecularly H-bonded N* undergoes ESIPT in 19 ps to
produce Z*, which subsequently undergoes electronic
rearrangement in 30 ps to yield K*. On the other hand,
N* without the H bond needs to wait for 140 ps until
hindered internal rotation creates a proper geometry for
ESIPT. The PQH film shows only the red band in both
PL and EL measurements and experiences ESIPT and
electronic rearrangement in the shorter times of 8 and
20 ps, respectively. PQH, especially in film, may be
promising in a variety of applications including novel
EL devices.
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Figure 3. Fluorescence kinetic profiles at 450 nm (dotted)
and 600 nm (solid) of PQ in TCE solution (a), PQH in TCE
solution (b), and PQH film (c). The kinetic functions shown
above were deconvoluted from the instrument response func-
tions.
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