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Organic solid-state luminescent materials have been attract-
ing considerable interest in various fields of application.[1]

Switching and tuning of solid-state luminescence properties,
particularly by controlling the mode of molecular packing
instead of chemical alteration of the molecules, is one of the
recent targets of both fundamental research and practical
applications. An increasing number of reports on this
subject[2] has appeared recently. However, successful exam-
ples of achieving efficient switching of solid-state lumines-
cence by means of a dry process are rather limited.[3, 4] One
reason for this difficulty may be the absence of an effective
mechanism to transform the alteration of molecular packing
into different luminescence properties. Up to now, successful
systems have generally adopted transformation between the
monomeric and dimeric/excimeric states as the mechanism of
packing-induced emission switching.[3]

Here we report a novel and effective mechanism of
switching organic solid-state luminescence based on an
excited-state intramolecular proton-transfer (ESIPT)[5] pro-
cess. Two crystal polymorphs of 2-(2’-hydroxy-
phenyl)imidazo[1,2-a]pyridine (1; Scheme 1) exhibit bright
photoluminescence of different colors—blue-green and
yellow—both of which are due to ESIPT (Figure 1). X-ray crystallographic analysis showed different molecular confor-

mations and modes of packing in these two crystal poly-
morphs, and interconversion of the polymorphs by a thermal
dry process successfully and repeatedly realized switching of
ESIPT luminescence.

Slow and fast cooling of a hot solution of 1 in aqueous
ethanol gave crystal polymorphs BG and Y, respectively. In
the IR spectra, an O�H stretching band at around 3135 cm�1

for both crystals indicated formation of intramolecular
hydrogen bonds between the OH group and nitrogen atom
N1 in the imidazopyridine ring.

On excitation at 330 nm, 1 showed weak fluorescence
(quantum yield F = 0.01–0.08) in the visible region in dilute
solution: blue fluorescence at 375 nm in protic ethanol,
orange fluorescence with a large Stokes shift at 567 nm in
nonpolar cyclohexane, and both blue and orange fluorescence
at 377 and 602 nm in THF (Table 1). Figure 1a shows the
emission spectra of 1 in THF solution. In contrast, the 2’-
methoxy derivative 2, which does not form an intramolecular
hydrogen bond, shows only blue fluorescence, regardless of
the solvent. These results indicated that the blue fluorescence
is direct emission from a locally excited state, and the orange
fluorescence is the ESIPT fluorescence from 1 a (Figure 1a).
These assignments are in good agreement with those reported
previously by Douhal et al. ,[6] who also suggested that the
significant Stokes shift of the orange emission is due to
solvent rearrangement and/or further conformational change
of a zwitterionic ESIPT state.

Scheme 1. Molecular structures of 1, 1a, and 2.

Figure 1. a) Absorption and fluorescence spectra of 1 in THF solution
at room temperature (dashed line) and 77 K (solid line). b) Absorption
and luminescence spectra of polymorph BG (dotted line) and Y (solid
line). Inset: Pictures of both polymorphs under UV irradiation
(365 nm).
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When solutions of 1 and 2 in THF were frozen at 77 K, the
fine-structured blue fluorescence from the locally excited
state remained unchanged, but the ESIPT fluorescence of 1
shifted to 521 nm. Since this dual blue and yellow emission of
1 was also observed in a polystyrene matrix at room temper-
ature, the shift of the ESIPT fluorescence of 1 from orange to
yellow in rigid matrices is ascribed to suppression of the
stabilization of the excited zwitterionic species through
solvent rearrangement and/or further conformational
changes of the substrate. A similar color change of the
ESIPT fluorescence of 1 from orange to yellow in poly-
(methyl methacrylate) was also reported.[6b]

Absorption bands of both crystal polymorphs appeared at
around 340 nm, close to that observed in a dilute THF
solution (Figure 1 b). On excitation at 330 nm, the BG and Y
polymorphs exhibited blue-green (496 nm) and yellow lumi-
nescence (529 nm), respectively, with considerable quantum
yield (F = 0.37–0.50). Amorphous solid 1, prepared by the
freeze-drying method, showed a yellow luminescence similar
to that of polymorph Y. Though their luminescence colors
were different, their Stokes shifts of 9300–10800 cm�1 were
large enough to be well within the range of typical ESIPT
fluorescence.[5] Since the structureless spectral shape and
luminescence lifetime of the crystalline and amorphous solids
of 1 were essentially identical to those observed in the frozen
dilute solution, the observed yellow and blue-green lumines-
cence of the solids with significant Stokes shifts were assigned
as ESIPT luminescence. Thus, ESIPT luminescence is sensi-
tive to the environment, not only to the type of solvent and
matrix rigidity, but also to the mode of molecular packing in
the solid state. On the other hand, the fine-structured blue
luminescence (ca. 380 nm) emitted directly from the locally
excited state was little affected by the environment, either in
solution or in the solid. Moreover, the ESIPT luminescence is
a monomeric emission, since no apparent difference was
observed between the diluted and condensed states. To
understand the role of the molecular packing in the solid-
state luminescence of 1, X-ray crystallographic analyses of
crystal polymorphs BG (Pbca, Z = 8) and Y (P21/c, Z = 8)
were performed at room temperature.[7] The asymmetric unit
is composed of one and two molecules in polymorphs BG and
Y, respectively, and each molecule clearly shows formation of

an O�H···N1 intramolecular hydrogen bond (Figures S3 and
S4 in Supporting Information). The most notable conforma-
tional difference is the N1-C2-C1’-C2’ dihedral angle q

between the phenyl and imidazopyridine rings. While the
two aromatic rings are nearly coplanar (q =�1.0 and 1.38) in
polymorph Y, the conformation of 1 is twisted in polymorph
BG (q = 5.88). The distances O···N1 representative of the
length of the intramolecular hydrogen bond showed only a
slight difference (less than 0.02 �).

In frozen solutions, amorphous polymer matrices, or pure
amorphous solids, where no organized molecular assembly is
present, substrates tend to be in energetically stable con-
formation on average. Geometry optimization by HF/6-
31G(d) calculation indicated a coplanar conformation as the
lowest energy structure.

In polymorph Y, the molecules of 1 packed in the
structure very close to the coplanar conformation. Since
these solids showed identical yellow ESIPT luminescence, the
most stable conformation of 1 is likely to be the coplanar
structure. On the other hand, that blue-green ESIPT lumi-
nescence is emitted only from polymorph BG suggests a
substantial effect of the mode of the molecular packing. As
the molecular geometry is fixed in a twisted conformation in
polymorph BG, this packing-induced small deviation of the
molecular conformation may affect the ESIPT process and
lead to higher-energy ESIPT luminescence.

We then examined the thermal properties of both
polymorphs. In the first heating curve of differential scanning
calorimetry (DSC), polymorph BG showed an endothermic
peak at the melting point (141 8C). On the other hand, both
polymorph Y and the amorphous solid displayed a small peak
at around 131 8C in addition to the melting peak at 141 8C
(Figure S5 in Supporting Information), and the former was
found to correspond to the phase transition to polymorph BG.
When powdered crystals of polymorph Y or the amorphous
solid were heated at 135 8C for 1 min on a glass plate, the
XRD pattern of the heated powder (Figure 2d) was different
from that of starting polymorph Y (Figure 2 c) or the
amorphous solid and was comparable to the pattern of
polymorph BG (Figure 2a). Accordingly, the luminescence
turned from yellow to blue-green. The resultant blue-green-
emitting powder was then melted and kept at 150 8C for 1 min.
Quick cooling of the heated glass plate by ice cubes yielded a
yellow-emitting solid. The XRD pattern showed only a vague
diffraction image, that is the major state of the solid was
amorphous.

Based on the above findings, we examined the switching
ability of the polymorph-dependent luminescence of 1.
Starting from polymorph Y, powdered crystals were kept at
135 8C for 1 min to convert them to the blue-green-emitting
state. They were then heated at 150 8C for 3 min and rapidly
cooled to give the yellow-emitting state. Performing the
switching cycle six times without deterioration (Figure 3)
demonstrated that the color of the efficient luminescence of 1
is switched easily and reproducibly by the thermal dry
process.

In summary, reproducible switching of organic solid-state
luminescence was achieved on the basis of the highly efficient
ESIPT luminescence of 1 (F = 0.37–0.50) by thermal control

Table 1: Absorption and emission of 1 and 2 in various states.

labs [nm] lem [nm] (F) t [ns]

1
THF (RT) 332, 346 377 (0.08) 2.63

602 (0.02) 0.52
THF (77 K) 332[a] , 349[a] 370 2.69

521 5.26
polymorph BG 339[b] 496 (0.50) 5.91
polymorph Y 337[b] 529 (0.37) 5.84
amorphous 337[b] 527 (0.39) 6.39

2
THF (RT) 332 378 (0.11) 2.56
THF (77 K) 329[a] , 344[a] 348, 366, 383 2.81
powder 312[b] 382 (0.24) 2.75

[a] Excitation spectrum. [b] Kubelka–Munk spectrum.
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of the molecular packing. The clear switching of the
luminescence color demonstrates that the ESIPT process is
a promising mechanism for packing-to-luminescence trans-
duction and amplification that offers a novel design concept
for tunable organic luminescent solids. Further studies on the
detailed mechanism, especially the relationship between
crystal structure and the luminescence properties are under-
way.
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Figure 3. Plot of the intensity ratio of yellow and blue-green lumines-
cence (I527/I496) against the number of switching cycles.

Figure 2. XRD profiles of crystal polymorphs BG (a) and Y (b)
calculated from corresponding crystal structures, and observed profiles
of polymorph Y at room temperature (c) and after heating at 135 8C for
1 min (d).
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