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ĥe fluorescence properties of 3-hydroxyflavone and 2,5-bis(2-benzoxazolyl)hydroquinone have been investigated in solid argon matrices 
a t 15 K. In both cases dominant emission from the tautomeric form of the molecules is observed. The excitation spectra of this fluorescence 
a n d a weak fluorescence at shorter wavelength show that the latter is due to molecules with a different ground state, presumably dimers 
0 r conformers lacking an internal hydrogen bond. For both molecules no fluorescence from the normal form is found indicating the 

absence of a barrier to excited state intramolecular proton transfer (ESIPT). 

1. Introduction 
Many molecules with an intramolecular hydrogen bond 

Possess two tautomeric forms, one of which is stable in the 
ground state, whereas the other is more stable in the first 
e xCited singlet state. When the interconversion of both forms 
Merely involves movement of a proton along the hydrogen 
b °nd , proton transfer can be a very rapid process. Fig. 1 
Sives a general level diagram indicating also the structural 
f oHnulas of the normal and tautomer forms of the molecules 
3^hydroxyfla vone and 2,5-bis(2-benzoxazolyl)hydroquinone 
^cussed in this article. After electronic excitation of the 
n ° rmal form (A0) to the first excited state (A1) the excited 
s t a te (B1) of the tautomer is rapidly formed. Fluorescence 

—> B 0 from the tautomer displays a large Stokes shift 
Native to the absorption A 0 —> A 1 of the normal form. This 

fact lead to the first observation of this effect, later called 
excited state intramolecular proton transfer (ESIPT), by 
Weller in 1956 [1]. Since then this process has been inves
tigated numerous times [2, 3]. A question of particular in
terest is, whether a barrier to proton transfer exists either 
in the excited state or in the ground state. 

A barrier to ESIPT would result in increasing fluores
cence from the normal form (A1 —• A 0 ) with decreasing tem
perature. However, with a single exception, in all cases where 
fluorescence from the normal form was reported [see e.g. 
4,5], it was later found that this emission was due to other 
conformers [6 — 9] or complexes with hydrogen bonding 
impurities [10]. An example thoroughly discussed in the 
recent literature is 3-hydroxyflavone [5,10 — 17]. Complexes 
are easily formed with traces of impurities when solutions 
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are cooled to form glasses [10], Such samples display slowly 
rising tautomer fluorescence wrongly attributed to a barrier 
in the excited state [12 — 15]. The preparation of pure sam
ples in organic glasses requires sophisticated techniques and 
is not always successful [10]. In the search of an alternative 
preparation technique which yields low-temperature sam
ples of unperturbed molecules we considered matrix isola
tion. In this article we describe isolation in solid argon as a 
simple method to avoid the problems encountered with or
ganic glasses. Especially formation of complexes with hy
drogen bonding impurities was efficiently suppressed. In ad
dition, excitation spectra in argon matrices are higher re
solved than in organic glasses and allow the distinction of 
different conformers. 
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Fig. 1 
Schematic energy level diagram for ESIPT. The tautomer (B) is 
formed from the excited state of the normal molecule (A) with rate 
constant kAB. The backreaction occurs in the ground state with rate 
constant &BA. Both molecular forms decays through radiative (A;r) 

and nonradiative (km) processes 

The exception mentioned above showing true dual fluo
rescence is 2,5-bis(2-benzoxazolyl)hydroquinone [18]. 
ESIPT is a reversible process in this molecule in unpolar 
solvents, and the equilibrium between both forms is estab
lished within few picoseconds [18-20] . Excitation spectra 
of the isolated cold molecules in a supersonic jet indicate 
the existence of a small barrier to ESIPT [21, 22]. In liquid 
solution and organic glasses the situation is not so clear 
since the relative yield of fluorescence from the normal form 
seems to decrease with decreasing temperature [23]. In polar 
solvents the yield of tautomer fluorescence increases indi
cating a stabilization of the tautomer due to its higher po
larity [19]. Conversely, an environment of argon atoms 
should destabilize the tautomer and make the appearance 
of a barrier more likely. 

In this article we discuss the spectra of 3-hydroxyflavone 
and 2,5-bis(2-benzoxazolyl)hydroquinone isolated in solid 
argon. The first molecule was chosen for its sensitivity 

against complex formation, whereas the latter is the most 
likely candidate for the observation of a barrier to ESIPT* 

2. Experimental 
3-Hydroxyflavone was purchased from Eastman and purified by 

recrystallization from methanol (3 x) followed by vacuum subli
mation (MP 171.5°C). The synthesis and purification of 2,5-bis(2-
benzoxazolyl)hydroquinone and its dimethoxyderivative is de
scribed in Refs. [18,24]. These substances were additionally purified 
by vacuum sublimation. 

Argon matrices were deposited by the continuous flow techniq1^ 
with a speed of 1 — 3 mmol/h onto a sapphire window kept at 15 * 
by a closed cycle refrigerator cryostat (Leybold ROK 10—300). The 
sample was dispersed over glass wool and placed into the argo° 
flow. Deposition was controlled through heating of the sample-

Trie light of a 75 W xenon arc lamp dispersed through a mono-
chromator (Spex 1780,/ — 50 cm) served as excitation source. Flu* 
orescence was detected at an angle of 90° through glass filters and 
a small monochromator (Jarrell Ash) with ca. 4 nm bandpass. A 
reference signal was obtained by directing part of the excitation 
light into a solution of rhodamine B in glycol serving as quantum 
counter. Fluorescence photons from the sample and the quantuflj 
counter were detected with photomultipliers (EMI 9659Q and EMl 
9558Q) and counted by a multichannel analyzer (Canberra 8 
and a prescaler (Ortec), respectively. Fluorescence excitation spectra 
were obtained by scanning the excitation monochromator in 1.5 ^ 
increments with a bandwidth of 2.5 A. For fluorescence spectra the 
detection monochromator was stepped manually in 5 nm incre-
ments. The spectral sensitivity of the detection system was cali
brated with a tungsten-halogen standard lamp (Optronic). 

PMMA matrices for hole-burning experiments were created by 
casting a solution of PMMA and 3-hydroxyflavone dissolved & 
CHCl 3 onto a sapphire window. After evaporation of the solven 
clear films of 300 \im typical thickness were formed. A pulsed dye 
laser (Lambda Physik FL 2002) pumped by an XeCl excimer Iascr 

(Lambda Physik E M G 100) was used for hole-burning. Absorption 
spectra before and after laser irradiation were taken with the Hgtl 

of a 75 W xenon arc lamp dispersed through a double-monochro-
mator (Spex 1403,/ = 85 cm). The intensities of the transmitted 
light and the reference beam were measured with the photon count
ing technique. 

3. Results and Discussion 
Argon matrices doped with 3-hydroxyflavone emit brigh* 

green fluorescence when exposed to UV-irradiation. Tb e 

corrected quantum distribution spectrum (emitted quafl t a 

per wavenumber interval) of this emission is shown in Fig* 
It consists of a dominant band peaked at 505 nm attribut
able to fluorescence from the tautomer form of 3-hydroxy' 
flavone. At shorter wavelengths a weak emission is observed 
accounting for ca. 3% of the emitted quanta. The excitation 
spectra of these two emissions, monitored at 505 nm a n 

410 nm, are given as curves (a) and (b) in Fig. 2. Both ^ x ' 
citation spectra show similar vibrational structure which l S 

much better resolved than in organic glasses or 
matrices (compare, e.g., Fig. 5 below). However, the exci* 
tation spectrum of the violet fluorescence (curve b) is shifte° 
almost 1000 c m " 1 to lower wavenumbers compared to tbe 

excitation spectrum of tautomer fluorescence (curve a ' ' 
Hence the violet emission stems not from the normal iof& 
of 3-hydroxyflavone, but must be due to molecules with a 

different ground state. These could be complexes with hy
drogen bonding impurities. However, matrices made with 3 

mixture of 4% water in argon show spectra almost identic31 

to those in Fig. 2, with the violet emission increased to ow 
4.5%. Hence the formation of complexes seems to be inhi^ 



Jted even when a large excess of water is present, presumably 
due to inhibited diffusion. We assign the violet emission to 
dirners or conformers of 3-hydroxyflavone which do not 
undergo ESIPT, probably because the OH-group forms no 
eternal hydrogen bond. On the other hand, those molecules 
leading to the excitation spectrum (a) do not contribute a 
detectable amount of violet fluorescence but emit exclusively 
from the tautomer form. Elsewhere we have already re-
Ported that this tautomer fluorescence rises in less than 1 
Picosecond [17]. Hence it must be concluded that no barrier 
t o ESIPT exists for unperturbed molecules of 3-hydroxyfla-
yone in solid argon. 
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Fig. 2 
sPectra of 3-hydroxyflavone isolated in solid argon at 15 K. (a): 
Excitation spectrum of the tautomer fluorescence monitored at 505 
n n^- (b): Excitation spectrum of the residual violet fluorescence mon-
l tOred at 410 nm. (c): Corrected fluorescence spectrum (number of 

quanta per wavenumber interval) excited at 305 nm 

The fluorescence and excitation spectra of 2,5-bis(2-
°enzoxazolyl)hydroquinone in solid argon at 15 K are 
shown in Fig. 3. The upper part of this figure refers to the 
dominant red emission from the tautomer, showing the ex-
c i^ation spectrum monitored at 585 nm and the fluorescence 
quantum distribution spectrum excited at the maximum of 
^e excitation spectrum. The excitation spectrum shows two 
°and systems of different character: A first band between 
23000 c m - 1 and 29000 c m " 1 with broad vibrational struc
ture, and a system of sharp vibronic bands between 29000 
c n ^ 1 and 34000 cm" 1 . The diffuseness of the first band 
system indicates the coupling of the corresponding transi
tion to low-frequency modes associated with the hydrogen 
°°nds and ESIPT, which are known from the supersonic 
j £ t spectra [21,22]. The second band system can be assigned 
t o a transition which couples mainly to a few high-frequency 
mOdes. We assign these spectra to unperturbed molecules 
o f 2,5-bis(2-benzoxazolyl)hydroquinone and conclude that 
i l J solid argon at 15 K these unperturbed molecules very 
r a Pidly undergo ESIPT leading with high yield to tautomer 
fluorescence. 

In the search of fluorescence from the normal form a weak 
Mission in the range 20000 c m - 1 to 24000 c m " 1 was ob
served. The excitation spectrum of this emission is shown in 
the lower part of Fig. 3. It shows two band systems similar 
t o the excitation spectrum of the tautomer fluorescence, with 
diffuse and sharp character, respectively. Despite this simi

larity, both spectra are significantly different. The excitation 
spectrum of the blue fluorescence has slightly different vi
brational structure and is red-shifted by ca. 400 c m " 1 with 
respect to the excitation spectrum of the red fluorescence. 
The fluorescence quantum distribution spectrum excited at 
the maximum of the "blue" excitation spectrum, also shown 
in the lower part of Fig. 3, is mirror symmetric to the ex
citation spectrum and has only a small Stokes shift. (Some 
tautomer fluorescence is also observed since the large excess 
of unperturbed molecules has a small absorption at the ex
citation wavelength.) As in the case of 3-hydroxyflavone we 
assign the spectra associated with blue fluorescence to a 
dimer or conformer incapable of undergoing ESIPT. A pos
sible structure could be one in which the benzoxazol-groups 
are rotated by 180° so that the hydrogen bonds are formed 
to the O-atoms instead of the N-atoms. From the absolute 
photon count rates we estimate that ca. 3% of the molecules 
are in the blue-fluorescing form. 
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Fig. 3 
Spectra of 2,5-bis(2-benzoxazolyl)hydroquinone isolated in solid ar
gon at 15 K. Upper part: Corrected fluorescence spectrum of the 
tautomer form (right curve), and the excitation spectrum of the 
tautomer fluorescence (left curve). Lower part: Excitation spectrum 
and corrected fluorescence spectrum of the blue-fluorescing species. 
For discussion see text. Fluorescence spectra were excited at vE, and 

excitation spectra were detected at vD 
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Fig. 4 
Corrected fluorescence spectrum and fluorescence excitation spec
trum of 2,5-bis(2-benzoxazolyl)-t,4-dimethoxy-benzene isolated in 

solid argon at 15 K 

It is interesting to compare these spectra to those of the 
dimethoxyderivative shown in Fig. 4. In this molecule no 
ESIPT is possible, and only violet fluorescence is observed. 
In addition, the first band system of the excitation spectrum 
is no longer diffuse but shows vibrational finestructure. 
Some structure in the range where the excitation spectrum 
overlaps the fluorescence spectrum might indicate also site-
structure or the existence of several conformers. Such drastic 
changes in the spectra with only minor modifications in the 
molecular structure support our assignment, that the spectra 
in the lower part of Fig. 3 are due to a dimer or conformer, 
and not caused by an impurity which has the hydrogen 
bonds blocked by some substituent. 

As already mentioned, we found that the risetime of tau
tomer fluorescence is below 1 ps, too short to be resolved 
with a streak camera [17]. Such a fast process suggests the 
use of photochemical hole-burning to measure the homo
geneous linewidth of the excited state undergoing ESIPT in 
order to gain indirect information on the decay time. How
ever, both 3-hydroxyflavone and 2,5-bis(2-benzoxazolyl) 
hydroquinone were found to be absolutely stable against 
prolonged pulsed dye laser irradiation in argon matrices. 
(This fact also suggest that no barrier exists for proton back-
transfer in the ground state.) However, the tautomer form 
of 3-hydroxyflavone is strongly polar and might react with 
other matrix materials. In fact, we observed partial bleach
ing of 3-hydroxyflavone in P M M A matrices at 10 K . Fig. 5 
shows the absorption spectrum of 3-hydroxyflavone in 
P M M A before laser irradiation, and the change in optical 
density after laser irradiation at 365 nm. Although the dif
ference spectrum is considerably narrower than the absorp
tion spectrum, no prominent zero-phonon line is observed, 
prohibiting the interpretation of the spectrum in terms of a 
homogeneous linewidth. (For comparison, with tetraphenyl-
porphin in the same matrix material narrow holes are easily 
observed with the same apparatus.) This is most probably 
due to the existence of low-frequency modes, whose spacing 
is much closer than the width of the inhomogeneous distri

bution. These modes are most probably connected with 
phenylring torsion. Hence the derivative lacking the phenyl 
group should be an interesting candidate for further inves
tigations. 
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Fig. 5 
Attempt of photochemical hole-burning of 3-hydroxyflavone m 
PMMA matrix at 10 K. Upper curve; Absorption spectrum Oe^ 
scale). Lower curve: Change in optical density after laser irradiation 

at 365 nm (right scale) 

4. Conclusions 
The formation of complexes with external hydrogen 

bonds is strongly suppressed in argon matrices. The reason 
is that diffusion of hydrogen-bonding impurities like water 
is inhibited. Thus the majority of matrix-isolated molecule8 

are unperturbed. The unperturbed molecules of 3-hydroxy-
flavone and 2,5-bis(2-benzoxazolyl)hydroquinone emit only 
fluorescence from their tautomer form, no emission from the 
normal forms could be detected. Hence ESPIT in these mol
ecules shows no barrrier in argon matrices and occurs within 
1 ps. Residual fluorescence (< 3%) in the wavelength-rar)ge 

where the normal fluorescence is expected is due to mole
cules with a different ground state, presumably dimers of 
conformers lacking an internal hydrogen bond. 
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