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Photophysical parameters of fluorenone and 4-hydroxyfluorenone have been studied in various
solvents using steady state and time-resolved spectroscopic measurements. The fluorescence spec-
trum of both molecules in hydrogen bonding solvents is inhomogeneously broadened and strongly
red shifted in comparison to that determined in nonploar and polar media. At 77 K the fluorescence
spectra of the protic solvents are blue shifted (posses a changed intensity distribution) whereas in
polar and nonploar one they are red shifted. In H-bond solvents at 77 K the fluorescence spectra
of both molecules show an excitation wavelength dependence — the red-edge effect. The observed
changes of the spectra are confirmed by the results of fluorescence decay measurements. The
obtained results are explained by taking into consideration the statistical distribution of the solute-
solvent interaction energies and the correlations between the fluorescence rate kg, solvent-cage

relaxation rate 7 ' and the vibronic relaxation rate 7, '.
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1. Introduction

Electronically excited molecules in a condensed
and liquid phase undergo a rapid (< 10~'2 s) vibra-
tional relaxation leading to the emitting level of the
excited state, which is in thermal equilibrium with
the solvent molecules. In some cases, in addition to
vibrational relaxation the excited molecular system
may undergo other relaxation processes that occur on
the nanosecond time scale, e. g. TICT* [1, 2], ESIPT
[3, 4], solvent-cage relaxation and initial shock effect
[5 - 7], intermolecular excimer formation [8], etc. All
the relaxation processes cause distinct changes in the
luminescence properties of solute molecules, e. g. the
appearance of a new fluorescence band, excitation
wavelength dependence of the fluorescence intensity
and fluorescence lifetimes, as well as large changes
of the Stokes shift and emission anisotropy values

*Abbreviations. 9F1 - Fluorenone; 4HOFI - 4-Hydroxyfluor-
enone; H-bond - Hydrogen bonding; TICT - Twisted Intramolecu-
lar Charge Transfer; ESIPT - Excited State Intermolecular Proton
Transfer; THF - Tertrahydrofuran; EPA - Isopentane-Elhylether-
Ethanol; MCH - Methylocyclohexane; H - Hexane; IP - Isopen-
tane; EEP - Diethyl-Ether-Isopentane; EtOH - Ethanol; MeOH -
Methanol; CT - Charge Transfer; FWHM - Full Width at Half
Maximum.

4-HYDROXYFLUORENONE ( 4HOF1 )

Scheme 1. Molecular structure of 9F1 and 4HOFI.

observed by changing the excitation wavelength and
viscosity of the solvent [1 - 10].

In this paper we present the results of our studies
concerning intermolecular proton transfer reactions
and solvent-cage relaxation processes appearing in
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a fluorescent solution of dipole solute-dipole solvent
molecules. The solute molecules are 9F1 and 4HOFI,
see Scheme 1. As solvents, spectroscopic grade EtOH,
THF, EPA-mixture: isopentane / elhylether / ethanol
(5:5:2) were used. The nonpolar solution of MCH and
hexane (H) has been used for comparison.

Specific interactions interesting to us mostly oc-
cur in inhomogeneous solute-solvents which are con-
trolled by their relaxation towards equilibrium. De-
pending on temperature of the sample, the reactions
are static or dynamic in the sense that the fluorescence
decay time 7 is longer or shorter than averaging of the
local states characterized by the vibration time of the
Franck-Condon state 7y, and intermolecular proton
transfer reaction which is controlled by the solvent-
cage relaxation time 7. It has been interesting for us
to check whether the dissolved 9F] molecules show
a dependence of the fluorescence spectrum on the
temperature and rigidity of the polar solvent. The
studies of 4-hydroxyfluorenone, have been performed
in order to show the differences in the fluorescence
emission caused by the proton transfer reaction ap-
pearing in the excited state leading to an H-bonded
fluorenone complex or by a two-proton relay transfer
tautomerisation of 4HOFI. The performed studies in-
dicate that the nearest vicinity of the solute molecule
in this two proton-transfer reactions at room temper-
ature and 77 K shows different behaviour during the
fluorescence lifetime.

The performed studies comprise steady state and
time-resolved spectroscopic measurements of the flu-
orescence emission of 9Fl and 4HOFI at 293 K
and 77 K.

2. Experimental Details

9FI] and 4HOFI were obtained from Aldrich Chem-
ical Co. Before use the compounds were recrystalized
from toluene, and their purity was checked chromato-
graphically. The solvents of spectroscopic grade were
obtained from E-Merck Ltd. MCH were distilled be-
fore use from a sodium potassium amalgam, to ensure
their purity and freeness of water.

Absorption spectra measurements were carried out
using a Shimadzu UV-2401 PC spectrophotometer.
The luminescence emission and the excitation spec-
tra at room temperature and 77 K were recorded on a
Shimadzu RF-5301 spectrofluorimeter. The radiation
was observed perpendicular to the direction of the
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exciting beam. For the measurements at room tem-
perature (293 K) rectangular Suprasil 2 and 10 mm
cells were used, whereas for those at 77 K suprasil
tubes (3 mm in diameter) inserted into liquid ni-
trogen comprised in the finger of the quartz dewar
were applied. The concentration of the solutions stud-
ied was ca. 5-107* M. The luminescence spectra
have been corrected for the spectral response of the
photomultiplier (Hamamatsu R-928), but not for re-
absorption.

The fluorescence decay curve measurements were
performed using the experimental set-up described
in [11]. The samples were excited with a spectra-
physics picosecond laser system: an argon-pumped
Ti-Sapphire-Tsunami 720 - 850 nm laser. The sec-
ond (360 - 500 nm) or third (240 - 333 nm) har-
monic of the Ti-Sapphire laser generates picosecond
pulses at a repetition rate in the range from 4 MHz
to single shot. The exciting and fluorescence beam
were polarised. The fluorescence light is monitored
at the magic angle in respect to the polarised ex-
citing beam. The pulse timing and data processing
systems employed a biased TAC model TC 864 (Ten-
nelec) and a thermoelectrically cooled emission de-
tector MCP-PMT R3809U-05, equipped with an ap-
propriate Hamamatsu preamplifier. The photon count
rate was limited to 20 kHz when the repetition rate of
exciting pulses was 4 MHz. The time between the ex-
citing pulses was at least 5-times longer than the mea-
sured fluorescence decay time, ensuring excitation of
a fully re-equilibrated sample with each laser pulse.
The excitation (A = 320 nm) and emission (at A,
value of the 9F]1 and 4HOFI fluorescence spectrum)
wavelengths were selected by means of monochro-
mators (about 10 nm bandwidth). The fluorescence
decay data were fitted by the interactive convolution
to the sum of exponents:

It) =Y asexp(—t/7), )

where «; and 7; are the pre-exponential coefficient
and the decay time of the ¢-th fluorescence compo-
nent, respectively. All time-resolved measurements
were performed at room temperature. An exemplary
fitting is shown on Fig. 7, where in the panel below
the weighted residuals are given. The 7-data collected
in Table 1, have a statistical parameter equal to about
X2R ~ 1. In the brackets, the participations of the flu-
orescence intensity components are given.
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Fig. 1. The longwave absorption (and fluorescence excitation) bands and fluorescence spectra of 9FI (A) and 4HOFI (B)

in EtOH. Concentration of both molecules ¢ = 5 * 10™* M.

3. Results and Discussion
3.1. Steady State Spectroscopic Studies

The solvent and the functional group substitution
dependence of the absorption and fluorescence spec-
tra of 9F] have been the subject of several studies
[12 - 19, 32, 33]. It was confirmed that the long wave-
length absorption band appears from a state which
in polar and nonploar solvents shows a 77* or n7*
character, respectively. These character changes of the
lowest excited singlet state, S, have a tremendous in-
fluence on the spectroscopic properties of the soluted
molecules. In polar protic solvents at room temper-
ature and 77 K an intermolecular hydrogen bonding
to the fluorenone oxygen or a proton-relay tautomer-
ization (in the case of 4HOFI) can take place. It in-
duces some additional effects in the solute-solvents
surrounding molecules during the lifetime of the ex-
cited state S, [20].

Figures 1 and 2 show the longwave absorption
bands, the fluorescence excitation and the fluores-
cence emission spectra of 9F]1 and 4HOFI dissolved
in EtOH and MCH, measured at 77 K and 293 K. The
spectra have been also measured for the solvents IP,
THF, EPA, and EEP mixtures. Since the spectra of
these solutions show similar behaviours as those pic-
tured on Figs. 1 and 2, only some representative spec-
tra are presented. At 77 K the luminescence radiation

Table 1. The A values at maximum intensity of the longwave
absorption band and fluorescence spectrum; its FWHM

Aﬂf/z and AﬂlF/z and fluorescence decay times 7 of 9Fl
and 4HOFI in different solutions.

Solvent A® (nm)/  AF (nm)/ Af/f/z Af/f/z TR
1103 7F.10% (cm™!) (em™ 1) (ps)
(em™) (em™')
Fluorenone (9F1):
Hexane 344.1/26.73 458.3/21.82 4700 3600 131
MCH 374.8/26.68 462.1/21.64 4840 3740 138
5350** 3260*

THF 379.6/26.34 479.8/20.84 5110 3670 2730
6400** 3480*

EtOH 379.2/26.37 535.2/18.68 5420 3425 41 (4%)
6430** 3520* 1670 (96%)

4-Hydroxy-fluorenone (4HOFI):
Hexane 403.2/24.80 471.2/21.22 4710 3500 410
MCH  404.2/24.74 474.6/21.07 5220 3400 430
4700** 3000*

THF  418.8/23.88 505.6/19.78 5000 3110 1160
5930** 2650*

EtOH 423.8/23.60 550.0/18.18 4830 3090 35 (23%)
5820** 2870* 270 (63%)

2560 (14%)

Data without asterisk concern room temperature results.

AT, (TTK), ™ Ao (TTK).

besides the fluorescence possesses a phosphorescence
component with an intensity three orders smaller than
that of the fluorescence [13, 19], thus it is neglected
in our discussion. The main spectroscopic parameters
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Fig. 2. The longwave absorption (and fluorescence excitation) bands and fluorescence spectra of 9FI (A) and 4HOFI (B)

in MCH. Concentration of both molecules ¢ = 5 * 10™* M.
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Fig. 3. The excitation wavelength dependence of the fluorescence spectra of 9FI in EtOH (A), EPA mixture (B) and

MCH (C) obtained at 77 K. The curves are obtained for A..:

1- 440 nm, 2- 445 nm, 3- 448 nm, 4- 450 nm, 5- 452 nm, 6-

455 nm, 7- 457 nm. The curve denoted by “0” is obtained at 293 K. ¢ = 5 * 10™* M.

of both molecules under study for all solutions used
are collected in Table 1.

The absorption spectra (see Figs 1 and 2) of 9F]
and 4HOFI in both solvents possess a very blurred
vibrational structure at 293 K. This structure is more
distinct in the fluorescence excitation spectra obtained
at 77 K. The intensity profile of the fluorescence ex-
citation spectrum of 9FI at room temperature follows
the absorption spectrum well, whereas the spectra ob-
tained at 77 K are batochromic shifted (red-shifted)
compared to the 72, = value of the maximum intensity
determined at 293 K. The wave number differences

A — VEX depend on the solvent and they vary from

1000 cm™! to 200 cm~!. Generally, for 9FI the ba-
tochromic shift is larger in nonploar solvents than in
polar ones. An opposite behaviour is observed for the
4HOFI molecule.

The fluorescence spectrum of both molecules does
not show a vibrational structure for all used solutions
at room temperature (see Figs. 1 and 2). They are
homogeneous, breadent with a symmetric intensity
distribution with regard to A\f_ . Its AF_ values are
18800 cm ! for 9F1 and 18 000 cm ! for 4HOFI in
the EPA and EtOH solutions. The fluorescence in-
tensity distribution possesses a gaussian shape as ex-
pected for a dynamic reaction case [9, 20, 21], i.e.
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Fig. 4. The excitation wavelength dependence of the fluorescence spectra of 4HOFI in EtOH (A) and EPA mixture (B)
obtained at 77 K. The curves are obtained for A .: 1- 470 nm, 2- 475 nm, 3- 480 nm, 4- 490 nm. The curve denoted by

“0” is obtained at 293 K. ¢ = 5 * 10™* M.

when the motions in the fluorophore environment oc-
cur simultaneously or faster than the emission. Its
FWHM value ADF /2 is smaller than that determined

for the long-wave absorption band, Af/?/z. The dif-

ferences between AD‘I'*/Z and ADF /o amounts ~ 20 %
for nonploar, 30 % polar nonprotic and 37 % for EtOH
solvents. The FWHM differences, i. e. (Af/i*/2 - Af/f /2)
are equal (in the error limits of their determination)
for the spectra determined at 77 K and 293 K. An
exception are the FWHM values determined for the
4HOF]I absorption and fluorescence spectra in MCH.
In this case the difference of (Az”/iA/2 - Az”/f/z) deter-
mined for nonploar solutions has the same value as
for THF and EtOH solvents. As can be seen on Figs. 1
and 2 and found in Table 1, the (ADF}‘Z - AP} /) values

differ distinctly from those of (Aﬂf/z - ADF /2) deter-
mined for MCH, THF and EtOH solutions of both
compounds at 77 K. The two values differ by about
25 %. Also the i o values determined from the spec-
tra obtained at 293 K and 77 K differ. For all solutions
the inequality &g o (77 K) > g 9 (297 K) is fulfilled.
At 77 K the shape of the fluorescence spectra
and the position of its intensity maximum, AF
change distinctly; the spectra show a vibrational struc-
ture and their intensity maxima are shifted to higher
wave numbers (shorter wavelengths) by 2200 and
2000 cm™! for 9F1 and 4HOF]I, respectively. Note-

worthy, the A-onsets of the fluorescence spectra ob-
tained at 293 K and 77 K are equal (see Figs. 1 and 2).

Fig. 3 and 4 show sets of luminescence spectra of
both molecules measured at 77 K, exciting the sam-
ple in the Stokes and anti-Stokes region of the absorp-
tion spectra. Here, the room temperature fluorescence
spectrum is shown for comparison only.

As can be seen on Figs. 3 and 4 the fluorescence
spectra of 9F1 and 4HOF]I in protic rigid (at 77 K) sol-
vents show an excitation wavelength dependence. It
concerns the shape of the fluorescence spectrum and
the AE__ value of its intensity maximum. The latter
dependence is graphically presented on Figure 5. The
dependence of \E versus the excitation wavelength
is only evident in the anti-Stokes region of the long-
wave absorption band. It is more pronounced in the
emission spectrum of 9FI than in 4HOFI (see Figs. 3,
4, and 5). Such an excitation-wavelength dependence
is also observed for MCH solutions of 9FI at concen-
trations ¢ > 5- 107> M (see Fig. 3C). MCH is known
as a proton-donating solvent for some molecules [22].
For solutions of lower concentrations and for 4HOFI
in MCH and THF at 77 K as well as for all solvents
used at room temperature the fluorescence spectrum
is independent of A, (see Fig. 5).

Our experimental results indicate that the spec-
tra changes induced by varying the temperature as
well as the observed fluorescence decay times can be
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explained assuming that the energy potential curves
of the excited and ground state are a two-dimensional
double-minimum surfaces as shown on Figure 6.

On Fig. 6 the potential energy cross sections are
drawn along two coordinates, @), and (),, which are
the vibrational structure coordinate and the relaxation
cage coordinate, respectively. The vibrational coordi-
nate in our case represents a specific vibration which
is coupled to the electronic transition whereas the re-
laxation coordinate, represents the distance between a
proton and a specific atom (oxygen) in the molecules
studied [9F1=0...H-OR]. Figure 6 shows a vertical ex-
citation of the molecules from the equilibrium ground
state configuration, Sy, to a Franck-Condon state,
SpY, in which both @, and @, do not change (pro-

for comparison.

cess 1). As known, the S| state undergoes a rapid

0
vibrational relaxation (process 2) leading to the 57"
state, where (), does not change but (), accedes the vi-
brational equilibrium excited state configuration, @ .

Also, the fluorescence can originate froma io’vo state
in which both coordinates aim to take their values in
the equilibrium excited configuration (process 7). The
creation of a given excited state (i. e. Si’vo, S{O’VO) or
an intermediate configuration state (not quantized) de-
pends on the relative magnitudes of the rate constant
of the relaxation process, kg, and the fluorescence
decay constant kg [5, 8, 9, 23].

The vibrational spacing of the absorption and emis-
sion spectra at 77 K (see Figs. 1 and 2) is illus-
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Fig. 6. Schematic representation of the ground and excited
state energy surfaces. A and B represent the electronic vi-
brational energy, QQy, and the solvent reorganization, Q;,
coordinates respectively. The indicated radiative (1, 3, 4, 6
and 7) and radiationless (2 and 5) transitions are explained
in the text.

trated in Fig. 6 (process 1 and 3) by the potential
energy cross section along ()., which represents the
intramolecular vibrational mode coupled to the elec-
tronic transition. For the molecules under study the
vibrational spacing equals about 900 cm™! in the
absorption and fluorescence spectra. The relaxation
along @, leads to the values of (), of the equilibrium
ground and excited state configurations. In the case
studied, the energy levels characterizing the poten-
tial energy cross-section along (), correspond to the
frequency modes associated with the not-quantized
proton oscillations and solvent shell rearrangements
[9F1=0...H-OR]. In Fig. 6 these processes are indi-
cated by 5 and characterized by the destabilization
energy Fgey & v, — hvE  [5].

The Stokes shift values (determined as the differ-

ence Airg, = 7 — vE or EX — o at 77 K),

max max max max
correlated to the destabilization energy of the corre-
sponding spectra obtained at room temperature and
77 K, differ significantly (see Table 2). These values
depend on the kind of solvent and its temperature.
Generally, the Stokes shift at 77 K is smaller than
that determined at 293 K. An exception exists for
4HOFI in MCH solution, where an opposite depen-

dence is found. It follows that the F 4 -values ob-
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Table 2. The maximum intensity wavenumber differences
of the longwave absorption and excitation band, A7, of the
fluorescence spectra obtained at 293 K and 77 K, ADF, the
Stokes shift date, APs;, and destabilization energy, F 4., of
9F1 and 4HOFI in various solutions.

Solvent AA ASF Avg (em™!) E (V)

T3k —755%) (Pao3x57k)

(em™h) (cm™1)

Fluorenone (9FI):
Hexane 4910 0.59
MCH 890 1280 5040 (4800%) 0.63 (0.59%)
1P 1070 2210 5400 (4840%) 0.67 (0.60%)
THF 600 530 5500 (4080*) 0.68 (0.51%)
EEP —-140 —400 5800 (4350%) 0.72 (0.54%)
EPA -70 -1700 7200 (4920%) 0.89 (0.61%)
EtOH 0 -2150 7680 (5140%) 0.94 (0.64%)
4-Hydroxy-fluorenone (4HOFI):
Hexane 3580 0.45
MCH —-130 820 3670 (3710%) 0.46 (0.46%)
THF 1160 -410 4100 (3630%) 0.50 (0.45%)
EEP 400 -600 4200 (3470%) 0.52 (0.43%)
EPA 830 -1930 5250 (3490%) 0.65 (0.43%)
ETOH 630 —1860 5410 (3510*) 0.67 (0.43%*)

* Using data determined at 77 K, i.e., Aig, = 985 (77 K) — 05 .
(77 K).

tained for nonploar and polar nonprotic solvents are
the same within the errors limit and equal to 0.60 eV
and 0.46 eV for 9F1 and 4HOFI solutions, respec-
tively. An increase of 50 and 40 percent is found for
polar protic solvents (e. g. EtOH, EPA, MeOH etc.) in
comparison to values obtained for H, MCH, and THF
solutions. Also, the E 4 values of 9F1 and 4HOFI1
determined for the nonprotic and protic solvents at
77 K and 293 K differ by about 15 and 33 percent,
respectively. It must be noted that the F  data of a
molecule at 77 K do not depend on the kind of solvent
(see Table 2).

The large value of APg, points to the existence of
strong solute-solvent interactions for the molecules
under study [5, 23, 24]. These interactions are excep-
tionally strong in protic solvents where in the excited
state it is very probable that the intermolecular pro-
ton-transfer process is responsible for the creation of
the respective molecular complexes. For the selected
solvents and the molecules under study a considerable
blue or red shift of the fluorescence spectra is found
on changing the temperature from 293 K to 77 K (see
Table 1 and Figs. 1 and 2).

0
If the equilibrium excited state S| ** is not attained
during the lifetime of the excited state, the emission
process 6 may occur. The excistence of this process

v
1
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Fig. 7. The fluorescence decay curve of 9FI (A) and 4HOFI (B) in EtOH solutions at 293 K. In the panels below are given
the weighted residuals from fits of these data to sum of exponential. The A' and B' drawings give logaritmic dependence:

In I versus t.

explains the excitation-wavelength dependence of the
intensity maximum, AL . of the fluorescence spec-

trum (see Figs. 4 and 95).
Ordinary emission (process 3) appears from the

thermally equilibrated Sio’vo state. The excitation
by low-energy quanta (< hz/Reg_) results in pho-
toselection of the low-lying substate of molecules
which strongly interact with the solvent molecule,
e. g. EtOH. Since there is no quantized coordinate for
the solvent structural relaxation of electron transfer
[OFL~...EtOH], the emission occurs from the unre-
laxed CT state (process 6) with a gaussian shape of
the fluorescence spectrum. Emission from the relaxed
charge transfer state of the solvent [9FL~...EtOH] is
excitation wavelength independent (process 7).

At low temperature there is no solvent reorgani-
zation during the fluorescence decay: the emission
comes from the same solvent configuration as the ex-
citation. This selective excitation allows to determine

the pure emission spectrum of the solvents as well as
the activation barrier against solvent reorganization.
We can assume that its value (see Figs. 3 and 4) is
equal to the difference between 7, and 7™ of the as-
sociatse i. e. (7, (77 K) — 703* (77 K). This difference
gives following data: 6.43 kcal/M and 4.00 kcal/M for
9F] and 4HOFI in EtOH, respectively. These values
agree well with the data of the hydrogen bond energy
[5, 8, 25].

Additionally, the presence of strongly interacting
solute-environment cages in the alcohol solutions of
both molecules is confirmed by the shift of the flu-
orescence excitation spectrum to longer wavelength
in comparison to the absorption spectrum. The shift
mentioned above, determined as (73, — 7% ), equals
300 cm ! for 9F1 and 900 cm ! for 4HOFI. At room
temperature the absorption and fluorescence excita-
tion spectra of 9F1 overlap each other, whereas 4HOFI1
shows a red shift at 293 K and 77 K. Its value is in-
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dependent of the observation wavelength of the fluo-
rescence spectrum.

This result is comprehensible if we take into con-
sideration the solvatation shell differences of the two
molecules under study and their possible changes dur-
ing the lifetime of the S, state [3, 25, 26]. It is also
interesting to record that the mirror symmetry role
is well preserved between the fluorescence excitation
and fluorescence emission spectra determined at 77 K
(see Fig. 1 and 2).

3.2. Time-resolved Emission

In Fig. 7 a typical example of the fluorescence de-
cay data is shown of 9F] and 4HOFI in EtOH. For
this solvent the decay does not follow a simple ex-
ponential law (see Figs. 7A" and 7B"). For the other
solvent used the fluorescence decay profiles are well
described by a mono-exponential fit. The lifetime data
obtained using one-exponent and a sum of exponen-
tial fitting functions are summarised in Table 1.

The emission decays obtained for 9F] hexane and
MCH solutions agree with the 7 data of other authors
[15, 21, 27 - 30] and are attributed to the decay from
the lowest singlet state with nm* character. We believe
that the decay times 410 ps and 430 ps of 4HOFI in
H and MCH characterize the same type of transition.

As is shown in Fig. 7 (see also Table 1), the decay
of the fluorescence of both molecules in EtOH can be
well fitted by a sum of two or three exponential func-
tions only. These multi-exponential fits can be readily
explained using the potential energy scheme given
on Figure 6. The emission decays with a lifetime of
40 ps and 35 ps for 9F]1 and 4HOFI are well within
the instrumental error limit of the emission observed.
Nevertheless, we would like to point out that the per-
centage of its participation in the fluorescence decay
depends on the excitation wavelength [13], e.g. is
bigger when the sample is excited with Ao, > Agg,. It
turns out that the fluorescence compound possessing
the short decay time contributes to the total intensity
by a rather small amount, i.e. a few percent in the
case of 9F1 and about 23 % for 4-hydroxyfluorenone.
The contributions of fluorescence decay components
are excitation wavelength dependent [13].

Thus we assume that this picoseconed lifetime is
associated with a decay from the state of intermedi-
ate configuration (unrelaxed CT state, process 6, see
Fig. 3) of the hydrogen bonded solvates. The emission
decays with lifetimes of 1.67 ns and 2.56 ns for 9F]
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and 4HOFI1 ETOH solutions, respectively, agree with
[15, 21, 27 - 30]. They describe the emission from
the hydrogen bond and proton-relayd solvates of the
molecules under study in the vibrational and relax-

ation coordinate equilibrium state SEO’VO. The room
temperature fluorescence spectrum is broadened. Its
shape is described by a gaussian function in agree-
ment with the solvate interation energy distribution
noted for not viscous solutions [20, 24, 31]. The AL
value and the shape of the fluorescence spectra of both
molecules under study dissolved in EtOH, MeOH and
EPA at room temperature are independent of the ex-
citation wavelength, in agreement with findings made
by other authors [9, 20, 21, 23] for molecules showing
the red-edge effect.

4. Summary

The steady-state and time-resolved spectroscopic
measurements of 9F1 and 4HOFI in protic solvents
performed at room temperature and at 77 K point
that:

e At 77 K the fluorescence spectra of those
molecules in protic solvents show a “blue” frequency
shift and a change in shape. The magnitude of the
blue frequency shift depends on the solvent.

e The fluorescence excitation spectrum is indepen-
dent of the fluorescence detection wavelength, A .
The excitation spectrum and the fluorescence spec-
trum determined at 77 K fulfill the mirror symmetry
law.

e We observed the red-edge effect exciting the vitri-
fied samples (at 77 K) of both molecules dissolved in
protic solvents. Studying the excitation wavelength
dependence of the fluorescence spectrum we deter-
mined the emission spectrum of a pure charge-trans-
fer state. This allows to determine the hydrogen bond
solute-solvent activation barrier for reorganization of
rigid solutions.

e The experimental results show that the destabi-
lization energy and the energy of the active barrier
for the reorganization in vitrified protic solvents are
different for proton transfer (9F1) and two-proton re-
lay transfer (4HOF]) reactions of the molecules under
study.

The fluorescence quenching phenomena of 9F1 and
4HOFI by different alcoholes will be reported in a
future publication [13].
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