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Ultrafast photoinduced intramolecular electron transfer (ET) of betaine-30 (B-30) is studied in different solvents by
resonance Raman spectroscopy. We apply stationary and picosecond time-resolved Raman techniques combined with ab
initio Hartree—Fock calculations. Picosecond Raman spectroscopy of the first excited singlet state allows to monitor
changes of vibrational frequencies due to ET. From the intense Raman lines of the stationary resonance Raman spectra
we predict relevant geometric changes of B-30 due to ET which are confirmed by calculations of geometrical changes
between the ground and excited electronic states of B-30. The torsional motion between the phenolate and the pyridini-
um rings as well as nitrogen pyramidalization play an essential role in electron transfer. Vibrational modes accepting the
bulk of excess energy after back-electron transfer are identified by time-resolved anti-Stokes resonance Raman spec-
troscopy. In particular, the highest-frequency mode of the resonance Raman spectrum exhibiting a large Franck—Condon
factor is most effective in accepting energy. Mode specific excitation of B-30 after back-electron transfer results in non-
equilibrium vibrational populations within the first few picoseconds and subsequent quasi-equilibrium populations of hot
Raman active modes. The observed vibrational kinetics can be qualitatively understood by a solvent dependent interplay
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of direct vibrational excitation and intramolecular vibrational energy redistribution.

Photoexcitation of molecules generates a redistribution of
charge density resulting in a non-equilibrium state with respect
to intramolecular and environmental degrees of freedom. It is
thus followed by intramolecular redistribution of vibrational
energy (IVR) accompanied by geometry relaxation along the
excited state reaction coordinate as well as solvent relaxation.
In numerous nonadiabatic singlet photochemical reactions the
electronic ground state is repopulated by internal conversion
(IC) through conical intersections.! This process is enabled
and promoted by coupling to vibrational modes. Numerical
studies have shown that the consideration of only a few specif-
ic modes frequently provides at least a qualitatively correct un-
derstanding of the typically ultrafast dynamics of IC.> A mini-
mum model includes three modes: (i) a tuning mode that pro-
vides the direction into the conical intersection by minimizing
the energy gap between the two electronic states, (ii) a cou-
pling mode having the appropriate symmetry to vibronically
couple the two electronic states that renders the transition to be
allowed, and (iii) an accepting mode which receives and quick-
ly dissipates the excess energy from relaxation to prevent the
back-reaction.* While theoretical studies have been successful
in identifying these active modes it is quite difficult to gain in-
formation about active modes from experiments. However, if
IVR rates are slow compared to the primary excitation rates
strong non-equilibrium energy distributions within the vibra-
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tional manifold may actually be observed. Here, a combina-
tion of different techniques of resonance Raman spectroscopy
provides a suitable methodology.

Stationary resonance Raman spectroscopy allows to analyze
the electronic transition, e.g., to identify the Franck—Condon
(FC) active modes, and to determine mode-specific displace-
ments of the vibrational potentials upon excitation and thereby
vibrational reorganization energies.*> The displacements can
be converted into normal mode elongations and thus provide
information about molecular geometry changes shortly after
excitation that is as long as the molecule is in the FC-region.”®
Time-resolved resonance Raman spectroscopy (on a pico- or
subpicosecond time scale) can monitor the vibrational Raman
spectrum of the electronically excited state. Finally, time-re-
solved anti-Stokes Raman spectroscopy is a particular sensi-
tive probe of excited vibrational levels. By this means vibra-
tional populations and their kinetics after electronic excitation
and subsequent IC can be measured directly.”!°

Photoinduced electron transfer (ET) represents one of the
most frequently encountered elementary photo chemical reac-
tions occurring in small ion pairs as well as in large biological
systems, e.g., in photosynthetic antenna systems. Accordingly,
analysis and control of ET reactions has developed into a very
active research area in physical chemistry.'™'* Here, we study
betaine-30 (B-30) as a prototypical example of a molecule un-
dergoing ultrafast photoinduced intramolecular ET. Dipole

moments of about 16 D in the electronic ground state (Sp) and
6 D in the S; state have been measured.'* Consequently, the Sy
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state is much more sensitive to changes of solvent polarity than
the excited state. This results in a strong solvent dependence
of the longest wavelength absorption band (CT band) located
between 800 and 500 nm. This dependence has been used to
characterize solvent polarities by the popular ET*’-scale.!?
The back-electron transfer (b-ET) reaction is very fast with
rates depending mainly on temperature and the dynamic prop-
erties of the solvent. According to femtosecond time-resolved
absorption measurements of Barbara and co-workers b-ET
times (7, gr) at room temperature vary from 0.6 ps up to about
100 ps in different solvents.'®'® Tt has been suggested that
these transfer times are mainly controlled by the torsion be-
tween the phenolate and the pyridinium ring of the molecule
modulating the gap between the S; and S, potentials.'® How-
ever, the activity of the corresponding vibrational mode as a
tuning mode remains to be shown.

In this paper we derive information about the molecular ge-
ometry and structural changes after photoinduced ET from sta-
tionary and time-resolved resonance Raman spectra accompa-
nied by ab initio calculations. We identify the Raman active
vibrational band in the resonance Raman spectrum which can
be assigned to a tuning mode. We show which modes predom-
inantly absorb excess energy after b-ET from the excited state
back to the ground state resulting in strong non-equilibrium vi-
brational populations on a picosecond time scale and subse-
quently in enhanced temperatures of the subsystem of Raman
active modes. Results are reported for solutions of B-30 with
different solvation times.

Experimental

1. Stationary Vibrational Spectroscopy. B-30 and all sol-
vents (spectral grade) were purchased from Aldrich and used with-
out further purification. IR spectra of B-30 samples embedded in
KBr were recorded with an FT-IR spectrometer (Biorad) between
400 and 1700 cm™'. For stationary Raman measurements, B-30
was dissolved in propylene carbonate (PC), n-pentanol (PeOH),
glycerol triacetine (GTA), dimethyl sulfoxide (DMSO), and etha-
nol (EtOH) with concentrations ranging from 2 X 107> M to 3 X
107* M. Resonance Raman spectra of B-30 were obtained by
pulses of an average energy of 10 mW near 600 nm generated by a
synchronously pumped dye laser with a spectral width of 8 cm™".
The Raman spectra were recorded in quartz cells (10 X 10 X 30
mm?®) without stirring. The scattered light was imaged in a 135°
back scattering geometry on the slit of the polychromator (Spec-
traPro 275, focal length 275 mm, with a 1200 lines/mm grating
blazed at 500 nm for 600 nm excitation and with a 2400 lines/mm
holografic grating for 300 nm excitation). Spectra were accumu-
lated by a liquid nitrogen cooled CCD camera and accumulated
typically in 100 s cycles. Integrated Raman intensities were deter-
mined — after subtraction of a base line — by fitting the Raman
bands by Voigt line shapes.

2. Time-Resolved Raman Techniques. The picosecond
time-resolved set-up for time-resolved Stokes and anti-Stokes Ra-
man spectroscopy has been described elsewhere.”® It is based on
an amplified synchronously pumped dye laser system. The dye la-
ser pulses were used for excitation of the first excited singlet state
at 600 nm. For probing the Raman spectra pulses were frequency
doubled to obtain radiation at 300 nm. For some experiments we
used a cell filled with compressed methane at a pressure of 50 bar
for shifting the 600 nm radiation by stimulated Raman scattering
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and subsequent frequency doubling.?! Typical cross correlation
widths between pump and probe pulses determined either by time-
resolved stimulated transmission (e.g. time-resolved small signal
amplification of a laser dye) or by time-resolved optical Kerr ef-
fect were about 5 ps (FWHM).

Time resolved Raman spectra were recorded in free flowing jets
of 0.1 mm thickness (for EtOH and PC solutions) and of 0.3 mm
thickness for the GTA, PeOH, and DMSO solutions. The probe
pulse was polarized linearly at magic angle (54.7°) relative to the
pump to avoid temporal changes of the Raman intensities due to
molecular reorientation during delay time. For detection of the S;
state we pumped the CT transition of B-30 near 600 nm. An S;-S,
absorption band of B-30 around 400 nm has been reported. For
resonance enhancement of S; we measured the pump induced Ra-
man spectra at 370 nm. Using this excitation wavelength, scatter-
ing originating from molecules in the electronic ground state and
from excited molecules contribute to the Raman spectra as well.
We obtained the time resolved S; Raman spectra by subtracting
from the pump induced Raman spectra the corresponding spectra
recorded with pump pulses at a negative delay of 50 ps with re-
spect to the probe pulse. Thus, depletion of the molecules in the
electronic ground state manifests as negative dips in the Raman
spectra and the positive contributions are due to the S; state.

For measuring vibrationally excited molecules generated after
b-ET we used the same excitation at 600 nm, but recorded the
pump induced anti-Stokes Raman spectra with 300 nm pulses.
Raman probing at 300 nm results in strong resonance Raman en-
hancement of the vibrationally excited levels of the electronic
ground state. Typical accumulation times for each spectrum at a
fixed delay time were 100-200 s. Several spectra were averaged
to obtain a sufficiently high signal to noise ratio.

Results

1. Optimized Geometries of Betaine-30. The ground-
state molecular structure of B-30 shown in Fig. 1 has been op-
timized using Hartree-Fock ab initio calculations with a 3-21G

Fig. 1. HF/3-21G optimized molecular structure of B-30. 6,
& and @ are indicated and denote dihedral angles between
the respective rings. For simplicity of illustration hydro-
gen atoms of the rings are not shown.
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Fig. 2. Geometrical changes of B-30 between the electronic
ground and first excited singlet following excitation of the
CT transition.

basis set (HF/3-21G) implemented in the program package
GAUSSIAN98.2 The molecule exhibits C,-symmetry with
the C,-axis oriented along the twisted chain of the phenolate,
pyridinium and the bottom phenyl ring. The phenolate and py-
ridinium rings are twisted by 8 = 68° and the bottom phenyl
ring is twisted by y = 45° with respect to the pyridinium ring.
The calculated C—O bond length of 125.1 pm reveals a signifi-
cant degree of double bond character. Accordingly, the adja-
cent C—C bonds of the phenolate ring are noticeably stretched
in comparison to aromatic C—C bonds in benzene, and thus the
phenolate ring structure exhibits some degree of quinoidal
character. All other phenyl ring structures are nearly uniform.

To investigate principal geometry changes in the excited
state Cl-singles/6-31G(d) calculations for a reduced model
system consisting solely of the phenolate and pyridinium rings
were carried out. To be able to evaluate relative changes be-
tween the ground and the excited state the ground state model
structure was optimized at the HF/6-31G(d) level as well. The
most relevant geometry changes upon excitation to the first ex-
cited state are depicted schematically in Fig. 2.

The twisted conformation of the phenolate and pyridinium
rings evolves into a perpendicular position, which has also
been observed before.'®? In addition, the pyridinium ring tilts
and the nitrogen atom becomes pyramidalized by A = 12°.*
Interestingly, the results for the model system of B-30 are nice-
ly confirmed by recent CIS/3-21G calculations, in the gas
phase as well as in solution (using self-consistent reaction field
methods), for the complete B-30 molecule.”

2. Stationary Raman Spectroscopy of Betaine-30. A
resonance Raman spectrum of B-30 dissolved in PC recorded
with excitation within the charge transfer transition is shown in
Fig. 3. A detailed assignment of the modes has been reported
in Ref. 24. The spectrum exhibits strong lines in the finger
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Fig. 3. Resonance Raman spectrum of B-30 dissolved in PC.
Assignments of Raman lines are given in the insert.
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print region which is in accordance with strong rearrangements
of C-N, C-O and ring stretching and deformation motions due
to ET. It is interesting to note that we also observe strong Ra-
man lines in the low frequency region. The appearance of low-
frequency Raman bands of similar intensity as the high-fre-
quency modes is rather unusual as it demands for very strong
origin shifts z between the electronic states. For strongly sol-
vent-broadened charge transfer transitions z oc /g / @raman
can be assumed (/g — integrated Raman intensity of the line
of frequency Wraman 2 = (MWraman/)">qo Where m and ¢, are
the effective mass and origin shift, respectively of the mode
with frequency Oraman)- Consequently, the origin shift of the
line at 133 cm™' exceeds the origin shift of the 1603 cm™' line
nearly by an order of magnitude. According to our calcula-
tions the strongest low-frequency Raman lines at 133 cm™! and
291 cm ™' are assigned to torsional and N-inversion motions of
the skeleton, respectively.?* Consequently, this enhancement
supports the computational result that the rearrangement be-
tween the electronic states is mediated by the corresponding
motions and the two strongest low-frequency Raman bands
can be identified as tuning modes.

3. Time Resolved Raman Spectra of the S;-State of Be-
taine-30. Time-resolved Stokes—Raman spectra of the first
excited singlet state after excitation of the CT transition were
measured for B-30 dissolved in PeOH. PeOH has been select-
ed as an appropriate solvent for such investigation because of
the relatively long S, lifetime of B-30.'7!® Figure 4a presents
the Sy Raman spectrum of B-30 with 364 nm laser excitation.
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Fig. 4. (a) Stokes—Raman spectrum of the S state of B-30 in
PeOH with 364 nm excitation, and (b) of the S; state re-
corded with a pump wavelength of 600 nm and a probe at
364 nm. The time delay between the pump and the probe
pulse is 5 ps.
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Fig. 5. Kinetics of the Stokes—Raman spectra in the S, state
of B-30 dissolved in PeOH (solid squares) and cross-corre-
lation between pump and probe pulses (open squares). The
solid lines are the fits of the experimental points applying a
two-level model.

In Fig. 4b, the pump induced S; Raman spectrum of B-30 dis-
solved in PeOH (after spectral subtraction of the Sy spectrum
as described in 2 section of Experimental) is shown. The neg-
ative contributions in the spectrum in Fig. 4b arise from the de-
pletion of molecules in the electronic ground state by optical
pumping.

As a representative example the change of intensity of one
of the most prominent Raman bands at 1000 cm ™' with delay
time between the pump and probe pulses is presented in Fig. 5.
The other band intensities exhibit the same kinetics (not shown
here). The experimental data were fit to a two-level model in-
cluding the Sy and S; states and taking a cross correlation time
of this experiment of 6 ps into account. Thus, a decay time of
the Raman intensity of 11 ps has been determined, which
agrees with the lifetime of the S; state measured by Barbara et
al. (11 ps) by transient absorption experiments.”” The agree-
ment in decay time provides evidence that the observed spectra
originate from the excited electronic state of B-30. The S; Ra-
man spectra of B-30 show significant intensity as well as fre-
quency changes compared to the electronic ground state re-
flecting considerable alterations of the corresponding molecu-
lar geometries due to ET in its equilibrium geometry. Calcula-
tions of vibrational frequencies for an evaluation of the molec-
ular structure on the basis of the excited state measurements
are in progress.

4. Vibrational Excitation after Back-Electron Transfer
of Betaine-30. Time-resolved anti-Stokes Raman spectra for
600 nm pump and 300 nm probe for B-30 dissolved in PC and
GTA are shown in Figs. 6A and 6B, respectively. We detect a
build-up of the anti-Stokes Raman lines within a few picosec-
onds predominantly in the high-frequency region. Subse-
quently, a decay accompanied by a redistribution of the relative
intensities is observed. Later on, Raman lines at lower fre-
quencies gain in their relative intensities with respect to the
high-frequency Raman bands.

The anti-Stokes Raman lines agree with the strong Raman
lines observed in the stationary Stokes Raman spectrum, but
not with the Raman frequencies observed from the excited
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Fig. 6. Transient anti-Stokes Raman spectra of B-30 dis-
solved in PC (A) and GTA (B). Time delays between
pump and probe pulses are indicated on the left side of
each spectrum.

electronic state. Consequently, the rise and decay of the anti-
Stokes Raman intensities reflect the population dynamics of
excited vibrational levels of the electronic ground state after b-
ET. For quantification the population dynamics of the vibra-
tional level has been modeled by a three level model: an initial-
ly excited level with a decay time #, the first excited vibration-
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Table 1. Rise (#;) and Decay (#,) Times (in ps) of anti-Stokes Raman Kinetic Curves Measured for B-30
Dissolved in PC, GTA, and EtOH. B-ET Times (7, gr) are given in Parentheses

Vibrational 1603 cm™! 1360 cm™! 1200/1245 cm™!
Frequency
Solvent t, (Toer " )/ps t/ps t/ps t/ps t/ps to/ps
PC 1.0 = 0.3, (1.1) 6.1 04 3.0 0.5 50x0.6 Nonexp. 53*+1.2
GTA 3.8 £0.8,(3.5) 85+%1 5012 6712 70=*+1.3 75 *+1.7
ETH 5.6 £1.2,(6.1) 5613 7014 7014 7.1 £1.5 70=*1.6

al level being mainly observed by anti Stokes Raman scatter-
ing with a decay time #,, and the lowest vibrational level of the
electronic ground state.

A fit of the experimental data according to this simplest pos-
sible model considering deconvolution of the cross correlation
function of the pump and probe pulses results in rise and decay
times, ¢, and f,, of the corresponding vibrational levels, that
clearly indicate mode selective excitation. The time constants
for the vibrations at 1603 cm™!, 1360 cm™"' and 1200/1245
cm™! for B-30 dissolved in PC, GTA, and EtOH are collected
in Table 1.

For comparison, b-ET times (7, gr) obtained from transient
absorption measurements by Barbara and co-workers are in-
cluded in parentheses in the first column of Table 1.'7'® As can
be seen from Table 1 rise times ¢, vary for different modes and
solvents. Mode selectivity is most pronounced for B-30 in PC.
The mode with the highest observed vibrational frequency at
1603 cm ™! exhibits the shortest rise time of #; < 1 ps, that is it
builds up within the time resolution of the experiment. For the
vibration at 1360 cm™!, a rise time of #; = 3 ps is determined.
The intensity of the Raman band at 1200/1245 cm ™' increases
even more delayed, but does not follow simple single exponen-
tial kinetics. All vibrational modes, within our experimental
uncertainties, decay single exponentially with a time constant
of t, = 5 ps. For B-30 dissolved in GTA, the temporal rises of
the anti-Stokes Raman intensities are slower than in PC solu-
tion. Furthermore, mode selectivity is less pronounced in GTA
solution than for B-30 in PC. The decay of anti-Stokes Raman
intensities is somewhat slower in GTA and in EtOH solution
compared to B-30 dissolved in PC.

In all solvents the rise time of the 1603 cm ™' mode is close
to the b-ET time. This suggests predominant direct vibrational
excitation of this mode by b-ET. In contrast, modes of lower
frequencies are less effective accepting modes and we have to
assume indirect channels of IVR. However, the almost identi-
cal decay times of the modes indicate inefficient direct transfer
from the 1603 cm ™! mode to other strong Raman active high-
frequency modes. Instead, other indirect channels of IVR have
to be assumed. Consequently, modes being not observable in
our experiment are expected to play an essential role in the vi-
brational kinetics. Unfortunately, the experimental data are
not yet sufficient to determine these other pathways of IVR
more in detail.

The predominant direct excitation of a mode with the high-
est vibrational frequency and a strong Franck—Condon factor is
suggested by a simple model based on Fermi’s Golden Rule.?*°
It predicts that the transfer is most favorable for modes with
strong origin shifts z, which bridge the energy gap with a mini-
mum of quanta n.

Because of strong stray light we were not able to measure
pump induced anti-Stokes bands below 400 cm ™' where the
modes with the highest origin shifts are located. In particular,
the low-frequency mode at 133 cm™! might be an efficient ac-
cepting mode as well.

Less pronounced differences in the rise times of the various
vibrational bands are expected for the case that b-ET times are
comparable to the time scale of IVR. This is the case for B-30
in GTA and EtOH (see Table 1). Here, IVR processes strongly
influence the observed rise times for all modes. Thus, these
data clearly demonstrate the transition from a mode-specific
behavior of B-30 in PC to IVR-dominated vibrational dynam-
ics of B-30 in EtOH.

5. Excited Vibrational Populations. Vibrational excess
populations have been derived by dividing the anti-Stokes Ra-
man intensities by the corresponding relative Raman cross sec-
tions, which, in turn, have been calculated from the Stokes Ra-
man intensities recorded at 300 nm. In Fig. 7 relative vibra-
tional populations at different delay times are shown for B-30
in PC (left) and GTA (right). It is obvious that for all solvents
vibrational populations deviate substantially from thermal
equilibrium within the first few picoseconds. For delay times
of 1.5 ps, 3 ps and for B-30 in GTA at 7.5 ps one finds smaller
populations of low-frequency than of high-frequency modes,
in contrast to equilibrium (Bose—Einstein) statistics. For in-
stance, the population of the mode at 1360 cm™' exceeds the
1200/1245 cm ™' mode population. This finding reflects the in-
complete randomization of vibrational energy among the Ra-
man active modes indicating a relatively slow intramolecular
thermalization of the vibrational manifold on a picosecond
time scale.

At delay times longer than about 10 ps, the vibrational pop-
ulations n; of this subgroup of vibrations of frequencies ; are
close to thermal equilibrium controlled by Bose—Einstein sta-
tistics with a thermal population distribution:

From the population distribution of the vibrations we deter-
mined vibrational temperatures T given in the insert of Fig. 7.
At these temperatures thermal populations of vibrational levels
above the first excited vibrational level are below 15% for the
high-frequency modes and not significant for this estimation.’!

For a comparison of the temperatures T derived for the sub-
group of Raman active modes with the equilibrium tempera-
ture T4, which is achieved in the case of random distribution
over all vibrational modes (degrees of freedom) of the mole-
cule, the temperature T,, has been derived applying the
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Fig. 7. Relative vibrational populations of excited vibration-
al levels determined for different vibrations and time de-
lays. B-30 dissolved in PC (left). B-30 dissolved in GTA
(right). Estimated temperatures at late delay times are giv-
en in the insert.

expression®

3N-6 3N-6
Zhw/-n/«(wj,ﬂ) + AE = Zhw/n/’(wj,’requ)
J=1 J=1

AE =~ 16500 cm ™! is the photon energy of the pump pulse, T, —
room temperature, and N = 71 is the number of atoms in the
molecule. An equilibrium temperature of T,,, = 520 K has
been obtained. T, represents the maximum temperature at
thermal equilibrium within the complete molecule as it ne-
glects any flow of energy to the solvent shell. This suggests
that (a) b-ET transports most of the excess energy to the Ra-
man active modes involved in the reaction, and (b) thermaliza-
tion within the vibrational manifold of B-30 is incomplete
even 10 to 15 ps after photoexcitation.

It is interesting to note that the measured temperatures 7" are
higher for B-30 in GTA than for the PC solution (see insert of
Fig. 7). This can be rationalized by taking into account that in
the solvent controlled regime a considerable part of the ab-
sorbed energy is deposited into the solvent directly. In con-
trast, if the solvation time exceeds the b-ET time, a larger frac-
tion of the initial excitation energy is randomized within the
solute before dissipation to the environment becomes efficient.
For B-30, solvent reorganization energies between 3000 cm ™
and 6000 cm ™' have been estimated.>*'® Consequently, lower
vibrational temperatures in PC compared to GTA solutions are
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in accordance with theoretical models of intermolecular ener-
gy transfer during b-ET in the solvent controlled regime as
well as under conditions of a “frozen” solvent.

Conclusions

We obtained information about the role of vibrational
modes and the main geometric changes in the process of in-
tramolecular ET in combining stationary and time-resolved vi-
brational spectroscopy with ab initio calculations. The geo-
metrical changes between electronic ground state and excited
electronic states resulting from the calculations are qualitative-
ly supported by the large origin shifts of low-frequency modes
exhibiting strong contributions from torsion and N-pyramidal-
ization motions, respectively. Accordingly, in B-30 the main
changes of the molecular geometries induced by ET are tor-
sional and N-inversion motions between the phenolate and py-
ridinium rings accompanied by some rearrangements of these
rings. As torsion between the phenolate and pyridinium rings
towards the perpendicular position lowers the energy gap be-
tween the S; and S, states we assign the Raman line at 133
cm~! to a tuning mode.

Our investigation of vibrational populations after back-elec-
tron transfer is in agreement with expectations derived from
Fermi’s Golden Rule. It supports the assumption that CT reso-
nance Raman intensities reveal the main accepting modes of
ultrafast b-ET. Accordingly, strong Raman active high-fre-
quency modes of the stationary Raman spectrum are the domi-
nant accepting modes whereas low-frequency modes with
comparable FC-factors display strong contributions from IVR
processes. In addition low-frequency tuning modes with very
high FC-factors may also be effective in accepting energy di-
rectly.

Ultrafast b-ET of B-30 results in non-equilibrium vibration-
al populations in the first few picoseconds. This points to a
rather slow redistribution of vibrational energy in this relative-
ly large molecule. Enhanced vibrational temperatures of Ra-
man active modes support their dominance as accepting modes
in the b-ET process. Vibrational temperatures of B-30 are low-
er in fast relaxing solvents than in slowly relaxing solvents,
probably because of fast solvation in the excited electronic
state for solvent controlled b-ET.
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