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Abstract

A wavelength and solvent dependent study of a photochromic indolylfulgide is presented. The ring-
closure reaction is characterized using stationary and time-resolved spectroscopy with femtosecond
time resolution. After excitation into the first excited singlet state (S1) the photoprocesses proceed
on ultrafast timescales (0.3-0.45 ps) in both polar and non-polar solvents. Excitation into higher
electronic states results in similar reaction kinetics as found for S; excitation. A simple kinetic scheme
can be established for the photoprocesses under all different experimental conditions: as expected
from organic textbooks neither the solvent surroundings nor the excitation wavelength strongly alter
the reaction scheme. The experimental study demonstrates that the ring-closure reaction of
photochromic indolylfulgides can be considered as a very robust photoprocess: this fact may lead to
a great variety of different applications where the reaction dynamics of the molecular switch are not
disturbed by any surrounding effects.

Introduction

Photochromic molecules, especially fulgides/fulgimides1~7 or diarylethenes,® have received
great attention due to the number of possible applications. The underlying photochemical
processes are electrocyclic reactions as found in the cyclohexadiene/hexatriene system, where
two different isomers can be interconverted using light. The ring-opening of cyclohexadiene
(CHD) and the ring-closure of hexatriene (HT) often served as textbook examples for the
validity of the Woodward—Hoffmann rules® and have thus been studied extensively.10713 The
molecular properties of the CHD/HT chromophore offer unique applications, as a fast and
reversible change of chemical states can be selectively initiated by UV/VIS light and, together
with an alteration of the absorption properties, the molecules can be used as molecular switches:
optical data storage14 or even ultrafast folding experiments as performed with other
photoswitchable molecules® become possible. Beside thermal stability, high reaction quantum
yield, low photochemical degradation and well-separated absorption spectra are key properties
of molecular switches, which are achieved by chemical modification of the different
compounds.1:2
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Indolylfulgides exhibit three thermally stable ground state isomers, namely the E-, Z- and C-
forms.2 The three isomers, which are shown in Scheme 1, can react according to the
photochromism type P:16 thereby the Z-isomer interconverts into the E-form and into the C-
form under UV radiation with a very low efficiency for the Z/E isomerization.1” Visible
illumination allows the C-isomer to reform the Z-isomer in an electrocyclic ring-opening
reaction. Reactions from and into the E-isomer (UV radiation) can be neglected in the case of
the studied indolylfulgide as the ratio of E/Z-isomer is not greater than ~2% in any
photostationary state.1’

Different studies were able to demonstrate the timescale and reaction kinetics of the
electrocyclic reactions of fulgides and fulgimides.34:6:7:18-20 Transjent absorption
experiments in the visible6 and infrared3:21 were used to monitor the structural and electronic
changes, which occur after photoexcitation, independently. Pronounced differences for the
ring-closure and the ring-opening reaction of an indolylfulgimide were found in a study using
time-resolved fluorescence, which contradicted a reaction model with a common pericyclic
minimum.? It was thereby shown that the ring-closure process occurs on fast timescales <1 ps,
while the ring-opening is a slower reaction on the timescale of several picoseconds. As the
overall reaction times for both processes are of ultrafast nature, funnels or conical intersections
(Coln) seem to control the isomerization speed.*12:13:22 The ring-opening reaction also
proved to be sensitive to solvent effects, the environment temperature and the specific
excitation wavelength.>:23

Here, we present an excitation wavelength and solvent dependent study of the ring-closure
process of a trifluorinated indolylfulgide. This paper characterizes the photochemical pathway
of the ring-closure in real time and confirms or rather experimentally verifies the textbook
belief that electrocyclic reactions are only weakly influenced by surrounding effects.24
Therefore dynamics of the ring-closure reaction of the trifluorinated indolylfulgide were
recorded in cyclohexane, 1,4-dioxane and acetonitrile using time-resolved spectroscopy with
femtosecond time-resolution. The influence of the excitation conditions, e.g. excitation into
the first excited state or higher excited states, are also investigated. These data establish a
detailed reaction model for the ring-closure reaction and show that pronounced differences
exist between the two electrocyclic reactions of indolylfulgides: ring-closure and ring-opening.

Materials and methods

The synthesis of the investigated trifluorinated indolylfulgide has been described elsewhere.
1725 The fulgide was dissolved in the respective solvent (acetonitrile (ACN), 1,4-dioxane
(DIO), cyclohexane (CH), Merck, spectroscopic grade >99%) with concentrations ranging
from 2-5 mM for all experiments.

Stationary absorption spectra were recorded using a spectrophotometer (Perkin-Elmer,
Lambdal9). The photochemical quantum yields of the ring-closure reaction were determined
as described in a former publication:28 a change in the sample composition was induced by
actinic light within a certain time period using the following light sources for illumination:
light at a wavelength of 414 nm (S; excitation) was obtained from a violet laser module
(VLMA-1, Roithner, 0.3 mW). A Hg/Xe lamp (Hamamatsu, Lightningcure LC4, Japan)
combined with suitable filtering (liquid Backstrom filter for 313 nm) was used as UV source
at 313 nm (Sy excitation). The induced absorption changes in a wavelength range of
predominant absorption of the C-isomer (560 nm) were recorded for different illumination
periods. The changes in the concentration of the Z/C-isomer and therefore the number of
product molecules were calculated from the recorded absorption changes using the absolute
extinction coefficient of the C-isomer (e(C)s77 = 6400 | mol™ cm™1)17 at the detection
wavelength.
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The femtosecond measurements were performed under photostationary conditions: therefore
the sample solution of the fulgide compound was illuminated with a cold light source
(KLC2500, Schott, Mainz filtered by a 3 mm thick OG570). This resulted in the formation of
aphotostationary state (PSS570) containing approximately >98% Z-isomer and <2% E-isomer.
The sample solution was pumped through a fused silica cuvette (Hellma) to ascertain defined
starting conditions.

Femtosecond pump-probe spectroscopy in the visible (VIS) and near-ultraviolet (UV) spectral
range was used to investigate the dynamics of the photochemical reactions for different solvent
surroundings and excitation conditions. The experiments were conducted using two different
laser systems: a home-built Ti:sapphire-based regenerative amplifier laser system and a
commercial Spitfire Pro XP (Spectra Physics, Darmstadt) generated ultrashort light pulses at
800 nm with a pulse duration of ~90 fs (home-built)/~70 fs (Spitfire) at a repetition rate of 1
kHz. Pump pulses at 400 nm were generated by frequency doubling the laser fundamental in
a 0.5 mm thick non-linear B-barium borate crystal (BBO, type |, 29°). Tunable pump pulses in
the visible were generated in a non-collinear optical parametric amplifier (NOPA).2” The
NOPA was adjusted to produce light pulses at 540 nm, which were subsequently frequency-
doubled to 270 nm in a 100 um thick BBO crystal (type I, 35°). Excitation energies for the
pump-probe measurements varied from 100 to 400 nJ. A white light continuum, generated in
CaF, was used as probe light (350-660 nm).28 The transient absorption changes in the white
light continuum induced by the pump pulse were recorded at various delay times using a multi-
channel detection setup.29 The temporal delay between pump and probe pulses was varied by
a mechanical delay stage. The time resolution of the pump—probe experiment for excitation in
the UV range was determined to be ~250 fs. A better time resolution (~100 fs) was achieved
for pump pulses centered at 400 nm. The spot diameter of the pump light at the sample location
was in the range of ~100 um providing a homogeneous excitation density for the probe pulse
(diameter 30-40 um). In order to avoid effects of rotational diffusion,30 the polarization of
pump and probe pulses was at magic angle. A global fit analysis was used to extract decay
associated spectra from the transient absorption data set. Further details concerning the
transient absorption spectrometer and the laser system can be found in ref. 23b and 26.

Results and spectroscopic interpretation

Stationary measurements

The photochromic properties of the investigated indolylfulgide arise from a photoinduced ring-
closure/ring-opening reaction: upon light illumination the open form (Z-isomer) can undergo
an electrocyclic ring-closure as shown in Fig. 1.* The formed C-isomer exhibits a
cyclohexadiene motif, while the Z-form incorporates a hexatriene structure. Both motifs are
highlighted in Fig. 1.

The absorption maximum of the Z-form is located in the near UV range. In the solvent
cyclohexane (CH) the absorption band assigned to the Sy — Sq transition peaks at 416 nm.
Higher energetic excitation at 280 nm is associated with the Sg — Sy, transition (Fig. 1).
Illumination into one of these bands results in strong changes throughout the complete
spectrum: the band around 416 nm is reduced while two new absorption features centered at
350 nm and 550 nm grow in. These new bands are related to the formation of the C-isomer.
The quantum efficiency for the ring-closure process after S1 excitation in CH is determined to
be 17% (Table 1). Excitation into the Sy band does not significantly change this value (20%,
Table 1). The strong visible absorption of the C-isomer at 550 nm is due to a planar geometry

At this point it is important to mention that we assume that only a very small percentage of the Z-isomer undergoes Z — E isomerization
when the sample is illuminated with near UV-light. This is supported by quantum yield measurements that estimate the efficiency for
E-isomer formation to be about 1%.
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and a strongly enlarged n-electron system.2 The flexible Z-structure allows a dihedral angle of
~45°, separating the n-electron system of the indolyl moiety and the maleic imide, resulting in
a strongly blue-shifted absorption compared to the C-isomer.31

The absorption properties of the Z-isomer in a changing solvent environment behave as follows:
increasing the solvent polarity from CH — DIO — ACN shifts the peak maximum of the Sg
— Sy transition from 416 nm — 425 nm — 430 nm (Table 1). However, this positive
solvatochromism is not found for the Sy — Sy transition, where the peak remains at a spectral
position of 280 nm for all different solvents (Table 1). This behavior clearly shows that the
Franck—Condon state (FC*) of the Sy — S; transition is more polar than the corresponding
ground state, while the FC* state of the Sy — Sy transition features similar properties compared
to its electronic ground state.

The photochemical quantum yield of the ring-closure reaction is 17% in CH (excitation to
S1). According to Kasha’s rule3? this value is very similar for Sy excitation (20%). However,
the changing solvent polarity alters the reaction quantum yields from Z — C in a systematic
way: the highest value is found for CH with 17% and decreases to 15% in DIO down to 10%
for ACN (Table 1). All results from stationary measurements are summarized in Table 1.

Time-resolved spectroscopy

The ultrafast dynamics of the ring-closure reaction are investigated by means of transient
absorption spectroscopy in the visible spectral range. Fig. 2 shows an overview of the reaction
dynamics of the indolylfulgide in the solvent CH under different excitation conditions.

S, excitation in CH—The upper panel of Fig. 2a shows an excerpt of the transient spectra
for various delay times between pump and probe pulse. We observe strong absorbance changes
throughout the investigated spectral range (Fig. 2a, tp = 0.2 ps). Ground state bleaching (GSB)
reduces the induced absorption in a wavelength range which can be assigned to the absorption
of the ground state Z-isomer (Anax = 416 nm). Pronounced signal contributions due to
stimulated emission (SE) are not observable most likely due to overlapping signals originating
from excited state absorption (ESA). These different signals result in an ESA band centered
around 520 nm. This band partially decays on fast timescales (Fig. 2a, tp = 0.2 ps vs. 0.5 ps
vs. 1.0 ps). Subsequently, the complete signal with ESA and GSB decays into a constant offset
(Fig. 2a, tp = 200 ps) on the timescale of several ten picoseconds (Fig. 2a, tp = 1.0 ps vs. 5.0
ps vs. 20 ps). This offset nicely resembles the steady-state difference between the C- and Z-
isomer absorption (Fig. 1). Additionally, this fact gives no indication for the formation of a
significant amount of E isomer molecules, as Z and E isomers differ in their absorption
maximum by ~15 nm.17

A multi-exponential fit allows reproducing the complete data set with three decay components
together with an additional offset (Fig. 2a, lower panel). The time constants are found to be
71=0.45ps, 7o ==4.1 psand r3 = 32 ps, where the fastest process shows the strongest amplitude
(Fig. 2a, 1 = 0.45 ps). The decay associated spectrum (DAS) of this component is dominated
by positive signals with a maximum around 550 nm and a minimum at 420 nm. Its large
amplitude and the spectral characteristics assign this process to the decay of the excited singlet
state, together with a repopulation of the ground state of both product and reactant molecules.
This fast internal conversion process (z; = 0.45 ps) generates molecules in a vibrationally hot
ground state. As a consequence subsequent processes partially show sigmoidal signatures
which are typical for vibrational cooling processes in the electronic ground state (Fig. 2a, 7o,
73 lower panel). The spectral signature of the cooling process is expected to have minor
amplitude for formed product molecules (~20%) and a dominant signature of the reformed
reactant molecules (~80%).§ The fraction of molecules which has not undergone the ring-
closure reaction shows up as a positive signal at 475 nm and a negative signal at 420 nm (Fig.
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2a, 72 4.1 ps). The minor fraction of product molecules (~20%) is found=in the long wavelength
part (Fig. 2a, tp = 4.1 ps, Amax: 650 nm, Amin: 560 nm) and is partially overlapped by spectral
signatures of hot reactant molecules—the cooling signature of the DAS behaves exactly as
expected from stationary measurements. The non-exponential behavior of the cooling
processes is thereby approximated using a biexponential fit with the time constants 4.1 ps and
32 ps. The large amplitudes of the DAS, related to these time constants, may also be interpreted
in a way that some molecules remain trapped in the excited state and return into the ground
state on longer timescales. Further on, the spectral shape of the 32 ps component allows no
distinct assignment of this process to cooling. We disregard this kind of interpretation in the
present paper as infrared experiments of a related compound show that the major fraction of
product molecules is already formed on a sub-picosecond timescale and displays cooling
dynamics on the timescale of several ten picoseconds.3:21

The transient behavior presented above can be summarized in a kinetic reaction scheme, which
is already known from the literature of related compounds: after light excitation at 400 nm, the
molecules reach the Franck—Condon (FC*) region. It has been shown using time-resolved
fluorescence measurements on fulgimide compounds that the originally populated region
(FC*) is left with a short time constant <0.1 ps most likely together with a change of electronic
states. This transition strongly alters the electronic properties of the molecules and results in
the formation of a fluorescently dark state. These initial processes do not show up in our
experiments, which may be explained by the time resolution of ~100 fs or coherent artifacts
in the pump—probe signal. The subsequent photoreaction can occur from this dark state with a
time constant z; = 0.45 ps (Fig. 2a)—thereby the hot ground states of reactant and product
molecules are populated. This interpretation is strongly supported by fluorescence and IR
absorption measurements on related fulgimide compounds.3:421 On later timescales
vibrational cooling to the solvent takes place with time constants of 7,3 = 4.1 ps/32 ps (Fig.
2a). The actual product formation is seen as a constant offset. We can conclude that both the
experimental data and a close inspection of literature data®:%21 point to an ultrafast ring-closure
process on a sub-picosecond timescale with a quantum yield of ~17%.

Sy excitation in CH—Fig. 2b shows the transient absorption data induced by excitation in
the UV range. We find an overall similar behavior for the ring-closure at 400 nm (S1)/270 nm
(SN), therefore compare Fig. 2a and 2b: again ESA is overlapped by GSB (~415 nm) at early
delay times (Fig. 2b, tp = 0.2 ps). The signal decays with a fast component on the sub-
picosecond timescale (Fig. 2b, tp = 0.2 ps vs. 0.5 ps vs. 1.0 ps), shows slight modifications and
decay of the induced absorption in the time range of several picoseconds (Fig. 2b, tp = 1.0 ps
vs. 5 ps vs. 20 ps) and finally leaves a constant offset (Fig. 2b, tp = 200 ps). The data set is well
reproduced by an exponential model with three time constants of 0.4 ps, 7.6 ps and 46 ps (Fig.
2b, lower panel). In order to relate this data set to the known behavior of S; excitation in Fig.
2a the additional time constant of 46 ps with a very small amplitude is used. Ignoring this time
constant reduces the quality of the fit only moderately. Nevertheless, we chose to use the third
time constant in order to get smaller errors and to obtain a better comparison with the data for
S, excitation.

Slight differences between the two data sets (400 nm/270 nm excitation) can be observed at
early delay times (Fig. 2a and 2b, tp = 0.2 ps vs. 0.5 ps). These are most likely due to the lower
time resolution of ~250 fs for 270 nm excitation, which may distort the transient spectra in this
time range.

8The ratio is rougly 20/80 because the photochemical quantum yield for the formation of the C-isomer was found to be 17% in stationary

experiments.
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The interpretation of the data set leads to an overall similar picture for both excitation
conditions: we do not observe any spectral signature of the Sy state after absorption of a 270
nm photon. Therefore we conclude that the molecule converts back into the first excited singlet
state within our time resolution (Fig. 2b, tp = 0.2 ps vs. 0.5 ps). Differences in the two data
sets at early delay times can hence be referred to a lower time resolution for higher energetic
excitation. The subsequent decay of the excited state proceeds with the fast time constant of
0.4 ps, where the DAS shows the strongest amplitude showing typical spectral features of the
Sy state (Fig. 2b, 71 = 0.4 ps). The spectral signature of the DAS and the value of the time
constant are nearly equivalent compared to S; excitation. Again a pronounced cooling signature
is found (Fig. 2b, 7o = 7.6 ps, 73 = 46 ps). The main component (Fig. 2b, 7, = 7.6 ps) is nearly
identical to the cooling signature found after 400 nm excitation. The longer value (7, ps 4.1
for 400 nm excitation, 7, = 7.6 ps for 270 nm excitation) and the tiny amplitude of the 73 = 46
ps component is attributed to a higher amount of excess energy. The kinetic reaction scheme
for higher electronic excitation is hence very similar to the S excitation case. Within our time
resolution an ultrafast decay of the Sy, state into the first excited state according to Kasha’s
rule3? takes place. The photoreaction after 270 nm excitation proceeds with the fast time
constant 7, = 0.4 ps via the reaction scheme discussed above for 400 nm excitation. Subsequent
cooling processes on the timescale of several picoseconds mark the completion of the ring-
closure reaction after Sy excitation.

Solvent dependency for Sq excitation—Fig. 3 gives an overview of the transient
absorption data of the fulgide in the solvents 1,4-dioxane (DIO) and acetonitrile (ACN)
recorded after excitation at 400 nm.

The transient spectra of the indolylfulgide in DIO and ACN (Fig. 3a and b, upper panel) show
a strong similarity to the data found for CH (Fig. 2a). A broad ESA in the complete investigated
spectral range is superimposed by GSB around 430 nm depending on the specific ground state
absorption of the sample (Fig. 3a and b, tp = 0.2 ps). The complete signal decays multi-
exponentially (Fig. 3a and b) into a constant offset spectrum, which is reached after several
ten picoseconds (Fig. 3a and b, tp = 200 ps).

A closer inspection of the data sets by a global fitting analysis reveals the best description of
the data using three time constants together with an offset. Again, the offset nicely resembles
the difference between the absorption spectra of Z- and C-isomer. We find the time constants
of 0.35 ps, 4.0 ps and 25 ps for the solvent DIO (Fig. 3a). ACN is best described by 0.3 ps, 1.2
ps and 15 ps (Fig. 3b). The fast time constants z; show the largest amplitudes and are related
to internal conversion to the electronic ground state (Fig. 3a, 71 = 0.35 ps; Fig. 3b, 71 = 0.3 ps):
within this time period the ring-closure reaction occurs. The slower decay components zy3 can
be assigned to cooling processes of vibrationally excited ground state molecules (Fig. 3a, 7o =
4.0 ps and =3 = 25 ps; Fig. 3b, 7, = 1.2 ps and z3 = 15 ps). The comparison of the presented
experimental findings shows that the complete reaction mechanism seems to be nearly identical
for all three solvent conditions.

Discussion

The presented steady-state and transient data can be explained in the framework of the
schematic reaction model shown in Fig. 4.

Light excitation of the open Z-isomer with either 400 nm or 270 nm light populates the
respective Franck—Condon region of the addressed electronic state (Fig. 4, FC*). The steady-
state measurements show that the absorption maximum of the Sy — Sy transition shifts
bathochromic in the different solvents from CH — DIO — ACN (Table 1). So, this FC* state
is slightly more polar than the corresponding ground state. In contrast to these findings, the
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Sg — Sy transition is not influenced by the solvent environment (Table 1), which suggests a
similar polarity compared to the electronic ground state.

After excitation with 400 nm the FC* state decays ultrafast into a dark state (Fig. 4, DS) on
the excited state potential energy surface (Fig. 4, tec* < 0.1 ps). Thereby possible interactions
with the first solvent shell and relaxational processes may occur on the timescale of zpcx < 0.1
ps. The transfer of the molecules into a fluorescently dark state within several femtoseconds
has been observed using time-resolved fluorescence experiments on related fulgimide
compounds.? Higher energetic excitation at 270 nm populates the FC* region of the state Sy
(Fig. 4). Transient absorption experiments do not allow observing this state. Hence, we consider
it as extremely short lived (Fig. 4, zgn < 0.25 ps). After relaxation into S; it transforms into
the DS state on the same route as found for Sq excitation. All these findings are in good
agreement with Kasha’s rule.3?

Independent of the excitation wavelength and solvent surroundings, the electrocyclic ring-
closure and hence the internal conversion back to the C-form start from the relaxed S; state:
the excited state is left with a time constant of zpg ~ 0.4 ps. Within this time period vibrationally
hot product and reactant molecules are formed in the electronic ground state (Fig. 4, tpg ~ 0.4
ps). The time constants for these processes show only a very weak dependence on the solvent
polarity: thereby zpg (describing the photoreaction and internal conversion) increases from the
polar solvent ACN from 0.3 psto 0.35 psin DI1O up to 0.45 ps in the non-polar CH. The reaction
yield shows a corresponding behavior where the lowest value is found for ACN (Table 1). We
interpret this in terms of slight changes in the shape of the potential energy surface. This may
alter the reaction quantum yield of the processes and the excited state lifetime as observed in
the transient absorption experiments in the different solvents.

The ring-closure itself is followed by vibrational cooling on the timescale of 7o ~ 10 ps. The
results from a global fitting routine (Fig. 2, lower panel; Fig. 3, lower panel) suggest that the
cooling processes are fastest in the polar solvent ACN while the non-polar CH shows the
slowest cooling kinetics. Again, these findings are in good agreement with data from the
literature.33 There it was shown that the cooling rate is strongly correlated to the solvent
polarity: non-polar solvents (hexane) show significantly slower cooling times than polar
solvents as methanol.33

The presented data and their interpretation show that the reaction pathway of the ring-closure
strongly differs from the ring-opening reaction: it was recently demonstrated that the ring-
opening reaction is altered by both solvent effects® and excitation wavelength.23 Hence, the
reaction dynamics of the ring-opening process are heavily dependent on the specific
experimental conditions.

Therefore the final paragraphs of this article discuss the strong differences between the ring-
opening and the ring-closure process: quantum-chemical calculations'2:13:22 and
experiments4:21:23 suggest that the strong differences between the two processes (ring-
opening/ring-closure) arise from a differing potential energy landscape of the Z/C-isomers in
the excited state:

The photoreaction starting from the Z-isomer: the ring-closure reaction

(i) The Z-isomer exhibits one accessible conical intersection (Coln) connecting the lowest
excited state and the ground state. This Coln allows both the transfer of molecules into the
reactant and product state, it can hence be considered as a branching point. Furthermore, this
photoreaction is not thermally activated as very fast reaction times on the sub-picosecond
timescale were found—the Coln is easily accessible on very fast timescales. So, changes of
the potential energy surface, induced by solvents, alter the reaction dynamics and the quantum
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yield of the processes only slightly. (ii) Kasha’s rule is fulfilled in the case of the ring-closure
reaction as fast population transfer between Sy and the lowest excited singlet state is possible.
The ring-closure reaction of indolylfulgides can hence be considered as a textbook example of
an electrocyclic reaction:24 the reaction is not strongly influenced by its solvent surroundings
and excitation conditions.

The photoreaction starting from the C-isomer: the ring-opening reaction

In contrast, the ring-opening reaction is influenced by different experimental conditions: (i)
The photoprocesses after C-isomer excitation (Sq) can proceed via two different Colns in the
first excited state as demonstrated in ref. 23, Here, one Coln is tilted allowing only back transfer
to the C-form. The other Coln branches into Z/C-form and is hence responsible for the
photoreaction. The access to both Colns is activated and the photochemical quantum yield of
the process thus strongly depends on the solvent surroundings and excitation wavelength.23
(if) Higher energetic excitation (Sy state) results in a strongly increased reaction quantum yield
and a faster photoreaction as the molecule can reach the branching point into product/reactant
more easily.?

Conclusions

The wavelength and solvent dependence of the electrocyclic ring-closure reaction of a
trifluorinated indolylfulgide was investigated using stationary and transient absorption
spectroscopy in the visible spectral range. The ultrafast photoreaction on the sub-picosecond
timescale proved to be nearly unaffected by its solvent environment and excitation wavelength
as expected from organic textbooks. A simple reaction scheme could be established according
to former studies on related compounds. The presented results clearly demonstrate that
indolylfulgides are widely applicable as photoswitches, where the ring-closure reaction is not
disturbed by any surrounding effects.
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E-isomer Z-isomer

Scheme 1.
Structures of the three different isomers (E/Z/C) of the investigated indolylfulgide.
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Fig. 1.

Stationary absorption spectra of two isomeric forms of the investigated fulgide (solvent
cyclohexane) and schematic representation of the electrocyclic ring-closure. The dashed curve
shows a photostationary state with ~95% C-isomer.
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Fig. 2.

Transient absorption data of the investigated indolylfulgide in the solvent cyclohexane for
different excitation conditions: (a) exc = 400 nm, the results (b) Aexc = 270 nm. The upper
panel shows transient spectra at certain delay times between pump and probe pulse. The lower
panel presents the results (decay associated spectra and corresponding time constants) of a
global fitting routine of the complete data sets.
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Fig. 3.

Transient absorption data of the investigated indolylfulgide in the solvent (a) 1,4-dioxane and
(b) acetonitrile for an excitation wavelength of gy =400 nm. The upper panel shows transient
spectra at certain delay times between pump and probe pulse. The lower panel presents the
results (decay associated spectra and corresponding time constants) of a global fitting routine
of the respective data sets.
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Fig. 4.

Kinetic reaction scheme of the photoinduced ring-closure of the investigated fluorinated
indolylfulgide for all solvents and excitation conditions. The tentative lifetimes of the
respective states and approximate yields of internal conversion processes are indicated in the
figure.
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Table 1

Stationary absorption data (Z-isomer) and reaction quantum yields for the ring-closure reaction in different

solvents and for different excitation conditions

Absorption maximum/nm

Reaction quantum yield (%)

Solvent S Sn S SN
Cyclohexane 416 280 17 +1 20+5
1,4-Dioxane 425 280 15 +1 —
Acetonitrile 430 280 10 £1 —
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