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Ultrafast Z → E Photoisomerisation of Structurally Modified Furylfulgides
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Femtosecond broadband transient absorption spectroscopy has been used in a comparative study of
the ultrafast photo-induced Z → E isomerisation reactions of four photochromic furylfulgides with
selected structural motifs in n-hexane as solvent. The results show that all studied Z-fulgides exhibit
fast and direct processes along barrierless excited-state pathways involving a conical intersection (CI)
between the S1 and S0 electronic states. The excited-state lifetimes range from τ1 = 0.18 ps for
the methyl derivative to τ1 = 0.32 ps for the benzofurylfulgide. The impulsive rise of the absorp-
tion by vibrationally hot Z- and E-isomers back in the electronic ground state following electronic
deactivation and isomerisation indicates that the initially prepared wave packet persists even after
passage of the CI. Furthermore, the results provide qualitative evidence for a quickly dephasing
vibrational coherence in the electronic ground state. In contrast to the significant changes observed
for the corresponding E- and C-isomers [Renth et al., Int. Rev. Phys. Chem. 2013, 32, 1–38], the
excited-state dynamics of the Z-isomers is not affected by varied sterical hindrance from methyl and
isopropyl substituents at the central hexatriene unit, or by intramolecular bridging, and remains
unaltered upon extension of the π-electron system in a benzannulated furyl fulgide.

Keywords: Molecular switches, fulgides, photochromism, isomerisation, femtosecond spectroscopy, ultrafast
dynamics.

1. Introduction

Photochromic molecular switches are of considerable
interest because of their enormous application potential,
e.g. as functional building blocks in molecular devices
and in information technology. In particular, fulgides are
attractive because of fully reversible photoisomerisation
reactions with high interconversion yields in combination
with thermal irreversibility and high photostability.1–10
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Fig. 1: a) Photoisomerisation reactions for the furylfulgide
MeF. Atom numbering is indicated for C-MeF. b) Structures
of the studied Z-isomers of fulgide derivatives MeF, iPrF, 7rF,
and MeBF.

Figure 1a shows the photochemical reactions between
the three isomers of compound MeF that has served as
starting point for the striking structural evolution lead-

∗Authors to whom correspondence should be addressed;renth@phc.
uni-kiel.de,temps@phc.uni-kiel.de

ing to the favourable photoswitching properties of mod-
ern fulgides.8,10–14 The desired photochromic behaviour
is based on the electrocyclic E → C ring closure of the
colourless, open E-isomer and the reverse C → E ring
opening of the coloured, closed C-isomer. The E → Z
isomerisation is an unwanted side reaction that competes
with the ring closure. Its potentially adverse effects on
the performance of fulgide-based functional devices are,
however, balanced by the reverse Z → E reaction, which
effectively restores optical bistability by avoiding photo-
chemical accumulation of the Z-isomer. This important
feature allows for high E → C conversion yields, e.g. the
photostationary state obtained by irradiation of E-MeF
at 365 nm contains 95% C-MeF.15

While considerable synthetic efforts over several
decades have demonstrated the potential of chemical
structure to control the photoswitching in fulgides, re-
cent comprehensive and systematic studies of the under-
lying photochromic reaction pathways have provided in-
sight into the basis for the observed changes. Extensive
work using ultrafast spectroscopy performed in our group
for fulgides with selected structural motifs10,16–20 (see
Fig. 1b) and quantum chemical calculations21–24 related
the trends in photochemical behaviour upon structural
variation to details of the underlying ultrafast photo-
induced dynamics. Based on the experimental results,
intramolecular bridging was introduced as a new struc-
tural motif to increase the quantum yields of the desired
ring closure and block the E → Z isomerisation.10,17–19

The improved properties of sterically constrained com-
pounds such as iPrF or the bridged new derivative 7rF
could be traced back to a favourable pre-orientation of
the furyl unit for the conrotatory ring closure that ac-
celerates the desired E → C reaction and enhances its
efficiency. The E → Z photoisomerisation is effectively
blocked by way of kinetic competition.
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Fig. 2: UV/VIS absorption spectra of the C-, E-, and Z-
isomers (red, blue and green lines) of MeF, iPr, 7rF, and
MeBF in n-hexane.

In contrast, the excited-state dynamics of the photo-
excited C-isomers is hardly affected by steric constraints,
but slowed down up to ≈ 25 times upon extension of the
π-electron system via benzannulation of the furyl moi-
ety (compound MeBF).20 Nevertheless, the ring opening
quantum yield of C-MeBF turns out to be higher than
for the other derivatives, suggesting distinctive reactive
and unreactive pathways that are affected selectively by
the electronic modification and involve excited-state en-
ergy barriers. Overall, the studies show that the ring
closure and opening reactions of fulgide molecules can be
tuned independently by intramolecular constraints and
extension of the furyl π-electron system.10

Much less is known about the Z → E reaction. The
only femtosecond time-resolved study so far showed an
excited-state lifetime of 220 fs for Z-MeF excited at
λpump = 387 nm. The results were interpreted in
favour of a barrierless excited-state pathway leading to
the electronic ground states of the E-isomer product
and Z-isomer reactant molecules via a conical intersec-
tion (CI).25 An apparent strongly damped oscillatory
behaviour was tentatively interpreted as vibrational co-
herence. A comprehensive interpretation was prevented,
however, by the limited spectral detection window and
temporal resolution. This prompted us to extend our
previous comparative studies of E- and C-fulgides with
selected structural motifs to the corresponding Z-isomers
(see Fig. 1b). As is evident from the UV/VIS absorption
spectra in Fig. 2, photoexcitation into the first absorption
bands should populate the same excited electronic states
in all four derivatives, allowing for direct comparison of
the resulting dynamics.

2. Experimental details

The syntheses of the four fulgides were published by
Strübe et al.17 The Z-isomers were isolated by col-

umn chromatography and recrystallisation in cyclohex-
ane/ethyl acetate. Purities (> 98%) were checked by thin
layer chromatography and by 1H-NMR spectroscopy.

The femtosecond time-resolved broadband transient
absorption measurements were done at room tempera-
ture using solutions of the Z-isomers in n-hexane (Uva-
sol, Merck) at an optical density of ≈ 0.3 in flow cells
with optical path lengths of d = 0.5 mm for MeF, iPrF,
and 7rF and d = 1 mm for MeBF. The experimental
setup based on a regeneratively amplified Ti:Sa laser sys-
tem (Clark CPA2001) has been described before.16,25 The
excitation pulses of 0.2 µJ at λpump = 350 nm came
from a frequency-doubled home-built noncollinear opti-
cal parametric amplifier (NOPA). Broadband supercon-
tinuum probe pulses between λprobe = 315 and 655 nm
were generated in CaF2 and split into signal and ref-
erence beams. Their polarisation relative to the pump
beam was set to the magic angle using a Berek variable
wave plate. The pump-probe temporal delay was scanned
with a computer-controlled linear translation stage in the
probe path. The width of the instrument response func-
tion (IRF) determined from the cross-phase modulation
(XPM) and stimulated Raman scattering (SRS) contri-
butions was≈ 40 fs (Gaussian standard deviation). XPM
was also used to perform the time-zero correction, both
XPM and SRS were subtracted from the data as de-
scribed before.16

3. Results

3.1. Two-dimensional transient absorption maps

For a qualitative overview and comparison of the
four fulgides, Fig. 3 shows the two-dimensional spectro-
temporal transient absorption maps following excitation
of the Z-fulgides at λpump = 350 nm for probe wave-
lengths between 315 nm ≤ λprobe ≤ 655 nm. All com-
pounds display a very similar, complex behaviour com-
prising several distinctive components and dynamic spec-
tral evolution. The strongly negative signals at probe
wavelengths between 315 and 400 nm mirroring the re-
spective absorption spectra (see Fig. 2 and top panels in
Fig. 3) reflect the bleaching of the ground state absorp-
tion (GSB) by photoexcitation of the Z-isomers. The
partial recovery of the ground state absorption (GSR)
completes between 10−30 ps. GSB and possible negative
contributions from stimulated emission (SE) are over-
layed by a large-amplitude positive excited-state absorp-
tion (ESA) which extends over the entire spectral range
and decays quickly within the first picosecond. In the
wavelength range between λprobe = 380−475 nm, an ad-
ditional delayed rise appears to occur after ≈ 300−400 fs.
This band narrows spectrally and shifts towards shorter
wavelengths with increasing delay time. The behaviour
and the position in the red wing of the longest-wavelength
ground state absorption band suggests hot ground-state
absorption (HGSA) from vibrationally excited E- and
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Fig. 3: Two-dimensional maps of the change in optical density ∆OD following excitation of the Z-fulgides at λpump = 350 nm
for delay times (cf. Ref. 26) between −0.25 ps ≤ ∆t ≤ 30 ps. Transient spectra at delay times ∆t = 30 ps and their fits by a
weighted sum of the static absorption spectra of the E- and Z-isomers are shown above the absorption maps.

Z-molecules returned to their electronic ground states as
possible cause. The spectro-temporal changes reflect the
vibrational cooling which is completed after ∆t ≈ 20 ps;
no significant further evolution is seen beyond that de-
lay time. The permanent absorption changes (PA) in the
transient spectra at ∆t = 30 ps depicted in the top panels
of Fig. 3 can be described by the difference of the static
E- and Z-isomer absorption spectra. No absorption re-
lated to formation of C-isomers could be detected.

3.2. Absorption-time profiles at fixed wavelengths

Further details of the photo-induced dynamics are re-
vealed by the transient absorption time profiles at fixed
probe wavelengths in Fig. 4 with photo-excited Z-MeF
as representative example. For probe wavelengths from
575 to 400 nm, both the reactant Z-MeF and the product

E-MeF do not show appreciable static UV/VIS absorp-
tion. Therefore GSB, its recovery (GSR), and permanent
absorption changes (PA) play no role. The behaviour is
dominated by the positive ESA that decays completely
within ≈ 1 ps. At probe wavelengths λprobe ≥ 475 nm,
the ESA does not rise in an IRF-limited fashion, but ap-
pears cropped close to its maximum, indicating a hidden
negative component most likely due to SE (see also ESI).
The profiles at λprobe < 475 nm do not seem affected
the same way, but display a shoulder in the decaying
part of the ESA that grows in intensity with decreasing
wavelength (cf. profile at λprobe = 420 nm). Its slower
decay within a few (up to ten) picoseconds and spectral
signature suggest HGSA, i.e. strongly red-shifted ground
state absorption of highly vibrationally excited E- and
Z-molecules returned to the electronic ground state that
undergo subsequent vibrational cooling as likely cause.
To a lesser extent, the underlying spectro-temporal shifts
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Fig. 4: Transient absorption time profiles following excitation
of Z-MeF at λpump = 350 nm. Open circles represent the
data points, black lines the overall fits.

of the longest-wavelength UV/VIS absorption bands also
show up in the time profiles from λprobe = 380 to 340
nm, which are increasingly affected by the strong initial
GSB, GSR and the permanent absorption changes due to
Z → E photoisomerisation. The profiles at the shortest
probe wavelengths (370 to 340 nm) display a steep IRF-
limited decay to negative transient absorption values fol-
lowed by an intermediate maximum due to ESA located
at ∆t ≈ 0.2 ps, i.e. slightly later than the corresponding
maximum at longer probe wavelengths. This is evidence
of a delayed rise of the positive ESA component in the
UV probe range that could be caused, e.g. by a fast initial
blue-shift of the underlying ESA band with maximum at
visible wavelengths as result of the photo-induced wave-
packet dynamics in the Franck-Condon region of the ex-
cited state. Finally, the slow rise of the absorption signals
beyond ∆t ≈ 0.75 ps is related to HGSA and the par-
tial recovery of the thermally equilibrated ground-state
absorption by vibrational cooling.

3.3. Non-linear least-squares fit

For a reliable quantitative analysis of the data, simul-
taneous non-linear least-squares fitting of multiple time
profiles at fixed probe wavelengths ∆ODλ(t) was per-
formed. A fit by weighted sums of exponential decays
convolved with the instrument response function (IRF)

gave no satisfactory results, in particular the fast rise
of the delayed contributions was not captured well (see
ESI). In addition, amplitude constraints or restriction
of components to specific wavelength ranges could not
be used to reduce the number of fit parameters and to
break up their correlations, since the underlying decay
associated difference spectra (DADS) are not related to
individual components such as ESA or HGSA.

Target analysis27 with species-associated components
was thus mandatory. The previous qualitative analysis
suggested a consecutive scheme,

Z
hν−→ Z∗ −→ {E#, Z#} −→ {E,Z}.

Starting with photo-excited Z∗ molecules in the Franck-
Condon (FC) region of the excited state, isomerisation
and internal conversion to the electronic ground state
yield vibrationally hot molecules in the electronic ground
state E# and Z#, which undergo vibrational cooling to
the thermally equilibrated isomers E and Z. The tar-
get model based on this scheme includes ESA and SE as
species-associated contributions by Z∗ molecules in the
excited state, HGSA by the vibrationally hot {E#, Z#}
ground state species, plus GSB, GSR and PA by ther-
mally equilibrated Z- and E-molecules.

As has been discussed by Briand et al. for the E →
Z-isomerisation of a dipolar N-alkylated indanylidene-
pyrroline (NAIP) photoswitch,28–30 the fit model has to
allow for the wave-packet nature of the molecules photo-
excited by the ultrashort laser pulse. This results in an
impulsive appearance of HGSA, GSR and the delayed
ESA in the UV region that cannot be described by sim-
ple exponential kinetics derived from rate equations. In
line with their approach,28–30 the delayed onset of these
components was described by time delays ∆t, and the
possibly slower rise was modelled by a Gaussian stan-
dard deviation σ slightly larger than the experimental
time resolution of σIRF = 40 fs. For GSB, SE, and
ESA at visible probe wavelengths, σIRF was kept un-
changed. The ESA decay and the HGSA time delay at
different wavelengths were described by single global fit
parameters τ1 and ∆tHGSA. The HGSA decays were de-
scribed by wavelength-dependent time constants τ2 and
τ3 to take into account fast initial spectral evolution and
slower vibrational cooling. GSR was modelled as delayed
exponential rise with the same time constant τ3. Finally,
weak damped HGSA oscillations similar as observed in
the NAIP case28 were described by a global oscillation
period TOSC and a global damping time τd. The number
of amplitude parameters was reduced by considering the
following points (see ESI for further details):

(i) The GSB amplitudes at different wavelengths are
related via the known static UV/VIS absorption spec-
trum of the Z-isomer and can be parametrized by the
concentration of photo-excited Z-molecules c∗.

(ii) Fitting the PA at long delays by a weighted sum of
the static E- and Z-isomer UV/VIS spectra (positive for
the E product, negative for the Z reactant, see top pan-
els of Fig. 3) yielded a weighting factor wZE that equals
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the product of the Z → E quantum yield φZE and c∗.
GSB can thus be expressed using φZE (instead of c∗) as
a single global parameter. For MeF and MeBF, the GSB
amplitude is fixed, since φZE = 0.11 is known.15,17

(iii) Since GSR is the difference between GSB and PA,
it is not an independent component. GSB, GSR and PA
occur only at wavelengths with non-zero static UV/VIS
absorption and are left out elsewhere. The amplitudes of
ESA and HGSA are strictly positive, SE is negative.

The excellent description of the complex time evolu-
tions for all four derivatives is seen in Fig. 5, where tran-
sient absorption time profiles representing the respective
spectral regions are displayed along with their nonlinear
least-squares fits and individual components. Table 1
collects the ESA decay times τ1, HGSA delays ∆tHGSA

and HGSA decay constants τ2 and τ3 (averaged for the
indicated probe wavelength ranges) as most relevant fit
parameters describing the temporal evolutions. The last
column lists the fitted oscillation periods TOSC.

Table 1: Fit results for the most important temporal param-
eters (2σ error limits in brackets unless otherwise indicated).

τ1/ps ∆tHGSA/ps τ2/psa,c τ3/psb,c TOSC/ps φd
ZE

MeF 0.18(1) 0.26(1) 0.18(3) 7.6(7) 0.54(2) 0.11
iPrF 0.26(1) 0.30(1) 0.21(5) 6.4(21) 0.45(2) 0.11(2)
7rF 0.26(1) 0.33(1) 0.29(3) 8.8(18) 0.52(2) 0.18(2)

MeBF 0.32(3) 0.33(1) 0.33(2) 6.4(12) 0.56(2) 0.11

aAveraged from λprobe = 420 − 475 nm.
bAveraged from λprobe = 360 − 420 nm.
cError limits by mean absolute deviation from average.
dSet fixed to the static quantum yields for MeF and MeBF.15,17

Regarding the results, several remarks are in order:
(i) The steep initial IRF-limited decay and fast sub-

sequent rise at UV probe wavelengths in the profiles at
λprobe = 360 nm result from a slightly delayed and slower
than IRF-limited rise of the ESA characterized by fit pa-
rameters ∆tESA = 0.05−0.1 ps and σESA = 0.06−0.1 ps.
In line with a rapid blue-shift of the ESA, ∆tESA and
σESA are largest at the shortest probe wavelengths.

(ii) The SE decay times increase to τSE = 0.1−0.13 ps
at longer wavelengths. Fitting without SE deteriorates
the data description and requires unphysical values of
σIRF > 0.1 ps (see ESI).

(iii) HGSA can be seen even at probe wavelengths up to
λprobe ≈ 475 nm, corresponding to red-shift of the ground
state absorption by ≈ 70 nm. The related HGSA decay
time τ2 is of the same order as τ1. The slower HGSA
decay component τ3 is present only at λprobe ≤ 420 nm.
HGSA at ≈ 360 nm contains contributions of E- and
Z-isomers. Its behaviour reflects the differences in the
position, intensity and spectral shifts of the respective
ground-state absorption bands of the studied derivatives.

(iv) The PA, GSR and GSB amplitudes in the global
fits depend on the isomerisation quantum yields φZE
as only parameter. For MeF and MeBF, the quantum
yields are known,15,17 so that there is no free fit pa-
rameter. In these cases, additional fits treating φZE

deliberately as free parameter allow to confirm the va-
lidity of the approach. This gave φZE(MeF) = 0.11(2)
and φZE(MeBF) = 0.11(2) in good agreement with
literature.15,17 Therefore, the fitted values of φZE for iPrF
and 7rF, where no static values are available to compare
with, should also be qualitatively correct. Both are in
the expected range considering known quantum yields
for fulgide derivatives with alkyl substituents at the C4

position.8,15,17 A slightly (≈ 15◦) smaller dihedral an-
gle at the C4=C5 double bond due to the intramolecular
bridge18 might be the reason for the moderately higher
quantum yield in case of Z-7rF.

(v) Eventually, the weak oscillations present in the red
and blue wing of the ground state absorption band show
reversed signs. However, except for Z-MeF (the molecule
with the shortest ESA decay time), the significance of
this component is low due to weak amplitudes, rapid
damping and high parameter correlation.

4. Discussion

4.1. Observed ultrafast dynamics

The spectro-temporal absorption maps and transient
decay curves in the previous section provide detailed
information on the photo-induced dynamics of the Z-
isomers of the fulgide derivatives MeF, iPrF, 7rF, and
MeBF. In spite of their different chemical structures, the
behaviour of all four Z-fulgides is very similar. In partic-
ular, ESA indicates an extremely fast excited-state de-
cay, which is followed by an impulsive rise of HGSA that
evidences the wave-packet character of the molecular dy-
namics. The experimental results agree well with the
observed behaviour in our previous study of Z-MeF with
excitation at λpump = 387 nm in the red wing of the
first absorption band,25 where however the data were
described by a single-exponential ESA decay superim-
posed with an low-frequency oscillation. At that time,
an interpretation as excited-state vibrational coherence
involving a low-frequency torsional motion of the furyl
unit seemed reasonable, given that a similar oscillatory
behaviour had been observed and interpreted in the same
way in time-resolved studies of other E → Z photoiso-
merisation reactions.31,32

The present comparative study of four different Z-
furylfulgides with a probe wavelength range extending
≈ 100 nm further into the UV and an improved tempo-
ral resolution suggests, however, that the seemingly os-
cillatory feature rather arises from the delayed impulsive
HGSA rise. The present data analysis is in line with the
model used for the Z → E isomerisation of biomimetic
dipolar NAIP photoswitches, which isomerise directly
via a conical intersection (CI) between the photo-excited
state and the electronic ground state and show clear sig-
natures of wave-packet dynamics including a prominent
vibrational coherence in the electronic ground state.28–30
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Fig. 5: Transient absorption traces at selected probe wavelengths following excitation of Z-forms of MeF, iPrF, MeBF and 7rF
at λpump = 350 nm. Open circles represent the data points, black lines the overall fits, coloured lines the contributions of ESA
(red), HGSA (green), SE (blue), and ground state absorption (gray). Weak oscillatory components are sketched as orange line.

4.2. Photoisomerisation pathways

The short excited-state lifetimes (τ1 = 0.18− 0.32 ps)
and the impulsive rise of HGSA provide strong evidence
that the Z → E photoisomerisation reaction of all four
Z-fulgides is a direct process that proceeds on a barrier-
less excited-state pathway with steep downhill potential
energy gradients. The apparent fast spectral blue-shift
of the ESA at UV probe wavelengths and the character-
istics of the hidden SE band at longer probe wavelengths
obtained through the quantitative data analysis corrobo-
rate this picture. In line with the general picture of ultra-
fast photo-induced reactions,33,34 an efficient photochem-
ical funnel for rapid internal conversion to the electronic
ground state is presumably provided by a CI. As in other

ultrafast Z → E photoisomerisation reactions,28,29,33–35

the relevant reaction coordinate is most likely a torsional
motion corresponding to a change in the dihedral angle
formed by the C4=C5 double bond and the adjacent car-
bon atoms, with the CI located halfway at about 90◦.
Furthermore, a significant part of the structural rear-
rangements happen after return to the electronic ground
state. Rather than the excited-state lifetime, the time
taken for the full development of the HGSA that ranges
from ≈ 0.4 ps for MeF to ≈ 0.5 ps for MeBF should thus
be interpreted as isomerisation time. This has previously
been discussed the same way for the case of the photo-
excited NAIP switches, where an isomerisation time of
0.38 ps was found.28,29

Figure 6 illustrates the scenario, where the ultrashort
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Fig. 6: Sketch of the potential energy hypersurfaces illustrat-
ing the Z → E photoisomerisation reaction (see text).

pump pulse creates a wavepacket in the FC region of the
excited state (Z∗ molecules) initially, followed by a fast
and directed motion towards the CI, where internal con-
version to the electronic ground state takes place. This
yields vibrationally hot E# and Z# molecules that sub-
sequently undergo vibrational cooling on a much slower
time scale. Since the UV/VIS absorption spectra of both
isomers are fairly similar, the corresponding HGSA decay
cannot be assigned to the individual isomers, however,
HGSA of Z-isomers should be dominant considering the
low isomerisation quantum yield.

The scenario is further supported by recent state-
averaged CASSCF/CASPT2 calculations for photo-
excited Z-MeF, where converged S1-S0 CI structures
could be obtained.24 The distinctive feature of the CI
structures is a twist along the C4=C5 double bond cor-
responding to a dihedral angle of 90◦ in line with the
scenario suggested above. The proposed direct photoiso-
merisation of Z-fulgides differs from the accepted model
for the E → Z photoisomerisation of unpolar polyenes
including hexatriene (HT) via an optically dark interme-
diate state,36–45 but is in line with the suggested situation
for biomimetic dipolar NAIP photoswitches, where the
photo-excited state is zwitterionic.28–30 A similar char-
acter of the optically excited state of Z-fulgides seems
plausible in analogy to the E-fulgides, for which the ap-
plicability of HT as model system has been questioned
recently, too.16,19,21,22,46 The impulsive delayed rise of
HGSA indicates that the excited-state wave packet pre-
pared by the ultrashort excitation pulse persists even af-
ter passage through the CI. The dynamics directly after
return to the electronic ground state is reflected by the
fast initial spectral shifts of the HGSA band for probe
wavelengths λprobe ≥ 420 nm. The corresponding val-
ues τ2 ≈ τ1 are consistent with fast wave packet motion
along a steep gradient in the vicinity of the CI. Finally,
the signatures of a ground-state vibrational coherence are
less pronounced for the Z-fulgides compared to the NAIP
photoswitches, but the obvious accordance in the other
aspects lends the data analysis some credibility.

4.3. Effects of structural modifications

Previous experimental and theoretical studies of the se-
lected fulgide derivatives were able to relate the observed
significant changes in the photoswitching behaviour of
the respective E- and C-isomers to details of the ul-
trafast photo-induced dynamics affected by steric con-
straints at the central HT unit, intramolecular bridg-
ing, or by extension of the π-electron system of the furyl
unit.10,16,19–24 However, the only apparent effect of the
structural modifications for the photo-excited Z-fulgides
is a moderate slowing of the excited-state dynamics, with
time constants ranging from τ1 = 0.18 ps for Z-MeF to
τ1 = 0.32 ps for Z-MeBF. The very similar results for all
four photo-excited Z-isomers indicate that the underly-
ing Z → E photoisomerisation mechanism remains unal-
tered by the structural changes. This is plausible, since
torsion about the C4=C5 double bond, the relevant re-
action coordinate for the Z → E isomerisation,33 is not
sterically hindered considering the equilibrium (X-ray)
structures of the Z-isomers.17,47 Further, the Z → E
isomerisation is not likely to be affected by the equilib-
ria between the Zα and Zβ conformers of the studied
derivatives either.16 Even benzannulation does not seem
to induce significant changes of the excited-state poten-
tial energy hypersurfaces governing the Z → E photo-
isomerisation. Rather, the observed moderate increase
of the isomerisation times for the larger Z-fulgides, in
particular Z-MeBF, is likely to be caused by the larger
size of the momenta and increased solvent friction consid-
ering that torsion about the C4=C5 double bond requires
a large-amplitude motion.

5. Conclusions

In conclusion, we have performed a comparative fem-
tosecond time-resolved transient absorption study of the
photo-induced dynamics of four structurally modified Z-
fulgides in n-hexane after excitation at λpump = 350 nm.
The detailed picture provided by the present results indi-
cates that the photoisomerisation of Z-fulgides is a fast
and direct process along barrierless excited-state path-
ways with lifetimes ranging from τ1 = 0.18 ps for Z-MeF
to τ1 = 0.32 ps in the case of Z-MeBF. The deactiva-
tion/isomerisation to the electronic ground states of the
Z- and E-isomers proceeds via a CI and results in an im-
pulsive appearance of HGSA. This shows that the wave
packet initially prepared by the ultrashort laser pulse
in the Franck-Condon region of the photo-excited state
survives passage into the electronic ground state. Fur-
thermore, the results provide qualitative evidence for a
quickly dephasing vibrational coherence in the electronic
ground state. In contrast to the significant changes ob-
served for the corresponding E- and C-isomers,17,19,20

the excited-state dynamics of the Z-isomers is affected
only little by steric hindrance at the central HT unit,
intramolecular bridging, or by extending the π-electron
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system via benzannulation of the furyl ring. The photo-
isomerisation of Z-fulgides thus appears as an extremely
fast and robust photoreaction that prevents accumu-
lation of the unwanted Z-isomers and ensures optical
bistability of fulgide photoswitches irrespective of struc-
tural modifications, with significant importance regard-
ing chemical tuning for improved applications.
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20 R. Siewertsen, F. Strübe, J. Mattay, F. Renth and
F. Temps, Phys. Chem. Chem. Phys., 2011, 13, 15699–
15707.
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nizzo, M. Chergui, V. Zanirato, M. Olivucci, J. Helbing
and S. Haacke, Phys. Chem. Chem. Phys., 2010, 12, 3178–
3187.
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