
Photochemistry

Wavelength Selective Photocontrol of Hybrid Azobenzene-
Spiropyran Photoswitches with Overlapping Chromophores

Torben Saßmannshausen+, Anne Kunz+, Nils Oberhof+, Friederike Schneider,
Chavdar Slavov, Andreas Dreuw,* Josef Wachtveitl,* and Hermann A. Wegner*

Angewandte
ChemieResearch Articles
www.angewandte.org

How to cite: Angew. Chem. Int. Ed. 2024, 63, e202314112
doi.org/10.1002/anie.202314112

Angew. Chem. Int. Ed. 2024, 63, e202314112 (1 of 9) © 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

Angewandte
Chemie

http://orcid.org/0000-0001-7260-6018
https://doi.org/10.1002/anie.202314112
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fanie.202314112&domain=pdf&date_stamp=2023-12-20


Abstract: Compounds with multiple photoswitching
units are appealing for complex photochemical control
of molecular materials and nanostructures. Herein, we
synthesized novel meta- and para- connected (related to
the nitrogen of the indoline) azobenzene-spiropyran
dyads, in which the central benzene unit is shared by
both switches. We investigated their photochemistry
using static and time-resolved transient absorption
spectroscopy as well as quantum chemical calculations.
In the meta-compound, the individual components are
photochemically decoupled due to the meta-pattern. In
the para-compound the spiro-connectivity leads to a
bifunctional photoswitchable system with a red-shifted
absorption. The azobenzene and the spiropyran can thus
be addressed and switched independently by light of
appropriate wavelength. Through the different connec-
tivity patterns two different orthogonally photoswitch-
able systems have been obtained which are promising
candidates for complex applications of light control.

Introduction

Building on the individual properties of monomeric photo-
switches, multiphotochromic compounds consisting of two or
more photoswitches offer new attractive possibilities for
wavelength-selective applications in nanotechnology,[1–3] re-
newable energy utilization,[4,5] data storage and
modification.[6] Meanwhile, the development of such molec-
ular composite systems with new emergent functionalities
poses challenges to synthesis, spectroscopy and theory. In
general, it is not clear a priori what the ideal way is to

covalently link photoswitches to achieve the desired wave-
length-dependent functionality. In fact, the isomerization
dynamics of the individual subunits of linked azobenzenes
(ABs) and thus their multifunctional switching behavior
strongly depends on their specific connectivity pattern.[7–10]

While meta-bis-AB shows a similar absorption spectrum,
dynamics and only slightly reduced quantum efficiency
compared to the monomeric AB, para-bis-AB has a strongly
red-shifted absorption band, strongly altered dynamics and a
lower quantum efficiency. From these findings the so-called
”meta-rule” was derived, according to which the individual
photoswitches are decoupled in the meta connectivity
pattern.[11,12] However, due to symmetry and resulting spectral
overlap, selective excitation of the individual AB units has
not yet been achieved.[9]

In some works, this addressability issue has been targeted
by orthogonally accessible hybrid dimers, like for instance the
connection of an AB with a Stenhouse adduct or spiropyran
(SP) via a linker (Figure 1).[13–16] Additionally, Wilson et al.
achieved orthogonal switching of a SP and a diarylethene
within a metal–organic framework.[17] In such hybrid systems
the constituent moieties possess sufficiently large spectral
separation allowing for individual excitation. At the same
time, hybrid systems often possess expanded spectral cover-
age. Ideally, they show enriched physicochemical properties,
such as higher information or energy density. However, these
properties usually come at the expense of more complex
photophysics and photochemistry, since combining two
photoswitches often opens new photochemical pathways, like
energy, electron or proton transfer not present in the
individual monomers. Along these lines, we designed two
new hybrid AB-SP dyads in which an AB moiety is directly
connected to the indoline moiety of SP, either at the meta- or
para-position relative to the SP-nitrogen (Figure 1). Thus, the
two moieties of the hybrid switch share the indoline ring
resulting in a highly compact and atom-efficient structure.
One major issue of such covalently bound hetero dyads is the
electronic communication between the subunits leading to
additional unfavorable photochemistry. We addressed this
challenge by applying the meta-rule, for the first time, to a
meta-hybrid dyad. Thereby, we aim at achieving orthogonal
switching in this system. Another crucial and often limiting
aspect for the application of photoswitches is their UV
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Figure 1. Comparison of the azobenzene – spiropyran dyad used by
Kinashi et al.[16] and the condensed system in this study.
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absorption leading to photodegradation and photodamage.
Hence, we exploit the red-shifting effect of para-connectivity
still obtaining an orthogonally photoswitchable system con-
sisting of AB and SP. Herein (E)-AB can be independently
switched to (Z)-AB and SP to its merocyanine (MC) form.

Results and Discussion

Synthesis

To access the desired AB-SP derivatives 10, 11, 16 & 17, two
different synthetic routes (Route 1 & Route 2, Scheme 1)
depending on the meta or para substitution pattern of the AB
moiety were developed. To obtain meta-AB-SP (10 & 11), a
synthesis route was selected building up the AB first and
establishing the SP unit in a second step. An alternative
synthesis strategy starting from SP directly did not provide
the desired product. First, meta-iodo-aniline (1) was subjected
to diazotation, followed by reduction to its corresponding
hydrazine derivative. A Fischer indole synthesis provided
iodo-indolenine 2 in 22% yield over three steps.[18] Iodo-
indolenine 2 and Boc-phenyl-hydrazine 5,which was obtained
by Cu(I)-catalyzed coupling of tert-butyl carbazate 4 with
iodobenzene (3), were coupled using the Pd(OAc)2/P(t-Bu)3
catalyst system to the corresponding arylhydrazidobenzene 6.
This reaction is advantageous since it can also be applied to
synthesize various other N-(tert-
butoxycarbonyl)phenylhydrazide derivatives, opening a con-
venient access to substituted AB-SPs in general.[19–21] The
resulting hydrazide 6 was oxidized to indolenine-AB 7 with
NBS/pyridine.[22,23] Here, prior attempts with MnO2 as well as
CuI did not result in the desired AB 7. After methylation of
indolenine-AB 7 and subsequent formation of a Fischer-base-
AB intermediate, condensation with salicylaldehyde 8 leads
to the formation of unsubstituted meta-(E)-AB-SP 10. Initial

switching experiments revealed a very low half-life of the MC
form of 10. To increase the half-life, the corresponding nitro-
derivatives have been synthesized. The NO2-meta-(E)-AB-SP
11 could be obtained from nitro-substituted salicylaldehyde 9
in an analogous way.

For the para-connectivity of AB and SP, unsubstituted as
well as nitro-substituted SPs 13 and 14 were synthesized by
condensation of Fisher base 12 with the respective salicylalde-
hydes 8 or 9.[24] With 13 and 14 in hand, electrophilic aromatic
substitution with diazonium salt 15 provided para-(E)-AB-SP
16 as well as its nitro-substituted analogue 17. In both cases,
purification was very challenging due to the opening of the
SP moiety to the MC form, which affected the yield of the
final compounds drastically.

Spectral properties of para-(E)-AB-SP

In agreement with previous findings for unsubstituted para-
bis-AB the para-(E)-AB-SP 17 shows a strongly red-shifted
absorption spectrum,[9] which is dominated by the typical ππ*
absorption peak of AB red-shifted to 385 nm compared to
unsubstituted AB. The red-shift is due to the electron
donating effect of the indoline ring (Figure 2 A). The
unsubstituted AB and SP were used as a monomeric model
system. According to our theoretical calculations on 17 as
well as the individual monomers, (5-indonlinyl)-AB (para-
indole-AB) and SP, reveal the SP and the AB to be
decoupled within 17. The low-energy transitions are strictly
located either on the AB or the SP part. (Figure 3, Table 1).
The spiroatom separates the typical AB excited states from
those of SP.

Excitation with light of 405 nm wavelength allows for
exclusive conversion of the (E)-AB unit, which can be seen in
the corresponding photostationary state PSS405 with no
characteristic MC band. The presence of a pronounced

Scheme 1. Synthesis of AB-SP derivatives 10, 11, 16 & 17.
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absorption at 450 nm (nπ* state of (Z)-AB), however,
indicates that in PSS405 predominantly the para–(Z)-AB-SP
derivative of 17 is formed. (Figure 2 B). The detachment/
attachment densities of the excited state corresponding to the
transition at 405 nm is in fact mostly due to the ππ*
absorption of the (E)-AB moiety (Figure 3). The thermal
half-life of the (Z)-isomer is relatively short with 6 min at

10 °C. Thus, the exact composition of PSS405 cannot be
determined by NMR.

The para-(E)-AB-SP to para-(Z)-AB-MC conversion
shows an excitation wavelength dependence. After initial E!
Z isomerization, wavelengths close to 350 and 435 nm
promote the Z!E back reaction. Continuous irradiation with
light of 375 nm leads to the photostationary state PSS375,
which compared to the initial spectrum shows additional
absorption around 450 nm and the typical MC absorption
above 550 nm, indicating the switching of both moieties and
formation of para-(Z)-AB-MC (Fig.s. 2 B/D).

Individual switching of the SP moiety to MC by excitation
at 350 nm is not possible due to the spectral overlap and the
higher extinction coefficient of the AB moiety. However, 17
exhibits a distinct UV band around 265 nm (Fig.s. 2 B/D),
which can be assigned to an excited state localized at the SP
part (Figure 3 S5). Indeed, the corresponding photostationary
state PSS265 shows a dominant MC contribution, while the
intensity of the typical ππ* band of the (E)-AB part decreases
only slightly, indicating that para-(E)-AB-MC is predomi-
nantly formed by individually switching the SP moiety to MC
leaving (E)-AB mostly untouched. However, para-(E)-AB-
MC has a high thermal relaxation rate with a half-life of only
100 s at 10 °C in acetonitrile returning back to para-(E)-AB-
SP.

Ultrafast dynamics of para-(E)-AB-SP

According to the analysis of the different photostationary
states, transient absorption (TA) experiments on para-(E)-
AB-SP 17 with 400 nm excitation wavelength address the
ultrafast dynamics initiated at the (E)-AB unit, i.e. the
individual switching of (E)-AB to (Z)-AB within 17 (Fig-
ure 4 A). The ground state bleach (GSB) signal is observed
between 360 and 400 nm and is present over the complete
observation time. Up to about 4 ps, two excited state
absorption (ESA) bands are visible between 420–660 nm and
below 350 nm, respectively. The long-lived positive signal

Figure 2. A & C: Normalized UV/Vis absorption spectra (A) and
calculated absorption spectra (C) of the two monomers in dark (AB)
and light (SP) grey, para-(E)-AB-SP in purple and para-indole-AB in
black (only C). B: Photostationary states (PSS) at 405, 375 and 265 nm
after continuous illumination at 10 °C. D: Calculated absorption spectra
of all four isomers of 17. Calculated absorption spectra were computed
at CAM-B3LYP/6-311G* D3(BJ) PCM(MeCN) level of theory.

Figure 3. Detachment/Attachment (red/blue) densities of the relevant
electronic transitions of para-(E)-AB-SP 17 calculated at CAM-B3LYP/6-
311G* D3(BJ) PCM(MeCN) level of theory and depicted with an
isovalue of 0.002. S3 omitted due to nitro group localization and zero
oscillator strength.

Table 1: Localization, character of transition, and central wavelengths
of the lowest peaks in the absorption spectra of para-(E)-AB-SP and, for
comparison, also of the para-(Z)-AB-SP and para-(E)-AB-MC isomers
accessed via irradiation in the corresponding photostationary states.

Band Transition λ/nm

Para-(E)-AB–SP
E-AB (S1) nπ* 430
E-AB (S2) ππ* 385
SP (S4, chromene) ππ* 350
SP (S5, chromene/indoline) ππ* 265

para-(Z)-AB–SP
Z-AB nπ* 435
Z-AB ππ* 350

para-(E)-AB–MC
MC ππ* 585
MC ππ* 405
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below 350 nm is associated with the formation of para-(Z)-
AB-SP.

To determine the kinetics and to identify transient
species, the transient absorption data can be accurately fitted
with four monoexponential functions (Figure 4 B). While the
shortest lifetime of 0.1 ps is related to the S2!S1 relaxation
located at the (E)-AB moiety, the second time constant of
1.1 ps corresponds to the return to the electronic ground state
S0, since the GSB and the two ESA signals decay. The cooling
of the hot ground state is described by the third lifetime of
6.8 ps. The infinite lifetime on the timescale of the experiment
corresponds to the (Z)-AB photoproduct, since the decay
associated spectrum (DAS) reflects its absorption spectrum
as well as the remaining GSB (385 nm). This behavior is
complementary to the ultrafast dynamics of the AB monomer
(see SI, Figure 3).

TA measurements on para-(E)-AB-SP 17 with excitation
pulses of 365 nm display very similar dynamics. The GSB and
the two ESA signals show analogous temporal behavior.
However, a small positive signal around 450 nm rises during
the first few picoseconds and can be associated with para-(E)-
AB-MC triplet formation.[25] The DAS of the first two (1.0 ps
and 6.2 ps) and the infinite lifetime show common spectral
features to the 400 nm excitation. But, a satisfactory descrip-
tion of the data requires an additional, longer lifetime
component of 130 ps to account for the decay of the positive
signal around 400–500 nm, which can be assigned to the decay
of the triplet state of MC (Figure 4 D).

Additionally, we excited para-(E)-AB-SP 17 with 340 nm
light, i.e., on the high-energy side of the ππ* band located at
the (E)-AB moiety. The transient spectra show enhanced MC
dynamics on the 100 ps timescale as well as the 150 ps as seen
in the corresponding DAS (SI, Fig.s. 3 & 4). Most likely, one
main absorption band located on the SP unit is present at
around 340 nm, which is very similar to the band in isolated
SP. This indicates, that the electronic properties of SP are not
as strongly altered in 17 compared to those of the significantly
red-shifted AB unit. This is confirmed by theoretical calcu-
lations which determine this SP transition to be located on
the chromene part of SP unit and therefore to be decoupled
from the AB unit by the spiro atom (Figure 3 S4).

TA experiments with 265 nm excitation reveal, that the
SP!MC reaction is further enhanced (Figure 4 E), but still
shows AB dynamics due to energy transfer from the SP to
the AB moiety. The initial broad ESA signal also stretches
from 430–680 nm, but the intensity distribution is shifted to
higher wavelengths. The GSB and ESA signals are similar to
the preceding experiments. After 10 ps, the unique MC signal
around 550 nm becomes visible and persists beyond the
experimentally accessible time window (>2 ns). To confirm
common SP!MC dynamics upon 365 nm and 265 nm
excitation, both corresponding datasets were combined and
analyzed together. The analysis results in an accurate fit for
both datasets with pronounced SP!MC dynamics in the
265 nm experiment and a conserved AB dynamic. The
detailed inspection of the corresponding lifetimes and DAS
reveals also new spectral features (Figure 4 F). The maximum
of the DAS of the 1.0 ps lifetime component is shifted by
50 nm compared to the previous experiments with longer
excitation wavelengths and has a similar position as the
second DAS of the SP monomer (SI, Figure 2). For 17, this
DAS reflects a mixture of typical AB and MC ESA decay
and the corresponding GSB recovery. The hot ground state
of the AB moiety, and the formation of the triplet state[25] of
para-(Z)-AB-MC are reflected in the 6.2 ps component. It
additionally shows the formation of an- MC species above
560 nm. The third lifetime of 130 ps and the latter process
describes the biexponential formation of the MC product.
The infinity spectrum reflects an MC isomer absorbing
around 580 nm and indicates (E)-AB!(Z)-AB photoisomeri-
zation through the remaining large GSB at 375 nm. (Figure 4
F).

Figure 4. Transient absorption spectra of para-(E)-AB-SP after excitation
with 400 nm (A), 365 nm (C) and 265 nm (E) light and the
corresponding DAS (B, D and F). For A, C and E positive signals
indicate product absorption (PA) or excited state absorption (ESA).
The negative signals refer to ground state bleach (GSB) or stimulated
emission (SE). In B, D and F, the positive components describe a
rising negative or a decaying positive signal. The negative component
depicts a decaying negative or a rising positive signal.
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Spectral properties of meta-(E)-AB-SP

Similar to the unsubstituted meta-bis-AB, which consists of
two electronically uncoupled AB units, the spectrum of meta-
(E)-AB-SP 11 comes very close to the sum of the spectra of
the individual AB and SP monomers (Figure 5 A).[9] The ππ*
band of the (E)-AB moiety can be clearly identified at
325 nm, while its nπ* band is hidden under a tail around
400 nm (Table 2). The latter can be identified in the

calculated absorption spectrum as an additional transition,
characterized as charge transfer (CT) state (Figure 5 C, Fig-
ure 6 S2). It corresponds to an electronic excitation from the
indoline π-system into the π*-orbital localized at the azo unit
(Figure 6 S2). A contribution to the absorption spectrum of
meta-(E)-AB-SP originating from the SP unit appears as a
small bathochromic shoulder of the main band around 350–
375 nm. The weaker intensity of the peaks originating from
the SP moiety is due to the threefold lower extinction
coefficient of SP compared to (E)-AB. Overall, our quantum
chemical calculations on meta-(E)-AB-SP 11 and the individ-
ual constituents, (6-indolinyl)-AB (meta-indole-AB) and SP,
qualitatively agree with the experimental findings even
though vibrational effects and explicit solvent interations are
not included. They confirm the spectral overlap between the
ππ* state of (6-indolinyl)-AB and the lowest excited state of
SP located at the chromene unit (Figure 5 C). Most impor-
tantly, the calculations show the conservation of spectral
features of the photoswitches upon individual switching of
the other unit (Figure 5 D). The detachment/attachment
densities highlight the electronic separation of both moieties.
The first three transitions here are located on the AB unit
while the next transition is localized on the chromene of SP,
being decoupled by the spiroatom (Figure 6). These theoret-
ical findings predict orthogonal switching behavior of the AB
and SP moieties within 11 and suggest the meta-rule, initially
derived for bis-AB, to be transferable to hybrid AB-SP
systems. Accordingly, irradiation of meta-(E)-AB-SP with
420 nm light excites the CT and nπ* states located at the (E)-
AB moiety. Analysis of the resulting photostationary state
(PSS420; Figure 5 B, solid line) shows exclusive composition
of meta-(E)-AB-SP and meta-(Z)-AB-SP, and no character-

Figure 5. Normalized UV/Vis absorption spectra (A) and calculated
spectra (C) respectively of the two monomers in dark (AB) and light
grey (SP), meta-(E)-AB-SP in orange and meta-indole-AB in black (only
C). PSS at different excitation wavelengths (solid, dashed and dotted
lines) at 20 °C (B) and the calculated spectra of all relevant isomers of
11 (D). Calculated absorption spectra were computed at CAM-B3LYP/
6-311G* D3(BJ) PCM(MeCN) level of theory.

Table 2: Band positions, orbital characters, and central wavelengths of
meta-(E)-AB-SP and, for comparison, also of the meta-(Z)-AB-SP and
meta-(E)-AB-MC isomers accessed via irradiation in the corresponding
photostationary states.

Band Transition λ/nm

meta-(E)-AB-SP
(E)-AB (S1) nπ* 430
(E)-AB (S2) CT 400
(E)-AB (S3) ππ* 325
SP (S5, chromene) ππ* 340
SP (S6, chromene/indoline) ππ* 265

meta-(Z)-AB-SP
(Z)-AB nπ* 435
(Z)-AB ππ* 350

meta-(E)-AB-MC
MC ππ* 565
MC ππ* 395

Figure 6. Detachment/attachment (red/blue) densities of the important
transitions of meta-(E)-AB-SP 11 calculated at CAM-B3LYP/6-311G*
D3(BJ) PCM(MeCN) level of theory and depicted with an isovalue of
0.002. S3 omitted due to nitro group localization and zero oscillator
strength.
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istic MC band at 560 nm being present. Meta–(Z)-AB-SP has
a thermal relaxation half-life of several hours, which allowed
us to perform an 1H NMR experiment on PSS420 resulting in
56% meta-(Z)-AB-SP and 44% meta-(E)-AB-SP (SI, Fig.s.
6–8). The photoconversion ratio of these isomers is limited by
their strongly overlapping nπ* bands at the AB unit above
400 nm leading to their nearly 1 :1 mixture in PSS420.

The highest level of (E)!(Z) conversion accompanied of
SP!MC conversion was achieved upon continuous illumina-
tion with 385 nm light in PSS385 (Figure 5 B, dashed line). In
contrast the largest MC concentration with simultaneous
(E)!(Z) conversion was obtained by irradiation with 365 nm
light (SI, Figure 9). This is due to significant spectral overlap
at 365 nm between the ππ* states located at the (Z)- and (E)-
AB parts (Table 2) preventing significant accumulation of the
(Z)-isomer.

Similar to 17, our calculations indicate that the 265 nm
band belongs to an electronic transition of 11, which is
located at its SP moiety (Figure 6 S6). Thus, irradiation at
265 nm (Figure 5 B, dotted line) avoids direct excitation of
the (E)-AB part and subsequent (E)!(Z) photoconversion.
This leads to predominant formation of meta-(E)-AB-MC
without observable change in the bands associated with the
(E)-AB unit in the photostationary state PSS265. However,
MC has a moderate thermal relaxation rate with a half-life of
τ1/2�100 s at 20 °C, which limits the accumulation of meta-
(E)-AB-MC.

Ultrafast dynamics of meta-(E)-AB-SP

Transient absorption spectroscopy on meta-(E)-AB-SP 11
after 430 nm excitation yields a spectrum (Figure 7 A) with a
broad (370–600 nm) ESA signal, which lasts until 3.9 ps
resembling (E)-AB dynamics (see SI Figure 3). Due to its low
extinction coefficient, the GSB signal at 430 nm originating
from the nπ* state at the (E)-AB part of 11 is not resolved
(SI, Material and Methods). For analysis, the data was
accurately fitted with only two exponential decay functions
(Figure 7 B) of which the second, dominant lifetime (3.9 ps)
describes the decay of the ESA related to the AB moiety.
Compared to the parent AB compound[9] (see SI Figure 3),
the AB integrated in this hybrid dimer shows a prolonged
excited state lifetime. Since the GSB signal originating from
the ππ* excitation of the AB part lies outside the detected
spectral range, the infinite spectrum is flat (see SI, Material
and Methods).

Excitation with 340 nm light (Figure 7 C), yields a similar
ESA signal, also lasting up to 4 ps. Overall the ESA
contribution is broadened to 650 nm, and at later timescales
an additional positive absorption signal around 550 nm is
visible consistent with SP!MC photoconversion. Below
350 nm, the GSB is apparent and partially compensated by
the overlapping ESA signal. After 10 ps, when the ESA has
decayed, the GSB signature spectrally broadens to match the
corresponding ground state absorption spectrum of meta-(E)-
AB-SP. This TA experiment thus reveals excited state
dynamics of both photochromic units initiated by 340 nm
excitation (Figure 7 D).

To disentangle the excited-state dynamics, we fitted the
two datasets (after 340 nm and after 430 nm excitation)
together. The 3.9 ps lifetime, obtained in the analysis of the
430 nm experiments, which accounts for meta-(E)-AB-SP!
meta-(Z)-AB-SP switching, was fixed in the joint analysis.
Thus, the remaining lifetime components and their DAS
should exclusively describe the underlying SP!MC dynam-
ics.

The 1.3 ps lifetime of 11 shows an ESA signal above
420 nm which is related to the MC triplet decay. Similar to
the SP monomer, the corresponding DAS shows a positive
contribution below 350 nm, which describes the decay of a
second ESA contribution of the MC band (SI, Figure 2). This
component is only weakly visible in the experimental data
due to the significant overlap of this ESA with the GSB of
AB.

Figure 7. Transient absorption spectra of meta-(E)-AB-SP on the left
and the corresponding DAS on the right side. The color code is as in
Figure 3. For A, C and E positive signals indicate product absorption
(PA) or excited state absorption (ESA). The negative signals refer to
ground state bleach (GSB) or stimulated emission (SE). In B, D and F,
the positive components describe a rising negative or a decaying
positive signal. The negative component depicts a decaying negative or
a rising positive signal.
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The negative TA signal between 360 and 420 nm (Fig-
ure 7 C) after 10 ps is also found in the monomer (SI,
Figure 2) and accounts for the recovery of the GSB of meta-
(E)-AB-SP. The fourth lifetime component (30 ps) is spec-
trally similar to the 30 ps component in the monomer (SI,
Figure 2) and describes GSB recovery of meta-(E)-AB-SP at
350 nm, while the positive feature around 450 nm describes
the decay of the meta-(E)-AB-MC triplet state.[25] Following
the analysis of Holm et al.,[25] the fourth (30 ps) and fifth
(370 ps) components describe the biexponential formation of
a similar MC triplet isomer absorbing at 550 nm. The infinite
lifetime eventually depicts the absorption of the SP!MC
switching at 550 nm[25] and the (E)!(Z) conversion at
325 nm. The analysis of the 265 nm experiment (Figure 7 E)
is analogous. However, as expected from the PSS-analysis,
the features of the SP!MC dynamics is significantly more
pronounced. Notably, (E)-AB dynamics are still detectable in
the transient absorption data, indicating that a completely
independent excitation of the SP moiety between 260–280 nm
is not feasible. This effect is strongly pronounced in the TA
data due to low extinction coefficient of SP relative to AB.
The behavior can also be derived from the deattachment/
attachment densities (Figure 6 S6) since they are distributed
over the whole SP moiety. For the PSS265 (Figure 5), a
(Z)!(E) back reaction takes place, which prevents accumu-
lation of the (Z)-isomer. This indicates the largely independ-
ent excitation of both subunits and thus, yielding an
uncoupled system where the AB and SP moieties undergo
independent dynamics after excitation.

Conclusion

The understanding of multifunctional molecular systems like
the presented hybrid photochromic compounds 11 and 17 are
an important step towards the building of versatile, control-
lable multifunctional nanostructures and materials. These two
novel hybrids presented here consist of an AB and a SP
covalently linked in a meta- or para-configuration. The
presence of multiple photoswitches within one molecule
yields complex interactions and possibly intertwined photo-
dynamics. Photochromic homodyads are relatively well
studied but typically lack selective addressability of the
individual parts. This possibility is generally offered by hybrid
dimers.

The absorption spectrum of para-(E)-AB-SP is red shifted
by 60 nm. Our experiments and the theoretical calculations
reveal the important transitions for SP are located on the
chromene moiety. Thus, the spiro-connection electronically
decouples the latter transition from the AB unit and hence
this SP transition is not strongly influenced by para
substitution. While the different isomers para-(E)-AB-SP,
para-(Z)-AB-SP and para-(Z)-AB-MC are easily accessible
by irradiation with light of appropriate wavelength, para-(E)-
AB-MC is not exclusively accessible due to concomitant
(E)!(Z) switching of the AB unit.

As expected, meta-connectivity further promotes the
electronic decoupling of the two photoswitchable subunits,
which can be addressed individually in steady state experi-

ments. An additional charge-transfer transition from the
indoline moiety to the π* orbital of the AB enables individual
excitation of the (E)-AB unit in 11 and meta-(E)-AB-SP!
meta-(Z)-AB-SP switching. However, meta-(E)-AB-SP!
meta-(E)-AB-MC switching is again accompanied by some
(E)!(Z) switching due to energy transfer from the SP to the
AB moiety in 11. While meta-AB-SP 11 is a promising
orthogonally switchable bifunctional molecular system, the
red-shift due to para-substitution in para-AB-SP 17 allows for
improved addressability still yielding a decoupled system.

In summary, the detailed photophysical analysis of AB-
SP hybrid photochromic dyads provides a deep understanding
of the underlying switching and quenching mechanisms and
gives design guidelines central to the development of complex
photoswitchable molecular structures.
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