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ABSTRACT: The light-induced N=N double bond isomerization of azoarenes lies at the heart of numerous applications rang-
ing from catalysis, energy storage, or drug release to optogenetics and photopharmacology. While efficient switching between 
their E and Z states has predominantly relied on direct UV light excitation, a recent study by Klajn and co-workers introduced 
visible light sensitization of E azoarenes and subsequent isomerization as a tool coined disequilibration by sensitization under 
confinement (DESC) to obtain high yields of the out-of-equilibrium Z isomer. This host-guest approach is, however, still con-
strained to small, minimally substituted azoarenes with limited applicability and functionality in advanced multicomponent 
molecular systems. Herein, we expand the DESC concept to steer the supramolecular assembly of surfactants at the air-water 
interface. Leveraging our expertise with photoswitchable arylazopyrazole amphiphiles, we induce substantial alterations of 
the surface tension and surface excess of water through their reversible E-Z isomerization. After studying the binding of pos-
itively and negatively charged surfactants to the host, we find that the extent of surface activity differences upon visible light 
irradiation for both isomer states is comparable to those observed for direct UV light excitation. The method is demonstrated 
on large range of concentrations (from µM to mM) and can be equally activated using green or red light, depending on the 
sensitizer chosen. The straightforward implementation of visible light photoswitch sensitization in a complex molecular net-
work showcases how DESC enables the improvement of existing light-responsive systems and allows for the development of 
novel applications driven exclusively with visible light. 

INTRODUCTION 

Derivatives of azobenzene enable the use of light as a non-
invasive stimulus to control the properties of matter on var-
ious length scales.1–3 Among many other applications, pho-
toswitches based on the N=N double bond motif hold signif-
icant promise in energy storage technologies,4,5 provide 
possibilities to steer the target affinity of drug molecules,6,7 
or allow to control catalyst activity.8–11 Beyond that, 
azoarenes enable light control for the assembly of nano-
sized building blocks into one- (e.g., supramolecular poly-
mers),12–16 two- (e.g., interfaces),17–19 or three-dimensional 
(e.g., micro- or nanoparticle assemblies) matter.20,21 

In all cases, the underlying concept relies on the activation 
of the E azo double bond into its Z form,22 which is associ-
ated with significant changes of the molecule’s shape and 
dipole moment. Due to the overlap of both isomers’ nπ* 
bands, activating the photoswitch by specifically irradiating 
the E isomer is commonly limited to UV light (ca. 350 nm) 
excitation of its ππ* band.23,24 This requirement of high-en-
ergy radiation represents a significant limitation of azoben-
zene’s applicability, especially for its embedment in real-
world, for example biological, environments. Existing strat-
egies to circumvent this problem aim to decorate azoben-
zene’s aromatic core with selected substituents that result 

in spectral separation of E and Z’s nπ* bands and hence al-
low to specifically address the thermodynamically stable E 
state using visible light.25–28 Such molecule designs are con-
nected with significant synthetic effort and, more im-
portantly, change the identity of the photoswitch which af-
fects its function within a given system.  

Recently, Klajn and co-workers presented a strategy that al-
lows for the activation of small molecule azoarenes without 
the necessity of their synthetic modification.29 By confining 
the E photoswitches with a visible light absorbing photo-
sensitizer as heterodimers within a nanopore30 (for the mo-
lecular components, see Fig. 1A), isomerization with ener-
gies corresponding to green, yellow, orange, or red light 
could be achieved through an energy transfer process.31–33 
Crucially, the Z isomer of the applied switches is sterically 
more demanding and hence does not form analogous heter-
odimers with the respective sensitizers, preventing Z-to-E 
isomerization and accordingly resulting in its accumulation. 
This strategy, termed disequilibration by sensitization un-
der confinement (DESC), if applicable beyond the proof-of-
concept scope of small molecule photoswitches, represents 
a fundamentally new strategy to control complex molecular 
systems using light of desired wavelength. However, while 
the structural flexibility of H generally allows for the 
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confinement of azoarenes with diverse aryl substituents, 
existing reports are limited to the encapsulation of small-
molecule photoswitches without inherent system func-
tion.29,34–37 

Our team has recently investigated photoresponsive surfac-
tants and their impact on the surface tension of water.38,39 
Our studies expanded upon previous reports on charged40–

46 or non-charged47 amphiphilic azobenzene derivative as-
semblies at air-water interfaces with significant differences 
in surface activity for both isomers. In general terms, this 
concept enables the integration of two different surfactants 
(E and Z), each with inherent surface properties, within one 
molecular design and the reversible switching between 
both states. We focused on surfactants based on the aryla-
zopyrazole (AAP) moiety,48 which was initially introduced 
by Fuchter et al.49 and exhibits superior photophysical 
properties over conventional azobenzene derivatives, in-
cluding higher photostationary states obtainable or more 
pronounced differences in dipole moment between both 
isomers. We specifically investigated the UV light induced 
isomerization of an anionic AAP surfactant and the con-
nected structural organization of both isomer species at the 
air-water interface. Upon irradiation, significant physico-
chemical surface property changes are detected and can be 
connected to an unexpected monolayer-to-bilayer transi-
tion. Compared to other existing photoswitchable anionic 
surfactants, the applied amphiphile demonstrated superior 
performance in view of the substantial yet reversible sur-
face tension changes (Δγ = 27 mNm−1).39 

We envisioned that such systems incorporating charged 
AAP surfactants (such as positively charged POS and nega-
tively charged NEG, Fig. 2A) could be controlled using visi-
ble light when employing DESC. Specifically, we expected 
that the green or red light induced E-to-Z transformation 
would directly affect the probability of presence of the re-
spective chemical species at the air-water interface and 
hence modulate the surface tension of water (Fig. 1B). We 
employ green (G) and red (R) light absorbing sensitizers in 
combination with the palladium-based, water soluble coor-
dination cage H, whose ability to encapsulate photoswitch-
able azobenzenes35, AAPs36, and azobispyrazoles29 in the 
form of homodimers has previously been reported. Subse-
quent irradiation with green or red light addresses the sen-
sitizer·E-surfactant heterodimers and is expected to drive 
the system away from equilibrium50–52 while increasing the 
surface tension; a process, that is reversible by direct exci-
tation of the accumulated Z isomer.  

RESULTS AND DISCUSSION 

Surfactant encapsulation 

We initiated the study with the positively charged AAP de-
rivative POS (Fig. 2A), which was dissolved in D2O and ti-
trated with host H. Homodimeric binding of photorespon-
sive AAP-based surfactants bearing two substituents of sub-
stantial lengths at opposite sides of the chromophore would 
result in a pseudorotaxane-type53 structure with two thread 
units complexed by a single ring. Despite its positive charge 
and the resulting Coulombic repulsion with H, the signifi-
cant shifts of POS’s proton signals qualitatively confirmed 

the formation of the (E-POS)2⊂H complex (Fig. 2B, see Fig. 
S16 for the stoichiometric binding analysis). Diffusion-or-
dered spectroscopy revealed identical diffusion coefficients 
for both species, confirming quantitative association (Fig. 
S11). Comprehensive structural characterization using var-
ious 2D NMR techniques facilitated quantitative peak as-
signment and provided a detailed understanding of the so-
lution binding mode (Fig. S12−15). We found that signals 
corresponding to POS‘s aromatic core and n-butyl substitu-
ent (red in Fig. 2A+B) were significantly upfield shifted as a 
result of electron shielding. The benzene protons experi-
enced a shift by Δδ = −1.25 ppm and −0.85 ppm (from 7.34 
ppm and 6.82 ppm for POS in CDCl3 to 6.09 ppm and 5.97 
ppm in (E-POS)2⊂H). The same was found for the para-CH2-
substituent (Δδ = −0.59 ppm). In contrast to that, protons of 
the trimethylammonium linker at the pyrazole unit experi-
enced a significant deshielding effect (blue in Fig. 2A+B), re-
sulting in a downfield shift. Exemplarily, pyrazole’s meth-
ylene substituent and the methylene group adjacent to the 
NMe3 group were shifted by +0.19 ppm and +0.24 ppm 
(from 3.97 ppm and 3.49 ppm to 3.97 ppm and 3.25 ppm, 
respectively). This underscores the binding site of H being 
specifically the aromatic and hydrophobic end of the surfac-
tant in an effort to maximize the distance to the positively 

Figure 1. (A) Molecular components of the applied system: 
host H containing six Pd[tmeda]2+ nodes and four 1,3,5-
tri(1H-imidazol-1-yl)benzene ligands, photoswitchable 
AAP surfactant (here: NEG, for molecular structures of POS 
and NEG, see Fig. 2A), and photosensitizers G and R. (B) 
Scheme: Tuning the surface tension of water by applying 
light-addressable surfactants. 
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charged head group. We applied isothermal titration calo-
rimetry (ITC) to quantify the binding energy of E-POS to H 
(Ka = 2.06∙104 M-1, in a 1:1 binding model, see SI Chapter 5 
for details), which, due to its positive charge, was found to 
be significantly lower than for previously reported 
guests.54,55 The binding process is still driven by enthalpy, 
as the encapsulation of the surfactants into H’s cavity is an 
exothermic process (ΔH = −22.64 kJmol-1) that is connected 
with a decrease in disorder (ΔS = −4.91 Jmol-1K-1). 

Converting E-POS to Z-POS by UV light irradiation (365 nm) 
was not hindered by the presence of H (Fig. S17). After 
isomerization, a downfield shift of signals corresponding to 
hydrophobic protons (red) and an upfield shift of hydro-
philic proton signals (blue) was observed. This aligns with 
the lower binding energy of the Z isomer to H, which is a 
crucial prerequisite for DESC (see below). The process was 
reversible by irradiation with green light (515 nm). 

Analogous binding studies were performed for the nega-
tively charged surfactant NEG. While equally forming ho-
modimeric complexes, in-depth analysis of the (E-NEG)2⊂H 
complex revealed binding of H to the hydrophilic (blue) end 
of the molecule (Fig. S18−21). This is suggested by electron 
shielding effects observed specifically for NEG’s sulfonate 
linker and follows expected Coulombic attraction. The bind-
ing strength of the negatively charged surfactant to H was 
confirmed to be significantly higher (Ka = 5.06∙106 M-1) than 
for POS. While showing analogous parameter trends, the 
enthalpic and entropic effects are much more distinct for 
NEG, as the encapsulation process is connected with a 
highly exothermic reaction (ΔH = −400.38 kJmol-1) 

combined with a significant decrease in disorder (ΔS = 
−1225.38 Jmol-1K-1).  

Heterodimer formation and green light DESC 

To specifically address the amphiphiles’ E isomers with vis-
ible light, we studied their ability to form sensitizer·surfac-
tant heterodimers within H. We synthesized homodimer 
complex (G)2⊂H bearing the green light absorbing BODIPY 
derivative G. To its aqueous (20 µM) solution, we added ali-
quots of (E-NEG)2⊂H. As followed by UV-vis spectroscopy, 
and in analogy to the behavior described previously for the 
small-molecule AAP-Me29, significant formation of the het-
erodimer species (E-NEG·G)⊂H was apparent based on the 
decrease of (G)2⊂H’s characteristic absorption at 480 nm 
and the simultaneous formation of a new band centered at 
509 nm corresponding to the heterodimer complex (Fig. 
2C).56 We found NEG’s tendency of heterodimer formation 
to be similar to AAP-Me. In contrast, the heterodimer for-
mation of POS with G observed on UV-vis spectroscopy was 
significantly lower, correlating with its low host association 
at low micromolar concentration (Fig. 2D). 

Following the reaction scheme depicted in Fig. 3A, irradiat-
ing a solution containing the heterodimer (E-NEG·G)⊂H 
with green light close to its absorption maximum (λexc = 515 
nm) resulted in a fast accumulation of Z-NEG (Fig. 3B). The 
observed reaction kinetics were analogous to those of pre-
viously reported AAP-Me (Fig. S26), indicating an analo-
gous mode of action in place. The isomerization of the sur-
factant could be reversed by irradiation with blue light (434 
nm), with no fatigue observed over ten cycles of green and 
blue light irradiation (Fig. 3C). Gradually decreasing the 

Figure 2. (A) Molecular structure of surfactants POS and NEG. (B) Top: 1H NMR spectrum of H in D2O (400 MHz, 298 K). 
Center: 1H NMR spectrum of (E-POS)2⊂H in D2O (400 MHz, 330 K). Bottom: 1H NMR spectrum of POS in D2O (400 MHz, 298 
K). Hydrophobic protons of POS (red) experience an upfield shift, while hydrophilic protons (blue) shift downfield. (C) 
Changes in the UV-vis absorption spectra of an aqueous solution of (G)2⊂H upon titration with (E-NEG)2⊂H. (D) Changes in 
the UV-vis absorption spectra of an aqueous solution of (G)2⊂H upon titration with (E-POS)2⊂H.  
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ratio of G with respect to NEG down to 5 mol% extended the 
reaction time ca. fivefold. Importantly, however, it did not 
affect the (near-)quantitative formation of Z-NEG, again 
proving the process to be significantly quicker than the 
competing Z-to-E isomerization induced by the same pho-
ton energy (Fig. 3D+E). During these experiments, H was 
present in stoichiometric amounts (one host per two 
guests). Surfactant disequilibration with green light was 
also possible using substoichiometric ratios of the host, as 
aqueous solutions of NEG could readily be isomerized to the 
E state upon addition of (G)2⊂H. For low sensitizer/surfac-
tant ratios (10 mol% and lower), however, we found the 
photostationary state to contain increasing amounts of E-
NEG due to a deceleration of the reaction kinetics for the 
sensitized reaction pathway (Fig. S29). 

We also studied the DESC mechanism at higher concentra-
tions (4 mM) applying 1H NMR spectroscopy. Under other-
wise equal conditions, near-quantitative formation of NEG’s 
Z isomer was observed within <5 min of green light irradia-
tion in presence of as little as 2 mol% of G (Fig. S30). The 
resulting NMR spectrum aligned with the spectrum of Z-
NEG within H obtained upon direct excitation with UV light 
in absence of photosensitizer. 

Irradiation of (E-POS)2⊂H in presence of G analogously re-
sulted in the formation of Z-POS. 1H NMR spectroscopy 
showed quantitative formation of the Z isomer within <5 
min (5 mol% of G; Fig. S33). At low micromolar concentra-
tion, however, due to the significantly lower probability of 
POS to be associated to H, the reaction kinetics were slower 
by 1-2 orders of magnitude in comparison to NEG (Fig. 3F). 
These slow turnover numbers resulted in a non-quantita-
tive formation of the Z isomer due to the increasing impact 
of the green light-induced direct Z-to-E isomerization of the 
surfactant on the resulting photostationary state. This was 
especially relevant at low photosensitizer loadings, which 
further decelerated the sensitization pathway. 

Surface tension control with green light 

To study whether the surface tension of water could be re-
versibly tuned by visible light using DESC, we turned to ten-
siometric measurements (see SI chapter 6 for details). Ini-
tially, we applied the pendant drop method to study the im-
pact of H on the surface activity of the surfactants. We found 
that the amphiphilic behavior of E-POS (0.5 mM) was barely 
affected by the presence of H: The surfactant (cE-POS = 2.0 
mM, cH = 1.0 mM) still shows a high surface activity (γ = 54.5 
mNm−1 vs. 53.5 mNm−1 for E-POS only) and is significantly 
reducing the surface tension of water (Fig. S40A). In a pur-
suing experiment, we confirmed that an aqueous solution of 
H shows no relevant surface activity (γ = ~72 mNm−1; Fig. 
S40B).  

We continued to apply the pendant drop method (Fig. 4A) 
in presence of sensitizer G. We measured the surface ten-
sion of E-POS under DESC conditions (for all tensiometric 
measurements, we applied 50 mol% of H and 10 mol% of 
G) incl. constant green light irradiation as a function of time. 
Initially, the pendant drop was formed under ambient con-
ditions and an initial surface tension of 64 mNm-1 was de-
tected. Under subsequent irradiation with green light, the 

size of the drop shrank, indicating increasing surface ten-
sion, until a plateau was reached at ~71 mNm-1, corre-
sponding to little to no surface activity for POS in the result-
ing photostationary state (Fig. 4B). Including the equilibra-
tion time for the changing surface tension, the plateau area 
(marking the end of the isomerization process) was reached 
within approximately 150 s, which corresponds well with 
the time span for the depletion of E-POS observed in UV-vis 
experiments discussed above which were conducted under 
analogous conditions. 

Subsequently, an in-depth analysis on the equilibrium sur-
face tension for POS under DESC conditions as a function of 

Figure 3. (A) Scheme: Isomerization of NEG by DESC. (B) 
Absorption spectrum of a 1:1 mixture of (G)2⊂H and (E-
NEG)2⊂H and subsequent changes in the spectra accompa-
nying irradiation with 515 nm green light. (C) Ten cycles of 
photoisomerization of NEG by green (515 nm, 30 s) and blue 
(435 nm, 30 s) light irradiation. The plot follows the absorb-
ance at 340 nm (for E-NEG) and 509 nm (for (E-NEG·G)⊂H). 
(D) Absorption spectrum of a 1:20 mixture of (G)2⊂H and 
(E-NEG)2⊂H and subsequent changes in the spectra accom-
panying irradiation with 515 nm green light. (E) Graph fol-
lowing the E-to-Z isomerization of NEG enabled by G upon 
515 nm irradiation in different relative ratios. The absorb-
ance values were normalized from 1 (at t0) to 0 (PSS), except 
for the 0% dataset (for which Abs0 ≈ AbsPSS). (F) Absorption 
spectrum of a 1:1 mixture of (G)2⊂H and (E-POS)2⊂H and 
subsequent changes in the spectra accompanying irradia-
tion with 515 nm green light.  
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its bulk concentration was performed (Fig. 4C). The thermo-
dynamically stable E isomer was treated under ambi-
ent/dark conditions (black squares), while constant irradi-
ation with 520 nm led to the corresponding photoproduct 
(green circles). For concentrations lower than 10 mM, the 
equilibrium surface tension of the air–water interface is 
systematically lower for POS in its E state compared to its Z 
configuration. Starting from 7 mM, a plateau in surface ten-
sion is observed for the E isomer with no significant changes 
in surface tension beyond this concentration, indicating sat-
uration of the air-water interface with the amphiphile. 
Hence, no further surface excess change is observed and a 
process of increased bulk aggregation (micelle formation) 
can be expected. The difference in surface tension under 
ambient and dark conditions is attributed to the different 
surface activity for both POS isomers with varying corre-
sponding equilibrium constants for ad- and desorption to 
and from the air-water interface. As expected, the tensi-
ometric measurements allowed to conclude a higher rela-
tive surface activity of the corresponding E isomer in com-
parison to the Z state. In agreement with our previous 
work,39 the Z configuration displays less amphiphilic (and 
thereby less surface active) behavior than the thermody-
namically stable E isomer. The change in surface tension 
(Δγ) under applied conditions upon photoisomerization 
was measured to be as high as 13 mNm-1 (at 7 mM). The 
presence of host H and sensitizer G have hence little to no 
impact on the observed effect of POS on water’s surface ten-
sion in both isomeric states.  

To further investigate the visible light responsiveness of the 
air-water interface and reversibility of the isomerization 
process induced by DESC, we applied blue light (445 nm) to 
a pendant drop previously disequilibrated by green light to 
reverse the reaction and increase POS’s surface activity. 
During four cycles of photoisomerization for POS (c = 0.5 
mM, chosen due to the relatively large Δγ in combination 
with a low concentration), a fast increase in the surface ten-
sion was observed for the E-to-Z transition induced by 
green light, followed by the subsequent, slightly slower de-
crease in surface tension upon blue light irradiation caused 
by the transition from the disequilibrated Z to the thermo-
dynamically stable E state (Fig. 4D). A notable decline of 
measured surface tension values irrespective of the irradia-
tion is explained by evaporation of water, which is cor-
rected by the instrument but still results in an increasing 
concentration of the surfactant in the observed drop. Con-
trol experiments in absence of sensitizer G or host H 
showed no light induced change in the measured surface 
tension under alternating irradiation with blue (445 nm) 
and green (520 nm) light (Fig. S38). Equally, irradiating 
aqueous solutions of H or (G)2⊂H alone did not show anal-
ogous effects (Fig. S40B+C). 

Surface tension control with red light 

To test the generality of our visible light surface tension 
switching approach, we turned to the red light absorbing 
phenoxazine-based dye resazurin (R). In analogy to the ap-
proaches summarized above, heterodimers (E-NEG·R)⊂H 
and (E-POS·R)⊂H were prepared by mixing the respective 
surfactant homodimers with (R)2⊂H. Analogous to sensi-
tizer G, we found only little heterodimer formation with 

POS at low concentration (Fig. S25B), while the formation 
of the E-NEG·R dimer could be followed by the increasing 
absorption band at ~630 nm (Fig. 5A). Subsequent irradia-
tion of the solutions with red light induced the formation of 
the surfactant’s Z isomers. Following the process for NEG 
using UV-vis spectroscopy allowed to observe the parallel 
decrease of the characteristic E-NEG and (E-NEG·G)⊂H spe-
cies and the increase of concentration for Z-NEG and 
(R)2⊂H (Fig. 5B). 1H NMR spectroscopy confirmed the suc-
cessful photoisomerization. The process was reversible us-
ing blue light, but the absence of a green light absorbing sen-
sitizer also allowed to steer the back reaction using green 
(515 nm) light. The ratio of R to NEG was lowered incre-
mentally to 10 mol%, at which point the reaction was still 
performing well (Fig. 5C). In view of no back-reaction being 
induced by red light, further reduction of the sensitizer load 
was possible but resulted in long equilibration times mak-
ing the process unattractive for most purposes. These re-
sults aligned well with findings by Klajn and co-workers of 
suboptimal sensitization of AAPs by the red-light absorbing 
sensitizer R, arguably connected with a disadvantageous 
match of triplet energies.29 Here, azobenzene-based surfac-
tants are expected to show significantly faster equilibration. 
Analogous results were found for the sensitized isomeriza-
tion of POS, with again significantly longer equilibration 
times due to lower levels of formation of the active 

Figure 4. (A) Photograph of the hanging water drop for ten-
siometric measurements. The green dashed line and arrows 
schematically illustrate the contraction of the drop due to 
increased surface tension upon green light sensitized E-to-
Z isomerization of the AAP surfactants. (B) Surface tension 
measurement of an aqueous solution containing 0.5 mM 
POS, 0.25 mM H, and 0.05 mM G under green light (515 nm) 
irradiation. (C) Equilibrium surface tension values of POS in 
the E (black squares) and Z state (green circles) in depend-
ence of concentration. (D) Four cycles of photoisomeriza-
tion of POS by alternating green (515 nm) and blue (435 
nm) light irradiation. The plot follows the surface tension 
with time. The decline of measured values correlates with 
the evaporation of water during the experiment. 

https://doi.org/10.26434/chemrxiv-2024-8twph ORCID: https://orcid.org/0000-0003-2202-7485 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0

https://doi.org/10.26434/chemrxiv-2024-8twph
https://orcid.org/0000-0003-2202-7485
https://creativecommons.org/licenses/by-nc/4.0/


 

heterodimer species (Fig. S36). We pursued tensiometric 
measurements analyzing to which degree POS remains sur-
face active under red light sensitized conditions and inves-
tigated dynamic changes at the air-water interface. In view 
of long equilibration times connected with unfavorable ef-
fects on the data quality (especially water evaporation) for 
low molar ratios of R to POS, we increased the sensitizer 
load (for all tensiometric measurements with red light sen-
sitization we applied 50 mol% of H and 50 mol% of R). The 
responsiveness of adsorbed POS molecules at the air-water 
interface was investigated in four cycles of photoisomeriza-
tion for 0.5 mM POS applying alternating green and red light 
(Fig. 5D). Despite the higher catalyst loading, irradiation 
with red light still resulted in a significantly slower increase 
in surface tension for E-to-Z transitions than for the green 
light sensitized process discussed above. A significant 
change between both states of Δγ ≈ 10 mNm-1 could readily 
be detected. Subsequently, a fast decrease in surface tension 
upon green light irradiation caused by the transition from 
the disequilibrated Z to the thermodynamically stable E 
state resulted in system equilibration. The solvent evapora-
tion induced decrease of observed surface tension values 
was analogous to the green light experiment. 

CONCLUSIONS 

In summary, we studied the implementation of disequili-
bration by sensitization under confinement (DESC) of AAP-
based amphiphiles to modulate the surface tension of wa-
ter. For a positively (POS) and a negatively (NEG) charged 
surfactant, we initially studied binding to host H and their 
ability to form sensitizer·surfactant heterodimers within 
the macrocycle. Homodimer formation (POS)2⊂H and 
(NEG)2⊂H in aqueous solution was observed, wherein the 
surfactants retained their light responsiveness, including 
significant changes in surface tension observed for their E 
or Z states, respectively. After formation of heterodimers 
with green light absorbing BODIPY derivative G, both sur-
factants were reversibly isomerized using green (515 nm) 
light for the E-to-Z isomerization and blue light (435 nm) for 
the reverse process. This sensitized disequilibration was 
possible both in presence of stoichiometric or sub-stoichio-
metric amounts of the sensitizer G or, with restrictions, host 
H. No fatigue for the sensitizer or surfactant was observed 
for at least ten cycles of switching under the applied condi-
tions. The tensiometric measurements showed that the dif-
ference in surface tension is attributed to the different sur-
face activity of E- and Z-POS while the presence of H and G 
have no effect on POS’s surface activity while still enabling 
dynamic changes of the air-water interface by using visible 
light excitation. Subsequently, we applied the red light (635 
nm) absorbing phenoxazine-based dye R to enable reversi-
ble switching between the inactive/low surface tension 
state and the active/high surface tension state using red and 
green light, respectively.  

This study marks the first implementation of DESC beyond 
the small molecule proof-of-concept level. Despite concur-
rent (e.g., surfactant assemblies and micelle formation) or 
even counteracting (e.g., green light induced Z-to-E isomer-
ization of AAPs) processes, the host-sensitizer combina-
tion’s binding selectivity for E amphiphiles enables a (near-
)quantitative surfactant disequilibration. In the realm of 

stimuli-responsive soft matter, the ability to activate multi-
component molecular systems with a selectable wavelength 
(dependent on sensitizer) promises transformative impli-
cations. While demonstrated for assemblies at the air-water 
interface in the present work, we expect the concept to be 
equally implementable for other platforms such as hydro-
gels, solid-water interfaces, or biologically relevant envi-
ronments. 
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