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ABSTRACT: Molecular chaperones are proteins that assist the (un)folding and (dis)assembly of other macromolecular structures 

towards their biologically functional state in a non-covalent manner. Transferring this concept from nature to artificial self-assembly 

processes, here we show a new strategy to control supramolecular polymerization via a chaperone-like two-component system. A 

new kinetic trapping method was developed which enables efficient retardation of the spontaneous self-assembly of a squaraine dye 

monomer. The suppression of supramolecular polymerization could be regulated with a cofactor which precisely initiates self-

assembly. The presented system was investigated and characterized by UV/vis, FTIR and NMR spectroscopy, atomic force 

microscopy (AFM), isothermal titration calorimetry (ITC) and single crystal X-ray diffraction. With these results living 

supramolecular polymerization and block copolymer fabrication could be realized, demonstrating a new possibility for effective 

control over supramolecular polymerization processes. 

Introduction 

Taking inspiration from nature’s sophisticated 

macromolecular entities, many supramolecular materials1 

ranging from artificial molecular machines2 to supramolecular 

polymers3-5 have been synthesized in the last years. In this 

regard, supramolecular polymers have emerged as promising 

new materials with interesting mechanical or functional 

properties6,7 since the first introduction of the term by Lehn and 

co-workers in 1990.8 Remarkable control over supramolecular 

polymerization was achieved by gaining deep insights into the 

thermodynamics and kinetics of such processes.9-12 By 

understanding the pathway complexity of supramolecular 

architectures,13 (seeded) living supramolecular polymerization 

could be achieved.14-16 Here, an essential milestone was the 

generation of kinetically trapped species e.q. through 

intramolecular hydrogen bonding,14-16 photoisomerization,17 

solvent processing,18,19 or a combination of several 

techniques.20,21 In order to initiate supramolecular 

polymerization in such kinetically trapped systems, aggregate 

seeds,22-24 molecular initiators14 or external stimuli have been 

used. With this groundwork, the synthesis of supramolecular 

block copolymers could also be achieved most recently.25-28 

Herein, we introduce a new kinetic trapping strategy, i.e. a 

new method to suppress spontaneous nucleation of monomers 

inspired by the sophisticated supramolecular systems found in 

nature where complex self-assembly processes are assisted by 

molecular chaperones. Molecular chaperones non-covalently 

support the folding and assembly processes of other 

macromolecular systems to reach their functionally active 

conformation, the so-called native state.29 They are not present 

in the final structure and don’t provide the sterical information 

for correct folding or assembly of the proteins. In general, their 

modus operandi is based on the inhibition of unproductive 

protein interactions, in doing so they facilitate the formation of 

functional assemblies.30 Properties of that kind are not only 

restricted to proteins,31 chaperone-like activity was also 

discovered in small organic molecules, so called 

pharmacological32 and chemical chaperones.33 

In this article, the idea of an artificial chaperone was 

transferred from protein assembly to the self-assembly of 

synthetic supramolecular polymers. The idea to control 

supramolecular self-assembly processes by chaperone-like 

molecules has been discussed in literature for several years.10,11 

A few examples where supramolecular polymerization is 

mediated by additives are known,34 but often the resulting 

supramolecular assemblies are co-aggregates,35,36 whereas 

molecular chaperones are neither part of nor dictate the final 

supramolecular structure. Chiral organic cages have shown 

promise as chirality inducing catalysts for supramolecular 

polymerization.37 

Here, the goal was to develop an artificial two-component 

chaperone system to control the supramolecular polymerization 

process of a synthetic squaraine dye building block. Following 

this idea, the squaraine dye monomers are kinetically trapped 

through complexation with an artificial molecular chaperone 

(Figure 1, red arrow) and thereby disabled from spontaneous 

polymerization. For this purpose a tetralactam macrocycle was 

employed, a compound class which is known in literature for its 
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use as rotaxane-wheel for many squaraine dyes.38 Control over 

supramolecular polymerization can now be achieved by the 

removal of the macrocycle by addition of an initiator 

(decomplexation, orange arrow). In this regard, suitable 

cofactors with a high binding affinity to tetralactam 

macrocycles are diketopiperazines.39 The squaraine dye 

monomers are set free again and able to form supramolecular 

polymers via π−π-stacking (light blue) and hydrogen bonding 

(dark blue) interactions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. a) Schematic energy landscape of a supramolecular 

polymerization. 1.) Through complexation with a molecular 

chaperone analogue (red) the dye monomers are kinetically trapped 

and spontaneous supramolecular polymerization is inhibited. 2.) 

Removal of the molecular chaperone analogue through addition of 

a better binding guest molecule (orange). 3.) The free monomers 

self-assemble via π−π-interactions (light blue) and hydrogen 

bonding (dark blue) into supramolecular polymers. b) Chemical 

structures of squaraines SQ1 and SQ2, tetralactam macrocycle 

MC1 and 1,4-dodecyl-2,5-piperazindione PD. 

Results and Discussion 

Synthesis and Self-Assembly of SQ1. The synthetic 

approach towards squaraine dye SQ1, tetralactam macrocycle 

MC1 and 1,4-dodecyl-2,5-piperazindione PD is shown in 

Scheme S1 including detailed synthetic procedures and 

characterization of all new compounds. For the self-assembly 

studies of SQ1 by UV/vis spectroscopy, all samples were firstly 

dissolved in 1,1,2,2-tetrachloroethane (TCE) and then diluted 

with methylcyclohexane (MCH) in a solvent ratio of MCH:TCE 

(99:1, v/v). The highly non-polar environment supports the self-

assembly by stronger intermolecular interactions.40 For SQ1, at 

298 K a transformation (Figure 2b) from a metastable, kinetic 

aggregate species (SQ1-Agg1, max = 560 nm) into a 

thermodynamic aggregate SQ1-Agg2 was observed (max = 

661 nm). Further understanding of the self-assembly 

mechanism and structure of SQ1-Agg1 were hindered by the 

instability of said species, since the transformation into SQ1-

Agg2 started without lag time. To shed light on the aggregation 

behaviour of SQ1-Agg2, detailed analysis by temperature- and 

concentration-dependent UV/vis spectroscopy was performed. 

The data from several temperature-dependent UV/vis 

measurements from 293 K to 363 K of SQ1-Agg2 in 

MCH:TCE (99:1, v/v) at different total concentrations (cT) from 

7.5 × 10–6 M to 15 × 10–6 M, was fitted with the nucleation-

elongation model (Figure S3, for details see SI).41 The 

calculated results for the elongation temperature TE and the 

enthalpy release ΔHE upon elongation are summarized in Figure 

S1c. By van’t Hoff analysis (Figure S3d) a standard enthalpy of 

∆H° = −67.3 kJ mol-1 and a standard entropy of ∆S° = −101.6 J 

mol-1 K-1 were estimated. The cooperative self-assembly 

mechanism of SQ1-Agg2 was validated by performing 

concentration-dependent UV/vis measurements in MCH:TCE 

(99:1, v/v) over a range of cT = 2.5 × 10-7 M to 8.06 × 10-5 M 

(Figure S4).  
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Figure 2. a) Sample preparation procedure towards SQ1-Agg2. b) 

UV/Vis absorption spectra of SQ1 in MCH:TCE (99:1, v/v, cT = 

20 × 10–6 M) at 298 K directly after sample preparation (Agg1), 

after 4 h at 298 K (Agg2) and after heating to 363 K (Mon). c) 

AFM height image of a sample of SQ1-Agg2 (cT = 20 × 10–6 M, 

MCH:TCE, 99:1, v/v) on HOPG. 

To gain deeper insights into the packing structure of SQ1-

Agg2, atomic force microscopy (AFM) measurements were 

carried out. AFM height images of a sample of SQ1-Agg2 on 

Highly Ordered Pyrolytic Graphite (HOPG)  show the 

formation of rigid fiber-like aggregates with the diameter of 

2.0±0.3 nm (Figure 2c), the length of the aggregates varies 

between 18−180 nm. In combination with UV/vis and FT-IR 

spectroscopy (Figure S7), some conclusions about the packing 
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arrangement can be drawn. The spectral “double hump” shape 

of SQ1-Agg2 (and also SQ1-Agg1) with both a hypso- and a 

bathochromically shifted absorption band with respect to the 

monomer absorption band is commonly found for thin films of 

similar aniline-substituted squaraine dyes.42 It is explained by 

the presence of both Coulomb and charge transfer couplings in 

a slip-stacked arrangements of the squaraine chromophores 

where the donor and acceptor units are positioned on top of each 

other (for details, see Figure S8).43,44 

Binding Studies with MC1. The formation of 1:1 complexes 

between MC1 and SQ1 was studied by 1H-NMR and UV/vis 

titration experiments.45 For MC1 and SQ1, our studies yielded 

a binding constant of K = 1.1 × 103 M-1 in CDCl3 at 295 K 

(Figure S9), whilst UV/Vis titrations of MC1 and SQ1 in 

toluene led to an increased binding constant of K = 7.4 × 103 M-

1 at 298 K in (Figure S10, 1H-NMR studies in toluene-d8 were 

not possible due to the aggregation of SQ1 at higher 

concentrations). The observed shifts in the 1H-NMR and UV/vis 

studies of SQ1 and MC1 show similar trends to reported 

squaraine-tetralactam macrocycle-rotaxane complexes (Figure 

S14 and S15a).38,46 Single crystal X-ray diffraction of a co-

crystal of bis(N,N-diethylaniline)squaraine (SQ3) and 

tetralactam-macrocycle MC2 (similar macrocycle scaffold 

compared to MC1, but without long alkyl chains) showed that 

the squaraine chromophore fits well into the cavity of the 

macrocycle (Figure 3, Figure S16 and Table S1). Four hydrogen 

bonds are formed from the amide protons of MC2 to the oxygen 

atoms at the squarylium core of SQ3 (red dashed lines). The 

distances d(N···O) range from 2.97 to 3.18 Å indicating that 

moderate to strong hydrogen bonding takes place.47 

 

Figure 3. Molecular structure of SQ3⊂MC2 according to single-

crystal X-ray analysis. Between the oxygen atoms at the 

squarylium core of SQ3 and the amide protons of the macrocycle 

MC2 four hydrogen bonds are formed (red dashed lines). The 

ellipsoids are set to 50 % probability (C: gray, O: red, N: blue, H: 

white). Solvent molecules and hydrogen atoms (except for NHamide 

of MC2) are omitted for clarity). 

For the binding of PD by MC1, isothermal titration 

calorimetry (ITC) titration experiments gave about one order of 

magnitude higher binding constants of K = 3.1 × 104 M-1 in 

CHCl3 at 298 K and K = 7.1 × 104 M-1 in toluene at 298 K 

(Figure S11, 1H-NMR titration experiments were not possible 

due to signal broadening in the slow exchange regime at 298 K). 

Whilst for both complexes the increase of the constant is modest 

upon changing the solvent from chloroform to toluene, a 

significantly increased binding strength can be expected in very 

non-polar solvent mixtures like MCH:TCE (99:1, v/v) as used 

in the following UV/vis studies.40 Binding experiments in such 

non-polar solvents proved to be impossible due to the 

aggregation of SQ1 as well as a limited solubility of MC1 and 

PD. Importantly, the binding studies show that the interaction 

between MC1 and PD is significantly stronger compared to the 

binding affinity of MC1 and SQ1. This is a crucial requirement 

since an initiation of supramolecular polymerization after the 

kinetic trapping of SQ1 requires a dethreading of MC1 from 

SQ1. 

Sequestration of SQ1 and Controlled Release. For the 

kinetic trapping experiments, samples were prepared by 

dissolving SQ1 and MC1 (1:3) in TCE and subsequent dilution 

with MCH to give a solvent ratio of MCH:TCE (99:1, v/v, 

cT(SQ1)= 10 × 10-6 M, Figure 4a). Time-dependent UV/Vis 

absorption measurements of this sample, hereafter denoted as 

SQ1⊂MC1, at 293 K show a sharp absorption band at max = 

635 nm (Figure 4b). The addition of three equivalents of MC1 

successfully trapped SQ1 in its monomeric form over an 

extended time period and effectively suppressed spontaneous 

self-assembly (Figure S15b). Height AFM images on Highly 

Ordered Pyrolytic Graphite (HOPG) showed the formation of 

spherical nanoparticles with a diameter of 1.1 ± 0.1 nm (Figure 

4d) and a co-agglomeration tendency, but no fibrous aggregates 

could be observed. In comparison, a sample with only SQ1 

leads to the immediate initiation of self-assembly into aggregate 

fibers upon dilution with MCH, as discussed before (Figure 2). 

In order to initiate the supramolecular polymerization of 

SQ1, a highly concentrated solution of 50 eq. PD in MCH:TCE 

(99:1, v/v) was added to SQ1⊂MC1. Immediately afterwards, 

a time-dependent UV/vis measurement was started and 

significant spectral changes were instantly observable (Figure 

4e): the absorption band of the trapped SQ1 monomers at max 

= 635 nm diminished drastically and a new hypsochromically 

shifted band around 560 nm rose (belonging to SQ1-Agg1). 

Over time, the characteristic band shape of SQ1-Agg2 evolved 

and full aggregation could be reached (inset, Figure 4e). AFM 

measurements on HOPG showed the formation of fiber-like 

aggregates with a diameter of 2.0 ± 0.3 nm (Figure 4g), as 

expected for SQ1-Agg2. 

Living Supramolecular Polymerization of SQ1. To 

investigate the living supramolecular polymerization (LSP) 

characteristics of the present system, multi-cycle seeding 

experiments were performed according to the experimental 

protocol shown in Figure 5a (see also SI). Beforehand, a sample 

of SQ1⊂MC1 was prepared in MCH:TCE (99:1, v/v). To this 

solution, 50 eq. of PD were added in order to initiate the 

supramolecular polymerization into aggregate SQ1-Agg2. 

After equilibration, the SQ1-Agg2 sample was sonicated for 

15 min at 293 K to generate small aggregate fragments, 

hereafter denoted as SQ1-Agg2Seed. Then, the solutions with 

2 eq. of SQ1-Agg2Seed (still containing PD as initiatior) and 1 

eq. of SQ1⊂MC1 (1:3) were mixed and the supramolecular 

polymerization started immediately (cycle 1). After the first 

cycle, 1 eq. of the supramolecular polymer solution was 

removed to keep the sample volume constant. The remaining 

sample (2 eq.) now acted as seed for cycle 2 and 1 eq. of 

SQ1⊂MC1 (1:3) was added. This procedure was repeated for 

another 2 cycles. 

The UV/vis absorption spectra showed that after each 

addition of trapped monomers the supramolecular 

polymerization into SQ1-Agg2 started (Figure 5b). Taking a 
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Figure 4. a) Sample preparation procedure for kinetic trapping and controlled release experiments. b) Time-dependent UV/Vis absorption 

spectra of SQ1⊂MC1 (1:3, cT(SQ1)= 10 × 10-6 M) in MCH:TCE (99:1, v/v) at 293 K and picture of the cuvette (c) after 18 h. d) Height 

AFM images of the spin-coated sample from (b) on HOPG. Z scale is 3 nm. Inset: cross-section analysis from the dashed line in image (d). 

e) Time-dependent UV/Vis absorption spectra of SQ1⊂MC1 (1:3, cT(SQ1)= 10 × 10-6 M) in MCH:TCE (99:1, v/v) at 293 K after addition 

of 50 eq. PD (grey spectra: every 60 min) and picture (f) of the cuvette after 8 h. Inset: Plot of the degree of aggregation Agg at 700 nm 

against time. The grey line marks the time frame of the addition of 50 eq. of PD. g) Height AFM images of the sample from (e) spin-coated 

on HOPG. Z scale is 6 nm. The island-like structures in the AFM images can be attributed to excess MC1 and PD molecules. 

closer look at the time-dependent UV/vis spectra of cycle 1 

(Figure 5c), isosbestic points are observable at 587 and 651 nm 

and no formation of SQ1-Agg1 was detected. This indicates 

that only two species are involved in the process and the 

monomers directly assembled into SQ1-Agg2 under the control 

of MC1 molecular chaperone. Thus, the already present SQ1-

Agg2 aggregates acted as seeds for the polymerization of 

trapped SQ1 upon addition of PD. 

The rate of the polymerization into SQ1-Agg2 became 

slower with each cycle because the number of “active termini” 

of the seed was reduced by one-third with each cycle. This 

behaviour can be confirmed by plotting the initial slopes48 

(Figure S17b) against the cycle number n and fitted with the 

exponential equation y = 0.00582 min-1 × (2/3)n-1, showing the 

decrease of the initial slope by one-third with each cycle (Figure 

S17c). Simultaneously, the fiber length should increase with 

each cycle. AFM height images of spin-coated samples were 

taken after each cycle, and the fiber length was analysed and 

visualized in histograms, showing a successive fiber growth 

(Figure 5d-g, Figure S17a). Starting from a length distribution 

of SQ1-Agg2Seed from 12 to 250 nm, a prolongation of the fibers 

to 22 to 308 nm (cycle 1) and 28 to 380 nm (cycle 2) was found. 

After the third cycle, even longer fibers up to a length of 36 to 

499 nm could be observed. Additionally, the dispersity of the 

supramolecular polymers seems to decrease upon iterative 

addition of the seeds, which further indicates the livelyness of 

the supramolecular polymerization. 

Supramolecular Block Copolymers. As a next step, the 

controlled formation of supramolecular block copolymers 

(BCP) was elucidated. For this purpose squaraine dye SQ2 with 

an extended linker was synthesized, characterized and 

investigated concerning it’s self-assembly behaviour and 

binding strength towards MC1 (Figures S5, S6, S12, S13 and 

S18). UV/vis spectroscopy studies revealed that the aggregate 

species SQ2-Agg2 exhibited a more bathochromically shifted 

absorption band at max = 723 nm (Figure 6c, red dashed line) 

which suggests an aggregate structure with less CT but more J-

type Coulomb coupling as schematically illustrated in Figure 

S8 (for further information see SI).44 AFM height images on 

HOPG show for SQ2-Agg2 the formation of fiber-like 

aggregates with a larger diameter of 4.0 ± 0.3 nm (Figure S5) 

compared to SQ1-Agg2.  

BCP samples composed of SQ1 and SQ2 were prepared 

according the experimental procedure in Figure 6d. A trapped 

sample of SQ2⊂MC1 (1:3) was prepared and aggregation was 

initiated by addition of PD (Figure 6a). Next the equilibrated 

SQ2-Agg2 sample was sonicated for 15 min to generate SQ2-

Agg2Seed (Figure 6e) and then mixed with SQ1⊂MC1 in a 1 to 

1 ratio and monitored by time-dependent UV/vis spectroscopy 

(Figure 6b). In Figure 6c the resulting experimental spectrum of 

the BCP (solid orange line), the spectra of the homopolymers 

SQ1-Agg2 (dashed blue line) and SQ2-Agg2 (dashed red line) 

and a calculated superposition of a 1:1 mixture of both 
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Figure 5. a) Sample preparation procedure for LSP experiments. b) Time-dependent plot of the absorption at  = 690 nm at 293 K in 

MCH/TCE (99:1, v/v) during the LSP experiment of SQ1. c) Time-dependent UV/vis absorption spectra of “cycle 1” at 293 K in MCH/TCE 

(99:1, v/v) (grey spectra: every 20 min). d−g) AFM height images of the SQ1−Agg2Seeds (d) and the supramolecular polymers obtained after 

the first (e), second (f), third cycle (g) on HOPG. The island-like structures can be attributed to excess MC1 and PD molecules. The Z scale 

is 5 nm. 

homopolymers (dashed orange line) is compared. For a 

supramolecular block copolymer structure, the extended -

stacks between the individual components should dominate the 

UV/vis absorption spectrum compared to the absorption from 

interface areas and indeed the experimental spectrum of the 

BCP SQ1:SQ2 (1:1, seed: SQ2) matched the calculated 

superposition of SQ1-Agg2 and SQ2-Agg2 (Figure 6c, dashed 

orange line) well. 

Subsequently, AFM studies were carried out to further 

substantiate the supramolecular block structure. AFM height 

images on HOPG (Figure 6f and g, Figure S19c-e) show fiber-

like aggregates with different heights along the strand (marked 

with blue and red arrows in Figure 6g). The alternating diameter 

along the aggregates varies between 2.0 ± 0.3 nm (blue, Figure 

6f inset) and 3.9 ± 0.4 nm (red). Over time, long BCP fibers 

with alternating blocks are observable (Figure S19e), 

suggesting that the BCP formation mechanism seems to be not 

only driven by the seeded growth but over time also by fusion 

(for further information see SI). 

A random copolymerization study with SQ1 and SQ2 was 

carried out as a control experiment. Here a sample containing 

with SQ1⊂MC1 and SQ2⊂MC1 was prepared and 

supramolecular polymerization was initiated by addition of PD. 

The time-dependent UV/vis measurement showed no BCP 

formation (grey line in Figure 6c and S20b). AFM studies 

corroborate these results, with AFM height images of spin-

coated samples on HOPG showing the formation of short rod-

like aggregates with a diameter of 2.0 ± 0.2 nm that indicate no 

supramolecular block copolymer formation (Figure S20c). 

Comparison with Chaperones in Nature. In nature, 

molecular chaperones often do not act alone but rather as 

multicomponent molecular machines with ATP and cofactor 

regulated binding and release cycles.29 Each component has a 

specific role and the versatility of molecular chaperones is very 

high. We focus in this work on one aspect of chaperones, which 

is the suppression of premature self-assembly of monomers 

units.49,50 In a similar way, a variety of chaperones aids the self- 

assembly of flagella on the bacterial cell surface, a long tubular 

filament consisting of ca. 20,000 monomer units. Inside 
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Figure 6. a) Time-dependent UV/vis absorption spectra of the initiation of supramolecular polymerization of SQ2⊂MC1 (SQ2:MC1, 1:3, 

cT(SQ2) = 1× 10-5 M) by addition of 50 eq. of PD in MCH:TCE (99:1, v/v) at 293 K. b) Time-dependent UV/vis absorption spectra of the 

block copolymerization experiment with SQ2 and SQ1 (1:1, SQ2 as seed, cT(SQ2)= 5 × 10-6 M) in MCH:TCE (99:1, v/v) at 293 K. c) 

Comparison of UV/vis absorption spectra in MCH:TCE (99:1, v/v, cT(SQ) = 1 × 10-5 M) at 293 K of SQ1-Agg2 (blue dash) and SQ2-Agg2 

(red dash), the calc. superposition of SQ1-Agg2:SQ2-Agg2 (1:1, orange dash), the experimental BCP (SQ1:SQ2, 1:1, orange) and the 

random copolymer (SQ1:SQ2 (1:1), grey). d) Sample preparation procedure for BCP experiments. e) Height AFM images of SQ2-Agg2Seed 

in MCH:TCE (99:1, v/v, cT(SQ2) = 1 × 10-5 M) prepared by spin-coating the solution directly after ultrasonication on HOPG. Z scale is 

12 nm. The island-like structures could be related to excess MC1 and PD. Inset shows the cross section analyses of the seeds with diameters 

around 3.9±0.2 nm. f and g) Height AFM images of the BCP with SQ2 and SQ1 (1:1, cT(SQ) = 1 × 10-5 M) in MCH:TCE (99:1, v/v) prepared 

by spin-coating the solution on HOPG. Z scale is 6 nm (f) and 8 nm (g). The island-like structures could be related to excess MC1 and PD. 

Inset shows the cross section analyses at two different positions of the fibre. 

 

the cell, the newly synthesized subunits are captured by 

substrate specific molecular chaperones to prevent premature 

self-assembly in the cytoplasm. Only after transport to the 

export gate in the cell membrane, the monomers travel through 

the extracellular filament structure and assemble at the nascent 

end of the flagella.49 Similarities to our system can be found: 

Initially MC1 sequesters SQ1 and thereby suppressed 

spontaneous nucleation of monomers  into undesired 

amorphous aggregate species (SQ1-Agg1). Instead only 

through addition of PD (acting as binding regulating co-factor), 

the substrate SQ1 was released and self-assembly proceeded 

into desired fiber aggregates (SQ1-Agg2) in the presence of 

seeds. Analogous to molecular chaperones, MC1 and PD are 

not present in the final structure and don’t give information for 

the correct self-assembly. In general, molecular assembly 

chaperones in nature often show a selective activity, while 

folding chaperones usually cover a broad range of substrates 

with few client-specific chaperones.29,30 In our system, the 

structural motif of the central squaric acid unit of the squaraine 

dye core is essential for strong interaction with the tetralactam 

macrocycle, leading to a selective interaction through 

hydrogen-bonding. 

 

 

Conclusion 

In this paper, we demonstrated how an artificial chaperone-

like macrocyclic receptor could be used to control the 

supramolecular polymerization of a squaraine dye. Exploiting a 

kinetic trapping strategy by complexation and controlled 

release of a squaraine dye by the macrocycle receptor, the 

spontaneous supramolecular polymerization of the squaraine 

dye was regulated and precise control over the timing of the 

self-assembly process by an initiator molecule could be 

achieved. Thus, we could show how such molecular chaperone 

strategy found in nature can be utilized to control living 

supramolecular polymerizations and supramolecular block 

copolymer synthesis, demonstrating a new possibility for the 

precise control of self-assembly processes by means of 

synthetic molecular chaperone analogues. 
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Cambridge Crystallographic Data Centre, 12 Union Road, 

Cambridge CB2 1EZ, UK; fax: +44 1223 336033. 

Data Availability Statement. Additional spectroscopic data 

underlying this study are openly available in Zenodo at 

10.5281/zenodo.7777196. 
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