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ABSTRACT: Asymmetric structures are widespread in nature and essential for life and
biointeractive materials. Although nature uniformly operates with homochirality, the hierarchical
control of asymmetry in synthetic, water-soluble molecular systems is still underexplored. In this
work, we present the amplification of helical asymmetry of benzene-1,3,5-tricarboxamide (BTA)
supramolecular polymers by coassembly with homochiral nonionic surfactants. For these
mixtures, a strong amplification of asymmetry was observed from the surfactant’s molecular
chirality to a preferred helicity of the coassembled polymers. This amplification showed maxima
at identical stoichiometric ratios for structurally distinct chiral surfactants, demonstrating the
similarity of the coassembly mechanism. Notably, the surfactant-induced asymmetry was
completely overridden by the introduction of stereogenic centers into the BTA structure,
emphasizing the subtlety of the amplification process. Using a combination of spectroscopy and
microscopy, we found that surfactants coassemble with the supramolecular polymers to change fiber morphology from racemic
double helices to single helices with a preferred handedness. Furthermore, the coassemblies showed a unique combination of
structures and dynamics. Our results elucidate the consequences of supramolecular polymer—surfactant coassembly, offering
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valuable insights into the resulting asymmetric structures.

B INTRODUCTION

Supramolecular polymers are widely found in biology and used
as a basis for synthetic biomaterials and therapeutics.'™”
Assembling molecules into functional materials by supra-
molecular interactions requires fine control over structure,
dynamics and chirality.'’ Particularly, the establishment of
homochirality throughout all natural systems remains one of
today’s most intriguing research topics.''~'” Commonly, the
hierarchical amplification of asymmetry in synthetic non-
covalent systems goes via additives such as cosolvents and
comonomers,'*'” which is typically studied with Green’s
Sergeant-and-Soldiers and Majority-Rules experiments in
organic media.”””" While these studies have provided valuable
insights into the mechanisms of asymmetry amplification,
examples of this phenomenon in water remain scarce.”>~>* To
truly understand the origins of homochirality, aqueous multi-
component systems that allow for studying these effects are
essential.”> >

In earlier studies, we have extensively studied the morphology
and chirality of benzene-1,3,5-tricarboxamide (BTA)-based
helical supramolecular polymers (Scheme 1a). Achiral nBTA
in water forms a racemic mixture of double helical polymers,
similar to crystallization of conglomerates.”” The chiral BTAs
(S)-D-BTA and (S)-Me-BTA (Scheme la) have been
synthesized to create supramolecular polymers with a helical
excess. The (S)-D-BTA, with a hydrogen—deuterium sub-
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stitution on the first methylene of all three alkyl tails, introduces
a (S)-stereocenter. Consequently, the assemblies express weak
circular dichroism (CD) that increases with time.”® The (S)-
Me-BTAs have (S)-configured methyl substituents on the third
methylene in each alkyl tail, resulting in assemblies that express
high CD intensity. These differences in CD result from distinct
fiber morphologies: (S)-D-BTA, similar to nBTA, forms double
helices, whereas (S)-Me-BTA forms single helices. Thus, small
changes in molecular structure have a profound effect on
supramolecular asymmetry and morphology, but typically
require extensive synthetic efforts with uncertain results.
Surfactants as molecular additives offer an attractive
alternative to modulate supramolecular polymers in water.
Their amphiphilic nature, which linearly combines hydrophobic
and hydrophilic segments, allows for great structural diversity
and easy synthetic access.”””” Recent work has shown that
supramolecular polymer—surfactant mixtures can result in
complex phase-separated domains and sequential gelation
transitions upon dilution.”"** It has been shown that surfactants
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Scheme 1. Structures of BTAs Used in This Study”
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nBTA with chiral surfactants through hydrophobic interactions, intercalating in the double helical polymers for limited surfactant equivalents. High
surfactant equivalents results in the transition into nBTA/surfactant comicelles. (c) Structures of (S,S)- or (RR)-dTG-C,, and DDM, which

assemble into wormlike and spherical micelles, respectively.
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Figure 1. CD and UV—vis absorption spectra of nBTA (0.5 mM) mixed with 0—2.0 equiv of (a) (S,5)-dTG-C,, and (b) DDM in water. (c) CD at 216
nm for mixtures of nBTA (0.25 mM) with 0—6.0 equiv of (S5,S)-dTG-C,, (black triangles) and DDM (blue dots). The vertical dashed line indicates 1.8
equiv of surfactant. (d) CD at 216 nm for mixtures of nBTA (0.25 mM) with 1.5 equiv of a (S,S)-/(R,R)-dTG-C, ratio ranging from 0/1 to 1/0.

can disrupt the network formed by entangled supramolecular
polymers by disassembling the BTA double helices, yielding
monomer-surfactant comicelles. It is proposed that this
interaction occurs the intercalation of the surfactant's alkyl tail
into the polymer's hydrophobic interior (Scheme 1b). However,
a general understanding of these interactions is lacking,
hampering the potential of surfactants to control the properties
of supramolecular assemblies in water.

In this work, we present our discovery that a strong
amplification of asymmetry is observed by polymer—surfactant
coassembly using achiral nBTA-based supramolecular polymers
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and two structurally distinct chiral nonionic surfactants: dTG-
C;, and dodecyl-f-D-maltoside (DDM) (Scheme 1c). In
addition, we investigated the competition between the chirality
of the surfactant and the chiral BT As, showing the energetic
subtlety by which hierarchical amplification occurs . Finally, we
were able to relate the induced asymmetry to structural
transitions in the nBTA-surfactant coassemblies from double
to single helices as a function of stoichiometry.
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Figure 2. (a) Collection of CD and UV—vis absorption spectra of mixtures of nBTA (0.5 mM) with 0.6 (blue) and 2.0 (green) equivalents of (R,R)-
dTG-C, and solutions of pure (S)-D-BTA (0.5 mM, orange) and (S)-Me-BTA (0.5 mM, brown). (b) CD spectra of nBTA (0.5 mM) and (S)-D-
BTA (0.25 mM) mixed with 1.8 mol equiv of (S,S)- (blue and orange) and (R.R)-dTG-C,, (green and brown). (c) g-factors calculated from the CD
spectra in b. The g-factor of pure (S)-Me-BTA in water (0.25 mM, black) is added for comparison. (d) CD spectra of (S)-Me-BTA (0.25 mM) mixed

with various equivalents of (S,S)- or (R,R)-dTG-Cj,.

B RESULTS AND DISCUSSION

Asymmetry in Mixtures of nBTA and Chiral Surfac-
tants. The two enantiomers of the single tail amphiphile dTG-
C, were synthesized from enantiomer pure solketal using thiol-
ene click chemistry (Scheme S1). DDM was purchased and used
as received. In water, (S,S)- and (R,R)-dTG-C,, form worm-like
micelles above their critical micellar concentration (CMC) of
0.7 mM (Figure S1). DDM is forming spherical micelles above
its CMC of 0.17 mM specified by the vendor. The surfactants
were mixed in different stoichiometric ratios with the preformed
racemic double helices of nBTA following the protocol as
specified in the Supporting Information. Figure la,b show the
CD and UV—vis absorption spectra for mixtures of nBTA with
(55)-dTG-C,, and DDM, respectively, after 1 week of
equilibration. The absence of chromophores in the dTG-C,,
and DDM structures ensures that the UV—vis absorption and
optical activity in the monitored region of 190—350 nm are
related only to the molecular organization of nBTA (Figure S2).
When 0.8 mol equiv of surfactant was exceeded with respect to
0.5 mM nBTA, a new UV—vis absorption spectrum appeared,
characterized bzf a single maximum at 193 nm. Based on our
previous work,”> we hypothesized that this spectrum results
from concentration-dependent polymer—surfactant coassembly
through hydrophobic interactions, possibly resulting in
comicelles (Scheme 1b). Indeed, highly diluted samples (20-
to 40-fold) showed UV—vis absorption transitions toward the
original nBTA absorption spectrum (Figures S3—S5), indicat-
ing dilution-induced reassembly of the original double helices.

Interestingly, (S,S)-dTG-C,, and DDM induced optical
activity in mixtures with nBTA in an identical manner, with
maximum intensities observed at 1.8 mol equiv. Higher
equivalents resulted in decreased CD intensities (Figure lc).
Mixing (R,R)-dTG-C,, with nBTA resulted the mirror image
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CD of the mixture with (S5,S)-dTG-C,, indicating that the
molecular chirality of the surfactant was translated into a
preferred helicity (asymmetry) of nBTA-based polymers
(Figure S6a). We also varied the molar ratio of (S,S)-/(RR)-
dTG-C,, at a constant 1.5 equiv to nBTA (0.25 mM) and found
that the optical activity was linearly correlated with the (S,S)-/
(RR)-dTG-Cy, ratio (Figures 1d and S6b). Thus, no Majority-
Rules effect was at play in the coassembled system.

Comparable examples of amplification of asymmetry in water-
based supramolecular polymer systems remain scarce, in
particular studies that employ Sergeant-and-Soldiers or
Majority-Rules principles.””** A limited number of reports
have demonstrated chirality transfer from chiral molecular
additives, such as amino acids or surfactants, to racemic
supramolecular polymers.”> ™’ These reports typically rely on
ionic interactions between the monomer and additive, with the
stoichiometric ratio playing a critical role in the degree of
asymmetry, consistent with our observations. To the best of our
knowledge, no reports have described the transfer of chiral
information from nonionic chiral surfactants to nonionic
racemic supramolecular polymers in water. More intriguingly,
our findings, in combination with the reported examples, raise
the question of how overall asymmetry emerges from a
competition between the chirality of the surfactant and that of
the monomer.

Asymmetry in Mixtures of Chiral BTAs and Chiral
Surfactants. To understand the optical activity observed in the
coassemblies of achiral nBTA and our chiral surfactants, their
absorption and CD spectra were compared with those of
previously published chiral BTAs: (S)-D-BTA and (S)-Me-
BTA. Striking similarities were observed depending on the ratio
of nBTA to chiral surfactant (Figure 2a). At low surfactant
ratios, the CD spectra showed two maxima at 212 and 250 nm,

https://doi.org/10.1021/jacs.5c04047
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data of nBTA (1.0 mg mL™", blue), DDM (2.0 mgmL ™", green), the calculated linear sum of these two profiles (orange) and the experimental profile of
nBTA (1.0 mg mL™") with 4.0 mol equiv of DDM (corresponding to 1.7 mg mL™"). TIRF microscopy images of the (g) Cy3, (h) CyS and (i) merged
reporter channels of mixtures of nBTA (0.0S mM) containing 5 mol % of CyS-labeled nBTA with 1.8 equiv of (5,5)-dTG-C,, containing S mol % of

Cy3-labeled dTG-C,,. Scale bar = 10 ym.

while the UV—vis absorption spectrum remained unchanged,
consistent with the UV—vis and CD spectra of (S)-D-BTA
double helices. At surfactant ratios >1.0 mol equiv, the CD
spectrum shifted to a maximum at 216 nm with increased
intensity, accompanied by a new UV—vis absorption single
maximum at 193 nm. These spectra were very similar to those of
(S)-Me-BTA single helices. Therefore, the similarities suggested
that low chiral surfactant ratios with achiral nBTA polymers
result in asymmetric double helices similar to (S)-D-BTA, while
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higher surfactant ratios result in asymmetric single helices
similar to those formed by (S)-Me-BTA.

Having established these similarities, the asymmetry resulting
from a competition between stereocenters on the surfactant
versus on the BTA was investigated. Instead of the linear
correlation observed for various ratios of (S,S)-/(R,R)-dTG-C,,
mixed with nBTA, we consistently found strong positive Cotton
effects when mixed with (S)-D-BTA (Figure 2b). The CD
intensity peaked at 1.8 equiv of chiral surfactant with a UV—vis

https://doi.org/10.1021/jacs.5c04047
J. Am. Chem. Soc. 2025, 147, 17468—17476
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d) 10eq. —

Figure S. Cryo-TEM micrographs of (left to right): pure nBTA (0.25 mM) showing double helices and fingerprint-like patterns. The mixtures with
1.8, 4.0, and 10 mol equiv of DDM (top) and (R,R)-dTG-C,, (bottom) show fibrous networks which decrease in density for higher surfactant
equivalents. Reference micrographs of DDM and (R,R)-dTG-Cy, (2.5 mM) show spherical and wormlike micellar aggregates, respectively. Single
particle analysis on individual fibers revealed predominantly double helices in the 1.8 equiv mixtures and single helices in the 4.0 equiv mixtures. The
cartoons are added to visualize the asymmetry and morphology of coassemblies in the solutions.

absorption maximum at 193 nm, suggesting an identical double
to single helix transition as seen in mixtures with nBTA (Figure
S7). However, the helical excess of the resulting single fibers was
now completely dominated by the deuterium stereocenters of
(S)-D-BTA. To comment purely on the expression of
asymmetry in each of these mixtures, the dissymmetry factor
(g-factor), which normalizes the CD by absorption, was
determined (Figure 2c). These calculated g-factors showed
that the single helices coassembled from (S)-D-BTA and dTG-
C,, exhibited approximately twice the degree of asymmetry
compared to the coassemblies with nBTA. Assuming that the
maximum achievable asymmetry is defined by the single helices
formed by pure (S)-Me-BTA in water, the mixtures of (S)-D-
BTA with 1.8 equiv of dTG-C,, reach 80% of this degree of
asymmetry. Remarkably, in organic solution, a chiral deuterated
BTA reaches only one-third of the helical excess observed for its
chiral methylated counterpart.* Thus, coassembly of surfac-
tants with the water-compatible deuterated BTA is highly
effective in producing single polymers with high helical excess.
Mixtures of both dTG-C,, enantiomers with (S)-Me-BTA
single helices were also examined, but showed no changes in CD
sign or intensity (Figure 2d). The apparent resilience can be
attributed to the absence of a double-to-single helix transition, as
(S)-Me-BTA already forms single helices. Nevertheless, the CD
spectra indicate that the degree of asymmetry in the system
remains unchanged, though they do not rule out potential
surfactant-induced effects on fiber length or dynamics (vide
infra).

The spatial proximity of the deuterium and methyl
substituents to the BTA core likely explains their dominance
in helical excess over chiral surfactants. We expect hydro-
phobicity to be the sole driving force for coassembly, positioning
the surfactant alkyl tail in the hydrophobic region of the
supramolecular polymer. Therefore, the chiral hydrophilic
groups are oriented toward the aqueous environment, allowing
only a subtle induction of helical preference. Nevertheless, it is
noteworthy that in the absence of stereogenic information in the
design of nBTA, these chiral head groups induce a pronounced

asymmetry despite their distance from the BTA core. Therefore,
the amplification of asymmetry likely results from the
cooperativity inherent to the supramolecular polymer, analo-
gous to the preferred handedness adopted by achiral supra-
molecular polymers in chiral solvents.'®

Morphological Transitions of BTA/Surfactant Coas-
semblies. To further confirm the transition from double to
single helices as a result of nBTA/surfactant coassembly, we
subjected the mixtures to Fourier transform infrared spectros-
copy (FTIR) and small-angle X-ray scattering (SAXS). FTIR
allowed us to investigate possible changes in the intramolecular
hydrogen bonds between amides of adjacent monomers.
Reference samples of nBTA, (S)-D-BTA and (S)-Me-BTA
(Figure 3a) were compared against mixtures of nBTA and (8,9)-
dTG-C,, (Figure 3b) and DDM (Figure S8). A gradual
transition in the absorption profile of the amide I vibration was
observed from a single peak for pure nBTA to a split profile with
increasing molar equivalents of (S,S)-dTG-C,, (Figure 3b). A
similar observation was made in the mixtures with DDM (Figure
S8). We attribute the shift in the IR spectrum to a different
arrangement in the amide orientation for BT As arranged in a
double or single helix, similar to that shown by Nakano and co-
workers for chiral BTAs in organic solvents.”' The FTIR spectra
before and after the addition of the chiral surfactant showed high
similarities to the spectra of (S)-D-BTA and (S)-Me-BTA,
respectively. Therefore, the FTIR results confirmed that the
addition of nonionic chiral surfactants to nBTA shifts the
composition from morphologies similar to (S)-D-BTA (double
helices) to those of (S)-Me-BTA (single helices), presumably
via a change in internal packing due to surfactant intercalation.

Structural features of the coassembly were studied using
small-angle X-ray scattering (SAXS). Samples of nBTA, both
chiral surfactants and mixtures of these components were
prepared at various concentrations. The reference samples of
nBTA all showed elongated structures that fit well with a circular
cylinder form factor model (Figure 4a). The noise in the high g
region (>0.1 A) did not allow us to distinguish between circular
and elliptical cylinders. Reference samples of (R.R)-dTG-C,, in
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Figure 6. HDX-MS profiles showing 3D and 6D exchanged species of (a) nBTA with 0.5 mol equiv (green and orange) and 1.0 mol equiv (brown and
blue) and (b) (S)-Me-BTA with 2.0 mol equiv of (R,R)-dTG-C,. The data points were determined by the mean of three identical experiments, with

error bars indicating the standard deviation.

concentrations ranging from 1.0 to 2.5 mg mL™" (corresponding
to 2.3 and 5.7 mM, respectively) all showed assemblies of
elongated structures that fit the cylindrical core—shell form
factor model (Figure 4b). Reference samples of DDM in the
same concentration range (corresponding to 2.0 and 4.9 mM,
respectively) all fit spherical core—shell structures, i.e. spherical
micelles (Figure 4c). The mixtures of nBTA with (R,R)-dTG-
C,, were uninformative for the depiction of coassembled
structures, as the individual components both assemble into rod-
shaped structures with lengths greater than 60 nm, resulting in
scattering profiles that were too much alike (Figures 4d and S9).
On the other hand, the scattering data of the mixture of nBTA
with 4.0 mol equiv of DDM revealed the presence of structures
that differed from the linear sum of the nBTA and DDM
reference scattering profiles, indicating that the two individual
components coassembled into a new elongated structure rather
than self-sorted (Figure 4e,f). 2%

To confirm the coassembly of nBTA with the dTG-C,,
surfactants, we performed total internal reflection fluorescence
(TIRF) microscopy on samples containing S mol % Cy3-labeled
dTG-C,, with 95 mol % (RR)-dTG-C;, and § mol % CyS-
labeled nBTA with 95 mol % nBTA. Figure 4g—i show the
fluorescence channels corresponding to Cy3, CyS and a merged
image of these two channels. The images show that Cy3-labeled
dTG-C,, colocalized with CyS-labeled nBTA. Throughout the
mixtures, some small structures were visible only in the Cy3
channel, indicating that homoaggregates of dTG-C,, remained
(Figure S10).

Taken together, the results strongly suggest that the
surfactants do indeed coassemble with nBTA and induce a
transition from double to single helix morphology as a function
of the stoichiometric ratio. To visualize and verify this
hypothesis, cryogenic transmission electron microscopy (cryo-
TEM) was performed on mixtures of nBTA and the chiral
surfactants. Figure S shows the electron micrographs of nBTA
mixed with 1.8, 4.0, and 10 mol equiv of (§,S)-dTG-C;,
(bottom) or DDM (top). The nBTA reference sample showed
few supramolecular polymers in the bulk solution, while a
fingerprint-like pattern was observed (Figure Sa). According to
Herziger and co-workers,” this fingerprint likely represents a
monolayer of nBTA assemblies located at the air—water
interface. The absence of this pattern in all mixtures with
(§,5)-dTG-C,, or DDM suggests that nBTA at the air—water
interface was replaced by the surfactants. As a result, dense fiber
networks were observed in both mixtures with 1.8 (Figure Sb)
and 4.0 (Figure Sc) molar equivalents of surfactant. Fewer fibers
and more fiber ends were present at 10 equiv of surfactant

(Figure 5d), confirming that higher equivalents of surfactant
disrupt the nBTA polymers. Micrographs of pure (S,S)-dTG-
C,, and DDM references in water (Figure Se) showed wormlike
and spherical micelles, respectively, both consistent with the
SAXS data.

Detailed information at the individual polymer level of the
nBTA/surfactant coassemblies was obtained by subjecting the
micrographs to single particle analysis."* The resulting images
are interpreted qualitatively due to noise in the generated
images, which may show artificial irregularities along the fiber
length. Representative 2D class averages are shown in the insets
of the corresponding samples in Figure 5. For samples
containing 1.8 equiv of (S,5)-dTG-C,,, double helices were
predominantly observed. For the sample containing 1.8 equiv of
DDM, the analysis failed due to the high fiber density. Samples
containing either 4.0 equiv of (S,S)-dTG-C,, or DDM showed
predominantly single fibers. These findings are in contrast to the
spectroscopic results, which showed predominantly single fibers
in 1.8 equiv mixtures for both surfactants. We attribute this
difference to an estimated 5—10 times higher surface-to-volume
ratio of the sample applied to cryo-TEM grids compared to
cuvettes, which shifts the distribution of surfactants between the
air—water interfaces and the bulk water phase (calculation
provided in the Supporting Information). Interestingly, BTA
derivatives with identical side chains as the dTG-C,, structure
showed very similar morphologies when coassembled with
nBTA.>>?® Therefore, the readily accessible surfactants
presented in this study are a powerful tool and valuable
alternative in coassembled supramolecular structures, providing
fine control over morphology and asymmetry.

Dynamics of BTA and (Chiral) Surfactant Coassem-
blies. As a final important aspect of nBTA-chiral surfactant
coassembled structures, we investigated the effect on supra-
molecular polymer dynamics. Hydrogen—deuterium exchange
followed by mass spectrometry (HDX—MS) experiments on
samples of nBTA with 0.5 and 1.0 equiv of (R,R)-dTG-C,. Both
samples were diluted 100-fold in deuterium oxide (D,0) and
various deuterated species were monitored over time by mass
spectrometry (Figure S11). The species exchanging labile
protons on the outer hydroxyl groups (3D) and on the inner
amide groups (6D) were followed. We chose (RR)-dTG-C,
over DDM for this experiment because the interaction between
nBTA and (RR)-dTG-C,, was found to be less affected by
dilution than the interaction with DDM (Figure S3). However,
we observed a shift in UV—vis absorption after dilution
corresponding to double helices, indicating a decrease in the
interaction between nBTA and (R,R)-dTG-C,, . Nevertheless,
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the sample containing 0.5 equiv of (R,R)-dTG-C, reached an
average of 58% of 6D in the first hour and over 84% of 6D over
72 h (Figure 6a). In comparison, pure nBTA typically does not
exceed 50% of 6D within the first hour and does not exceed 70%
of 6D after 72 h.* Increasing (RR)-dTG-C,, to 1.0 equiv
further enhances the dynamics, with a population of 6D of 78%
after the first hour and reaching a steady state of 85% after 12 h.
Thus, the surfactant intercalation enhances the exchange
dynamics for labile hydrogen atoms.

Compared to earlier work, where we studied the single helical
coassemblies of nBTA and dTG-C,, functionalized BTA
comonomers,”® we observed an opposite trend in dynamics,
i.e, the mixture promoting single helices showed higher
exchange dynamics. However, the 100-fold dilution required
for the HDX-MS experiment does not result in predominantly
single helices in solution, as shown by the absorption spectrum.
To ensure a fair comparison, the HDX-MS experiments were
performed with (S)-Me-BTA mixed with 2.0 equiv of (RR)-
dTG-C,,. No evidence of polymer degradation was observed in
the data shown in Figure 2d. In addition, pure (S)-Me-BTA in
water exhibits slower exchange dynamics than pure nBTA
(Figure S11c). In contrast, a mixture of (S)-Me-BTA with 2.0
mol equiv of (R,R)-dTG-C,, showed a 6D population of 80% 1
h after dilution in D,0O, with no further exchange detectable.
Therefore, surfactants greatly enhance the exchange dynamics of
BTA monomers, especially in the initial phase of coassembly.
These dynamics are a unique feature of nBTA and chiral
surfactant coassemblies, given that similar morphologies are
obtained as for BTA homoassemblies. As the dynamics are
crucial for biointeractive applications,” this will have a great
impact on potential future applications of BTA and surfactant
coassemblies as biomaterials.

B CONCLUSIONS

We revealed an unexpected amplification of asymmetry that
emerged alongside a sequence of structural transitions in the
coassembly of supramolecular polymers with increasing
amounts of chiral nonionic surfactants. Under the assumption
that only the hydrophobic effect is responsible for the
coassembly, the observed strong amplification of asymmetry is
remarkable. Moreover, introduction of a stereogenic deuterium
atom in the BTA fully overrides the asymmetry effect initially
introduced by the chiral surfactant, further confirming the fine
energetic balance involved in the surfactant-induced asymmetry.
The double-to-single helix transition occurs with an optimal
ratio of BTA and chiral surfactant, followed by a decrease in
asymmetry as this ratio is further increased. Microscopic data
suggest that the coassembled fibers shorten in length and shift
toward surfactant-dominated less-organized species, i.e. mi-
celles. The work demonstrates that careful consideration of the
supramolecular polymer—surfactant mixing ratio is a powerful
tool for controlling structure and asymmetry. Furthermore, our
results show that the dynamics of monomer-surfactant
coassemblies are completely different from those of monomer
homoassemblies. Therefore, these characteristics of asymmetric
supramolecular polymer—surfactant coassemblies will result in
unique properties when implemented as biomaterials compared
to conventional supramolecular polymer systems. Current
investigations are ongoing with the application toward virus
inhibition, where it is hypothesized that the change in dynamics
of the coassembly enables a morphological adaptation to the
shape of the virus. Lastly, the findings can help in the
understanding of the origin of homochirality, as aqueous system
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are of greater relevance with respect to systems studying
amplification of asymmetry in organic media.
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