
rsc.li/nanoscale

 Nanoscale

rsc.li/nanoscale

ISSN 2040-3372

PAPER
Shuping Xu, Chongyang Liang et al.   
Organelle-targeting surface-enhanced Raman scattering 
(SERS) nanosensors for subcellular pH sensing 

Volume 10
Number 4
28 January 2018
Pages 1549-2172

 Nanoscale

This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, 
before technical editing, formatting and proof reading. Using this free 
service, authors can make their results available to the community, in 
citable form, before we publish the edited article. We will replace this 
Accepted Manuscript with the edited and formatted Advance Article as 
soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the 
text and/or graphics, which may alter content. The journal’s standard 
Terms & Conditions and the Ethical guidelines still apply. In no event 
shall the Royal Society of Chemistry be held responsible for any errors 
or omissions in this Accepted Manuscript or any consequences arising 
from the use of any information it contains. 

Accepted Manuscript

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  H. Kang, W.

Jeong, M. I. Khazi and J. Kim, Nanoscale, 2026, DOI: 10.1039/D5NR04836B.

http://rsc.li/nanoscale
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d5nr04836b
https://pubs.rsc.org/en/journals/journal/NR
http://crossmark.crossref.org/dialog/?doi=10.1039/D5NR04836B&domain=pdf&date_stamp=2026-03-03


ARTICLE

Please do not adjust margins

Please do not adjust margins

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

A helical polydiacetylene with enhanced thermochromic 
reversibility temperature from self-assembly of diacetylene-
containing rosettes
Hyemin Kang,†a Woomin Jeong,†a Mohammed Iqbal Khazi,*,b and Jong–Man Kim*,a,b

Rosettes are a class of higher-order hierarchical supramolecular structures formed through highly precise and controlled 
molecularly coordinated self-assembly via sequential non-covalent interactions, predominantly directed by hydrogen-
bonding networks. Herein, we constructed robust hydrogen-bonded colorimetric hexad rosette supramolecules through the 
self-assembly of linear barbituric acid-linked diacetylene monomers (PCDA-ABA). The barbituric acid head group, with 
multiple hydrogen-bond donor and acceptor sites, facilitates sequential packing, forming a cyclic hexameric rosette 
arrangement.  These hexad rosettes stack along the axis in a columnar fashion, forming nanohelices stabilized by hydrogen 
bonding originating from the barbuteric acid moiety and π–π stacking interactions of the diacetylene (DA) chains. 
Interestingly, upon UV-induced photopolymerization, the columnar stacked rosettes transform into a rigid covalent 
structure, imparting distinct colorimetric properties to the resulting polymeric assemblies. Results from structural 
arrangement analysis using FT-IR indicate that hydrogen bonding is the major driving force behind the formation of hexad 
rosette nanohelices. Studies of structural packing patterns and morphological characteristics using XRD, AFM, SEM, and TEM 
strongly support the formation of rosette-based nanohelices. Photopolymerization results in a covalently linked blue-phase 
PDA rosette structure, which exhibits enhanced reversible thermochromic properties up to 180 °C over multiple thermal 
cycles. Also, the pH-dependent behavior of the self-assembled PDA was evaluated, revealing a reversible colorimetric 
response regulated by protonation and deprotonation processes.

1. Introduction
Supramolecular structures self-assemble through weak non-covalent 
bonds, offering a feasible approach to creating functional materials 
with properties responsive to external stimuli.1-5 These materials, 
which extend their functionality beyond individual molecules, rely on 
non-covalent interactions to form precise and ordered 
architectures.1, 6-12 In addition, the magnitude of these non-covalent 
interactions drives the functional performance of these materials. 
Among the vast array of functional materials developed, hydrogen 
bonding has served as a powerful tool to construct supramolecular 
assemblies due to its directionality, inherent tunability, and partial 
covalent character.13-15 Supramolecular structures range from simple 
one-dimensional assemblies to higher-order two-dimensional or 
three-dimensional superstructures and morphologies, including 
nanotubes, toroids, and rosettes.16-23 Of particular interest are 
rosettes, which represent distinct cyclic structures formed through 
directional non-covalent interactions such as hydrogen bonding, 
metal coordination, and π–π stacking. Exhibiting a flower-like 
geometry, rosettes typically consist of six monomeric units arranged 

into a planar hexamer stabilized by multiple hydrogen bonds. These 
cyclic assemblies can further stack, aggregate, or organize into 
higher-order one-, two-, or three-dimensional architectures, 
including complex structures such as double helices, nanotubes, or 
fibers.24-26

Polydiacetylenes (PDAs) are π-conjugated colorimetric polymers. 
PDAs are intrinsically supramolecular structures through the self-
assembly of diacetylene (DA) monomers via non-covalent 
interactions.27-32 Since weak non-covalent bonds stabilize PDA 
structures, PDAs have been widely used as stimuli-responsive 
functional materials. Typically blue in color, with an absorption band 
around 650 nm, PDAs undergo a distinct blue-to-red color transition 
when exposed to external stimuli. Due to their visible, naked-eye-
detectable chromatic response, PDAs are extensively employed as 
sensing materials in various sensor systems.33-41

Many approaches for constructing rosettes have been previously 
reported;24-26, 42-44 however, rosette structures with complementary 
colorimetric properties for functional applications have not yet been 
explored.  In this study, we integrated diacetylene monomers with 
the hydrogen-bonding motif barbituric acid to construct PDA-based 
colorimetric rosette superstructures (PCDA-BA) and investigated 
their supramolecular assemblies, morphological characteristics, and 
thermochromic properties. Barbituric acid serves as an intriguing 
non-covalent interaction-imparting motif during self-assembly.45, 46 
Barbituric acid posses multiple hydrogen-bond donor and acceptor 
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sites that enable diverse binding orientations “head–head” (HH), 
“head–shoulder” (HS), and “shoulder–shoulder” (SS), which form 
extended hydrogen-bonded networks leading to self-patterned, 
higher-order superstructures such as tapes, ribbons, and rosettes.47-

51 Hence, we anticipated that the barbituric acid head group in PCDA-
BA would facilitate the helical packing of amphiphiles, resulting in the 
formation of higher-order hexameric rosette morphologies. The 
supramolecular PCDA-BA rosettes undergo UV-induced 
topochemical polymerization, resulting in a robust, covalently linked 
polymeric blue-phase PDA, P(PCDA-BA). Although PDAs have been 

extensively explored for their thermochromic properties, but the 
majority of reported systems exhibit irreversible thermochromism, 

with only a few showing reversible color transitions, typically stable 
up to about 150 °C.20, 52-57 Whereas the blue-phase rosette PDA, 
P(PCDA-BA), exhibited better colorimetric properties with enhanced 
thermochromic performance up to 180 °C, showing reversibility and 
repeatability over multiple thermal cycles. 

2. Results and Discussion 
As shown in Fig. 1a, we constructed a barbituric acid-linked 

diacetylene monomer system (PCDA-ABA). A multistep synthetic 
protocol was employed, and the structures of all intermediates and 

Fig. 1. Schematic representation for formation of PCDA-ABA nanohelices. (a) Molecular structures of PCDA-ABA. (b) Self-assembly of PCDA-
ABA via hydrogen bond. (c) Supramolecular stacking of PCDA-ABA and formation of UV-induced covalently linked polymeric P(PCDA-ABA).
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the target molecule, PCDA-ABA, were characterized by NMR, MS, 
and FT-IR spectroscopic methods (see Scheme S1 and Fig. S1–S6 in 
the supplementary materials). 

Barbituric acid, with multiple donor-acceptor hydrogen-bonding 
sites, could serve as a head-to-head self-assembly template, 
complemented by hydrogen bonding from the amide functionality in 
the DA chain and π-π stacking of the diacetylene moiety, to form a 
self-patterned hexad rosette structure. Fig. 1b illustrates the self-
assembly of a hydrogen-bonded rosette through a sequence of 
intermolecular interactions to create linear supramolecular 
oligomers, followed by the intramolecular macrocyclization of six 
monomer units forming a hexad rosette assembly. These hexad 
rosettes tend to stack to form twisted slip-stacked supramolecular 
columnar structures, which are held together by hydrogen bonding 
of the amide groups and π-π stacking diacetylene template of the DA 
chains (Fig. 1c). Columnar stacked hexameric rosettes are primarily 
held together by weak non-covalent interactions. Upon UV 
irradiation, the stacked diacetylene moieties undergo 
photopolymerization, forming a highly robust, covalently linked 
structure with an extended conjugated backbone along the columnar 
axis, producing a blue-phase colorimetric rosette PDA with enhanced 
stability (Fig. 1d).

The self-assembly behavior of PCDA-ABA was investigated in 
tetrahydrofuran (THF) and THF/ethanol mixture. The morphological 

characteristics were initially examined using SEM and TEM, followed 

by AFM. To understand the influence of concentration and solvent 
polarity on morphology, we tested self-assembly by adjusting the 
polarity of the solvent using a THF: ethanol mixture and varying the 
concentration of PCDA-ABA to identify the ideal solvent and 
concentration values for fabricating rosette morphology. PCDA-ABA 
exhibited distinct morphological characteristics at varying 
concentrations of PCDA-ABA (1 mg/ mL, 2 mg/ mL, 10 mg/ mL, and 
20 mg/ mL) in a THF: ethanol mixture (v/v) at a 1: 12 ratio.  The 
irregular granular-like structures observed at 1 mg/ mL 
concentration (Fig. 2a) transform into plate-like structures at 2 mg/ 
mL (Fig. 2b). An interesting twisted nanohelices morphology was 
observed at a concentration of 10 mg/ mL (Fig. 2c). Upon further 
increasing the concentration to 20 mg/ mL, PCDA-ABA self-
assembles into densely packed twisted nanohelices (Fig. 2d).

Next, polarity optimization was performed by using varying THF : 
ethanol mixture ratios: 30 : 1, 12 : 1, 6 : 1, 1 : 1, 1 : 6, 1 : 12, and 1 : 
30 (Fig. S7). Highly ordered twisted nanohelices were obtained in a 
THF : ethanol mixture at a ratio of 1 : 12 (v/v) with a concentration of 
10 mg/ mL (Fig. 3a). 

The morphological transition from granular structures to 
nanoplates and ultimately to helical fibers is driven by solvent 
polarity–dependent self-assembly behavior. Increasing ethanol 
content gradually reduces solubility, thereby enhancing 
intermolecular hydrogen bonding and π–π interactions. At lower 

ethanol ratios, weak intermolecular association results in granular 

Fig. 2. SEM images of self-assembled PCDA-ABA, obtained with different concentrations in THF : ethanol mixture (v/v) at a 1 : 12 ratio. 1 
mg/ mL. (b) 2 mg/ mL. (c) 10 mg/ mL. (d) 20 mg/ mL
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aggregates. With further ethanol addition, stronger directional 
interactions promote the formation of ordered nanoplates. At even 
higher ethanol fractions, cooperative stacking and packing 
anisotropy induce twisting, leading to the formation of helical fibers. 
A THF:ethanol mixture at a 1:12 (v/v) ratio with a concentration of 10 
mg/ mL was found to be optimal for  nanohelices formation.

TEM imaging of self-assembled PCDA-ABA showed highly extended 
nanohelices, organized as both isolated individual nanofibers and 
dense aggregated arrays of bundled fibers (Fig. 3b). The helicity 
indicates a twist angle rotation of the PCDA-ABA rosette upon 
stacking, forming a columnar structure with a fibrous morphology. 
AFM imaging also revealed the formation of extended nanohelices 
(Fig. 3c). The nanohelices are observed to form through the overlap 

and intertwining of multiple strands. Measurements from the AFM 
micrograph indicate that the height of an individual strand is 
approximately 8–9 nm, while the thickness of helices formed by 
multiple strands ranges from 97 nm to 121 nm, as detailed in the 
inset graph. These measurements indicate the hierarchical assembly 
of PCDA-ABA, beginning at the molecular level with rosette 
structures and progressing to the formation of nanohelices through 

further aggregation. The observed strand height of 8-9 nm aligns well 
with the previously calculated d-spacing of 7.2 nm from XRD analysis, 
which corresponds to the diameter of the rosette structure. This 
strongly supports the hypothesis that the individual strands observed 
in AFM result from the stacking of rosette structures driven by 
extensive hydrogen bonding interactions. The formation of 
nanohelices, exceeding 100 nm in thickness, suggests the 

Fig. 3. (a) SEM and TEM (b) images of PCDA-ABA nanohelices, generated in mixed THF and EtOH solution (1:12 v/v). (c) AFM images of 
PCDA-ABA nanohelices. The inset image shows the thickness profiles of the corresponding to the section analyses shown in (c). (d) Powder 
XRD pattern of PCDA-ABA nanohelices.
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hierarchical assembly of rosette-based strands. This organization is 
likely driven by van der Waals forces, π-π stacking, and directional 
hydrogen bonding of barbituric acid moieties. These findings 
demonstrate a two-step self-assembly of PCDA-ABA: (1) hydrogen-
bonded rosette formation and (2) hierarchical assembly into 
nanohelices via cooperative strand interactions. AFM images confirm 
this organization, aligning with spectroscopic and diffraction data. 
Further, powder X-ray diffraction (PXRD) studies were conducted to 
analyze the packing patterns of PCDA-ABA rosettes (Fig. 3d). 
Diffraction peaks at 2.5°, 3.7°, 4.9°, 6.1°, 7.3°, 8.6°, and 9.8° for 
stacked hexameric rosettes (PCDA-ABA) with fully extended DA tails 
correspond to an intramolecular distance of 7.2 nm. Furthermore, 
the analysis also revealed hexad stacks with an interstack distance of 
23.04 Å for the DA tails, which is optimal for the topochemical 
polymerization of diacetylene templates. 

FT-IR analysis (Fig. 4a) confirms hydrogen bonding in self-
assembled PCDA-ABA. The N–H stretching vibrations shift from 3384 
cm⁻¹ and 3320 cm⁻¹ to 3281 cm⁻¹ upon self-assembly, indicating 
hydrogen bond formation. Similarly, C=O stretching peaks shift from 
1739 cm⁻¹, 1693 cm⁻¹, and 1672 cm⁻¹ to 1769 cm⁻¹, 1741 cm⁻¹, and 
1664 cm⁻¹, respectively. While the non-hydrogen-bonded carbonyl 
group shows minimal shift, the hydrogen-bonded carbonyls exhibit 
significant changes, confirming strong interactions. The amide 

carbonyl group (gray star) shows a minor shift, indicating limited 
involvement in the hydrogen-bonding network. The observed 
spectral shift patterns confirm the presence of a strong hydrogen-
bonded network, supporting the formation of a highly organized 
rosette structure. Based on collective information obtained from 
PXRD and FT-IR analyses, a schematic illustration of PCDA-ABA self-
assembly into hexad rosettes is shown in Fig. 4b. The packing of 
PCDA-ABA hexad rosette stacks exhibits a twist angle rotation. From 
the collective results, FT-IR and XRD data, a schematic representation 
of PCDA-ABA nanohelices is illustrated, highlighting the hierarchical 
organization facilitated by hydrogen bonding (Fig. 4b). The shifts in 
N–H and C=O stretching vibrations confirm extensive hydrogen 
bonding, while the 7.2 nm intramolecular distance observed in XRD 
strongly suggests the helical packing of PCDA-ABA rosette structures. 
The correlation between spectral shifts, peak broadening, intensity 
variations in FT-IR, and periodic diffraction patterns in XRD provides 
strong evidence that barbituric acid participates in extensive, 
directional hydrogen bonding, leading to a highly organized self-
assembled rosette structure.

Next, the columnar stacks of PCDA-ABA hexad rosettes are 
covalently integrated through UV-induced topochemical 
polymerization. Upon UV irradiation (254 nm, 10s), the white color 

Fig. 4. (a) FT-IR spectra (C=O and N-H stretching region) of the PCDA-ABA (black line), PCDA-ABA nanohelices (blue line). (b) The proposed 
self-assembled structure of PCDA-ABA nanohelices and schematic representation of the self-assembly process. PCDA-ABA is first self-
assembled into rosettes, followed by a gradual rotation and stacking process to ultimately form nanohelices.
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PCDA-ABA rosettes transform into a brilliant blue color (displayed 
as an inset in Fig. 5a), indicating effective polymerization and the 

formation of an extended π-conjugated PDA structure along the 
columnar axis. The formation of PDA was confirmed through UV-vis 
and Raman spectroscopy. In the UV-vis spectrum, an absorption 
maximum peak at 615 nm appeared in the visible region, confirming 
the formation of the conjugated ene-yne PDA chain (a). Further 
confirmation of PDA formation was provided by Raman 
spectroscopy. The characteristic bands associated with the 
conjugated ene-yne structure in the PDA phase appeared at 1460 

cm⁻¹ (C=C) and 2099 cm⁻¹ (C≡C), while the band corresponding to the 
monomer yne-yne band at 2270 cm⁻¹ (C≡C) nearly disappeared (Fig. 

5b). Molecular weight of the polymer P(PCDA-ABA) could not be 
determined due to experimental limitations, primarily arising from 
poor solubility of the polymerized structure. However, based on 
theoretical calculations, the blue-phase PDA typically requires at 
least ~40 conjugated carbons (~10 diacetylene monomers) to absorb 
at 640 nm.58 Also, the results of our previous studies have shown that 
the blue-phase PDAs have a molecular weight in the range of 30,000 
to 200,000.59-60 On this basis, it can be inferred that the topochemical 

Fig. 5. (a) UV−vis and (b) Raman spectra of PCDA-ABA nanohelices before (sky-blue line) and after (blue line) UV irradiation. The inset 
photographs show monomeric (below) and polymeric (above) PCDA-ABA nanohelices.

Fig. 6. (a) Digital images of thermochromic behaviour of polymerized PCDA-ABA nanohelices upon gradual heating from 25 ℃ to 200 ℃. (b) 
UV-vis absorption spectra of polymerized PCDA-ABA before (black line), after heating at 180 oC (red line) and after cooling the sample back 
to 25 oC (blue line). (c) Plots of absorbance intensity at 615 nm as a function of thermal cycles (25 ↔ 180 ℃).
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polymerization to form the blue-phase PDA, P(PCDA-ABA), has 
proceeded efficiently, resulting in molecular weights in the range of 
30,000–200,000. 

Given that the blue-phase rosette PDAs can be easily prepared 
through facile UV irradiation, we tested their colorimetric response 
to heat to explore the possibility of devising thermochromic sensor 
systems. To examine the thermochromic behavior, the blue-phase 
P(PCDA-ABA) was gradually heated from 25 °C to 200 °C at a rate of 
10 °C/ min on a hot plate. P(PCDA-ABA) displayed a naked-eye visible, 
temperature-dependent color transition. As shown in Fig. 6a, the 
blue-phase PDA at room temperature undergoes heat-induced 
multiple color transitions. A blue-purple phase change occurs 
between heating temperatures of 70–90 °C, followed by a 
transformation into a sharp red phase at 100 °C, which is maintained 
up to 170 °C. Further heating results in a color change to orange 
between 180 °C and 200 °C. Most interestingly, the P(PCDA-ABA) 
exhibited excellent thermochromic reversibility. A reversible blue-to-
red color transition occurred during repeated heating and cooling 
cycles between 25 °C and 180 °C, with complete recovery of the blue 
color (Fig. 6b, heating and cooling cycles are marked with an arrow).

The potential of the thermochromic sensory response of P(PCDA-
ABA) for developing a reusable sensor system was evaluated by 
performing repeated consecutive thermal cycles. As shown in Fig. 6c, 
after multiple cycles of alternating heating and cooling, no noticeable 
change in the intensity of the absorption peak occurred, strongly 
indicating the excellent thermochromic reversibility characteristic of 
P(PCDA-ABA). The high-temperature thermochromic reversibility is 
likely attributed to the strong and synergistic intermolecular 
hydrogen-bonding interactions within the P(PCDA-ABA) rosettes. 
These interactions ensure the rigidity of the columnar rosette 
structure and provide robustness, serving as the driving forces for 
the recovery of the initial structural arrangement, even after heat-
induced structural strain (blue phase).

We further investigated the effect of pH on the color transitions 
and the associated hydrogen-bonding behavior. Since the self-
assembly process is strongly governed by hydrogen-bonding 
interactions, variations in pH are expected to significantly influence 
the supramolecular organization. Under acidic and basic conditions, 
distinctly different colors were clearly visible, indicating that 
protonation and deprotonation processes regulate the hydrogen-
bonding network and consequently trigger the colorimetric response 
in P(PCDA-ABA). A distinct blue-to-red color transition was observed, 
accompanied by corresponding changes in the UV–Vis spectra, at 
basic pH 12 (Fig. S8). Moreover, the pH-induced color transitions 
were found to be reversible between pH 1 and pH 13 (Fig. S9). Upon 
alternating between acidic and basic conditions, the original color 
was nearly restored, demonstrating good reversibility. UV-vis and FT-
IR spectroscopy analyses further confirmed the reversibility (Fig. S9a 
and S9b). In the FT-IR spectra (Fig. S9b), the hydrogen-bonded 
carbonyl (C=O) stretching peak at 1768 cm⁻¹ and the non-hydrogen-
bonded carbonyl (C=O) stretching peak at 1642 cm⁻¹ disappeared 
upon deprotonation, likely due to enolate formation under basic 
conditions. Additionally, the hydrogen-bonded carbonyl (C=O) 
stretching peak at 1660 cm⁻¹ shifted slightly to a higher frequency 
(1664 cm⁻¹) at pH 13. Furthermore, the N–H stretching vibration at 
3272 cm⁻¹ split into two distinct peaks at 3283 and 3255 cm⁻¹ under 
basic conditions, suggesting disruption of intermolecular hydrogen 

bonding. Upon reprotonation, the frequency shifts observed under 
basic conditions nearly recovered to their original positions, 
indicating that the structural changes are reversible. These results 
suggest that basic pH induces disruption of the self-assembled state 
through weakening or partial disruption of hydrogen-bonding 
interactions.

3. Conclusion 
In the present study, we have developed colorimetric 

polydiacetylene (PDA) rosettes exhibiting enhanced structural 
rigidity and reversible thermochromic behavior. A linear barbituric 
acid-functionalized diacetylene monomer, PCDA-ABA, was 
synthesized. PCDA-ABA possesses two key structural features: (i) a 
barbituric acid headgroup that offers multiple hydrogen-bond donor 
and acceptor sites, facilitating a robust hydrogen-bonding network, 
and (ii) a diacetylene core that enables π–π stacking interactions, 
promoting organized molecular assembly. This cooperative non-
covalent interaction drives the self-assembly of the monomers into 
hexameric rosette structures. These rosettes further organize into 
twisted, slip-stacked supramolecular columnar assemblies, stabilized 
by intermolecular hydrogen bonding between amide groups and π–
π stacking among diacetylene. The self-assembly of PCDA-ABA in a 
THF :  ethanol mixture at a ratio of 1 : 12 (v/v) with a concentration 
of 10 mg/mL afforded highly ordered twisted nanohelices. FT-IR 
spectroscopy revealed that the self-assembly process is mainly 
directed by hydrogen bonding interactions. The morphological 
features of the rosette-based nanohelices were characterized by 
SEM and TEM. TEM images revealed the presence of both isolated 
individual nanohelices and densely packed bundles of aggregated 
fibers. Furthermore, AFM micrographs provided further 
confirmation of the helical morphology, supporting the existence of 
a hierarchical assembly mechanism involving rosette-based 
supramolecular strands. Powder X-ray diffraction (PXRD) analysis 
provided detailed insights into the molecular packing patterns, 
further confirming the formation of the hexad rosette morphology.

The columnar stacks of PCDA-ABA hexameric rosettes were 
covalently cross-linked via UV-induced topochemical polymerization, 
resulting in the formation of a blue-phase PDA with enhanced rigidity 
and structural stability. The resulting polymeric blue-phase P(PCDA-
ABA) exhibited good colorimetric property of reversible 
thermochromic properties upon heating up to 180 °C. The effect of 
pH on the self-assembled PDA was studied and showed a reversible 
color change. At pH 13, deprotonation causes a blue-to-red 
transition, and the original blue color nearly recovered upon 
reprotonation. This study presents an interesting approach for 
integrating a diacetylene template with hydrogen-bonding motifs to 
construct higher-order and complex supramolecular self-assemblies, 
which can be transformed into rigid polymeric structures 
complemented with colorimetric properties, exhibiting enhanced 
structural and functional properties.
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