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amolecular copolymerization of
alkynylplatinum(II) terpyridine complexes: from
isodesmic to cooperative mechanisms†

Sehee Kim,‡ Minhye Kim,‡ Seojeong Woo, Juyeong Kim, Sung Ho Jung *
and Jong Hwa Jung *

Recently, cooperative supramolecular polymerization has garnered considerable attention due to its

significant potential for enabling controlled chain-growth polymerization, which offers a route to

achieving a well-defined degree of polymerization and low polydispersity. In this study, we synthesized

two distinct alkynylplatinum(II) complexes, one bearing a saturated long alkyl chain (Pt-Sat-C18) and

another containing a diacetylene moiety within a long alkyl chain (Pt-DA-C25). Spectroscopic analyses

revealed that Pt-Sat-C18 undergoes supramolecular polymerization via an isodesmic pathway, while Pt-

DA-C25 assembles cooperatively. Intriguingly, the mechanism of supramolecular copolymerization could

be tuned by varying the composition ratios: transitioning from an isodesmic to a cooperative pathway

was achieved by increasing the proportion of Pt-DA-C25. Moreover, UV irradiation prompted a shift

from an isodesmic to a cooperative assembly mechanism. Morphologically, self-assembled Pt-Sat-C18

resulted in left-handed fibrillar structures, whereas Pt-DA-C25 led to left-handed tubular assemblies.

Supramolecular co-assembly further revealed helical ribbon or tubular structures. Photoluminescent

properties were also observed, with emission spectra centered at approximately 650 nm, attributed to

the formation of excimer species facilitated by strong Pt/Pt interactions. To elucidate the mechanisms

underlying these supramolecular polymerizations, temperature-dependent UV-visible spectroscopy was

conducted during the cooling/heating processes, and thermodynamic parameters for both isodesmic

and cooperative pathways were quantitatively assessed through curve fitting.
Introduction

The rational design of monomers capable of self-assembling
into dynamically well-ordered structures is critical for the
deployment of self-assembled materials across various
applications.1–16 Achieving this goal necessitates the precise
control of molecular interactions like solvophobic effects, p–p
stacking, and intermolecular hydrogen bonding in the realm of
supramolecular polymerization. For supramolecular polymers,
even minor alterations in molecular structure can result in
signicant, oen unpredictable, changes in the structural and
dynamic behavior of aggregates.17–25 Consequently, the rational
design of supramolecular polymers remains a formidable
challenge, underscoring the need for an in-depth under-
standing of the intermolecular interactions that drive self-
assembly.
of Natural Sciences, Gyeongsang National

ng@gnu.ac.kr; Jonghwa@gnu.ac.kr

tion (ESI) available. See DOI:

the Royal Society of Chemistry
In the formation of supramolecular polymers from small
molecular building blocks, two primary growthmechanisms are
observed: the so-called isodesmic26–28 and cooperative29–39

pathways. In the isodesmic mechanism, the aggregation
behavior generally follows a step-growthmechanism, displaying
high polydispersity and a degree of polymerization contingent
upon a single binding constant.40,41 No distinct transition point
neither a critical concentration nor a critical temperature,
resulting in an approximate transition from a monomeric to
a polymeric state. On the other hand, the cooperative mecha-
nism involves a two-step process governed by two distinct
binding constants: nucleation (Kn) and elongation (Ke).42,43 This
mechanism is characterized by a lower degree of polydispersity
and exhibits a sharp transition point from nucleation to elon-
gation regime, observable at a critical concentration or
temperature, unlike the isodesmic mechanism.

Recently, cooperative supramolecular polymerization has
garnered signicant attention due to its potential for controlled
chain growth, leading to high degrees of polymerization, low
dispersity, and controllable morphologies. Consequently, the
design of the building blocks emerges as a pivotal factor for
realizing desired supramolecular polymers with potential
Nanoscale Adv., 2024, 6, 1917–1925 | 1917
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applications in material science and supramolecular
chemistry.44–55

Platinum(II) complexes with tridentate p-acceptor ligands
are recognized for their outstanding spectroscopic properties
and a strong propensity to form supramolecular architectures
through Pt/Pt and p–p interactions, both in solid and solution
states, due to their square-planar conguration.56–73 This has led
to signicant interest in supramolecular structures based on
Pt(II) complexes, driven by their inherently fascinating physical
properties and the diverse morphologies of self-assembled
structures. For instance, V. W. W. Yam and coworkers re-
ported various morphologies of supramolecular aggregates
derived from mono- and binuclear platinum(II) complexes,
including helical bers, tubular, and ribbon formations,
alongside their spectroscopic characteristics.74,75 They further
elucidated the formation mechanisms of these supramolecular
structures of platinum(II) complex through alterations in
solvent composition. The supramolecular assembly in aqueous
solutions follows an isodesmic model, whereas in acetone and
H2O (7 : 1 v/v), it adopts a cooperative growth strategy, charac-
terized by nucleation and elongation mechanisms.76 Further-
more, exploring Pt(II) complex systems that transition from
isodesmic to cooperative supramolecular copolymerization
remains a signicant challenge. In this work, we report the
mechanisms underlying supramolecular copolymerization
based on Pt-Sat-C18 and Pt-DA-C25 at varying composition
ratios. The copolymerization mechanism was regulated via UV-
irradiation, resulting in pronounced morphological changes
inuenced by composition ratios. Thermodynamic studies
further corroborated the self-assembly mechanisms of both
isodesmic and cooperative supramolecular copolymers. Pt(II)
complex-based supramolecular polymers can diverse applica-
tive potential spanning molecular recognition, pH sensing and
biomolecular labeling, due to special photophysical
characteristics.63
Results and discussion
Preparation of ligands

As shown in Scheme S1,† chiral terpyridine ligands, Pt-Sat-C18
and Pt-DA-C25 (Fig. 1), were synthesized via distinct multi-step
routes. The synthesis commenced with the preparation of chiral
precursor 2, containing an S-alanine moiety, according to
a previously reported procedure.77,78 Compound 3 was subse-
quently synthesized through the reaction of precursor 2 with
decanedioyl dichloride and triethylamine in dichloromethane
(DCM). The subsequent stage involved the formation of plati-
num(II) complex 4, achieved by reacting compound 3 with
Fig. 1 Chemical structures of building blocks used in this works.

1918 | Nanoscale Adv., 2024, 6, 1917–1925
dichloro(1,5-cyclooctadiene)platinum(II) in a water–methanol
mixture. The target ligand Pt-Sat-C18 was then obtained by
reacting complex 4 with phenylacetylene that featured a satu-
rated long alkyl chain, employing DCM as the solvent. In
a parallel synthesis, Pt-DA-C25 was synthesized employing
a methodology analogous to that used for Pt-Sat-C18, with the
key distinction being the utilization of a diacetylene moiety in
the long alkyl chain. Comprehensive characterization of all
synthesized products was conducted using nuclear magnetic
resonance (NMR) spectroscopy, infrared (IR) spectroscopy, and
electrospray ionization mass spectrometry (ESI-MS).
Spectroscopic studies of supramolecular polymer

To explore the formation of supramolecular polymers in mixed
solvents of dimethyl sulfoxide (DMSO) and H2O, UV-vis spectral
changes of Pt-Sat-C18 and Pt-DA-C25 ligands were measured in
varying DMSO/H2O ratios. Optimal conditions for supramolec-
ular polymerization were identied as a 5 : 1 (v/v) mixture of
DMSO and H2O. As depicted in Fig. 2A, both Pt-Sat-C18 and Pt-
DA-C25 displayed nearly identical absorption spectra, charac-
terized by intense high-energy absorption bands in the 250–
320 nm region. These bands are attributed to intraligand [p /

p*] transitions within the terpyridine units. Additionally,
absorption bands appearing between 450–490 nm were identi-
ed, indicative of a metal-to-ligand charge transfer (MLCT)
[dp(Pt) / p*(terpyridine)] transition, compounded with
a ligand-to-ligand charge transfer (LLCT) [p(terpyridine) /

p*(terpyridine)] character. Notably, in the mixed DMSO and
H2O (5 : 1 v/v), a distinct absorption feature was observed in the
520–560 nm range. This phenomenon is ascribed to a metal–
metal-to-ligand charge transfer (MMLCT) transition, impli-
cating Pt/Pt interactions during the course of supramolecular
polymerization. In stark contrast, this MMLCT-associated
absorption band was conspicuously absent when the ligands
were dissolved in pure DMSO (Fig. S1A†), signifying the absence
of Pt/Pt interactions under these solvent conditions.

To further substantiate the role of metal–metal-to-ligand
charge transfer (MMLCT) in supramolecular polymerization,
photoluminescence spectra of Pt-Sat-C18 and Pt-DA-C25 were
acquired in both a mixed DMSO/H2O solvent system (5 : 1, v/v)
and in pure DMSO (Fig. 2B and S1B†). Notably, both Pt-Sat-
C18 and Pt-DA-C25 manifested intense emission bands at
approximately 650 nm (Fig. 2B). These bands are consistent
with the formation of excimer species during supramolecular
polymerization.79 A characteristic emission band associated
with MMLCT was identied at approximately 610 nm in the
context of supramolecular polymerization.69 Emission bands at
longer wavelengths were ascribed to robust Pt/Pt interactions,
as compared to those in previously reported compounds.69,70

Contrastingly, in pure DMSO, emission bands were observed at
approximately 560 nm (Fig. S1B†), attributable to metal-to-
ligand charge transfer (MLCT). These ndings corroborate the
monomeric nature of Pt-Sat-C18 and Pt-DA-C25 in a DMSO-only
environment. Further credence to this supramolecular poly-
merization mechanism was lent by circular dichroism (CD)
spectroscopy. Pronounced negative CD bands were detected in
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 (A) UV-vis, (B) PL and (C) CD spectra of (a) Pt-Sat-C18 (300 mM) and (b) Pt-DA-C25 (300 mM) in a mixed DMSO and H2O (5 : 1 v/v): the
spectra with dot lines in (A) were obtained by curve fitting.

Fig. 3 Temperature-dependent UV-vis spectral changes of (A) Pt-Sat-
C18 (300 mM) and (B) Pt-DA-C25 (300 mM) in DMSO and H2O (5 : 1 v/v).
Plots for aagg vs. temperatures of (C) Pt-Sat-C18 and (D) Pt-DA-C25
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the 350–600 nm range (Fig. 2C), arising from MLCT and metal–
metal charge transfer (MMCT) processes during supramolec-
ular polymerization. The negative CD signals indicative that Pt-
Sat-C18 and Pt-DA-C25 form supramolecular polymers with le-
handed screw shape. In addition, the strong positive CD band
showed at around 300 nm, corresponding to p / p* transi-
tions within the terpyridine unit. These observations imply the
formation of helical structures in the supramolecular polymers
of Pt-Sat-C18 and Pt-DA-C25. These CD signals also originate
from helical supramolecular polymers induced by the S-enan-
tiomeric moiety of building blocks. Notably, no CD signals were
observed in pure DMSO (Fig. S1C†), corroborating the absence
of supramolecular polymerization and reinforcing the mono-
meric existence of these Pt(II) complexes. Hence, our results
conrm that Pt-Sat-C18 and Pt-DA-C25 engage in supramolec-
ular polymerization when dissolved in a mixture of DMSO/H2O
(5 : 1, v/v).

To elucidate the role of intermolecular hydrogen bonding in
the assembly of supramolecular nanostructures, Fourier trans-
form infrared (FT-IR) spectroscopy was employed. When
compared to the spectra of monomeric Pt-Sat-C18 and Pt-DA-
C25 dissolved in pure DMSO, the FT-IR spectra of the aggregates
in a DMSO/H2Omixture (5 : 1, v/v, 1 mM) exhibited a discernible
shi in the –NH stretching bands toward lower wavenumbers
(Fig. S2†). This shi serves as a clear indicator of the formation
of intermolecular hydrogen bonds involving the amide func-
tional groups. Supplementing these observations, 1H NMR
studies performed in DMSO-d6 and D2O (5 : 1, v/v) at 298 K
showed broadening of the aromatic proton peaks for both Pt-
Sat-C18 and Pt-DA-C25 (Fig. S3†), a feature ascribed to the
assembly of these molecules into supramolecular polymers.
Conversely, at elevated temperature (363 K), these aromatic
proton peaks displayed more pronounced low-eld shis and
improved resolution, signifying the disassembly into mono-
meric species. Taken together, these FT-IR and 1H NMR spectral
data strongly support the notion that intermolecular hydrogen
bonding, along with p–p stacking interactions, serve as the
principal driving forces underlying the formation of these
supramolecular polymers.
upon heating and cooling at a rate of 1 K min in DMSO and H2O (5 : 1
v/v) at 270 nm. The cooperativity parameter s, representing the ratio of
Kn/Ke, was approximately 1 for the self-assembled Pt-Sat-C18 and 4.5
× 10−3 (during cooling) and 1.3 × 10−2 (during heating) for the self-
assembled Pt-DA-C25, respectively. These values were obtained
through curve fitting with Matlab.
Supramolecular polymerization

To gain a nuanced understanding of self-assembly behavior, we
conducted temperature-dependent UV-vis spectroscopic
© 2024 The Author(s). Published by the Royal Society of Chemistry
measurements on Pt-Sat-C18 and Pt-DA-C25. These measure-
ments were performed under a controlled temperature change
of 1 K min−1 in a DMSO/H2O mixture (5 : 1, v/v). For Pt-Sat-C18,
a sigmoidal curve was observed when monitoring absorption
intensities at 270 and 550 nm (Fig. 3 and S4†). During the
cooling process, the absorption intensity at 550 nm, attribut-
able to metal–metal-to-ligand charge transfer (MMLCT), dis-
played an increase below 350 K. This observation implies the
activation of MMLCT interactions during supramolecular
polymerization at below 350 K temperature. Intriguingly, both
heating and cooling curves manifested a well-dened sigmoidal
shape, with no hysteresis observed (Fig. 3C). These features
suggest that Pt-Sat-C18 undergoes supramolecular polymeriza-
tion via an isodesmic model. In contrast, the cooling curve for
Pt-DA-C25 demonstrated a distinctly non-sigmoidal prole
(Fig. 3B, D and S5†), indicative of a cooperative self-assembly
mechanism featuring successive nucleation and elongation
stages. These results indicate that the supramolecular polymers
based on Pt-Sat-C18 follow a distinct pathway compared to their
Pt-DA-C25 counterpart, likely due to the greater hydrophobicity
Nanoscale Adv., 2024, 6, 1917–1925 | 1919
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of the latter and differences in molecular arrangement during
supramolecular polymerization. Additionally, we calculated the
number-averaged degree of polymerization,41 DPN, for Pt-Sat-
C18 and Pt-DA-C15 (Fig. S6†). As shown in Fig. S6,† the number-
averaged degree of polymerization for Pt-DA-C25 is higher than
that of Pt-Sat-C18 at temperatures below 290 K, indicating that
the formation mechanism of Pt-DA-C25 differs from that of Pt-
Sat-C18. Corroborating these observations, temperature-
dependent circular dichroism (CD) spectral changes were
consistent with the UV-vis data (Fig. S7 and S8†). Further sup-
porting these ndings, photoluminescence (PL) intensity at
650 nm diminished progressively, while the PL band at 560 nm
increased (Fig. S9 and S10†). This behavior is consistent with
the dissociation of the MMLCT-driven supramolecular poly-
mers into monomeric species.
Supramolecular copolymerization by different composition
ratios

To explore the intricacies of supramolecular copolymerization,
we examined various composition ratios of Pt-Sat-C18 to Pt-DA-
C25 in a DMSO/H2O mixture (5 : 1, v/v) (Fig. S13–S18†). Upon
cooling, the absorbance changes for supramolecular copoly-
mers formed at 9 : 1 and 8 : 2 ratios of Pt-Sat-C18 to Pt-DA-C25
displayed sigmoidal curves similar to those observed for Pt-Sat-
C18 alone (Fig. 4). This evidence points toward the dominance
of an isodesmic mechanism for copolymers wherein Pt-Sat-C18
constitutes the major component. Conversely, copolymers
formulated at 4 : 6, 6 : 4, and 2 : 8 ratios (Pt-Sat-C18 to Pt-DA-
C25) manifested non-sigmoidal cooling curves (Fig. 4). Further
quantitative analysis yielded cooperativity parameter s as the
ratio of Kn/Ke ranging from 1.7 × 10−2 to 2.1 × 10−2,26 obtained
via curve tting with Matlab. These observations suggest
a transition toward a cooperative assembly mechanism in these
copolymer systems. In a mixture of Pt-Sat-C18 : Pt-DA-C25, the
nucleation of Pt-DA-C25 proceeds rapidly compared to the
supramolecular polymerization of Pt-Sat-C18. The nucleation of
Pt-DA-C25 would act as a seed for the elongation of Pt-Sat-C18
and Pt-DA-C25, leading to a cooperative pathway. In the co-
assembly process, both Pt-Sat-C18 and Pt-DA-C25 undergo co-
assembled nucleation under competitive pathways, leading to
Fig. 4 (A) Plots of aagg against temperature for supramolecular
copolymers (300 mM) at different composition ratios of Pt-Sat-C18
and Pt-DA-C25 (2 : 8, 6 : 4, 8 : 2 and 9 : 1) at 270 nm. (B) Fitting curve of
self-coassembled polymers at different composition ratios (6 : 4 and
9 : 1) of Pt-Sat-C18 and Pt-DA-C25; the composition ratio of 6 : 4
suggests a cooperative pathway, while the composition ratio of 9 : 1
indicates an isodesmic pathway.

1920 | Nanoscale Adv., 2024, 6, 1917–1925
a cooperative mechanism. Consequently, as a result of this
nucleation formation process, the isodesmic mechanism is
transformed into a cooperative mechanism to form a supramo-
lecular copolymer. Notably, the mechanism underlying copol-
ymer formation appears to be readily tunable by adjusting the
compositional ratios of the constituent building blocks. Such
control is imperative for generating supramolecular copolymers
via a cooperative mechanism, which is particularly relevant for
the kinetic stabilization of metastable states in the synthesis of
multi-block supramolecular copolymers.

Subsequently, we probed the role of UV-irradiation in gov-
erning the mechanism of supramolecular polymerization. When
the supramolecular polymer based on Pt-DA-C25 was cooled in
a DMSO and H2O mixture (5 : 1 v/v), a non-sigmoidal cooling
curve was observed irrespective of UV-irradiation duration
(Fig. S11†). Remarkably, a transition in absorbance behavior was
witnessed for co-assembled polymers formed at a 9 : 1 ratio of Pt-
Sat-C18 to Pt-DA-C25 upon UV-irradiation for 30 min during the
cooling process (Fig. S12 and S13†). These data suggest that UV-
irradiation shis the co-assembled polymer system toward
a cooperative assembly pathway, characterized by nucleation–
elongationmechanics. We also examined the FT-Raman spectral
changes in both the self-assembled pure Pt-DA-C25 and the
coassembly of Pt-Sat-C18 and Pt-DA-C25 (at a 9 : 1 ratio) to verify
the occurrence of 1,4-addition polymerization of the diacetylene
moiety under UV irradiation (Fig. S19†). Prior to irradiation, the
self-assembled pure Pt-DA-C25 exhibited vibrational bands at
2083 cm−1 and 1458 cm−1 (nC^C). Aer 30minutes of irradiation
with Hg lamp (Fig. S17A†), the vibrational band at 1458 cm−1 for
the diacetylene group shied to a higher wavenumber, corre-
sponding to the –C]C– stretching vibrational region.80 Addi-
tionally, the peak at 2083 cm−1 shied to a shorter wavenumber,
indicating increased conjugation (Fig. S20†). These results
conrm the effective polymerization of the self-assembled pure
Pt-DA-C25 under UV irradiation.

In contrast, following UV irradiation of the coassembly
formed at a 9 : 1 ratio of Pt-Sat-C18 to Pt-DA-C25, the vibrational
band at 1458 cm−1 exhibited a weak shi compared to the self-
assembled pure Pt-DA-C25 (Fig. S19B†). This observation
suggests that the 1,4-addition reaction of diacetylene moieties
in the coassembly does not occur as effectively as in the self-
assembled pure Pt-DA-C25. Notably, these ndings unveil the
capacity to modulate the assembly mechanism of supramolec-
ular polymers featuring UV-responsive functional groups.
Therefore, UV-irradiation emerges as a powerful tool for
dictating the structural attributes of complex supramolecular
architectures.
Morphology observation of supramolecular polymers

Morphological characterization of the self-assembled polymers
of Pt-Sat-C18 and Pt-DA-C25 in a mixed solvent of DMSO and
H2O (5 : 1 v/v) was conducted via scanning electron microscopy
(SEM) and transmission electron microscopy (TEM) (Fig. 5). For
Pt-Sat-C18, SEM images revealed a well-dened le-handed
helical ber architecture with an approximate diameter of
75 nm (Fig. 5A). Conversely, Pt-DA-C25 exhibited a tubular
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 SEM and TEM images of the self-assembled polymers obtained
by (A) pure Pt-Sat-C18, (B and E) 8 : 2 and (D) 4 : 6 ratios of Pt-Sat-C18
and Pt-DA-C25 and pure (C and F) Pt-DA-C25 in DMSO and H2O (5 : 1
v/v).
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morphology, which was additionally conrmed to feature a le-
handed helical twist by SEM and TEM images (Fig. 5C and F).
Intriguingly, supramolecular copolymers comprising different
ratios of Pt-Sat-C18 and Pt-DA-C25 (8 : 2 and 4 : 6) manifested
le-handed helical tubular or ribbon-like morphologies with
diameters around 110–120 nm. Notably, a 4 : 6 ratio coassembly
of Pt-Sat-C18 and Pt-DA-C25 yielded a le-handed helical ribbon
structure (Fig. 5D), suggesting a morphological transition from
a le-handed tubular arrangement. These ndings underscore
the critical role of the Pt-DA-C25 composition ratio in modu-
lating the resulting morphologies. Additionally, the TEM image
in Fig. 5F revealed a clear inner hollow cavity a diameter of
approximately 220 nm. In general, the tubular structure in the
self-assembling process begins with small vesicular struc-
tures.81 Vesicles then grow into ribbon structures. Subsequently,
the ribbon structure transforms into a helical tubular struc-
ture.81 In this study, the vesicular structure was not observed,
which may be due to the rapid morphological transformation in
supramolecular polymerization. The tubular structures in Fig. 5
could also originate from small vesicles. Therefore, we conclude
that the structural attributes of coassembled polymers can be
strategically tuned via altering the composition ratios of Pt-Sat-
C18 and Pt-DA-C25.
Fig. 6 (A) Plots of aagg vs. concentration of Pt-Sat-C18 in DMSO and
H2O (5 : 1 v/v) at different temperatures and corresponding isodesmic
fit. (B) Van't Hoff plot for Pt-Sat-C18 in DMSO and H2O (5 : 1 v/v). (C)
Plots of Pt-DA-C25 for aagg vs. temperature in DMSO and H2O (5 : 1 v/
v) at different concentrations. (D) Van't Hoff plot for Pt-DA-C25 in
DMSO and H2O (5 : 1 v/v).
Thermodynamic study of supramolecular polymers

The temperature-dependent UV-vis spectral changes of Pt-Sat-
C18 and Pt-DA-C25 (200–600 mM) at ranges of various concen-
trations were observed by cooling process at a rate of 1 K min−1

in DMSO and H2O (5 : 1 v/v) (Fig. 6 and S21–S28†). As mentioned
© 2024 The Author(s). Published by the Royal Society of Chemistry
early, since the plots of the fraction of aggregated Pt-Sat-C18
molecules (aagg) against temperature for supramolecular poly-
mers based on Pt-Sat-C18 showed sigmodal shapes, the ther-
modynamic parameters (DG, DH and DS) were calculated by
applying isodesmic model (Fig. 6A and B). The binding constant
(KI) and Gibbs free energy (DG) were calculated to be in the
range of 2.6 × 104 to 1.3 × 103 mol−1 and −29.3 kJ mol−1 at 298
K (Tables S1 and S2†), respectively. On the other hand, the plots
of aagg against temperature for supramolecular polymer based
Pt-DA-C25 showed non-sigmodal curves (Fig. 6C). Through
curve tting by Matlab using basis on cooperative model with
a nucleation and elongation mechanism (Fig. 6C and D), the
DGe, DHe and the elongation binding constant (Ke) afforded
−24.3 kJ mol−1 at 298 K, −43.0 kJ mol−1 and 1.8 × 104 mol−1

(Table S3†), respectively.
The thermodynamic parameters of co-assembled polymers

formed at different composition ratios of Pt-Sat-C18 and Pt-DA-
C25 (9 : 1 to 2 : 8) were also calculated by curve tting obtained
in the cooling process at a rate of 1 K min−1 in DMSO and H2O
(5 : 1 v/v). The DGe of co-assembled polymers formed at different
composition ratios was −16.8 to −19.7 kJ mol−1 at 298 K (Table
S4†), which was smaller than those obtained by Pt-Sat-C18 and
Pt-DA-C25. In addition, the DGe decreased by increase of
concentration of Pt-Sat-C18. This decrease of DGe would due to
mismatching between two building blocks in formation of
supramolecular copolymers. Furthermore, the DGe of the self-
assembled Pt-DA-C25 (−18.8 kJ mol−1 at 298 K) and co-
assembly formed at 9 : 1 ratio (−17.1 kJ mol−1 at 298 K) aer
UV-irradiation for 30 min were smaller than that the self-
assembly before UV-irradiation (Tables S5 and S6†), indicating
leading disordering of supramolecular structure in 1,4-addition
polymerization process of diacetylene moieties (Fig. S20†).
Although UV irradiation did not inuence the formation
mechanism in the self-assembled Pt-DA-C25 process, the DGe of
Nanoscale Adv., 2024, 6, 1917–1925 | 1921
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self-assembled Pt-DA-C25 aer UV irradiation (DGe =

−18.8 kJ mol−1) signicantly reduced compared to before UV
irradiation (DGe = −24.3 kJ mol−1). This reduction was attrib-
uted to the disordering of the self-assembly. In contrast, theDGe

of the co-assembly of Pt-Sat-C18 and Pt-DA-C25 (9 : 1) was not
inuenced by UV irradiation (Tables S4 and S6†). However, the
assembly mechanism shied from isodesmic to cooperative.
This change is attributed to a small amount of Pt-DA-C25
undergoing a 1,4-addition reaction upon UV irradiation,
leading to co-assembled nucleation through competitive path-
ways. In particular, exposure to UV irradiation caused a transi-
tion from an isodesmic to a cooperative assembly mechanism.
This nding implies that UV irradiation offers a novel approach
to controlling the self-assembly process.

Conclusions

We have precisely modulated the formation mechanisms of
supramolecular polymers derived from alkyne platinum(II)
complexes, each with either a saturated or unsaturated alkyl chain.
Photoluminescence spectra of these chiral supramolecular poly-
mers and copolymers prominently feature peaks around 650 nm,
attributable to the generation of excimer species facilitated by
robust Pt/Pt interactions. Notably, Pt-Sat-C18 undergoes poly-
merization via an isodesmic pathway, whereas Pt-DA-C25 favors
a cooperativemechanism incorporating nucleation and elongation
stages. Intriguingly, the innate isodesmic polymerization pathway
of Pt-Sat-C18 transitions to a cooperative mechanism in the pres-
ence of Pt-DA-C25, underscoring the capacity for dynamic control
over supramolecular polymerization mechanisms. Morphological
studies further support these mechanistic insights. Supramolec-
ular polymers based on Pt-Sat-C18 manifest as helical bers,
whereas copolymers derived from varying composition ratios of Pt-
Sat-C18 and Pt-DA-C25 adopt either le-handed ribbon or
tubular—morphologies reminiscent of the supramolecular poly-
mers based on Pt-DA-C25 alone. Furthermore, UV irradiation
prompted a shi from an isodesmic to a cooperative assembly
mechanism. These ndings not only demonstrate the feasibility of
controlling the self-assembly mechanisms of supramolecular
polymers but also offer an innovative strategy for dictating
morphology in supramolecular copolymerization processes.
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