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Our present study demonstrated and explored the

solvent effects on the association mechanism of the

supramolecular nanomaterials in a series of cyclo-

tetrasiloxane-appended alkynylplatinum(II) terpyri-

dine complexes. Through the delicate balance of

molecular interactions, some of these complexes

were found to exhibit molecular association prop-

erties, with possible morphological transformation

in response to solvent polarities. Twisted fibrils and

nanoplates were apparent in aqueous and nonpolar

media, respectively. Following the investigation of

their molecular packing via powder X-ray diffrac-

tion and selected area electron diffraction experi-

ments, we proposed a packing conformation, as

follows: These nanostructure fabrications demon-

strated to have been assisted by the presence

of Pt···Pt interactions, in which the associated dra-

matic and rich spectroscopic response proceeded

through mechanistic tracking of the assembly pro-

cess. Further, nucleation and elongation modeling

studies illustrated a solvent dependence of the as-

sociation mechanism, with cooperative and isodes-

mic growth mechanism revealed in aqueous and

apolar conditions, respectively.

Keywords: supramolecular, cyclotetrasiloxane, plati-

num, solvent effects, hydrophobic interaction,

nanomaterial, metal–metal interactions, noncova-

lent interaction, supramolecular polymerization

mechanism

Introduction
Platinum(II) complexes with d8 electronic configuration

are well-known to possess high stability and rich spec-

troscopic properties, associated with the formation of

self-assembly of nanostructures.1–25 In particular, square-

planar platinum(II) complexes with sterically undemand-

ing ligands are found to further exhibit special electronic

properties and solid-state polymorphism.1 From an

earlier discovery of ground-state oligomerization in

[Pt(CN)4]
2− complex2–4 through the development of

classical color of the Magnus’ green salt5 and solid-state

platinum(II) polypyridines,6,7 to the more recent supra-

molecular association of the platinum(II) terpyridine

systems in solutions,8–10 enormous attention has been

focused on the exploration of the platinum(II) system
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that exhibits Pt···Pt interactions, due to their drastic

spectroscopic and luminescence changes, which corre-

late to the extent of the Pt···Pt separations.3,4,6,7,11

Beside, the design and construction of cubic or cyclic

oligosiloxane functional materials have received much

attention in recent decades.26–32 In particular, cubic sil-

sesquioxanes of general formula Si8O12R8 have demon-

strated numerous applications, partly due to their

tailorable functional domains that contribute to their

fascinating properties, including reactivity, solubility,

thermal stabilities, mechanical properties, and other

physical properties.28,29 Meanwhile, the development of

cyclic siloxanes in constructing nanobuilding blocks

toward precisely controlled nanostructures with predict-

able properties is of growing interest.26 Such silicon-

containing macrocycles, also known as cyclosiloxanes,

with general formula of (R2SiO)n (abbreviated Dn),
30,31

exhibit processable organic substituents similar to that

demonstrated in cubic silsesquioxanes, with peripheral

units generally determining the chemical and physical

properties of the cyclosiloxane derivatives.30,31

Despite the symmetric and well-defined structures of

the cyclosiloxane derivatives that would allow them to

serve as promising candidates for constructing supramo-

lecular functionalmaterials,32 theutilizationof thesiloxane

rings in constructing molecular precursors toward supra-

molecular chemistry has remained scarce. Attracted by

the rich spectroscopic properties of the d8 platinum(II)

terpyridine system, as well as the possibility in manipulat-

ing the Pt···Pt and π–π stacking interactions toward the

construction of distinct nanomaterials,1–25 functional hy-

bridmaterialswithmolecular association behaviors could

be constructed via the coupling of the platinum(II) moie-

ties with the cyclotetrasiloxane domains. Such formation

of supramolecular nanostructures leads to interesting

spectroscopic and luminescence changes, which could

potentially serve as a tracker and reporter for the supra-

molecular assembly processes, and the corresponding

mechanistic studies. In view of this, we sought to conduct

the following research: (1) Synthesize and characterize a

series of cyclotetrasiloxane–functionalized alkynylplati-

num(II) terpyridine complexes (Scheme 1). (2) Explore

the supramolecular self-assembly behaviors of the com-

plexes in various solvent compositions with the associat-

ed spectroscopic and luminescence changes. (3) Study

the self-association mechanisms of the complexes.

Sterically bulky 3,3-dimethyl-substituted α-alkene was

employed to synthesize the target-functionalized cyclo-

tetrasiloxane ligand by hydrosilylation,33 with hepta-

methyl cyclotetrasiloxane using Karstedt’s catalyst to

avoid the generation of the β-addition isomeric side

product.34 Cyclotetrasiloxane–functionalized complexes

1–6were synthesized through Cu(I)-catalyzed reaction of

the chloroplatinum(II) terpyridine precursor complex

with the respective alkynes under inert atmosphere,

followed by recrystallization to offer the pure complexes,

which were well characterized by 1H NMR spectro-

scopy, IR spectroscopy, fast atom bombardment mass

spectrometry, and high-resolution electrospray ioniza-

tion mass spectrometry. Their IR spectra exhibited

Scheme 1 | Structures of alkynylplatinum(II) terpyridine complexes 1–6.
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characteristic ν(Si−O) stretching mode at 1080–1111 cm−1,

typical of siloxane moieties, whereas the ν(C≡C) absorp-
tions at 2122–2154 cm−1 were consistent with an alkynyl

ligand in a terminal σ-coordination mode. All the com-

plexes were found to exhibit moderate solubility in ace-

tone and tetrahydrofuran (THF), except 2, which

exhibited only limited solubility in common organic

solvents.

Results and Discussion
Among various complexes, complex 1, substituted with

sterically demanding tri-tert-butyl domains, represented

our control compound, of which the Pt···Pt and/or π–π
stacking interactions was hampered, thereby, making

complex 1 a suitable candidate for exploring the basic

photophysicalpropertiesofour seriesof synthesizedcom-

plexes in their discrete monomeric form. Dissolution

of 1 in THF yielded a clear yellow solution (Supporting

Information Figure S1) that showed high- and low-energy

absorption bands in the UV–vis absorption spectrum, as

shown in Supporting Information Figure S2. The photo-

physical data of 1–6 are summarized in Supporting

Information Table S1. The high-energy absorption band at

∼ 300–350 nm is assigned to the intraligand [π→ π*] tran-
sitions of alkynyl and terpyridine ligands, whereas the low-

energy absorption band at ∼ 390–450 nm is typical of the

metal-to-ligand charge transfer (MLCT) [dπ(Pt)→ π*(tpy)]
transition mixed with an alkynyl-to-terpyridine ligand-to-

ligand change transfer (LLCT) character, commonly found

in alkynylplatinum(II) terpyridine complexes.6,35–38 In stark

contrast to the tri-tert-butyl-substituted 1, dissolution of

the sterically undemanding complex 3 in THF gave a pale-

orange solution. The corresponding electronic absorption

spectrumrevealedamuch lowerenergybandat520nm, in

a typical region where metal–metal-to-ligand charge

transfer (MMLCT) transitions occurred,6,35–38 indicative of

the existence of Pt···Pt interactions arising from self-

assembly of complex 3 in the THF medium. To further

investigate this phenomenon, solvent-dependent elec-

tronic absorption studies were conducted. The results

revealed a drastic color change from orange (THF) to

yellow upon increasing the water composition to 30%

(Supporting Information Figure S3), possibly indicating

the occurrence of a deaggregation process. We inferred

that it is likely that in the less-polar THF media, ground-

state aggregation of 3 occurred, while raising the water

composition improved the solvation, leading to a deag-

gregated state.39,40 Interestingly, as the solvent polarity

rising, it led to a further color change from yellow to red

(80% water), accompanied by the restoration of the low-

energy MMLCT absorption shoulder at ∼ 520 nm with

isosbestic points in the UV–vis absorption spectral traces,

asdepicted inFigure 1. This latter observationwasbrought

about likely by the Pt···Pt and/or π–π interactions as

a result of hydrophobic–hydrophobic interactions of the

alkynylplatinum(II) terpyridine and cyclotetrasiloxane

moieties upon an increase in the nonsolvent content. The

correspondingplot of the absorbance at∼ 560 nmagainst

change in water content (Figure 1, inset) showed that

critical water content of around 72% was required to

trigger thegrowthof theMMLCT transitionband, revealing

the initiation of the aggregation process. Such drastic

spectral changes revealed the aggregation–deaggrega-

tion–aggregation process upon solvent variation, demon-

stratingtheaggregationabilityof thisclassofcomplexes in

both polar and nonpolar media. In contrast to 3, similar

solvent-dependent electronic absorption studies of 1 re-

veal only slight color and spectral changes upon addition

of water (Supporting Information Figure S2), indicating

the absence of significant aggregation behavior in re-

sponse to changes in solvent polarity. Such observation

suggested that the sterically bulky tert-butyl groups on 1
could effectively suppress and weaken the metal–metal

and π–π stacking interactions, minimizing molecular

aggregation.

Solvent-dependent studies of 3 revealed the exhibition

of an initial molecular association process in THF. In order

to avoid premature aggregation in interfering with the

study of the assembly mechanism, another solvent, ace-

tone, was used in place of THF for parallel solvent-

dependent measurements. Similar trends, except the

absence of the initial aggregation, were observed for 3
in acetone media (Supporting Information Figure S4).

Subsequently, similar solvent-dependent studies in ace-

tone were carried out for complexes 4–6. Our results

showed that all of them displayed significant spectro-

scopic changes in response to an addition of water, with

the development of low-energy absorption tails, revealed

from their corresponding electronic absorption spectra

(Figures 2 and 3; Supporting Information Figures S5–S7),

indicating the presence of Pt···Pt interactions.

Figure 1 | UV–Vis absorption spectral changes of 3
(2.8 × 10−5 M) in THF with increasing water content from

60% to 82%. The inset shows the absorbance at 560 nm

as a function of solvent composition.
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Further support for the self-association came from the

corresponding emission studies of these platinum(II)

complexes (Figures 2b and 3b), where solvent-depen-

dent luminescence spectra of 5 reveal a drop of the
3MLCT/3LLCT emission band at ∼ 680 nm, together with

an emerging low-energy luminescence at 795 nm, upon

increasing water content in the acetone solution

(Figure 3b). Such red-shifted and enhanced lumines-

cence at high water content could be attributable to a

molecular association process, bringing the platinum

moieties into proximity to facilitate the end-on overlap

of the dz
2 orbitals on the platinum and an increase in the

energy of the highest occupied molecular orbital,12

thereby, accounting for the drastic color change. Such

drastic color and spectroscopic changes indicate the

presence of Pt···Pt and/or π–π stacking interactions as a

result of reduced solvation in solvents of increased sol-

vent polarity, which further suggests that such formation

of aggregates could be stabilized by the formation of

Pt···Pt and hydrophobic–hydrophobic interactions. These

results further suggest that such formation of aggregates

were stabilized by the formation of Pt···Pt and hydropho-

bic–hydrophobic interactions.

Similar observation on the development of MMLCT

transition at high water content was also illustrated in

the solvent-dependent luminescence studies of complex

Figure 2 | (a) UV–Vis absorption spectral changes of 4 (4.0 × 10−5 M) in acetone with increasing water content from

30% to 70%. (b) The corresponding corrected emission spectral changes in response to the changes in water

composition from 0% to 70%.

Figure 3 | (a) UV–Vis absorption spectral changes of 5 (4.3 × 10−5 M) in acetonewith increasingwater content from 10%

to 90%. (b) The corresponding corrected emission spectral changes in response to the changes in water composition

from 0% to 90%.
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4 (Figure 2b), indicating the presence of Pt···Pt and/or

π–π stacking interactions in polar media. In contrast,

complex 6 was found to be nonemissive in aqueous

media.

Solvent-Dependent Electronic
Absorption and Luminescence
Spectroscopy in Nonpolar Media
Following our demonstration that complexes 1–6 under-

went aggregation in polar media due to the hydrophobic

nature of the cyclosiloxanemoieties, and further showing

specifically in solvent-dependent studies that complex 3

tended to aggregate in THF media, unveiled the possibil-

ities for the occurrence of molecular association in non-

polar solvents. In this regard, the self-assembly behaviors

of 3–6 in nonpolar media were also explored to investi-

gate the difference in the aggregation process among

various solvent compositions.

Dissolution of complex 5 in acetone resulted in a yellow

solution, which changed to red upon gradual addition

of n-hexane, as depicted in Supporting Information

Figure S8. The corresponding electronic absorption

studies revealed a drop from high-energy MLCT absorp-

tion at ∼ 470 nm with a concomitant uprise at the low-

energy region of∼ 600 nm (Figure 4a), typically assigned
to MMLCT transition, which was an indication of the

Figure 4 | (a) UV–Vis absorption spectral changes of 5 (3.7 × 10−5 M) in acetonewith increasing n-hexane content from

20% to 90%. (b) The corresponding corrected emission spectral changes in response to the changes in n-hexane

composition from 0% to 64%.

Figure 5 | (a) UV–Vis absorption spectral changes of 4 (3.7 × 10−5 M) in acetonewith increasing n-hexane content from

0% to 66%. (b) The corresponding corrected emission spectral changes in response to the change in n-hexane

composition from 30% to 90%.
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formation of Pt···Pt and/or π–π stacking interactions.
Corresponding emission studies further support the
assignments, with luminescence enhancement and a
slight red shift in emission maximum to ∼ 685 nm upon
n-hexane addition (Figure 4b). The enhanced emission of
3MMLCT origin was derived from the molecular associa-
tion and the formation of Pt···Pt and/or π–π stacking
interactions in nonpolar media. To further reveal the
presence of aggregated species, solvent-dependent 1H
NMR studies of 5 were also performed (Supporting
Information Figure S9). Upon the successive addition of
[D14]n-hexane in [D6]acetone, a gradual upfield shift, and
broadening of proton signals corresponding to the ter-
pyridine units were apparent, supporting the presence of
molecular association in nonpolar media. Such formation
of aggregated species in nonpolar media was attribut-
able to the reduced solvation of the cationic complexes
as a result of the addition of the nonsolvent. Similar
phenomena were also observed with complexes 3, 4,
and 6 (Figures 5 and 6; Supporting Information
Figures S10 and S11), confirming their self-association in
the nonpolar media.

Electron Microscopic Study on
Self-Assembly Behavior
Electronic absorption and luminescence spectroscopy

revealed the formation of aggregated species upon

the variation of solvent compositions. In order to char-

acterize the identities of these aggregated species, trans-

mission electron microscopy (TEM) and scanning

electron microscopy (SEM) were employed to probe the

nanostructures under various solvent compositions.

Complex 3, which earlier demonstrated significant spec-

troscopic changes at high water composition (∼ 70%

water–acetone mixture), also revealed the framework of
both left- and right-handed short-twisted fibrils with
lengths and widths of ∼ 300 and 30 nm, respectively, in
TEM images (Figure 7a) under the same solvent mixture
conditions. In contrast, TEM images of sterically demand-
ing complex 1 did not reveal any distinct supramolecular
architectures in similar solvent mixture (70% water in
acetone) environment, indicating that the assembly pro-
cess did not occur. These observations correlated with
the spectroscopic results, revealing an effective suppres-
sion and weakening of the Pt···Pt and π–π stacking inter-
actions upon introduction of sterically encumbered
substituents, including tert-butyl moieties in complex 1,
that impeded the molecular association, even in the
presence of hydrophobic driving forces. In addition, a
similar electron microscopic examination was applied to
complexes 4 and 5 (Figure 7c,d). Notably, electron
micrographs of 4 and 5 also reveal the presence of both
left- and right-handed twisted fibrils in 70% water–
acetone mixture with similar dimensions of a few
hundred nanometers long and ∼ 40 nmwide, resembling
those observed in 3. Such findings further illustrated the
lack of preference for a specific handedness in the self-
assembly process and could be attributable to the
absence of chiral centers in regulating the association
process, leading to the formation of both left- and
right-handed twisted fibrils in a random statistical distri-
bution. The corresponding selected area electron diffrac-
tion (SAED) experiments on the twisted nanofibrils
prepared from 4 and 5 (Supporting Information
Figures S12 and S13) revealed diffraction rings with d-
spacing of ∼ 0.34 nm, confirming the involvement of
metal–metal and/or π–π stacking interactions in their mo-
lecular packing.

Furthermore, supramolecular species of 3–5 in nonpo-

lar media were also probed by electron microscopy to

Figure 6 | (a) UV–Vis absorption spectral changes of 6 (4.4 × 10−5 M) in acetonewith increasing n-hexane content from

0% to 80%. (b) The corresponding corrected emission spectra in response to the change in n-hexane composition

from 0% to 80%.
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explore their supramolecular assembly properties. In

contrast to the aggregation process in aqueous media,

TEM images of 3 in 70% n-hexane–acetone mixture

revealed plate-like aggregates with dimensions within

the micrometers range (Figure 8a). Interestingly, similar

plate-like nanoaggregates were also apparent in the

corresponding electron micrographs of complexes 4
and 5 under similar solvent compositions (70% n-hexane

in acetone solution) (Figure 8b,c, respectively). TEM

images of 4 also exhibited plate-like aggregates but

with lengths of ∼ 1 μm and widths in hundreds nm

range(Figure 8b), whereas electron micrographs of 5
reveal the presence of uniform nanoplates with lengths

and widths of ∼ 1 μm and ∼ 170 nm , respectively

(Figure 8c). Notably, the corresponding SAED patterns

of a single nanoplate prepared from 5 (Figure 9) revealed

two sets of diffraction signals. The diffraction spots/arcs

parallel to the nanoplate with d-spacing of ∼ 0.32 nm

revealed the presence of one-dimensional Pt···Pt and/or
π–π stacking interactions along the long axis of the nanos-

tructure, whereas the sets of diffraction spots perpendic-

ular to the nanoplate corresponding to d-spacings of

∼ 1.4 and 0.7 nm, revealed the molecular packing infor-

mation perpendicular to the nanoplate long axis. The

powder X-ray diffraction pattern of a dried film of 5 in

n-hexane–acetone mixture revealed a series of evenly

spaced Bragg peaks in the region of 2°< 2θ< 30°,

indexed as (001), (002), (003), and (004) reflections.

The d-spacings calculated are in a ratio of ∼ 1∶1/2∶1/3∶1/4,
corresponding to ∼ 2.81, 1.41, 0.94 and 0.70 nm, respec-

tively, characteristic of a lamellar packing with a lattice

parameter, c = 2.81 nm (Figure 9c),41 and consistent with

the SAED findings. Figure 10 illustrates the proposed

structure of the nanoplates prepared from 5 in nonpolar

Figure 7 | TEM and SEM images of the twisted fibrils prepared in 70%water–acetonemixture from (a, b) 3 (2 × 10−4 M);

(c, d) 4 (2 × 10−4 M); and (e, f) 5 (2 × 10−4 M).

Figure 8 | TEM and SEM images of the nanoplates prepared in 70% n-hexane–acetone mixture from (a) 3 (2 × 10−4 M);

(b) 4 (2 × 10−4 M) and (c, d) 5 (2 × 10−4 M).
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media. We proposed that the alkynylplatinum(II) com-

plexes were stacked into a lamellar packing with inter-

lamellar separation of ∼ 2.8 nm orthogonal to the

nanoplate long axis, comparable to the simulated molec-

ular length of 5 (∼ 2.63 nm; Supporting Information

Figure S14). The intralamellar separation along the nano-

plate long axis was determined to be ∼ 0.32 nm, attrib-

uted to the Pt···Pt and/or π–π stacking interactions along

this long axis. Such molecular association process could

be rationalized by the reduced solvation of the cationic

charged platinum(II) complex in a nonpolar condition

that led to the formation of Pt···Pt interactions in stabi-

lizing the planar conformation of the aggregates. The

twisted nanofibrils in aqueous media, on the other hand,

could be ascribed to the molecular association of the

cyclosiloxane motifs through hydrophobic interactions,

which further brought the platinum(II) terpyridine moie-

ties into proximity, giving rise to the Pt···Pt interactions

and the associated spectroscopic changes. Collectively,

these studies illustrate that the change of solvent polarity

could have a tremendous influence on perturbation of

the supramolecular architectures through manipulation

of the hydrophobic and Pt···Pt interactions.

Solvent-Dependent Supramolecular
Polymerization Mechanism
We studied the mechanism for the solvent-induced self-

assembly of 4–6. A plot of the degree of aggregation

against various solvent systems demonstrated solvent

dependence of the association mechanism in the current

system. The underlying thermodynamic parameters of

the supramolecular self-assembly process of 4 in n-

hexane–acetone media were obtained using the nucle-

ation–elongation model developed by Meijer42 through

the fitting of the corresponding plot of the degree of

aggregation against solvent composition to rationalize

the thermodynamic exhibitions (Supporting Information

Figure S15). A sigmoidal curve with ΔG0 value of

∼ −36 kJ·mol−1 was obtained, suggesting an isodesmic

molecular association mechanism. Similar studies were

carried out for complexes 5 and 6 (Supporting

Information Figures S16 and S17), which also displayed

an isodesmic growthmechanismwith the thermodynam-

ic parameters summarized in Table 1. Complex 5 exhib-

ited a more negative ΔG0 value of ∼ −44 kJ·mol−1,

indicating a more favorable molecular association pro-

cess in 5, compared with that observed in 4. Such phe-

nomenon could probably be ascribed to the presence of

a twisted phenyl moiety43,44 on the terpyridine system in

4, potentially hindering the self-assembly processes,

whereas the absence of the phenyl moiety in the ana-

logue complex 5 potentially led to a better degree of

Figure 9 | (a) TEM images of the superstructures prepared from 5 (2 × 10−4 M) in 70% n-hexane−acetone mixture.

(b) The corresponding SAED pattern of a single nanoplate. (c) XRD patterns obtained from powder sample prepared

from 5 in 70% n-hexane−acetone mixture. Numerical values represent d-spacing (in nanometers).

Figure 10 | Schematic illustration of the proposed

structure of the nanoplates prepared from 5 in 70%

n-hexane–acetone mixture.
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Pt···Pt and/or π–π stacking interactions, which favored the

association process. Further introduction of cationic

domains into the system in 6 also resulted in a more

favorable assembly process, with ΔG0 value of approxi-

mately −50 kJ·mol−1, which could be attributable to the

presence of unfavorable interactions among the cationic

domains and the nonpolar solvent, generally promoting

the aggregated state, potentially acting as an additional

driving force toward the assembly process.

In addition to understanding the molecular association

processes in nonpolar solvents, the self-assembly prop-

erties in aqueous media were explored. It is interesting to

note that corresponding plots of the degree of aggrega-

tion against aqueous composition for 4–6 exhibited con-

siderable abrupt changes in response to the addition of

water, representing nonsigmoidal changes in response

to changes in proportions of solvent compositions.

Attempts to fit the data into the isodesmic model yielded

significantly poor description of the data, potentially

revealing a cooperative character of the growth mecha-

nism. Attempts to cooperatively fit the data into the

nucleation–elongation model were unsuccessful owing

to the limited temperature range for the corresponding

temperature-dependent studies in acetone mixtures for

the determination of the nucleus size (n) of the coopera-

tive mechanism.

Although extraction of quantitative data from the

nucleation–elongation model for the cooperative mech-

anism was not feasible in aqueous media, we still can

obtain general insights toward the assembly mechanism:

Complexes 4–6 exhibited different growth mechanisms

in response to solvent polarities. Isodesmic growth

mechanisms were demonstrated in a polar environment,

while the assembly processes in nonpolar media are

found to be cooperative. The cooperative growth in

aqueous condition was attributable to the cooperative

nature of the hydrophobic interactions,45–47 arising from

the collective interactions among the hydrogen bond

networks that surrounded the hydrophobic domains45;

though a synergistic effect of hydrophobic interactions

together with metal–metal interactions could not be

ruled out.48 In contrast to the molecular association pro-

cess in polar media, isodesmic growth mechanism in

nonpolar environment was observed and was attributed

to the absence of cooperative hydrophobic interactions,

with the Pt···Pt and/or π–π stacking interactions as the

only dominating driving forces toward the molecular

association processes.

Effect of Charged Moieties on the
Self-Assembly Behavior
Complex 5 displayed aggregation behaviors in nonpolar

media; the driving force was reduced solvation of the

cationic charged platinum(II) terpyridine moiety. As an

extension of such studies, additional charged moieties

were incorporated into the system and we synthesized

complex 6 with significantly enhanced charged density.

We envisaged that with the introduction of the charged

moieties, the aggregation ability in nonpolar media could

be promoted further, while self-assembly behaviors in

polar media could also be altered. In addition, the sol-

vent-dependent properties, as well as supramolecular

assembly properties were investigated.

In contrast to the analogue complex 5, solvent-

dependent electronic absorption studies of 6

(Supporting Information Figure S7) displayed a signifi-

cantly blue-shifted MMLCT absorption band (500 nm,

shoulder) upon increasing the water composition in ace-

tone media, which could possibly be attributed to the

weakening of Pt···Pt and/or π–π stacking interactions

derived from the reduced aggregation in polar media.

This finding was consistent with the amount of water

required to trigger the MMLCT transition band, with

complex 6 showing a significantly higher critical solvent

composition of ∼ 70% water (Supporting Information

Figure S7), compared with corresponding studies of

complex 5, which revealed a much lower critical water

composition of ∼ 40%. The critical solvent composition

required to trigger themolecular association processwas

found to be thermodynamically related,42 with a smaller

value representing a more favorable aggregation pro-

cess. Thus, the higher critical solvent composition of 6

revealed its smaller tendency toward molecular associa-

tion, which could be rationalized by the improved solva-

tion of the complexes in polar media through the

additional introduction of charged moieties.

Furthermore, we investigated the effects of solvent

polarity on the aggregation process through solvent-

dependent electronic absorption studies with the

gradual addition of nonpolar solvents n-hexane. Corre-

sponding electronic absorption spectra of 6 in acetone

revealed the development of a low-energy MMLCT ab-

sorption tail at ∼ 590 nm upon raising the n-hexane

content. The corresponding plot of absorbance against

n-hexane content revealed that a critical solvent compo-

sition of ∼ 30% was required to initiate the molecular

association process (Figure 6), which was significantly

lower than that for the analogue complex 5. Such finding

was in accordance with that observed in polar media and

Table 1 | Thermodynamic Parameters of 4–6 in n-

Hexane–Acetone Media at 298 K

Complexes ΔG0/kJ·mol−1 m/kJ·mol−1

4 −36.1± 1.3 38.4± 3.4

5 −44.5± 1.0 53.4± 2.5

6 −50.1± 1.6 42.3± 2.4
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could be attributable to the introduction of charged

motifs that significantly reduced the complex solvation

in nonpolar media, posing additional driving forces for

the aggregation process. Further evidence for the mo-

lecular association processes came from the correspond-

ing solvent-dependent emission studies, which revealed

a drop in the 3MLCT emission band at 600 nm and a

concomitant growth of the near-IR 3MMLCT emission

band at ∼ 748 nm (Figure 6b), suggesting the formation

of Pt···Pt and/or π–π stacking interactions resulting from

molecular association at increasing n-hexane content.

Finally, we investigated the solvent-dependent molec-

ular association processes by electron microscopy. The

corresponding TEM images of 6 in 70% n-hexane–

acetone mixture revealed short fibers of a few microns

long and ∼ 20 nm wide (Supporting Information

Figure S18), further supporting the formation of aggre-

gated species in nonpolar media. Notably, the electron

micrographs of 6 in 70% water–acetone system revealed

the absence of distinct nanostructures, indicating a lesser

extent of aggregation, which, possibly was due to the

improved solvation of high-aqueous media content

owing to the introduction of the charged units. However,

the possibility of coulombic repulsion leading to an inhi-

bition of aggregation could not be excluded completely.

Conclusions
We have synthesized and characterized a series of cyclo-

tetrasiloxane–functionalized alkynylplatinum(II) terpyri-

dine complexes. Examination of their self-association

mechanisms and the underlying thermodynamic para-

meters revealed that changing solvent compositions

cast a profound impact on the morphologies of the

nanostructures. We identified twisted fibrils in aqueous

acetone, while plate-like assemblies were observed in the

n-hexane–acetone mixture, indicative of similar molecu-

lar packing conformations among the complexes in

response to different solvent microenvironments.

Corresponding studies, using the nucleation–elongation

model, revealed cooperative growth mechanisms with

complexes 4–6 in aqueous media, attributable to the

cooperative nature of the hydrophobic interactions. In

contrast, isodesmic growth mechanisms were demon-

strated in nonpolarmedia, revealing the isodesmic nature

of the Pt···Pt and/or π–π stacking interactions in such

system.
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