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Abstract: Platinum(II)-containing polystyrene (PS) complexes
have been synthesized by dehydrohalogenation of a-alkyne-
PS and chloroplatinum(II) precursors with different function-
alities on the terpyridine ligands. Through modulation of the
hydrophilicity/hydrophobicity of the terpyridine ligands and
hence the overall amphiphilicity of the complexes, the com-
plexes can undergo self-assembly into various superstruc-
tures with remarkable luminescence properties in different

solution mixtures, as revealed by electron microscopy, UV/
Vis absorption and emission spectroscopy. Pt···Pt and/or p–p

interactions among the platinum(II) terpyridine moieties are
found to play substantial roles in the stabilization of the su-
perstructures and the turn-on/off of the triplet metal–metal-
to-ligand charge transfer (3MMLCT) emission of the com-
plexes.

Introduction

Non-covalent supramolecular interactions have been demon-
strated for the construction of highly ordered superstructures,
which have had significant impact on the development of
functional materials, catalysts and optoelectronics.[1–37] A partic-
ularly interesting class of molecules that can undergo supra-
molecular assembly is amphiphiles.[1–4, 17–41] Amphiphiles consist
of both hydrophilic and hydrophobic segments, and hence
they can form superstructures driven by hydrophobic–hydro-
phobic interactions, p–p interactions and/or hydrogen bond-
ing in aqueous media.[1–3, 18–36] In general, superstructures
formed by amphiphilic polymers are more stable and robust
than those formed by small molecules, owing to the superior
physical and mechanical properties of polymeric materi-
als.[25–34, 38–41] Therefore, amphiphilic polymers have been ex-
ploited for numerous applications including the development
of drug-delivery system, diagnostic imaging, nanoreactors and
so on.[31–34] A common strategy for the preparation of amphi-

philic polymers is the use of controlled polymerization to form
block copolymers. Different kinds of controlled polymerizations
such as reversible addition–fragmentation chain transfer (RAFT)
polymerization,[42] atom transfer radical polymerization
(ATRP),[42, 43] and ring-opening metathesis polymerization
(ROMP),[44] have been developed in the recent decades to im-
prove the ease of synthesis of block copolymers. Nevertheless,
most of the multi-block copolymers still have a higher polydis-
persity compared to that of homopolymers.[45] As a result, the
exploration of new classes of amphiphilic polymers through
simple and versatile synthetic pathways can be advantageous
for further development of self-assembled functional materials.

Pt···Pt interaction is an example of non-covalent interactions
and can be found in sterically unhindered d8 platinum(II) com-
plexes.[1–16, 46–60] With Pt···Pt and p–p interactions, square-planar
d8 platinum(II) complexes can undergo self-assembly into a vari-
ety of superstructures, such as micelles,[2, 3, 8–10, 16] vesicles,[1]

nanorods,[1, 2, 4, 5] nanorings,[5] helices,[4, 13] fibers,[14, 15] and metallo-
gels.[6, 7, 11] More interestingly, the Pt···Pt and p–p interactions
can modulate the energy levels of ds*(Ptn) and p*(tridentate
ligand) orbitals, and hence platinum(II) complexes with differ-
ent extents of Pt···Pt and p–p interactions show different spec-
troscopic and luminescence properties in their superstruc-
tures.[1–16] This has allowed the platinum(II) moieties to serve as
spectroscopic and luminescence reporters of morphological
transformations of superstructures.[1–16]

Recently, our group reported several classes of alkynylplati-
num(II) terpyridine-based metallopolymers, and pH- and/or
temperature-induced micellizations have been successfully
probed by the changes in the UV/Vis and emission spectra of
the complexes.[8–10] This suggests that terpyridine coordination
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onto a platinum(II) metal center and dehydrohalogenation of
chloroplatinum(II) precursors with alkynes are promising syn-
thetic strategies for the construction of metallopolymers.
Nonetheless, the reported platinum(II)-based polymers have
been shown to undergo self-assembly mainly based on the in-
trinsic properties of the polymeric materials, as no new super-
structures can be found compared to those formed by the
polymeric materials alone.[8–10, 38–41] In view of the success in
construction of interesting superstructures by Pt···Pt and p–p

interactions among platinum(II) polypyridine complexes,[1–16] it
is conceivable that through judicious design, platinum(II)-
based polymers can form dynamic superstructures assisted by
Pt···Pt and p–p interactions. Together with simple and versatile
functionalization of terpyridine ligands, herein we report the
synthesis and self-assembly study of amphiphilic block copoly-
mer mimetics, which contain a hydrophobic polystyrene (PS)
pendant, a hydrophilic positively charged platinum(II) center,
and either hydrophilic (with triethylene glycol (TEG)) or hydro-
phobic (with long alkoxy chain or tert-butyl groups) terpyridine
ligands (Scheme 1). The photophysical properties and morpho-
logical changes of the conjugates in different solvent systems
have been investigated.

Results and Discussion

Synthesis and characterization

The structures of 1, 2 and 3 and synthetic scheme are shown
in Scheme 1 and Scheme S1 in the Supporting Information, re-
spectively. Briefly, a-alkyne-PS was prepared by ATRP, and was
characterized by 1H NMR and IR spectroscopies, and gel per-
meation chromatography (GPC). Subsequent copper(I)-cata-
lyzed dehydrohalogenation of corresponding chloroplatinu-
m(II) precursors with a-alkyne-PS yielded the platinum(II)-con-
taining PS complexes 1, 2 and 3. The complexes have been
successfully characterized by 1H NMR, IR and MALDI-TOF MS
(Figures S1–S3). The MALDI-TOF MS data indicate a low poly-
dispersity index (PDI; 1.03–1.05) of the complexes, similar to
that of a-alkyne-PS (1.07), demonstrating the promising prepa-
ration of versatile platinum(II)-containing PS complexes. Details
of the synthesis and characterization data are included in the
Experimental Section.

Photophysical studies

The electronic absorption spectra of 1, 2 and 3 in dioxane so-
lution (0.1 mg mL�1) show an intense absorption at ca. 304–
368 nm, and a lower-energy band at about 370–465 nm (Fig-
ure S4). According to previous studies,[1–16, 46–60] the higher-
energy intense absorption is assigned to the intraligand (IL)
p!p* transitions of the terpyridine and alkynyl ligands, while
the lower-energy absorption probably originates from a mix-
ture of dp(Pt)!p*(tpy) metal-to-ligand charge transfer (MLCT)
and p(alkynyl)!p*(tpy) ligand-to-ligand charge transfer (LLCT)
transitions. In addition, concentration-dependent UV/Vis ab-
sorption spectra of all the complexes in dioxane follow Beer’s
law (Figures S5–S7), suggesting that there is no significant
ground-state aggregation of the complexes in pure dioxane.
Upon photoexcitation, 1 in dioxane (0.1 mg mL�1) shows
yellow emission centered at 571 nm (Figure 1 a), which is at-
tributable to admixtures of 3MLCT [dp(Pt)!p*(tpy)] and 3LLCT
[p(alkynyl)!p*(tpy)] states. Complexes 2 and 3 are found to
be weakly emissive in dioxane solution (Figure 1 b and 1 c).

Aggregation studies by addition of water

The effect of water addition to a solution of the complexes in
dioxane was investigated. With increasing water content of the
water–dioxane solution of 1 (0.1 mg mL�1), an emergence of
a lower-energy absorption band at 460 nm is observed (Fig-
ure S8). In view of the decrease in absorbance at 460 nm at
higher temperatures (Figure S9), this absorption band is tenta-
tively assigned to metal–metal-to-ligand charge transfer
(MMLCT) absorption, presumably through ground-state aggre-
gation of 1 which brings the platinum(II) terpyridine units into
close proximity, leading to Pt···Pt and/or p–p interactions. Simi-
lar growth of temperature-dependent MMLCT absorption at
500 nm and hence ground-state aggregation is also observed
in water–dioxane mixture of 2 with increasing water content
(Figures S10 and S11). On the other hand, no significant UV/Vis

Scheme 1. Chemical structures and schematic drawing of hydrophilic and
hydrophobic segments of 1, 2 and 3.
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absorption spectral change is found in the water–dioxane solu-
tion of 3 (0.1 mg mL�1) with increasing water content or tem-
perature (Figures S12 and S13), indicating no ground-state ag-
gregation of the complex. This can be rationalized by the pres-
ence of sterically bulky tert-butyl groups in 3, hindering the
self-assembly of the complex molecules.

The ground-state aggregation of 1, 2 and 3 in water–diox-
ane mixtures has been further studied by transmission electron
microscopy (TEM) and dynamic light scattering (DLS). No ob-
servable structures can be found in pure dioxane solution of
the complexes, while all the complexes and a-alkyne-PS form
spherical micelles in 50 % and 80 % water–dioxane mixtures
(Figure 1 e), but with different sizes as revealed by DLS experi-
ments (Table S1). Intensity-averaged hydrodynamic diameters
(Dh) of the micelles formed in 80 % water–dioxane are in the
order of 1 (176 nm)>a-alkyne-PS (138 nm)>2 (131 nm)>3
(101 nm), and smaller Dh values were found in 80 % water–di-
oxane mixtures as compared to those in 50 % water–dioxane
mixtures (Figure 2 and Table S1). The size decrease with in-
creasing water composition was probably due to the reduction
of dioxane content, which would lead to a more compact su-
perstructure arising from the tendency to reduce the contact
surface area with water. The similar structures of the spherical
micelles of 1, 2 and 3 as that of a-alkyne-PS suggests that the

micellization is driven by the hydrophobic–hydrophobic inter-
actions of the PS segment. In addition, the difference in the
size of the micelles of different complexes indicates that micel-
lization should be governed by other driving forces. Among
the compounds studied, 1 was found to have the largest Dh.
This can be explained by the higher solubility in a water–diox-
ane mixture due to the presence of the hydrophilic TEG pend-
ant and a positively charged platinum(II) center, leading to the
formation of less compact micelles compared to that of a-

Figure 1. Emission spectra of (a) 1, (b) 2 and (c) 3 in 1,4-dioxane (0.1 mg mL�1) with increasing water content (the asterisk denotes an artifact). Insets : photo-
graphs of their emission colors. (d) Plot of emission intensity of the complexes against % of water in the water–dioxane mixture. (e) TEM images of 1, 2, 3
and a-alkyne-PS in water–dioxane mixtures (0.1 mg mL�1).

Figure 2. Schematic drawing of the formation of superstructures of 1 in dif-
ferent water–dioxane mixtures.
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alkyne-PS. In contrast, 2 and 3 form smaller micelles than a-
alkyne-PS. Owing to the existence of hydrophobic long alkoxy
chains and tert-butyl groups, stronger hydrophobic–hydropho-
bic interactions should be present in the micelles of 2 and 3.
This demonstrates that the amphiphilicity of the complexes
plays a significant role in the self-assembly and hence the su-
perstructures of the complexes, resembling the properties of
reported block copolymers.[25–34] It is noteworthy that Pt···Pt
and/or p–p interactions among the terpyridine moieties of
1 and 2 are found in the 80 % water–dioxane mixture, as re-
vealed by UV/Vis absorption study (Figures S8–13), probably
contributing to the micellization of 1 and 2.

Interestingly, the superstructures of 1, 2 and 3 show remark-
able luminescence properties in water–dioxane mixtures upon
photoexcitation. The yellow luminescence of 1 centered at
571 nm in water–dioxane mixtures of low water content is
found to diminish and a concomitant growth of a red to near-
infrared (NIR) emission band at 690 nm is observed with in-
creasing water content (Figure 1 a). With reference to previous
related spectroscopic studies,[1–16, 46–60] together with the obser-
vation of ground-state aggregation of 1 at high water content
by TEM, UV/Vis absorption and DLS measurements, the mono-
meric complex molecules are believed to have undergone self-
assembly into an aggregate species at high water content,
leading to the drop of monomeric triplet 3MLCT/LLCT emission
at 571 nm with the emergence of the 3MMLCT emission at
690 nm, typical of the aggregate species. The different emis-
sion origins have further been confirmed by excitation spectro-
scopic studies (Figure S14). Similarly, the red emission of 2 at
666 nm found at high water content is assigned to 3MMLCT
emission (Figure 1 b), presumably through Pt···Pt and/or p–p

interactions among the aggregate molecules. Notably, 2 shows
a turn-on of 3MMLCT emission in the mixture with 30 % or
higher water content, while the growth of 3MMLCT emission of
1 can only be found at 70 % or higher water content (Fig-
ure 1 d). This can be rationalized by the presence of hydropho-
bic alkoxy chains on the terpyridine ligand of 2, resulting in
stronger hydrophobic interactions and hence the formation of
more compact spherical micelles, as revealed by TEM and DLS
studies. This brings the complex molecules into closer proximi-
ty, leading to significant Pt···Pt and/or p–p interactions, with
3MMLCT emission observable at much lower water content
when compared to 1 which has hydrophilic TEG pendants in-
stead of the hydrophobic alkoxy chains. On the other hand, 3
is found to be dual-emissive at 522 and 633 nm (Figure 1 c).
Based on previous related photophysical studies,[1–16, 46–60] the
high-energy emission is ascribed to an admixture of 3MLCT/
LLCT emission origin. The close resemblance of the excitation
spectra (Figure S15) monitored at the two emission bands to-
gether with the more prominent low-energy emission at
higher water content suggest that the low-energy emission is
of excimeric origin, although one cannot completely exclude
the possible involvement of some 3MMLCT character given the
enhanced intensity of the excitation band in the wavelength
range of 450–530 nm. The lack of MMLCT absorption in the
UV/Vis absorption spectra of 3 in water–dioxane mixtures at
high water content may suggest insignificant to rather weak

Pt···Pt and/or p–p interactions, as revealed by the low to insig-
nificant association constant in the ground state. Furthermore,
the presence of the bulky tert-butyl groups may hinder the
head-to-head stacking arrangement of the platinum(II) com-
plexes, although a staggered arrangement of the tert-butyl
groups between adjacent platinum(II) complexes is not unpre-
cedented.[61, 62] It is likely that both head-to-head and head-to-
tail orientations would be possible upon aggregation at high
water content, resulting in the co-existence of monomeric
3MLCT/LLCT and excimeric emissions. The increase in intensities
of both emission bands at higher water content might arise
from the formation of compact micelles, which would rigidify
the superstructured assemblies, reducing the rate of the non-
radiative decay processes.

Aggregation studies by addition of hexane

To further investigate the effect of hydrophilic and hydropho-
bic segments on the platinum(II)-PS complexes, the photo-
physical and self-assembly properties of the complexes in non-
polar solvent mixtures are studied. Upon addition of hexane
into the dioxane solution of 1, the UV/Vis absorption spectra
revealed a decrease of the MLCT/LLCT absorption band at
428 nm and an increase of the MMLCT absorption shoulder at
ca. 460 nm, with a well-defined isosbestic point at 453 nm (Fig-
ure S16). Together with the temperature dependence of the
MMLCT absorption of 1 in a 70 % hexane–dioxane mixture (Fig-
ure S17), 1 is believed to have undergone ground-state aggre-
gation in the hexane–dioxane mixture, leading to Pt···Pt and/or
p–p interactions among the complex molecules. The decrease
in the 3MLCT/LLCT emission intensity at 571 nm and the emer-
gence of 3MMLCT emission at 705 nm with increasing hexane
content further support the notion of ground-state aggrega-
tion of 1 at high hexane content (Figure 3 a). Similar UV/Vis ab-
sorption and emission spectral changes are also observed in
the study of 2 with increasing hexane content (Figure 3 b and
S18), suggesting the presence of Pt···Pt and/or p–p interactions
in the aggregates of 2. The turn-on of 3MMLCT emission of 1 is
found at lower hexane content than that of 2 (Figure 3 a and
3 b), which is different from that observed in water–dioxane
mixtures (Figure 1 a and 1 d). This can be explained by the
lower solubility of 1 in hexane imparted by the hydrophilic
TEG pendant, as compared to that of 2 which possesses the
hydrophobic alkoxy chains, thus favoring the aggregation of
1 in hexane–dioxane mixtures. This demonstrates the impor-
tance of the balance of hydrophilicity/hydrophobicity of the
complexes in dictating the photophysical and self-assembly
properties of the complexes. For 3, as only minimal changes in
the UV/Vis absorption and emission spectra with increasing
hexane content are observed (Figures S19–S21), no significant
Pt···Pt and/or p–p interactions should be found among the
complex molecules in the hexane–dioxane mixtures, probably
due to the steric hindrance from the tert-butyl groups on the
terpyridine ligand.

Interestingly, TEM images reveal different superstructures
formed by 1, 2 and 3 in hexane–dioxane solution mixtures
(Figure 3 c). While a-alkyne-PS shows no well-defined super-
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structures in these solution mixtures, 1 is found to form spheri-
cal multilayer structures (Dh = 670 nm from DLS; Table S2) at
50 % hexane content, and these multilayer structures transform
into compact spherical micelles at 70 % hexane content (Fig-
ure 3 c). On the other hand, TEM images of 3 in both 50 and
70 % hexane–dioxane solutions show hollow spherical struc-
tures with similar sizes (Table S2), and irregular aggregates of 2
are observed in hexane–dioxane solutions (Figure 3 c).

Based on the results of UV/Vis absorption, emission, TEM
and DLS studies, the proposed mechanisms for the self-assem-
bly of 1, 2 and 3 in hexane–dioxane solution mixtures are de-
picted in Figure 4. In view of the poor solvation of the hydro-
philic TEG of 1 in hexane, 1 would form spherical structures in
the 50 % hexane–dioxane mixture with the hydrophobic PS
forming the shell and the hydrophilic TEG pendant constitut-
ing the core. The sharp contrast of the ring-like structure in be-
tween the core and the shell should be attributed to the pres-
ence of the platinum(II) metal center, supporting the alignment
of the complex molecules into the proposed structures as
shown in Figure 4 a. The presence of platinum(II) was further
supported by energy-dispersive X-ray (EDX) analysis (Fig-
ure S22). It is worth noting that Pt···Pt and/or p–p interactions
are found in the solution of 1 at 50 % hexane content, as re-
vealed by the UV/Vis absorption and emission spectra. There-
fore, Pt···Pt and/or p–p interactions should contribute to the
formation of these spherical multilayer structures. On the other
hand, the multilayer structures of 1 at 50 % hexane are found
to shrink to form compact spherical micelles, leading to the
turn-on of 3MMLCT emission centered at 705 nm when the
hexane content is increased to 70 %. This can be corroborated
with the well-known poor solubility of PS in solutions with

high hexane content,[63] together with the strong Pt···Pt and/or
p–p interactions among the complex molecules (Figures 3 and
4). The shrinkage of the superstructures at 70 % hexane con-
tent, as compared to those observed at 50 % hexane, is further
supported by DLS experiments (Table S2). For 2, only irregular
aggregates are observed in the TEM images at both 50 and
70 % hexane content (Figure 3 c). This can be explained by the
better solvating power in hexane–dioxane solution provided
by the two large hydrophobic segments (PS and alkoxy
chains), and the absence of strong hydrophobic–hydrophobic

Figure 3. Emission spectra of (a) 1 and (b) 2 in 1,4-dioxane (0.1 mg mL�1) with increasing hexane content. Insets : photographs of their emission colors. (c) TEM
images of 1, 2 and 3 in hexane–dioxane mixtures (0.1 mg mL�1).

Figure 4. Schematic drawing of the formation of superstructures of (a) 1 and
(b) 3 in different hexane–dioxane mixtures.
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interactions as driving force to form other well-defined aggre-
gates. On the other hand, hollow spherical structures can be
found in the 50 % hexane–dioxane solution of 3 (Figure 4 b).
This formation can be contributed by the sterically bulky tert-
butyl groups on 3 which hinder close packing of the platinu-
m(II) terpyridine moieties. Further increase in hexane content
of the solution of 3 only results in the formation of similar
hollow spherical structures, and no morphological transforma-
tion, as in the study of 1, can be found. This may arise from
the absence of Pt···Pt, p–p and hydrophobic–hydrophobic in-
teractions among the complex 3 molecules, and hence com-
pact superstructures cannot be formed. Together with the UV/
Vis absorption and emission studies of 3 (Figures S19–S21), it is
believed that the bulky tert-butyl groups would hinder the
close packing of the platinum(II) units, which in the absence of
other non-covalent interactions, results in no MMLCT emission
or excimer emission upon increasing the hexane content.
Therefore, 3 would remain weakly emissive at high hexane
content (Figure S21).

Conclusions

In conclusion, through simple and versatile functionalization of
the terpyridine ligand and promising alkyne coordination,
a new class of luminescent amphiphilic alkynylplatinum(II) ter-
pyridine–polystyrene complexes has been designed and syn-
thesized. With systematic tuning of the balance of hydrophilici-
ty and hydrophobicity, the complexes are shown to undergo
self-assembly into different superstructures by the systematic
variation of the solvent composition, similar to that of amphi-
philic block copolymers. In addition to hydrophobic–hydropho-
bic interactions which are the main driving forces for the self-
assembly of amphiphilic block copolymers, the Pt···Pt and/or
p–p interactions among the platinum(II) terpyridine moieties
have allowed the complexes to form transformable superstruc-
tures with unique luminescence turn-on and spectroscopic
changes. The present work should provide insights into the
design of new classes of luminescent amphiphilic materials
which can be applicable in the area of nanotechnology and
biomedical diagnostics. Moreover, it should open up a new
strategy to prepare block copolymer mimetics by the introduc-
tion of promising metal-ligand coordination for the develop-
ment of new functional materials.

Experimental Section

Materials and Reagents. Propargyl alcohol, 2-bromo-2-methylpro-
pionyl bromide, styrene, N,N,N’,N’’,N’’-pentamethyldiethylenetria-
mine (PMDETA), 1,4-dioxane (spectrophotometric grade, �99 %)
were purchased from Sigma–Aldrich Co. Ltd. Triethylamine was
purchased from Acros Organic Company. Copper(I) bromide (CuBr)
was purchased from AK Scientific. 2-Acetylpyridine was purchased
from Alfa Aesar. Styrene was purified by passing through basic alu-
minum oxide to remove any stabilizers before use. Triethylamine
was distilled under N2 atmosphere before use. Propargyl 2-bromoi-
sobutyrate,[64] tri(ethylene glycol) monomethyl ether tosylate,[65] 4-
[tri(ethylene glycol) monomethyl ether]benzaldehyde[66] were syn-
thesized according to reported procedures. All other reagents were

of analytical grade and were used without further purification. The
reactions were performed under N2 atmosphere using standard
Schlenk techniques unless specified otherwise.

Physical Measurements and Instrumentation. 1H NMR spectra
were recorded with a Bruker AVANCE 400 (400 MHz) or DPX-300
(300 MHz) Fourier transform NMR spectrometer at room tempera-
ture with tetramethylsilane (Me4Si) as the internal reference. Posi-
tive-ion FAB mass spectra were recorded on a Thermo Scientific
DFS high-resolution magnetic sector mass spectrometer. MALDI-
TOF-MS were recorded by using an Autoflex Bruker MALDI-TOF MS
system using trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenyli-
dene]malononitrile (DCTB) as the matrix. IR spectra were obtained
as KBr disks by using a Bio-Rad FTS-7 FTIR spectrometer (4000-
400 cm�1). Elemental analyses of the platinum(II) complexes were
performed on a Flash EA 1112 elemental analyzer at the Institute
of Chemistry, Chinese Academy of Sciences. Measurements of mo-
lecular mass and molecular mass distribution of a-alkyne-PS were
performed at 30 8C on Waters 1500 Series gel permeation chroma-
tography (GPC) system equipped with two Waters 515 HPLC
pumps, a Waters 2414 refractive index detector, a 2998 photodiode
array detector and a Styragel HR 3 THF column. Polystyrenes with
narrow molecular weight distribution were used as calibration
standards. THF was used as an eluent at a flow rate of
1.0 mL min�1. Steady-state excitation and emission spectra were re-
corded on a SPEX Fluorolog-3 model FL3-211 fluorescence spectro-
fluorometer equipped with an R2658P PMT detector. The UV-visible
spectra were obtained by using a Cary 50 (Varian) spectrophotom-
eter equipped with a Xenon flash lamp. Dynamic light scattering
(DLS) measurements were performed at ambient temperature
using a Zetasizer 3000HSA with internal HeNe laser (l0 = 632.8 nm)
from Malvern (UK). Transmission electron microscopy (TEM) and
the energy-dispersive X-ray (EDX) experiments were performed on
a Philips CM100 transmission electron microscope with an acceler-
ating voltage of 200 kV or a Philips Tecnai G2 20 S-TWIN transmis-
sion electron microscope with an accelerating voltage of 200 kV at
the Electron Microscope Unit of The University of Hong Kong. The
TEM samples were prepared by drop-casting dilute solutions onto
a carbon-coated copper grid which was then allowed to undergo
slow evaporation of the solvents in air for about 15 minutes.

Synthesis

a-Alkyne-PS. The polymer was synthesized according to a reported
method.[67] Yield: 5.5 g (52 %). 1H NMR (400 MHz, CDCl3, 298 K, rela-
tive to Me4Si): d= 0.95–0.97 (br,�C(CH3)2�), 1.43–2.00 (br, backbone
�CH2� and �CH�), 4.00–4.40 (br, �C�C�CH2�, �C�C�H), 6.20–
7.20 ppm (br, phenyl). IR (KBr disk): ñ= 2130 cm�1 (w; v(C�C)). GPC
(versus polystyrene in THF): Mn = 2686 Da, Mw = 2873 Da, PDI =
1.07.

4’-{[Tri(ethylene glycol) monomethyl ether]phenyl}-2,2’:6’,2’’-ter-
pyridine (tpy-C6H4-TEG). It was synthesized according to a litera-
ture procedure for a related terpyridine.[68] Yield: 3.6 g (35 %).
1H NMR (400 MHz, CDCl3, 298 K, relative to Me4Si): d= 3.38 (s, 3 H,�
CH3), 3.50–3.76 (m, 8 H, �OCH2�), 3.91 (t, J = 4.7 Hz, 2 H, �OCH2�),
4.20 (t, J = 4.7 Hz, 2 H, �OCH2�), 7.05 (d, J = 8.8 Hz, 2 H, �C6H4�),
7.34 (m, 2 H, �C6H4�), 7.84–7.90 (m, 4 H, tpy), 8.65–8.74 ppm (m,
6 H, tpy). Positive FAB-MS: m/z = 472.0 [M+H]+ .

4’-[3,5-Bis(dodecyloxy)phenyl]-2,2’:6’,2’’-terpyridine (tpy-C6H3-
(OC12H25)2–3,5). It was synthesized according to a literature proce-
dure for a related terpyridine.[4] Yield: 3.1 g (56 %). 1H NMR
(400 MHz, CDCl3, 298 K, relative to Me4Si): d= 0.88 (t, J = 6.3 Hz, 6 H,
�CH3), 1.20–1.40 (m, 40 H, �CH2�), 4.04 (t, J = 6.3 Hz, 4 H, �OCH2�),
6.55 (s, 1 H, �C6H3�), 7.00 (s, 2 H, �C6H3�), 7.35 (t, J = 8.0 Hz, 2 H,
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tpy), 7.88 (t, J = 8.0 Hz, 2 H, tpy), 8.65–9.73 ppm (m, 6 H, tpy). Posi-
tive FAB-MS: m/z = 678.6 [M+H]+ .

[Pt(tpy-C6H4-TEG)Cl]OTf. It was synthesized according to modifica-
tion of a literature procedure for [Pt(tpy)Cl]OTf,[50, 53] using tpy-C6H4-
TEG (246 mg) instead of tpy. The final product was obtained as an
orange solid. Yield: 300 mg (87 %). 1H NMR (400 MHz, CDCl3, 298 K,
relative to Me4Si): d= 3.37 (s, 3 H, �CH3), 3.50–3.76 (m, 8 H, �OCH2�
), 3.86 (t, J = 4.8 Hz, 2 H, �OCH2�), 4.11 (t, J = 4.8 Hz, 2 H, �OCH2�),
6.63 (d, J = 8.0 Hz, 2 H, �C6H4�), 7.73 (t, J = 8.0 Hz, 2 H, tpy), 7.89 (d,
J = 8.0 Hz, 2 H, �C6H4�), 8.30 (d, J = 8.0 Hz, 2 H, tpy), 8.41, (s, 2 H,
tpy), 8.73 (d, J = 8.0 Hz, 2 H, tpy), 9.05 ppm (d, J = 5.0 Hz, 2 H, tpy).
Positive FAB-MS: m/z = 702.1 [M-OTf]+ . Elemental analysis calcd (%)
for C29H29ClF3N3O7PtS·H2O: C, 40.07; H, 3.59; N, 4.83. Found: C,
40.16; H, 3.19; N, 5.02.

[Pt{tpy-C6H3-(OC12H25)2-3,5}Cl]OTf. It was synthesized according to
modification of a literature procedure for [Pt(tpy)Cl]OTf,[50, 53] using
tpy-C6H3-(OC12H25)2–3,5 (171 mg) instead of tpy. The final product
was obtained as a yellow solid. Yield: 294 mg (92 %). 1H NMR
(400 MHz, CDCl3, 298 K, relative to Me4Si): d= 0.88 (t, J = 6.4 Hz, 6 H,
�CH3), 1.20–1.40 (m, 40 H, �CH2�), 3.86 (t, J = 6.4 Hz, 4 H, �OCH2�),
6.24 (s, 1 H, �C6H3�), 6.82 (s, 2 H, �C6H3�), 7.72 (t, J = 8.0 Hz, 2 H,
tpy), 8.40 (t, J = 8.0 Hz, 2 H, tpy), 8.44 (s, 2 H, tpy), 8.89, (d, J =
8.0 Hz, 2 H, tpy), 9.12 ppm (d, J = 4.7 Hz, 2 H, tpy). Positive FAB-MS:
m/z = 908.6 [M-OTf]+ . Elemental analysis calcd (%) for
C46H63ClF3N3O5PtS·H2O·CH2Cl2 : C, 48.64; H, 5.82; N, 3.62. Found: C,
48.73; H, 5.69; N, 3.56.

[Pt(tpy-C6H4-TEG){C�CCH2OC(= O)C(CH3)2PS}]OTf (1). It was syn-
thesized by dehydrohalogenation reaction of [Pt(tpy-C6H4-TEG)-
Cl]OTf (142 mg) and a-alkyne-PS (500 mg) in the presence of CuI
as the catalyst in dichloromethane (10 mL) and distilled triethyla-
mine (1 mL) using a modification of a literature procedure for
[Pt(tpy)(C�CC6H5)]OTf.[7, 69] The crude product was dissolved in di-
chloromethane and any undissolved solid was filtered off. The fil-
trate was purified by using column chromatography on silica gel.
The product was obtained as a red solid, and then washed with
hot methanol and hexane for a few times, and dried in vacuum.
Yield: 320 mg (51 %). 1H NMR (300 MHz, CDCl3, 298 K, relative to
Me4Si): d= 0.75–1.15 (br, �C(CH3)2�), 1.15–2.15 (br, backbone �
CH2� and �CH�), 3.37 (br, 3 H, �OCH3), 3.50–3.60 (br, 2 H, �OCH2�),
3.60–3.80 (br, 8 H, �OCH2�), 3.80–4.00 (br, 2 H, �OCH2�), 4.00–4.50
(br, �C�C�CH2�), 6.25–7.25 (br, phenyl protons of polystyrene and
�C6H4�), 7.48 (br, 2 H, tpy), 8.00 (br, 4 H, tpy and �C6H4�), 8.22 (br,
2 H, tpy), 8.60, (br, 2 H, tpy), 8.99 ppm (br, 2 H, tpy). IR (KBr disk): ñ=
2145 cm�1 (w; v(C�C)). MADLI-TOF MS: Mn = 3775 Da, Mw =
3878 Da, PDI = 1.03.

[Pt{tpy-C6H3-(OC12H25)2–3,5}{C�CCH2OC(= O)C(CH3)2PS}]OTf (2).
The procedure was similar to that used to prepare 1, except that
[Pt{tpy-C6H3-(OC12H25)2–3,5}Cl]OTf (101 mg) was used instead of
[Pt(tpy-C6H4-TEG)Cl]OTf. The product was obtained as a yellow
solid. Yield: 210 mg (57 %). 1H NMR (300 MHz, CDCl3, 298 K, relative
to Me4Si): d= 0.75–1.15 (br, �C(CH3)2� and �CH3), 1.20–2.20 (br,
backbone �CH2� and �CH�), 3.93 (br, 4 H, �OCH2�), 4.20–4.60 (br,
�C�C�CH2�), 6.24 (br, 1 H, �C6H3�), 6.25–7.10 (br, phenyl protons
of polystyrene and �C6H3�), 7.49 (br, 2 H, tpy), 8.31 (br, 2 H, tpy),
8.51 (br, 2 H, tpy), 8.92 (br, 2 H, tpy), 9.07 ppm (br, 2 H, tpy). IR (KBr
disk): ñ= 2145 cm�1 (w; v(C�C)). MADLI-TOF MS: Mn = 3381 Da,
Mw = 3353 Da, PDI = 1.05.

[Pt(tBu3 tpy){C�CCH2OC(= O)C(CH3)2PS}]OTf (3). The procedure
was similar to that used to prepare 1, except that
[Pt(tBu3tpy)Cl]OTf (122 mg) was used instead of [Pt(tpy-C6H4-TEG)-
Cl]OTf. The product was obtained as a yellow solid. Yield: 400 mg
(69 %). 1H NMR (400 MHz, CDCl3, 298 K, relative to Me4Si): d= 0.90–
1.10 (br, �C(CH3)2�), 1.20–2.00 (br, backbone �CH2� and �CH�),

2.16 (s, 27 H, -tBu), 4.20–4.60 (br, �C�C�CH2�), 6.25–7.25 (br,
phenyl protons of polystyrene), 7.47 (br, 2 H, tpy), 8.39 (br, 2 H, tpy),
8.46 (br, 2 H, tpy), 8.97 ppm (br, 2 H, tpy). IR (KBr disk): ñ=
2143 cm�1 (w; v(C�C)). MADLI-TOF MS: Mn = 3703 Da, Mw =
3829 Da, PDI = 1.03.
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Simple and Versatile Preparation of
Luminescent Amphiphilic Platinum(II)-
containing Polystyrene Complexes
With Transformable Nanostructures
Assisted by Pt···Pt and p–p
Interactions

Go platinum : A series of platinum(II)-
containing polystyrene complexes has
been synthesized and demonstrated to
undergo self-assembly into different su-
perstructures in various solvent mixtures
with the stabilization of Pt···Pt and/or
p–p interactions, resulting in remark-
able luminescence changes.
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