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The aggregation-induced phosphorescence emission (AIPE) phe-
nomenon (emergence or increase in phosphorescence inten-
sity as a result of aggregation of phosphorescent emitters) is
regarded nowadays as an effective tool for improving brightness
and tuning photophysical properties of phosphors. The intrin-
sic drawback of the aggregates featuring AIPE—their instability
in aqueous dispersions, which hampers their utility in biomed-
ical applications—can be overcome by their stabilization inside
block copolymer micelles. Herein, we investigate the effects of
both ligand and micellar core chemistries on the emergence of

AIPE by using a series of the [Pt(CˆN*N′ˆC′)] complexes embed-
ded into three block copolymers with different micellar cores.
It has been shown that the only micelles that supported AIPE
revealed for the corresponding complexes in solid state are
those with poly(ε-caprolactone) cores. The latter observation can
be explained by the ability of poly(ε-caprolactone) to demon-
strate non-negligible swelling in water, the content of which
in the micellar core formed by this polymer seems to be high
enough to induce the aggregation of the complexes and the
concomitant AIPE effect.

1. Introduction

The effect of aggregation-induced phosphorescence emission,
abbreviated as AIPE, consists in emergence (ignition) of phos-
phorescence or increase in phosphorescence intensity due to
aggregation of phosphors, primarily represented by transition
metal complexes (TMC).[1,2] Currently, this effect is regarded as
an effective tool for improving the brightness of phosphors
due to suppression of non-radiative relaxation channels upon
aggregation.[1,2] Additionally, in the case of TMC prone to met-
allophilic interactions (e.g., square-planar Pt(II),[3–6] Pd(II),[7] and
Rh(I)[8,9] complexes), it can also be used for tuning such pho-
tophysical properties as absorption and emission energy of the
phosphors. Indeed, the aggregation of above-mentioned com-
plexes very often induces metal–metal bonding that leads to for-
mation of the MMLCT excited states, which commonly give lower
energy gap between excited and ground states.[1,2] As a result,
emission and/or excitation bands display bathochromic shifts
that can ultimately generate rather intense near-infrared (NIR)
phosphorescence, which is very promising in various bioimaging
applications (e.g., as intracellular organelle trackers or biosen-
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sors). In these experiments, emission in the so-called “biological
window of transparency” (650-900 nm) is of critical importance
for detection of signals in living tissues.[10] In this context, it is
worth noting that quantum yield (QY) and brightness of NIR
emitters usually suffer from the so-called “energy gap law”[11–13]

that implies easy vibrational non-radiative relaxation of emis-
sive excited states thereby strongly decreasing luminescence QY.
However, this common drawback of NIR emitters can be effec-
tively overcome in the aggregated chromophores, thus making
possible their application in QY-demanding experiments.

The AIPE phenomenon is typically manifested in either the
condensed phase (crystals,[1,2] polymer films,[14–16] or ground
powders[17]), where aggregation is supported by solid-state pack-
ing or in nanoparticles[1,2,17] formed by mixing the organic solu-
tions of hydrophobic AIPE-active emitters (often called AIPEgens)
with water. These nanoaggregates could be a convenient form
of using the AIPEgens in biomedical applications, but their
poor colloidal stability in aqueous dispersions hampers their
use in this field. To solve this problem, several research groups
proposed the aggregate stabilization in uniform[18] or two-
layered core-shell[19] polymer nanoparticles. Recently, our group
demonstrated[20] an alternative way for AIPEgens stabilization
inside block copolymer micelles[21,22] formed by diblock copoly-
mer of ε-caprolactone and ethylene glycol, PCL45-b-PEG115, which
effectively stabilized the aggregates of the [Pt(CˆN*N′ˆC′)] com-
plexes, preserved AIPE, and demonstrated high potential for
their application as oxygen nanosensors. To date, the ability
of polymer micelles to stabilize aggregates of phosphorescent
AIPEgens is demonstrated only in the above-mentioned study[20]

despite numerous reports on the stabilization of fluorescent
organic AIEgens by various types of micelles, including the poly-
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Scheme 1. Chemical structures of Pt1–Pt4 complexes (a) and block BC1–BC3 copolymers (b) used in the study.

mer ones.[23] In this context, the question of how general is the
observed effect of AIPE generation via embedding the AIPEgens
into polymer micelles still remains unclear. To answer this ques-
tion, we investigate the influence of block copolymer nature
and properties of the [Pt(CˆN*N′ˆC′)] complexes on the emer-
gence of AIPE using a series of phosphorescent block copolymer
micelles, which includes three block copolymers with almost
identical hydrophilic blocks and three different hydrophobic
blocks loaded by four different [Pt(CˆN*N′ˆC′)] complexes, see
Scheme 1.

2. Results and Discussion

2.1. Design of the Study and Characterization of Starting
Compounds

Encapsulation of the Pt(II) complexes into block copolymer
micelles implies that the AIPEgens get buried and aggregated
inside a hydrophobic micellar core, which means that the emer-
gence of AIPE should strongly depend on interactions between
AIPEgens and hydrophobic blocks. A straightforward way of tun-
ing these interactions is changing the chemical nature of both
entities that prompted us to perform the investigation of the
effects of tetradentate CˆN*N′ˆC′ ligands in the [Pt(CˆN*N′ˆC′)]
complexes and hydrophobic (core-forming) blocks on the emer-
gence and magnitude of AIPE.

To vary the properties of AIPEgens, we used a series of
four Pt(II) complexes, Pt1–Pt4 (Scheme 1a), that were recently
obtained and characterized in our group.[17] The complexes Pt1–
Pt4 differ in the structure of the metalating functions in the
tetradentate CˆN*N′ˆC′ ligands. The key feature of this series
is that two complexes, namely Pt1 and Pt2, display AIPE in
the water/tetrahydrofuran (THF) mixtures or in solid state upon

grinding of crystals, while the Pt3 and Pt4 complexes are not
AIPE-active under these conditions.[17] Moreover, in our follow-
up work, we demonstrated that the aggregates of AIPE-active
[Pt(CˆN*N′ˆC′)] complex, similar to Pt1 and Pt2, are effectively
stabilized inside the cores of polymer micelles formed by PCL45-
b-PEG115 block copolymer and show a pronounced AIPE.[20]

The Pt1–Pt4 complexes were prepared using the previously
published protocols.[17] However, upon crystallization of freshly
synthesized portions of Pt1 from the THF/pentane system we
revealed a novel allotropic modification, a “yellow” crystalline
form, in addition to the “green” crystals reported earlier.[17] The
newly obtained “yellow” allotrope gave single crystals suitable
for XRD analysis. Crystallographic data and key structural param-
eters of the “yellow” allotrope are summarized in Tables S1 and
S2; molecular views and crystal cell packing patterns are shown
in Figure S1. In crystal cell, both allotropes display pairwise inter-
molecular stacking due to π−π interaction between ligands
aromatic systems, see Figure S1D–F with the shortest π−π con-
tacts of ca. 3.4 Å. The obtained structural parameters are not
exceptional for the compounds of this type[17] though Pt−Pt
distances in the pairs of the “yellow” form (5.622 Å) are substan-
tially shorter than those for the “green” form (6.022 Å[17]) but
still are well above the sum of platinum van der Waals radii
(ca. 3.5 Å). Nevertheless, a substantially smaller deviation from
planar geometry (dihedral angles between adjacent coordinated
fluorophenyl and bromophenyl rings were 25.21° for the “yellow”
form compared to 33.5° for the “green” form)[17] gives stronger
intermolecular interaction in the stacked pairs of complexes that
results in 22 nm bathochromic shift in the solid-state emission
band of the “yellow” form (576 nm, Figure S2) compared to the
“green” one (554 nm, Figure S2). Expectedly, both forms gave
identical emission spectra with the maxima at ca. 560 nm in
dilute THF solutions where the solid-state packing effects are not
operative.
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To vary the chemistry of micellar cores, we have chosen
three block copolymers composed of the same hydrophilic
poly(ethylene glycol) (PEG) block and three different hydropho-
bic blocks (Scheme 1b): poly(ε-caprolactone) (PCL45-b-PEG125,
BC1), poly(1,4-butadiene) (PBd90-b-PEG130, BC2), and polystyrene
(PS35-b-PEG115, BC3). BC2 and BC3 are commercial block copoly-
mers, which were exhaustively characterized in our previous
publication,[24] while BC1 is a newly prepared analog of commer-
cial PCL45-b-PEG115 characterized in the same article[24] (Experi-
mental section contains a detailed description of its preparation
and characterization). The choice of these block copolymers was
based on the following reasons: i) all the block copolymers
(including the commercial analog of BC1) were shown to form
compact (with hydrodynamic radii, Rh, less than 16 nm), mas-
sive (with molecular weights ranging from 1.1 to 2.4 × 106 g/mol)
and non-cytotoxic micelles with low apparent critical micelle
concentration ranging from 1.4 to 14 mg/L;[24] ii) the commer-
cial analog of BC1 was shown to effectively stabilize AIPE-active
[Pt(CˆN*N′ˆC′)] complex inside its micelles and support aggrega-
tion and emergence of AIPE;[20] iii) BC2 contains polybutadiene
blocks that are quite flexible and potentially cross-linkable to
form non-dissociating micelles, and iv) BC3 contains polystyrene
blocks that form glassy cores (Tg of PS is ca. 104 °C)[25] that
lead to very stable (kinetically “frozen”)[21,22] micelles. All pos-
sible PtX:BCY pairs (i.e., 12 different PtX@BCY systems, with
X = 1–4 and Y = 1–3) were prepared and characterized for their
“general” (loading efficiency, hydrodynamic sizes, and cytotoxi-
city) and photophysical properties (absorption, excitation, and
luminescence spectra; QY values).

2.2. Preparation and General Characterization of
Phosphorescent Block Copolymer Micelles

Block copolymer micelles loaded by PtX complexes were pre-
pared by the solvent exchange method followed by dialysis
against twice distilled water using the general protocol devel-
oped recently for similar system[20] with one substantial opti-
mization: here we used N-methylpyrrolidone (NMP) as a com-
mon (starting) solvent in addition to N,N-dimethylformamide
(DMF), which was used in the previous study (Table 1).[20] The
change of DMF for NMP was dictated by the formation of abun-
dant precipitate upon the preparation of some PtX@BCY pairs
that gives a very low loading of the complexes into the micelles.
On the contrary, the use of NMP provided better solubility
of the starting compounds to suppress undesired precipitation
and increase loading. After preparation, the dispersions were
centrifuged for 15 minutes at 15,000 rpm (20,000 g), and only
sedimentally stable fractions were used for further investigation.

The Pt1–Pt4 loading (weight ratios) values were calculated
through absorption spectra of lyophilizates redissolved in THF
or DMF (see Supporting information for detailed protocol). The
latter solvent was used for the PtX@BC2 systems because of
BC2’s poor solubility in THF. Table 1 summarizes experimentally
determined PtX loadings into micelles as a function of starting
mixture compositions (the targeted loading was 10 wt.% of PtX
for all studied systems). Contrary to the previously reported sys-

tem, which revealed almost 100% loading efficiency,[20] most of
the new systems revealed low (54% or less) loading (Table 1),
except for Pt2@BC1, Pt3@BC3, and Pt4@BC2, demonstrating
loading in the range from 65% to 67%. The change of DMF for
NMP improved loadings as it is exemplified for Pt1@BC1 system,
where it results in Pt1 loading increase from 11 to 54 wt.%. How-
ever, even the use of NMP did not raise loading efficiencies to
desirable 100%, which is most probably due to unwanted con-
comitant precipitation of the complexes induced by the addition
of water. Moreover, we noted that PtX loadings demonstrated
rather poor batch-to-batch reproducibility, pointing to the influ-
ence of various kinetic factors on the exact ratio between
the rates of complexes precipitation and their embedding into
micelles.

The study of PtX@BCY systems by dynamic light scatter-
ing (DLS) demonstrated (Table 1) that the micelles loaded by
Pt(II) complexes revealed rather small size (Rh values did not
exceed 23 nm for PtX@BC1, 15 nm for PtX@BC2, and 20 nm for
PtX@BC3), which is only slightly higher than those of the par-
ent “empty” micelles (22, 12.9,[24] and 13.7[24] nm for BC1, BC2,
and BC3, respectively). These observations are completely in line
with our previous reports showing almost negligible loading
effect on the size of micelles.[20,26] It is also worth noting that
only the PtX@BC1 systems demonstrated unimodal size distri-
butions (Figure S3), while all other systems featured bimodal
ones (Figures S4 and S5), where the appearance of the slow
mode demonstrated almost negligible concentration depen-
dence (Figure S6). The unimodal character of size distributions
for PtX@BC1 systems allowed calculations of polydispersity index
(PDI) values. PDI values ranged from 0.009 to 0.392 (Table S3)
featuring rather high variations between different micelle types
but demonstrating narrow size distributions for all the PtX@BC1
systems. This is in full agreement with the observations made
previously for “empty” micelles based on the same BC2 and
BC3 block copolymers as well as on the commercial analog of
BC1.[24] Most probably, the bimodality is due to secondary micel-
lar aggregation, which, however, does not play an important role
in the chemistry of the studied systems, as the estimated weight
fraction of these aggregates is well below 1%, as it was found
earlier for the corresponding “empty” micelles based on BC2 and
BC3 block copolymers.[24]

2.3. Photophysical Investigation of the Phosphorescent Block
Copolymer Micelles

Because the most pronounced photophysical evidence
of the AIPE phenomenon demonstrated by the related
[Pt(CˆN*N′ˆC′)]@PCL45-b-PEG115 system was the emergence
of a new bathochromically shifted emission band,[20] we started
with the measurement of emission spectra for the PtX@BCY
systems (Figure 1), which displayed several major effects. First,
one can observe that both complexes prone to AIPE in the
water/THF mixtures (Pt1 and Pt2) also demonstrate this effect in
the BC1-based micelles. In addition to the major emission band,
which is evidently due to the emission of the non-aggregated
chromophores, the spectra of these systems display the devel-
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Table 1. Loadings and loading efficiencies, Rh values, and quantum yields for PtX@BCY systems.

PtX@BCY Solvent Theoretical Loading,
wt.%

Experimental Loading,
wt.%

Loading Efficiency, % Rh, nm QY(aer)/QY(deg), %

Pt1@BC1 DMF 10.9 1.2a) 11 22 3.2/6.5

Pt1@BC1 NMP 10.2 5.5a) 54 22 4.6/6.3

Pt1@BC2 NMP 10.0 3.5b) 35 15c) 0.5/1.1

Pt1@BC3 NMP 9.8 1.0a) 10 17c) 6.1/6.9

Pt2@BC1 DMF 10.4 6.8a) 65 23 1.8/3.1

Pt2@BC2 NMP 10.4 2.2b) 21 14c) 0.2/0.3

Pt2@BC3 NMP 10.5 2.5a) 24 18c) 0.7/1.6

Pt3@BC1 NMP 10.2 1.0a) 10 21 0.4/0.8

Pt3@BC2 NMP 9.9 1.3b) 13 13c) 0.5/0.9

Pt3@BC3 NMP 10.4 6.8a) 65 19c) 2.5/4.0

Pt4@BC1 NMP 10.2 1.8a) 18 22 0.5/1.1

Pt4@BC2 NMP 9.8 6.6b) 67 13c) 0.2/0.4

Pt4@BC3 NMP 10.2 5.4a) 53 20c) 1.6/2.6

a)The loading was determined via absorbance of lyophilizate solution in THF.
b)The loading was determined via absorbance of lyophilizate solution in DMF.
c)Presented Rh values correspond the fast mode of bimodal size distribution.

Figure 1. Emission spectra of the systems PtX@BCY in aqueous dispersions overlaid with emission spectra of the corresponding PtX in dilute THF solutions.

opment of a new feature appearing as a clearly discernible
band at a high loading degree (5.5 wt.%) in the case of Pt1@BC1
(Figure 1a) and as shoulders at the major band for Pt1@BC1
at a low loading degree (1.2 wt.%) and for Pt2@BC1 (loading
6.8 wt.%; Figure 1b). It is also worth noting that in the case of
Pt1@BC1, the new band centered at ca. 700 nm is very similar in
its width and position to the bands that appeared in concen-
trated THF solutions of Pt1 (ca. 720 nm) or THF/water mixtures
(ca. 680 nm).[17]

The obtained spectroscopic data indicate that two types of
chromophores exist inside the micelles, the photophysics of one
of which (major emission band) is essentially similar to that of
the isolated complexes in diluted solution and those in solid
state, whereas the other can be assigned to the aggregated
chromophores showing AIPE. One can also observe a slight
bathochromic shift of the major peak (to ca. 570 nm) in the emis-
sion spectra of the Pt1@BC1 system (Figure 1a) compared to the
spectra in THF. This indicates that packing of non-aggregated
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chromophores in (Pt1@BC1) is closer to that of the “yellow” crys-
talline form (emission band maximum at 576 nm; vide supra)
than to that observed for the “green” allotrope. In line with the
previously described [Pt(CˆN*N′ˆC′)]@PCL45-b-PEG115 system,[20]

the emergence of AIPE did not lead to the appearance of any
new bathochromically shifted absorption or excitation bands in
the corresponding spectra (Figures S7 and S8). This observation
indicates that excimer emission mechanism is operative for the
aggregates in the Pt1@BC1 and Pt2@BC1, as it has been shown
earlier for the closely related system.[20].

Second, one can also note that the Pt3 and Pt4 complexes,
which did not reveal AIPE in water/THF mixtures, do not demon-
strate it either upon loading into BC1 micelles (Figure 1c,d).
On the contrary, in the Pt3@BC1 and Pt4@BC1 systems, we
observed a detectable (ca. 10–15 nm) hypsochromic emission
band shifts compared to the THF solutions. The other Pt3@BCY
and Pt4@BCY systems do not display any substantial spectral
changes that are also indicative of the absence of AIPE.

Third, one can also observe that the emergence of AIPE upon
loading of the same complex (Pt1 or Pt2) into different micelles
was observed exclusively for BC1 micelles (Figure 1a,b).

Based on these observations, we can conclude that the
Pt1@BC1 and Pt2@BC1 systems demonstrating AIPE are the most
promising for application in biomedical luminescent microscopy
as phosphorescent probes and sensors for physiological param-
eters. It is particularly important in view of their low cytotoxicity;
one can see (Figure S9) that cell viability in Chinese ham-
ster ovary (CHO-K1) cell monolayers is at the level of 90% or
higher after 24 h of exposure to increasing concentrations up
to 3.0 mg/mL for all the micelles investigated. This result fur-
ther corroborates our previous reports on low cytotoxicity of
block polymer micelles, both “empty”[24] and loaded by various
phosphorescent TMC.[20,26]

Another common manifestation of AIPE is an increase in the
phosphorescence QY values for the AIPE systems compared to
their counterparts lacking this effect. To investigate this aspect,
we performed determination of QY for all the prepared PtX@BCY
systems (Table 1). Unexpectedly, we observed a substantially
more complicated picture that goes far beyond a simple increase
in QY values for AIPE-active systems (Pt1@BC1 and Pt2@BC1)
compared to their analogs. Indeed, though Pt2@BC1 demon-
strated the highest QY values among the other Pt2@BCY sys-
tems, Pt1@BC1 displayed QY values lower than Pt2@BC3. The
latter situation seems to be more common since all other sub-
groups (except for Pt2@BCY subgroup) demonstrated the same
trend: PtX@BC3 system displayed the highest QY and PtX@BC2
system showed the lowest one (note that QY of Pt3@BC1 was
slightly lower compared to Pt3@BC2 but the difference between
these systems is statistically insignificant since the experimental
error of QY determination is of ca. 20%).

The observed effects can be explained using the following
assumption: QY values of emitters strongly depend on the local
rigidity of the microenvironment, and it seems that the rigid-
ity of a matrix plays a more important role compared to the
restriction of internal motion related to the AIPE phenomenon.
If this assumption is correct, we can draw a much clearer pic-
ture. First, glassy PS cores (Tg of PS is ca. 104 °C)[25] provide

the most rigid matrix in the series, and in all the cases except
Pt2@BCY systems, this leads to the highest QY values. Second,
molten PBd cores (Tm of PBd is ca. 1 °C)[25] provide the flexible
matrix, and in all the cases this results in the lowest QY values;
in addition, PBd cores can quench excited states of triplet emit-
ters due to non-radiative energy transfer to vibrational levels of
C═C bond (this suggestion is supported by changed profiles of
absorption and excitation spectra in the case of PtX@BC2, see
Figures S7 and S8). Third, poly(ε-caprolactone) is semicrystalline
but is plasticized by water[27] and is expected to provide a less
rigid matrix compared to PS; additionally, water present in the
PCL matrix in substantial amounts can quench phosphorescence
and lead to a further decrease in QY. The proposed explana-
tion is generally consistent with the experimental observations
but does not explain the behavior of the Pt2@BCY subgroup.
Most probably, some specific interactions of Pt2 with different
polymer matrices induce substantial changes in the QY values.
Finally, from the comparison of QY values obtained in aerated
and degassed solutions, we can conclude that there is no sig-
nificant loss of oxygen sensitivity in the systems featuring the
AIPE (QY(deg)/QY(aer) ratio varies from 1.2 to 2.1) compared to
systems lacking it (QY(deg)/QY(aer) ratio varies from 1.1 to 2.3).
These findings can serve as an additional argument toward the
development of oxygen sensors based on AIPE-active emitters
embedded into polymer micelles.[20]

2.4. The AIPE Effect in Polymer Films

In view of the exceptional role of BC1 block copolymer micelles
in supporting the AIPE phenomenon, we hypothesized that this
effect is related to the ability of poly(ε-caprolactone) to swell in
water to a rather substantial swelling degree (up to 2.5 vol.%
at 37 °C).[27] If this assumption is correct, one can suggest that
the water content in the PCL core of BC1 micelles becomes high
enough to induce the aggregation of highly hydrophobic Pt1
and Pt2 molecules, ultimately leading to the emergence of AIPE.

To validate this hypothesis, we studied the emission spec-
tra of the Pt1/Pt3-doped PCL and PS films cast from THF or
THF/water mixtures with water content of 10, 25, and 50 vol.%
(Figure 2). Although the difference between the thickness of
polymer film and the diameter of micellar core is up to three
orders of magnitude, we believe that in both matrices the aggre-
gation of Pt(II) complexes and the concomitant AIPE effect are
confined to nanoscale. Consequently, at this scale, the microen-
vironments of the emitter molecule buried into the macroscopic
film or, alternatively, into the micellar core can be essentially
the same. The complexes and polymer matrices were chosen
so that one complex (Pt1) and one matrix (PCL) were AIPE-
active while their counterparts were not. The only system that
demonstrated the desired AIPE was the Pt1 complex in PCL films
obtained from the THF/water mixtures with 25 vol.% of water
or more (Figure 2a). All changes in film preparation conditions
(decrease in water content to 10 vol.% or less, substitution of
PCL by PS or Pt1 by Pt3) resulted in the disappearance of AIPE
(Figure 2). This observation allows concluding that the combina-
tion of an appropriate polymer matrix and high enough water
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Figure 2. Luminescence spectra of PCL (a, b) and PS (c, d) films doped by Pt1 (a, c) and Pt3 (b, d). The films were cast from THF or THF/water with water
content of 10, 25, and 50 vol.%.

concentration in the stock solution made it possible to observe
AIPE. Indeed, on the one hand, in the absence of or at low
contents of water, even the PCL matrix does not induce aggre-
gation, while the increase in water content does. On the other
hand, the PS matrix does not induce aggregation of Pt1 even in
the presence of up to 50 vol.% of water, while the PCL matrix
does. This means that the ability of PCL to incorporate water
in amounts high enough to induce aggregation of AIPEgens
is the key matrix characteristic that makes it possible to host
aggregated AIPEgens in the micelles with PCL cores.

It is worth noting that λMAX of the Pt1@PCL major band is
ca. 570 nm for all studied films. This value is identical to that
of Pt1@BC1 micelles that is indicative of similarity in packing of
“non-aggregated” Pt1 chromophores in PCL films and in polymer
micelles.

The emergence of AIPE in PCL films may be ascribed to
higher compatibility of PCL with water. In a four-component
system (platinum complex, polymer, THF, and water) used for
film casting, the hydrophobic complexes are concentrated in the
vicinity of PCL. The presence of water, which is possible due to
the higher affinity of PCL to water (compared to the hydropho-
bic PS), evidently provokes aggregation of Pt1 in a way suitable
for the emergence of AIPE. However, this process competes with
the sedimentation of a solid microphase, where the arrangement
of chromophores does not allow AIPE. The balance between
these simultaneous processes ultimately dictates the emergence
of AIPE in PCL-based systems. In contrast, in the case of PS, the
complete incompatibility of both polymer and Pt1 with water
most probably results in phase separation, preventing the aggre-
gation of Pt1 complexes and, consequently, the emergence of
AIPE.

3. Conclusion

Finally, we can draw two major conclusions based on the data
obtained. First, the influence of the properties of [Pt(CˆN*N′ˆC′)]
complexes on the AIPE phenomenon is straightforward: if a par-
ticular complex is able to demonstrate AIPE in water-organic
solvent mixtures, it also can demonstrate this effect upon load-
ing into micelles. Complex planarity and steric bulkiness of
its ligand environment determine its ability (or inability) to
be packed into compact aggregates capable (or incapable) of
demonstrating the AIPE phenomenon. Second, the influence of
hydrophobic block chemistry is counterintuitive, since the only
micelles that appeared to induce AIPE were those with poly(ε-
caprolactone) cores. In view of this finding, we can speculate
that PCL is the only block investigated in the study that can also
swell in water, and water content in PCL cores is high enough
to induce the complexes aggregation in a way suitable for the
generation of AIPE. It is also worth noting that the discovered
selectivity of the PCL matrix is manifested at both nanoscale
(in micelle cores) and macroscopic level (in films), allowing us
to conclude that it is the microenvironment of Pt(II) emitter
that is responsible for the absence or emergence of aggre-
gation and AIPE. Indeed, the investigation of the influence of
micellar core on the emergence of AIPE should be continued
and performed on a much broader library of block copolymers
with special attention to amphiphilic core-forming blocks rather
than to hydrophobic ones, including (but not limited to) those
based on the other polyesters (polylactides/glycolides, polyhy-
droxyalkanoates, etc.), hydrophobic poly(amino acids) (ranging
from polyalanine to polyphenylalanine, polytryptophan, etc.),
and amphiphilic polyethers (pluronics/poloxamers, etc.). Addi-
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tionally, much broader study of the TMC structure and composi-
tion effects on the emergence of AIPE in polymer micelles and
other polymer nanoparticles is still necessary. In this respect,
other complexes of Pt(II) as well as Pd(II), Rh(I), Au(I), and Au(III)
complexes should be investigated for their ability to demon-
strate AIPE in water-organic mixtures and polymer micelles to
pave the way to their application in biomedical research.

4. Experimental Section

4.1. General Comments

All the basic laboratory procedures and measurement protocols and
experiments, such as micelles preparation, estimation of micelles
loading by Pt1–Pt4 complexes by UV–vis absorption spectroscopy,
dynamic light scattering, and photophysical experiments, as well
as cell culture maintenance and a cell viability (MTT) assay, were
performed using the protocols developed in our previous publica-
tion on phosphorescent micelles[20] with slight modifications that
are described in detail in the Supporting Information file. The newly
developed experimental procedures are described below.

4.2. Synthesis and Characterization of PCL45-b-PEG125 Block
Copolymer (BC1)

The diblock copolymer BC1 was prepared by ring-opening polymer-
ization of ε-caprolactone, using monomethoxy poly(ethylene gly-
col), MeO-PEG-OH, as the macroinitiator and tin 2-ethylhexanoate,
Sn(Oct)2, as the catalyst (all the reagents were from Sigma-Aldrich).
Prior to the synthesis, MeO-PEG-OH was dried in a vacuum over
P4O10 for 1 week, ε-caprolactone was twice vacuum distilled, and
Sn(Oct)2 was used as received. The polymerization protocol con-
sisted of heating overnight the flame-dried round-bottom flask con-
taining MeO-PEG-OH (5.095 g; 1.02 mmol), ε-caprolactone (5.082 g;
44.5 mmol), and Sn(Oct)2 (30 mg; 0.074 mmol) on an oil bath to
140 °C in an argon atmosphere. Then the reaction mixture was
cooled down to room temperature. The resulting block copolymer
was dissolved in methylene chloride and purified by precipitation
and continuous washing with diethyl ether, after which the precip-
itated block copolymer was dried in a vacuum for 24 h at room
temperature. The yield: 9.813 g (96.4%). The resulting BC1 was char-
acterized by 1H, 1H–1H COSY (Figure S10), 13C NMR (Figure S11), a
combination of HMBC and HSQC spectra (Figure S12), and GPC (Mw

= 16,900 g/mol; Mn = 11,500 g/mol; Ð = 1.47; Figure S13A). Based
on GPC data for starting MeO-PEG-OH (Mw = 6600 g/mol; Mn =
5500 g/mol; Ð = 1.20; Figure S13B) and integration of 1H NMR spec-
tra, the calculated polymerization degrees of PCL and PEG blocks
were 45 and 125, respectively.

4.3. Preparation of PtX-Doped Polymer Films

PCL and PS films doped with Pt1 and Pt3 complexes were cast
from THF solutions with 10–50 vol.% or without added water. To
prepare the films, stock solutions were first prepared by dissolving
polymer-complex mixtures with a complex mass fraction of 2.5 wt.%
in THF to a concentration of 100 mg/mL. For complete dissolution
and dispersion of both components, the solution was sonicated
in an ultrasonic bath for 2 h at 50 °C. Then, to cast films with a
mass of 25 mg each, the necessary amounts of water (0, 10, 25,
or 50 vol.% with respect to the final volume), THF, and 250 μL of

stock solution were sequentially added onto a watch glass. The mix-
ture was thoroughly stirred using a pipette tip and left to dry at
room temperature for 24 h. The luminescence spectra of the films
were obtained using an Avantes spectrofluorimeter and the Ava-
soft software by a specialized probe designed for measuring the
luminescence spectra of substances in the solid phase.

Supporting Information

The authors have cited additional references within the Support-
ing Information.[17,20,24,28–34] Deposition number 2390742 (for Pt1)
contains the supplementary crystallographic data for this paper.
These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum Karl-
sruhe Access Structures service.
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