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ABSTRACT: The self-assembly of amphiphilic metallo-supramolecular A-b-B-b-A triblock copolymers containing
a B block formed from a bisfunctional terpyridine monomer and an A block based on a monofunctional terpyridine
polymer is described. These polymers have been prepared by a polycondensation approach, based on metal–ligand
complexation, in which the molecular weight of the central B block has been controlled by the addition of a
monofunctional chain-stopper A. Details for the preparation of the A-b-B-b-A triblock copolymers based on the
tpy2Ni(II), tpy2Fe(II), and tpy2Co(II) connectivity are given. The influence of the different binding strength of
Ni(II), Fe(II), and Co(II) metal ions with terpyridine ligands on the metallo-polycondensation reaction and on the
micellization behavior of those materials was studied. Micelles of the obtained block copolymers were prepared
and studied by DLS and cryo-TEM.

Introduction

Inspired by nature, supramolecular chemistry has become one
of the most studied topics in chemistry in the past years.
Nowadays, polymers containing supramolecular binding units
are synthetically accessible. The combination of macromolecular
and supramolecular chemistry opens ways to obtain new
functional materials that can be designed for a specific applica-
tion by applying state-of-the-art controlled and living polym-
erization techniques teamed up with organic synthesis for the
introduction of functional moieties into the polymer architecture.
These supramolecular polymers can generally be defined as
polymer chains of small molecules held together via reversible,
noncovalent bonds.1,2 The most outstanding examples of su-
pramolecular polymers can be found in hydrogen-bonded
systems,3–6 systems based on metal–ligand interactions,7–9 and
systems that exploit ionic interactions.10–12 All of these non-
covalent interactions have certain advantages and disadvantages.
Concerning metal–ligand interactions, the adjustability of their
binding strength in a rather broad range (approximately between
25% and 95% of a covalent C-C bond, with a bond energy of
350 kJ/mol)13 as well as their directionality can be considered
an advantage, whereas the toxicity of some transition metal ions
is a definite disadvantage. Hydrogen-bonding motifs, on the
other hand, can generally be considered as less toxic but span
a considerably smaller range of binding strengths (approximately
1–20% of a covalent C-C bond).13

Terpyridine-metal complexes are widely applied building
blocks in supramolecular and macromolecular chemistry. Gen-
erally, 2,2′:6′,2′′ -terpyridines (tpy) are tridentate ligands which
can complex a variety of transition metal ions with a high
binding constant (compared to phenanthroline or 2,2′-bipyridine
ligands), leading to the formation of octahedral metal complexes
without giving rise to enantiomers.14,15 The various possibilities
for the functionalization of terpyridine ligands in the 4′-

position16,17 allows a straightforward access to supramolecular
monomers and polymers.18,19 The success in controlling the
formation of a certain supramolecular metal-containing structure
lies in the careful choice of metal ion, ligand, and framework
motifs.20–24

Recently, we showed that the polymerization of a bis-
terpyridine monomer with RuCl3 and a mono-terpyridine
functionalized polymer can lead to supramolecular triblock
copolymers in a one-step procedure,25 thereby expanding the
range of accessible supramolecular polymer architectures.

Here, we describe in detail the synthesis of A-b-B-b-A
triblock copolymers based on a tpy2M(II) connectivity with three
transition metal ions characterized by different binding
strengths.26,40 The use of different metal ions offers the
possibility of designing new materials with different stabilities,
an aspect which could be used for the preparation of switchable
systems. Finally, the micellization of the accordingly synthesized
amphiphilic A-b-B-b-A triblock copolymers in a mixture of
acetone and water was studied by dynamic light scattering (DLS)
and cryo-transmission electron microscopy (cryo-TEM).

Experimental Part

Materials and General Experimental Details. All reactions
were performed under an inert atmosphere of argon using conical
glass vials that can be capped with a septum. All chemicals were
of reagent grade and used as received unless otherwise specified.
R-Methoxy-ω-hydroxypoly(ethylene glycol), ammonium hexafluo-
rophosphate, Ni(II), Co(II), and Fe(II) acetate, and Ni(II), Co(II),
and Fe(II) chloride were purchased from Aldrich. 1,16-Hexade-
canediol was purchased from Fluka. 4′-Chloroterpyridine was
synthesized as described previously.27 Preparative size-exclusion
chromatography was performed on BioBeads S-X1 columns using
dichloromethane or acetone as eluent.

Instrumentation. Size exclusion chromatograms were measured
on a Waters SEC system consisting of an isocratic pump, solvent
degasser, column oven, 2996 photodiode array (PDA) detector, 2414
refractive index detector, 717 plus autosampler, and a Styragel HT
4 GPC column with a precolumn installed. The eluent was N,N-
dimethylformamide (DMF) with 5 mM NH4PF6 at a flow speed of
0.5 mL/min; a linear PEG calibration was used. The column
temperature was 50 °C.
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Nuclear magnetic resonance spectra were recorded on a Varian
Gemini 400 MHz spectrometer at 298 K. Chemical shifts are
reported in parts per million (δ) downfield from an internal standard,
tetramethylsilane (TMS) in CD3COCD3.

Dynamic light scattering (DLS) experiments were performed on
a Malvern CGS-3 equipped with a He-Ne laser (633 nm). The
measurements have been performed at an angle of 90° and at a
temperature of 25 °C. The viscosity of the 1:1 mixture of acetone
and water was measured with a Cannon-Fenske viscometer (size
50). The density of the mixture was measured using a pycnometer
(Brand) having a bulb volume of 10 cm3. The results were analyzed
by the CONTIN method, which is based on an inverse-Laplace
transformation of the data and which gives access to a size
distribution histogram for the analyzed micellar solutions. Cryogenic
transmission electron microscopy (cryo-TEM) measurements were
performed on a FEI Tecnai 20, type Sphera TEM operating at 200
kV (LaB6 filament). Images were recorded with a bottom mounted
1K × 1K Gatan CCD camera. A Gatan cryoholder operating at
-170 °C was used for the cryo-TEM measurements. R2/2 Quan-
tifoil Jena grids were purchased from SPI. Cryo-TEM specimens
were prepared applying 3 µL aliquots to the grids within the
environmental chamber (22 °C, relative humidity 100%) of an
automated vitrification robot (FEI Vitrobot Mark III). Excess liquid
was blotted away (-2 mm offset, 2.5 s) with filter paper within
the environmental chamber of the Vitrobot. The grids were
subsequently shot through a shutter into melting ethane placed just
outside the environmental chamber. Vitrified specimens were stored
under liquid nitrogen before imaging. Prior to blotting, the grids
were made hydrophilic by surface plasma treatment using a

Cressington 208 carbon coater operating at 5 mA for 40 s. For
conventional sample preparation 3 µL aliquots were applied to a
200 mesh carbon-coated copper grid, and subsequently excess liquid
was quickly manually blotted away with filter paper.

Synthesis of Mono-terpyridine End-Functionalized Poly(eth-
ylene glycol), 4. Compound 4 has been prepared according to
literature procedures.31 Yield: 93%. 1H NMR (400 MHz,
CD3COCD3, 25 °C): δ ) 8.71 (m, 4H, H6, H6′′ , H3, H3′′), 8.12 (s,
2H, H3′, H5′), 7.98 (td, 2H, J ) 7.8, 1.6 Hz; H4, H4′′), 7.46 (td, 2H,
J ) 8.0, 2.0 Hz; H5, H5′′), 4.44 (m, 2H, tpyOC H2), 3.96 (m, 2H,
tpyOCH2CH2), 3.62–3.48 (m, 60 H, PEG backbone), 3.31 (s, 3H,
OCH3). SEC: Mj n ) 3300 g mol-1; Mj w ) 3650 g mol-1, PDI )
1.11.

Synthesis of 1,16-Bis(2,2′:6′,2′′ -terpyridin-4′-yloxy)hexade-
cane, 5. Compound 5 was synthesized according to literature
procedures.25,28 Yield: 88%. 1H NMR (400 MHz, CD3COCD3, 25
°C): δ ) 8.67 (m, 8H, H6, H6′′ , H3, H3′′), 8.08 (s, 4H, H3′, H5′),
7.95 (td, 4H, J ) 7.6, 2.0 Hz; H4, H4′′), 7.44 (td, 4H, J ) 5.9, 1.8
Hz; H5, H5′′), 4.28 (t, 4H, J ) 6.2 Hz, tpy OC H2), 1.89 (m, 4 H,
OCH2CH2), 1.55 (m, 4 H, OCH2CH2CH2), 1.3–1.42 (m, 20 H,
OCH2CH2CH2(CH2)10-CH2CH2CH2O). MALDI-TOF-MS (matrix:
dithranol), m/z (%)) 21.9 (MH+, 35%), 743.9 (MNa+, 100%).

Synthesis of Bis(r-terpyridine-ω-methylpoly(ethylene gly-
col)nickel(II) Hexafluorophospate, 6. Compound 6 was prepared
as described previously.30,31 Yield: 25%. Because of the paramag-
netic metal complex, the 1H NMR spectrum showed only the
polymer backbone. In the aromatic region no signals from uncom-
plexed terpyridine were observed, indicating full complexation of
the starting material 4. SEC: Mj n ) 8100 g mol-1; Mj w ) 8700 g
mol-1, PDI ) 1.07.

General Synthesis of A-b-B-b-A Triblock Copolymers 8, 9,
and 10 (Method A). M(OAc)2 ·H2O (0.063 mmol), mono-terpy-
ridine end-functionalized poly(ethylene glycol) 4 (variation of the
end-capper from 0% to 80% molar percentages in comparison to
the M(OAc)2 and monomer 5), and 1,16-bis(2,2′:6′,2′′ -terpyridin-
4′-yloxy)hexadecane 5 (43.26 mg, 0.06 mmol) were added to 300
µL of MeOH in a conical glass vial and capped with a septum.
The polymerization was performed overnight at 65 °C. A 10-
fold excess of NH4PF6 (15.686 mg, 0.63 mmol) in 2 mL of
MeOH was added to the solution, and the stirring was continued
for 1 h, after which the solvent was evaporated. It was observed
that this counterion exchange had a significant effect on the
solubility of the synthesized polymers; with acetate counterions
they were methanol-soluble and acetone-insoluble, while with
hexafluorophosphate counterions the reverse behavior was
observed. The excess of NH4PF6 was removed by preparative
size exclusion chromatography in acetone. The pure compounds
were obtained by precipitation from acetone into dichlo-
romethane.

Synthesis of A-b-B-b-A Triblock Copolymers 8, 9, and 10
(Method B). MCl2 ·H2O (0.315 mmol), 1,16-bis(2,2′:6′,2′′ -terpy-
ridin-4′-yloxy)hexadecane 5 (0.3 mmol, 216.3 mg), and R-terpy-

Scheme 1. Schematic Representation of the Synthesis of Mono-terpyridine-PEG 4, 1,16-Bis(2,2′:6′,2′′ -terpyridin-4′-yloxy)hexadecane 5,
Ni(II) Chain Extended Polymer 7, and Bis(r-terpyridine-ω-methylpoly(ethylene glycol)Ni(II) Hexafluorophospate 6

Scheme 2. Schematic Representation of the Synthesis of the
Ni(II), Fe(II), and Co(II) A-b-B-b-A Triblock Copolymers 8a-d,

9, and 10 via Methods A and B
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ridine-ω-methyl-poly(ethylene glycol) 4 (Mj n ) 3000 g mol-1, 0.03
mmol, 90 mg) were added to 1.5 mL of dimethylacetamide (DMA)
in conical glass vials and capped with a septum. All components
became readily dissolved after stirring the mixture for 3 min at 70
°C. The polymerization was performed overnight at 130 °C. The
resulting product was purified as in the first approach after adding
a 10-fold excess of NH4PF6 (see method A).

Micelle Preparation of A-b-B-b-A Triblock Copolymers 8,
9, and 10. Since the block copolymers were not readily soluble in
water, they were first dissolved in acetone (1 g/L). A water volume
equal to half of the acetone volume was then added under stirring
by steps of 50 µL, followed by the addition of the same water
volume in one shot. The solutions were analyzed immediately
without filtration.

Results and Discussion

In order to prepare supramolecular, terpyridine containing,
A-b-B-b-A triblock copolymers, the polycondensation-like po-
lymerization conditions of a R,ω-bis-terpyridine monomer with
RuCl3 were recently optimized in a parallel fashion with the
appropriate screening techniques (an optimized SEC system and
an UV–vis plate reader).29 Here, we apply the same approach
for the formation of A-b-B-b-A supramolecular triblock co-
polymers based on tpy2Ni(II), tpy2Fe(II), and tpy2Co(II) con-
nectivities and study the micellization of these new materials.
The chemical structure of the synthesized metallo-supramo-
lecular A-b-B-b-A triblock copolymers 8a-d, 9, and 10,
consisting of terpyridine modified poly(ethylene glycol) A
blocks and a poly(1,16-bis(2,2′:6′,2′′ -terpyridin-4′-yloxy)hexa-
decane) B central block, is depicted in Scheme 2.

To get an insight in the factors influencing the polyconden-
sation reaction, optimization reactions were performed on the
most stable system of the present study, namely tpy2Ni(II).
Indeed, we recently showed that nickel binds stronger than iron,
whereas cobalt offers the weakest supramolecular connectivity
in this series.30 First of all, Ni(II) homopolymer 6 was prepared
by complexing ligand 4 with Ni(OAc)2 in refluxing MeOH
(Scheme 1).30,31 The main characterization technique for the
Ni(II) homopolymer 6 (and all other nickel-containing polymers)
was SEC (Table 1) since 1H NMR could not detect any peaks
in the aromatic region of these species due to the paramagnetic
characteristic of Ni2+. Homopolymer 6 was used in the following
research as a reference compound. Subsequently, the A-b-B-
b-A triblock copolymer 8 based on tpy2Ni(II) was prepared.
Several synthetic procedures have been investigated. The DMA
procedure (method B) with nickel(II) chloride, as described for
the tpy2Ru(II) connectivity,25 was less successful in the
tpy2Ni(II) case and was leading to low molecular weight block
copolymers (as observed by SEC). Changing nickel(II) chloride
to nickel(II) acetate but keeping the same solvent did not
improve the polymerization results. In fact, it was observed from
SEC measurements that no product was formed. One explana-
tion could be related with the capacity of the solvent (DMA) to

compete for the coordination,32since nickel ions are not binding
to the terpyridine as strongly as ruthenium ions.25 Moreover,
the low solubility of Ni(II) chloride and later also acetate in
the reaction mixture as well as the influence of the used
counterions in the present polycondensation reactions should
not be neglected.37 Taking into account previously gained
knowledge regarding the chain extended polymerization based
on tpy2Ni(II),30 the reaction solvent (DMA) was changed to
methanol yielding in the formation of a polymer, confirming
once again the crucial role of the solvent in the polymerization
process.

Since the “metallo-polymerization” of 5 would lead to the
formation of chain-extended polymers (compare 7), the addition
of a macromolecular chain stopper, such as 4, should allow the
formation of A-b-B-b-A architectures. Chain terminators are
frequently used in technical polycondensation processes in order
to control the molecular weights. Moreover, the addition of
various amounts of 4 should result in A-b-B-b-A copolymers
with different lengths of the B block as it is known from classical
polycondensation reactions.34 As we were mainly interested in
linear high molecular weight A-b-B-b-A block copolymers, the
addition of the chain terminator 4 could help us to reduce/limit
the possibility of forming macrocycles.34

First of all, for the A-b-B-b-A triblock copolymer 8a with
10% end-capper 4, the influence of the reaction time on the
molecular weight was studied. The polycondensation reaction
was monitored during the first 12 h. From SEC analysis it was
observed that the metallo-polycondensation of the studied system
first leads to low molecular weight species that couple in time
leading to higher molecular weight block copolymers, in
agreement with the results presented in the literature for typical
chain step polymerization.33,34 Moreover, SEC analysis also
revealed (see Figure 1) that after 12 h the molecular weight did
not increase anymore and that much longer reaction times (e.g.,
4 days) led to lower molecular weight species that are most
likely of macrocyclic nature,28 in addition to the linear A-b-B-
b-A triblock copolymers. This observation is in agreement with
the results presented in the literature for the preparation of
polyesters via step growth polymerization.35,36 This aspect might
be due to the fact that this polycondensation is an equilibrium
reaction, and the proportion of rings may also vary with time
being thermodynamically more favored.34,37 By this assumption
we can presume that during the polycondensation reaction the
linear triblock copolymer might be first formed and then, in
time due to the (possible) dynamic equilibrium between linear
and cyclic macromolecules, rings are formed as well.34 As we
were interested mainly in the preparation of linear triblock
copolymers, we decided to select the optimal reaction time of
12 h, in terms of molecular weight buildup, for the rest of the
polycondensation reactions.

Table 1. Estimation of the Molecular Weight Values and
Polydispersity Indexes for 3, 4, and Crude A-b-B-b-A 8a-d

Triblock Copolymers (Where 8a is A-b-B-b-A with 10%
End-Capper 4; 8b is A-b-B-b-A with 20% End-Capper 4; 8c is
A-b-B-b-A with 40% End-Capper 4; 8d is A-b-B-b-A with 80%

End-Capper 4) Using Size Exclusion Chromatography with PEG
Calibration

compound Mn (g/mol) Mw (g/mol) PDI

4 3300 3650 1.11
6 8100 8700 1.07
7 8100 14500 1.80
8a 12350 24000 1.94
8b 10400 18050 1.73
8c 7300 12900 1.76
8d 6400 10700 1.67

Figure 1. SEC elution curves (RI detector) showing the influence of
the reaction time on the molecular weight of the A-b-B-b-A 8a triblock
copolymers with 10% of the end-capper 4.
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The synthesis of 8a-d with different molar ratios of the end-
capper 4 was thus performed in methanol for 12 h. The
accordingly synthesized copolymers were characterized by SEC.
Considering the composition of the triblock copolymers, no
proper GPC calibration standard could be found for these
systems. However, to give an indication of molar mass and
polydispersity index, Table 1 shows the molecular weights of
the A-b-B-b-A triblock copolymers 8a-d with different per-
centages of the end-capper 4 calculated with a PEG calibration.
As it can be seen from Table 1 and from the SEC traces in
Figure 2, the highest molecular weights were obtained by the
addition of 10% of the end-capper 4. As expected, further
increase of the amount of 4 in the polycondensation reaction
led to the formation of shorter block copolymers with respec-
tively lower molecular weights.

Subsequent purification (BioBeads S-X1 in acetone and
precipitation from acetone into dichloromethane) of the crude
materials removed the macrocycles possibly formed during the
polymerization reactions (Figure 3). The absence of aromatic
protons in the 1H NMR spectrum showed that no uncomplexed
monomers are present in the final A-b-B-b-A triblock copoly-
mers. Furthermore, results obtained from the SEC-coupled in-

line diode array detector demonstrate the integrity of the
supramolecular assembly over the complete distribution as
indicated by the ligand-centered (LC) π-π* absorption bands
around 317 and 310 nm (Figure 4). The purified A-b-B-b-A
triblock copolymer 8a with the highest molecular weight
obtained in this study was further used for micellization studies.

With this knowledge regarding the synthesis, stability, and
characterization of A-b-B-b-A triblock copolymers 8a-d based
on tpy2Ni(II), we focused our attention on the preparation of
A-b-B-b-A triblock copolymers based on tpy2Fe(II) connectivity.
For this system the two different synthetic approaches (methods
A and B) have been studied, and the results were compared.
The first one followed the preparation of the triblock copolymer
based on tpy2Ru(II) using 10% of the end-capper25 (see
Experimental Part: method B), and the second one followed
the successful synthesis of the triblock copolymer described
earlier for tpy2Ni(II), also with 10% end-capper (see Experi-
mental Part: method A). As a result of the weaker binding
strength of the bis(terpyridine)iron(II) complex, as compared
to the analogous ruthenium and nickel complexes, it is
unfortunately not possible to perform SEC investigations on such
polymers.30 For this reason the main characterization technique
for the tpy2Fe(II) block copolymers was 1H NMR. For the
purified A-b-B-b-A triblock copolymer based on tpy2Fe(II) 9
(prepared by the DMA approach) the 1H NMR (Figure 5)
revealed similar degrees of polymerization as in the case of the
ruthenium polymers described elsewhere.25 Assuming that both
ends of 1,16-bis(2,2′:6′,2′′ -terpyridin-4′-yloxy)hexadecane 5
were functionalized with PEG in order to obtain the A-b-B-
b-A triblock copolymer structure, the ratio of signal intensities
belonging to the PEG as well as 1,16-bis(2,2′:6′,2′′ -terpyridin-
4′-yloxy)hexadecane revealed a degree of polymerization of

Figure 2. SEC elution curves (RI detector) for the mono-terpyridine-
PEG 4 and the corresponding A-b-B-b-A 8a-d triblock copolymers
with different percentages of the end-capper 4 after 12 h reaction time.

Figure 3. SEC elution curves (RI detector) for the mono-terpyridine-
PEG 4, Ni(II) homopolymer 6, and the purified A-b-B-b-A 8a,b triblock
copolymers with 10% and 20% end-capper 4.

Figure 4. SEC elution curve (PDA detector) for the purified A-b-B-
b-A 8a triblock copolymer with 10% end-capper 4.

Figure 5. Comparison between the 1H NMR spectra of monomer 5
(bottom) and A-b-B-b-A triblock copolymer 9 obtained via method B
(top) in acetone-d6.
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the central B block of ∼40 units (compared to 33 units for the
corresponding ruthenium-containing polymer).25 Therefore, the
number-average molecular weight of polymer 9 can be calcu-
lated to be 35 kDa if the PF6

- counterions are omitted and 46.5
kDa if they are taken into account. Furthermore, almost full
complexation was observed in the polymer as revealed by a
downfield shift of the methylene protons next to the terpyridine
units (from 4.29 ppm (uncomplexed) to 4.72 ppm (complexed))
in the 1H NMR spectrum. Figure 5 reveals that less than 3%
uncomplexed terpyridine moieties are present in polymer 9,
which might belong to AB-type block copolymer or polyB
structures. Moreover, the UV–vis spectrum shows the typical
metal-to-ligand-charge-transferbandoftheiron(II)-bis(terpyridine)
type of connectivity in the visible region (560 nm), indicating

that the anticipated connectivities are actually formed. This
sample was further used in micellization studies.

The second approach followed for the preparation of block
copolymer 9 with 10% end-capper 4 was the one used for the
synthesis of 8a: in methanol with iron(II) acetate (see Experi-
mental Part: method A). From the 1H NMR spectrum the degree
of polymerization was found to be smaller (∼13 units for the
B block) than with the DMA approach. One explanation could
be the lower temperature in the methanol approach compared
to the DMA approach, yielding lower molecular weights.
Unfortunately, the methanol approach does not allow reaction
temperatures higher than ∼65 °C, and at temperatures lower

Figure 6. CONTIN size distribution histograms obtained on the micelles
prepared from the A-b-B-b-A triblock copolymers 8a, 9, and 10 in an
acetone/water mixture: (a) copolymer 8a based on tpy2Ni(II), (b)
copolymer 9 based on tpy2Fe(II), (c) copolymer 10 based on tpy2Co(II).

Figure 7. Cryo-TEM picture of micelles prepared from the A-b-B-
b-A triblock copolymers 8a, 9, and 10 in an acetone/water mixture:
(a) copolymer 8a based on tpy2Ni(II), (b) copolymer 9 based on
tpy2Fe(II), (c) copolymer 10 based on tpy2Co(II).
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than 70 °C the reaction in DMA was not homogeneous,
preventing a detailed study of this effect.

The last system for our study was the A-b-B-b-A block
copolymers based on the tpy2Co(II) connectivity using 10% end-
capper 4 as A block. The two synthetic approaches have been
also investigated and compared (see Experimental Part: methods
A and B). As a result of previous studies performed on the
bis(terpyridine)cobalt(II) homopolymer complexes,30 it is known
that it is not possible to perform size exclusion chromatographic
investigations with these copolymers due to the rather low
stability of the bis(terpyridine)Co(II) complex.30 Therefore, the
tpy2Co(II) block copolymers were characterized mainly by 1H
NMR. It is known that paramagnetic complexes, such as Ni(II)
and Co(II), have unpaired electrons giving rise to two main
effects in the 1H NMR spectrum. On the one hand, the local
magnetic field at the protons is significantly different from the
applied field due to the presence of unpaired electrons at
the metal center. On the other hand, the recorded signals in the
proton 1H NMR are broadened as a result of interaction between
the nuclear spins and the electron spins providing an efficient
relaxation mechanism.38 For tpy2Ni(II) the relaxation is very
fast, and the signals are so broadened that they cannot be
observed anymore. For tpy2Co(II) the signals in the 1H NMR
spectrum should normally reveal a Knight shift (up to 200 ppm
from TMS).39–41 In the case of the prepared Co(II) block
copolymers 10 (methods A and B), no signals could, however,
be observed in the mentioned region. The absence of the
expected signals could be explained by the high molecular
weight of 10, which would decrease the chain mobility and the
diffusion rates during the 1H NMR measurements, inducing a
broadening of the terpyridine signals, which normally appears
at 100 ppm in a bis(terpyridine)cobalt(II) model complex
(Knight shift),30,39 and preventing their detection. From the
comparison of the 1H NMR spectra for the two A-b-B-b-A block
copolymers 10 prepared via methods A and B, we concluded
that the acetate approach (method A) led to a higher molecular
weight block copolymer (almost full conversion for the B block)
in comparison with the DMA approach (less than 30% of the
B block was incorporated into the synthesized triblock copoly-
mer). The UV–vis spectrum of 10 (obtained via method A)
showed also the ligand-centered (LC) π-π* absorption bands
in the visible region around 322 and 340 nm which are
characteristic for tpy2Co(II) connectivity. This sample was
further used for micellization studies.

In order to study the amphiphilic character of the supramo-
lecular triblock copolymers 8a, 9, and 10, their ability to form
micelles was investigated. Since the supramolecular block
copolymers were not readily soluble in water, the micelles were
prepared by first dissolving the block copolymers 8a, 9, and 10
(with the highest available molecular weights) in acetone, which
is a good solvent for both blocks, followed by the gradual
addition of water, which is a selective solvent for the PEG-
containing block and a precipitant for the other block. Upon
addition of water, the insoluble block collapses and aggregates
are formed, shielded from the solvent by a corona of the PEG
blocks. To transfer the micelles into pure water, we tried to
remove the acetone by slow evaporation and by dialysis against
water, but both methods lead to the precipitation of the
copolymers. The micelles formed in the acetone/water (50/50)
mixture were then characterized by dynamic light scattering
(DLS) and cryo-TEM.

The CONTIN analysis of the DLS results obtained on the
micelles from the three copolymers revealed the presence of
two different populations (Figure 6). The first population has a
hydrodynamic radius of ∼10 nm for all three copolymers, and
the second population has a Rh around 100 nm for copolymer
based on Co(II), around 84 nm for the copolymer based on

Fe(II), and around 56 nm for the copolymer based on Ni(II).
The first population could correspond to isolated, non-ag-
gregated, copolymer chains while the second one is attributed
to micelles.

The micelles formed by the supramolecular triblocks were
imaged by cryo-TEM. Figure 7 shows the micelles of the
supramolecular triblock based on tpy2Ni(II), tpy2Fe(II), and
tpy2Co(II) connectivity, imaged by cryo-TEM. Spherical objects
with a radius in the range of 10-14 nm are observed for all
copolymers together with a few larger aggregates. These data
confirm that the population of large size observed in the DLS
experiments is attributed to micelles. Cryo-TEM indeed mea-
sures the core of the micelles and should thus give smaller sizes
compared to DLS. However, the core radii measured by cryo-
TEM seem quite small compared to the size of the entire
micelles measured by DLS, and moreover there is no clear
variation of size according to the metal as it is observed by
DLS. In conclusion, the amphiphilic nature of the copolymers
is clearly demonstrated by their ability to form micelles in water;
however, a more in-depth investigation is required to clarify
the exact structure of those objects.

Conclusion

The presented results clearly demonstrate that A-b-B-b-A
triblock copolymers based on tpy2M(II) connectivity can be
prepared with different metal ions via a simple one-step
polycondensation approach. The optimization studies performed
with different amounts of end-capper, for the case of tpy2Ni(II)
connectivity, led to a variation in length of the tpy2Ni(II) A-b-
B-b-A triblock copolymers. All the prepared metallo-triblock
copolymers 8a, 9, and 10 containing 10% end-capper 4 are
amphiphilic, and they can form micelles in acetone/water
mixtures following a simple preparation approach. The resulting
micelles were analyzed by cryo-TEM and DLS. The imaging
results showed the formation of micelles as a proof of the
amphiphilicity of the prepared block copolymers. In the future,
it will be very interesting to apply this knowledge for the
synthesis and application of designed stimuli-responsive mi-
celles, since the strength of the metal–ligand interaction can be
easily tuned due to the selection of the metal ion (and/or the
exchange of counterions).
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