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ABSTRACT: The synthesis of supramolecular polymers containing metal complexes in the side chain is described.
Atom transfer radical polymerization (ATRP) was used to synthesize the macromolecular backbone, and the
metal complex was attached via postpolymerization chemistry. Homopolymers containing [Ru(terpy)2]2+ in the
side chain were prepared in which the complex contained either a long hydrophobic C16 alkyl group or only
hydrogen at the 4′-position. The homopolymers containing the long C16 alkyl groups showed lyotropic liquid
crystalline (LC) behavior in chloroform solutions from room temperature to 60°C and self-assembled in the bulk
to form hexagonal arrays of cylinders. In addition, this alkyl side chain was observed to crystallize in the solid
state. Homopolymers without the C16 alkyl group showed no lyotropic LC or any crystallization behavior. The
material design emphasizes the relationship between the molecular structure and supramolecular organization of
these polymers. It demonstrates that terpy complexes remain a versatile functionality for constructing supramolecular
assemblies.

Introduction
Learning to program molecules for self-assembly remains a

significant challenge.1 Despite the great successes discovered
over the past two decades, many of the rules for organizing
even small molecules are still missing.2 An even greater
challenge is building macromolecules that contain “supramo-
lecular chemistry functional units” and understanding the
manifestation of these functional units on the macromolecule’s
self-assembly. Combining the precision of modern organic
polymer chemistry with the rich functionality of metal ions
appears to be an extremely fertile area of research.3 The
incorporation of metal ions into polymeric architectures has
resulted in an array of novel materials.4-11

The greatest majority of these structures have the metal or
metal complex in the main chain or at the chain terminus.12-23

For example, Fraser prepared linear and star polymers with the
metal complex at the center as well as multiarm star homo-
and diblock copolymers constructed with [Fe(bpy)3]2+ and [Ru-
(bpy)3]2+ cores.24,25 In contrast, we and a few others have
focused on macromolecular architectures in which the metal
complexes are confined to the side chain. Sleiman has explored
homopolymers and block copolymers based on oxynorbornenes
bearing [Ru(bpy)3]2+ complexes as pendant groups via ring-
opening metathesis polymerization (ROMP)26,27 while Weck
prepared diblock and random copolymers based on norbornenes
possessing both palladated pincer complexes and diaminopy-
ridine moieties (hydrogen-bonding entities). Noncovalent func-
tionalization in terms of metal complexation and hydrogen
bonding was achieved via directed self-assembly, multistep self-
assembly, and one-step orthogonal self-assembly with both
N-butylthymine and pyridine units.28-31 We are specifically
interested in macromolecules containing a dense array of metal
complexes along the backbone and how this influences the
overall self-assembling properties of the system.

Initially, traditional free radical polymerization was used to
prepare supramolecular graft copolymers with functionalized

poly(methyl methacrylate) containing terpyridine (terpy) in the
side chain.32 We showed that the addition of Cu2+ ions caused
an increase in viscosity due to cross-linking while Schubert and
co-workers attached poly(ethylene glycol) and polylactide grafts
through [Ru(terpy)2]2+ complexes.33,34 Their graft copolymers
with PEG side chains formed micelles in water which were
characterized to have high polydispersity in terms of size
distribution. The large size distribution was attributed to the
high polydispersity of both the polymer backbone and the PEG
grafted chains. In order to realize highly ordered materials, better
control over the polymer backbone was desired, and we have
explored a variety of synthetic approaches to prepare these
macromolecules including the use of atom transfer radical
polymerization (ATRP), reversible addition-fragmentation
chain transfer radical polymerization (RAFT), and nitroxide-
mediated radical polymerization (NMP).35-38

While great effort has been spent synthesizing these novel
macromolecules with metal-ligands at precise locations, in
general, studies focused on the self-assembly of metal-ligand
side chain polymers has been quite limited. Some reports have
described assembly in solution, but very few have examined
the solid-state order. Some notable exceptions are the polyelec-
trolyte, hydrogen-bonded, and metal coordination bottle brush
polymers studied by Ikkala and ten Brinke.39,40These materials,
which take advantage of the pyridine ring in the poly-
(vinylpyridine) block, are not side-chain-containing metal-
ligand polymers per say but use supramolecular interactions to
self-assemble macromolecules into a variety of ordered struc-
tures including “order-within-order” in which structures have
lamellae-within-cylinders or cylinders-within-lamellae morphol-
ogy. These materials demonstrated novel properties including
lyotropic mesomorphic states and a plethora of hierarchically
self-assembled morphologies upon complexation.41,42

In this paper, we report novel homopolymers bearing terpy
metal complexes on every monomer. We examine their self-
assembly into ordered materials in solution and in the solid state.
Using ATRP and postfunctionalization to install the [Ru-
(terpy)2]2+ complex, well-defined polymers up to 470 kDa with
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polydispersity of 1.1 were obtained. When the [Ru(terpy)2]2+

complex contains an alkyl tail, the materials from a lyotropic
liquid crystalline (LC) phase in chloroform at only 10 wt %
and self-assemble with hexagonal order in the solid state. In an
effort to understand the importance of the molecular components
on this self-organizing behavior, other macromolecules were
prepared in which the alkyl chain was removed. These studies
demonstrated that it is the combination of all three componentss
the macromolecular chain, the [Ru(terpy)2]2+ complex, and the
alkyl chainsthat collectively are responsible for the observed
self-assembly.

Results and Discussion

Synthetic Strategy.Discovering new supramolecular materi-
als constructed from macromolecules requires that they be built
with a high degree of fidelity over their structure and composi-
tion. Polymerizing metal-functionalized monomer directly gives
polymers which are hard to characterize using GPC due to
adsorption to the column packing materials. There does not
appear to be any inherent problem with directly polymerizing
the metal functionalized monomer. However, the routine
characterization by GPC is extremely difficult, if not impossible.
The indirect approach, which involves postpolymerization
attachment of the metal complex, has proven to be a much more
valuable approach than any direct methods we have discovered
to date.32,35We reported an indirect approach based on activated
esters ofN-succinimide methacrylate (OSu),36,38 but here an
alternative method is described based on the postfunctionaliza-
tion of poly(acrylic acid) that uses high yielding peptide
chemistries to avoid the possible hydrolysis of the activated
esters. In this report, amine-functionalized [Ru(terpy)2]2+ com-
plexes are used to equip the polymer backbone with these
supramolecular functionalities in order to determine their
influence on the self-assembling behavior of the macromolecular
backbone.

Scheme 1 illustrates the synthesis of two different amine-
functionalized [Ru(terpy)2]2+ complexes,3 and4, which were
covalently attached to the macromolecular backbone. Complex
3 contains a C16 alkyl group while complex4 lacks such a group.

These two complexes allowed us to determine the influence of
the alkyl group and Ru(II) complex on supramolecular orga-
nization independently. Synthesis involves the formation of the
single terpy metal complex [Ru(R-terpy)Cl3], where R is
O-C16H33 or H, followed by complexation with a second amine-
functionalized terpy molecule,5. The amine group is used for
subsequent coupling to the macromolecular backbone via
peptide chemistry, as outlined in Scheme 2.

Synthesis of the macromolecular backbone starts with the
polymerization of tert-butyl acrylate, P(tBA), using ATRP,
followed by deprotection of thetert-butyl group to produce poly-
(acrylic acid), as shown in Scheme 2.43,44The metal complexes,
3 or 4, are reacted with the carboxylic acids on the polymer to
give PHBTA and PBTA homopolymers, respectively. This
strategy allows us to synthesize the polymer backbone, P(tBA),
and characterize it using standard GPC and NMR methods,
followed by deprotection and introduction of the amine-
functionalized ruthenium complex through standard peptide
chemistry, which is known for its very high yield. The design
of PHBTA homopolymers includes three different elements,
which are crucial in understanding the polymer’s self-assembly
properties. These elements include a long alkyl C16 chain
representing a source of hydrophobic interactions and a region
suitable for crystallization, an acrylamide polymer backbone
which is hydrophilic in nature, and the [Ru(terpy)2]2+ complex
with two positive charges which contributes an ionic character
to the polymer. As will be described, all three of these distinct
components appear to be important for the observed self-
assembly of the polymers.

FT-IR Analysis. The largest single concern of the postfunc-
tionalization approach is the extent of reaction on the polymer
backbone. Carefully examining the1H NMR and IR spectra
confirmed the ester deprotection and amide bond formation
proceeds in very high,∼99%, yield. On the basis of the
characterization of the P(tBA) prepolymer and conversion to
the metal complexes, Table 1 provides the molecular weight,
degree of polymerization (DP), and polydispersity index (PDI)
for the three polymers containing metal complexes in their side
chains that are investigated in this paper.

Scheme 1. Synthesis of Amine-Functionalized [Ru(terpy)2]2+ Complexes 3 and 4
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FT-IR is a valuable technique to monitor postfunctionaliza-
tion, especially in this case due to the changes which occur in
the carbonyl functionality. Figure 1 shows the carbonyl region
as thetert-butyl esters are converted to carboxylic acids and as
these carboxylic acids are converted to amides upon attachment
of the metal complex. In Figure 1a, the carbonyl stretching
vibration corresponding to thetert-butyl ester on P(tBA) is
shown atν ) 1728 cm-1. After treating P(tBA) with TFA, the
product’s carbonyl stretch shifted to lower wavenumbers atν
) 1708 cm-1. This lower wavenumber vibration appears in the
region for poly(acrylic acid) standards and is consistent with
the conversion of thetert-butyl ester to carboxylic acids.
Although the carbonyl band for poly(acrylic acid) is broad and
does not shift completely away from 1728 cm-1, 1H NMR
spectra show the complete disappearance of the signals corre-
sponding totert-butyl protons. Moreover, further conversion
of the sample by incorporating the metal complexes shifts the
carbonyl stretching vibration to even lower wavenumbers at
ν ) 1616 cm-1. This new shift, which is consistent with amide
bond formation, moves the vibrational signal far enough that
there is essentially no overlap withν ) 1728 cm-1, enabling
the region that originally corresponded to thetert-butyl ester to
be clearly seen. It shows no residual signal consistent with
∼99% conversion of thetert-butyl esters to the carboxylic acids.
Similarly, there appears to be no signal remaining at 1708 cm-1

for the carboxylic acid function, suggesting high conversion to
the amide. Further examination of the 2500-4000 cm-1 region
(not shown) shows no signal for the carboxylic acid OH between

ν ) 3100-3500 cm-1 after conversion to the amide. As a result,
FT-IR and1H NMR support∼99% conversion of the prepoly-
mer to the metal complex containing polymers PHBTA or
PBTA.

Optical Properties. Absorption spectra of complex3 and
homopolymer PHBTA were obtained at room temperature in
acetonitrile, as shown in Figure 2.

The spectra show normalized absorption bands in the UV
region, which are attributed to the terpy electronic transitions
and in the visible region associated with the dπ (Ru)-π*(terpy)
metal-to-ligand charge-transfer (MLCT) band.45 The UV/vis
spectra of complex3 and homopolymer PHBTA look very
similar, which is an indication that the attachment of complex
3 to the macromolecular backbone has very little, if any, effect
on their absorption properties. The molar absorptivity data in
Table 2 show the closeε values between complex3 and the
corresponding polymers at the four peak maxima. This com-
parison ofε between3 and the PHBTA polymers provides two
important pieces of information. First, it confirms the high
conversion of the amide coupling reaction. If the number of
metal complexes along the backbone where much less than
∼100%, then the determination of the molar absorptivity
between3 and the macromolecules containing3 in the side chain
would show deviation. Second, a comparison between PHBTA-1
and PHBTA-2 shows thatDP has very little effect onε. As a
result, the PHBTA polymers can be visualized as a number of
independent chromophores attached to the polymer backbone,
in agreement with observations from Sleiman on ROMP
polymers with [Ru(bpy)3](PF6)2 attached to the side chain via
ethylene glycol linkers.26 Similar observations were found for
the PBTA polymer and complex4. [Ru(terpy)2]2+ complexes
show very weak emission compared to most ruthenium(II)-
polypyridine complexes. This observation is attributed to the
equilibration of the3MLCT state with high-spin d-d (metal
centered, MC) states. The depopulation of the3MLCT by the
low-lying MC state is a direct result of the unfavorable bite
angles associated with the terpy ligand which causes deviation
from the idealized octahedral geometry. Because the [Ru(terpy)2]-
(PF6)2 complex has very weak emission at room temperature,36

Scheme 2. Synthesis of PHBTA and PBTA Homopolymers Containing [Ru(terpy)2]2+ Complexes

Table 1. Molecular Weight Characterization of PHBTA and PBTA
Homopolymers

polymer Mn
a × 103 DPb PDIb

PHBTA-1 470.0 375 1.12
PHBTA-2 72.7 58 1.11
PBTA 58.7 375 1.12

a Mn values are calculated using monomerMw andDP of P(tBA) from
GPC measurements.b DP and PDI are based on the P(tBA) protected
polymerMn by THF GPC vs PMMA linear standards and1H NMR data.
Neither deprotection nor coupling affects the carbon backbone of the
polymer.
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we did not record emission spectra for the complex3 or the
PHBTA homopolymers, and as a result, our conclusions
regarding the effect of the polymer backbone on the electronic
properties of [Ru(terpy)2]2+ covers only the absorption properties
or their ground state interactions.

Supramolecular Organization. Lyotropic Liquid Crystal
Properties. Having successfully prepared and characterized
these macromolecules, their ability to self-assemble into ordered
materials was first examined in solution. Figure 3 shows the
polarized optical microscopy (POM) image of a 15 wt %
PHBTA-1 solution in chloroform. The image shows red bright
areas aligned in the direction of shear, indicating a liquid
crystalline (LC) phase that remains present upon heating from
room temperature to about 60°C (the boiling point of
chloroform). For PHBTA-1 withDP ) 375, birefringence in
chloroform solution was observed down to 8 wt %. To better
understand the molecular origin of this LC solution, two
different molecules were investigated. Initially, the effect of the
molecular weight (MW) was examined using PHBTA-2 which
has aDP ) 58 compared toDP ) 375 for PHBTA-1.

Like PHBTA-1, PHBTA-2 is birefringent in chloroform at
15 wt %, but when the concentration is reduced below 10 wt
%, the birefringence is lost. These data show that the shorter
polymer (4.6 times smallerDP) requires a 2 wt % higher
concentration to exhibit birefringence and thus long-range order.
This slight increase in concentration, from 8 wt % for PHBTA-1
to 10 wt % for the shorter PHBTA-2, shows that MW does not

have a significant influence on the lyotropic behavior of these
polymers. This slight decrease from 10 to 8 wt % is consistent
with the expectation that the smaller MW sample requires
slightly more material in solution to experience intermolecular
interactions leading to long-range order. Next, the influence of
the C16 alkyl side chain was examined with PBTA in acetone
since it is not soluble in chloroform. This material demonstrated
no lyotropic phase behavior at any concentration up to 20 wt
%, suggesting the presence of the metal complex alone is not
enough to drive assembly in solution. It suggests the C16 chain
plays an important role in stiffening the macromolecular
backbone and promoting attractive interactions between chains
which leads to self-organization. At the same time, it seemed
unreasonable to conclude that the metal complex plays no role
in the organization since poly(acrylamide)s with long alkyl side
chains are not typically known to be lyotropic in organic
solvents.52

Speculating that the metal complex has ionic character, we
performed a classical polyelectrolyte experiment in which the
reduced viscosity of PBTA was measured as a function of
polymer concentration. As a result of the electroviscous effect,
conventional polyelectrolytes show an increase in viscosity as
the concentration is reduced.46,47This increase in viscosity with
decreasing concentration results from an expansion of the
macromolecular chain as the effective salt concentration is
lowered due to the reduced number of polyelectrolyte counte-
rions in solution. Figure 4 shows that the reduced viscosity as
a function of polymer concentration gradually increases with
decreasing polymer concentration for PBTA. This data supports
the assumption that the metal complex is ionized enough that
the electrostatic interactions along the polymer backbone are
manifested in the dilute regime, leading to an expansion of the
polymer chain and subsequent increase in solution viscosity.
In addition to this electroviscous effect, PBTA solutions show
conductance demonstrating the presence of free ions and the
dissociation of the counterions from the metal complex. These
experiments demonstrate the metal complex behaves as a
charged group within the polymer backbone.

Since the metal complex has a charged nature and the C16

alkyl chain is necessary to exhibit lyotropic materials, similarities
between these novel polymers and polyelectrolyte-surfactant
complexes become apparent. Figure 5 shows a structural
comparison between the PHBTA polymers and a polyelectro-

Figure 1. FTIR stacked spectra of (a) PtBA, (b) poly(acrylic acid), and (c) PHBTA homopolymers in the range 2250-1200 cm-1.

Figure 2. UV/vis overlaid spectra of complex3 (solid line) and
PHBTA (broken line) homopolymer.
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lyte-surfactant complex. In each system, the side chain contains
a charged group ([Ru(terpy)2]2+ metal complex or SO3-) and
long alkyl chain. This creates another level of structural
segregation within the macromolecule since the alkyl chain is
hydrophobic and the charged group is more polar.

In order to further understand the self-assembly of these
metal-ligand containing polymers, we turned to the theoretical
analysis which describes the stiffening of flexible, linear
polyelectrolyte chains due to complexation with oligomeric
surfactants by Frederickson.48 These interactions induce lyo-
tropic LC behavior in solution, even for very flexible polymers.
According to the theory, flexible polymers bound to surfactants
will, under good solvent conditions for the alkyl chain, develop
sufficient enhancement of the persistence length due to steric
interactions originating from the excluded-volume repulsion

between alkyl chains. Essential parameters are the number of
binding sites, the binding energies, and the length of the alkyl
chain surfactantM. For a givenM, the number of bound alkyl
chains per monomer,σ, determines the stiffness of the complex.
At the high coverage limit, the persistence lengthλ of the
complex is predicted to scale toM according to eq 139,48

wherea is the Kuhn segment size (for simplicity, it is assumed
to be the same for the polymer and surfactant). The thickness

Table 2. Molar Absorptivity Data for Complex 3, PHBTA-1, and PHBTA-2

ε (M-1 cm-1 × 104)a

compound λmax ) 242 nm λmax ) 267 nm λmax ) 304 nm λmax ) 484 nm

complex3 4.72 4.82 5.64 1.61
PHBTA-1,DP ) 375 4.57 4.76 5.25 1.62

PHBTA-2,DP ) 58 4.52 4.78 5.28 1.62

a ε units are reported per mole of the monomer containing [Ru(terpy)2]2+ complex.

Figure 3. Polarized optical microscopy micrograph of PHBTA-1,
15 wt %, in chloroform at room temperature sheared by sliding the
coverslip.

Figure 4. Reduced viscosity measured as a function of monomer
concentration for PBTA in acetonitrile at 22°C. Circular points are
the experimental data, the solid line is a sigmoidal fit, and the dotted
line is a theoretical behavior expected for a noncharged polymer.

Figure 5. Structural analogy between PHBTA and poly(2-acrylamido-
2-methyl-1-propanesulfonate cetyltrimethylammonium salt), PAMPS-
CTMA. Each structure is composed from an acrylamide backbone
with side chains containing a charge unit and long hydrophobic alkyl
group.

Figure 6. SAXS pattern for PHBTA-1: open circles, observed data
set; solid line, curve fitting to a Gaussian distribution. Inset:I(q)q vs
q presentation of the same data set for better recognition of the higher
order peak.

λ ∝ aσ17/8M15/8 (1)
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of the polymer-surfactant complexR is predicted to scale
according to eq 2.48

As a consequence, the ratioλ/R, which determines the possibility
of lyotropic behavior, scales according to eq 3.48

In order to observe lyotropic behavior, this ratio should exceed
10,48,49 which taken at face value would also require the side
chains to consist of∼10 methylene units (M ) 10) provided
that every monomer repeat unit contains an alkyl chain as is
the case for our PHBTA polymers, (i.e.,σ = 1).39,50

Specifically in our PHBTA polymers, the metal-ligand
complex forces every monomer unit to have an alkyl tail which
turns the flexible poly(acrylic acid) backbone into a rigid-rod-
like chain. The rigidity is a result of stiffening the polymer
backbone due to the excluded-volume repulsion of the C16 alkyl
groups and the [Ru(terpy)2]2+ complex. Since PBTA and
noncharged polyacrylamides containing long alkyl groups
do not show lyotropic LC behavior, it suggests that the
[Ru(terpy)2]2+ complex and C16 alkyl chain are necessary to
induce lyotropic LC properties in PHBTA.51,52

Solid-State Assembly.Having characterized the solution
behavior of these polymers, their solid-state organization was
examined by SAXS and WAXD. The lyotropic LC properties
suggested the PHBTA polymers acted like rigid rods in solution.
If this were the case, they may self-organize into ordered
materials in the solid state. POM experiments first indicated
these materials were ordered in the solid state due to the presence
of birefringence textures from solid samples. In contrast, PBTA
showed no birefringence in the solid state.

SAXS experiments were performed on samples of PHBTA-1
cast from the 15 wt % chloroform lyotropic LC solution, and
the obtained scattering pattern is shown in Figure 6. From the

1:x3 ratio, a model was developed on the basis of a hexagonal
array of cylinders with a lattice spacing of 5.1 nm. This model
was initially developed on the basis of the observed lyotropic
LC phase and previous studies on “hairy” rod polymers with
high persistence length. According to Ikkala and ten Brinke,49

rigid-rod polymers show three possible microphase-separated
morphologies including one which is lamellae and two which
are hexagonal. The lamellar phases are observed with short side
chains while long side chains promote hexagonal ordering of
the hairy-rod cylindrical brushes. In the intermediate length side
chain regime, several chains associate to form elongated
cylinders. Fitting the measuredq spacings to our macromolecular
structure with consideration of these phases, we arrived at a
hexagonal array in which the side chains are tilted about 45°
with respect to the molecular backbone. Assuming close packing
of the cylinders, along with the calculated molecular dimensions
from molecular modeling in which the fully extended side chain
is 4.2 nm, the cylinder diameter with fully extended chains
would be 8.4 nm. Allowing the side chains to tilt∼45° provides
a cylinder diameter ofdc ) 5.89 nm and an excellent match
for the observed lattice spacing of 5.1 nm. This tilt angle of
45° is similar to commonly observed tilt angles of mesogen-
jacketed liquid crystalline polymers in which the tilt angle is
about 38°.53

At the same time, alkyl side chains containing 16 carbon
atoms are known to crystallize. WAXD experiments were
performed and showed crystalline diffraction peaks for PH-
BTA-1 and 2, which were absent in PBTA (see Figure 7). This
clearly indicates that the C16 alkyl chain is responsible for the
sharp peaks observed in Figure 7. Fitting the sharp signals
provided unit cell parameters and the crystal lattice type, which
are summarized in Table 3. Both PHBTA-1 and 2 polymers
were fit to the same unit cell although PHBTA-2 has three
signals for (113), (223), and (542) planes, which are very weak
or absent in PHBTA-1. The polymer crystallite size,〈L〉vol, was
calculated from the Scherrer equation,39 using the crystalline
diffraction signals for both PHBTA polymers and ranged from
17.7 to 21.8 nm. The broad signals shown between 2θ ) 10-
25° correspond to amorphous scattering of the polymer back-
bone and that part of the side chains which are not crystalline
(the C5 segment between the backbone and the [Ru(terpy)2]2+

Figure 7. Wide-angle powder X-ray diffraction pattern of (a) PHBTA-
2, (b) PHBTA-1, and (c) PBTA homopolymers.

Table 3. Unit Cell Parameters and Lattice Type for PHBTA-2
Homopolymer

polymer
unit cell

parameters
crystal

lattice type 〈L〉vol, nm

PHBTA-2, DP ) 58 a ) b )
10.0278 Å

tetragonal,
P type

17.7 for (531)

c ) 7.5070 Å 21.8 for (542)
R ) â ) δ ) 90°

R ∝ aσ1/4M3/4 (2)

λ/R ∝ σ15/8M9/8 (3)

Figure 8. Schematic representation showing the hexagonal array of
cylinders. The macromolecule is shown superimposed on one of the
cylinders. The cylinders are not hollow but represent the amorphous
nature of the backbone and [Ru(terpy)2]2+ while the solid red represents
the crystalline alkyl chains.
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complex). Examination of the scattering data obtained from
PBTA shows the lack of crystalline scattering but the continued
presence of the amorphous scattering due to the polymer
backbone.

Figure 8 shows a representation of the supramolecular
assembly generated from the diffraction data just presented. The
lyotropic LC properties initially suggested that the PHBTA
polymers behaved like rigid rods. The SAXS pattern showed a
hexagonal lattice whose dimensions were consistent with the
chemical structure of PHBTA. The side chains tilt away from
the molecular backbone at an angle of about 45°, which is
consistent with typical observations seen for mesogen-jacketed
liquid crystalline polymers.53 WAXD indicated the long alkyl
chains actually crystallize within the supramolecular assembly,
providing a strong driving force for macromolecular self-
assembly.
Figure 8 illustrates the hexagonal array of cylinders as well as
the fact that the alkyl chain crystallize while the [Ru(terpy)2]2+

and the polymer are amorphous.

Conclusions

The synthesis of novel [Ru(terpy)2]2+ complex containing
polymers was accomplished using ATRP followed by postpo-
lymerization functionalization. When the macromolecular ar-
chitecture included both the metal complex and alkyl chain, self-
assembly was observed in solution and in the solid state.
Because the metal complex was shown to be charged, structural
analogy to polyelectrolyte-surfactant complexes could be made,
which helped in understanding the noncovalent forces guiding
self-assembly. Polymers containing [Ru(terpy)2]2+ complexes
in the side chain could find potential applications in constructing
multicomponent systems for photoinduced charge separation.
Polymers provide several handles for tuning properties including
the polymer molecular weight, architecture, composition, and
self-assembling properties. The impact of incorporating [Ru-
(terpy)2]2+ complexes on the properties of these polymers is
well illustrated by the electroviscous effect, the ability of these
polymers to self-assemble into ordered nanostructures, and
subsequent lyotropic liquid crystalline properties. The main
focus of this report is the direct impact [Ru(terpy)2]2+ complexes
have on the polymers’ self-assembly in solution and in the bulk.
Through this study, answers of some basic questions about
organic-inorganic materials were provided. These include the
effect of the complex charge on the polymer’s ability to have
polyelectrolytic properties, the impact these metal complexes
have on the polymers’ self-assembly in solution and in bulk,
the influence of varying the polymers’ side chain design, and
the combined effect of these various elements on the formation
of ordered nanostructures. This initial report begins to set the
stage for studying more complex architectures including diblock
copolymers where one block contains the metal-ligand com-
plex. Such systems are expected to provide hierarchically
ordered materials with two different length scales of organiza-
tion. At the same time, incorporating metal-ligand chemistries
into block copolymer architectures should allow properties of
the metal-ligand to be confined to the nanometer length scale.
Such materials would be novel, and unexpected properties are
likely to follow. Learning to self-assemble macromolecules with
the functionality of metal complexes is expected to produce
novel advanced materials.
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