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ABSTRACT: The synthesis and radical polymerization of an 18-¢ cobaltocenium vinyl monomer, 2-acry-
loyloxyethyl cobaltoceniumcarboxylate hexafluorophosphate (AECoPFg), are reported. The side-chain
cobaltocenium-containing polymer, poly(acryloyloxyethyl cobaltoceniumcarboxylate hexafluorophos-
phate) (PAECoPFy), is a water-soluble hydrophilic polyelectrolyte. Through an effective ion-exchange
process, this polymer was transformed into a hydrophobic poly(acryloyloxyethyl cobaltoceniumcarboxylate
tetraphenylborate) (PAECoBPhy) polymer, soluble in strong polar solvents such as dimethylformamide and
dimethyl sulfoxide. Electrochemical studies showed that both polymers have reversible redox processes in
dimethylformamide. These polymers exhibited high thermal stability.

Introduction

Metallopolymers, a class of polymers with metal atoms either
in the backbone or at the side chain, hold many unprecedented
properties and functions that conventional organic polymers
usually lack.'™"* Among metallopolymers, metallocene-containing
polymers have attracted significant attention due to their unique
electrochemical, catalytic, and optical properties.'*”** Metallocene-
containing polymers are widely used for redox active systems as
recognition of ions and sugars™~>* and modification of electrodes.
Recently, metallocene-containing polymers have found applications
as precursors to prepare magnetic ceramics,”® ** redox-controlled
permeability of microcapsules,”’ templates for fabrication of nano-
textured inorganic surfaces,’*! catalysts for carbon nanotube
growth, and resists for block copolymer nanolithography.*>~°
Among metallocene-containing polymers, ferrocene-contain-
ing polymers are widely studied. Synthesis of main-chain and side-
chain ferrocene-containing polymers has been achieved by ring-
opening polymerization (ROP) and radical polymerization
respectively. '3

Cobaltocene was first synthesized during the enormous activ-
ity following the discovery of ferrocene.**~** Similar to ferrocene
(18-¢), cobaltocene (19-¢) has its cobalt(IT) sandwiched between
two cyclopentadienyl (Cp) rings. Due to the inherent stability of
18 electron species, 19-¢ cobaltocene can lose one electron readily
to form the much more stable 18-e cobaltocenium cation, which is
isoelectronic with ferrocene. The ease oxidation of cobaltocene
and the inertness of cobaltocenium salts make direct electrophilic
substitution almost impossible.** Thus, while thousands of sub-
stituted ferrocene derivatives have been prepared, only perhaps
about 100 substituted cobaltocenes and cobaltocenium salts have
been prepared. Substituted derivatives are usually prepared from
substituted cyclopentadienes, e.g. methylcyclopentadiene.** Par-
ticularly after the pioneer work by Sheats et al., methylcyclopen-
tadiene is generally used to prepare methyl- and 1,1’-dimeth-
ylcobaltocenium salts, which can be converted to carboxylic
acids, esters, amides, amines, and nitro derivatives. % A large
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portion of efforts have been devoted to cobaltocenium-contain-
ing dendrimer synthesis.**~>* Among very few reported cobalto-
cenium polymers, synthesis of main-chain polymers via con-
densation is dominant,” > probably because the synthesis of
1,1’-disubstituted cobaltocenium is more straightforward. Methyl-
cyclopentadiene can be used as the only substituted cyclopentadiene
starting material, circumventing possible contamination of mono-
substituted or unsubstituted cobaltocenium. However, most of
these polymers have poor solubility and low molecular weight,**’
possibly due to poor chemical tunability, inefficient condensation
reactions, sensitivity to impurities, and variations in stoichiometry in
step-growth polymerization. Recently, Manners’ group reported
the first ROP to prepare main-chain cobaltocenium polymers.
Herein, we report the first radical polymerization to prepare
side-chain cobaltocenium-containing polymers. We have recently
prepared side-chain cobaltocenium-containing polymers through
postpolymerization modification, in which a templated block
copolymer bore suitable functionalities for an esterification
reaction with monosubstituted cobaltocenium acyl chloride.**%
These block copolymers exhibited unique solubility and self-
assembly behaviors. However, nonquantitative yield of postpo-
lymerization modification resulted in a random block with partial
side chains decorated with cobaltocenium. On the other hand,
direct polymerization of cobaltocenium-containing monomers
would allow one to prepare truly side-chain cobaltocenium-
containing polymers. To the best of our knowledge, there have
been no reports on the preparation and direct polymerization of
cobaltocenium vinyl monomers. Specifically, in this work we
report the synthesis of the first cobaltocenium acrylate monomer,
2-acryloyloxyethyl cobaltoceniumcarboxylate hexafluoropho-
sphate (AECoPFg), and its free radical polymerization. In addi-
tion, we carried out an ion-exchange process to manipulate the
solubility of the cationic cobaltocenium-containing polymers and
explored how the anions affected the polymer properties.

Experimental Section

Materials. 2-Hydroxyethyl acrylate (HEA, 96%, Aldrich)
was distilled under vacuum. Monocarboxycobaltocenium was

© 2010 American Chemical Society
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Scheme 1. Synthesis and Radical Polymerization of AECoPF¢ and an lon-Exchange Process
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synthesized according to the earlier reports.***"%* Triethyla-
mine (99%, Aldrich) was dried in molecular sieves. Sodium
tetraphenylborate (NaBPhy, 99%, Alfa Aesar), and tetra-n-
butylammonium hexafluorophosphate (TBAFP, 98%, Acros)
were used as received. 2,2'-Azobisisobutyronitrile (AIBN) was
recrystallized from methanol. All other reagents were purchased
from commercial sources and used as received unless otherwise
noted.

Characterization. 'H (300 MHz) and '°C (75 MHz) NMR
spectra were recorded on a Varian Mercury 300 spectrometer
with tetramethylsilane (TMS) as an internal reference. '°F (376
MHz) NMR spectra were recorded on a Varian Mercury 400
spectrometer with CHF as an internal reference. *'P (162 MHz)
NMR spectra were recorded on a Bruker Avance 400 spectrom-
eter at room temperature. High-resolution mass spectrometry
(MS) was conducted on a Waters Micromass quadropole-time
of flight (Q-Tof) mass spectrometer, using electrospray ioniza-
tion in a positive ion mode. The absolute number-average
molecular weight (M) of polymers was characterized by an
osmotic pressure method. The osmotic pressures of various
solutions were measured using a membrane osmometer, Osmo-
mat 090 (GONOTEC Gmbh, Berlin). The molecular weight
was calculated following the well-known van’t Hoff law,

(E> = %. Ultaviolet—visible (UV—vis) spectra were re-
o g

corded on a Shimadzu UV 2450 spectrophotometer. Fourier
transform infrared (FT-IR) experiments were operated on a
Spectrum 100 FT-IR Spectrometer (Perkin-Elmer). A differen-
tial scanning calorimetry (DSC) experiment was conducted on a
DSC Q200 instrument (TA Instruments). The enthalpy calibra-
tion was based on a run in which a standard metal (indium) is
heated through its melting transition. The calculated heat of
fusion is compared to the theoretical value. The enthalpy
constant is the ratio between these two values, and the tempera-
ture calibration was similar to the enthalpy calibration, in which
the extrapolated onset of the recorded melting point of this
standard is compared to the known melting point. The differ-
ence is calculated for temperature calibration. The samples were
heated from 25 to 100 °C at a rate of 10 °C/min, maintained at
100 °C for 2 min and then cooled to 25 °C at a rate of 10 °C/min.
The data were collected from the second heating scan. The glass
transition temperature (7,) was defined as the mean value of
onset and end-point of a peak. Thermogravimetric analysis
(TGA) was operated on a SDT Q600 TGA system (TA In-
struments) under nitrogen gas at a flow rate of 100 mL/min,
ramping from 25 to 1000 °C at a heating rate of 10 °C/min, and
maintaining at 1000 °C for 5 min. Cyclic voltammetry (CV)
characterization was carried on a BAS CV-50W voltametric
analyzer. The samples were dissolved in 0.1 M of TBAFP
solution in N,N'-dimethylformamide (DMF) at a concentration
of 0.5mM orin 0.1 M NaCl aqueous solution. The samples were
then purged with nitrogen gas for 10 min before running CV.
The samples were scanned at a rate of 100 mV/s at different
potential ranges vs Ag/AgCl.

Synthesis of 2-Acryloyloxyethyl Cobaltoceniumcarboxylate
Hexafluorophosphate (AECoPF4). HEA (1.0 mL, 9.6 mmol)
and triethylamine (3.4 mL, 2.4 mmol) were dissolved in anhy-
drous tetrahydrofuran (THF) (50 mL) at 0 °C. Monosubstituted

cobaltocenium acyl chloride (0.930 g, 2.4 mmol) in THF solu-
tion was added into the above mixture slowly. The solution was
stirred at room temperature overnight under the protection of
nitrogen gas. The solvents were evaporated to yield a viscous
liquid, which was then dissolved in 40.0 mL of dichloromethane
(DCM). The solution was extracted with NaPF4 aqueous solu-
tion (10.0 mL) and water (2 x 10.0 mL). The organic phase was
combined and dried over anhydrous MgSO,. The products,
which are yellow powder, were obtained by precipitating the
crude mixture from diethyl ether three times. Yield: 0.912 g
(80%). "H NMR (CD5COCD3, 8, ppm): 6.4 (d, CH,—CH, 1H,
J = 17.31 Hz); 6.3 (t, Cp, 2H, J = 2.07 Hz); 6.2 (q, CH,=CH,
1H,J = 10.36 Hz); 6.1 (t, Cp, 2H, J = 2.07 Hz); 6.05 (s, Cp, SH);
5.9(d,CH,=CH, IH, J = 17.30 Hz); 4.6 (m, OCH,CH,0, 4H).
3C NMR (CD;COCDs, 6, ppm): 166 (CH;CHCOO); 164
(CpCOO); 132 (CH,CH); 129 (CH,CH); 85—90 (Cp ring); 64
(CH,CH,); 61 (CH>CH,). FTIR (cm '): 3120, 2980 (CH
stretching), 1750 (carboxyl group), 1460, 1410, 1300, 1200, 800—
900 (PF4 ). High resolution MS: calculated value 331.0381,
found value 331.0375.

Synthesis of Poly(2-acryloyloxyethyl cobaltoceniumcarboxy-
late hexafluorophosphate) (PAECoPF¢) via free radical poly-
merization. AECoPFg (900 mg, 2.0 mmol), AIBN (9 mg, 0.05
mmol), and acetonitrile (2.0 mL) were mixed in a Schlenk flask,
followed by purging with nitrogen gas for half hour. The
mixture was stirred at 90 °C for 20 h and then poured into
acetone. The cobaltocenium-containing polymer was purified
by precipitation into acetone three times to remove any un-
reacted monomers. Yield: 0.300 g (33%), M,,: 6200 g/mol (osmotic
pressure method). The polymer is a yellow solid. '"H NMR (DO,
d, ppm): 6.15 (broad, Cp, 2H); 5.85 (broad, Cp, 2H); 5.7 (broad,
Cp, 5H); 4.4 (d, broad, OCH,CH -0, 4H).

Synthesis of Poly(2-acryloyloxyethyl cobaltoceniumcarboxy-
late tetraphenylborate) (PAECoBPhy). Synthesis of PAECoBPhy
was carried out by an ion exchange with PAECoPFs. PAECoPF
(M, 6200 g/mol, 100 mg, 0.2 mmol of AECoPF4 monomer unit)
aqueous solution (2.0 mL) was added into NaBPhy (342 mg,
1.0 mmol) aqueous solution (10.0 mL) slowly under vigorous
stirring. The resultant PAECoBPh, was precipitated from water
to give a brown solid. The product was collected by centrifuge and
washed with water several times to remove excess NaBPhy. Yield:
90 mg (80%). "H NMR (DMSO-dg, 0, ppm): 7.25 (broad, Ar, 8H);
6.9 (broad, Ar, 8H); 6.7 (broad, Ar, 4H); 6.15 (broad, Cp, 2H); 5.8
(broad, Cp, 7H); 4.4 (broad, OCH,CH,0, 4H).

Results and Discussion

Synthesis and Radical Polymerization of AECoPFg4. The
synthesis of AECoPFy was carried out with the use of
monosubstituted cobaltocenium acyl chloride according to
our recent report.”’ Scheme 1 shows the synthetic procedure
of AECoPFg and its polymer PAECoPF4 prepared by free
radical polymerization. AECoPF was synthesized by add-
ing monosubstituted cobaltocenium acyl chloride into a
solution of HEA in the presence of triethylamine. The
AECoPF¢ monomer is not soluble in water, but is soluble
in organic solvents such as acetone, acetonitrile, and DCM.
Figure 1 shows the '"H NMR spectrum of the AECoPF;
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Figure 1. '"H NMR spectrum of AECoPFj in acetone-dg. The inset is
the enlarge region of the spectrum from 5.9 to 6.5 ppm.

monomer in acetone-dg. The signals at 5.9 ppm, 6.25 ppm
and 6.45 ppm corresponded to the protons from the double
bond of acrylate monomer. All vinyl protons were resolved
into doublets of doublets. Chemical shifts at ~6.3 ppm,
6.1 ppm and 6.05 ppm were assigned to the protons from
Cp rings of cobaltocenium. The two symmetric multipeaks at
4.4 ppm corresponded to the ethyl protons of AECoPFg. The
unambiguous assignment and matched integration areas of
all protons indicated the successful synthesis of AECoPFq
monomer. '*C NMR analysis further confirmed the mono-
mer structure. As shown in Figure 2, each carbon was clearly
assigned. Additional evidence came from high-resolution
MS (Figure S1, Supporting Information), which shows a
single peak at 331.0375, in good agreement with theoretical
mass-to-charge ratio of AECo cations (331.0381), demon-
strating high purity of the AECoPF¢ monomer.

AECoPF4 monomers were then employed for free radical
polymerization to prepare PAECoPF¢ polymers. The poly-
merization was first carried out in water; however, it failed.
No polymers were obtained, probably due to poor solubility
of the AECoPF4 monomers in water. The polymerization
was then carried out in acetonitrile, a good solvent for the
monomers. The homopolymers were obtained by precipita-
tion in acetone, in which the AECoPF4 monomers are
soluble. Figure 3 shows the "H NMR spectrum of PAECOoPFg
homopolymers. Compared with the AECoPF¢ monomers
(Figure 1), the characteristic signals of acrylate protons from
the monomers disappeared, and broad peaks in the region of
1.0—2.5 ppm that arise from the protons of the polymer
backbone appeared, indicating the successful polymerization
of the cationic vinyl monomers.

Different from the AECoPFs monomers, the PAECoPFg
polymers are not soluble in many conventional organic
solvents such as DCM and acetone, but only soluble in
acetonitrile, methanol, water, and strong polar solvents such
as DMF and dimethyl sulfoxide (DMSO), indicating that the
PAECoPF¢ polymers are a class of hydrophilic cationic
polymers. This is in sharp contrast with conventional hydro-
phobic neutral ferrocene-containing polymers.

After successful synthesis of side-chain cobaltocenium-
containing polymers, one of the challenges is to characterize
their molecular weight due to their cationic polyelectrolyte
nature. We have attempted to use gel permeation chroma-
tography (GPC) to analyze the molecular weight of cationic
PAECoPF polymers. However, due to strong ionic inter-
actions with the stationary phase of conventional microstyragel
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Figure 2. '*C NMR spectrum of AECoPF; in acetone-dg.
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Figure 3. 'H NMR spectrum of PAECoPF; in D,O.

columns, most polymers adsorbed onto the columns and did
not flow out. Even the use of LiBr-containing DMF as an
eluent to minimize electrostatic adsorption also failed.®'-*>
We then turned our attention to an Osmotic pressure method,
one of the cognitive methods to obtain absolute number-
average molecular weight. Cellulose ester (CE) molecular
porous dialysis membranes (Spectra, Houston, Texas) with
different molecular-weight cutoffs (MWCOs) were used.
Figure 4A shows the variation of reduced osmotic pressure
versus concentration of PAECoPFg in fresh deionized dis-
tilled water at 303 K using a dialysis membrane with MWCO
of 1000 g/mol. At a lower concentration region, the reduced
osmotic pressures increased with the increase of concentra-
tion, a characteristic nature of polyelectrolytes in diluted
aqueous solutions.®* Additionally, at a higher concentration
region, the reduced osmotic pressures decreased as the
concentration increased. Figure 4B shows the variation of
the inverse of reduced osmotic pressures versus concentra-
tion. A straight line fitted the experimental data. From the
intercept of the inverse of reduce osmotic pressure at null
concentration, the number-average molecular weight was
calculated to be M, = 6200 g/mol, according to van’t Hoff’s

law, (%) = {ity Where 7 is the osmotic pressure and c is
Jec—0 "

the polymer concentration. When a two-layer membrane
with MWCO of 5000 g/mol (Gonote, Germany) was em-
ployed, a much higher molecular weight, M,, = 26 400 g/mol,
was obtained, perhaps due to the broad molecular weight
distribution of PAECoPF4 polymers and the nature of the
membrane, which allows the polymers with molar mass
under 5000 g/mol to penetrate. Also, the broader molecular
weight distribution with the lower molecular weight below
the MWCO of the membranes during measurements was
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concentration, using a dialysis membrane with MWCO of 1000 g/mol.
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Figure 5. '"H NMR spectrum of PAECoBPh, in DMSO-dg.

confirmed by setting the baseline at a negative value in both
cases. Since the polymers with molecular weight below the
MWCO permeating into the lower half of the cell produced
osmotic effects, they quickly permeated back after several
rinses with water. Such back-and-forth permeation likely
produced the above baseline.

Preparation of PAECoBPh, via Ion-Exchange. Since PAE-
CoPF¢ polymers are a class of polyelectrolytes with positive
charges at the side chain, change of counterions or anions
could tune the physiochemical properties of side-chain co-
baltocenium-containing polymers. As the first step, tetra-
phenylborate was chosen as the counterions to replace
hexafluorophosphate ions, expecting to change the hydro-
phobicity of cobaltocenium polymers. The ion-exchange
process was carried out by slowly adding PAECoPF¢ poly-
mers to an aqueous solution of NaBPh,. Precipitation of a
brown solid was immediately observed, indicating the
change of the solubility of the polymers via ion exchange.
The obtained PAECoBPhy polymers were only soluble in
strong polar solvents such as DMF and DMSO, but were not
soluble in water, THF, DCM, and so forth. Figure 5 shows
the "H NMR spectrum of resulting PAECoBPhy polymers.
Compared with those of PAECoPFg polymers, new peaks at
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Figure 6. '°F NMR spectra of (A) PAECOPF, and (B) PAECoBPh,,
and *'"P NMR spectra of (C) PAECoPF; and (D) PAECoBPh, in
DMSO-dg.

6.5—7.2 ppm were assigned to the aromatic protons from the
tetraphenylborate group. Integration of all peaks was con-
sistent with the theoretical value of PAECoBPh, polymers,
indicating that PFs~ ions were quantitatively exchanged to
tetraphenylborate ions. In order to further verify the com-
plete ion-exchange, '’F NMR was used to track the amount
of fluoride in the polymers. As shown in Figure 6A, before
ion-exchange, there was one doublet peak at around —73
ppm, corresponding to the *'P—'F coupling of PF¢~ groups
in the PAECoPF¢ polymers. After ion-exchange, the peaks
at —73 ppm completely disappeared from the '"F NMR
spectrum of PAECoBPh, polymers (Figure 6B), demonstrat-
ing the complete removal of PF~ ions. *'P NMR spectra
also show that the characteristic septuplet peak (due to the
F—31P coupling in PF, ") disappeared completely after ion-
exchange (Figure 6C,D).

The cobaltocenium polymers were also characterized with
the aid of FT-IR and UV—vis. As shown in Figure S2, the
absorption at 860 cm ™' originated from the PF4~ anions.
After ion-exchange, a few new sharp peaks at the region of
~700 cm ™' appeared, corresponding to the absorption from
phenyl groups of tetraphenylborate anions, while the peaks
at 860 cm~ ' disappeared. Figure S3 shows the UV—vis
spectra of cobaltocenium polymers before and after ion
exchange. The UV—vis absorbance of both polymers in
DMF solution was similar: a strong absorbance at 275 nm
and a weak broad shoulder at 420 nm. The broad peaks at
Amax = ~420 nm for PAECoPF¢ and PAECoBPhy polymers
are due to the characteristic forbidden d—d* transition of
cobaltocenium.

Electrochemical Properties of Side-Chain Cobaltocenium-
Containing Polymers. The electrochemical properties of co-
baltocenium vinyl monomers and polymers were studied in
different solutions in the presence of electrolytes. As shown
in Figure 7A, the CV of AECoPF¢ monomersin DMF shows
two similar peaks in one cycle: the peak to peak splittings
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Figure 7. CV curves of (a) AECoPFg in 0.1 M TBAFP DMF solution, (b) PAECoPFy in NaCl aqueous solution, and (¢) PAECoPFg and

(d) PAECoBPh,4 in 0.1 M TBAF DMF solution.

(AEp) of the cathodic and anodic peaks were about 60—
70 mV, and the peak currents of the redox process were
equal, indicating a reversible one-electron transfer process
of AECoPF¢ monomers. The CV of PAECoPFg4 was first
studied in aqueous solution. However, the redox process was
not reversible. As shown in Figure 7B, the oxidation peak
current was much higher than the reduction peak current.
The irreversibility was likely due to the solubility change of
PAECoPF polymers under redox process. Although PAE-
CoPFg polymers are soluble in water, the reduced cobalto-
cenium polymers (cobaltocene-containing polymers) are not
soluble in water. This was verified from the observation of
some polymers deposited onto the electrode surface after CV
experiments. With the change of the solvent to DMF, in
which both cobaltocenium and cobaltocene polymers are
soluble, the CV shows a reversible redox process as con-
firmed by equal peak currents (Figure 7C). As shown in
Figure 7D, after ion-exchange, PAECoBPh, polymers show
a similar reversible one-electron transfer process in DMF.
The redox potential (£, ) vs silver chloride electrode for both
polymers were close to each other, about —0.56 V. The CV
experiments indicated that the redox process of both co-
baltocenium monomers and polymers was reversible in a
good solvent. It appeared that change of the counterions
had minimal effect on the electrochemical properties. This
can be considered an advantage since the solubility of the
polymers can be tuned through the ion-exchange process
while the characteristic electrochemical and optical proper-
ties remained almost unchanged.

Thermal Properties of 2-Acryloyloxyethyl Cobaltocenium-
carboxylate Polymers. The thermal properties of these co-
baltocenium polymers were studied by DSC. Figure 8 shows
the DSC curves of PAECoPF4 and PAECoBPh, polymers.
The glass transition temperature (7,) of PAECoPF¢ was ca.
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Figure 8. DSC curves of PAECoPF¢ and PAECoBPhy.

52 °C, while the T, of PAECoBPh, polymers increased
slightly to 55 °C, due to the presence of the more bulky
tetraphenylborate group. Compared to the low Ty (~5 °C) of
poly(2-hydroxyethyl acrylate), the much higher 7, of PAE-
CoPF4 and PAECoBPh, polymers indicated that the bulky
cobaltocenium group significantly increases the rotation
barriers of acrylate polymers.

The thermal stability of both cobaltocenium polymers was
studied by TGA. As shown in Figure 9, PAECoPF¢ poly-
mers exhibited three stages of weight loss at 210—280 °C
(~20%), 300—420 °C (~30%), and 850 °C and above, corre-
sponding to decomposition of PF4 ™ ions, complete degrada-
tion of the polymer skeleton, and degradation of Cp rings,
respectively. Different from conventional organic polymers,
the PAECoPF¢ polymers still maintained ~50% of total
weight at 800 °C, indicating the high thermal stability of
the cobaltocenium moiety. Even at 1000 °C there was
~20% materials left. Compared with PAECoPF polymers,
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Figure 9. TGA curves of PAECoPF4 and PAECoBPh,.

PAECoBPh, polymers had ~70% weight loss at tempera-
tures higher than 500 °C (Figure 9) as a result of the
decomposition of higher weight fraction of the tetraphenyl-
borate group. After pyrolysis at 1000 °C, both polymers
produced a 20% yield of pyrolyzed materials. Although the
pyrolyzed materials seemed to be attracted by an axial
magnetized disk magnet, detailed analysis and characteriza-
tion of pyrolyzed materials (e.g., magnetic properties) are
currently in progress.

Conclusions

In conclusion, we synthesized the first cobaltocenium acrylate
monomer through simple esterification reaction of an organic
acrylate with monocarboxycobaltocenium. A free radical polym-
erization was employed to convert the monomers into side-chain
cobaltocenium-containing polymers. These polymers showed
tunable solubility through ion-exchange. Polymers with hexa-
fluorophosphate ions are hydrophilic, while polymers with tetra-
phenylborate ions are hydrophobic. The redox properties
depended on the use of solvents. The polymers exhibited rever-
sible redox properties in DMF solution, while exhibiting irrever-
sible properties in aqueous solution. These cobaltocenium
polymers showed excellent thermal stability. The successful
synthesis of cobaltocenium acrylate polymers has the promise to
be extended to other types of polymers such as methacrylic,
styrenic, and acrylamide polymers, and potentially block copoly-
mers, which are currently under investigation.
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