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There are well-established techniques for the preparation of Scheme 1

redox-active metallopolymeric films on a variety of electrodles. a) " -
One approach utilizes electropolymerization based on vinyl or Z sec-By h sec-Bu n
pyrrole groups. For example, electrochemical reduction of 1){;§§8L35T;‘F B H
[Ru(vbpy)]?* (vbpy is 4-vinyl-4-methyl-2,2-bipyridine) leads —i)—Me’OILI—> 2 KOH
to stable, electroactive films formed by network polymerizafion.
We are exploring additional dimensions in this chemistry both
to develop new structural motifs and to incorporate more g N N Nag” NH;
complex electro- and photoactive assemblied/e report here 1 1T @
that electropolymerization of preformed macromolecular mono- w @
mers or “macromerd’leads to redox-active films with highly
open structures. b) secBU 1

The parent polymer, poly[4-(2-aminoethyl)styren8), (wvas
prepared by modification of the living anionic polymerization RNV HOBY
procedures developed by Nakahama and co-wofkeé?slym- * W’

25°C, 1

erization of 4{ 2-[bis(trimethylsilyl)amino]ethyistyrene 1) was
initiated by addition ofsecbutyllithium and terminated by
addition of methanol, Scheme la. The average number of repeat
units for the trimethylsilyl-protected polyme2)(was determined

by gel permeation chromatography to e~ 18 with a

molecular weight distribution d¥1,/M, = 1.10% Deprotection N"N‘N-g;§<Wez>3DMAP ND—N:Me

was achieved by cleaving the-\8i bonds under mild acidic BoF i . Me

conditions, followed by treatment with base. Pendant poly- — HOB! @ N
NMM O N—Me

pyridyl complexes of Riicontaining terminal carboxylic acid
groups were loaded ont8 by amide coupling and use of
stoichiometric amounts of common peptide-coupling reagents
in dry N,N-dimethylformamide at room temperature, Scheme aromatic (6.2-8.9 ppm), vinyl (5.15 and 6.05 ppm), and side

1b7 The loading level could be controlled by adjusting the : :
mole ratio of the carboxylic acid derivative and amine groups. Sza(l:rb)’ect:r']\lylene (3:63.4 ppm) groups in thet NMR spectra

Unreacted amines were converted into acetyl amides by reaction Molecular modeling of the fully loaded, atactic polymer [PS-

of the partially loaded polymers yvith acetic anhydride. Fully CH,CHNHCO-(RU'19]" (5) was conducted by using CAChe
loaded macromolecular assemblig§\ere prepared by using Scientific molecular modeling software and modified MM2

an excess of the Ricomplex @). The degree of loading was parameters with each pendant'Riomplex treated as a sphere
of diameter 14 A and net2 charge® The molecular volume

determined by comparing the integrated resonances for the
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R. W. Inorg. Chem 1982 21, 2153. (b) lkeda, T.; Schmehl, R.; i itei ; i
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(6) Gel permeation chromatography (GPC) was performed on a Waters Tetrahedron1995 51, 1093.
150-CV GPC with Ultrastyragel (cross-linked polystyrene) columns  (8) CAChe Scientificver. 3.7; CAChe Scientific, Inc.: Beaverton, OR,
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[PS-CH2CH2NHCO-(Rulf)5]36+

coveragesI( in mol/cn¥ of the RU complex) were determined
by integrating the charge under the cathodic wave of the
reversible RI" couple at+-1.23 V recorded in fresh electrolyte
solution. Unlike films of comparable surface coverages pre-
pared from [Ru(vbpyg(PFs)2, the macromeric films appeared
visibly rougher with significant surface topography. In Figure
1 is shown a scanning electron micrograph of an electropoly-
merized film of the macromed(= 5 x 107° mol/cn?) on a
AU/Cr/SiQ; electrodeé®. The film appears to be composed of
small spheres on the order of ca. B in diameter. The
nodular growth is indicative of rapid cross-linking of the
macromers and formation of insoluble clusters of polymer.
Similar nodular growth has been reported by Murray and co-
workers onthick films (I' > 1 x 10-8 mol/cn?) of poly[Os-
(opyk(vpy)]2" (bpy is 2,2-bipyridine; vpy is 4-vinylpyridine)

For the macromers, dendritic film growth is accelerated due to
the large number of polymerizable sites (2 36) and the fact 2 st

that the macromers are themselves “oligomers”. Atomic force Figure 1. SEM image of an electropolymerized film of the macromer
microscopic measurements indicate that the surfaces of thelPS-CHCHNHCO-(RU'1g)](PFe)se (I~ 5 x 107° mol/cn¥) on a Au/
macromeric films are approximately 10 times rougher than films C"/SIC: electrode.

of comparable surface coverages prepared from monomeric

analogst!
Diffusion coefficients for charge transpoR, were measured ~ CH3CN oceurs at 680 nm compared to 620 nm for [Ru(BJY)
There is an element of synthetic flexibility in forming the

by potential-step chronoamperometfy. Current-time re- > X
sponses for potential steps between 1.13 and 1.33 V gave linearMacromeric films. Mixed-metal polymers can be prepared by

short-time { = 4—10 ms) Cottrell plots with linear regions u_sing sequential amide-coup_ling reactions to vary both composi-
extending over~60% of the total charge passed. Assuminga fon and extent of cross-linking. To demonstrate this, a
redox site concentration & = 1.3 M1 D = 5.0 x 10710 macromer was prepared containing ca. 101/0 [Ru(vitbpy-
cmP/s, which is comparable to diffusion coefficients measured CONH-)I ’ and 90% [Ru(bpy)(bpy-CONH-)F* (bpy-CONH-
for poly[Ru(vbpy}]2+.22 These measurements demonstrate that 1S 4-CHt-4-(CONH-)bpy attached to the backbone by the amide
electron-transfer hopping within these porous films is facile. INK- Elecitropolymerlzatlon of the mixed macromer was far
The films retain the characteristic metal-to-ligand charge- SIOWer €'/zs) than electropolymerization of the purely vinyl
transfer (MLCT) emission properties of the constituent mono- macromer, a consequence of the fewer number of polymerizable

mers, but modified by the film environment. Emission in

sites.
(9) Electrodes of Au/Cr/Si@were prepared by vapor depositionofagold ~ The results with the mixed polymer are important in
layer (~2000 A) over an adhesive layer of chromium200 A) on demonstrating a means for controlling film composition in a

glass by using locally built equipment which applied resistive electrical | | microenvironment of hiah porosi We look forwar
heating at reduced pressure § 105 Torr). Scanning electron ocal microe onment of high porosity. e look forward to

microscopy was performed by using an Etec Autoscan SEM operating @PPlication of these structures in electrocatalysis and photo-
at an accelerating voltage of 20 kV. Prior to analysis, the samples chemistry.

were coated with 208300 A of a gold/palladium alloy in a Polaron
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