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Electropolymerization of appropriately derivatized metal

complexes on conducting substrates leads to electroactive thin

films.2:2 One approach is reduction of vinyl-containing poly-
pyridyl complexes such as Ru(vbgy) (vbpy is 4-methyl-4
vinyl-2,2-bipyridine)® Imaging and the creation of active

microstructures have been demonstrated in the resulting films.
We report here that this chemistry can be extended to the
electropolymerization of ligand-bridged molecular assemblies

1 and 2 and that they retain their mixed-valeficaend photo-
chemical propertiésin the film environment.

[(bpy)2(CN)Ru(CN)Ru(vbpy)»(NC)Ru(CN)(bpy),]**

[(vbpy)2(CHRu(pz)Ru(CI)(vbpy),]™*
1 2

Electrochemical reduction ol in 0.1 M [N(CsHg)4]PFe
(TBAH) in CH3CN at 5°C through the first ligand reduction at
—1.29 V by scanning from-0.4 to—1.4 V vs. SSCE at a tin
doped indium oxide (ITO) electrode results in formation of poly-
cis,cis[(vbpy)(Cl)Ru(pz)Ru(CI)(vbpyl(PFs)2 (3).” In cyclic
voltammograms of the resulting film, Figure 1la, there are
oxidative waves for the couples in eq 1 wi(1) = 0.83 V
andE;»(2) = 0.95 V versus SSCE in GEN 0.1 M in TBAH.
They appear aEy»(1) = 0.82 V andEy»(2) = 0.94 V for the
unpolymerized complex in solution.
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Figure 1. (a) Cyclic voltammogram of polgis,cis{(vbpy)(Cl)Ru-
(pz)Ru(Cl)(vbpy)](PFs)2 on a 4 mmdiameter Pt disk electrode in GH

CN 0.1 M in TBAH vs Ag/0.01 M AgNQ and corrected to SSCE. (b)
Near-infrared absorption spectrum of palg;cis[(vbpy)(C)RuU" (pz)-
RU'(Cl)(vbpy)](PFs)s on ITO at surface coverage= 1 x 10-8 mol/

cn? in CD3CN containing 0.1 M TBAH. The spectrum shows the
maximum absorbance change relative to th&t.gi= 400 MV, AAnax

as the potential was increased from 400 to 1000 mV (vs SSCE) at 10
mV/s (see Supporting Information).

poly[(vbpy),(CHRU" (pz)RU" (CI)(vbpy)I(PFy), + & —
poly[(vbpy),(CRU" (pz)RU'(CI)(vbpy),I(PF); + PF,~
3

(1a)

poly[(vbpy),(CHRU" (pz)RU'(Cl)(vbpy)I(PFy); + & —

poly[(vbpy),(ChRU' (p2)RU'(CI)(vbpy)I(PFy), + PRy~
(1b)

The electrochemical experiment demonstrates that the mixed-
valence character of is retained in the electropolymerized
assembly. The near-infrared (NIR) spectrum in Figure 1b shows
that the intervalence transfer (IT) band characteristic of the
mixed-valence form3 is also retained, eq 2. From these
measurementfmax~ 1400 nm € ~ 270 M~ cm~1)8 compared
to 1300 nm ¢ = 650 Mt cm™Y) for cis,cis{(vbpy)z(Cl)Ru-
(pz)Ru(Cl)(vbpy)]®" in CD3CN.

poly[(vbpy)(CRU" (p2)RU (C(vbpy)I(PFy;
poly[(vbpy),(CHRU' (pz)RU" (CI)(vbpy)I(PF); (2)

The ligand-bridged assembly is unstable toward ligand loss
in solution, a reactivity that is retained in the film in the presence

(7) Electropolymerization at more negative potentials and higher temper- (8) Calculated from the surface coverdgén mol cn?) asA = (10-3)el,

atures resulted in partial decomposition.

with € in M~ cm~1L,
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of chloride, eq 3. Visible photolysis of a film [ = 5.0 x based orR. The carboxylic acid derivativeis,cis,cis[(bpy).-
(CN)RuU(CN)Ru(dcbNC)RuU(CN)(bpy)](PFs)2 (dcb is 4,4
2+ dicarboxy-2,2bipyridine) is known to be an effective photo-

sensitizer of TiQ for photochemical energy conversigh.In
this case, electropolymerization & gives polyeis,cis,cis
[(bpy)}(CN)RU(CN)Ru(vbpyANC)RU(CN)(bpy)](PFe)2 (4), with

N- Ri N f——hv L stable films formed containing polymerizable vbpy ligands only
on the central Rl In cyclic voltammograms a reversible wave
appears at 0.69 V for the B{{ couple of the central Ru and
irreversible waves &, , = 1.30 and 1.51 V for oxidation of
the terminal Ru's? The irreversibility is due to oxidative loss

of the terminal CN ligands at these high potentidfs.

T+ In the mixed-valence form polgis,cis,cis{bpy)(CN)RU'-
(CN)RU" (vbpy)x(NC)RU'(CN)(bpy)](PFs),, generated by elec-
trolysis atE,pp = 0.9 V, a broad IT band appears at 1230 nm
N & (33 with a high energy shoulder at 1000 nm. These features appear
- -Cl N, N-R ~N for cis,cis,cisibpy)2(CN)RU'(CN)RuU" (vbpy)(NC)RU' (CN)-
(bpy)]2" in CH3CN at 1230 nm and 960 nm2 emits at room
temperature in CECN at A,y = 780 nm. Emission decay is
exponential withr = 61 ns k= 1.6 x 10" s71, 1ex = 460 nm)!4
In film 4 a weak emission appears at 740 nm. Decay is non-

1+ exponential but can be fit to the biexponential expression in eq
4a withk; = 7.6 x 10's1 (A= 0.88),k,=1.5x 10’ st and
an average lifetime(zl] calculated from eq 4kz00= 19 ns.

| = A 4 (1 — A)e™ (4a)
F0= Ar, + (1 - A, (4b)

Our success in preparing these film-based molecular as-
semblies opens new vistas for the preparation of novel thin film
structures. The retention of the often complex photochemical
and mixed-valence properties of the electropolymerized as-
semblies demonstrates the feasibility of designing films based
on structural units which themselves have controllable chemical
and physical properties.
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