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Chapter 4.   Conclusions and Future Work

The trimetallic supramolecular complex {[(bpy)2Ru(dpp)]2RhCl2}(PF6)5 has been

successfully synthesized utilizing the “building block” approach, and purified by size

exclusion chromatography. The spectroscopic and redox properties of this LA – EC – LA

triad have been investigated.

The electronic absorption spectrum of {[(bpy)2Ru(dpp)]2RhCl2}(PF6)5 is

dominated by intense intraligand and MLCT bands. The lowest energy transition at 512

nm is assigned to the Ru(dπ) ___> dpp(π*) charge transfer (MLCT). The other band in the

visible region, at 410 nm, is assigned to the Ru(dπ) ___> bpy(π*) charge transfer (MLCT).

In the UV region, bands were found at ca. 240, and 280 nm. These bands are attributed to

bpy and dpp based π  __> π* transitions.

A cyclic voltammogram of {[(bpy)2Ru(dpp)]2RhCl2}(PF6)5 shows the first

reduction to be rhodium-based at -0.35 V, followed by subsequent dpp reductions. The

rhodium reduction is RhIII/I. The nearly simultaneous RuII/III oxidation occurs at +1.56 V

and represents the oxidation of both terminal Ru centers.

Bulk electrolysis studies were completed to test the system’s redox properties. It

was found that the central RhIII core is capable of two-electron collection. Previously

investigated systems including {[(bpy)2Ru(dpb)]2IrCl2}(PF6)5, have not been capable of

electron collection directly on the central metal. By manipulating the energy levels of the

central metal and bridging ligand orbitals, {[(bpy)2Ru(dpp)]2RhCl2}(PF6)5 is able to

collect two electrons directly on the rhodium center. Achieving electron collection on the

central rhodium makes these electrons more readily available for use by a substrate and

could improve the device’s overall quantum efficiency.

The product of the two-electron reduction of {[(bpy)2Ru(dpp)]2RhCl2}(PF6)5

varied, showing a water dependence. The basis for the water modulation of product

distribution is solubility. The sterics of the trimetallic system also play a role in product

formation. Upon two-electron reduction in the absence of water, the

{[(bpy)2Ru(dpp)]2RhICl2}
+3 trimetallic breaks down into [(bpy)2Ru(dpp)]+2 and
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[(bpy)2Ru(dpp)RhCl2]
+1. This breakdown is attributed to the fact that d8 RhI complexes

are unstable in an octahedral configuration; a shift in geometry to square planar will

occur to allow for this change in geometry. Therefore, in dry acetonitrile, the loss of the

[(bpy)2Ru(dpp)]+2 portion of the molecule will result, which leaves the square planar

bimetallic, [(bpy)2Ru(dpp)RhCl2]
+1. This decomposition is strongly supported by the

findings of the bulk electrolysis studies in dry acetonitrile and subsequent cyclic

voltammetric and electronic absorption spectroscopy measurements. Results also suggest

that upon bulk electrolysis in the presence of water, a chemical step - loss of chloride -

occurs. This chemical step results in the formation of the trimetallic

{[(bpy)2Ru(dpp)]2RhI}+5, the desired product. The water modulation of product

distribution found in the bulk electrolysis investigation of {[(bpy)2Ru(dpp)]2RhCl2}(PF6)5

is unprecedented in the literature and is quite unique relative to the monometallic

[Rh(bpy)2Cl2]
+ analog.17,23,24

Additional studies may help to further elucidate this product. Through the bulk

electrolysis studies completed on {[(bpy)2Ru(dpp)]2RhCl2}(PF6)5, we showed that this

system is capable of two-electron collection directly on the rhodium center. A water

modulation of product distribution was found; however, the products of the bulk

electrolysis experiment in wet acetonitrile need additional investigation. Further bulk

electrolysis (BE) experiments completed in wet acetonitrile, with a glassy carbon

working electrode and a higher analyte concentration, may provide clearer data.

Investigation of a solvato-complex, {[(bpy)2Ru(dpp)]2RhS2}(PF6)5, where S =

acetonitrile would provide further insight into the behavior of the complex upon bulk

electrolysis and theoretically avoid the water issue. The use of acetonitrile (or similar

molecule) as a ligand could favor the formation of the desired trimetallic product

{[(bpy)2Ru(dpp)]2RhI}+5, as it is a more labile ligand than the chloride and is readily

soluble in the solvent. As such, upon two electron reduction of the central rhodium, loss

of the CH3CN ligand in the chemical step is favored, and {[(bpy)2Ru(dpp)]2RhI}+5 could

more easily result. Substitution of the chloride ligands by CH3CN or similar will,

however, change the rhodium reduction potential. Therefore, the cyclic voltammetry of
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the solvato complex should be closely studied prior to beginning bulk electrolysis

investigations.

Additionally, synthesis and subsequent investigation of the bimetallic complex

[(bpy)2Ru(dpp)RhCl2]
+1 may help to further elucidate this bulk electrolysis product.

Characterization of this complex by cyclic voltammetry and electronic absorption

spectroscopy would both, aid in the elucidation of the structure of this complex and allow

for comparison of these data with the dry bulk electrolysis results.

As it has been determined electrochemically that {[(bpy)2Ru(dpp)]2RhCl2}(PF6)5

is capable of two electron reduction of the rhodium center, these studies should be

followed by photochemical investigation of the complex. The water modulation of

product distribution found in the bulk electrolysis studies presents an interesting scenario

for the photochemical experiments.


