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The purpose of the research performed in this project was to explore the effects of 

metal -carbon and metal-silicon bonds upon excited states of transition metal complexes 

and to utilize these effects in the design of molecular species which would be useful in 

solar energy conversion processes. The initial phases of the research placed emphasis 

upon the use of ligands which bind transition metal ions such as Rh(III) and Ir(III) 

through an sp2 hybridized carbon atom while later stages of the research emphasized 

studies of complexes formed by binding of sp3 hybridized carbon or silicon atoms to the 

metal center. The rationale for the research was to enrich the electron density at the metal 

center to the point where the excited state might be useful as a powerful reducing agent 

which would have the capability of reducing carbon dioxide, either via direct outer sphere 

electron transfer to the carbon dioxide monoanion or through a catalytic inner sphere 

electron transfer cycle to produce reduced products in a catalytic manner which would 

regenerate the photoactive species. 

The ligand, 2-phenylpyridine and various substituted derivatives proved to be the most 

promising means to bind metals through an sp2 hybridized C-atom and to produce a 

complex whose excited state could undergo outer sphere electron transfer to reduce a 

substrate with a high potential. Through binding 2-phenylpyridine and its derivatives to 

Ir(1II) in particular, metal complexes with excited state reducing potential as high as 2.1 

volts versus NHE could be produced. These potentials were estimated via 

thermodynamic considerations based upon the excited state energy taken from emission 

spectroscopy and the ground state oxidation potential taken from cyclic voltametric 

measurements; confirmation of the potentials was achieved via kinetic measurements 

utilizing the rate of quenching as a function of the reduction potential of a series of 

quenchers with well-established reduction potentials. 
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In order to extend the reduction potential of excited states of metal complexes to values 

in excess of those achieved by complexes of 2-phenylpyridine, a series of ligands 

intended to bind metals through a silicon atom were prepared. These ligands utilized an 

8-quinolyl backbone to provide a nitrogen binding site with a methyl or phenyl 

substituted silicon atom as the silicon binding site in the bidentate ligand. Both the 

enhanced electron donating ability of Si relative to C and the sp3-hybridization of Si 

compared to the sp2 hybridization of C in 2-phenylpyridine complexes suggested that 

complexes of these ligands might have excited states with higher reduction potentials 

than the 2-phenylpyridine complexes. Initial attempts to bind these ligands to metal 

centers proved to be difficult due to the high reactivity of intermediates which caused 

reduction of several solvents with the formation of an unwanted carbonyl complexes. 

However, methods were eventually developed which led to the formation of highly 

luminescent 

&is-complexes of the N,Si-binding ligands which also absorb energy in the visible region 

where they might be used in solar energy applications. 

Studies based upon solvent shifts of their emission spectra indicated that the excited 

states of these complexes are charge-transfer in nature. However, unlike the complexes 

of 2-phenylpyridine, the Ir(m) and Rh(III) complexes of these species are found to have 

very similar emission energies. Because M(m) is much harder to oxidize than is Ir(m>, 

it was concluded that the excited states are not metal-to-ligand (MLCT) in nature, but, 

rather, are characterized as sigma-bond-to-ligand charge-transfer states (SBLCT). In this 

type of excited state, excitation results in movement of electron density from the metal- 

silicon bond into the quinolyl ring system. This type of excited state shares the feature of 

a large separation of charge with the better-known MLCT excited state; however, unlike 

MLCT excited states which cause little disruption of metal-ligand bonding, the SBLCT 

excited state results in substantial weakening of the metal-silicon bond and may give rise 

to cleavage of this bond as a result of excitation. 

_.-. 

In order to further characterize the excited states of metal-silicon bonded complexes of 

Rh(III) and Ir(III), methods using excited state absorption spectroscopy based upon 

nanosecond laser excitation were developed. These studies showed that the excited state 
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formed in these complexes has a broad absorption extending out to about 900 - 1000 nm, 

and this absorption is consistent with the presence of a reduced quinolyl anion in the 

excited state. This observation confirms the charge-transfer nature of the excited state in 

which an extra electron resides in the quinolyl ring system. The decay of this excited 

state was monitored by both emission and excited state absorption methods, and in inert 

solvents such as cyclohexane the two methods give similar results. Furthermore, a single 

transient absorption spectrum is seen in cyclohexane, and this spectrum decays back to 

the baseline without modification of its shape or the appearance of new features. 

The excited state lifetimes of these complexes were found to be very sensitive to the 

nature of the solvent with variations as great as a few nanoseconds in solvents such as 

acetonitrile to several hundreds of nanoseconds in inert solvents such as cyclohexane. It 

was noted that even aromatic hydrocarbon solvents such as benzene and toluene, which 

are often regarded as inert solvents, caused a substantial shortening of the excited state 

lifetimes of these complexes in comparison to aliphatic hydrocarbons. This suggests that 

the excited states of these complexes are so reactive that they interact very strongly with 

even relatively inert aromatic hydrocarbons. Detailed studies of the emission lifetimes of 

these complexes in a wide variety of solvents indicate that they interact with both 

nucleophilic solvents such as nitriles, and with electrophilic solvents, such as the 

aromatic hydrocarbons, through two distinct sites. The site of electrophilic attack is 

believed to be at the quinolyl ring system whereas the nucleophilic site is thought to be in 

the vicinity of the metal-silicon bond. The presence of both types of sites is consistent 

with the SBLCT nature of the excited state and suggests that both reduction and oxidation 

processes might be carried out on substrates subsequent to formation of the SBLCT 

excited state. 

. . e. 

The possibility of a direct interaction of SBLCT excited states of these complexes with 

carbon dioxide was probed via excited state absorption spectroscopy, and these studies 

indicated that in inert aliphatic hydrocarbon solvents there is no difference in transient 

profiles or lifetimes in solutions saturated with nitrogen and with carbon dioxide. 

However, extension of these studies to aromatic hydrocarbon solvents indicate that 

nitrogen-saturated and carbon dioxide saturated solutions yield different transient profiles 
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with several of the Ir(lII) complexes. The result suggests that interaction of the SBLCT 

excited state complex with an aromatic hydrocarbon results in a species which does 

interact strongly with carbon dioxide. This observation is consistent with a process 

bearing some similarity to the carboxylation reaction of aromatic hydrocarbons in which 

reduction to the anion is followed by reaction with carbon dioxide to form a carboxylic 

acid. 

The final phase of research carried out during the project period was directed towards 

studying the effects of bonding of sp3 - hybridized carbon atoms to metal centers in order 

to further modify the reactivity of the SBLCT excited states which were encountered with 

complexes formed by binding sp3 - hybridized Si to metals. This research was intended 

both to clarify whether the sp3 hybridization of the metal-bonded C-atom would 

significantly alter the nature of excited states relative to complexes in which the C is in an 

sp2 state and to compare these states to those of Si-bonded species. The prototype ligand 

used in these studies was 8-methylquinoline, which unlike the 8-silylquinoline ligands is 

a commercially available species. These studies revealed that the synthetic chemistry of 

8-methylquinolyl complexes is more similar that that of 8-silylquinolyl complexes than it 

is to the chemistry of 2-phenylpyridyl complexes. Many of the 8-methylquinolyl 

complexes which were isolated were found to have ligand-centered rather than charge 

transfer excited states. However, several complexes of Rh(III) with 8-methylquinolyl 

were found to have excited states which contained a substantial amount of SBLCT 

character mixed with ligand-centered character. At the completion of this project, these 

excited states had not been further characterized by excited state transient absorption 

studies and it is not known if they might have photochemical reactivity which would 

render them useful photoreductants. However, the relative similarity of their excited 

states to those of the metal-silicon bonded complexes suggests that they may have 

photochemical properties with some similarity to those of the metal-silicon bonded 

complexes. They should be somewhat distinct, however, in having a metal-carbon 

bonding region which lacks the bulky methyl or phenyl substituents characteristic of the 

8-silylquinolyl complexes, thereby presenting less steric hindrance to incoming 

substrates. 
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