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Molecules that absorb low-energy visible and near-IR light use the energy provided by photons 
to access reactions not possible from their ground elecronic states. These excited state 
molecules can serve in applications that include sensors, imaging, photomedicine, and solar 
energy conversion and storage. The major portion of the presentation will focus on the latter.  
The use of light to activate the action of a drug has 
become an important mode of cancer therapy 
because it is significantly less invasive an 
possesses reduced levels of systemic toxicity and 
related side effects to the patient compared to 
traditional treatment methods. Photoinduced ligand 
exchange is able to release drugs with 
spatiotemporal control which, together with the 
production of cytotoxic species, are able to act as 
more effective dual-activity agents. This new class 
of complexes will be presented, along with their 
activity towards biological targets and cancer cells. 
The search for renewable, clean sources of energy 
is critical for the future of the planet. Harnessing 
sunlight and transforming its energy from abundant 
small molecules into storable clean fuels, such as 
hydrogen from water, has great potential to help 
meet the growing global demands, but remains a 
challenge. Systems for the production of solar fuels 
require strong light absorption that is well-matched 
to the solar spectrum, with excited states able to 
transfer electrons to catalysts that effect the desired 
transformation. Typically, a light absorber (LA) is 
combined with a hydrogen evolving catalyst (HEC) 
into functional LA-HEC architectures (Figure 1a). 
LAs currently used in these applications typically do 
not absorb beyond ~500 nm, such that a large 
fraction of photons that make up the solar spectrum 
are not utilized. In addition, multi-component LA-
HEC platforms inherently lose energy through 
charge transfer steps. We have developed new 
Rh2(II,II) complexes that that absorb light strongly 
throughout the visible region and into the near-IR. 
These compounds are able to undergo excited state 
redox processes, and some are able to act as 
single-molecule photocatalysts for the production of 
hydrogen with red and near-IR light (Figure 1b).  
One example of a single-molecule photocatalyst, cis–[Rh2(DPhF)2(bncn)2](BF4)2 (DPhF = N,N'-
diphenyl-formamidinate, bncn = benzo[c]cinnoline; 1), is shown in Figure 1b, along with the 
turnover numbers (TONs) for H2 production upon irradiation with 670 nm light in the presence of 
acid and a sacrificial electron donor. The mechanism of photo- and electrocatalysis by 1 and 
related complexes will be discussed, which show that these bimetallic complexes are able to 
store two electrons upon the stepwise absorption of two low-energy photons to produce the 
catalytically-active doubly-reduced complex. Mechanistic aspects of the reduction of protons to 
H2 by [1]2– will be discussed, along with new systems for rhodium-free photocatalysis. 
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Figure 1. 
(a) Multi-component photocatalyst 
(PC) and its combination into a single 
molecule and (b) structure of 
Rh2(II,II) single-molecule PC and H2 
evolution upon irradiation with red 
light. 
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