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Literature Discussion of
“Dirhodium(II,II)/NiO Photocathode for Photoelectrocatalytic Hydrogen Evolution with Red Light”
From J. Am. Chem. Soc. 2021, 143, 1610−1617 

This Learning Object is dedicated to Prof. Claudia Turro as part of the VIPEr LGBTQIAN+ LO collection created in celebration of Pride Month (Jun) 2022. Prof. Turro was featured in the April 2022 special virtual issue Out in Inorganic Chemistry: A Celebration of LGBTQIAPN+ Inorganic Chemists (https://pubs.acs.org/doi/10.1021/acs.inorgchem.2c00729).

Rationale. Reading the chemical literature is like solving a puzzle—it’s both a challenging, and a rewarding, experience. One of the challenges is trying to figure out, “What are they talking about!?”, with the reward being using what you know to solve the puzzle. This paper by Turro and coworkers is an excellent example of combining principles of discreet molecular systems with extended solid state structures (although one doesn’t need to have had a solid state chemistry experience to read the paper) and applying them to the creation of dye-sensitized photoelectrochemical cells, one potential key to the larger challenge of harnessing renewable solar energy. 

Goals. The goals of this exercise to use the tools you’ve taken in your inorganic course and to apply them to studying this article. While you may not understand (or haver heard of) all of the science or spectroscopic techniques, you’ll find that with some guidance, you’ll be able to pick apart some key pieces of this article, and hopefully feel pretty good about it at the end! And, of course, you’ll learn some cool inorganic chemistry in the process. 

Questions. 

1. What is the “elevator pitch” for this article? Put another way—if you got on an elevator with someone you had to sell your idea to, and had three floors to pitch that idea, what would it be? What’s the reason any of us should care about this work , beyond being scientists who appreciate the coolness of inorganic chemistry?
2. What makes for an optimal dye in a dye-sensitized photoelectrochemical cell (DSPEC)? (Hint: What part of the solar spectrum does it need to absorb?) p. 1610
3. Prior to the work described in this paper, what were the basic components of a NiO DSPEC? What makes the current work so unique? Hint: The molecule in this paper serves two roles. What are those? p. 1610
4. The molecule shown in Figure 1 (p. 1611) is the basis for much of this work. Using the information in Figure 1, answer the following questions. 
a. What is the oxidation state of each Rh in the complex? Prove it using the information provided in the picture. 
b. How many d-electrons does each Rh have?
c. Figure 1 is an example of a complex with metal-metal (MM) bonding in a so-called “paddlewheel” motif. MM bonds in this type of motif can have single, double, triple, and quadruple bonds (we’ll leave out quintuple and sextuple bonds!). Using your answer from parts a and b, prove that the Rh-Rh bond order is 1. Hint: If this is the first time you’ve seen MM bonding, don’t worry! Think about the MO diagram for a simple homonuclear diatomic like O2. Think about how to construct the diagram from the available 1s, 2s, and 2p orbitals on each oxygen atom. Now consider the Rh2 system, using only the available 4d orbitals on each Rh center to create a simple MO diagram. Leave out the dx2-y2 orbitals on each Rh, though; they interact with the bridging N-based ligands and aren’t a part of the Rh2 MO picture! You can build this diagram either with symmetry—it’s a pseudo-D4h structure—or without symmetry, based on orbital shapes.
d. Why does complex 1 have carboxylate (-COOH) groups on the phenyl rings? Hint: What purpose do the carboxylates serve, that can’t happen with the -COOC2H5 group in 2 and the -H group in 3?
e. The starting material for all the Rh complexes in this study is Rh2(OAc)4, where OAc = acetate (-CO2CH3) as the bridging ligand. What could you infer about the thermodynamic preference of Rh2 for N-based bridging ligands versus O-based bridging ligands? Hint: See the Experimental Section, p. 1611
5. The paper refers to a 1ML-LCT (metal/ligand-to-ligand charge transfer) in complex 1 that has a maximum absorbance at 605 nm with an  = 9000 M-1 cm-1. With this information, answer the following questions. 
a. What differentiates a ML-LCT from a ligand-to-metal charge transfer (LMCT) or metal-to-ligand charge transfer (MLCT)? 
b. This is a spin-allowed transition. Does the  = 9000 M-1 cm-1 value track with what you would expect for typical charge-transfer absorptions? 
6. What experimental evidence is available to indicate that complex 1 is actually bound to the NiO surface, creating 1-NiO? Hint: Look at Figure 2 on page 1612 and carefully read the first two paragraphs of the RESULTS AND DISCUSSION: Electronic Absorption Spectroscopy and Surface Coverage section.
7. In order for complex 1-NiO to work, it needs to be irradiated in the presence of p-toluenesulfonic acid (TsOH). What purpose does this strong organic acid serve? 
8. The mechanism by which H2 production occurs in this DSPEC is complex, but we’re going to break it down in pieces to understand what’s going on. The following questions relate to determining what’s happening in 1-NiO, and in the electrochemical cell it’s a part of. 
a. When 1 is irradiated with red light, a 3ML-LCT state is generated. What is so important about this triplet state? Hint: See page 1615.
b. Now let’s think about 1-NiO, which is also irradiated with red light, and where the 3ML-LCT excited state complex is formed. What happens between 1 and the NiO surface? Hint: In oxidation-reduction reactions we usually focus our attention on electron movements. Here, the authors focus on electron movement, but also on the movement of a “hole”, the positive space left over after a reduction. See page 1615.
c. The complex 1, after the photo-induced electron transfer, becomes [1]-. What are the oxidation states of each Rh atom in the Rh2 center now?
d. What does complex [1]- do? Hint: Think about the role of TsOH! 
e. Now that [1]- has done its job, what allows for the process to repeat itself catalytically? 
9. What makes 1-NiO such a promising system, especially compared to the control dye P1 with the complex Co(dmgBF2)2(H2O)2 irradiated with blue light? Hint: See page 1615.
For instructors: You may choose to add the hints and page numbers or not. You can either have students read the article first, then go through with the questions, or have the questions guide them. 
