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This award honors a faculty member whose research contributions have transformed the field, including
highly cited scholarship or practiced patents.
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Artificial Photosynthesis is the path to a sustainable Energy Future

First renewable chemicals

Scale-up
Feasible
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Dr. Anders Laursen Karin Calvinho
Research associate &  CTO RenewCO,
CEO RenewCO, LLC



Artificial Photosynthesis beats Natural Photosynthesis
Rutgers C-negative Technology
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Saving Planet Earth
Nickel Phosphides: Bioinspired CO, Reduction Catalysts

Calvinho et al. Energy Environ. Sci., 2018,
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JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Surface Hydrides on Fe,P Electrocatalyst Reduce CO, at Low
Overpotential: Steering Selectivity to Ethylene Glycol

Karin U. D. Calvinho,* Abdulaziz W. Alherz,* Kyra M. K Yap,J‘ Anders B. Laursen, Shinjae Hwang,
Zachary J. L. Bare, Zachary Clifford, Charles B. Musgrave,* and G. Charles Dismukes*

Cite This: J. Am. Chem. Soc. 2021, 143, 21275-21285 E Read Online
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Transition Metal Phosphides: Bioinspired H2 Evolution Catalysts

NiFe-Hydrogenase = Ni-organometallic models (fragile) = Ni_ P, solid state catalysts (Robust)
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Laursen, A.B., K.R. Patraju, M.J. Whitaker, M. Retuerto, T. Sarkar, N. Yao, K.V. Ramanujachary, M. Greenblatt and

G.C. Dismukes, Energy & Environmental Science, 2015. 8: p. 1027-1034.
A. B. Laursen, R. B. Wexler, M. J. Whitaker, E. Izett, R. Rucker, H. Wang, J. Li, M. Greenblatt, A. M. Rappe and

G.C. Dismukes, ACS Catalysis, 2018(8): p. 4408-4419.



Water Splitting
PGM-free catalysts
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o A: alkaline earth/rare earth

O B:Ti,V, Zr, Nb, Ta(d°)

alkaline
electrolyte

node  AB(ON)s

* Synthesize and investigate selected phase-pure members of
perovskite oxynitride series AB(O,N);.

* Characterize the optical bandgaps and photoinduced carrier
lifetime of these materials in preparation of attaching OER
catalyst.

Hydrogen from Water & Sunlight:
Photoanode-Photocathode-Catalysts
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» Using pulsed laser deposition, prepare photoanode with thin
film structures shown above.

*Fabricate photocathode of pn-silicon and Ni5P4 HER catalyst
* Investigate two electrolytes system: aqueous alkaline
electrolyte solution (pH=14) and alkaline exchange membrane



Bioenergy from Biomass - Natural Photosynthesis

Photosynthetic Adaptation to Carbon Dioxide
Metabolomics — Experimental Isotopic Fluxes by Mass Spectrometry
Computational Modelling of Metabolism

Biocatalysis

Photosystem Il and Water Oxidation Catalysis
Overcoming Limitations in Carboxylation



Dismukes Waksman lab analytical toolb.ox
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Powerful tools developed in our laboratory offer unique insights into biology




Photo-assembly of the Photosystem Il
Water-Oxidizing Complex
@ o

+hv +e acceptors
0 @ -0-0 :

4Mn?* 1Ca* xH,0 HCO,

Mn,Ca0s(H,0),

Understanding the role of bicarbonate (HCO;") in photo-assembly will assist in
\ the development of sources for alternative energy.

Credit: David J. Vinyard & Gerard C. Dismukes

Project Background: Photosystem Il uses manganese to split water in all oxygenic
phototrophs on Earth.

For the first time we have succeeded in replacing Mn with cobalt in PSII. This opens
the door to understanding the chemistry of water oxidation and O, production on
Earth.

Vinyard, D.J., J.S. Sun, J. Gimpel, G.M. Ananyev, S.P. Mayfield and G.C. Dismukes, Natural isoforms of the Photosystem Il D1
subunit differ in photoassembly efficiency of the water-oxidizing complex. Photosynthesis research, 2015: p. 1-10.
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Can We Unlock the Power of Photosynthetic Metabolism?
Kinetic Flux Profiling of Photoautotrophic Metabolism
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Oximetry
Chl Fluorescence Induction

Flash oxygen electrode (Clark-type), re
membrane-bound platinum-iridium Fast repetition rate fluorometer
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CO, -Dependent Chlorophyll Variable Fluorescence Yield & Rate

Constant growth conditions: Air 0.04% CO,,
Variable CO, in headspace (no bicarb added)
Nannochloropsis Oceania —green alga

Measure: Air 0.04% CO, 2% CO, 10 % CO,
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v 2% + 10% CO, opens closed PSII centers (QA-) to the full dark-adapted level
v' 10% CO, accelerates the rate of NADPH consumption (~50 - 25 FT)

v Slow CO, diffusion rate

v" RuBisCO is ponderously slow and highly inefficient (+ATP)



The Usain Bolt of Photosynthesis: Chlorella Ohadii

Algal Tree of Life: Chlorella ohadii Possesses the Fastest Carbon Fixation Mechanisms Among
Eukaryotic Phototrophs:

Time, min
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N. oceanica: marine heterokont alga
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slow growing lipid producer
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Ananyey, G., C. Gates, A. Kaplan & G.C. Dismukes, BBA-Bioenergetics, 2076. 1858(11):873-



Photosynthetic Adaptation to Carbon Dioxide Gradients in
Yellowstone: A glimpse into the future of climate change?

RUTGERS
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