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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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Scale-up
Feasible 

Artificial Photosynthesis is the path to a sustainable Energy Future

Mono-ethylene glycol
Methyl glyoxal Furandiol

First renewable chemicals

Karin Calvinho
CTO RenewCO2

Dr. Anders Laursen
Research associate & 
CEO RenewCO2 LLC

Rutgers Startup



Rutgers C-negative Technology
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Artificial Photosynthesis beats Natural Photosynthesis



CO2→ Bulk Chemicals & Fuels : Rutgers CO2-Negative Technology
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CO2→ Bulk Chemicals & Fuels : Rutgers CO2-Negative Technology
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Thermodynamic 
potential for H2
evolution

H2 is the sole 
remaining 
product

Reaction conditions: pH 7.5, 0.5 M KHCO3(aq), 25oC, 1 atm CO2

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

Saving Planet Earth
Nickel Phosphides: Bioinspired CO2 Reduction Catalysts



Fe2P vs Ni2P as CO2RR Catalyst: Stronger Fe-P vs Ni-P bonding

A) Fe2P (0001) side view 
showing the clean surface and 
(B) reconstructed surfaces. 
(C) Fe2P (0001) top view

*C2precursor to produce ethylene glycol is also the precursor to
the C3and C4 products. The *C2aldol precursor (glycolaldehyde)
simply reacts faster with *H to produce more ethylene glycol as
the bias decreases than it reacts with the decreasing amount of
*C 1 via a slower, entropically disfavored step

DOI: 10.1021/jacs.1c03428



Transition Metal Phosphides: Bioinspired H2 Evolution Catalysts
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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. 18

Activity = PGM performance 
Stability in both acidic and basic media (>24h, no degradation)

NiFe-Hydrogenase → Ni-organometallic models (fragile) → NixPy solid state catalysts (Robust)



Water Splitting 
PGM-free catalysts

Gardner, Robinson, Smith, Go, Greenblatt, Dismukes (2012) Angew Chemie, 51, 1616
Gardner, Al-Sharab, Danilovic,  Go,  Ayer, Greenblatt and Dismukes, (2016) Energy Environ. Sci.,. 9: p. 184--192.

(R-3m)(Fd-3m) 

LiCoO2 Cubic

LiCoO2 Layered
Nafion only

50 X

Graeme Gardner



Hydrogen from Water & Sunlight:                           
Photoanode-Photocathode-Catalysts

GC Dismukes (PI) and E Garfunkel (coPIs), Rutgers University, DOE/NSF-1433492

• 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

to vacuum pump

targetpulse laser beam

laser
plume

TCOs

TCOs

TCOs
LiCoO2

AB(O,N)3

LiCoO2
AB(O,N)3

substrate

PLD photoanode

A: alkaline earth/rare earth

B: Ti, V, Zr, Nb, Ta (d0)

O, N

AB(O,N)3, Optical Bandgap: 1.7 ~2.1 eV

bias (ΔE)

H2O
O2

alkaline
electrolyte

AB(O,N)3

Cubic LiCoO2

H2O

H2

h+

e-

hν

e-

h+

e-
h+

anode
Ni5P4-pn-silicon 

cathode

CB

VB

hν

• Synthesize and investigate selected phase-pure members of 
perovskite oxynitride series AB(O,N)3. 
• Characterize the optical bandgaps and photoinduced carrier 
lifetime of these materials in preparation of attaching OER 
catalyst.

Light absorber: perovskite oxynitrides



Bioenergy from Biomass - Natural Photosynthesis
• Photosynthetic Adaptation to Carbon Dioxide
• Metabolomics – Experimental Isotopic Fluxes by Mass Spectrometry
• Computational Modelling of Metabolism

Biocatalysis
• Photosystem II and Water Oxidation Catalysis
• Overcoming Limitations in Carboxylation

Dismukes Waksman lab projects



NADP

NADPH

CO2

Fluorometry

Electro-
chemistry

Mass 
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Computational 
Techniques 

1

3

5

2 4

6

7
8

Calvin
cycle

TCA
Cycle

glycolysis

2 H2O

4e-

O2 + 4 H+

NAD+/Fedo

NADH/Fedr2 H+

H
2

5

Icon legend

Dismukes Waksman lab analytical toolbox

Powerful tools developed in our laboratory offer unique insights into biology



Images are extremely important to publicize the results of NSF investments.  Select 
images or photographs that best represent or capture the essence of the project outcome 
reported  for this Highlight.  Insert images in JPEG, GIF, or TIF if possible.  Provide a 
caption which 
clearly describes the image in lay terms with limited technical jargon.  Provide a credit for 
all images. Videos that can enhance understanding for a general audience 
are welcome.
E-mail the Highlight to the Division of Chemistry at: chemhighlights@nsf.gov

Project Background:  Photosystem II 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 O2 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 II D1 
subunit differ in photoassembly efficiency of the water-oxidizing complex. Photosynthesis research, 2015: p. 1-10.

Bioinorganic Chemistry



Can We Unlock the Power of Photosynthetic Metabolism?
Kinetic Flux Profiling of Photoautotrophic Metabolism



Oximetry
Flash oxygen electrode (Clark-type), 
membrane-bound platinum-iridium

Chl Fluorescence Induction
Fast repetition rate fluorometer
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CO2 -Dependent Chlorophyll Variable Fluorescence Yield & Rate

Constant growth conditions: Air 0.04% CO2
Variable CO2 in headspace (no bicarb added)
Nannochloropsis Oceania –green alga
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✓ 2% + 10% CO2 opens closed PSII centers (QA-) to the full dark-adapted level
✓ 10% CO2 accelerates the rate of NADPH consumption (~50 → 25 FT) 
✓ Slow CO2 diffusion rate
✓ RuBisCO is ponderously slow and highly inefficient (+ATP)

Closed PSII Open PSII 2X faster rate of 
Reduced QA

- oxidized QA NADPH consumption



Algal Tree of Life: Chlorella ohadii Possesses the Fastest Carbon Fixation Mechanisms Among 
Eukaryotic Phototrophs:  
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H2O → CO2 Flux:   
N. Oceanica vs

C. Ohadii is 8-`10 times faster 

N. oceanica: marine heterokont alga
slow growing lipid producer

C. ohadii: from the Negev Desert, 
Israel Treves et al. (2013)

Ananyev, G., C. Gates, A. Kaplan & G.C. Dismukes, BBA-Bioenergetics, 2016. 1858(11):873-

The Usain Bolt of Photosynthesis: Chlorella Ohadii



Mammoth 
Hot 
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Nymph 
Creek

Mud Volcanoes

Ojo 
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Grand 
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Specimen 
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Norris 
Geyser 
Basin

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

CO2 = 320 ppm CO2 > 6000 ppm


