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Food for an overcrowded planet
Waksman Institute of Microbiology

Improving Photosynthesis in Vivo:
-Eliminating flux chokepoints

Chokepoints in CO2 Carboxylation:
-RuBisCO/ Calvin-Benson Cycle 

Catalysis by Photosynthetic Enzymes:
-Photosystem II/Water Oxidation

Energy for an overcrowded planet
Department of Chemistry & Chem Biology

Electro-Catalysts for Water Oxidation
-H+ & e-  from water

Carbon-Negative Synthesis from Scratch
Electro-Catalysts for CO2 Conversion

-2018

-2023

-2024 C-negative polymers from CO2

Rutgers Startup 
from 5 RU patents



Redox
Catalysis

X:*
X:→LA

Lewis acid/base
Catalysis

Dehydration
Catalysis

-H2O

Achieving Product Selectivity in Multi-electron Redox Catalysis Requires 
Activating Different Types of Chemical Reactions in Sequence

Isomerization

e-/H+ 

vs H-



Carbon Negative Chemicals & Fuels from Scratch

                   Rutgers CO2-Negative Electrocatalysts

Ethylene glycol

Furandiol

TMP-2
CO2

water

Formic acidTransition Metal 

Phosphides

electricity

Future  Targets
-ethanol
-propanol
-C4 butanol
-C6 & diesel

Fossil

Biomass

DAC

    co-catalyst

Electrolyzer
 #1

Ethylene oxide

Acetic acid

Furan

Methylglyoxal

C4

C2

C3

C1



Carbon-Negative Synthesis of Ethylene Oxide from Scratch: 
 Monomer Precursor to Polyethylene Plastic



Choices:

1. GaInP2/GaAs 

III-V tandem

2. Hybrid 

organic-

inorganic 

perovskite 

(HOIP)/Si 

tandem 
Dr. Kai Zhu’s team

Dr.Todd Deutsch’s team

• Anti-corrosion protection 

layer: Titanium dioxide 

(TiO2)

• Diffusion barrier: Titanium 

nitride (TiN)

▪ Pulsed laser deposition 

▪ Thermal evaporation of 

Ti in O2 or N2

▪ Phosphidation

▪ Electrodeposition 

of Ni-P

• Catalysts

: Ni5P4 or 

Ni3P
Ni5P4

1M NaOH, -10mA/cm2

η10=350mV

To be 

published

Ni5P4/TiO2/TiN/III-V tandem photocathode HOIP/n+Si/Pt single junction photocathode
Electrodeposition-assisted synthesis of Ni3P 

film

HOIP/TiO2/TiN/n+

Si

Pt/TiO2/TiN/n+Si

Platinum group metal-free (PGM-free) integrated tandem junction photoelectrochemical (PEC) water splitting devices 

Rutgers team:
Eric Garfunkel

Charles Dismukes

Martha Greenblatt

Anders Laursen

Shinjae Huang

Hengfei Gu

Spencer Porter

➢ Initial solar to hydrogen (STH) efficiency in pH 7 
sodium phosphate electrolyte: 11.4%–13.2% 

➢ Durability: Over 200 h without failure above 10% 
STH efficiency, exceeding all previous benchmarks

➢ Operated continuously for over 160 h at -10 mA/cm2 for the 
hydrogen evolution reaction without any degradation

➢ Can be synthesized in a large scale

ACS Energy Letters 9(3), 

789-797 (2024)

https://doi.org/10.1021/ac

senergylett.3c02606

Ni3P/TiO2/TiN/n+Si

Adv. Funct. Mater. 

33(25), 2301196  

(2023)

https://doi.org/10.1002/

adfm.202301196

➢  Achieved a high photocurrent 
density of −15.9 mA cm−2 (at 0 V vs 
reversible hydrogen electrode) in 1 
M NaOH

One sun illumination
One sun illumination

High performance solar cells Interfacial connection layers Hydrogen evolution catalysts

NREL-Rutgers Collaborations on Photoelectrochemical Cells for Splitting Water

https://pubs.acs.org/doi/full/10.1021/acsenergylett.3c02606
https://pubs.acs.org/doi/full/10.1021/acsenergylett.3c02606
https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/adfm.202301196
https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/adfm.202301196
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5

Dismukes Waksman lab analytical toolbox

Powerful tools developed in our laboratory offer unique insights into biology



chemhighlights@nsf.gov

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

Synthetic inorganic variants of the manganese-calcium cofactor of the water oxidation complex (WOC) 
of PSII have revealed the intrinsic trade-offs between increasing the thermodynamic driving force for 
water oxidation, photodamage to the reaction center, and photoprotection by acceleration of charge 
recombination.

Inorganic Mutants of Photosynthetic Water Oxidases

Collaborator:
Prof Petra Fromme & 
research group

mailto:chemhighlights@nsf.gov


Observing & Eliminating Bottlenecks in the PET Chain to Improve Photosynthesis

ten Veldhuis, M.-C., G. Ananyev and G.C. Dismukes, 2024. in review
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Adding a Co-Catalyst to PSIIX Converts the 4 Flash Photocycle to a 2 Flash Photocycle

Collaborator:
Prof Petra Fromme & 
research group
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