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In this collaborative research program funded by the National Science Foundation under grant 
number OIA-1539035, the expertise of ten research groups has been combined to address 
critical, multi -disciplinary challenges in the Water-Energy-Food Nexus: the production of 
hydrogen, the reduction of carbon dioxide to useable fuel, and the reduction of nitrogen to 
synthetic fertilizer. Currently, nearly all hydrogen is synthesized from non-renewable carbon 
sources and carbon dioxide is treated as an abundant waste. Additionally, the Haber-Bosch 
process for using this hydrogen to reduce nitrogen is energy intensive, which demands further 
fossil fuel consumption. This program has a long-range approach (1) to establish technologies 
to extract hydrogen efficiently and economically from water using sunlight; (2) to establish 
technologies that use electron/proton pairs to directly reduce carbon dioxide to usable fuels at 
voltages obtainable by DSC devices; (3) to establish technologies that will fix nitrogen at lower 
temperatures and pressures, and ultimately (4) to link these technologies with high-voltage 
solar cells to use electron/proton pairs derived from catalytic water splitting to directly 
produce molecular hydrogen fuel, reduce carbon dioxide to produce fuels and nitrogen in one 
cell to produce ammonia - a key component of synthetic fertilizer. 

State-of-the-art photoelectrochemical (PEC) cells rely on water soluble, high-toxicity lead-based 
materials to produce hydrogen from water and operate at 12.3% efficiency with a tandem 
double-layer solar cell. Goals here include: (1) the design and demonstration of practical, low-
toxicity organic materials as single-layer solar cell components in PEC devices, and (2) the 
demonstration of a hydrogen production efficiency nearing 15% - a commercially viable 
number with low-cost materials. These materials would be a dramatic step forward in the PEC 
field for hydrogen production. Additionally, viable carbon reduction catalysts and a low 
pressure, reduced-temperature process for nitrogen reduction are highly desirable 
technologies. The iterative evaluation of carbon dioxide and molecular nitrogen reduction 
catalysts is proposed through a research loop including: (1) synthesis of potential catalysts, (2) 
photophysical analysis, (3) electrochemical analysis, and (4) computational analysis to suggest 
future catalyst targets. This process will allow for a rapid evaluation of catalyst designs for high 
reduction activity. Ideally, these processes will be linked to facilitate the formal reduction of 
carbon dioxide and nitrogen with water and sunlight as inputs. 

The reduction of carbon dioxide and molecular nitrogen with hydrogen are critical processes to 
fuel and food production. Dramatic improvements in PEC hydrogen-producing cell efficiencies 
with viable, non-toxic materials, as well as the low-pressure, low-temperature reduction of 
molecular nitrogen are desirable for practical, sustainable fertilizer synthesis. The importance 
of efforts improving the route to synthetic fertilizer should not be understated. As such, a key 
aspect to sustainable funding is public awareness and involvement of the community through 
outreach. The critical goal of heightening public awareness through science cafes and public 
service announcements directed at the K-12, community college, and university levels as well as 
at the general public is also a key priority.  

The goal of this conference is to bring together in one location all of the faculty, students, and all 
other participants of this program to report achievements, develop new relationships and 
collaborations, teach each other new skills, and make plans for future funding opportunities.  



Feeding and Powering the World 2019: The Next Generation 

3 
 

Jackson Avenue Center Auditorium A , 1111 West Jackson Avenue, Oxford, MS 38655  
 

 

 

Monday July 15 

   8:00 am - 9:30 am : Breakfast on Your Own  

   9:30 am - 10:00 am : Pick up Name Tags and Programs and Hang up Posters  

10:00 am : Welcome  

10:05 am - Noon : Graduate Student Talks  

Dalton Burks, Papish, Alabama  

Hammad Cheema, Delcamp, Ole Miss 

Sriloy Dey , Hollis, MSU 

Liping Guo, Yan, Alabama 

  Noon - 1:00 pm : Lunch and Networ king 

  1:00 pm - 2:30 pm : Graduate Student Presentation s 

Christine Curiac , Delcamp, Ole Miss 

Sanjit Das, Papish, Alabama 

Leigh Anna Hunt, Hammer, Ole Miss  

  2:30 pm : Break  

  2:45 pm - 4:15 pm : Graduate Student Presentations  

 Robert W. Lamb, Webster, MSU 

Xiao Li, Pan, Alabama 

Sayontani Sinha Roy, Jurss, Ole Miss 

  4:15 pm : Group Picture  

  4:30 pm - 5:15 pm : Poster Presentations  

  5:30 pm - 8:00 pm : Dinner, Collaboration,  and Networking on Your Own  

 

 Tuesday July 16 

  7:00 am - 9:00 am : Breakfast on Your Own  

  9:00 am - noon : Student Networking  (On Your Own)   

  9:00 am - noon : Senior Personnel & Seed Grant Recipients Meeting (Auditorium A)   
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Senior Faculty at the 2015 SouthEastern Regional Meeting of the American Chemical 

Society (SERMACS 2015) in Memphis, Tennessee in November, 2015  

 

Senior Faculty at the 255 th  National Meeting o f the American Chemical Society  

in  New Orleans, LA, March 2018 


