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On	behalf	of	the	Department	of	Chemical	&	Biomedical	Engineering	at	the	FAMU‐FSU	

College	of	Engineering,	 I	wish	 to	 extend	 to	 you	our	 sincerest	welcome	 to	 the	Annual	

Departmental	 Research	 Day.	 This	 yearly	 event	 allows	 our	 graduate	 students,	

undergraduates	and	postdoctoral	 fellows	 to	put	 their	 research	efforts	on	display.	We	

are	proud	of	 the	work	performed	by	our	 students	and	 trainees,	and	 this	 event	gives	

them	the	opportunity	to	defend	their	research	and	discuss	it	among	peers	and	faculty	

in	an	 informal	 setting.	These	 kinds	of	 exchanges	are	 critical	 to	 the	 education	of	our	

students	but	also	provide	a	forum	or	scientific	review	and	critique.	As	such,	this	event	

helps	not	only	our	students	and	trainees	to	mature	but	also	helps	their	engineering	and	

scientific	work	to	mature.	

	

Representing	 some	 of	 the	 superior	 research	 performed	 at	 the	 FAMU‐FSU	 College	 of	

Engineering,	this	year’s	keynote	speaker	is	Dr.	Jim	Zheng,	Sprint	Eminent	Scholar	Chair	

in	Electrical	&	Computer	Engineering	Professor	and	courtesy	professor	 in	Chemical	&	

Biomedical	 Engineering.	We	 thank	 Dr.	 Zheng	 for	 sharing	 some	 of	 his	 research	 and	

participating	in	this	day.		

	

We	 also	 greatly	 appreciate	 the	 support	 of	 the	 sponsors	 of	 this	 event.	 And	we	 look	

forward	to	a	day	of	fruitful	discussions,	conversations	and	networking	among	students,	

fellows	and	faculty.	

	 	 	 	 	 	 	 With	Regards,	

	 	 	 	 	 	 	 	

	

Samuel	C.	Grant,	PhD	

	 	 	 	 	 	 	 CBE	Graduate	Coordinator	
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The energy density of conventional electric double-layer capacitors is about 6-7 Wh/kg and due to the 
limited specific capacitance and cell voltage, and a large amount of electrolyte which is required to build 
a layer of charge of the double-layer. The energy density theory guide clearly shows that the energy 
density of double-layer capacitors is ultimately limited by how many ions are available in the electrolyte 
or the salt concentration in the electrolyte. 
 
We demonstrate a lithium-ion capacitor, which is capable of achieving high energy density over 20 
Wh/kg, long cycle life and high power density. The lithium-ion capacitor consists of a battery electrode 
with lithium intercalated hard carbon anode and a double-layer activated carbon cathode electrode with 
the open-circuit potential at or near the maximum potential when the cell is fully charged. The stabilized 
lithium metal powder was applied onto the surface of prefabricated hard carbon anode electrodes. 
 
 
Short Biography: Dr. Jim P. Zheng is Sprint Eminent Scholar Chair and Professor at the Department of 
Electrical and Computer Engineering of Florida State University. He obtained his Ph.D. degree from the 
State University of New York at Buffalo in 1990. He has worked at US Army Research Laboratory for 
about 5 years. He has published more than 200 articles in scholarly journals and conference proceedings. 
He has won numerous research grants from many governmental agencies such as NSF, DOE, DOD, and 
NASA totaling more than $14 M. 
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ORGANIC SYNTHESIS WITH CONTINUOUS FLOW WATER FILM PULSED PLASMA 
DISCHARGE 

 
Robert J. Wandell, Kevin Hsieh, and Bruce R. Locke 

Department of Chemical and Biomedical Engineering, Florida State University, 2525 Pottsdamer Street 
Tallahassee, FL 32310 USA 

 
Stefan Bresch and Igor V. Alabugin  

Department of Chemistry and Biochemistry,  
Florida State University, Tallahassee, FL 32306 USA 

 
Plasma discharges generated by moderate frequency, low energy pulses in a flowing carrier gas with 
liquid water have been shown capable of producing hydrogen peroxide at moderately high energy yields.  
The leading hypothesis for the success of this production method is that free elections produced by the 
plasma in the gas phase dissociate vaporized water molecules into hydroxyl radicals and hydrogen. The 
hydroxyl radicals rapidly react to form hydrogen peroxide, which is sequestered into the liquid phase.  
Many reactor designs have been explored with various gas-liquid contact schemes in order to enhance 
the overall efficiency of this process.  Recently, a continuously flowing, liquid film, pulsed plasma 
reactor has been developed in our laboratory which has a number of significant benefits over the 
previously explored configurations.  Using this novel reactor configuration in conjunction with 
inspiration and techniques developed from work with pure water, the main objective of our current 
research is to explore the synthesis of organic compounds with soft oxidation by hydroxyl radicle attack.  
To do so, small amounts of organic solvent are vaporized into the plasma where they undergo electron 
attack and oxidation by hydroxyl radicals formed from water to generate more useful chemical species.  
Results with n-hexane and cyclohexane show that alcohol, aldehyde, and ketone products can be 
successfully generated.  A significant amount of hydrogen peroxide is also generated in conjunction with 
the oxygenated products.  It has also been found that selectivity of the reaction products is affected by 
variation of the water flow rate, organic to water ratio, and choice of parent compound.  In this 
presentation we will report on recent experiments in our laboratory which utilize this continuously 
flowing water film reactor for the chemical synthesis of organic compounds and will focus on how the 
choice of organic parent compound can affect the distribution and selectivity of reaction products. 
 
1.  R. J. Wandell, S. Bresch, K. Hsieh, I. V. Alabugin, and B. R. Locke, “Formation of Alcohols and 
Carbonyl Compounds from Hexane and Cyclohexane with Water in a Liquid Film Plasma Reactor”, 
IEEE Trans. Plasma Sci., in-press. 
 
________________________________ 
* Work supported by the National Science Foundation grant CBET 1236225 
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FIRST-PRINCIPLES STUDY OF ELECTRONIC AND OPTICAL PROPERTIES IN A NEW 
SEMICONDUCTING OXYTELLURIDE Ba2OTe 

 
Jifeng Sun, Daniel Ramirez, Jeffrey Whalen, Theo Siegrist 

Department of Chemical and Biomedical Engineering, Florida State University, 2525 Pottsdamer Street, 
Tallahassee, FL 32310 USA 

National High Magnetic Field Laboratory, Florida State University 
1800 E Paul Dirac Dr, Tallahassee, FL 32310 

 
A first-principles study has been performed to investigate the electronic and optical properties of a new 
semiconducting material, Ba2OTe. In order to compare and get the right band-gap, we employed both the 
traditional PBE type GGA functional and Modified Becke-Johnson (MBJ) potential implemented in the 
full potential linearized augmented plane wave (FP-LAPW) method within the framework of density 
functional theory (DFT). Our band structure calculations show a direct band gap with 1.9 ev (PBE) and 
2.6 eV (MBJ) at  point, respectively, which is formed by Ba-d states in the conduction band and Te-p 
states in the valence band. The dielectric tensors are derived within the random phase approximation 
(RPA). The results of the dielectric function, absorption coefficient, and reflectivity are all along both x 
and z directions. The optical band gap calculated (2.6 eV) agree well with the experimental value (~3 
eV).   
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SOLID-STATE NMR CONSTRAINTS ON MOLECULAR ORGANIZATION WITHIN MAX8 
DESIGNER PEPTIDE NANOFIBERS 

 
Sarah R. Leonard1,2, Maxwell I. Zimmerman1,2, Xiaodong Pang3, Huan-Xiang Zhou3, 

Anant K. Paravastu1,2 
1Department of Chemical and Biomedical Engineering, Florida State University, 2525 Pottsdamer 

Street, Tallahassee, FL 32310 USA 
2National High Magnetic Field Laboratory, Florida State University, 1800 E Paul Dirac Dr, 

Tallahassee, FL 32310 
3Department of Physics and Institute of Molecular Biophysics, Florida State University, Tallahassee, FL 

32306 
 
MAX8, a designer peptide known to undergo self-assembly following changes in temperature, pH, and 
ionic strength, has demonstrated utility for tissue engineering and drug delivery. Here, we report evidence 
from solid-state NMR spectroscopy that supports the presence of the hypothesized β-hairpin 
conformation and constrains the arrangement of MAX8 molecules within nanofibers. Specifically, 13C-
13C 2-dimensional correlation spectroscopy indicates spatial proximity between V3 and K17 residues, and 
13C-13C dipolar coupling measurements reveal proximity between the V3 and V18 backbone carbonyls. 
Moreover, isotopic dilution of labeled MAX8 nanofibers did not result in a loss of the 13C-13C dipolar 
couplings, showing that these couplings are primarily intramolecular. Additional MAX8 samples were 
synthesized to differentiate between two possible arrangements of MAX8 molecules: 1) the “syn” 
configuration, with all β-hairpin hinges aligned along the same edge of the β-sheet, and 2) the “anti” 
configuration, with alternating β-hairpin hinges aligned along opposite edges of the β-sheet. 13C-13C 
dipolar coupling measurements indicate weak interactions between neighboring V5 backbone carbonyls, 
consistent with the syn configuration. Intermolecular 15N-13C dipole-dipole couplings indicate spatial 
proximity between the V5 backbone carbonyl and the V16 backbone nitrogen, also consistent with the 
syn configuration. A lack of contact between the V3 and T12 residues with 13C-13C 2-dimensional 
correlation spectroscopy is indicative of a syn-parallel between-sheet conformation with all β-hairpin 
hinges aligned along the same edge of the stacked β-sheet. Combined, these results led to the 
development of an all-atom molecular model of MAX8 nanofibers consistent with current NMR 
experimental constraints.   
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ANALYSIS OF HUMAN MESENCHYMAL STEM CELL METABOLIC HETEROGENEITY 
DURING EXPANSION 

 
Yijun Liu1, Nathalie Muñoz2, Teng Ma1, Timothy M. Logan2 

1Department of Chemical and Biomedical Engineering, Florida State University, 2525 Pottsdamer 
Street, Tallahassee, FL 32310 USA 

2Department of Chemistry and Biochemistry,Florida State University Tallahassee, FL 32306 
 
Human mesenchymal stem cells (hMSCs) are a primary cell source in cell therapy for a wide range of 
diseases. However, bone marrow derived hMSCs are intrinsically heterogeneous and comprise 
subpopulations that differ in their proliferation, multi-potency, and functional properties. The 
conventional cell culture techniques used in producing hMSC for clinical studies lead to a gradual loss of 
the multipotent subset and cellular senescence. Understanding hMSC metabolism is important in 
designing an approachable strategy for hMSC expansion while maintaining their therapeutic potency. In 
this study, a GC-MS-based metabolic profiling approach was employed to analyzing the fate of the 13C 
labeled glucose and the label incorporation in the major intracellular metabolites involved in glycolysis 
and TCA cycle in (1) hMSC clonal population, (2) hMSC in passaging. The results revealed distinct 
global metabolic profiles for hMSC clonal and passing subsets with the most significant differences 
involving citrate, malate, fumarate, lactate, and branched chain aminoacid. In hMSC clonal population, 
enhanced glycolysis coupling to TCA cycle was observed. For HD-hMSC, enhanced oxidative 
phosphorylation was found to be associated with increased senescent population under expansion. 
Together, the results revealed hMSCs population heterogeneity is associated with metabolic 
heterogeneity, with more active glycolytic activities in hMSC clonogenic population and more active 
oxidative phosphorylation in hMSCs passaging population. Thus, defining hMSC metabolic 
heterogeneity during expansion plays an important role in determining the optimal conditions for hMSC 
in order to better preserve hMSCs clonogenic subset.   
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