
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  



Yong-Siou Chen 

209 Radiation Research Laboratory  Notre Dame IN 46556  574-387-9103 

ychen16@nd.edu  http://www.linkedin.com/in/yongsiouchen 

Summary                                                                                                                                                                   
 Physical Chemist/Chemical Engineer with 10 years of experience developing nanomaterials and thin 

films for improving device efficiency and stability for lithium-ion batteries, fuel cells and solar cells  

 Extensive experience and in-depth knowledge on synthesizing metal/metal oxide/semiconductor/ 

ceramic nanomaterials and thin films with tailored optical, electrical, photo/electrochemical and 

catalytic properties using vacuum deposition techniques and wet chemistry approaches 

 Target-oriented independent researcher with strong backgrounds on solving complex problems 

through rational experimental designs together with excellent material characterization and data 

analysis skills, capable of accomplishing project needs in a timely manner 

 Led and managed multiple research projects with collaborators from multi-disciplinary fields. 

Published 10+ high impact peer-reviewed journals and 15+ international presentations 

 Clean room experience and knowledge of semiconductor devices and processing 

Technical Skill                                                                                                                                 
DC/RF sputtering, thermal evaporation, photolithography, UV-Vis spectroscopy, photoluminescence 

spectroscopy (PL), electrochemistry, photo/electrochemical analysis (CV, EIS, IV, EQE), scanning electron 

microscopy (SEM), transmission electron microscopy (TEM), energy-dispersive X-ray spectroscopy (EDS), 

X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), gas chromatography (GC) 

Education                                                                                                                                          
University of Notre Dame                                                                                                                Notre Dame, IN 

Ph.D. in Physical Chemistry                                                                                                     May 2016 (expected)                  

National Taiwan University of Science and Technology                                                               Taipei, Taiwan     

B.S. and M.S. in Chemical Engineering                                                                                                    2006/2008 

Professional Experience                                                                                                                 
University of Notre Dame                                                                                               Notre Dame, IN 

Graduate Student Researcher                                                                                              2011-Present 

 Designed and fabricated a cost-effective and scalable semiconductor photoanode-photovoltaic tandem 

device with optimized optical and electrochemical properties that resulted in achieving solar to 

hydrogen conversion efficiency of 2.5% 

 Designed and synthesized ultra-small gold nanomaterial (< 2 nm) that exhibited molecular-like optical 

and electrochemical properties. Improved power conversion efficiency of solar cells from < 0.1% to 2% 

using this gold nanomaterial as light absorber. Demonstrated its ability of delivering stable 

photocurrent over 4h of continuous sunlight illumination  

 Participated in a research project that involved cross-disciplinary team includes chemists, physicists 

and engineers. Co-invented a scalable and universal material synthesis method of making ultra-small 

(< 10 nm), highly crystalized α-Fe2O3 nanoparticles in less than 60 sec (conventional method takes > 2h) 

 Improved cycling stability (retained 63% of its original capacity after 40 cycles) and charge/discharge 

capacity (6 times higher) of lithium-ion batteries by incorporating reduced graphene oxide (RGO) into 

cathode materials for rapid cycling applications 

 Mentored 3 students researchers and 1 high school teacher 

mailto:ychen16@nd.edu
http://www.linkedin.com/in/yongsiouchen


National Taiwan University of Science and Technology                                              Taipei, Taiwan     

Research Assistant                                                                                                                      2009-2011 

 Designed and synthesized Pt3Cr1/C nanoparticles with electrocatalytic activity and stability (2000+ 

cycles) superior to the commercial Pt/C nanoparticles for oxygen reduction reaction in proton 

exchange membrane fuel cells (PEMFCs) 

 Improved hydrogen production yield of methanol reforming reaction over four times by applying 

external electrical fields on Cu/ZnO nanostructure in a customized chemical reactor coupled with an 

in-line gas analysis system 

Qualified Instrument Operator (XPS/ESCA)                                                                                  2008 

 Measured and analyzed chemical composition of samples (surface/depth profile) and offered direct 

consulting services for internal and external customers in precious instrument center  

Graduate Student Researcher                                                                                                   2006-2008 

 Developed gadolinia-doped ceria solid electrolyte thin films deposited using RF reactive sputtering for 

solid oxide fuel cells. Achieved ionic conductivity of this thin film comparable to its bulk resemble 

through optimizing deposition pressure, O2/Ar flow ratio and post-annealed temperature  

 Designed and developed a miniature PEMFC consisting of wafer-based silicon flow-field plates with 

serpentine flow channels prepared using photolithography technique 

Honor and Award                                                                                                                           
 CEST/Bayer Predoctoral Research Fellowship, 2015 

 The Electrochemical Society (ECS) Student Travel Grant Award, 2015 

 The Patrick and Jana Eilers Graduate Student Fellowship for Energy Related Research, 2015 

 Notre Dame Graduate School Conference Presentation Grant Award, 2013 

 Notre Dame Departmental Fellowship Award, 2011-2016 

Select Publication (3 of 12)                                                                                                            
 Chen, Y.-S.; Manser, J. S.; Kamat, P. V. All Solution-Processed Lead Halide Perovskite-BiVO4 Tandem 

Assembly for Photolytic Solar Fuels Production. J. Am. Chem. Soc. 2015, 137, 974–981 

 Chen, Y.-S.; Kamat, P. V. Glutathione-Capped Gold Nanoclusters as Photosensitizers. Visible Light 

Induced Hydrogen Generation in Neutral Water. J. Am. Chem. Soc. 2014, 136, 6075–6082 

 Chen, Y.-S.; Choi, H.; Kamat, P. V. Metal-Cluster-Sensitized Solar Cells. A New Class of Thiolated Gold 

Sensitizers Delivering Efficiency Greater than 2%. J. Am. Chem. Soc. 2013, 135, 8822–8825 

Select Oral Presentation (2 of 16)                                                                                                 
 Chen, Y.-S.; Manser, J. S.; Kamat, P. V. An All Solution-Processed Lead Halide Perovskite-BiVO4 

Tandem Architecture Delivering STH of 2.5%. The 227th Electrochemical Society (ECS) Meeting, 

Chicago, IL, USA, May 24-28, 2015 

 Chen, Y.-S.; Kamat, P. V. Bias-Free Photoelectrochemical Hydrogen Production Using Glutathione-

Capped Gold Nanoclusters as Visible Photosensitizers. Material Research Society (MRS) Spring 

Meeting, San Francisco, CA, USA, Apr. 6-10, 2015
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(1)  Chen, Y.-S.; Choi, H.; Kamat, P. V. J. Am. Chem. Soc. 2013, 135, 8822-8825. 

(2)  Chen, Y.-S.; Kamat, P. V. J. Am. Chem. Soc. 2014, 136, 6075-6082. 

My research focuses on developing and designing nanomaterials and thin films for efficient light energy 

conversion applications. Two major projects researched during my graduate study are described as follows: 

(1) Thiolate-Protected Gold Nanoclusters as New Class of Photosensitizer 

The first project aimed at developing TiO2 based, sensitizing nanostructures to produce electricity and 

hydrogen gas using sunlight as the energy source. In this system, the light absorber, or so-called 

photosensitizer is anchored on top of the TiO2 surface to harvest light energy and subsequently inject 

energetic electrons into the conduction band of TiO2 to generate electricity or hydrogen gas. The material 

properties of the photosensitizers and their interaction with the underlying TiO2 dictate the overall energy 

conversion efficiency of the system. The major contribution of my research to this field is that I have 

discovered thiolate-protected gold nanoclusters is a new class of photosensitizer alternative to molecular 

dyes and quantum dots, and the energy conversion efficiency of the gold nanoclusters based system are 

outperforming the pre-existing systems using molecular dyes or quantum dots as photosensitizers.  

Gold nanoclusters are a class of materials that are composed of exact numbers of gold atoms, typically 

in the range of 10-144 of atoms, in the core and protected by thiolated ligands. They exhibit molecular-like 

optical property with tunable absorption characteristics from visible to near IR region. I have found that 

glutathione-capped gold nanoclusters (Aux-GSH) have a strong interaction with TiO2 by injecting electrons 

into the conduction band of TiO2 efficiently.1 Based on this observation, I have constructed sensitized solar 

cells using Aux-GSH as the photosensitizer and Co(bpy)3+/2+ as the redox couple to extract these energetic 

electrons into electricity 

(Figure 1 (A)). The power 

conversion efficiency of this 

device is 2 % and is comparable 

to a quantum dots-sensitized 

solar cell which has a similar 

light harvesting range. More 

importantly, under continuous 

sunlight illumination, the Aux-

GSH based system is capable 

of delivering stable 

photocurrent over 4 h, showing 

the promising features of using 

this emerging photosensitizer 

for practical light energy 

conversion applications. 

Other than converting solar energy into electricity, the energetic electrons generated from 

photosensitizer/TiO2 nanostructure can also be used to produce hydrogen gas through water splitting. 

However, due to the strict thermodynamic and kinetic requirements of this reaction, the system involved 

using molecular dyes or quantum dots as photosensitizers often requires external assistances such as 

applying bias or introducing sacrificial reagents to suppress severe charge recombination. I have found that 

Aux-GSH have suitable oxidation and reduction potentials toward water splitting reaction thus having 

potential to tackle these issues.2 I have designed Aux-GSH based photoelectrochemical cell (PEC) and 

photocatalytic slurry system to evaluate their light-driven water splitting performance. A two electrode PEC 

is constructed using Aux-GSH sensitized TiO2 film as the photoanode and Pt gauze as the counter electrode 

in an aqueous electrolyte (Figure 2 (A)). Under visible light illumination (> 420 nm), significant 

photocurrent was generated without any external assistances. Nearly 70% of the photocurrent is used to 

produce hydrogen gas over an hour long operation. In the photocatalytic slurry system, Aux-GSH is 

sensitized on the surface of Pt/TiO2 nanoparticles to form a nanocomposite (Figure 2 (B)). By placing this 

nanocomposite into pure water (pH = 7), significant hydrogen gas evolution was observed under visible 

light illumination. The rate of the photocatalytic hydrogen production is around 0.3 mmol of H2/h/g of Aux-

 
Figure 1. (A) An illustration of the working principal of metal 

clusters-sensitized solar cells. (B) IPCE spectra (external quantum 

efficiency) of a photoelectrochemical cell using photoanodes 

composed of (a) TiO2-Aux-GSH, (b) TiO2-CdS/ZnS, and (c) TiO2.  
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 (3)  Chen, Y.-S.; Manser, J. S.; Kamat, P. V. J. Am. Chem. Soc. 2015, 137, 974-981. 

GSH, an activity has not been reported yet without using any sacrificial reagents. The ability of this new 

class of photosensitizer to generate hydrogen gas under visible light irradiation without external assistance 

has advanced one step further towards using cost-effective, sensitizing TiO2 nanostructure for water 

splitting applications.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) Inorganic-Organic Lead Halide Perovskite as New Materials for Water Splitting 

Inorganic-organic lead halide perovskite (CH3NH3PbI3, perovskite) is a material that has potential to 

compete with silicon for light energy conversion applications due to its low-cost nature. It can be prepared 

using scalable solution process at relatively low temperature (100oC). Using perovskite as the light absorber 

in a solar cell device, certified power conversion efficiency as high as 20 % has been reported. Taking these 

advantages into consideration, I have designed and fabricated a tandem device composed of a BiVO4 

photoanode and a single-junction perovskite solar cell to carry out photocatalytic water splitting reaction 

(Figure 3).3 In this configuration, the surface of BiVO4 photoanode is in contact with water for water 

oxidation reaction, and the lead halide perovskite solar cell is situated behind the BiVO4 photoanode to 

supply additional photovoltage to drive water reduction reaction through a Pt gauze. This architecture 

allows efficient solar photon management, with BiVO4 

photoanode selectively harvesting high energy photons 

(< 500 nm) and lead halide perovskite solar cell 

selectively harvesting low energy photons (500 to 800 

nm) in a single-pass excitation. This unique design 

allows converting sunlight into hydrogen gas efficiently 

under bias-free condition (2.5 %), and can be fabricated 

using scalable solution processes with cost-effective 

materials. This study has made significant progress 

toward making clean hydrogen gas possible using low-

cost perovskite as light absorber, and offered the 

opportunities to couple perovskite with other 

semiconducting materials that possess extended visible 

light absorption ability to further improve the solar to 

hydrogen conversion efficiency of a tandem device. 

In summary, I have demonstrated that both efficiency and stability of the light energy conversion devices 

can be achieved and significantly improved through designing and developing new nanomaterials with 

optimized optical and photo/electrochemical properties. With the use of scalable approaches and low-cost 

materials, my research results have established significant advancements toward making clean and cost-

effective electricity and hydrogen gas possible using sunlight as the energy source in the near future.  

 

 
Figure 2. Illustration of the working principle of (A) Aux-GSH sensitized TiO2 film 

as a photoanode of PEC and (B) Aux-GSH-sensitized Pt/TiO2 nanocomposite 

photocatalytic system for water splitting reaction under visible light illumination. 

 
Figure 3. Photograph of the BiVO4 

photoanode-perovskite solar cell tandem 

configuration. AM 1.5G illumination 

impinges on the electrolyte/photoanode 

interface at 1 sun intensity (100 mW/cm2). 
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Danyal J. Floisand
dfloisan@nd.edu · (801) 860-9358 · www.linkedin.com/in/djfloisand
5912 Shawnee Court · Apt 3a · Mishawaka, IN · 46545

Professional Summary
• Theoretical, Computational Chemistry PhD with extensive experience in molecular dynamics (AMBER and

LAMMPS), quantum mechanics (GAUSSIAN), and programming (Fortran, Python)
• Analyzed large data sets of both biological and ionic liquid systems using methods including types of pair

and time correlation functions, Fourier transforms to theoretical create vibrational spectra, and nonlinear
regressions

• Clearly demonstrate work through professional figures and plots (Xmgrace, Matlab) and 3D visualizations
of molecular systems (Chimera, VMD)

• Core member of Chem Demo Team, outreach program to excite children about STEM, coordinated many
demos and hands on activities

Education
University of Notre Dame Notre Dame, IN

PhD, Theoretical/Computational Chemistry May 2016
Thesis: Theoretical Studies of the Vibrational Spectroscopy of Alcohol/Ionic Liquid Mixtures
Advisor: Dr. Steven Corcelli

Westminster College Salt Lake City, UT
Bachelor of Science in Chemistry & Physics May 2011

Magna Cum Laude, Outstanding Graduating Senior Award for Physics and Chemistry

Professional Experience
University of Notre Dame Notre Dame, IN

PhD Candidate, Biochemistry & Chemistry Department August 2011 – present
• Combined molecular dynamics and empirical spectroscopic maps that relate the vibrational fre-

quency to its instantaneous solvent environment to greatly enhance the interpretation of vibrational
spectroscopic measurements

• Modeled the onset of DNA hydration by examining the asymmetric stretch of the phosphate group
along the DNA backbone and relating the phosphate frequencies to hydration and validate with
experimental findings - presented at National ACS conference and in prep is a first author paper

• Performed simulations of an isolated water, methanol, and ethanol molecule embedded in an ionic
liquid, [emim][NTf2], to shed insight into the nature of coupled probe-ion dynamics. The theoretical
calculations of the spectral diffusion dynamics and orientational relaxation of the OD stretch of isolated
probe in [emim][NTf2] agree well with experiment.

Westminster College Salt Lake City, UT
Undergraduate Research Assistant May 2008 - May 2011
• Created, submitted, and analyzed molecular dynamic simulations using AMBER to investigate the

sequence dependent stability of DNA-RNA and DNA-PNA hybrids
• Calculated the entropy using principal component analysis and Andricioaei and Karplus method
• Observed that the number of purine bases on a strand in a hybrid duplex correlates with the entropy
• Presented at 2 National ACS conferences and 2 MERCURY Conferences

University of Santiago de Compostela Santiago de Compostela, Spain
Undergraduate Research, PIRE/NSF ”Junior Summer Abroad” Program May 2010 - July 2010
• Examined the photochemistry of the adenine base in DNA using NWChem and COLUMBUS with

various wave function based and density functional based methods
• Presented findings at NSF/PIRE Workshop on Theoretical and Computational Studies of Molecular

Structures, Potential Energy Surfaces, and Electronic Non-Adiabatic Dynamics

Technical Skills
Computer Skills: Proficient in Python, Fortran, Unix, Bash, C Shell, Html, Matlab
Chemistry Packages: AMBER, LAMMPS, Gaussian, QChem, Chimera, VMD
Personal Productivity Skills: Latex, Word, MS Excel, PowerPoint, Xmgrace
Professional Affiliations: AWIS (2013), ACS (2008 - present)
Honors & Awards: Dean’s List (2008-2011), NSF GRFP Honorable Mention (2012)

mailto:dfloisan@nd.edu
http://www.linkedin.com/in/djfloisand
http://science.nd.edu/
https://www.westminstercollege.edu/
http://science.nd.edu/
http://www.westminstercollege.edu/
http://pire-europe.chem.ttu.edu/pire/junior_summer_abroad_2010.jsp


Giselle Jacobson 
251 Nieuwland Science Hall, Notre Dame, IN 46556 

jacobson.giselle@gmail.com ∙ 231-342-5784 

 

Education 

University of Notre Dame, Notre Dame, IN                  
Ph.D., Biochemistry                             Anticipated: May 2016 
Advisor: Patricia L. Clark                                                          Dissertation: Protein folding in vivo  
Grand Valley State University, Allendale, MI 
B.S., Chemistry                                                                                                                May 2010 
                                            

Research Experience 

University of Notre Dame 
Graduate research, Department of Chemistry and Biochemistry          December 2010 – present 

 Investigate how changes in translation rate alter the co-translational folding of a protein 
biosensor using fluorescence spectroscopy 

 Monitor how sequence polarity and translation rate affect protein degradation in vivo 

 Developing novel method to explore the folding and dynamics of nascent GFP on the 
ribosome using covalent labeling monitored by mass spectrometry  

 
Grand Valley State University 
Undergraduate research, Department of Biology                                           January – May 2010 
Research lab of Dr. Martin Burg 

 Analyzed genes altering transmission of photoreceptors in Drosophila  
 

Skills Summary 
 
 Biochemistry and Biophysics: Fluorescence spectroscopy, SDS-PAGE, western blotting, 

E. coli cell culture, ribosome purification and characterization, protein expression and 
purification, plasmid DNA cloning and site-directed mutagenesis, Drosophila maintenance  

 Mass Spectroscopy: MALDI-TOF, LC-ESI-qTOF, protein labeling techniques 

 Data analysis software: GraphPad Prism, Image J 
 

Teaching Experience 

University of Notre Dame, Teaching assistant                                      August 2010 – May 2012 

 Supervised laboratory sections for General Chemistry I & 2 and Biochemistry for majors, 
prepared solutions and instruments, graded lab reports and enforced safety procedures 

 Graded exams and problem sets for Biochemistry lecture, held office hours and delivered 
two lectures 

 

Awards & Fellowships 

 Chemistry-Biochemistry-Biology Interface (CBBI) Fellowship, University of Notre Dame, Fall 
2013-2014 

 Research Internship Travel Award, CBBI Training Program, University of Notre Dame, 2012 
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Giselle Jacobson 
251 Nieuwland Science Hall, Notre Dame, IN 46556 

jacobson.giselle@gmail.com ∙ 231-342-5784 

 

Research Summary 

Proteins are long chains of amino acids, synthesized by ribosomes, which must fold into 

a complex three-dimensional structure in order to be functional. My research focuses on 

understanding how protein synthesis rate can alter the folded structure of a protein and whether 

it is targeted for degradation.   

Protein synthesis rate can alter native, folded structure 

The rate of protein synthesis in the cell is not uniform and is affected by mRNA and 

nascent protein sequence. Sequence motifs that reduce translation rate include the well-

characterized SecM stall sequence as well as polyproline and Shine-Dalgarno motifs. While 

motifs that alter translation rate have been identified, their effects on co-translational folding 

have not been studied.  

Figure 1. The YKB biosensor. The N-terminal half-

domain (Y) and C-terminal half-domain (B) compete 

to fold with a common central half-domain (K). If Y 

folds with K, yellow fluorescence is produced, but if 

B folds with K, cyan fluorescence is produced.  

 

I study how translation rate can alter the folded structure of proteins in E. coli. I use YKB, 

a protein biosensor developed in the Clark lab, to sensitively probe changes in local translation 

rate. YKB assumes one of two alternative folded 

structures based on how fast its C-terminal portion is 

translated (Figure 1). I use fluorescence spectroscopy 

to differentiate between the two alternative folded 

structures. I have shown that adding mutations known 

 

Figure 2. Consecutive proline residues, which are 

known to pause translation, were added to the C-

terminus of YKB biasing for the formation of YK over 

KB. Error bars represent SD of three trials (*p < 0.05). 
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to slow the rate of protein synthesis alters the partitioning of YKB into its two alternative native 

structures (Figure 2).  

Protein degradation 

E. coli relies upon a suite of proteases to degrade unfolded, misfolded, unstable and 

damaged proteins. Many protease substrates contain a specific amino acid sequence, also 

known as a degron, located at the N- or C-terminus that targets the protein for degradation. I 

have shown that YKB is cleaved in vivo into discrete fragments. I identified the boundaries of 

the fragments using electrospray mass spectrometry. Changing the C-terminal residues of YKB 

altered the amount of degradation observed. Using a series of carefully designed constructs, I 

determined that in the absence of translation arrest, YKB is targeted for degradation based on 

the polarity of its C-terminus (Figure 3). In contrast, constructs whose C-termini arrest 

translation are targeted for degradation regardless of sequence polarity. 

 

 
Figure 3. Full-length YKB (indicated as YKB) is 
partially degraded to a stable product (triangle) 
based on the polarity of its C-terminus and 
whether it arrests translation.  
 
 
 

 
Nascent protein conformations on the ribosome 
 

Proteins can fold co-translationally as they are synthesized by the ribosome, but little is 

known about the in vivo conformations that these nascent polypeptide chains adopt while still 

tethered to the ribosome or how these conformations affect subsequent folding to the native 

structure. I am developing a technique that uses covalent labeling monitored by mass 

spectrometry to probe the extent of polypeptide chain folding by identifying solvent exposed 

regions of nascent GFP on the ribosome. In the process of developing this technique, I have 

gained expertise in preparing ribosome-nascent chain complexes and characterizing ribosomes, 

as well as experience using multiple mass spectrometry platforms. 

In summary, I have worked on multiple projects related to diverse aspects of protein 

expression, folding and degradation. These projects have enabled me to develop expertise in 

many different biochemical and biophysical techniques.  
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Mark W. Majewski 
Dept. of Chemistry and Biochemistry • 251 Nieuwland Science Hall • Notre Dame, IN 46556 

619 Longview Dr. • Antioch, IL, 60002 • (1-224) 627-6252 • mmajewsk@nd.edu 
 

OBJECTIVE 

 
To combine my ambition and diverse expertise in organic, medicinal, and analytical chemistry into a 

professional career and become a multidisciplinary results-orientated scientist. 

 

EDUCATION

 
UNIVERSITY OF NOTRE DAME (UND)                                                                      Notre Dame, IN 

 Ph.D. Organic/Medicinal Chemistry, Advisor: Marvin J. Miller         Expected October 2015 

 Dissertation: “Syntheses and Evaluation of Hydroxamate Containing     

  Monobactams and Cephalosporins as Medicinally Useful Agents.”  

 

NORTHEASTERN ILLINOIS UNIVERSITY (NEIU)                                                         Chicago, IL 

 M.S. Chemistry, Separation Science, Advisor: Sargon J. Al-Bazi                              May 2010 

 Thesis:  “A Unified Stability-Indicating Method Development and    

  Validation for the Assay of Pantoprazole Sodium in Raw Material   

  and Protonix™ Drug Product Utilizing Reversed Phase HPLC.” 

 

NORTHEASTERN ILLINOIS UNIVERSITY (NEIU)                                                         Chicago, IL 

 B.S. Chemistry, Summa Cum Laude (GPA: 4.0/4.0)                                                        May 2008 

 

CAREER RESEARCH HIGHLIGHTS 

 
Organic/Medicinal Highlights 

 Synthesized focused libraries of functionally dense hydroxamate containing monobactams, 

cephalosporins, and N-thiolated monobactams, many of which have been shown to be potent anti-

tuberculosis agents and metallo β-lactamase inhibitors 

 Developed an expertise in synthetic organic lab techniques (reaction setup, working under inert 

atmosphere) and purification methods (column chromatography, distillation, recrystallization, and 

advanced purification techniques such as preparative HPLC) 

 Experience with antibacterial Kirby-Bauer diffusion assays/MIC determinations 

 Developed diphenylammonium catalysts for biodiesel production using microwave technology 

Analytical Highlights 

 Developed stability-indicating RP-HPLC methods for the analyses of pharmaceuticals and their 

degradation products 

 Gained experience in method development, validation, chiral separations, troubleshooting, and 

maintenance of HPLC instrumentation and analytical columns  

 

PUBLICATIONS 

 
1.  Majewski, M.W.; Tiwari, R.; Cho, S.; Franzblau, S.G.; Miller, M. J. Design, Syntheses, and 

 Anti-Tuberculosis Activities of Conjugates of Piperazino-1,3-benzothiazin-4-ones (pBTZs) with 

 2,7-Dimethylimidazo [1,2-a]pyridine-3-carboxylic acids and 7-Phenylacetyl Cephalosporins.  

 Manuscript in Preparation. 



2 
 

2. Majewski, M.W.; Watson, K.D.; Cho, S.; Miller, P.A. Franzblau, S.G.; Miller, M.J. “Syntheses 

 and Biological Evaluations of Hydroxamate Containing and N-Methylthiolated Monobactams as 

 Anti-Tuberculosis Agents and β-Lactamase Inhibitors.” Submitted to Med. Chem. Comm. 

  
3.  Majewski, M.W.; Cho, S.; Franzblau, S.G. Miller, M.J.“Syntheses and Evaluation of Aromatic 

 Hydroxamates and Hydroxamic Acids that Target Mycobacteria tuberculosis.”  

 Bioorg. Med. Chem. Lett. 2015, Accepted 

 

4. Jobbins, M.O.; Majewski, M.W.; Miller, M.J. “Diastereoselective synthesis of a hydroxamate 

 containing bicyclo-[3.2.0] β-lactam aminal via ruthenium alkene isomerization and Pd(II)-

 catalyzed oxidative amidation.” Tetrahedron Lett. 2015, 56, 3141-3143. (Invited Contribution to 

 the special issue dedicated to H.H. Wasserman)  

 

5. Majewski, M.W.; Pollack, S.A.; Curtis-Palmer, V.A. “Diphenylammonium Salt Catalysts for 

 Microwave Assisted Triglyceride Transesterification of Corn and Soybean Oil for Biodiesel 

 Production.” Tetrahedron Lett. 2009, 50, 5175-5177. 

 

SELECT PRESENTATIONS (13 Total)

 
1. 249th ACS National Meeting and Exposition, Denver, CO, Oral Presentation 

 “Syntheses and Evaluation of Highly Functionalized Monobactams and Cephalosporins as 

 Medicinally Useful Agents.” (Division of Organic Chemistry, Paper #2125366) 

 

2. 4
th

 Annual Midwest Neglected Infectious Diseases Meeting 

 August 15-16, 2014, University of Notre Dame, Poster Presentation 

 “Syntheses and Evaluation of Hydroxamate Containing and N-Methylthiolated Monobactams 

 as Anti-Tuberculosis and Broad Spectrum β-Lactamase Inhibitors.” 

 

3.  5
th

 Annual Chicago Organic Symposium, July 12, 2013, Poster Presentation 

 “Exploiting Bacterial Enzymatic Machinery for Drug Delivery: The Development of Novel 

 Monobactam and Cephalosporin Systems.” 

 

4. 237th ACS National Meeting and Exposition, Salt Lake City, Utah, Poster Presentation 

 “Novel Catalysts for the Transesterification of Vegetable Oils.” (Fuel Chem. Poster #77) 

 

SELECT AWARDS/HONORS

 
ECK Institute for Global Health Graduate Fellowship, UND                                                        2014-2015  

J. Peter Grace Prize Graduate Fellowship in Chemistry, UND                                                      2010-2011  

Outstanding Achievement in Analytical Chemistry, NEIU                                                                     2010 

Graduate Assistant Scholarship, NEIU                                                                                           2008-2010 

Outstanding Achievement in Physical Chemistry, NEIU                                                                  2007 

Outstanding Scholar Award, College of Lake County                                                                   2004-2005 

 

SERVICE AND PROFESSIONAL AFFILIATIONS

 
Graduate Student Union, University of Notre Dame 

Conference Presentation Grant Review Committee, Physical Sciences                                        2014-2015 

American Chemical Society (ACS) 

American Association for the Advancement of Science (AAAS) 
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Syntheses and Evaluation of Hydroxamate Containing Monobactams 
and Cephalosporins as Medicinally Useful Agents. 

Mark W. Majewski, Ph.D. Research Summary 

Department of Chemistry and Biochemistry, University of Notre Dame, Notre Dame, IN, 46530 

_____________________________________________________________________________________ 

INTODUCTION 
 
     Among the myriad of harmful bacteria, both the ESKAPE 
pathogens (Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa and Enterobacter species) and 
infection due to Mycobacterium tuberculosis constitute 
great threats.  All of the aforementioned bacteria have 
been characterized by their remarkable ability to develop 
resistance to antibiotics, mainly the result of the plethora 
of mechanisms available to them: limited permeability, 
multiple efficient efflux pumps, and hydrolysis by β-
lactamases.4    Among the major classes of antibacterial 
agents available in the medicinal arsenal, the β-lactam 
family continues to persist.  As illustrated in Figure 1, the β-
lactam acts as a mimic of the normal substrate for the 
transpeptidase enzyme (also called the PBP) during 
peptidoglycan cross-link formation, ultimately forming an 
acyl-enzyme intermediate that is sterically blocked.  
 

Figure 1. β-Lactam Mode of Action. 
 
     Reports of β-lactam compounds with anti-TB activity, 
however, have been scarce.  Certain classic β-lactams can 
exhibit anti-TB activity when administered in combination 
with clavulanate, a β-lactamase inhibitor.8,9  Further, 
monobactam alkylthiols and halogen substituted aromatic 
monobactams also have demonstrated activity.10,11  In 

general, β-lactams have not been widely used in TB 
therapy due to issues with permeability of the cell wall 
of TB, β-lactamases, and poor activity in vivo.

12
 

 
      
     The aim of the present work centers on developing 
hydroxamate containing β-lactam scaffolds with different 
peripheral moieties that may function as antibiotics or β-
lactamase inhibitors.  Among the 4 major classes of β-
lactamases (A, B, C, and D), clinically available inhibitors are 
primarily potent only with class A and there are no clinically 
available inhibitors of class B metallo β-lactamases.  
Further, the incorporation of both lipophilic groups and 
electron deficient aromatic rings into these cores may 
allow target compounds to act as anti-TB or anti-cancer 
agents.  The incorporation of alkylthio groups at the 
monobactam nitrogen has led to a fascinating new class of 
anti-cancer and anti-S.aureus agents.13  Moreover, electron 
deficient nitro-aromatics have already been shown to be 
crucial in the anti-TB activity of agents such as PA-824.14  
Our group has also demonstrated the importance of 
electron deficient aromatics, specifically, the nitro group in 
the 1,3-benzothiazin-4-ones (BTZs) class of anti-TB agents 
in rationalizing their potent anti-TB activity.15  The final aim 
will be to convert installed hydroxamates into isocyanate 
precursors.  As illustrated in Figure 2, it is anticipated that 
 

Figure 2. Conception for Enzymatic Triggered Release. 
 
compounds containing this moiety could function as either 
a β-lactamase inhibitor or antibiotic and operate under this 
unique mechanism.  Although not a drug in itself, it is 
believed that upon release, the isocyanate will react with 
various nucleophiles in the vicinity of the enzyme pocket 
and lead to inhibition.  The notion of using an isocyanate 
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produced from the Lossen rearrangement for purposes of 
inhibition in biological systems has been previously 
reported by Groutas.16  Here, 3-benzyl-N-
((methylsulfonyl)oxy)succinimides were reported as potent 
mechanism-based inhibitors of human leukocyte elastase 
(HLE), and operated via an enzyme induced Lossen 
rearrangement in order to exert its activity. 
 
MONOBACTAM SYNTHESES AND RESULTS 
 
     Illustrated in Scheme 1 are the syntheses of 
monobactams without functionality at C-3.  EDC coupling 
of appropriately substituted benzoic acids gave 
hydroxamates 2a-c that were then reacted with 4-acetoxy-
2-azetidinone under conditions reported by Clauss17 to give 
monobactams 3a-c.  Compound 3a was then subjected to 
N-thiolation and TBS protection to give 4 and 5. 
Hydrogenolysis of 3a-c, followed by reaction with a sulfonyl 
chloride gave 7a-f.  Lastly, sulfonation, conversion to the 
tetrabutylammonium salt with tetrabutylammonium 
hydrogen sulfate (TBAHS), and ion-exchange 
chromatography produced compounds 8a-d.  Hydrolysis 
experiments on a number of compounds synthesized have 
shown that hydrolysis produces products consistent with 
the aforementioned Lossen rearrangement.  Biological 
evaluations are currently underway. 

 
Scheme 1. Racemic Syntheses of Monobactams 3-8. 
     
     Syntheses of representative compounds with varied 
aromatic electronics are shown in Scheme 2.  Here, 
appropriately functionalized hydroxamates were added to 

4-acetoxy-2-azetidinone to give compounds 9a-c and 12a-
b, which were then N-thiolated to give 10a-c and 13a-b.    
 

 
Scheme 2. Syntheses of Monobactams with Varied 
Aromatic Electronics. 
 
     Schemes 3-5 show syntheses for compounds exhibiting 
the classic penicillin G or V sidechains.  The sequence first 
started with the degradation of penicillin G to ultimately 
give the appropriately functionalized azetidinone.18  Thus, 
penicillin G was degraded with Hg(OAc)2 followed by 
ozonolysis, a quench with dimethyl sulfide, and 
methanolysis to ultimately give appropriately 
functionalized azetidinone 15.  Monobactam 15 was then 
substituted at the C-4 position with 2a to give monobactam 
16 and thiolated to give 17.  This methodology was 
repeated on penicillin V to ultimately give monobactams 19 
and 21a-c.  Lastly, N-thiolation gave 22a-b. 
 

 
Scheme 3. Syntheses of Monobactams with Penicillin G 
Sidechains. 
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Scheme 4. Syntheses of Monobactams with Penicillin V 
Sidechain. 
   

 
 
Scheme 5. Syntheses of Electron Deficient Monobactams 
with Penicillin V Sidechain. 
 
    In addition to the compounds documented in the above 
Schemes, a large inventory of other interesting 
hydroxamates, monobactams, and bicyclic β-lactams have 
been made to date.  Synthesized compounds were then 
subjected to anti-TB, β-lactamase inhibitory, and general 
anti-microbial evaluations.  Displayed in Table 1 is MIC data 
for select compounds against Mycobacterium tuberculosis 
in the microplate alamar blue assay (MABA).19  As can be 
seen, a number of compounds exhibited great media-
dependent activity against Mtb.  Indeed, it can be seen that 
incorporation of both hydroxamate and lipophilic groups 
did generate highly active compounds, especially when 
combined with a monobactam scaffold. 
 

 
 

     Compounds were also screened against a broad panel of 
β-lactamases in vitro.  The study included enzymes from all 
four classes of β-lactamases (A, B, C, and D).  As shown in 
Table 2, many compounds acted as good β-lactamase 
inhibitors, with activity noted against a broad range of 
enzymes screened.  Highlighted among these results was 
the broad inhibition that compound 10c produced as well 
as the notable metallo β-lactamase inhibition by 
compounds 17, 19, and 22a-b.  When looking for trends in 
this data set, it was apparent that those compounds with 
the phenylacetyl (penicillin G) side chain were, in general, 
more active than those possessing the phenoxyacetyl 
(penicillin V) group. Also N-thiolation seemed to be quite 
important in potentiating activity against the class B 
metallo β-lactamases.  As ready examples, when comparing 
activities against class B enzymes, it was seen that the 
conversion from 9b to 10c, 9c to 10b, and 21b to 22b all 
resulted in the conversion of an inactive compound to a 
class B inhibitor. 
 

 
 
     Thiol containing compounds as inhibitors of β-
lactamases are well established in the literature.20  As 
examples, 9-(2-amidoethenylthio)-9-deoxy derivatives of 
clavulanic acid were seen to act as good inhibitors of TEM-1 
and staphylococcal β-lactamases21 and different acid thiol 
acid derivatives were reported as potent inhibitors of the 
B. cereus metallo enzyme.22  It was proposed here that 
active substrates were hydrolyzed by the enzyme, releasing 
the thiol component which then formed a covalent bond 
with the active site cysteine via disulfide bridge formation.  
Another mercaptocarboxylate inhibitor; however, was 
shown to interact with IMP-1 metallo β-lactamase from P. 
aeruginosa via 2 key interactions: direct coordination of 
the sulfur to the Zn in the active site, and binding in the 
hydrophobic pocket.23  To the best of our knowledge, there 
are no reports of thiol-containing monobactams that act as 
potent inhibitors of β-lactamases in the literature.  A last 
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final observation that intrigued us was that none of the 
compounds in this report possessed an ionizable group, 
such as a carboxylate or -SO3, normally required for 
antibacterial and/or β-lactamase inhibitory activity.  Based 
on the aforementioned discussion above, it is likely that 
the methylthio moiety is playing a key role in the activities 
of these compounds.   
 
CEPHALOSPORINS SYNTHESES AND PREVIEW 
 
     The second major class of β-lactam antibiotics is the 
cephalosporins.  A well-documented feature of the 
cephalosporin core is the expulsion of leaving groups at the 
C-3’ position, shown in Figure 3.  A plethora of different 
leaving groups and antimicrobial agents have been 
incorporated at this position and expelled upon ring 
opening,24 thus making the notion of incorporation of both 
hydroxamates and an isocyanate precursor another 
practical extension of the present work, illustrated in 
Figure 3. 
 

 
Figure 3. Extension of Project to Cephalosporins. 
 
     Shown in Scheme 6 is the synthesis of a target 
cephalosporin.  Starting with commercially available GCLE, 
activation with in situ generated Pd(0) and then 
subsequent reaction with the sodium salt of N-((tert-
butyldimethylsilyl)oxy)benzamide gave 23 which was then 
subjected to desilyation with HF•Pyridine to give 24.  
Tosylation and deprotection with TFA gave final compound 
26.  
 

 
Scheme 6. Synthesis of Cephalosporin 26. 
 

     We were also interested in varying the linker between 
the cephalosporin core and hydroxamate.  Thus, Scheme 7 
shows such endeavors. Commercially available 7-
aminocephalosporanic acid (7-ACA) was esterified under 
Lewis acid conditions and then acylated under standard 
Schotten-Baumann conditions to give 27.  The acetate 
group was cleaved utilizing an enzymatic mediated 
deprotection25 to give 28.  With this intermediate in hand, 
the hydroxyl group was converted to an activated 
carbonate via reaction with 1,2,2,2-
tetrachloroethylchloroformate, followed by reaction with 
O-tert-butyldimethylsilyl hydroxylamine to yield 
cephalosporin 29.  The conversion of this intermediate to 
30 is currently being studied.  
 

 
Scheme 7. Progress on the Synthesis of Cephalosporin 31. 
 
     Another method currently being explored which utilizes 
the cephalosporin core for isocyanate delivery employs 
thiolate cyclization, leading to the Lossen rearrangement as 
illustrated in Figure 4.  As shown, it is hypothesized that, 
upon hydrolysis, model cephalosporin 32 would release the 
thiolate isocyanate precursor (33) that could then 
spontaneously cyclize via two potentially competing paths 
to give isocyanate 36.  Intramolecular thiolate cyclization 
have been used to deliver taxoids via the cleavage of labile 
disulfide linkages in tumor-targeting drug delivery.26  The 
synthesis of 32 is currently underway. 
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Figure 4. Isocyanate Delivery via Thiolate Cyclization. 
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INTODUCTION 
 
     Pantoprazole sodium is the primary pharmaceutically 
active ingredient in Protonix®, a proton pump inhibitor 
(PPI).  In general, these classes of compounds are used for 
the prevention and treatment of gastric acid by blocking 
the H+/K+ adenosine triphosphate enzyme system of the 
gastric parental cell.1  Today, there are a number of PPIs 
available, some of which are illustrated in Figure 1.  This 
analytical study focused solely on pantoprazole sodium.  
 

 
Figure 1. Sample PPIs Available 
 
     In general, these inhibitors exhibit the same core 
structure, a substituted pyridylmethyl-sulfinyl-
benzimidazole, and thus involve a similar mechanism of 
action.  These compounds actually function as pro-drugs, 
compounds that are converted in the body to what is 
commonly termed as the acting principle, which performs 
the inhibitory action2.  As illustrated in Figure 2, once in the 
stomach lumen, PPIs are readily converted to transient 
intermediate 2 which then interacts with the cysteine of 
the ATPase pump to give 3 via disulfide bridge formation, 
leading to inhibition.  
 
     The purpose of this study was to develop and validate a 
chromatographic method for the analyses of both 
pantoprazole sodium and its degradation products in the 
raw material and Protonix drug product. As with all drugs,  

Figure 2. Mechanism of Action for Generic PPI 
 
they have to go through a stringent development process, 
including identification and toxicity of both trace impurities 
and degradation products. To help get a better 
understanding of the stability of a drug product, one needs 
to develop sound analytical methods.   A stability indicating 
method forcefully degrades the active pharmaceutical 
ingredient (API) under stress conditions, typically strong 
acid, strong base, peroxide, heat, and UV light with the goal 
being to separate the API from its degradation products.3 
HPLC is the most appropriate for this since only one 
optimized injection can accomplish this feat. 
 
METHOD DEVELOPMENT SNAPSHOT 
 
     Once both UV absorption maximum and the nominal 
concentration (800 ppm) were determined, work then 
began on the development of an appropriate method for 
analysis.  It was observed that pantoprazole produced a 
number of degradants under a variety of different stress 
conditions.  Ultimately, a method was devised that gave an 
acceptable resolution and no critical band pairs. The details 
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of the developed method are illustrated in Table 1 and two 
separation examples are illustrated below in Figure 3.   
 

 
 
A. 

   
B. 

 
Figure 3. Sample Chromatograms of Degradation of 
Pantoprazole Sodium with A. 0.01 M HCl, stirred at 75°C 
for 3 h and B. Exposure to UV light (254 nm) for 6 d. 
 
METHOD VALIDATION SNAPSHOT 
 

     In order for any analytical method to be put into 
everyday use, it must pass a series of statistical tests to 
ensure reliability.  Thus, the purpose of method validation 
was to prove that the developed method was suitable and 
reliable for its intended application.  Validation parameters 
examined in this work are those of the Food and Drug 
Administration (FDA) International Conference on 
Harmonisation (ICH). 4  These parameters require that the 
developed method be tested for the following: specificity, 
solution stability, precision, method robustness, linearity, 
accuracy, system suitability, limit of quantitation (LOQ), 
and limit of detection LOD). 

 

     Briefly, specificity was determined by verifying peak 
purity for all chromatographic bands of interest with diode 
ray detection. Solution stability was validated by injecting a 
standard every 24 h up until the 72 h mark and verifying 
that no new bands emerged.  Method precision was 
verified by making six separate standard solutions of at the 

nominal concentration, injecting them as an uninterrupted 
sequence, and making sure that peak area % RSD was < 
1.0%.  This test is shown below in Table 2.   
 

 
 
     Robustness was evaluated by varying method 
parameters (e.g. flow rate, wavelength) and verifying that 
the resolution among all bands was at least 1.5 or better.     
Linearity was validated by injecting several different 
concentrations of the active ingredient in a sequence.  
Once data has been compiled, a linear regression curve 
was plotted and the correlation coefficient for raw material 
was seen to be > 0.990, thus validating this parameter.  
System suitability tests were carried out to see if the 
method was reliable and produced consistent results over 
a long period of continuous injections.  The following 
criteria were used for suitability: 
• % RSD for peak area < 5 % 
• % RSD for retention time < 2 %  
• Number of Theoretical Plates > 2000 
Lastly, the LOQ and LOD were determined to be 0.12 ppm 
and 0.031 ppm respectively. 
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Research Summary  

Post-doctoral research, University of Notre Dame 

PI: Dr. Marvin J. Miller 

My current projects are focused on the design and syntheses of novel malaria inhibitors. By 

high throughput screening in partnership with Eli Lilly & Co, twelve series of compounds showed 

anti-malarial activity. We chose two series as the hit compounds and developed novel malaria 

inhibitors. 

 Part I. A novel imidazo[1,2-b]pyridazine Series 12 (Figure 1) derivative was firstly identified 

as a potent malaria inhibitor with IC50 value of 21 nM. To modify the hit compound, we used 

Suzuki coupling reaction, Stille coupling reaction, nitroso ene chemistry and click chemistry to 

create new analogues. (Schemes 1-4, selected synthetic routes)  

 

 

Figure 1. Modifications of the hit compound. 

 

Schemes 1-4. Selected synthetic routes. 

1. 

 

2. 
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3. 

 

4. 

 

 

After fourteen series of optimizations of the hit compound (Figure 2), sixty-five new analogues 

were synthesized. As detected in a fluorescent reporter strain that reports parasite-induced 

phosphatidylinositol 3-phosphate production, thirteen new analogues showed significant 

anti-malarial activity, among them five are more active than the hit compound, and three of the 

five have IC50 values at the single digit nanomolar level. Two analogues exhibited low cytotoxicity 

and excellent selectivity with SI of 278 and 173, respectively. One potent compound inhibited 

both male and female gametocytes and exhibited potent liver stage activity as well as high 

selectivity against P.bergheii. 

 

Figure 2. Structure-Activity Relationships of novel imidazopyridazine analogues as malaria 

inhibitors. 

 

Part II. The high throughput screening also identified 5-(2-Acetamido-4-methylthiazol-5-yl)- 

2-chloro-N-(2-hydroxyethyl)benzamide as a potent malarial inhibitor with an IC50 value of 80 nM 

in vitro (Figure 3). I am currently interested in the optimization of this scaffold. Fifteen series of 

optimizations of the hit compound were investigated. Fifty-seven new analogues were synthesized 

and four of them were as potent as the hit compound. Further modification of the hit compound 

will be carried out to further evaluate the SAR of this scaffold. 
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Figure 3. Primary structure-Activity relationships of the thiazole analogues as malaria inhibitors. 

 

 

Assistant Investigator research, Chinese Academy of Sciences 

PI: Dr. Ao Zhang 

As an assistant investigator, I worked on design and synthesis of novel c-Met inhibitors. Firstly, 

to mimic the positive control drug XL-184, a highly efficient and very friendly strategy was 

created (Schemes 5-6). Utilization of metal-catalyzed intramolecular coupling reactions, the ethyl 

1H-pyrrolo[2,3-b]pyridine-2-carboxylate scaffold was generated in two steps. Then, fifteen new 

derivatives were produced, and three of them showed strong inhibitory activity against c-Met. One 

new analogue has an EC50 value of 4 nM, which is equal to that of XL-184.  

 

Scheme 5. The reported patent method for synthesis of XL-184 
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Scheme 6. New methods to synthesize the ethyl 1H-pyrrolo[2,3-b]pyridine-2-carboxylate scaffold 

and XL-184 analogues 

 

 

 

PhD research, Tsinghua University 

PI: Dr. Gang Liu 

Collaborating with an NIH lab, I focused on development of quinoxalin-2(1H)-one derivatives 

as novel anti-HBV and anti-HCV inhibitors.  

Hepatitis B virus infection remains a major global health problem. In spite of the existence of 

efficient nucleos(t)ide analogs drugs, the emergence of drug-resistant mutants has been a key 

limitation of the current anti-HBV therapy. A novel class of quinoxalin-2(1H)-one derivatives 

were designed, synthesized and evaluated for their anti-hepatitis B virus activity and cytotoxicity 

in vitro. Among them, four compounds exhibited high activity against wild-type HBV virus with 

EC50 values of 0.42, 0.33, 0.41 and 0.005M. They showed no significant cytotoxicity. 

Interestingly, compound 12 (general structure showed in scheme 7) exhibited strong activities 

against multiple lamivudine-resistant mutants and adefovir dipovoxil-resistant mutant, just similar 

to that against wild-type HBV strain. Moreover, compound 13 showed activity against adefovir 

dipovoxil-resistant mutant strain.  

 

Scheme 7. Selected synthetic routes to synthesize anti-HBV inhibitors 

 

Hepatitis C virus (HCV) infection is a serious problem worldwide, but no effective drugs are 

currently available. Through screening of our privileged structure library, a quinoxalin-2(1H)-one 

derivative 1 was identified as a potent HCV inhibitor in vitro (Scheme 8). Subsequently, a 

structure activity relationship analysis was carried out that gave five new analogues that were 

active against HCV (Figure 4). The data from the structure activity relationships study suggested 
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that quinoxalin-2(1H)-one derivatives exhibited potent activity against HCV. 

 

 

 

EC50: 1.8μM 

 

 

EC50: 1.67μM                                EC50: 1.8μM 

                           

                           1 

 

 

EC50: 1.19μM                         EC50: 1.82μM 

Figure 4. Quinoxalin-2(1H)-one analogues as novel anti-HCV inhibitors. 

 

Scheme 8. Selected synthetic routes to synthesize anti-HCV inhibitors 

 

 

 

 

 

 

Master research, Soochow University 

PI: Dr. Yongming Zhu 

I explored a new methodology of synthesizing indazoles via a copper (I)-catalyzed 

intramolecular amination reaction. Indazole is an important subunit in drugs with high biological 
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activities. Based on Buchwald method, CuI was first used for the intramolecular amination 

reaction. Two kinds of N-substituted indazoles (2-aryl-2H-indazole and 1-aryl-1H-indazole) were 

prepared in high yields (Tables 1-2). These methods were simple, economical, efficient and 

applicable to a wide scope of substrates affording indazole derivatives in high yields.  

 

Table 1. Copper(I)-Catalyzed intramolecular amination reaction for syntheses 

2-aryl-2H-indazoles 

 

Entry substrate product yield(%) yield(%) product yield(%) 

1 
CH2

Br

N

NH

Ac  
N

N

Ac  
93 95 

N

N

 94 

2 
CH2

Br

N

NH

Ac

CH3

 
N

N

Ac

CH3

 
92 92 

N

N CH3

 99 

3 
CH2

Br

N

NH

Ac

OCH3

 
N

N

Ac

OCH3

 
93 96  98 

4 CH2

Br

N

NH

Ac

CF3

 
N

N

Ac

CF3

 
80 91 

N

N

CF3

 
91 

5 
CH2

Br

N

NH

Ac

F

 
N

N

Ac

F

 
94 98 

N

N F

 87 

6 CH2

Br

N

NH

Ac

CN

 
N

N

Ac

CN

 
87 87 

 
81 

7 
CH2

Br

N

NH

Ac

Cl

 
N

N

Ac

Cl

 
88 95  95 

8 
CH2

Br

N

NH

Ac

F

 
N

N

Ac

F

 
87 89  91 

9 
CH2

Br

N

NH

Ac

H3CO

 
N

N

Ac

H3CO

 
85 85  90 

 

Table 2. Copper(I)-Catalyzed intramolecular amination reaction for syntheses of 

1-aryl-1H-indazoles 

 

entry substrate product yield (%) entry substrate product Yield(%) 

1 
N NH

1a

Br

 

N

N

2a  

82 6 
N NHF

Br  
N

N
F

 
77 

2 
N NH

CH3Br  
N

N

CH3 
90 7 

N NHH3CO

Br  
N

N
H3CO

 
63 

3 
N NH

OCH3
Br  

N

N

OCH3 

80 8 N NH

CH3

Br  
N

N

CH3

 

71 
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4 
N NH

NO2
Br  

N

N

NO2 

85 9 
N NH

N Br  
N N

N

 
71 

5 
N NH

FBr  
N

N

F 
70     

 

 



 

Xueqiang (Alex) Zhang 

Radiation Laboratory and Department of Chemistry and Biochemistry, University of Notre Dame, 

Notre Dame, IN 46556 

Phone: 574-855-6487            E-mail: xzhang10@nd.edu 

Highlights 

 Expertise in UHV XPS, ambient pressure XPS, plasma (vacuum & atmospheric pressure 

plasma) and vacuum science 

 Hands-on experiences in thin film deposition, SEM, AFM, TEM, XRD, ellipsometry, optical 
photoemission spectra, mass spectrometry and clean room operation 

 Broad knowledge of PEC solar cell, semiconductor surface passivation and surface chemistry 

 3-month internship in TDT-HAMR (heat-assisted magnetic recording) group, Seagate 

Technology, Bloomington, MN, USA (5/2015-8/2015) 

Education 

Ph.D., Physical Chemistry, University of Notre Dame, Notre Dame, IN                   05/2016 (expected)       

Advisors: Prof. Sylwia Ptasinska and Prof. Ian Carmichael                                                                                                                                                         

Thesis title: In-situ interfacial chemistry of O2 and H2O on Ga-based III-V semiconductors                                                                                                                                           

Postgraduate, Polymer Chemistry and Physics, Jilin University, Changchun, Jilin, China 

Advisor: Prof. Yue Wang                                                                                              09/2010-07/2011 

B.S. Chemistry and B.S. Biology (Pilot program in Natural Science)                         09/2006-07/2010       

Jilin University, Changchun, Jilin, China                                                                

Thesis title: The synthesis and characterization of a series of aromatic diazatricycles 

Teaching Experience 

 University of Notre Dame, Notre Dame, IN                                                    09/2011-12/2012 

Teaching assistant for general organic chemistry lab I&II 

 2014 Northern Indiana Regional Science & Engineering Fair Judge             03/2014&03/2015 

Awards and Honors 

 J. Peter Grace Prize Graduate Fellowship Endowment                                         summer/2012 

 Travel award for the 66th Gaseous Electronics Conference                                            10/2013 

 Travel award from graduate student union conference presentation program                10/2014 

 Poster 1st place in AVS Prairie Chapter 2015                                                                 09/2015 

 AVS 62 Dorothy M. and Earl S. Hoffman Travel Grant                                                10/2015 

 AVS 62th registration support from AVS Prairie Chapter                                             10/2015 
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Xueqiang (Alex) Zhang  

xzhang10@nd.edu 

Research Summary 

My research is mainly focused on the in-situ study of small environmental molecules (such as H2O, O2 

and simple organic molecules) interacting with semiconductor surfaces (III-V semiconductors and Si). In 

such studies, I aim to capture the environmental molecule/semiconductor interfacial chemistry as well as 

the electronic structure evolution at real-time under near ambient conditions, which is more relevant to 

practical applications in material science.  Specifically, my research is mainly consisted of the following 

two projects: 

Research Topic I: In-situ study of small environmental molecules/III-V semiconductors interfacial 

chemistry and electronic properties using near ambient pressure X-ray Photoelectron Spectroscopy (NAP 

XPS). 

NAP XPS (Scheme 1) is an advanced in-situ technique that enables us to track the evolution of gas/solid 

interfacial chemistry and electronic properties at elevated pressures (up to the mbar range) and 

temperatures (up to 873 K), bridging the knowledge gap of semiconductor surface chemistry studied 

under ultra-high vacuum (UHV) and close-to-operational conditions.  

 

In this project, I performed a series of studies to monitor 

semiconductor surface chemistry and electronic properties. 

For example, I was able to measure and track the 

evolution of oxide/hydroxide coverage and thickness, 

reactant sticking coefficient, material surface work 

function, band structures (including band bending, 

electron affinity, ionization energy etc.) and activation 

energies of different environmental molecule/III-V 

semiconductor interfacial reactions. Additionally, I was 

able to map out the overall evolution of various interfacial 

species by creating “phase diagram” of a particular 

interface reaction (Scheme 2), which would be of 

tremendous help in decoding the reaction mechanism on 

the semiconductor surface. By collaborating with 

calculation group, I can have more comprehensive understandings of the reaction pathways that occurred 

at a gas/solid interface at an atomic-level. Such kind of fundamental study would be of great importance 

in fields such as semiconductor surface passivation and photoelectrochemical (PEC) cell for water 

splitting since the understanding of H2O or O2/III-V semiconductor interfacial band structure and 

chemistry is of broad interests. Part of the project has been summarized below. 

 

 H2O dissociative adsorptions on well-defined III-V semiconductor single crystal surfaces 

including GaAs (100), GaSb (100), GaN (0001), GaP (100) and InP (100) 

 O2 interactions with well-defined III-V semiconductor single crystal surfaces including GaAs 

(100), GaSb (100), GaN (0001), GaP (100) and InP (100) 

 Comparative study of H2O or O2 interactions with III-V semiconductors (GaAs, GaP) with 

different morphologies or orientations 

Scheme 1. NAP XPS configuration 
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Research Topic II: Silicon surface chemistry: Si (100) surface modification by atmospheric pressure 

plasma jets (APPJ) to generate silicon oxynitride and model study of small organic molecules dissociative 

adsorption on Si (100) probed by NAP XPS. 

 

Silicon surface functionalization and passivation are 

critical in industry. Using APPJ, I was able to grow 

SiNxOy on Si wafer surface with relatively high nitrogen 

doping concentration. I further characterized Si surface 

modification by XPS mapping technique (Scheme 3).  

Using NAP XPS, I studied the dissociative adsorption 

of organic molecules such as nitromethane onto Si 

surface. I was able to detect the dissociation products 

under different experimental conditions and determine 

the chemical environment of nitrogen atom. By 

collaboration with calculation group, the reaction 

mechanism can be better understood. The result of this 

study is of wide interest in semiconductor industry for 

Si based device surface passivation. The project has 

been summarized below. 

 

 Designed method to study pure helium APPJ and nitrogen-containing gases (N2, N2O, NO, NH3) 

doped helium APPJ treated Si (100) surface chemistry and optimized experimental conditions to 

generate silicon oxynitride  

 Studied surface chemistry of Si (100) treated by 0.1% nitromethane doped He APPJ 

 Studied dissociative adsorption of nitromethane on Si (100) by NAP XPS.  

Scheme 2. Phase diagram” of O2/GaP(111) and 

H2O/GaP(111) interfacial chemistry evolution. 

Left: maps representing overlays of multiple 

oxygen-containing species with their relative 

abundances as a function of (a) O2 and (b) H2O 

pressures, and GaP(111) temperatures obtained 

from GaP 2p3/2 spectra. Crossing of grids 

represents points where spectra were measured;  

Right: the color legends indicate the mixing of 

these species (right). Each concave point or vertice 

represents the relative abundance of 100% of a 

particular species. The center of the legend 

represents equal contribution from all species, i.e., 

25% for the O2/GaP(111) interface and 33% for 

the H2O/GaP(111) interface. 

Scheme 3. 2D image of N 1s signal distribution on 

the Si wafer substrate that was treated for 5 min 

with the He/NH3 APPJ.  
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