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May 9, 2016: LCA WORKSHOP (in partnership with TISED).  
Speaker: Dr. Bhavik Bakshi (Ohio State University).  
OM 217 
 

  ACTIVITY: Sustainability Assessment workshop. OM 217 

MON., MAY 9, 2016 AM Chair: Karine Auclair 

8:00-8:30 Workshop check-in (coffee, light snacks provided) 

8:30-8:40 

Welcome and introduction of CREATE summer school: Karine Auclair and CJ 
Li. 
Introduction of speaker: Subhasis Ghoshal 

8:40-10:30 
Motivation and Theoretical Framework; Process, 
input-output and hybrid models  

10:30-10:45am Coffee break 

10:45-12:00pm 
Carbon and Water Footprints, Energy Analysis, 
Life Cycle Impact Assessment (LCIA) 

12:00-13:00 Lunch (provided): main lobby. 

  PM Chair: Subhasis Ghoshal 

13:00-14:30 
LCIA: Software and applications; Shortcomings and 
opportunities 

14:30-14:45 Health break 

14:45-16:30 

LCIA: Software and applications; Shortcomings and 
opportunities  
Thank you and closing remarks: Subhasis Ghoshal 

  
This workshop will cover the basic principles, applications and tools associated with some of the 
most popular methods for assessing the sustainability of human activities.  After motivating the 
need for these methods, we will focus on the theoretical framework for modeling the life cycle 
of a selected system.  This will rely on methods from network analysis and linear algebra.  Using 
this framework as the basis, we will learn about the approaches of carbon and water 
footprinting, energy analysis, and life cycle assessment.  Examples will be used to demonstrate 
the characteristics of each approach.  Hands-on experience in these methods will be available 
with the help of free software such as OpenLCA, EIO-LCA and EcoLCA.  We will finish by focusing 
on the pros and cons of current methods and directions and opportunities for further research.  

Topics to be covered include: 

1) Motivation and theoretical framework.  

2) Process, input-output and hybrid models 

3) Carbon and Water Footprints, Energy Analysis, Life Cycle Impact Assessment (LCIA) 

4) LCIA: Software and applications; Shortcomings and opportunities 



 

 
Dr. Bhavik Bakshi is a Professor of Chemical and Biomolecular 
Engineering at Ohio State University. He also holds appointments in 
Civil, Environmental and Geodetic Engineering at OSU and as a Visiting 
Professor at the Indian Institute of Technology in Mumbai, India. His 
research is developing methods and applications for assessing and 
designing sustainable systems that respect nature's limits and reduce 
the chance of unintended harm. He received his chemical engineering 
degrees from the University of Bombay and the Massachusetts 
Institute of Technology, with a minor in technology and environmental 
policy from MIT and Harvard. 
 

 
Co-sponsored by: 
 

     



May 10, 2016 
Toxicology for chemists: Design of safer chemicals. Speakers: Drs. 
Voutchkova and Kostal (GWU). OM 217 
Chem Soc Seminar: Dr. Vanderwal (U. California, Irvine). OM 10 
 

  ACTIVITY: Toxicology workshop. OM 217 

TUES., MAY 10, 2016 AM Chair: Masad Damha 

8:30-9:00am Workshop check-in (coffee, light snacks provided) 

9:00-9:10am Welcome and speaker introductions: Masad Damha 

9:10am-10:30am From toxicology to rational design of safer chemicals 

10:30-10:45am Coffee break 

10:45-12:00pm Critical computational chemistry and statistics concepts for chemical design 

12:00-1:00pm Lunch (provided): main lobby. Masad to host speakers (Faculty Club). 

13:00-14:30pm 
Chem Soc Seminar: Dr. Vanderwal (U. California, Irvine). OM 10. General Synthesis 
Strategies to Address Multiple Congeners in Bioactive Natural Product Families  

14:30-14:45  Health break 

 PM Chair: CJ Li 

14:45-16:30pm Model-building exercise 

 
Thank you and closing remarks: CJ Li 

 
Toxicology for chemists: Design of safer chemicals 
 
This hands-on course is intended to advance chemists’ understanding of toxicology and demonstrate 
how to rationally approach the design of chemicals with minimal unintended biological activity using 
computer modeling. This curriculum builds on existing understanding of organic chemistry, biochemistry 
and computational chemistry by demonstrating how existing knowledge can be applied to the 
evaluation of chemical hazards and structural modifications to lessen those hazards.  Participants will 
learn how to use some of the most prominent types of tools available in predictive toxicology, exploring 
the strengths and limitations of the different approaches. They will also be introduced to systematic 
decision making for the design and selection of safer commercial chemicals.  
 
Learning Objectives 
At the conclusion of the course, participants will be able to: 
1. Understand and evaluate new and existing literature on method development in predictive toxicology 
and predictive chemical design 
2. Describe advances in toxicology and tools that can be used to design chemicals with minimal intrinsic 
health and environmental hazards. 
3. Explain the basics of computational theory relevant to practitioners, and how computations can be 
paired with experimental findings to yield predictive models. 
4. Explain how data from different models can be used for chemical hazard assessment and to drive 
development of new predictive tools  
5. Understand differences in data quality and uncertainty as it pertains to predictive model development 
and decision making strategies 



6. Understand how alternative chemical assessments are used to evaluate potential chemical 
alternatives for safety 
7. Describe property-based design guidelines that increase the probability that chemicals will not exert 
acute or chronic toxicity to aquatic species and mammals. 
8. Describe how in silico tools can be used to fill data gaps in comparative hazard assessments 
 
 

Dr. Voutchkova is an Assistant Professor in the Chemistry Department at 
George Washington University in Washington, DC. Her research spans the two 
central research frontiers of green chemistry - development of processes that 
reduce environmental impact through synergistic homogeneous-
heterogeneous catalysis, and the development of tools for the rational 
design of safer commercial chemicals. She has served as an expert in these 
fields in the National Academies of Sciences committee on Alternative 
Assessments and briefed the US EPA, Senate and Congress on issues related 
to chemical toxicology. Dr. Voutchkova obtained her BS in Chemistry and 

Biochemistry from Middlebury College, and completed her graduate work at Yale University with Robert 
Crabtree in organometallic chemistry. Her post-graduate work was at the Yale Center for Green 
Chemistry and Green Engineering with Paul Anastas focused on the rational design of commercial 
chemicals. 

 
Dr. Kostal is an Assistant Professor in the Chemistry Department and the 
Computational Biology Institute at George Washington University. His research 
focuses on the application of computational chemistry to the de novo design of 
safer chemicals and the development of predictive tools for different 
toxicological endpoints. Through collaborations with experimental toxicologists 
and organic chemists he is developing methodology akin to computational drug 
design for the de novo design of functional chemicals with minimal biological 
activity. Dr. Kostal obtained his BS in Chemistry and Biochemistry from 
Middlebury College, and completed his graduate work at Yale University with 

Bill Jorgensen in Theoretical and Biophysical Chemistry. Since then he has serves as CSO in Sustainability 
A to Z, a green chemistry consulting firm, and as founder and CEO of Designing Out Toxicity (DOT) 
Consulting LLC, a company that commercializes state-of-the-science tools for predicting chemical 
hazard. 
 
Chem Soc Seminar 

General Synthesis Strategies to Address Multiple Congeners in Bioactive Natural Product Families  
Dr. Chris Vanderwal (University of California, Irvine) 

As a consequence of nature’s “combinatorial” approach to the evolution of secondary metabolites, 
natural products are often isolated as members of families of closely related structures. For the 
purposes of learning about the potential utility of such families of bioactive natural products, a synthesis 
design that is amenable to many family members and unnatural analogues is particularly attractive. In 
that light, I will discuss some of our recent efforts to develop general approaches to natural product 
families among the chlorosulfolipids, polyhalogenated monoterpenoids, lissoclimide diterpenoids, and 
isocyanoterpenes. 
  



 
 
Dr. Vanderwal’s research focuses on the synthesis of complex natural 
products, including alkaloids, terpenoids, and polyhalogenated secondary 
metabolites. He develops target-specific but potentially broadly applicable 
methods en route to the natural product goals, and frequently engages in 
post-synthesis collaborative experiments to investigate the biological activity 
of the target and synthetic analogues. 
 
Dr. Vanderwal earned his doctorate in chemistry from the Scripps Research 
Institute working with Professor Erik Sorensen. He next joined the group of 
Professor Eric Jacobsen at Harvard University as a Jane Coffin Childs 
postdoctoral associate. In 2005, Professor Vanderwal began his independent 

academic career at the University of California, Irvine. He was promoted with tenure to Associate 
Professor and was named a UCI Chancellor’s Faculty Fellow in 2011, and two years later he was 
promoted to Professor and appointed Vice Chair of Chemistry for Graduate Affairs. Professor 
Vanderwal’s research accomplishments have been recognized with a National Science Foundation 
Career Award, an Amgen Young Investigator Award, an A. P. Sloan Foundation Fellowship, the 
AstraZeneca Award for Excellence in Chemistry, the Society of Synthetic Organic Chemistry of Japan 
Lectureship Award, and the Novartis Chemistry Lectureship. 
 
  



 

May 11, 2016 
Green Chemistry: Topic Overviews.  
Speakers: Drs. Li, Friscic Moores and Jessop (McGill and Queens).  
OM 217 
 

  ACTIVITY: Co-PI talks. OM 217 

WED. MAY 11, 2016  AM Chair: Audrey Moores 

8:30-8:45 Workshop check-in (coffee, light snacks provided) 

8:45-9:45 Green chemistry for chemical synthesis. CJ Li 

9:45-10:45 
Green Chemistry Guide to Selecting the Right Solvent for Your Reaction. 
Tomislav Friscic 

11:00-12:00 
3MT Competition. Judges: Dean Nalbantoglu, Carole Graveline, Jacquie 
Rourke. 

12:00-13:30pm 

Lunch (provided): main lobby. Participants to set up posters during this time. 
 
Co-PI lunch and meeting: Ruttan Room. Collaborations, direction for next 2 
years. 

 PM Chair: Bruce Arndtsen  

13:30-14:30pm 
Atom economy in Nanoscience: Biomass as an avenue to access metal 
nanoparticles. Audrey Moores. 

14:30-14:45 Health break 

14:45-15:45 Chemistry in Supercritical fluids. Philip Jessop.  

16:00-17:30pm 

Main lobby. Poster session, wine and cheese 
Announcement of winner of the 3MT competition: Audrey Moores 
Thank you and closing remarks: CJ Li 

 
 
CJ Li 
Green chemistry for chemical synthesis 
When designing methods and routes for synthesizing chemical products, many 
factors need to be looked at. This lecture will discuss general considerations when 
developing greener synthetic methods.   
 
 

 
 
Tomislav Friscic 
Green Chemistry Guide to Selecting the Right Solvent for Your Reaction 
This seminar will discuss how the development of Green Chemistry and the rising 
need for clean new synthetic technologies, particularly in pharmaceutical synthesis, 
may start to change the chemist’s view of solvents, not only in the context of 
choosing the one that is the best possible for our reaction of choice, but also in 
reinvestigating the role of solvents in chemical synthesis. 



 
Audrey Moores 
Atom economy in Nanoscience: Biomass as an avenue to access metal 
nanoparticles 
Metal nanoparticles (NPs) are a class of materials intensely researched for their 
powerful properties applicable in the broad fields of medicine, electronics, optics 
and catalysis. Because metal NPs are kinetically stabilized materials, their synthesis 
often relies on the use of excess solvents, additives and strong reducing agents. In 
recent years, efforts have been made to develop more sustainable synthetic 
methods to access these high-value materials. Our research group has recently 

explored strategies involving biomass to achieve this goal, relying on cellulose nanocrystals, lignin and 
solvent-free mechanoactivation. 
 

 
Philip Jessop 
Chemistry in supercritical fluids 
What are supercritical fluids (SCFs)? Why would a green chemist want to use 
them as solvents? The history, physical chemistry, applications and 
environmental advantages of SCFs will be explained. 

  



Student Competition: 3 Minutes to Present Your Thesis 

Judges: Dean Josephine Nalbantoglu (Graduate and Postdoctoral Studies), Carole Graveline (Director, 

Media Relations Office), Jacquie Rourke (Media Relations Office) 

1) Richard Kinney (Arndsten group): Functionalization of Inert Aromatic Hydrocarbons 

2) Mariana Umpierrez (Ghoshal group): Arsenic remediation using Zero Valent Iron 

Nanoparticles (NZVI) 

3) Paolo Schiavini (Auclair group): Tweak it! Enzyme engineering for the manufacturing of 

drugs 

4) Alain Li (Moores group): Iron nanoparticles as catalysts of the future 

5) Ramjee Kandel (Jessop group): Phosphaamidine catalyst for hydrogenation of CO2 

6) Cristina Mottillo (Friscic group): Aiming for simplicity: environmentally friendly synthesis 

of metal-organic frameworks 

7) Ohhyeon Kwon (Lumb group): Tapping into the Power of Oxygen: Enabling 

Fundamental Chemical Processes 

8) Isla Milne (Maguire group): Technology Substitution and Sustainable Innovation: A case 

study on bioplastic 

9) Daniel O’Reilly (Damha group): Genetic disease: prevention or cure 

10) Roya Jamarani (Nicell group): Producing the perfect plastic: improving bioplastic properties 

using sustainably sourced plasticizers 

 

 

 

  



Poster session 
 
1) An Efficient, Divergent Approach to the Synthesis of Lignan Natural Products Utilizing the Ring 
Opening of Cyclobutanes 
 Anna Albertson, JP Lumb 

Lignans encompass a structurally diverse array of highly oxygenated, polyaromatic natural products with 
important biological activities. Despite their structural diversity, lignan biosynthesis begins with the 
oxidative coupling of only a small number of simple building blocks. Previous synthetic attempts to 
mimick this oxidative coupling have suffered from poor regio- and chemoselectivity. Recently, we 
demonstrated a practical solution to this challenge based on the oxidative ring opening of a 
cyclobutane, allowing access to a key biosynthetic intermediate. We have demonstrated the utility of 
this method in the synthesis of both furan and furanofuran-based lignans. To further extend our 
strategy, we have turned to a reductive ring opening of our key cyclobutane, affording a straightforward 
route to aryl tetralin and cyclooctadiene natural products. 
 
2) Exploiting ortho-Quinone in Organic Synthesis 
 Zheng Huang, J-P Lumb 
 
Ortho-Quinones are under-developed six carbon building block in chemical synthesis, due to their low 
stability and accessibility. We’ve developed conditions to generate these compounds with high 
efficiency from phenol or catechol, and been exploiting their reactivity with transition-metal catalyst in 
C-H functionalization chemistry. The ortho-quinone products we made can be rapidly transformed to 
heterocyclic compounds, fluorinated compounds or acyclic compounds via short sequence discovered 
by us or other research groups. Currently, we are also working on using ortho-quinone as synthetic 
intermediate in complex natural product synthesis. 

 
3) Characterization and Detection of Engineered Nanoparticles in Complex Environmental Samples 
 Arshath Abdul Rahim, Sarayu Rao, Mehrnoosh Azodi, Subhasis Ghoshal 
 
Growing use of engineered nanoparticles (ENPs) in consumer products is contributing to an increase in 
their release to the environment. Risk assessments require robust analytical tools to characterize ENPs 
in environmental samples. Many of these techniques require optimization and development in order to 
implicate them in such samples. Recent analytical tools like mass spectrometry (Inductively Coupled 
Plasma Mass Spectrometry), hydrodynamic separation (Field Flow Fractionation; FFF), light scattering 
(Dynamic and Static light scattering) have gained light due to the wide suite of information they can 
provide about ENP size, composition and concentration at environmentally relevant concentrations. 
Single Particle Ion Conductively Plasma Mass Spectrometry (SP ICP-MS) is a technique that can detect 
metallic ENPs in aquatic media with high accuracy for mean size and particle concentration. In summary, 
the sample is aspirated first by a passing through a nebulizer, then desolvated in high temperature 
plasma. The resulting ions enter a quadrupole where they are sorted by their mass to charge ratio and 
then enter into the detector. However the optimization of this technique is crucial in order to receive 
reliable data. Dwell time which is the time spent by quadrupole to analyze each m/z and sample time 
which is the time duration that the sample is aspirated and count by the detector are two of the 
important instrument parameters that need to be optimized for the highest accuracy of the data. In this 
work, the dwell time and sample time is optimized for a few different sizes of silver nanoparticles to 
determine most accurate mean size. This optimization helped to detect silver nanoparticles in several 
wastewater specimens collected from a few treatment plants across Canada. Other part of this work is 
coupling FFF and ICP-MS in order to improve the mean size of Ag NPs in the environmental samples 
containing more than one type and size of NPs. FFF is a far better method to effectively separate the 
different sizes of the NPs and determines a better estimation of concentration of Ag NPs from each size 



fraction. It is a hydrodynamic fractionation technique used to separate macromolecules and colloids 
according to their size. It is carried out using flat separation channel of varying sizes where colloidal 
separation occurs under the effect of an applied flow field perpendicular to the main parabolic flow of 
the mobile phase/carrier fluid. In this work, FFF has been used to separate up to four various size of 
silver nanoparticle (20, 30, 80 and 100 nm). Understanding the fate and transformation of ENPs after 
their release into the environment will help contribute towards environmental risk assessment studies. 
 
4) Nanoscale zerovalent iron nanoparticles for groundwater remediation 
 Sourjya Bhattacharjee, Mariana Umpierrez, Subhasis Ghoshal 
 
Nanomaterials exhibit remarkably different properties than bulk materials due to their small size and 
high surface area to volume ratio. The areas of environmental remediation and water treatment and 
have significant current use and significant growth potential for use of nanomaterials. In particular the 
use of nanoscale zerovalent iron (NZVI) has proven to be an effect remediation agent for soil and 
groundwater contamination compared to other existing alternatives. However, there are still critical 
needs for research into improving the performance of NZVI, such as addressing the passivation of NZVI 
over time during formation of iron oxide layers, undesired loss of electrons from NZVI to oxidation of 
water, and aggregation of NZVI which leads to poor colloidal stability and transport in porous media. In 
our research, we have adopted several novel surface functionalization techniques to overcome these 
challenges, and to improve the overall applicability of NZVI for remediation applications.  
Here we present techniques for the modification of NZVI surface with secondary metals (e.g. palladium), 
inorganic ions (e.g. sulfide), polyelectrolytes and surfactants (e.g. carboxymethylcellulose and 
rhamnolipid), and solid supports (e.g. activated carbon) to enhance reactivity of NZVI for the 
degradation of trichloroethene (TCE) as well as arsenic species (As (V) and As (III)). 
 
5) Mechanochemistry as a Tool for Reaction Discovery: New Copper Catalyzed Mechanochemical C-N 

Coupling Reactions 
 Davin Tan, Tomislav Friščić 

We recently demonstrated a simple, solvent-free mechanochemical approach for the synthesis of 
diverse sulfonyl-urea compounds, a successful class of drugs for combating Type II diabetes, by copper-
catalyzed coupling of poorly nucleophilic sulfonamides and isocyanates.[1] This green and simple 
protocol enabled the first mechanochemical synthesis of pharmaceutical ingredients, specifically first 
generation drugs Tolbutamide® and Chlorpropamide®. These mechanochemical reactions offer 
significant advantages over conventional solution-based syntheses by eliminating the need for bulk 
solvent and reducing the number of synthetic steps. A second generation drug, Glibenclamide®, was also 
obtained via a two-step mechanochemical process. Further exploration of this mechanochemical 
methodology revealed the first direct coupling of arylsulfonamides with carbodiimides, affording the 
one-step, solvent-free synthesis of arylsulfonyl-guanidines.[2] Attempts to reproduce this novel coupling 
in solution have so far failed. Whereas these results demonstrate mechanosynthesis as a means to 
address the demands of pharmaceutical industries for cleaner and more efficient synthetic 
procedures,[3] they also demonstrate mechanochemistry as a powerful tool for discovery of reactions 
that are difficult or perhaps even impossible to achieve in solution.[4]. In that context, this presentation 
will highlight the most recent discovery of a mechanochemical C-N bond insertion and subsequent 
expansion of the saccharin ring into a benzothiadiazepine system, as well as mechanochemical Cu-
catalyzed C-N of terminal and cyclic amides. 
 
6) A Palladium Catalyzed C-H Carbonylative Functionalization of Benign Arenes 
 R. Garrison Kinney, Bruce A. Arndtsen 
 
The ability to functionalize inert hydrocarbons represents one of the most potentially useful 
transformations in synthetic organic chemistry.  Transition metal catalysis has proved quite fruitful in 



this area with the ability to activate C-H bonds and directly install useful functionality.  These reactions 
usually proceed through a carboxylate assisted CMD pathway, which normally requires directing groups, 
an intramolecular reaction, or very specific substrates with weaker C-H bonds. An alternative approach 
to this widely used strategy, would be to use transition metal catalysis to make highly reactive organic 
fragments that could be used to functionalize a C-H bond.  In this regard, carbonylation chemistry, and 
in particular palladium catalyzed carbonylation chemistry, has seen growing use in the construction of 
esters, amides, ketones and other products and could thus be useful for the synthesis of potent 
carbonylated electrophiles.  We have recently exemplified this approach by using palladium catalysis to 
functionalize electron rich heteroaromatics through the generation of a putative aroyl iodide 
intermediate.  In this work, an efficient method for the carbonylative functionalization of unactived 
arenes (benzene and benzene derivatives) has been developed. This reaction is thought to proceed 
through an unusual, highly electrophilic aroylating intermediate. 
 
6) Synthesis and Reactions of Mesoionic Imidazolium Heterocycles 
 H. Erguven, Bruce A. Arndtsen 
 
Munchnone-like dipoles are known for their cycloaddition reactivitiy towards dipolarophiles. Nitrogen-
containing substituted heterocycles can be synthesized by utilizing this method. In this work, a new type 
of dipole and its reactivity towards dipolarophiles is investigated. Mesoionic imidazolium heterocycles 
can be obtained by reacting an imine with 2,6-pyridinedicarbonyl dichloride in the presence of a base. 
As the other 1,3-dipoles, these dipoles can react with dipolarophiles such as alkynes. This approach 
opens a new way to synthesize substituted indolizines. A number of different 1,3-dipoles and 
cycloadducts have been prepared and characterized.  
 
7) A simple set-up for in situ monitoring of vapour-induced reactions of pharmaceutical organic solids 

using a benchtop powder X-ray diffractometer 
 Igor Huskić, Jan-Constantin Christopherson, Krunoslav Užarević, Tomislav Friščić 
 

Cocrystals of active pharmaceutical ingredients (APIs) and their polymorphs are being intensely 
investigated for their role as advanced forms for drug delivery, in particular for their potential to 
improve the solubility, solid-state stability and bioavailability of drugs, and bring in new intellectual 
property. It is, therefore, not surprising that the discovery and development of new methods to screen 
for and synthesize cocrystal and polymorphs is a highly active area of pharmaceutical R&D. In that 
context, solvent-free or solvent-reduced techniques, such as liquid-assisted grinding mechanochemistry 
and solvent-mediated phase transformations of solids have garnered interest.1,2 However, perhaps the 
simples and cleanest way to achieve transformations of molecular solids is through vapour-assisted 
transformations, known as vapour digestion or accelerated aging.3,4 
We now describe a simple setup for in situ continuous monitoring of vapour-induced transformations of 
organic solids using a benchtop X-ray powder diffractometer. As opposed to other commercially 
available, often quite expensive set-ups that usually only allow for water vapour atmosphere, this set-up 
provides a simple and inexpensive method to directly monitor the structural changes during accelerated 
aging reactions. Proof-of-principle application of this set-up to model pharmaceutical cocrystals reveals 
complex reactivity, transformations of reaction intermediates within minutes and novel, previously 
unreported phases. 
 
9) Dissolution kinetics of Silver Nanoparticles in Municipal Wastewater by Single Particle ICP-MS 
 Mehrnoosh Azodi, Subhasis Ghoshal  
 

The increasing concerns about the release of Ag nanoparticles (NPs) from various products to the 
environment, including the wastewater collection system necessitates a better understanding of 
dissolution of Ag NPs in wastewater and complex environmental aqueous samples. Moreover, the fate 
of Ag+ in such a complex matrix after release from the surface of Ag NPs is poorly understood. The 



dissolution of Ag NPs and resulting release of free Ag ions contribute to Ag toxicity and bioavailability to 
aquatic organisms. In this study, dissolution of 80 nm Ag NPs with two common coatings (citrate and 
PVP) in the municipal WW samples collected from a municipal WW treatment plant near Montreal, QC, 
were studied. Single particle inductively coupled plasma mass spectrometry (SP ICP-MS) was used to 
determine the mean size and particle size distributions of the ENPs and the dissolved silver 
concentrations in order to decide on the extent of dissolution of Ag NPs. The Ag NPs dissolved to a 
considerably lower extent in WW as compared to DI water. The dissolution rate was one order of 
magnitude smaller in WW effluent than in DI water. The impact of particle concentration on the 
dissolution was studied. The Ag NPs lost substantially more mass per particle at lower particle 
concentration of 10 ppb (5×106 particles/mL) than at 1000 ppb (5×108 particles/mL) ppb. It resulted in 
much smaller Ag NPs at the lower concentration (43.5±0.5 nm) compared to that at the higher 
concentration (63.1±0.74 nm) in WW effluent after contact over 168 h. The increase in particle 
concentration reduced the dissolution rate of Ag NPs in DI water by 37% and in WW effluent by 42%. 
Small secondary Ag NPs were detected by TEM analysis which was formed from the dissolved Ag+ at 168 
h after exposure to WW effluent. SP ICP-MS allowed simultaneous tracking of the mean size of Ag NPs 
and dissolved Ag concentration changes with time in order to facilitate characterization of the impact of 
the dissolution process on particle size as well as Ag speciation between dissolved (complexed) phases 
and nanoparticulate phases.  
 
10) Exploring Ligand Effects in the Copper-Catalyzed Aerobic ortho-Oxygenation of Phenols 
 Ohhyeon Kwon, Laura Andrea Rodríguez Solano, Kenneth Virgel N. Esguerra, Xavier Ottenwaelder, 

Jean-Philip Lumb 

There is significant literature precedent on the stoichiometric activation of molecular oxygen with 
biomimetic copper-amine complexes. These studies have provided important insights into the 
coordination chemistry and reactivity of Cu and O2, but few have examined oxygen atom transfer (OAT) 
from the Cu/O2 core to an organic substrate under catalytic conditions. Recent work from the Lumb 
group has demonstrated efficient catalysis in the aerobic ortho-oxygenation of phenols utilizing Cu(I) 
and N,N′-di-tert-butylethylenediamine (DBED).1,2 Mechanistic studies in collaboration with 
Ottenwaelder’s group, support an inner-sphere mechanism for OAT under the conditions of catlaysis,3 
providing an important framework for future reaction design. The current work examines ligand effects 
on the efficiency of OAT, and provides the first correlation between the structure of LnCum-O2 
complexes, which are generally determined at low-temperatures under stoichiometirc conditions, to 
catalytic efficiency at room temperature. These studies set the stage for our ultimate goal of developing 
ligand-directed C-H oxygenation reactions where O2 is employed as the atom transfer agent. 
 
11) An Electrophilic Approach to the Palladium-Catalyzed Carbonylative C-H Functionalization of 

Heterocycles 
Jevgenijs Tjutrins, Bruce A. Arndtsen 

 
The palladium catalyzed C-H functionalization of arenes and heteroarenes has become an important 
approach in synthetic chemistry for the synthesis of wide range of bulding blocks, pharmaceutical 
scaffolds, and polymers. In contrast to classical cross coupling methodologies, the direct 
functionalization of C-H bonds does not require stoichiometric organometallic reagents and/or pre-
activated compounds, which potentially could lead to greater efficiency, atom economy, and minimizes 
the generation of byproducts. While many transition metal catalyzed C-H arylation, alkylation, 
alkynylation, alkenylation reactions of arenes and heteroarenes have been developed, transition metal 
catalyzed carbonylative C-H functionalizations have not been extensively studied, presumably due to the 
inhibitory effect of CO on C-H activation. Herein a novel palladium catalyzed approach to intermolecular 
carbonylative C-H functionalization will be described. This transformation is mediated by PtBu3-
coordinated palladium catalyst, and allows the derivatization of a diverse range of heterocycles, such as 
pyrroles, indoles, imidazoles, benzoxazoles and furans.  Preliminary studies suggest that this reaction 



proceeds via the catalytic formation of highly electrophilic acid iodide intermediates.  Overall, this 
provides a novel atom economical route to generate aryl-(hetero)aryl ketones using bench stable 
reagents. 

 
12) Study of Rh(I) and Ru(II) phosphaamidine complexes and their catalytic activities 
 Ramjee Kandel, Keith Huynh, Philip G. Jessop 
 
1,3-Phosphaamidines (iminophosphane) are related to amidines but with the nitrogen (Namine) replaced 
by a P atom. Although amidines A are well studied and their applications explored, phosphaamidines B 
are not well studied and their stability and coordination chemistry are not well understood. Having two 
different donor atoms in phosphaamidines, these ligands could act as hemilabile ligands and their 
hemilability and basicity could be useful for catalysis.  
  
We have prepared series of neutral phosphaamidine ligands and their metal complexes. At first, we 
studied the coordination behavior of phosphaamidines with Cu(I) and compared their coordination 
modes with amidine copper complexes. Thereafter, we have explored the coordination of 
phosphaamidines with Rh(I) and Ru(II) and their stabilities and catalytic activities. We will also present 
CO2 hydrogenation using phosphaamidine metal complexes as catalyst precursors. 
 
13) Hydrogenation of CO2 in the Presence of Amines using Non-precious Metal Complexes 
 Mohammad A. Affan, Philip G. Jessop 
 
Catalytic hydrogenation of CO2 is an efficient and selective way to form value-added fine chemicals such 
as formic acid derivatives, but most of the highly active catalysts have required precious metals. In this 
regard, we are interested in the hydrogenation of CO2 to formic acid derivatives by non-precious metals 
such as nickel. Nickel complexes have been extensively studied for oxidative addition and cross-coupling 
reactions but less explored for the hydrogenation of CO2 to formic acid derivatives. Herein, we describe 
the syntheses of Ni(II) complexes such as [Ni(dmpe)2X]X; [Ni(dmpe)X2]; 
[Ni(Me2(O)P(CH2)2P(O)Me2)(acac)2]n;  
and [Ni(PNN)X]X (X= Cl-, acac-, dmpe = 1,2-bis(dimethylphosphino)ethane); PNN = C19H35N2P. The 
synthesized Ni(II) complexes were also studied as homogeneous catalysts for the hydrogenation of CO2 
to formic acid derivatives using morpholine and dimethylamine as bases in DMSO. With the appropriate 
selection of catalyst and reaction conditions, >90-96% conversion of amine was achieved to the 
formamide. In this study, the effect of the changing the metal to amine ratio has been investigated.  
 
 
 
 
 
 
 

 
 


