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RESEARCH PROGRAM DETAILS

In this collaborative research program funded Ihe tNational Science Foundation under grant
number OIAL539035, the expertise of more than six research groups has been combined to address
critical, multidisciplinary challenges in the WatEnergyrFood Nexus: the production of hydrogen,

the reduction ofcarbon dioxide to useable fuel, and the reduction of nitrogen to synthetic fertilizer.
Currently, nearly all hydrogen is synthesized from-remmewable carbon sources and carbon dioxide

is treated as an abundant waste. Additionally, the HaBesch proces®r using this hydrogen to
reduce nitrogen is energy intensive, which demands further fossil fuel consumption. This program
has a longange approach (1) to establish technologies to extract hydrogen efficiently and
economically from water using sunligli) to establish technologies that use electron/proton pairs

to directly reduce carbon dioxide to usable fuels at voltages obtainable by DSC devices; (3) to
establish technologies that will fix nitrogen at lower temperatures and pressures, and ulti@tely

to link these technologies with higioltage solar cells to use electron/proton pairs derived from
catalytic water splitting to directly produce molecular hydrogen fuel, reduce carbon dioxide to
produce fuels and nitrogen in one cell to produce ammemig&ey component of synthetic fertilizer.

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

The reduction of carbon dioxide and molecular nitrogen with hydrogen are critical processes to fuel
and food production. Dramatic improvements in PEC hydrgmeducing cell efficiencies with
viable, nontoxic materials, a well as the lowpressure, lowtemperature reduction of molecular
nitrogen are desirable for practical, sustainable fertilizer synthesis. The importance of efforts
improving the route to synthetic fertilizer should not be understated. As such, a keytaspec
sustainable funding is public awareness and involvement of the community through outreach. The
critical goal of heightening public awareness through science cafes and public service
announcements directed at the-}K2, community college, and universiigvels as well as at the
general public is also a key priority.

The goal of this conference is to bring together in one location all of the faculty, students]land
other participants of this program taeport achievements, develop new relationshipsdan
collaborations, and make plans for the upcoming year.
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MEETING PROGRAM

Program at a Glance:

Monday July 25

9:40 am - 10:00 am : Pick up Name Tags and Programs z Lobby Outside Coulter 211

10:00 am - 12:20 pm : Graduate Student, Post-Doc, Senior Personnel Presentations

12:20 pm - 2:00 pm : Lunch in Collaborative Cluster Groups

Group 1: Coulter 204  Group 2: Coulter 422  Group 3: Coulter 211  Group 4: Coulter 201
2:00 pm -5:20 pm : Graduate Student, Post-Doc, Senior Personnel Presentations

5:20 pm - 6:00 pm : Break

6:00 pm - 7:30 pm : Catered Picnic in the Grove (Rain Location: EFYerby Conference Center)
7:30 pm - 8:30 pm : Poster Competition (Profs. Steven Davis and Jason Ritchie judging)
8:30 pm - 11:00 pm : Collaboration and Networking

Tuesday July 26
8:00 am - 10:00 am : Senior Personnel Meeting z Coulter 288
8:00 am - 10:00 am : Breakfast on Your Own

10:00 am - 12:00 pm : Graduate Student, Post-Doc, Senior Personnel Presentations
12:00 pm - 2:00 pm : Lunch in Collaborative Cluster Groups

Group 1: Coulter 422 Group 2: Coulter 204 Group 3: Coulter 201  Group 4: Coulter 211
2:00 pm -5:00 pm : Graduate Student, Post-Doc, Senior Personnel Presentations

Collaborative Cluster Groups:

Group 2
Sopheavy Siek
Guangchao Liang

Group 3
Rebecca Adams

Patricia Fontenot

Robert Lamb

Nelly Kaneza
Kristina Martinez

Chance Boudreaux

Min Zhang
Yanxiao Ma
Dalton Burks

Aditya Kulkarni

Adithya Peddapuram
Joseph Lee
Gopalakrishna Akurathi

Green = Teacher Red =R@gic Yellow = Graduate Student Blue = Undergraduate Student

Tyra Douglas
Steven Guertin

Lyndi Strange

Phillip Brogdon

Yanbing Zhang
Alexandra Baumann
Weiwei Yang

April Steen
Roberta Rodrigues

Lizhu Chen

Nalaka Liyanage
Jacqueline Gayton
Shane Autry

3



Feeding and Powering the World 2016: Building the Network

Detailed Meeting Agenda:

Monday July 25

Coulter 211

10:00 am - 12:20 pm : Graduate Student, Post-Doc, Senior Personnel Presentations
10:.00am . AOEAT (AiTAO AT AOAT T7ATATT A AT A O4EA
10:20am OEEI I ED " O CAT I O 0 A YAOH Ei | AGEEAbridgeBAEA TAl rac h

10:40 am

11:00 am

11:20 am

11:40 am

12:00 pm

2AAAAAA ' AAT O 03 b A A O O CaariylPEeAanthroliidA OOE C A
Osmium (IlI) Hydride and Chloride Complexes Following One -Electron
2AAOAOQETT ET OEA O0OAOGATAA T &£ 001 01T s$i11
EricvanDI O1 OEOI A O50EI EUET ¢ Al i POOAOGEIT T AI
for the prediction of meridional ligand donor ability in square planar

Al i pl AgAOo

Nelly Kaneza (Bimultaneous Electrocatalytic Reduction of CO 2 and
Photoelectrochemical Water Splitting: Routes Toward Efficient and

Selective Electrocatalysts 6

$A1 0117 "OOEO O#AOAIT 1 S$EI QGEAA 2AAQOAOQEIT
Using Pyridinoland N -( AOAOT AUAT EA #AOAAT A . (#QqQ $A
Roberta R. Rodrigues Wide Band-Gap Dyes For High Voltage Dye

Sensitized Solar Cellsé

12:20 - 2:00 pm Lunch in Collaborative Cluster Groups

2:00 pm - 5:00 pm : Graduate Student, Post-Doc, Senior Personnel Presentations

2:00 pm
2:20 pm

2:40 pm

2:55 pm

3:10 pm
3:20 pm

3:40 pm

4:00 pm

Keith (T 1 1B AEAT AA 311 OET C 81 AEAOUBO 3006C
Hammad Cheema (Harnessing photovoltage: Approaching the

theoretical limit by surface modification of porous TiO > with Ru (II)

sensitizer for DSCsd

Patricia Fontenot O 3 U 1 si8,FEBaracterization, and Photo -Electrocatalytic

Activity of Homogeneous Molybdenum Sulfide Complexes Serving as

Hydrogen Evolution Catalysts 6

James CopeO3 UT OEAOGEO AT A AEANHEAWDPodeE OACET T 1 A&
complexes containing group 10 metalsd
Break

Aditya Kulkarni  @Photochemical hydrogen generation using Pt(Il) bis -
pyridyl benzene complexes that serve as chromophore and catalyst 6
Elizabeth Papish (Transition Metal Catalyzed Carbon Dioxide Reduction
and the Power of Ligand Design 6

Lizhu Chen Gnnovative Iron Catalysts for Water Oxidation &
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4:20 pm
4:40 pm

5:00 pm

Vivek Dixit CBubstitution effects on the emission spectra of Platinum CCC -
NHCPincer Complexes 6

Nalaka P. Liyanage (Electrocatalytic and Photocatalytic Reduction of CO »
to CO with Re-Pyridyl -NHC®

Jonah JurssWater Oxidation: The Bottleneck to Solar Fuels 6

5:20 pm - 6:00 pm : Break
6:00 pm - 7:30 pm : Catered Picnic in the Grove

7:30 pm - 8:30 pm : Poster Competition (Hang up by 7:15)

8:30 pm - 11:00 pm : Collaboration and Networking on Your Own

Tuesday July 26

8:00 am - 10:00 am : Senior Personnel Meeting in Coulter 288

8:00 am - 10:00 am : Breakfast on Your Own

10:00 am - 12:20 pm : Graduate Student, Post-Doc, Senior Personnel Presentations
*AOAA $AI AAI P 051 AoPpAAOGAA | pPI EAAAOGEIT O

10:00 am
10:20 am
10:40 am
11:00 am
11:20 am

11:40 am

12:00 pm
12:20 pm

sz - oA s -

, T OEO - A. Al A OASqyaindibadedENIRFEEMis<ve Materials:
#EAOAAOAOEUAOQGEITT AT A ' bl EAAQEIT 06
| AEOEUA OAAAADPOOAI O(ECEI U %AAEAEAT O

z - A =z -

- s A s~

RoberO , AT A O- AAEAT EOOEA 300AU I-NHC( %2
#1 1 Dl Agod

*AOT T ! anvestlydtibnlintodhe Synthetic Methodologies of CCC -
NHC Based Rh Pincer Complexes for Nitrogen Fixation &

Yanxiao Ma (Au Nanoparticle Modified Indium Tin Oxide Ultramicro -
electrode for Single Particle Spectroelectrochemistry and Ultrasensitive
Electrochemistry Sensing 0

Edwin Webster (Challenges in Computational Transition Metal Chemistry 6

Lunch in Collaborative Cluster Groups

2:00 pm - 5:00 pm : Graduate Student, Post-Doc, Senior Personnel Presentations

2:00 pm

3 EAT | E BoladEnérgy Garvesting Using Nanostructured
Semiconductor and Plasmonic Antenna Systems for Water Splitting and
CQ Reduction 6

O

# AO,
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2:20 pm Barry C. Pemberton (Proton Coupled Electron Transfer and
OET OT T @EAAQETT 1T &£ 011 UPUOEAUI 200EAT EOI
and Photophysical Measur ements in Water 6

2:40 pm  Sopheavy Siek Formic Acid Dehydrogenation Catalyzed by Ir Complexes
Bearing NHC-Pyridinol Chelates

3:00 pm Min Zhang (Predicting Metal Complex Reactivity for Energy Applications:
Donicity of Meridional Tridentate Ligands: 195Pt NMR of CCENHC Pt
Pincer Square Planar Complexes 6

3:15 pm Alexandra R. Baumann (Bynthetic Pathways to the Hagfeldt Donor: A
Critical DSC Building Block 6

3:30 pm Break

3:40 pm Russ Schmehl @Photochemical Water Splitting Under Non -Sacrificial
Conditions: It's All About Competitive Kinetics 6

4:00 pm Jue WangQA Facile Electrochemical Reduction Method for Improving
OEI O AAOAT UOEA -Féd® FEotanhold fér olar \Water
Splitting 6

4:20 pm Yanbing Zhang Mesign and Characterization of Near -Infrared Dyes for
Living System Fluorescence Imaging 6

4:40 pm Jacqueline Gayton (Perylene -Based Dyes for High Voltage Dye-
Sensitized Solar Cellsd

5:00 pm Farewell
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SENIOR PERSONNEL ABSTRACTS

Senior Faculty at the 2015 SouthEastern Regi onal Meeting of the American Chemical
Society (SERMACS 2015) in Memphis, Tennessee in November, 2015.
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Dr. Jared Delcamp
University of Mississippi
Senior Personnel

Qunexpected Applications and New Directions for Dy&ensitized Solar Celfs

Solar cells are well known for their rooftop applications where cost, efficiency and lifetime
are critical factors. However, a vast array of other applications have begun to emerge
including exciting applications like invisible solar cells, solar cell tarp, and solar powered
flight where efficiency is not necessarily the highest priority. Some of these exciting new uses
will be discussed along with the requirements for each to work optimally. New and exciting
future directions for dye-sensitized solar celé will also be put forward including their role in
applications such as tandem solar cell devices, construct of devices with double active layers
and emerging alternatives to some of the classic DSC components.
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Dr. Nathan Hammer
University of Mississippi
Senior Personnel

('he Age of Nanomaterialg

We live in a truly amazing time where the development of new materialg most designed
from the atom up z have made our lives easier and more productive than everWe will
briefly explore examples in our everyday lives where newkgeveloped materials have
transformed how we live our lives fromthe effects ofPokémon Gaoand drones to driverless
cars and flat panel televisions.
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Dr. Keith Hollis
Mississippi State University
Senior Personnel

"Saz3 AEAT AA 311 OET ¢ 31 AEAOUSO 3000GCI AO
Addressing challenges, worldwide personal health concernsz famine, food supply, cancer,
infectious and degenerative diseaseg war, climate change and sustainability, is dependent
on a technobgically-advanced society (read, energyriven society). While there is much
debate about how long fossil fuel supplies will last, there is no question that they are finite.
Therefore, a stable, cheap supply of energy for future generations is the fifgterequisite for
continued progress. War in the Middle East will be ended by scientists, not presidents,
diplomats, generals, or soldiers. When science bridges the technological gaps to provide
cheap readily available sources of energy, we will no longée held hostage to the regional,
strategic energy sources that currently shape the politic@ocio-economic landscape of
nation-state interactions. We must start today to build the scientific advances that will be
needed hundreds of years into the futured maintain the human race.

10
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Dr. Shanlin Pan
University of Alabama
Senior Personnel

"Solar Energy Harvesting Using Nanostructured Semiconductor and Plasmonic Antenna
Systems for Water Splitting and C£Reduction’

Solar energy can be harvested and converted into charge carriers in organic and inorganic
semiconductor materials to produce chemical fuels through photoelectrochemical (PEC)
OAAAOQET T 08 3ET AA &OEEOEEI A AT A (11 AASpltingEE 00O
Al O EUAOT cAT &EOA1T OOET C 4E/ ¢ DET O1T Al AAOOT AAn
and is still presently being intensely investigated. Our efforts in this area include: 1)
developing low-cost nanostructured semiconductor and plasmonicsnaterials for enhanced

light energy absorption and conversion; 2) understanding local redox reactions using
combined optical and electrochemical methods; and 3) developing tandem
photoelectrochemical structures for efficient light absorption and charge gearation needed

for solar water splitting and CO2 reduction.

11



Feeding and Powering the World 2016: Building the Network

Dr. Russ Schmehl
Tulane University
Senior Personnel

"PhotochemicalWater Splitting Under Non-Sacrificial Conditions: It's All About Competitive
Kinetics"

Using light induced electron transfer reactions to drive net chemical reactions involves three
key steps : light absorption, generation of separated charges and product formation. Between
the second and the third step is where the competition occurs. Chageparation refers to
production of strongly oxidizing and strongly reducing reagents. Ideally these will go on and
form products from oxidation and reduction reactions ( oxygen and hydrogen from water).
However, the initially formed reactants can also sinply react with one another, wasting the
energy of the absorbed light. The key to making solar energy conversion to produce fuels
work effectively is to control the rates of reactions in such a way as to optimize product
formation. Approaches to doing ths will be discussed.

12
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Dr. Charles Edwin Webster
Mississippi State University
Senior Personnel

"Challenges in Computational Transition Metal Chemistly

Computational chemistry has become an important part of our arsenal to tackle chemical
problems. Transition-metal derived organometallic complexes are utilized in a variety of
catdyzed chemical transformations. The difficulties and challenges in applying

computational chemistry approaches to these systems will be discussed.

13
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Dr. Jonah Jurss
Univer sity of Mississippi
Seed Grant Recipient, Year 1

"Water Oxidation: The Bottleneck to Solar Fu€ls

The global energy supply is found in chemical bonds. This is unlikely to change in the
foreseeable future. Indeed, artificial photosynthesis aims to keep that way. The common
denominator of all sustainable solar fuels is water oxidation where its decomposition to-ds
responsible for supplying the protons and electrons needed in reductive half reactions that
convert and store solar energy in the form of leemical bonds. Belying the structural
simplicity of its starting material and product, water oxidation is a complex reaction
involving concomitant transfer of four electrons and four protons, along with oxygeixygen
bond formation. Inexpensive and efficiat catalysts are needed to open up this bottleneck to
solar fuels.

14
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Dr. Elizabeth Papish
University of Alabama
Seed Grant Recipient, Year 1

"Transition Metal Catalyzed Carbon Dioxide Reduction and the Power of Ligand Design"

Carbon dioxide reductionto form carbon monoxide (CO) can lead to a source of solar fuels
because CO can be used to make alkanes via Fisher Tropsch chemis@arbon dioxide
reduction typically requires a catalyst, electrons, and protons. Chemists are interested in
controlling the selectivity of this reaction including the ratio of CO to Hto formic acid and
other carbon containing products. The metal catalyst can also help determine this ratio. We
are excited to discuss new ligands that are protic and can have their propertieeanged with
pH. We anticipate that protic ligands can enable selectivity to change with pH. We anticipate
that we will favor CO formation at low pH (with an electron poor protonated ligand) and H
formation at high pH (with an electron rich deprotonated Igand). The ability to use pH to
control product ratio is to our knowledge unprecedented, and can be applied towards
controlling the ratio of H2 to CO in syngas with different ratios favoring different final alkane
products.

15



Feeding and Powering the World 2016: Building the Network

STUDENT ABSTRACTS
ORAL PRESENTATIONS
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Spectroscopic Investigation of Carbonyl Phenanthroline
Osmium (I1) Hydride and Chloride Complexes Following
One-Electron Reduction i n the Presence of Proton Donors

Rebecca Adams, Tod Grusenmeyer, and Russell H. Schmehl

Department of Chemistry, Tulane University, New Orleans, LA 70118

The properties of two emissive, redoxactive chromophores [Os(phen)(CO)CIt and
[Os(phen)(CO)HJ (where phen = 1,10-phenanthroline) were studied by visible and
infrared spectroscopic methods. In acetonitrile solutions, the hydride containing complex is
known to be reactive in the presence of strong acids; after equilibration with excess HBF:
and [Os(phen)(CO)(CHCN)P+ have been observed. Equilibration of the hydride complex
with weak acids (pKa > 17 in CECN) in large excess yields no products, indicating the low
reactivity of the ground state hydride. Oneelectron reduction is known to increa® the
hydricity of metal hydrides, therefore reaction with mildly acidic proton donors following
reduction was studied. The oneelectron reduced complexes can be obtained through excited
state bimolecular quenching with electron donors; following electrontransfer, the reactive
species generated display unique absorption changes. When the reduced chromophores are
I AOCAET AA OEOI OCE O AdtrAn@athyibenziding dack elebtrorh trabdier &
occurs at a diffusionlimited rate. Introduction of weak organic acids to the
chromophore/quencher solution does not hinder electron transfer from the reductive
guencher to the excited state, however changes in baekectron transfer kinetics have been
observed. Steadystate photolysis of the hydride complex in thepresence of an electron
donor and weak acid shows evidence for formation of a protonated species observed by
infrared absorbance changes.The dynamics of the protonation of the reduced species and
the structure of the protonated Os complex will be discised.

17



Feeding and Powering the World 2016: Building the Network

Synthetic Pathways to the Hagfeldt Donor: A Critical DSC
Building Block

Alexandra R. Baumann and Jared H. Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS38677

Dye-sensitizedsolar cells (DSCs) have thgotential to provide electrical power in the place of
fossil fuels and, when made with organic molecules, have the possibility to be a low cost
alternative to currently available solar technologies due largely to processing advantages.
When making DSC ce| the goal is to have a cell that produces either a high voltage to power
chemical transformations as well as work in tandem device configurations or a high overall
power conversion efficiency for use in electrical production.Currently, the highest effciency
device (>14% PCE) uses organic dye LEG4 which is based on the Hagfeldt donor building
block as a component of the donen A O-&cée@tdr design. The Hagfeldt donor is especially
important due to its steric hinderance, which inhibits aggregation atthe titania
semiconductor surface and extensive three dimensional alkylated arrangement which slows
recombination of electrons in TiQ films with redox shutt les. While the Hagfeldt donor can
be bought, it is expensive (>$1000/gram), leading to a number gfublished routes for its
synthesis. However, this alludes to the fact of a challenging synthesis which we have
confirmed in attempting to reproduce these routes. New routes that provide a reliable
synthesis of the Hagfeldt donor are being explored and atbe focus of this presentation.

18
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Proaromatic Thieno[3,4 -AYOEE | DE AliridgeinO A A
Dye-sensitized Solar Cells

Phillip Brogdon 1 Fabrizio Giordano ,2 George A. Puneky,! Amala Dass,! Shaik
M. Zakeeruddin ,2 Mohammad Khaja Nazeeruddin ,2 Michael Gratzel ,2 Gregory
S. Tschumper,! and Jared H. Delcampt

1Department of Chemistry & Biochemistry, University of Mississippi, Oxford, MS 38677
2Laboratory of Photonics and Interfaces, Swiss Federal Institute of Technology,
1015 Laussane, Switzerland

Four dyesincorporating the proaromatic 3,4-thienothiophene (3,4-TT) building block have
been synthesized and used in dysensitized solar cells (DSCs). Proaromatic units allow for
deeper absorption into the NIR region using lower molecular weight dyes by lowering
excited-state energy levels. The proaromaticity in 3 4I'T is examined through computational
methods involving optimized geometries and nucleus independent chemical shifts (NICS) for
ground- and excited state structures. Strong donor functionalities utilizng triaryl- and
diarylamine structures were implemented to raise both ground and excitedstate potentials,
avoid a necessary lowering of the Ti@conduction band (CB), and maintain efficient dydiO»
electron injection. TiQ surface protection and dye aggegation and solubility are assessed by
AT I PAOET ¢ Al EUIl AEAET 1 Al C EdGe andirafive bi&id i@l OO 8
of a riphenylamine vs. indoline dona. Dyes exhibiting power conversion efficiencies up to
7.4% are observed.

19
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Dalton B. Burks, Deidra L. Gerlach, Sopheavy Siek, and Elizabeth T. Papish

# 1

Department of Chemistry, University of Alabama, Tuscaloosa, AL 35487

The electrochemical and photochemical reduction of carbon dioxide to carbon monoxide has
been proposed as a method for transforming carbon dioxide into a useful product. Pineer
metal complexes in the literature have catalyzed this reaction. A newidfN-heterocyclic
carbene)pyridinol pincer ligand (L) has been designed and synthesized in our lab. It is
anticipated that pyridinol based ligands can have their catalytic and light absorbance
properties tuned by deprotonation. The pincer ligand L has beecomplexed in a 2 to 1 ligand
to metal ratio with Fe(ll) and Co(lll). Both of these kM complexes exhibit about 1 turnover
number for photocatalytic carbon dioxide reduction, as demonstrated by the Delcamp group.
It is postulated that ligand loss is requied for catalysis because the metal is coordinatively
saturated. Synthesis of metal complexes with a 1 to 1 ratio of ligand to metal complexes is
underway with Fe, Co, and Ni. Our strategy (with Fe and Co) involves both introducing steric
bulk to the ligands and using celigands (e.g. the bulky monodentate NHC, IMes) to limit the
coordination sphere to one pincer. With Ni(ll), the metal naturally prefers a lower
coordination number. These complexes will be tested for electrochemical and photochemical
carbon dioxide reduction.

20
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Harnessing photovoltage: Approaching the
theoretical limit by surface modification of porous TiO >
with Ru (1) sensitizer for DSCs

Hammad Cheema and Jared Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS38677

High photovoltage dyesensitized solar cells (DSCs) offer an exceptional opportunity to
replace hightoxicity lead-based materials to produce hydrogen from water, reduce G@nd
nitrogen. To achieve theoretically possible photovoltage (Voc) in DSCs, competitive
recombination pathways such as electron back transfer and dark current has to be
minimized. By utilizing an approach which combined porous Ti&) MgO thin layer deposibn
and FSAM (fluorinated selfassembled monolayers) for photoanode, we were able to achieve
impressively high Voc of 827 mV by employing iodide/triiodide redox shuttle. Further
improvements in Voc to 882mV (182mV higher compared to previously reported \toof 700
mV) were achieved by optimizing the electrolyte additives. Exceptionally high Voc of 882mV
is only 18mV less than the theoretically achievable Voc with iodide/triiodide based redox
systems and highest achieved so far for NCS containing Ru (ll) siizers. Our anticipation
for future is to reach such theoretical limits for tunable high Voc redox systems such as
cobalt in order to be enabled to use dysensitized semiconducting electrodes for solar fuel
technologies.

21
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Innovative Iron Catalysts for Water Oxidation

Lizhu Chen, Hunter A. Dulaney, Sarah Farmer, Yanbing Zhang, and
Jonah W. Jurss

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Water oxidation, a key reaction in natural and artificial photosynthesisis responsible for
supplying the protons and electrons needed in reductive half reactions that convert solar
energy into chemical fuels. Inexpensive and efficient catalysts are needed for this challenging
multi -electron, multi-proton reaction in order to push artificial photosynthesis forward.
Recently molecular ironoxo complexes have been reported to catalyze water oxidation, but
they suffer from poor stability and high overpotentials. In order to improve the durability
and thermodynamic efficiency of ion-oxo catalysts, we have synthesized new iron
complexes with robust, tetradentate ligands devoid of weak B bonds as well as ligands
with redox-active moieties that may assist in catalysis. Crystal structures have been obtained
by singlecrystal Xray diffraction. UW-Vis spectroscopy with added oxidants and
electrochemical results indicate that oxidation proceeds stepwise from Fe(HPH to high-
valent iron-oxo intermediates. Upon oxidation to irornoxo intermediates, evolved oxygen has
been measured by florescent lifetime measurements and gas chromatography. Catalytic
water oxidation studies are ongoing.

22
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Synthesis and characterisation of CCC-NHC supported
complexes containing group 10 metals

James CopeMin Zhang, T. Keith Hollis, and Charles Edwin Webster

Department of Chemistry, Mississippi State Oxford, MS 39762

The recently reported metallation/transmetallation route for the synthesis of CCis (NHC)
pincer ligand supported transition metal complexes was investigated for the group 10
metals. Pt, Pd, and Ni. Variations of the previously synthesized complex;(2 3-bis(N-
butylimidazol-2-ylidene)phenylene)(chloro)-platinum(ll), and the pallidum(ll) and nickel(ll)
analogue complexes have been synthesise@lterations to the backbone, the alkyl chin, and
the bound halogen were attempted to investigate the differences in solubility, reactivity,
absorption, and fluorescence. Changing from butyl to neohexyl or trimethylsilylmethyl
greatly improved the solubility of the complex. However, the synthesisf the chloride salts
directly was a significant challenge, so an alternate route was developed, first synthesising
the iodide salts and then converting them to the tetraphenylborate or hexafluorophospate
salts to circumvent this issue. Those complexes wich were successfully synthesised were
characterised by!H NMR 13C NMR, mass spectroscopy, absorption, and fluorescence.

23
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Investigation into the Synthetic Methodologies of CCC -
NHC Based Rh Pincer Complexes for Nitrogen Fixation

Jason A. Denny, Sean W. Billy, and T. Keith Hollis

Department of Chemistry, Mississippi State University, Mississippi State, MS 39762

Pincer ligands have been widely used for decades as a class of ligands in the synthesis of new
transition metal complexes. These have found us@&s many organometallic reactions such as
homogeneous catalysis, nitrogen fixation, pharmaceutical agents, and dendrimeric materials
to name a few. The primary focus of the Hollis group has been on CCC based pincer ligands
with two of the C-donors being deived from N-heterocyclic carbenes and the central C
donor an anionic phenyl ring. My work focuses on investigating the synthesis of a series of
CCGRN(II) pincer complexes via direct metalation reactions. In addition to this study, a
complementary seriesof transition metal pincer complexes is synthesized by utilizing the
zirconium metalation/transmetalation methodology pioneered by the Hollis group. A CGC
Rh!"(H)-X complex was targeted as a suitable precursor for reduction reactions to form GCC
Rh-CO. lwever, the target complex could not be obtained. By adjusting synthetic strategies,

a CCeRN(X).CO complex was successfully synthesized and isolated. Preliminary reduction
with Na/Hg amalgam showed no reaction. Alternate reducing conditions will be eWated in
continued pursuit of a CCE&Rh-L complex capable of binding and activating N Once the
targeted CCERN-N2 complex can be obtained, reactions with Hor protons and electrons can

be investigated in the ultimate pursuit of a catalyst for the forration of ammonia (NH).

24
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Substitution effects on the emission spectra of Platinum
CCCGNHC Pincer Complexes

Vivek Dixit, Eric Dornshuld, and Charles Edwin Webster

Department of Chemistry, Mississippi State University, Mississippi State, MS 39762

The electronic structures and photophysical properties of substituted CCEHGPt
complexes are investigated using density functional theory and timdependent density
functional theory, employing the CAMB3LYP functional for geometry optimizations and the
modified LanL2DZ basis set for Pt and -81G(d") for all other atoms. The effects of
substitution of various functional groups are examined and correlated with Hammett
substituent constants. The shifts in the emission spectra are found to obey linear free engrg

OAl AGEI 1 OEEDO xEOE (AI1AOOGO Al 1 AOMO dp of the 8

platinum complexes decreases when going from an electremeutral group (R = H) toward an
electron-donating (R = NMe) or accepting (R = COMe) grouplhe effect ofsubstitution of
ligands with conjugated double and triple bonds on the emission spectra has also been
investigated. It has been found that the spectrurshifts to longer wavelengths as the number
of conjugated double and triple bonds increases. This obsean has been explained on the
basis of the decrease in the HOMOUMO gap as the number of pi orbitals increases upon
substitution. The tunable emission properties of these complexes over the entire visible
spectrum could prove useful for the design of CEDs
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Utilizing computational 1°5Pt NMR chemical shifts for the
prediction of meridional ligand donor ability
in square planar complexes

Eric Van Dornshuld, Min Zhang, Xiaofei Zhang, T. Keith Hollis,
and Charles Edwin Webster

Department of Chemistry, Mississippi State University, Mississippi State, MS 39762

Our group has recently demonstrated experimentally that%Pt NMR chemical shifts are a
useful measure of meridional tridentate ligand electron donor ability in square planar
complexes. In this stuly we report a computational tractable methodological approach for
the prediction of 195Pt NMR chemical shifts by employing select effective core potentials for
the geometry characterization as well as exploring the effects of implicit solvationBoth
PBELPBE and B3LYP are examined with adllectron and ECRcontaining basis sets in the gas
and solvated phases via the polarizable continuum model (PCMLinear fits comparing
computed chemical shifts for structures optimized with allelectron and ECRcontaining basis
sets to experiment are remarkably similar R2=0.97 and 0.96, respectively). However,
characterizing the geometry in the gas phase led to a remarkable improvement over
geometries optimized with PCM i mplicit solvation R=0.96 and 0.90,
respectively). Extending this methodology to square planar complexes currently yields
PBE1PBE and B3LYP chemical shifts with average absolute deviations from experiment of
about 200 ppm and 100 ppm, respectively.
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Synthesis, Characterization, and Photo-Electrocatalytic
Activity of Homogeneous Molybdenum Sulfide Complexes
Serving as Hydrogen Evolution Catalysts

Patricia R. Fontenot, Bing Shan, James P. Donahueand Russell H. Schmehl

Department of Chemistry at Tulane Uni versity, New Orleans, LA 70118

There is considerable interest in the exploration of molybdenum sulfide materials as cheap,
abundant, and stable electrecatalysts for the reduction of protons from water to generate
hydrogen. It is currently believed by the community that the terminalisulfide edges of these
MoS type materials are responsible for the activity observed using heterogeneous
techniques during the investigation of these materials as hydrogen evolution catalysts. In this
work, a series ofhomogeneousmolybdenum sulfide clugers were employed in a phote
electrocatalytic system containing a variety of disulfide moieties: terminal disulfide ligands,
bridging disulfides, and bidentate diethyldithiocarbamate ligands for comparison. The series
studied was the following: [MaSi3](BusN)2, [MosS(dtc)s]l (dtc = diethyldithiocarbamate,
SCNE®), [MosS(dtc)4]0, and [MaSs(dtc)s]PFs. Cyclic voltammetry was used to evaluate the
ability of the catalysts to be compatible with the reductants generated in the homogeneous
photosystem. These atalysts were then tested in the photosystem developed using a
[Ru(bpy)s]2* chromophore, p-dimethylamino-toluene (TMA) as an electron relay to quench
the excited state of the ruthenium, and a sacrificial electron donor, triethylamine (TEA). All of
these cdalysts were proven to be effective for hydrogen evolution, even the ones not
containing disulfide ligands (bridging or terminated). GC analysis was used to quantify the
amount of hydrogen produced. MALDTORMS was used to track the molybdenum
complexes.
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Perylene -Based Dyes for High Voltage
Dye-Sensitized Solar Cells

Jacqueline N. Gayton and Jared H. Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

High voltage solar cell devices play a pivotable in the design of solarto-fuel and solarto-
fertilizer systems. The electrocatalytic reduction of protons, N and C@can be powered with
high voltage devices. Of the three primary solutions process able and often economically
advantaged solar celtechnologies: dyesensitized solar cells (DSCs), perovskites, and organic
photovoltaics; dye-sensitized solar cells (DSCs) are an attractive technology. The theoretical
maximum efficiency has not been reached, the dyes are tunable band gap materials, dral t
difficulty of active layer-acceptor layer separation has been solved through the use of a
hybrid inorganic-organic system. Over the recent years, peryleAgased dyes have received
attention due to their thermal, chemical, and photostablility. Perylendased dyes have high
molar extinction coefficients and offer a highly conjugated wide band gap bridge for use in
high voltage DSC devices. Here, a series of peryldmesed dyes were synthesized. The
energetics of the dyes were analyzed in solution, and deds were prepared using the first
generation dye,JG1 Current dynamics, incident photorto-electron conversion efficiencies
(IPCE), and power conversion efficiencies (PCE) were measured for these devices. The effects
of dye structure on device performancewill be discussed along with the synthetic challenges
associated with accessing the second generation of perylene dyes.
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Simultaneous Electrocatalytic Reduction of CO , and
Photoelectrochemical Water Splitting: Routes Toward
Efficient and Selective Electrocatalysts

Nelly Kaneza,! Xiaoniu Peng,! Nalaka Liyanage,?2 Roberta Rodrigues, 2
Monica Bhula, 2 Jared Delcamp,2 and Shanlin Pan?

1Department of Chemistry, The University of Alabama, Tuscaloosa, AL 35487
2Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS38677

Photoelectrochemical water splitting and reduction of C®into useful products are very
challenging topics and have emerged as very attractive areas of research. In this work,
photocataytic anode material is combined with cathode catalysts made of a series of
selective Cu nanoparticles and a Re (I) pyridyl dNeterocylic carbine complexes to
demonstrate a low cost approach to reduce CGselectively and water oxidation under
sunlight. The catalytic performance, stability and selectivity was analyzed using cyclic
voltammetry (CV), gas chromatography (GC) equipped with a mass spectrometry (MS). A
rotating ring-disk electrode study was also done to provide the kinetics of the catalyzed
reaction. This study will allow insight into improving the performance and selectivity of
advanced electrocatalysts for C®reduction and solar water splitting with optimal light
absorption and conversion as well as efficient surface charge transfer kinetic rate
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Photochemical hydrogen generation using Pt(ll) bis -
pyridyl benzene complexes that se rve as chromophore
and catalyst

Aditya Kulkarni and Russell H. Schmehl

Department of Chemistry, Tulane University, New Orleans, LA 70118

Production of hydrogen fromvisible irradiation of solutions that contain only a chromophore
and an electron donating source is quite rare. Recent examples include
[Rhzo,o(dfpma)s(PPhs)(CO)] (dfpma = MeN(PR)2)i2 al A fr 00#1 j OPUQYWd63d)] OP
terpyridine) 3. The former systemuses a hydrohalic acid (HX) and splits it to produce and
the latter involves photoinduced reduction of water in the presence of a sacrificial electron
donor like EDTA in water at pH 5. Using unique Pt(ll) NCN (bispyridyl benzene) type
complexes prepaed in our labs, hydrogen generation was observed in 9:1 DMF:water in the
presence of triethylamine (TEA). The quantum yield of hydrogen generation was ~2 % after
2 hours of irradiation. The turnover rate was 0.15 minl and hydrogen generation continued
at this rate beyond the initial irradiation period of 2 hours. The complexes are strongly
luminescent in solution, but the emission is efficiently quenched by TEAControl
experiments indicate that both the chromophore and TEA are required for Hproduction.
Addition of Hg does not suppress Hformation, suggesting the absence of colloidal Pt in the
photolysis solution. Transient spectroscopic experiments provide insight into the
mechanistic details of hydrogen formation in these systems.

References
1. A.FHeyduk and D.G. Nocera. Science 293 (2001) 1639.
2. A.J. Esswein, A.S. Veige and D.G. Nocera. J.Am.Chem.Soc. 127 (2005) 16641.

3. R. Okazaki, S. Masaoka and K. Sakai. Dalton Trans. (2009) 6127.
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Electrocatalytic and Photocatalytic Reduction of CO to
CO with Re-Pyridyl -NHGCs

Nalaka P. Liyanage,Hunter A. Dulaney, Aron J. Huckaba,
Jonah W.Jurss,and Jared H. Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS38677

A series of seven electrodeficient substituted Re(l)-pyridyl-N-heterocyclic carbene
(pyNHC) complexes have been synthesized and their electrocatalytic and photocatalytic
reduction of CQ has been evaluated by cyclic voltammetry, controlled potential electrolysis
experiments and using a simulated solaspectrum, U\{Vis spectroscopy. All of the catalysts
were evaluated with cyclic voltammetry under inert atmosphere and under COand
compared with the known benchmark catalyst Re(bpy)(CQBr. Among the sevenRe-NHC
catalysts four with varying pyNHC ligandstructure, Re(pyNHCPhCE)(COxBr demonstrated
the highest catalytic rate (caf ip)? at the first and second reduction event with a value of 4.1
at the second reduction potential (TOF = 0.8%9, while the remaining catalytic (ca/ ip)2 ratios
ranged from 1.5%2. Among the catalysts made by changing the labile ligand substituent,
Re(pyNHGPhCE)(CO)%(MeCN) shows the highest catalytic activity andida/ ip)2 values are 7
(TOF = 1.3 8), and 25 (TOF = 4.8-%), for the first and second reluction waves respectively.
The rate of catalysis was enhanced through the addition of proton sources (PhOH, TFE and
H20; TOF up to 63.3°% (ica ip)2 = 326.4). Controlled potential electrolysis shows Faradaic
efficiencies for CO production and accumulatl charge for the Re(pyNH®hCE)(CO)xBr
catalyst exceed those of the benchmark catalyst in the presence of 2 MOH92%, 13 C at 1
hour versus 61%, 3 C for the benchmark catalyst) under analogous experimental conditions.
A peak FE of 100% was observed dumg electrolys is with Re(pyNHGPhCE)(COXBr. In
photocatalysis Re(pyNHEPhCRE)(COxBr and Re(pyNHEPhCE)(CO): (MeCN) catalysts
shows the same catalytic activity (~32 TON) in the presence of sacrificial electron donor BIH.
With compare to the benchmark atalyst Re(bpy)(COXxBr shows less activity (~14 TON) in
OAI A AT 1T AEOEI T 08 7EAT OEakididlidaAds suén as FEARBdtaftic OA D1 A
activity was found to be decreased dramatically (10 TON).
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Mechanistic Study of HER Catalyzed by a
Novel W-NHC Complex

Robert W. Lamb,! Charles Edwin Webster, 1 Jared H. Delcamp?

1Department of Chemistry, Mississippi State University, Mississippi State, MS 39762
2Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

A hydrogen economy can only be achieved if an efficient means of production is realized.
Various heterogeneous and molecular catalysts have been reported that have activity for the
hydrogen evolution reaction (HER), 2F(aq) + 2 © Q). Experimental studies in the
Delcamp group have shown that a novel tungsten NHC complex can catalyze HER both
electrochemically and photochemically without the use of a photosensitizer. In the current
computational study the proposed mechanisms of both the electrochendat and
photochemical pathways have been investigated. Understanding these results could lead to
improved design of new systems.
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Au Nanoparticle Modified Indium Tin Oxide Ultramicro -
electrode for Single Particle Spectroelectrochemistry and
Ultrasensitive Electrochemistry Sensing

Yanxiao Ma and Shanlin Pan

Department of Chemistry, The University of Alabama, Tuscaloosa, AL 35487

Plasmonic active metal NPs are broadly used in cleaning energy conversion and
electrochemical and optical sensing of moleculaiecognition events. However, it is extremely
challenging to resolve chemical and physical transformation at single NP level using
conventional optical and electrochemical methods for resolving their local structuréunction
relationship. We are developingan optical and electrochemical technique to resolve
electrocatalytic property of single NPs. Combined methods of photolithography and
electrodeposition are used for fabricating Au NP modified indium tin oxide
ultramicroelectrode (ITO UME). Dark field scatring (DFS) microscopy and scanning
electron microscopy (SEM) were used to characterize NPs on the surface of ITO UME. The
electrochemistry voltammetric study shows that Au and Pt NPs are ideal catalytic materials
for hydrazine oxidation reaction. Dark fidd spectroelectrochemical study of hydrazine
oxidation at planer ITO and ITO UME confirmedhe formation of nanobubbles on NPs
surface. The formation of nitrogen bubbles on the surface of Au NPs absorbs the incident
light, which decreases the light intendy collected by the objective.
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Indolizines -Squaraine based NIR Emissive Materials:
Characterization and Applications

Louis McNamara, Tana Rill, Jared Delcamp, Nathan |I. Hammer

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS38677

Emissive organic molecules are a developing class of materials which have begun attracting
attention due to their applications in optics and electronics.However, developing dyes with
the desired properties, large stokes shifts and high fluoresoee quantum vyields, is
complicated by the inherent nature of low energy band gap systems. Here, the photophysical
properties of a newly-developed series of indolizinesquaraine based DonotAcceptor-Donor
(D-A-D) dyes were investigated. The UV/visible absdwance, fluorescence emission and
fluorescent quantum vyields of these dyes were all analyzed in order to investigate the effect
of different substituents on the electronic structure of the system.
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Highly Efficient Green Color Dual Anchored & Dual Donor
Dyes for Dye-Sensitized Solar Cells

Adithya Peddapuram, Hammad Cheema , and Jared Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Dye-sensitized solar cells (DSCs) have attracted substantial research attentiomee their

report in 1991 by O'Regan and Gratzel in part due to relatively low cost of production

offering advantages over silicon based solar cells. The amount of sunlight absorbed by the

dye, along with ground and excitedstate oxidation potentials, plays a crucial role in
achieving high efficiency devices. Organic dye based DSCs have surpassed 14%power
conversation efficiencies (PCEs) with the most common organic dye frame work, dorer
bridge-acceptor, (DA-A)using an electron deficient acceptor (A) ancelectron rich donor

i SQAOEI AET C AITAEO OI CAOEAO xE QAixA densitizerdth ACA
panchromatic light response in a DSC remains a main objective in the realization of even
higher PCEs. Broadening absorption further with EA-A sensitizers has focused on either

addition of exceptionally strong donor/acceptor building blocks which are a fter problematic

o}] EAT AT A O1 ARAO AiI AEAT O AT 1-Bifigh Echronibphofe® A OA
bridge. This allows weaker, common donor and acceptor based dye building blocks access to

lower energy light as these components work together to give an additive effect on dye
energy levels. The new dye structure introdced with dual donors and dual acceptor
(Donor,Donor-A- bridge-Acceptor,Acceptor) DDA-AA, additionally allows both anchors to
efficiently inject electrons to TiQ. Three dyes have been synthesized and characterized and

this presentation will focus on theperformance of these dyes in DSC devices-sensitization

results and surface modification results to minimize aggregation.
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Photophysical Measurements in Water

Barry C. Pemberton and Russell Schmehl

Department of Chemistry Tul ane University, New Orleans, LA 70118

To ascertain the overall mechanism of protofcoupled electron transfer (PCET) and the role

in the photooxidation of heteroleptic polypyridyl ruthenium(ll) complexes, we have studied

the influence of electron donating (ED) and electron withdrawing (EW) functionalized
AEPUOEAUI 1 ECAT AOG8 4EAOA Al i bl AgAO EAOGA coil Ol
media. However, the excith OOAOA D+A380 AAT A AtateAdhsADOA A ¢
techniques in various pH solutions to establish the excited state pKa of the reactive non
innocent ligands such as zamino methylpyridine (AMPy) or 2-amino ethylpyridine (AEPYy)

ligand. The mechanismleading to the photooxidation is a result of the interplay between
electronic contribution between the bipyridyl ligands and the ruthenium center, the pH of

the solution and the pKa of the excited state of the reactive ligand. Upon photoexcitation of

the complex, an electron shuttle takes place from the nemnocent ligand to the metal center

of the MLCT state, either preceded or followed by deprotonation of the neinnocent ligand.
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Wide Band-Gap Dyes For High Voltage
Dye-Sensitized Solar Cells

Roberta R. Rodrigues and Jared H. Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Dye-sensitized solar cells (DSCs) are a clean renewable energy source that with voltage
improvements can be used to power a number of et#rocatalysts for chemical
transformations such as hydrogen production from water splitting, carbon fuels from GO
reduction, and food from N reduction. To power these processes higher output voltages are
desirable for efficient systems. The highest opeaircuit voltage (Voc) know for a single DSC
device is 1.2 V; however, the maximunv,: can theoretically exceed 2 V with the design of
next generation materials. Presently, there is a lack of DSC dyes which can operate near the
theoretical maximum Voc. to dotain dyes that can work with the lower energy potential redox
shuttles required for high voltages DSCs, it is imperative to design wide baigap dyes with
low energy ground-state oxidation potentials. A series of bezothiadiazole and quinoxalene
based wide band-gap dyes have being syntsized for high voltage DSCs. To complement
these dyes, a library of cobalt redox shuttles with theoretical DSC voltage limits of 1241 V
were also synthesizedCobalt redox shuttles, unlike the most commonly used iodide shuttle,
are able to be tuned by the addition of electron density modulating substituents. This
tunability allows the lowering of the redox shuttle oxidation potentials to increase maximum
theoretical Vocvalues.
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Formic Acid Dehydrogenation Catalyzed by Ir Complexes
Bearing NHC-Pyridinol Chelates

Sopheavy Siek,! Dalton D. Burks, 1 Deidra L. Gerlach,! Jamie M.Tesh,!
Courtney R. Thompson, ! Robert M. Vasquez! Nicole S.Chamber,! Douglas B.
Grotjahn, 2 and Elizabeth T. Papish?

1Department of Chemistry, The University of Alabama, Tuscaloosa, AL 35487
2Department of Chemistry & Biochemistry , San Diego State University, San Diego,CA 92182

Formic acid (FA) and formate have gained a lot @ittention as renewable hydrogen storage
materials due to their nonttoxic properties and ease of handling and transportation. The
releasing of hydrogen from FA and formate can be carried out with a suitable catalyst. Our

group has previously designed ligan® | A 8ACEBE UpthQyi 8@ U A E D-dhBpiE tRaE offdr E @ h
hydrogen bonds near the metal center that can be tuned by protonation or deprotonation. In

i ATU AAOAOh OEA AADPOI O1 T -Anbd Have ithd @bllity to Adcilitael A @A O
various hydrogenation reactions (Nieto, Papish,et al. Organometallics2011, 30, 6339).

(T xAOGAORh ET OT -dhlp liahdd ad beQdbilk, egpbciplly with first row metals
(Gerlach, Papishet al. Inorg. Chem2014, 53, 12689). We envisioned binding the pyridinol

ring to an Nheterocyclic carbene (NHC) ring to confer greater s tability to metal complexes

under a wide variety of conditions. Herein we report the synthesis and characterization of-N
heterocyclic carbene pyridinol (NHCpy©R) bidentate ligands and metal complexes thereof

with Ir(lll). These metal complexes were used to catalyze the formic acid dehydrogenation
reaction. Different substituents on the pyridine ring were used to determine the influence on

the catalyst activity and stability. The reactivity compasons between NHGpycRAT A -@h ¢ &
dhbp ligands will also be reported.
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A Facile Electrochemical Reduction Method for Improving
OEI Ol AAOAI UOEA -l MhEbteahold fadxA | A
Solar Water Splitting

Jue WanglJoseph L. Waters?2 Patrick Kung, 2 April E. Steen,2 Louis E.
McNamara,3 Nathan I. Hammer, 3 and Shanlin Panl

1Department of Chemistry, The University of Alabama, Tuscaloosa, AL 35487
2Department of Electrical and Computer Engineering, The University of Alabama,
Tuscaloosa, AL 35487
3Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

A simple roomtemperature electrochemical reduction method has been used for the first

OEI A O OECTIEZEAAT O1I U Ei bOT OA OERRO:pHdioanddd | AAOC
prepared on various substrates (e.g., indium doped tin oxide, ITO, Ti, doped Si, and fluorine

doped tin oxide, FTO) by spin casting of Fe(NR followed by thermal annealing in air. The

PDET OT Al AAOOT AEAI E A AFeOAnNGinAoho@anddd n Gduébls sdluon |

can be enhanced by 25 times through reducing the oxide film under a negative bias to
partially reduce the FeOs; to magnetite FeOs A O  OEefOs/substrate interface and
generating OHA O  GReAxs/elgctrolyte interface. The photoelectrochemical enhancement

is dependent on the reduction time, reduction potential, and the thicknesses of hematite

films. The enhancement is attributed to the improved charge separation at the H&|Fe:Oy

interface upon the light absorption of hemaite layer and the generation of OHduring the

reduction which helps the water oxidation; the higher conductivity FeOs facilitates a more
AEFEAEAT O AEAOCA OOAT ODPI &FéO; ayel Thiskndss filAdd 6D 1T A£OT
nm hematite takes more barge and higher negative potential to obtain optimal
enhancement yet the enhancement is quite limited because of the incomplete reduction of

the resistive oxide film and sluggish charge transport over a longer distance in hematite

layer. Thinner films <60 nm can reach best enhancement because of the short charge
transport distance for hematite layer. Detailed structural characteristics of the reduced
hematite film have been characterized by using high resolution TEM and Raman mapping to
resolve special andspectral heterogeneities of the oxide material.
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Predicting Metal Complex Reactivity for Energy
Applications: Donicity of Meridional Tridentate Ligands:
195Pt NMR of CCENHC Pt Pincer Square Planar Complexes

Min Zhang, Eric Van Dornshuld, Xiaofei Zhang, T. Keith Hollis, and
Charles Edwin Webster

Department of Chemistry, Mississippi State University, Mississippi State, MS39762

Pincer (tridentate-mer) ligands have drawn much interest in recent years due to #ir
entropically enhanced stability and versatility which allows fine tuning of ligand steric
hinderance, electron donating strength, bite angles, and chirality. The tridentate pincers
ligands have found a niche in the production of organometallic catalystapplicable in a
variety of bond forming reactions, such as «C, GN, and olefin metathesis. These useful
properties stem from the inherent donor ability of these pincer scaffolds. While the
advancement of this area of research is paramount, a systemasipproach to measuring the
donicity of these planar complexes could be very useful. Tolman electronic parameter (TEP)
is one of the most facile and effective methods for determining ligand donor ability by
measuring the A GO stretching frequency @ (CO)) of a carbonyl complex by IR. However,
the trans-ligand exerts considerable control over the@ (CO), and the cidigand plays a
negligible role in a meridional tridentate complex. Another method to determine the ligand
donor ability is by direct measurementof NMR chemical shift of a ligated metal center, for
example, 195Pt NMR. All orbital contributions could be effectively analyzed, regardless of
denticity or orbital interactions. 195Pt NMR is much more sensitive than -O stretching
frequency. CCENHC Pt jincer square planar complexes with different backbones and ligands
were synthesized, and their 1Pt NMR shifts were obtained using sodium
hexachloroplatinate(IV) as an external standard ([PtG]2-, O ppm). The result oft9%5Pt NMR
shifts indicates that a omplex with an electron-deficient substituent on backbones or ligands
has a lowfield chemical shift.
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Design and Characterization of Near -Infrared Dyes for
Living System Fluorescence Imaging

Yanbing Zhang, Louis McNamara, Philip Brogdon, Nathan I. Hammer,
and Jared Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Small molecule organic dyes are attracting increasing attention as living system fluorescence
imaging agents with applications in tumor detection and vascular system monitoring due to
their modular structure and tunability into the near-infrared (NIR) region. To be a good
candidate for opticatimaging, NIR dyes should exhibit high molar extinction coefficients,
high quantum vyields, large Stokes shifts, high water solubility, good stability under
physiological conditions and allow for high targetability forcancer detection applications. In
addition, dyes should absorb and emit light within the therapeutic window of 65600 nm
due to the low absorption and autofluorescence of living tissue in this range. Based on these
fundamental requirements, thienopyrazine (TPz) dyes have been designed and
characterized. The absorption is near 600 nm with emission extending 750 nm. High
reorganization energy leads to Stokes shifts up to 190 nm. Interestingly, t he TPz dyes still
maintained 4% quantum yield despite a large t©kes shift. Additionally, thienothiadiazole
(TTD) dyes have been developed embracing the large stokes shift up to 200 nm, which
extend absorption and emission into therapeutic window. Importantly, the TTD dyes still
demonstrate a 1% quantum yield with lage Stokes shifts. Moreover, the stability of the new
dyes is better than Indocyanine green (ICG), which is currently the only NIR dye approved by
the FDA for use in clinical detection.
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A Raman Spectroscopic and Computational Study of the
Electron Withdrawing Effects on Halogen Bonding

Katelyn Allen, Suong Nguyen, John Kelly, Gregory S. Tschumper,
Davita L. Watkins , and Nathan |. Hammer

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Halogen bonding is a unique and relatively newly studied type afoncovalent interaction
that has garnered considerable interest due to its potential applications in materials
development. Halogen bonding is referred to as the noncovalent interaction that can occur
between a halogen atom, X, and an atom with a region efectron density on another
molecule. The purpose of this research is to study the physical properties of newly
developed halogen bond donors using Raman spectroscopy and electronic structure theory.
The goal is to connect the strength of the donor to aicture, with a special emphasis on
assigning the normal modes and determining the €Cbond strength. The most promising
candidates will be used to develop seldissembled materials for use in semtonducting
materials and the organic layer of solar cells.
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Spectroscopic Characterization of the Physical and Photo -
Physical Properties of Newly Developed Platinum Pincer
Complexes

Shane A. Autry,! T. Keith Hollis, 2 Nathan I. Hammer 1

1Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS38655
2Department of Chemistry, Mississippi State University, MS39762

With the increasing urgency for renewable energy sources comes the need for catalysts that
will facilitate the reactions necessary to produce sustainably efficient energy. Here, we
employ various spectroscopic methods in order to characterize the physical and
photophysical properties of newlydesigned platinum pincer complexes designed for
catalysis applications. With the use of Raman spectroscopy we are able to describe the
chemical bonding of the platinum atoms within the molecules. The photophysical
efficiencies of these new complexes are also investigated with the use of UV/visible
absorbance, emission, and quantum yield studies. We also analyze the physical stability of
the platinum pincers via long term exposure to UV/visible light.
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Chance Boudreaux, Jason E. Bara, Elizabeth T. Papish

Department of Chemistry, University of Alabama, Tuscaloosa, AL 35487

Past work performed by the Papish group has produced several metal complexes with two
CNC type pincer complexes upon a single metal atom. In our studies, the C donor has been N
heterocyclic carbene (NHC) ligand and the N donor is {@R)pyridine (py©R with R = Me or

H. Thesenew CNC pincers with hydroxyor methoxy functionalgroups are expected to be
unique in their electron donor properties. CNC pincers that lack steric bulk produce stable
bis(ligand) metal complexes without open coordination sites. While this is undesirabléor
catalysis, it is possible to introduce greater steric bulk through synthesis. A common method
to prevent the formation of undesired bisligand complexes is to increase the steric bulk on
the imidazolium moieties; therefore, inhibiting a second ligandf the equivalent steric bulk
from coordinating to the same metal atom. Efforts are in progress to make CNC ligands with
bulky mesityl groups on the NHC rings. A second method, less descri bed in the literature, is
to polymerize the imidazole (py©R-imidazole precursor before forming the NHC or the metal
complex. We recently polymerized the pincer ligand precursor and we will work on carbene
generation and metal coordination next. These methods can produce homogeneous catalysts
or polymer-catalysts for investigating CQ reduction chemistry.
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Casey A. Carpenter, Phillip Brogdon and Jared H. Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Photosensitizers used in dyesensitized solar cells (DSCs) incorporate three main parts in the
ubiquitous D-A-A design: an electtofOEAE AT T I-005 AQ®h jA gh  -AdorA Al
acceptor (A). A series of three Pp-A dyes will be synthesized featurig the electrondeficient
benzothiadiazole (BTD) as a {bridge directly coupled onto an indolizine donor, with the aim

of near-infrared (NIR) absorption. Indolizine is currently the strongest aromatic donor
available for D-A-A dyes. Due to its strong electn donating ability as a result of proaromatic
characteristics, indolizine greatly reduces dye band gaps relative to common triphenylamine
donors through raising groundstate oxidation potentials and lowering excited-state
oxidation potentials.. Additionaly, indolizine benefits from a highly modular structure with a
low-recombination variant demonstrating power conversion efficiencies (PCE) of up to
8%. The usage of BTD redhifts the absor ption of the dyes (relative to thiophene) by
further reducing exdted-state oxidation potentials allowing photoexcitation using lower
energy wavelengths. Acceptor group selection will be used for the necessary potential energy
difference tuning relative to the TiQ conduction band (CB) and dye excited state. An
adequate overpotential must be maintained for efficient electron injection from the dye to
TiO.. Progress toward a higkefficiency final target dye featuring a lowrecombination
indolizine donor and the acceptor found to give optimal electron transfers will be desibed.
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Tyra Douglas,® Nelly Kaneza,! Jingtuo Zhang,2 Haiying Liu, 2 Rebecca E.
Adams,3 Russell H. Schmehl2 and Shanlin Pan?

1Department of Chemistry, The University of Alabama, Tuscaloosa, AL 35487
2Department of Chemistry, Michigan Technological University, Houghton, MI 49931
3Department of Chemistry, Tulane University, New Orleans, LA 70118

The increase inglobal energy demand has created a need for sustainable energy sources. One
promising source is solar energy through the use of dysensitized solar cells (DSSCs). One dye that
has the potential to be an excellent candidate for use in DSSCs due to its atechromophore-
acceptor system is boron dipyrromethene (BODIPY) dye as shown by our recent study Phys. Chem.
C,2016,120(17), 90689080). We designed DSSCs of BODIPY dyes containing thiophene and/or
triphenylamine (TPA) as redox relays of chromophorbridges and characterized them using
electrochemical and optical spectroscopic methods for their potential applications in DSSCs. DSSCs
made of these BODIPYased dyes exhibit incident photorto-current conversion efficiencies (IPCE)
that correspond to thdr absorption profiles. BODIPY dydearing only TPA provides the highest
power efficiency because of its reversible redox activities, while the dyes bearing thiophene yield a
decrease in overall solar cell efficiency because of the irreversible oxidation né
electropolymerization of thiophene. In this work, various cesensitizers were used as spacer

i T1AAOI AO | A 8-gpslicardieh@idid dcid (AEBA)) larid absorbed to the surface of the
TiO, along with BODIPY dye only TPA to prevent agglomeratiofor better solar cell efficiency. The
photocurrent was measured as a function of voltage to quantify the effect on the conversion
efficiency.
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High Surface Area Composites of OER or HER catalysts on
Ni Foam Framework for High Efficiency Water
Electrolysis

Elizabeth Dyer, Zhichao Shan, and Shanlin Pan

Department of Chemistry, The University of Alab ama, Tuscaloosa, AL35487

The advancing field of renewable energy such as solar energy demands the formation of low
cost and abundant catalysts tcefficiently split water for effective solar energy storage into
chemical bonds. In this study, we report on the synthesis and electrochemical properties of
high surface area catalytic materials for oxygen evolution reaction (OER) and hydrogen
evolution reaction (HER) for complete water splitting. Both the cathode and anode are
prepared on Ni foam due to its high surface area and open 3D network structure. An alloy of
NiMoZn was electrodeposited on Ni foam for HER. Ni foam was coated with NanoCOT, a
highly active material containing carbon, oxygen, and titanium. NanoCOT is synthesized and
deposited on Ni foam from facile carbon thermal modification of F€25 in an atmosphere of
methane, hydrogen, and nitrogen. In addition to NanoCOT, electrodeposition of arpbpus
FeOOH was used to promote the oxygen evolution reaction (OER) on nickel foam in this
study. The enhanced catalytic activities of the asynthesized electrodes are attributed to the
nanostructured and high surface area of Ni foam.
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Analysis of the Ar omatically Stabilized Excited -state of
Thieno[3,4 -b]jthiophene using Raman Spectroscopy

Bailey Flamm, Phillip Brogdon , and Jared H. Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Proaromaticity is a molecular state in which aromaticity can be generated upon
photoexcitation. Proaromatic molecules often have much lower energy excitestates and
therefore require less energy for excitation. Proaromaticity has a direct application inye-
sensitized solar cells (DSCs) as it allows photoexcitation to occur using lower energy
wavelengths leading to a broader absorbance of the solar spectrum from concise, rapidly
synthesized dyes. Extensive computational analysis has shown that aromaticitis
maintained in the excitedstate of the thieno[3,4b]thiophene (3,4-TT) building block.
Although this property of certain molecules has been theoretically shown to occur in the
excited-states of molecules through computational methods, it has yet to begerimentally
shown. Raman spectroscopy can be used to determine the aromaticity of the excisdte of
the molecule by monitoring bond vibration frequency changes from the ground to the
excited-state. Small, minimally fluorescent materials with aromaticsignals only generated
from the proaromatic ring are ideal for use with Raman spectroscopy. A series ofdA (D =
donor, A = acceptor) dyes are currently being synthesized using the proaromatic 3[4 &
bridge. Additionally, this bridge contains a potentlly fluorescencequenching ester
functional group and can be modified with carboxylic acids to further reduce fluorescence,
making it excellent for analysis by exciteestate Raman spectroscopy.
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Excited State Electron Transfer and Acid Base Reactivity
of Ru(ll) Polypyridyl Complexes in Solution

Stephen L. Guertin, Tingting Feng, and Russell Schmehl

Department of Chemistry, Tulane University, New Orleans, LA 70118

Ruthenium polypyridyl complexes have long been utilized in photochemical studies to
investigate fundamental mechanistic details of reactions of interest. These complexes are
frequently luminescent, thereby providing a convenient analytical handle to directly observe
chemical processes on the nanosecond and microsecond time scale. [(de&up)dmap)z]2*

i x EAOA A Adlethylamidoxc fh-midridine, and dmap = 4dimethylaminobipyridine)
has been synthesized and investigated with regard to protonation of the dmap ligands. The
emissive excited state of the complex is a Ru to deab metalligand charge transfer
transition; this state reacts with electron donors in solution. Upon reduction, the complex
becomes much more basic, and, upon protonation of the deab ligand, the photophysical
properties are altered. In this study, the fundamental detai O 1T £ OEA -badei Pl A @
chemistry and light induced redox chemistry were investigated.
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Research Experience for Community College Instructors
in the Water -Energy-Food Nexus: Preparation of a
Cobalt-Based Dye-Sensitized Solar Cell

Kim Hamilton -Wims, Nathan Hammer, and Jared H. Delcamp

Department of Chemistry & Biochemistry, University of Mississippi, Oxford, MS38677

The development of renewable energy systems is important in reducing pollution, climate

AEAT CAR Ci 1 AAl xAGNABDIAGHRA AATAR 11 AT EveAl OICPED One £ET E O
promising technology is the dyesensitized solar cell (DSC), which is a device that converts

natural light into electricity. The general features of a DSC are discussed along with the quest

to reproduce literature efficiency values of a cobalbased DSCThis presentation will also

focus on the process of building a DSC with descriptions and informative images of each step
needed to build a high quality device.
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The general method of synthesizing
1,3-fr e(@imethylsilylmethyl) -benzimidazole]benzene
preligand pincer: Metalation and trans metalation
of the three activated C -H bonds

Torin Harrison, T. Keith Hollis, Charles Edwin Webster

Department of Chemistry, Mississippi State University, Mississippi ~ State, MS 39762

Previously reported synthetic routes for Nheterocyclic carbene (NHC) ligands to allow for
the preparation of transition-metal complexes was extended to the 1.8 60
(trimethylsilylmethyl) -benzimidazole]benzene preligand. Subsequently, this preligand was
metalated with zirconium and then trans metallated with platinum. Other backbone
variations and alkylation substituents have been synthesized. All products haveeén
characterized by lowres mass spec anéH NMR.
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Nanostructured Plasmonic Antenna for Studying Local
Redox Reaction and Photo-Induced
Charge Transfer Events

Jeremy Hitt and Shanlin Pan

Department of Chemistry, The Univer sity of Alabama, Tuscaloosa, AL 35404

Gold nanoparticles produce unique plasmonic effects on or near their surfaces which make

them very efficient catalysts for many chemical reactions relevant to alternative energy
harvesting and conversion. In order to study the mechanism of the pla®nic effect in
chemical redox reaction, an electrochemical microscope with very high spatial resolution

must be used. In order to achieve this, an atomic force microscope probe was used as a

i EAOT A1 AAOOTI AA8 4EA OED 1 £ OEA stdnBM®©ih@dAsi DA D
Al AAGOT AEAT EAAT T U AOAEAA xEOE . A/ ( O1 A OED
electrodeposited on the very tip. The AFM is used to scan a surface of polystyrene
microspheres on ITO glass while the tip is held at a constant electricaotential by a
potentiostat to create an image of the force constant and current response, and show that the
microspheres can be seen on both maps simultaneously. The gold coated microelectrode is

then used to scan a polymer/matrix surface of Poly[2Znethoxy-5-(2-ethylhexyloxy)-1,4-
phenylenevinylene] (MEHPPV)/ PhenytC61-butyric acid methyl ester (PCBM) at a constant
potential to obtain an AFM image and current map of the surface. With improved tip
diameter, it will be possible to observe exactly where om microsphere or nanoparticle a

single redox reaction takes place with higher resolution than ECL dark field microscopy since

the probe is limited by the tip diameter rather than the optical diffraction limit of light.
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Plasmonic Au Nanorod Core Silica Shell
Nanostructures for Localized Electrogenerated
Chemiluminescence Imaging

Heesoo Kim, Jue Wang,and Shanlin Pan

Department of Chemistry, The University of Alabam a, Tuscaloosa, AL35404

Mesoporous silica coated gold naorods are highly useful in diverse settings such as medical
imaging, sizeselective chemical reactions and drug delivery, increasing thermodynamical
and colloidal stability of gold nanorods, and increasing the contrast in photoacoustic imaging.
In our study, low aspect ratio gold nanorods (<5) were synthesized using a modified -El
3 AUA A A énédia@dgioivth method. The gold nanorods had the aspect ratio of 3.9. One
batch was coated with mesoporous silica as per Sairtiz 2009 method and then load it
with Ru(ll)(bpy) sCk dye, while the second batch was coated with Ru(ll)(bpgLhk dye-doped
silica via reverse microemulsion method as detailed by Bagwe 2004. We will observe
electrochemiluminescence from each batch to determine the enhancement of ECL
microscopy in studying localized redox reactions taking place on the individual gold
nanoparticles as well as the effectiveness of loading dye via dopssitica versus loading after
silica coating.
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Developing a Preorganized Ligand Framework for
Accessing Tetrahedral Copper -Based Photosensitizers

Joseph M. Lee andJonah W. Jurss

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS38677

Ruthenium and iridium-based photosensitizers have been extensively investigated due to
their visible light absorption, long-lived excited states, fast electron transfer, and moderate
to-excellent stabilities in photocatalytic applications. Spirorbit coupling promotes their
long-lived excited states as a result of intersystem crossing from the singlet to triplet excited
state. Application of such photosensitizers has largely been centered on solar energy
conversion; however, these complexes employ preciousetals that inhibit their scale-up to
meet the global energy demand. More recently, investigations have focused on developing
copper-based photosensitizers that may serve to replace their more expensive counterparts.
In this context, we are pursuing a novieapproach to new copperbased photosensitizers and
present our initial efforts in this area, involving the synthesis, characterization, and
electrochemistry of distorted tetrahedral copper canplexes.
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Semiconductor CuGaSe Photocathode Materials on
nanostructured Copper Substrate for Solar Energy
Harvesting and Conversion

Tim Lee, Zhichao Shan, Nelly Kaneza,and Shanlin Pan

Department of Chemistry, The Univer sity of Alabama, Tuscaloosa, AL 35404

P-type semiconductor electrode materials play anmportant role in broadening its light
absorption wavelength range and catalyzing the reduction reaction in a solar energy driven
photoelectrochemical system. These materials depend strongly on the electrode surface,
which controls several electrochemicaproperties such as its photoactivity and conductivity.
Here we explored the electrodeposition of a photoactive layer of CuGaSen copper
substrates for use as photoelectrodes. We also explored the morphological impact of
nanostructural changes to the coppr surface via the formation of Cu(OR)nanoneedles on
copper foil before electrodeposition. We report our results from our optimization process,
which obtained copper substrates with photocurrent densities of ~0.151 mA/cr for copper
substrates and ~0.172mA/cm2 for copper substrates with nanoneedle modification.
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Spectroscopic and Computational Studies of Metal
Polypyridyl Dicyanamide Complexes (M=Re, Ru)

Kristina Martinez, 1 Andrew Knight, 2 Walter Dressick 2 and Russell Schmehl|!

1Department of Chemistry, Tulane University, New Orleans, LA 70056
2Department of Chemistry, Florida Inst. Technology, Melbourne, FL 32901
3Center for Biomolecular Science and Engineering, Naval Research Laboratories,
Washington, DC 20375

There is an ongoing interest inthe development of light harvesting ensembles. The
incorporation of a dicyanamide (dca) ligand provides the opportunity to create unique
complexes with the potential to form bridging, polymetallic structures. Studied here are a
few complexes which incorpaate this ligand: [(bpy)2Ru(dca)]?*and [Re(bpy)(dca)(CO3}].

Notably, the rheniumcomplex exhibits a unique binding mode for the dicyanamide ligand
through the nitrile nitrogen. The photophysical and excited state properties of these
potential building blocks were investigated using both experimental and computational
methods. Temperature dependent lifetime analysis was conducted for two ruthenium
complexes along with room temperature lifetime determination for the rhenium complex in

this series. The relaive luminescence quantum yield for the Re(bpy)(dca)(C@komplex was

determined using [Ru(bpyk]Clzas a quantu m vyield reference. Density functional theory
calculations were conducted for the series of complexes in the ground state and triplet
excited stae. Calculated and experimental infrared spectra were also analyzed for the series.
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Synthesis and Characterization of 1,3 -A E O-{neobexyl) -
imidazolyl)benzene Pincer Ligand with Subsequent
Metalation and Platinum Transmetalation of
Three Activated C-H Bonds

lan McCraw, T. Keith Hollis, Charles Edwin Webster

Department of Chemistry, Mississippi State University, Mississippi State, MS39762

The previously reported general method for the synthesis of Cagis(n-heterocyclic carbene)
pincer ligands was applied to the preparation of the 1,3A E G(nemitexyl)-imidazolyl)
benzene pincer ligand.The ligand was then subsequently subjected to platinum metalation
by previously reported synthetic routes. Both the ligand and ligandmetal complexes were
characterized by IH NMR and lowresolution mass spectrometry.
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Synthesizing Scorpionate Redox Shuttles for
Dye Sensitized Solar Cells

Samantha McKee, Sopheavy Siek.and Elizabeth T. Papish

Department of Chemistry, University of Alabama, Tuscaloosa, AL 35487

In dye-sensitized solar cells (DSSCxAl - is used as a redox shuttleOctahedral scorpionate
bis(ligand) complexes, M(Tp) and M(Tp*)2, were synthesized to be investigated as a more
efficient redox shuttle because they have been recorded as undergoifdly reversible redox
events. These redox events involve M going to Mt in the complex and the reverse
reaction. KTp and KTp* were reacted with metal halides to create different
bis(ligand) complexes. Metals of focus were M = Nt, Cé+, and C8*. Mass spectrometry, IR,
1H-NMR, and Xray diffraction were run on the M(Tp). and M(Tp*). complexes. Proton NMR
analysis was challenging because of the paramagnetism ofNnot showing peaks, and Co
giving peaks beyond the normal diamagnetic window.
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Development of Highly Sensitive Luminescent Sensors for
Oxygen Incorporated into Polymer Matrices

Divina Miranda ! and Russell Schmehl?

1STEM Division, Baton Rouge Community College, Baton Rouge, LA 70806
2Department of Chemistry, Tulane University, New Orleans, LA 70118

Luminescence quenching of metal complexes has been widely studied as a fundamental
phenomenon and also forms the basis for a wide array of measuring devices. For example,
some oxygensensors utilize oxygen quenching of inorganic chromophores. Currently, oxygen
sensors in the form of patches that adhere to transparent vessel or process line are
commercially available. These commercial patches are expensive and not very sensitive at
very low oxygen levels. This work focuses on the development of patches that are capable of
measuring the concentrations of oxygen using emissive ruthenium and platinum
chromophores. The Ru based oxygen sensors, covalently linked to pyrene, exploit reversible
energy transfer between the metailto-ligand charge transfer emission of the Ru complex
(MLCT) and a very oxygen sensitive pyrene triplet excited state. The Pt chromophores have
intra-ligand charge transfer states that exhibit a luminescence lifetime chandetween 22
microseconds in the abse nce of oxygen and < 1 microsecond in the presence of oxygen. The
objective is to make sensors that are affordable, easily made, highitybust, and more
sensitive than the commercial patches.
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Peter Nguyen, Aditya Kulkarni, and Russell Schmehl

Department of Chemistry, Tulane University, New Orleans, LA 70118

Platinum (II) NCN [NCN= 1,3i-(2-pyridyl)benzene] type complexes have attracted a great
deal of attention in the recent years owing to their potentially useful photophysical
properties. The high quantum yields of emission (fem) and extended excited state lifetimes
approaching microseconds in aprotic solvents has led an intense and a promising research
effort in the field of OLEDs, oxygen sensing etddowever, few reports of excited state
electron transfer, the initial step in many solar energy conversion schemes, have been done
on the Pt(ll) NCN complexes.We felt the necessity to study these due to the above
mentioned properties and keeping this goal in mind, the ligands were synthesized to make
their platinum complexes and used to study photoredox reactionsA problem is that te
NCN ligands are difficult and costly to prepare and we set out to explore alternative methods.
Using a modification of an approach developed by Wei and Yoshikai, the ligands were
synthesize d by a reaction of 1;8liacetylbenzeneO-acetyl oximes with a,bunsaturated
aldehydes (enals). A particular advantage of this route is the flexibility in making NCN
derivatives with considerable variation in substitution on the pyridyl moieties. Both the
ligands and the complexes were synthesized in good yields.
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The influence of pH on inter -valence charge transfer
processes in polypyridyl ruthenium complexes in the
ground and excited state.

Son Nguyen,Barry C. Pemberton, and Russ Schmehl

Department of Chemistry Tul ane University, New Orleans, LA 70118

Are rate constants for excited state electrons faster if a proton transfer accompanies the
electron transfer? Will electron transfer in one portion of a molecule influence the pKa of
elsewhere in the molecule? We have designed Ru(ll) imine complexes thapon excitation
with visible light, exhibits an inter-valence charge transfer absorption transition that allows
direct observation of the degree of protonation of the excited statén addition, the complex
reacts in the excited state with electron donorsthis allows us to examine the acidity of the
one electron reduced complex by probing the complex along the potential reaction pathway
since each step along the way should exhibit a unique spectroscopic signature.
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The synthesis of light -emitting pincer
CCChis(NHC) complexes

Reid Pearlman, James Cope, T. Keith Hollis, Charles Edwin Webster

Department of Chemistry, Mississippi State University, Mississippi State, MS 39762

The metalation/transmetallation method for the synthesis of pincer CC®is(NHC)
complexes has proven highly successful for almost every group in the transition metal series.
These organometallic compounds show promising potential as engineering materials for the
improvement of photovoltaic efficiency. The CGBIHC platinum complexes a of particular
interest as they emit blue light, a much needed color for organic light emitting diodes
(OLEDSs). OLEDs are composed of thin films of organic molecules which emit light upon the
application of electricity. OLED screens boast brighter, crispealisplays on electronic devices
and additionally they consume less power than conventional lighémitting diodes (LEDSs)
and liquid crystal displays (LCDs). Methods have been developed to synthesize these
compounds pure and in high yields. Further synthet methods are being developed to
produce unsymmetric backbones and unsymmetrically substituted alkylation and arylation
of the backbones, ultimately to be transmetallated.
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Photocatalytic H 2 Production Via Tungsten Catalyst

Hunter P. Shirley, Hammad Cheema, Tanya Jones, Aron J. Huckaba,
Amal Dass, Charles Edwin Webster, Jared H. Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

The catalyst W(PyNHCPhGJF has shown potential in the Hydrogen Evolution Reaction,
producing turnover numbers as high @ 35 TON using sunlight in the presence of acetonitrile,
triflic acid and decamethylferrocene. This is the third known homogeneous catalyst to utilize
sunlight in the Hydrogen Evolution Reaction. The purpose of the following experiments is to
establish an optimal condition-set for the Hydrogen Evolution Reaction to occur at the
highest turnover numbers possible. The triflic acid provides the free Hydrogen atoms in the
production cycle and the decamethylferrocene acts as a renewable electron donor as
opposedto a sacrificial donor.
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Raman Spectroscopic Characterization of Functionalized
Graphene Nanomaterials

Cameron L. Smith,1 Han Thuy An Truong, 2 Wei-Yin Cheng2
and Nathan |I. Hammer1

1Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677
2Department of Chemical Engineering, University of Mississippi, Oxford, MS 38677

The study of carbonbased nanomaterials, in particular of graphene, has become a growing
subject of discussion and interest in materials science fields his interest is particularly due

to the many practical uses of carbon nanomaterials in energy applications and has increased
exponentially over the last decade and encompasses a wide range of groups, including
nanomaterial scientists and chemical enginear The attraction for graphene and similar
nanomaterials stems from unique properties such as near perfect thermal conductivity, high
tensile strength and rigidity, variable hydrophobic/hydrophilic properties, and a selectively
permeable membrane, all of wich qualify graphene as a candidate for potential application
technologies. While many methods of investigation exist for studying these materials, Raman
spectroscopy has proven to be an invaluable tool across numerous research and application
labs on boh a global and local scale for the study of carbon nanomaterials. Here, we will
discuss our recent efforts to use Raman spectroscopy to characterize nitrogen functionalized
graphene oxide materials that have been recently developed for carbon dioxide capdu
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A Spectroscopic and Computational Study of Newly -
Synthesized Mixed Furan -Thiophene Oligomers

April E. Steen, Suong T. Nguyen, Thomas L. Ellington, Gregory S. Tschumper,
Davita L. Watkins, and Nathan I. Hammer

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

4 EA OO GorjugatedEoligomers is of great interest due to their great potential use in
organic electronic devices, such as solar cells, lightnitting diodes, etc. Thiophene
containing compounds have ben extensively studied because of their good stability;
however, studies on furancontaining compounds have shown that these may also be viable,
and even more preferred substitutes. Furafcontaining compounds show greater solubility
and increased fluorescace compared to their thiophene analogues.Furan is also
biodegradable and can be obtained from natural sources, making it a good choice for mass
produced products. Furan compounds, however, tend to be rather unstable and
photodegrade in the presence ofoxygen. Mixed thiophenefuran systems are less well
studied than systems containing only one of the heterocycles, but may offer the advantages
conferred by the individual heterocycles.Here, the photophysical properties of newlydeve
loped mixed furanthiophene oligomers were investigated. The U\AVis absorbance, diffuse
reflectance, fluorescence emission and lifetime of the solid and solution states, fluorescent
guantum yield of the solid state, and the photostability of the solid state were measured for
both mixed compounds and compared to the previously synthesized oligofuran and
oligothiophene analogues.Quantum mechanical calculations were also performed on all four
systems and the theoretical results were compared to the experimental.
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Spectroscopic and Computational Study of Chlorine
Dioxide/Water Interactions

Sarah Sutton, Walter E. Cleland, Jr., and Nathanl. Hammer

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS38677

The stable free radical chlorinedioxide plays a very important role in water purification. It is

a strong oxidizing agent and is used to remove harmful metals found in unpurified ground
water without producing harmful concentrations of disinfection byproducts. Chlorine
dioxide is also energing as a leading disinfectant for medical equipment because it possesses
strong antimicrobial properties. Although chlorine dioxide is primarily used to eliminate
harmful substances from aqueous environments, very little is known about how it interacts
with water itself. In this spectroscopic study, UWis and Raman spectra, supported by DFT
methods, begin to reveal these important intermolecular interactions.
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Determining the Fate of Decomposition Product Formed
from Water Oxidation with [Cp*IrCI( ¢ h-ghbp)]CI

Courtney R. Thompson, Anthony J. Curto, Deidra L. Gerlach, Sopheavy Siek,
and Elizabeth T. Papish

Department of Chemistry, The University of Alabama, Tuscaloosa, AL 35487

4EA ETT x1 xAOAO 1 @EAAOQET -thbp)RED Aak AdeA IshddOto ¢ # D«
decompose during water oxidation reactions in the presence of the sacrificial oxidant NalO
The mechanism of this decomposition is unknown and knowledge of this mechanism could
provide better understanding of water oxidation. Using various rathods including NMR, UV

Vis, IR, Raman, XPS, and other forms of spectroscopy we have been studying the fate of
[Cp*IrCI(6,6-dhbp)]CI during water oxidation. We also use gas chromatography and mass
spectrometry. Several lines of evidence suggest that ligdrdecomposition occurs and the Cp*
ligand eventually forms CQ and/or acetate. Raman data (from Hammer et al.) suggests the
formation of an iridium peroxo species. Additionally, the noted color change from yellow to
blue suggests that the compound transfans from Ir'" to Ir'V. The blue compound that we
form appears to be an active ca talyst for water oxidation but may decompose further
eventually.

68



Feeding and Powering the World 2016: Building the Network

Synthesis and Characterization of an Indolizine -based
Donor -Acceptor Molecule for Use in Dye Sensitized Solar
Cells

Daniel Touzeau, Nalaka Liyanage, Nathan |I. Hammer, and Jared H. Delcamp

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Dye sensitized solar cells, or DSCs, are an emerging technology in the field of renewable
energy. Unlike traditional solar cells, DSCs use organic dyes coupled with titanium dioxide to
capture solar energy and transform it into electricity. These dyes comamly consist of three
parts: an electronrich region, a bridge region, and an electroqpoor region. This research
focuses on the electrorrich region of the dye molecules with a novel donor indolizine and its
use in concise donofacceptor dyes. These simgled dyes have for the first time shown
broadened optical band gaps which allows them to be used in high voltage DSC applications.
This offers a new direction in addition to the already known use is NIR absorbing DSCs. To
better understand the spectroscojc properties of this important building block, three new
indolizine-based molecules were synthesized, and a variety spectroscopic techniques were
then used to characterize these new molecules.
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The Application of Surface -Enhanced Raman
Spectroscopy (SERS) for Materials Characterization

Vy Tran and Nathan Hammer

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677

Raman spectroscopy can reveal useful structural information of molecules as well as
elucidate the effects ofintermolecular interactions and environment. Raman scattering
signals of materials for energy applications are often weak, however, and can be
overwhelmed by fluorescence emission. SurfagEnhanced Raman Scattering (SERS) is a
powerful spectroscopic tool hat allows for the enhancement of the Raman signal and the
detection and analysis of low concentration samples. Recently, we showed how conjugated
nitrogen-containing molecules exhibit charge transfer with extended hydrogen bonded
networks. Here, we use tk application of SERS to explore the competition for charge transfer
between the important materials building block 2,1,3benzothiadiazole (BTD) with both
silver nanoparticles and various hydrogen bonded networks both experimentally and
theoretically. Compunds bearing the 2,1,3enzothiadiazole ring recently have drawn a
significant attention because of their lum inescent properties and their electronic and
optoelectronic functions in solar cells. By better understanding the interactions of BTD and
its tendency for charge transfer, we can employ BTD more efficiently into energglated
applications.
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Synthesis, alkylation and metalation of
bis CCCNHC proligands

Tyler Woodby, T. Keith Hollis, and Charles Edwin Webster

Department of Chemistry, Mississippi  State University, Mississippi State, MS 39762

A general synthesis of bis Meterocyclic carbene (NHCs) transition metal (Zr, PtRh) pincer
complexes has been reported previously. The reaction of k8s(imidazolyl)benzene with
various alkyl halides 1-iodobutane, kchlorobutane, and trimethylsilyimethyl iodide - has
been extended to variations such as 1;Bis(benzimidazolyl)benzene, and unsymmetrical
proligands. The current method for isolation of these proligands does not always give
efficient product extraction. An alternate method is currently being investigated that would
significantly reduce the amount of solvent and its removal for product isolation.
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A Dinuclear Re(l) Catalyst for CO 2 Reduction

Weiwei Yang and Jonah W. Jurss

Department of Chemistry & Biochemistry , University of Mississippi, Oxford, MS 38677
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greenhouse gases and other airborne pollutants. Carbon dioxide is the chief component of
this waste stream and a leading contributor to global warming. It also represents a readily
accessible C1 building block for renewable energy applications and vahkaglded chemicals.
However, CQis relatively inert and very negative voltages or strong chemical redtants are
common for its conversion.Molecular rhenium and manganese catalysts with general
structure M(bpy)(COxX (where bpy is 2,2bipyridine) have shown moderately high
activities for CQ reduction. Notably, the Re system continues to attract attentioas it is a
rare example of a complex that plays the role of both light absorber (i.e. photosensitizer) and
CQ reducing catalyst in the presence of a sacrificial reductan®@ur strategy for CG-to-fuel
conver sion involves the design of homogeneous catalg with rigid dinucleating ligands,
which enable access to multiple reducing equivalents at modest potentials and cooperative
modes of CQ activation. We present a new anthracendased ligand and its corresponding
bimetallic rhenium complex. Initial results indicate that this species is a more reactive
electrocatalyst for CQ reduction compared to the mononuclear parent complex. Indeed, the
estimated turnover frequency (TOF), measured by cyclic voltammetry, is 101sfor the
dinuclear catalyst versus a TOBf 2 s? for Re(bpy)(CO}Cl under the same conditions.
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OUTREACH ACTIVITIES
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Katie Echols
Mississippi State University
Outreach Coordinator

Outreach activities take place throughout the year at different locations within Mississippi,
Alabama, and Louisiana. Outreach is directed at-12, community college, and university
levels, in addition to local community outreach in thdorm of science cafés and public service
announcements. Outreach activities are coordinated by Ms. Katie Echols.

Women in STEM Seminars:

This program raises student awareness of various
STEM careers and the women who are successful
those fields.Women who are positive role models
in STEM careers to speak at various institutions
such as PUIs, HBCUs, and secondary schools. E
speaker discusses the path to her STEM caree
what girls today can do to be successful in STE
fields, and opportunities available for students |
interested in getting involved in STEM.Three or
Four seminars are conducted each year.

November 10: East Mississippi Community College (Speaker: Megan Holmes)
November 19: ltawamba Community College (Speaker: Lindsey Brown)
January20: Tugaloo ColleggSpeaker:Denise Corneliu$
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Science Cafés:

Science Cafés increase knowledge of material science research and provide opportunities for
public engagement and discussion of important research topics. Science cafés are lively
events thattake place in informal settings like a coffee house. They are open to everyone and
include a conversation with a researcher on a particular topic. Scientists discuss current
research directly related to the waterenergy-food nexus and the role chemistry an play in
solving the problem.At leasti OO AA&I 80 AOA
adults with one café a year specifically for high school students. We work with teachers at the
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on the topic.

January 21: 929 Café, Starkville, MS (Speaker: Todd French)

January 27: High Point Café, Oxford, MS (SpeakeredaDelcamp)

April 14: Nehemiah's, Tuscaloosa, AL (Speaker: David A. Dixon)

April 26: Tulane University Lavin Bernick Center (Speaker: Russ Schmehl)
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Middle and High School Science Teacher Summer Workshops:
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related to material science and the wateenergy-nexus theme. They last two weeks each
summer and include 15 teachers. The location of the workshop will change annuallyonder
to target different geographical areas. A workshopvas held at Mississippi State University
from June 617 in 2016, and ones will be heldin New Orleans in 2017, in Alabama in 2018,
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http://laser.chem.olemiss.edu/~EPSCoR/Tuscaloosa NH.pdf
http://laser.chem.olemiss.edu/~EPSCoR/Science_Cafe_Jan_2016.png

