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Welcome!
It is my great pleasure to welcome you to Edmonton and to the 21st Annual
RISE Conference. It is a pleasure to show you the beautiful University of Alberta
campus, the well-equipped research labs, and the innovative, modern teaching
facilities. I hope that you find your time here over the next few days as
scientifically rewarding and socially enjoyable as I have found the last 23 years.
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Program
4:30 pm

Thursday August 18
Business meeting (faculty, CCIS 6-003)/Lab tours (students, CCIS
atrium, by Starbucks, 1st floor)

6:00 pm

Meet at Sherlock Holmes Pub for dinner (8519 112th St)

Friday August 19 – (all talks in CCIS L1-029)
9:00 am

Andrew Hainer, Univ. of Alberta (from Univ. of Ottawa)
An Exploration of the Effect of Sequence on UVC Damage in Short DNA Sequences

9:30 am

Mathusan Gunabalasingam, UBC (from McMaster Univ.)
Evaluating nature of donor-acceptor interactions in trihalide anions: probing the
fundamental nature of halogen bonding

10:00 am

Coffee

10:30 am

Isabella Iasenza, Univ. of PEI (from Concordia Univ.)
Investigation of Background Fluorescence in Natural Waters using Steady-State
Fluorescence Spectroscopy with Supramolecular Host-Guest Inclusion

11:00 am

Pierre-Michel Jalbert, St Francis Xavier (from UQAM)
Investigating the Light Induced Oxidation of 5-(Hydroxymethyl)furfural using
Gold Nanoparticle Functionalized Niobium Oxide Photocatalysts

11:30 am

Mihai Mesko, UQAM
Mechanistic Insights in Iridium/Nickel Co-Catalyzed Photoredox Cross-Coupling
Reactions

12:00 pm

Lunch – PCL Lounge, north side

1:00 pm

Zhongren (Tony) Jin, Univ. of Toronto (from Univ. of Alberta)
Synthesis of Fluorescent Carbon Quantum Dots Through Microwave Irradiation of
Organic Precursors

1:30 pm

Victoria Sandre, Univ. of Ottawa (from St Francis Xavier)
Photocatalytic H2 generation using modified semiconductors

2:00 pm

Leslie Liu, NRC (From UBC)
Cellulose Nanocrystals: Size Dependence on Sonication Energy

2:30 pm

Christopher McChesney, McGill Univ. (from McMaster Univ.)
Studying the Potential Effects Arising from Biomolecule-Surface Interactions in
Single - Molecule Microscopy Experiments

3:00 pm

Coffee

3:30 pm

Fériel Rahmani, U de Montreal (from Univ. of Ottawa)
Pressure-dependent Luminescence Spectra of d8-metal N-benzyl-N’-3methylpyridyldithiocarbamates: an Investigation of the Influence of Intermolecular
Interactions

4:00 pm

Group and individual pictures, CCIS rock garden

6:30 pm

Banquet – Continental Treat Fine Bistro (10560 82 Ave)

Saturday August 20
Optional Trip to Jasper National Park
8:00 am
11:00 am
11:30 am
1:00 pm
5:00 pm
6:00 pm
6:30 pm
10:00 pm

Depart from University of Alberta, Parking Lot E CCIS
Lunch in Hinton AB
Stops – Talbot Lake outcrops, Cold Sulphur Spring
Jasper Sky Tram
Athabasca Falls
Leave Jasper National Park
Dinner in Hinton AB
Arrive back at University of Alberta, Parking Lot E CCIS

An Exploration of the Effect of Sequence on UVC Damage in Short DNA
Sequences
Andrew Hainer, University of Alberta, Edmonton, AB
(from University of Ottawa)
UVC irradiation can cause damage in DNA sequences at a high rate, the main damage
product being pyrimidine dimers. EvaGreen®, a fluorescent dye, is useful for analysis of the
degree of damage present in a strand, due to preferential binding with double-stranded DNA.
Since DNA breaks dehybridizes as it damages, EvaGreen® fluorescence is inversely proportional to
the degree of damage present in a DNA sample. This analysis technique was used to explore
various factors effecting the rate of DNA damage in short 17 nucleobase DNA sequences. Both
double-stranded and single-stranded (both strands) DNA were irradiated with UVC, and analyzed
with EvaGreen (with complementary DNA added to single-stranded). The factors explored
included the effects of Guanine and Cystosine residues, as well as hybridization.
Overall it was found that DNA-damage rates are highly dependent on DNA sequence.
Guanine-containing sequences greatly reduced damage rates, while Cytosine containing
sequences reduced damage by a lesser extent. Reduction of damage rates was correlated with a
reduction in the number of TT doublets, and an increase in the number GTs or CTs. It was also
found in high salt concentrations that Hybrid DNA follows different rules, with an overall slower
rate of damage compared to the single-stranded target.

http://www.halliburton.com/enUS/ps/stimulation/fracturing/water-based-gelsystems/cleanstream-%20ultraviolet-light-bacteriacontrol-process.page

Evaluating nature of donor-acceptor interactions in trihalide
anions: probing the fundamental nature of halogen bonding
Mathusan Gunabalasingam, Chantal Mustoe, and Dr. Pierre Kennepohl*
Department of Chemistry, The University of British Columbia, Vancouver
R-X ---D
Halogen bonding is an electron donor-acceptor interaction,
in which the electron acceptor is a covalently bonded halogen
(R-X). Recent studies show that this interaction is partially
covalent, involving electron donation from

HOMO

of

the

electron donor to the sigma
antibonding orbital of R-X (see figure).1 Trihalide anions (X3-), formed from the
combination of halides with neutral X2 molecular species (e.g. I2) represent some of the
simplest systems that formally exhibit halogen bonding. Such species have important
electrochemical properties that have made them particularly effective redox mediators in dyesensitized solar cells.2
A series of mixed trihalides were synthesized and investigated to probe the nature of the
bonding in these systems. X-ray absorption spectroscopy (XAS) was used as an element
specific probe of the bonding in [I2Cl]- and [I2Br]- as models systems. Higher order adducts,
specifically [(I2)2Cl]- and [(I2)2Br]- are also investigated using Cl K-edge and Br K-edge XAS,
respectively. Our preliminary investigations of the bonding in these systems suggest large
covalent contributions to bonding.
References
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Robinson, S. W.; Mustoe, C. L.; White, N. G.; Brown, A.; Thompson, A. L.;
Kennepohl, P.; Beer, P. D. J. Am. Chem. Soc. 2015, 137 (1), 499–507.
Tuikka, M.; Hirva, P.; Rissanen, K.; Korppi-Tommola, J.; Haukka, M.; Durrant, J. R.
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Investigation of Background Fluorescence in Natural Waters using Steady-State
Fluorescence Spectroscopy with Supramolecular Host-Guest Inclusion
Isabella Iasenza1,2 and Brian D. Wagner2
1

Concordia University; 2University of Prince Edward Island

The applications of pesticides on Prince Edward Island has posed a threat to the marine ecosystem as well
as to one of the main industries in PEI; fishing. In order to investigate how these agrichemicals are affecting
the local marine ecosystem on the island of PEI, trace analytical methods need to be performed.
Fluorescence spectroscopy combined with supramolecular host-guest inclusion is a method being
investigated in our lab for potential application in the detection and determination of these pesticides in
natural waters. The supramolecular inclusion is used to enhance the weak natural fluorescence of the
pesticides, providing a rapid and inexpensive alternative to HPLC. However, there have been questions as
to whether the background fluorescence emitted from dissolved organic matter present in natural waters
would interfere with the determination of the true concentrations of pesticides. To answer this question,
water samples were collected from three different areas on PEI after the spring melt to minimize
contamination from the seasonal spray of pesticides. Emission scans were then performed on these
uncontaminated samples in order to determine if any significant background fluorescence was being
emitted. Our results show that there are some types of organic compounds present emitting background
fluorescence, but that it is very low in intensity.
In order to investigate if the background fluorescence would have an effect on the emission of pesticides,
the water samples collected from the three different areas were used to make sample solutions spiked
with varying concentrations of the pesticide carbaryl. Their fluorescence intensities were measured and
the resulting calibration curves showed excellent linear correlation coefficients, indicating no effect of the
natural water background fluorescence. Unknown concentrations of carbaryl were then spiked in each of
the three natural water samples and their fluorescence intensities were measured, to determine if the
background fluorescence interfered in determining the concentration of the spiked samples. The results
showed that the background fluorescence emitted from the natural water samples did not have a
measurable impact on the fluorescence intensities of carbaryl when the dissolved organic matter was
present in low concentrations (which was the case for almost all of the collected natural water samples),
and accurate determinations of the spiked concentrations were obtained. However, when the dissolved
organic matter was present in a high enough concentration to give color to the water samples (the case in
one sample only), then it was found to have a negative impact. Overall, these results show that in the case
of uncoloured natural water samples, background fluorescence from dissolved organic matter will not
have an impact on the fluorescence-based trace detection of pesticides in the samples.

Investigating the Light Induced Oxidation of 5-(Hydroxymethyl)furfural using Gold Nanoparticle
Functionalized Niobium Oxide Photocatalysts

Pierre-Michel Jalbert and Geniece L. Hallett-Tapley
St. Francis Xavier University, Antigonish, NS (Université du Québec à Montréal)
Niobium oxides are well known for their acidic catalyst properties, but they are still a bit of a novelty in
the photocatalysis field. The ability of Nb2O5 to behave as a semiconductor and generate electron/hole
pairs upon light exposure offers unique opportunities for applications in organic transformations. From a
green chemistry perspective the oxidation of 5-(hydroxymethyl)furfural (HMF), a product obtainable
from six-carbon sugars, to furandicarboxylic acid (FDCA) is of interest, as FDCA was recently identified
by the US Department of Energy as one of 15 compounds of interest for moving toward a green,
sustainable chemical industry [1].
However, electron/hole pairs in most semiconductive materials tend to have very short lifetime,
recombining and relaxing through heat dissipation. One proven effective way to extend the lifetime of the
electron-hole pair is to separate the charges by shuttling them out the lattice of the semiconductor onto
metal nanoparticle dopants, such as gold nanoparticles (AuNP; Figure 1).
The oxidation of HMF was actively investigated under alkaline conditions using AuNP supported on
nitrogen doped Nb2O5 supports (AuNP@N-Nb2O5). UVA irradiation of the reaction mixtures revealed a
maximum HMF conversion of ~30% after approximately 2 hours of light exposure. Through thorough
literature reviews and comparison with authentic oxidation product samples, the major product obtained
was actually 5(hydroxymethyl)-2-furoic acid (HMFCA), the intermediate oxidation product en route to
the desired FDCA. HMFCA, in itself, is also of interest due to applications as both a biological tagging
agent and as a polymer building block for the formation of an cytokine inhibitor [2]. This contribution
will discuss the ability of AuNP@N-Nb2O5 to facilitate selective oxidation of the carbonyl functionality
of HMF to HMFCA as a function of reaction basicity, time and nanoparticle presence.

Figure 1

References:
[1] Top Value Added Chemicals from Biomass Volume I—Results of Screening for Potential Candidates
from Sugars and Synthesis Gas, report by the National Renewable Energy Laboratory and the Pacific
Northwest National Laboratory produced in 2004, http://www.nrel.gov/docs/fy04osti/35523.pdf
[2] Z. Zhang, B. Liu, K. Lv, J. Sun and K. Deng, Green Chem., 2014, 16, 2762–2770.

Mechanistic Insights in Iridium/Nickel Co-Catalyzed Photoredox Cross-Coupling Reactions
Mihai Mesko,1 Antoine Juneau,1 Martins Oderinde,2 Mathieu Frenette1
1

Département de Chimie, Université du Québec, Montréal, QC

2

Worldwide Medicinal Chemistry, Pfizer Global R&D, Groton, CT

Photoredox catalysis is increasingly applied in synthetic organic chemistry. This resurgent interest in
photochemistry for synthetic applications led to a series of high-yielding transformations with good
functional group tolerance. Recently, Macmillan and our group applied Ir/Ni photoredox catalysis for
efficient cross-coupling reactions between carbon-oxygen,1 carbon-sulfur2 and carbon-nitrogen bonds.3,4
These novel reactions involve complex reaction mechanisms and several reaction intermediates that have
yet to be identified. At the moment, two schools of thought exist for these mechanisms, Macmillan’s and
ours.
Two keys steps proposed by Macmillan’s mechanisms were investigated:
1) What is the role of bicyclic amines necessary in many of these transformations?
2) Can Ir(II) reduce Ni(I) to Ni(0)?

Using computational chemistry, cyclic voltammetry and Stern-Volmer quenching data, we propose to
consolidate both reaction mechanisms and explain the observed transformations.
1) Terrett, J. A., Cuthbertson, J. D., Shurtleff, V. W., & MacMillan, D. W. (2015). Switching on elusive organometallic
mechanisms with photoredox catalysis. Nature, 524(7565), 330-334.
2) Oderinde, Martins S., Mathieu Frenette, Daniel W. Robbins, Brian Aquila, and Jeffrey W. Johannes. "Photoredox
Mediated Nickel Catalyzed Cross-Coupling of Thiols With Aryl and Heteroaryl Iodides via Thiyl Radicals." Journal of the
American Chemical Society 138, no. 6 (2016): 1760-1763.
3) Corcoran, Emily B., Michael T. Pirnot, Shishi Lin, Spencer D. Dreher, Daniel A. DiRocco, Ian W. Davies, Stephen L.
Buchwald, and David WC MacMillan. "Aryl amination using ligand-free Ni (II) salts and photoredox catalysis." Science
353, no. 6296 (2016): 279-283.
4) Oderinde, Martins S., Natalie H. Jones, Antoine Juneau, Mathieu Frenette, Brian Aquila, Sharon Tentarelli, Daniel
W. Robbins, and Jeffrey W. Johannes. "Highly Chemoselective Iridium Photoredox and Nickel Catalysis for the Cross‐
Coupling of Primary Aryl Amines with Aryl Halides." Angewandte Chemie (2016), in print.

Synthesis of Fluorescent Carbon Quantum Dots Through
Microwave Irradiation of Organic Precursors
Tony Jin1, Mark B. Miltenburg2, and Dwight S. Seferos2,3
1
University of Alberta, Department of Chemistry, 11227 Saskatchewan Drive, Edmonton, AB,
T6G 2G2, Canada
2
University of Toronto, Department of Chemistry, 80 St. George Street, Toronto, ON, M5S 3H6,
Canada
3
University of Toronto, Department of Chemical Engineering & Applied Chemistry, 200 College
Street, Toronto, ON, M5S 3E5, Canada

Carbon quantum dots (CQDs) are a type of carbon nanoparticle less than 10 nm in size. They have
gained significant attention due to their high fluorescence, aqueous solubility, and potential
applications in catalysis and biosensors that arise from their electronic photoluminescence behavior
and biocompatible nature. While there are “top-down” methods to synthesize CQDs by cutting
bulk sheets of carbon using chemical/laser ablation, they require harsh chemical conditions and
multiple steps. Synthesizing CQDs through a “bottom-up” method using simple organic precursors
is cost effective, but suffers from long treatment times and requires an autoclave. We have
discovered a much more facile approach involving high-pressure microwave irradiation of simple
organic precursors to make highly fluorescent CQDs. Purification and characterization methods of
the CQDs will be discussed. The ability to tune fluorescence emission by varying the ratio of
different precursors will also be reviewed, with future consideration towards doping the CQDs with
heteroatoms.

Photocatalytic H2 generation using modified semiconductors
RISE Conference 2016- Edmonton, AB
Victoria Sandre and J.C. Scaiano*
Department of Chemistry and Biomolecular Sciences and Centre for Catalysis Research and Innovation, University of Ottawa.
10 Marie Curie, Ottawa, ON. Canada. K1N 6N5

Water splitting as a method of hydrogen generation using semiconductors has been explored in the
past four decades.i It is a carbon-neutral process of generating a natural fuel using solar energy. The ability to
harness energy from the sun proves to have extraordinary advances in sustainable energy development as
global energy demands increase.ii However, most examples in literature deal with methanol mixtures to achieve
this goal,iii simply because alcohols act as better sacrificial electron
donors, compared to water, to participate in redox reactions that
produce H2. Upon exposure to UV light, an electron from the valence
band of the semiconductor can be excited to the conductance band
generating an electron-hole pair (e-/h+).iv Although these two
charged sites present many opportunities to introduce chemistry,
their lifetime is shortened due to a fast recombination process. In
order to extend the use of semiconductors in different types of
organic reactions, multiple methods to prolong the separation of the
electron-hole pair have been investigated. The use of metal
nanoparticles doped on the surface of semiconductors has gained
interest in the area of renewable energy harvesting as they act as good electron scavengers, prolonging the
lifetime of the e-/h+ pair.v
This project focuses on the generation of H2 using various modified semiconductors, particularly on the
metals and metal oxides doped on TiO2. The materials are synthesized using photochemical methods, and then
tested for the photocatalytic generation of hydrogen using methanol as solvent and 365 nm LED as excitation
source. Particularly, metal nanoparticles such as Au, Pd, Pt, Ru, Co, Cu, V, and Ni doped onto TiO2 (or Nb2O5) are
evaluated as efficient photocatalysts towards H2 generation by the quantitative detection of hydrogen using gas
chromatography thermal conductivity detection. The intensity of the light source and the irradiation time are
just some of the factors that affect the amount of gas generated. Additionally, different solvents are tested
using Au@TiO2 in order to determine their ability to act as sacrificial electron donors.
Herein we present a small library of different materials that can generate hydrogen by excitation with
UVA light, but with strong chances to extend their activity to the visible light region. The analytical method
developed here can help on the future analysis of the cost, recyclability, stability, and efficiency of hydrogen
generation in the visible region for each material. It is shown that the excitation of photocatalysts and an
electron-rich solvent under UV light produces hydrogen gas on a bench scale. In future works, this project can
be optimized and expanded to a larger scale with the use of water as a solvent. In response to increasing energy
demands of society, the use of abundant solar energy and water as integral reagents will promote the usage
and development of sustainable energy forms.
1
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Cellulose Nanocrystals: Size Dependence on Sonication Energy
Leslie Liu
National Research Council Canada
100 Sussex Drive
Cellulose nanocrystals (CNCs) are a rodshaped nanomaterial derived from the
crystalline regions of cellulose fibrils. CNCs
can be extracted from a variety of sources of
cellulose including wood, tunicates, and green
algae. This project looked at the size
dependence of CNCD-1, a standard reference
material, on sonication energy. 2% by weight
CNC suspensions were made according to
standardized NRC protocol using Milli-Q
water. The suspensions were sonicated
between 0 J/g and 10000 J/g and the size of
the CNCs was determined using two separate
Figure 1. The hydrodynamic diameter of CNCs
techniques: dynamic light scattering (DLS) and
decreases exponentially with increasing
atomic force microscopy (AFM). DLS shows that
sonication energy.
the hydrodynamic diameter decreases
exponentially with increasing sonication energy (Figure 1). However, the data from AFM indicates
that the size of the individual nanocrystals remains the same with increasing sonication energy
(Figures 2 and 3). Since DLS is sensitive to aggregates and larger particles, the decreasing
hydrodynamic diameter is due to the decrease in aggregation with increasing sonication energy.
Atomic force microscopy allows for the selective measurement of the height and length of individual
cellulose nanocrystals while ignoring any aggregates in the suspension, which results in similar sizes
for individual nanocrystals across sonication energies. In contrast, DLS measures the entire
suspension, including single and aggregated CNCs. In conclusion, at all energy levels tested, the
sonication of a CNC suspension does not result in the breaking of large cellulose nanocrystals into
smaller particles and only the separation of large aggregates into individual nanocrystals was
achieved.

Figure 2. AFM scan of a CNC suspension
sonicated at 0 J/g.

Figure 3. AFM scan of a CNC suspension
sonicated at 10000 J/g.

Studying the Potential Effects Arising from Biomolecule-Surface Interactions in Single
- Molecule Microscopy Experiments
McChesney C.,1 Glembockyte V.,2 Cosa G.2
1

Department of Chemistry and Chemical Biology, McMaster University, 1280 Main St. W., Hamilton ON, Canada
Department of Chemistry and Center for Self-Assembled Chemical Structures (CSACS), McGill University, 801
Sherbrooke St. W., Montréal QC, Canada

2

Single-molecule microscopy techniques have been successfully used to explore key
biochemical and biophysical processes allowing us to gain new insights into the structure and
dynamics of different biological systems.1 One common method used in single-molecule
microscopy is anchoring the biomolecule to a solid support in a way that maintains its
integrity while also minimizing non-specific adsorption.2 One of the most common methods for
passivating the surfaces and preventing non-specific interactions involves covalently attaching
polyethylene glycol (PEG) polymers to the surface. The polymer functionalization can, however,
result in a crowded and viscous environment around the immobilized biological target and
facilitate further interactions between the target and the surface. The overall goal of this work
was to determine the extent of these non-specific interactions between of PEG surfaces and
biomolecules of interest, such as DNA and proteins, as well as to understand how the
crowded PEG environment affects typical single-molecule fluorescence experiments.
In order to study the interactions
between the surface and fluorophorelabelled biomolecules, we attempted to
prepare a Nitrilotriacetic acid (NTA)-Ni2+
quenching surface (Fig. 1). NTA-Ni2+
chelation is an interaction often utilized for
the immobilization of His-tagged proteins
on columns.3 Ni2+ ions are also reported as
quenchers of both the singlet and triplet
excited states of fluorophores.4 This
surface would allow the immobilization of Cy3Figure 1. Design of the NTA-Ni2+surface with
biotin labelled DNA duplexes via Histagged streptavidin. The goal was to
immobilized His-tagged streptavidin (SV-HIS)
quantify the
interaction between the DNA duplex and the surface, by monitoring the fluorescence intensity or
dynamics of Cy3 due to quenching by the Ni2+ surface.
In this work we describe attempts to synthesize and optimize the production of a NTA-Ni2+
surface for use in single-molecule microscopy studies. In order to ensure a high yield of Ni2+ on
the surface we utilized thiol-maleimide click chemistry known for its high yields and robust
chemistry.5 A maleimide containing PEG-NHS ester polymer was covalently attached to an
aminosilanized glass surface and reacted with a thiol-NTA reagent which was successfully
synthesized from a cysteine precursor. The surfaces formed under different conditions were
tested for non-specific binding of proteins and DNA using total internal reflection fluorescence
(TIRF) microscopy.

References:
1.oo, C., Balci, H., Ishitsuka, Y., Buranachai, C. & Ha, T. Advances in Single-Molecule Fluorescence Methods for Molecular Biology. Annu.
Rev. Biochem. 77, 51–76 (2008).
2.Visnapuu, M.-L. et al. The importance of surfaces in single-molecule bioscience. Mol. Biosyst. 4, 394 (2008).
3.Gu, J., Stephenson, C. G. & Iadarola, M. J. Recombinant proteins attached to a nickel-NTA column: use in affinity purification of antibodies.
Biotechniques 17, 257, 260, 262 (1994).
4.Glembockyte, V., Lincoln, R. & Cosa, G. Cy3 photoprotection mediated by Ni2+ for extended single-molecule imaging: Old tricks for new
techniques. J. Am. Chem. Soc. 137, 1116–1122 (2015).
5.Lowe, A. B. et al. Thiol-ene ‘click’ reactions and recent applications in polymer and materials synthesis. Polym. Chem. 1, 17–36 (2010).

Pressure-dependent Luminescence Spectra of d8-metal N-benzyl-N’-3-methylpyridyldithiocarbamates: an
Investigation of the Influence of Intermolecular Interactions
Student : Feriel Rahmani / University of Ottawa / frahm072@uottawa.ca
Supervisor : Dr. Christian Reber / University of Montreal / christian.reber@umontreal.ca
Luminescence properties of d-d transitions of group 10 complexes with d8-electronic configuration were
investigated. Pressure-dependent luminescence spectra were mesured for a series of palladium(II),
platinum (II) and nickel (II) square-planar complexes with N-benzyl-N’-3-methylpyridyldithiocarbamate
chelating ligands in the solid state. Those three analog complexes all exhibit M∙∙∙H−C intermolecular
interactions, as seen in Fig. 1. Pressure-dependent experiments done on similar compounds display
generally a linear blue shift of luminescence maxima, of +12 ± 2 cm-1/kbar. Yet, the title complexes show
shift values tending towards lower energies, indicating the contribution of intermolecular interactions
effects in the crystals to the resulting luminescence maxima. The complexes show different values of
maxima shift according to the nature of the metal center despite their structural similarity. Furthermore,
the shift values obtained also differ from the ones of similar dithiocarbamate complexes with methyl
substituents, resulting from a difference in the mobility of the hydrogen atom involved in the M∙∙∙H−C
interaction. The differences are explored in relation to the metal centers, structural properties and
intermolecular interactions.

2

1

3
Figure 1. Intermolecular M∙∙∙H−C interactions in M(N-benzyl-N’-3-methylpyridyldithiocarbamate)2, with 1)
M=Pd(II), 2) M=Pt(II), and 3) M=Ni(II)
i

Nature, 1972, 238, 37-38;
Ren. and Sus. Energy Rev., 2016, 57, 584–601
iii
Chem. Soc. Rev., 2012, 41, 7909–7937
iv
J. Nanoparticle Research, 1999, 1, 439–458
v
Chem. Rev. 1993, 93, 341-357
ii

