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For the second year in a row, CLS staff and users demonstrated 
their adaptability and resilience in the face of the pandemic. 
We operated in mail-in mode for most of the year, providing 
outstanding support to users outside of our province, finally 
welcoming users from the rest of Canada in September, and 
international users in December. 

The COVID-19 special call for proposals continued to allow the 
prioritization of vital pandemic-related research. We persevered 
through a small COVID outbreak in April, repaired damage to our 
cryo-transfer line caused by a power failure in June, and fixed 
issues with a klystron in August so rapidly that it had minimal 
impact on user beamtime.  

Top-Up was achieved in July, with a record run in the last few days 
of the year, and we successfully realigned part of the storage ring 
and upgraded the 
bendmagnet at our 
macromolecular 
crystallography 
beamline 
(CMCF) with very 
competitive output 
that supported all 
the macromolecular 
crystallography 
work of our users 
during the upgrade 
of the ID beamline.. 

We hosted 986 
distinct users 
from 19 countries, 
and 44 Canadian 
institutions from 
10 provinces, 
publishing 518 
scientific papers. 
Once again, the 
importance of 
CLS in training the 
next generation of Canadian scientists is demonstrated by the 
over 60% of graduate students that used our facility, conducting 
critical research for their studies and supporting the valuable 
research by leading scientists across  
the country.  

The quality of science continues to be evident, as highlighted 
in these pages. From plant imaging and structural biology to 
Fermi surfaces and fuel cells, our users published in a wide range 
of areas and contribute to Canada’s global science reputation. 
These publications are competitive with the best beamlines in 
the world. Furthermore, two successful CFI-IF applications, led by 
McMaster University, will bring new detectors, robots, and tensile 
testing capabilities to BXDS and BMIT, as well as an environmental 
scanning electron microscope for users.

Several beamlines hosted 
users through the general 
user program for the first time, 
including the Brockhouse 
Diffraction Sector (BXDS), 
BioXAS-Imaging, and 
the Quantum Materials 
Spectroscopy Centre (QMSC). 
In addition, new capabilities 
were added to Far-IR, SyLMAND, SGM, BXDS, BMIT, IDEAS, and SM, as 
a well as a major upgrade to CMCF-ID, which achieved outstanding 
results competitive with the best beamlines in the world. 

We also continued our focus on improving the user experience, 
with the establishment of a dedicated User Experience Coordinator 

position, revamped 
user feedback surveys 
and processes for 
acting on feedback, 
a new and improved 
website focused on 
providing information 
needed by new 
users, updated peer 
review process with 
a new scientific merit 
rubric, and several 
improvements to our 
user portal.  

Two significant efforts 
towards securing the 
long-term success 
of CLS are also 
worth mentioning. 
We submitted the 
operating funding 
proposal for the 
Canada Foundation 
for Innovation’s 

Major Science Initiatives program for 2023-2029, and our Board of 
Directors completed the Strategic Plan for 2022-2032, with wide 
stakeholder consultation including the Users’ Executive Committee 
and Beamline Teams Leaders, establishing a clear vision and 
direction for the next decade.  

Lastly, we remain committed to continuously improving our service 
to users and our scientific capabilities, through the maintenance 
and upgrades of our machine and beamlines, our expert staff, and 
by ensuring we listen to our users and stakeholders.  

Thank you for your valuable contributions to our national research 
facility. 

Gianluigi Botton, 
Science Director
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The Canadian Light Source houses 22 beamlines, supporting a wide 
variety of research applications. Each beamline offers a unique 
spectral range providing different elemental information. To find a 
beamline that suits your intended research, explore by scientific sector, 
technique, or spectral range, or search through our Beamline Directory 
at www.lightsource.ca

Beamlines

FAR-IR
Fundamental studies 
of molecules in all 
states of matter

FIND A 
BEAMLINE

MID-IR
Infrared studies of biological, 
agricultural, or environmental 
samples, polymers, art specimens, 
and more

SGM
Soft x-ray spectroscopy 
for in-situ and in-
operando studies of soil, 
environmental samples, 
and catalytic materials

VLS-PGM
High-resolution,  
low-energy 
spectroscopic  
studies

2

BEAMLINE GLOSSARY
BioXAS: Biological X-ray Absorption Spectroscopy

BMIT: Biomedical Imaging and Therapy

BXDS: Brockhouse X-Ray Diffraction and Scattering Sector

CLS@APS: CLS at the Advanced Photon Source

CMCF: Canadian Macromolecular Crystallography Facility 

Far-IR: Far Infrared Spectroscopy 

HXMA: Hard X-ray MicroAnalysis 

IDEAS: Industry Development Education Applications Students 

Mid-IR: Mid Infrared Spectromicroscopy 

QMSC: Quantum Materials Spectroscopy Center

REIXS: Resonant Elastic and Inelastic X-ray Scattering 

SGM: High Resolution Spherical Grating Monochromator 

SM: Soft X-ray Spectromicroscopy 

SXRMB: Soft X-ray Microcharacterization Beamline 

SyLMAND: Synchrotron Laboratory for Micro And Nano Devices

VESPERS: Very Sensitive Elemental and Structural Probe Employing Radiation 
from a Synchrotron 

VLS-PGM: Variable Line Spacing Plane Grating Monochromator

BM: Bend Magnet

ID: Insertion Device 
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IMAGING / MICROSCOPY

SCATTERING / DIFFRACTION

MICROFABRICATION

SPECTROSCOPY

SM
Spectromicroscopic 
studies with applications 
in biological, environment, 
and materials sciences

REIXS
Soft x-ray scattering for 
studying the electronic 
properties of materials, 
including quantum and 
nano-scale biomaterials

BXDS
Suite of three beamlines for 
characterizing the structure 
of materials

QMSC
Angle-and spin-resolved 
photoemission spectroscopy 
(ARPES/SARPES)

CMCF
Suite of two beamlines 

for macromolecular 
crystallography (MX)

VESPERS
Hard x-ray microprobe 

with a wide variety of 
applications

BioXAS
Dedicated beamlines for imaging 

and spectroscopy on biological 
samples and trace element 

detection/speciation in matter

SXRMB
Medium energy studies 

in the biological, 
environmental, and 

chemical sciences

HXMA
In-situ and ex-situ 

studies of the chemical 
state of elements in 

materials

SyLMAND
X-ray lithography and 

pre and post-processing 
laboratories

BMIT
Beamlines dedicated to 

3D imaging of matter, 
from biological tissues to 

advanced materials

LEGEND
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BEAMLINES

SM: SOFT X-RAY PTYCHOGRAPHY 
Detecting and resolving, with high spatial resolution, the interactions 
between chemical components in lithium-ion battery (LIB) cathodes is 
challenging but crucial for a better understanding of their degradation 
mechanisms. Cutting-edge STXM-ptychography was employed to image 
degradation heterogeneities and the interplay between components in 
degraded Li-rich cathodes with an unprecedented spatial resolution 
of 5.6 nm, the best spatial resolution of x-ray microscopy on energy 
nanomaterials ever achieved. Additionally, subtle chemical modifications 

BMIT: ULTRA-FAST X-RAY IMAGING AND 
TIME-RESOLVED MICROTOMOGRAPHY
X-ray tomographic microscopy is an invaluable non-invasive imaging 
technique for examining the internal structure of objects and model 
organisms. Over the past several years BMIT scientists have made a 

SYLMAND: REACTIVE ION ETCHER 
SyLMAND has a new reactive ion etcher (RIE) tool purchased from the 
Canadian company Plasmionique. The RIE uses argon and oxygen as 
process gases for plasma treatment, for example in the preparation of 

highly clean substrate surfaces 
before fabrication. Argon atoms in 
the plasma bombard the substrate, 
removing adsorbed contaminants. 
Oxygen radicals add a chemical 
cleaning method by reacting with 
contaminants, further improving 
cleaning. Plasma treatment can 
also be used to modify surface 
properties, such as for plasma-
assisted bonding of microfluidic 

New Beamline Capabilities

number of modifications to x-ray microtomography (µCT) endstations on 
BMIT-BM and ID, with support from CLS engineers and software developers. 
These upgrades enabled new imaging techniques and protocols, including 
ultra-fast imaging and microtomography. This is of great interest as it allows 
researchers to capture dynamic effects inside various objects and conduct in 
situ and in operando studies of processes inside fuel cells, batteries, and other 
systems. The high flux of the BMIT x-ray beams allows acquisition of many 
thousands of images each second. In order to exploit this, a high-precision, 
ultra-fast rotation stage was installed; new sCMOS cameras have been 
procured; optical efficiency of the detectors has been optimized; and new data 
acquisition, transfer, and storage solutions have been deployed. A new control 
system is capable of accurately synchronizing everything in a variety of ways, 
and is flexible and user-friendly. 

With new instruments one can either record up to 100,000 images over 10 
seconds or continuously stream up to 500 images per second to data storage. 
The former is used to capture fast transients while the latter permits time-
resolved µCT imaging of processes that can last several tens of minutes.  

of the degraded LIB cathodes were confirmed by the extension to spectro-
ptychography, which demonstrated that fluorine ions are incorporated 
into the cathode lattice during charging/discharging processes. This 
effect is is strongly correlated with manganese dissolution and oxygen 
loss within the secondary cathode particles. The work was led by CLS 
scientists from the SM beamline and the Industrial group through a close 
collaboration with other research institutions, making a significant impact 
on both x-ray microscopy and battery materials analysis. Owing to many 
years of development work and to strong support from CLS management, 
particularly for investing in a state-of-the-art UHV x-ray direct-CCD 
camera, ptychography on SM STXM is actively serving a broad range of 
research communities.

[1] Sun, Tianxiao, Gang Sun, Fuda Yu, Yongzhi Mao, Renzhong Tai, Xiangzhi Zhang, 
Guangjie Shao, Zhenbo Wang, Jian Wang, and Jigang Zhou. "Soft X-ray ptychography 
chemical imaging of degradation in a composite surface-reconstructed Li-rich cathode." 
ACS nano 15, no. 1 (2020): 1475-1485.

BEAMLINES BY SPECTRAL RANGE
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SGM: ANAEROBIC 
SAMPLE HOLDER  
Many of the most important 
energy materials are highly 
sensitive to oxygen and water 
in the atmosphere and have 
to be handled in an anaerobic 
environment to maintain their 
useful properties. This presents 
a challenge for analyzing these 
materials using x-ray spectroscopies because the controlled environmental 
conditions must be maintained throughout the production, preparation, 
transfer and analysis stages of the experiment.  This is particularly 
important for soft x-ray spectroscopies where probe depths are very 
shallow and even a brief exposure to atmospheric conditions can degrade 
the sample surface and affect the measurements. 

The development of the SGM beamline anaerobic sample holder 
addresses the needs of the energy material research community by 
providing an end-to-end anaerobic sample transfer capability.  The system 
consists of a sealable sample holder that can be loaded and prepared in a 
glove box.  Once the samples are mounted, the system is sealed and the 
contents are put under vacuum.  The holder can then be safely taken from 
the glove box and loaded into the measurement endstation.  When the 
endstation vacuum reaches the vacuum level inside the holder, the lid falls 
away, exposing the sample for measurement. 

The holder is currently available for general use and can even be an option 
for mail-in experiments.  Recent updates include the addition of electrical 
feedthroughs for in-situ and operando measurements.  Please contact 
SGM beamline staff to discuss use of the anaerobic sample holder. 

BXDS: SAXS ENDSTATION  
In 2020, small angle x-ray scattering (SAXS) capabilities moved from 
HXMA to the recently completed BXDS sector [1]. The in-house 

BXDS: IN-SITU BATTERY RESEARCH ON  
THE WIGGLER HIGH ENERGY BEAMLINE 
High energy x-rays can penetrate real life samples like batteries. We can 
cycle batteries during x-ray diffraction and total scattering experiments, 
extracting information about the structure and atomic order in the near, 
medium and long range of battery components such as the anode and 
cathode materials, and how they evolve during the charge/discharge 
cycle. This allows to improve the understanding of the structure-property 
relationship, eventually leading to the creation of more efficient batteries 
for a greener world. 

CMCF: UPGRADE TO  
THE ID FACILITY
Our CMCF beamline has been 
undergoing an upgrade over the last 
two years, and it’s now ready for users. 
This upgrade will allow CMCF to 
remain among the best x-ray diffraction 
beamlines in the world, with more 
intense and tightly focused x-rays, 
and a faster and more sensitive x-ray detector. Over 60 Canadian protein 
crystallography laboratories use this unique facility, actively pursuing 
research in therapeutics and protein engineering that targets cancer, 
diabetes, infectious diseases and chronic diseases such as Parkinson’s, cystic 
fibrosis and Alzheimer’s. These upgrades will enable experiments with 
smaller and weakly diffracting crystals, the new frontier of macromolecular 
crystallography. Seen here is the first dataset collected on the new 
equipment: a high-flux 180-degree dataset, Lysozyme crystal, 1.8 seconds 
for 360 frames, 0.5 deg/5 msec per frame with attenuated beam. 

developed SAXS instrument has been revised as part of the move. The 
major components now include scatterless slits, a modular lightweight 
plastic flight tube up to 4 meters long with silicon nitride entrance 
window, improved beamstops, and out-of-vacuum Rayonix MX300 
detectors. The revised instrument has been in user operation since early 
2021, and has now been used by 15 academic groups and industrial 
clients. Our diverse user community has been applying SAXS to 
research areas including photovoltaics, polymers, food science, and 
pharmaceuticals. 

[1] Leontowich, A. F. G., Gomez, A., Moreno, B. D., Muir, D., Spasyuk, D., King, G., Reid, J. 
W., Kim, C. Y. & Kycia, S. The lower energy diffraction and scattering side bounce beamline 
for materials science at the Canadian Light Source. J. Synchrotron Rad. 28 961-969 (2021). 
https://doi.org/10.1107/S1600577521002496

devices (PDMS/glass or PDMS/Si) or hydrophilizing fluorinated 
polymers for fuel cells.  

The RIE has recently been upgraded with a UV-Vis-NIR spectrometer 
for endpoint detection of plasma cleaning processes. Optical emission 
of plasma-phase fragments of surface coatings or contaminants 
can be monitored spectroscopically, allowing a greater degree of 
process automation and verification of surface cleanliness. Future 
improvements will add reactive process gases to provide dry etching 
capabilities for materials such as silicon and silicon nitride. This will 
provide users with greater ability to fabricate micro- and nano-devices 
in fields such as RF MEMS, x-ray optics, and microfluidics. 
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On December 25th, 2021, the James Web Space telescope successfully 
launched. It has now collected its first images. One of the instruments 
onboard the James Web Space telescope is the Mid-Infrared Instrument, 
which has both a camera and spectrograph operating in the 352 to 2000 
cm-1 spectral region. This instrument is already collecting a wealth of 
data about the universe, providing insights into the formation of galaxies, 
planetary systems, and the origin of life. Reference data, generated back 
on Earth, is required so that the spectral signatures of molecules can be 
identified in the data. The Far-Infrared beamline is well positioned to help 
provide this data due to its high-resolution spectrometer and long-pass 
temperature-controlled gas cell, which can provide high-quality spectra at 
a variety of pressures and temperatures for molecules of interest. Recently 
the Far-IR beamline has been working to extend the temperature range of 
the gas cell down to 100K to better match the conditions found in space.  

Over the last year, Far-IR’s users have published several papers that may be 
relevant to the James Web Space telescope’s mission. Methanol is known 
as a “cosmic weed” molecule as it often appears in satellite spectra and has 
a very complicated spectrum. Two papers from CLS users may help to 
identify features caused by methanol in these spectra. Dr. Mukhopadhay 
published an analysis of the spectrum of CHD2OH, for the 50-5000 cm-1 
region [1], and Dr. Lees has published an analysis of the COD-bending 
fundamental vibration found at 775 cm-1. [2] Dr. Esselman et al. published 
an analysis of thiazole. [3] Dr. McKellar has continued his work on the 
astrophysically-important molecule acrolein, publishing an analysis of 
the states in the 1250 to 1650 cm-1 region [4]. Dr. Predoi-Cross et al. have 
published papers on the spectra of chloroform in the 450-850 cm-1 region 
[5] and deuterated ammonia species in the 60-600 cm-1 region [6]. The 
spectrum of the simple pre-sugar glycolaldehyde in the 450 to 600 cm-1 
was published by Dr. Raston et al [7]. 

An important tool for the analysis of astrophysical and atmospheric 
spectra is the HITRAN database [8]. The newest version of this important 

Far-IR: Learning about the universe 
with the James Web Space Telescope 

Image courtesy Kevin M. Gill

HIGHLIGHTS

database included contributions from 
papers published using data from the 
Far-IR beamline, including line lists for 
formic acid taken from a 2019 paper 
by Dr. Raston et al. [9] and absorption 
cross-sections for hydrogen and helium-
broadened propane from the 2019 paper 
by Bernath et al. [10].  

While much work has been accomplished, 
there are many more molecules to study 
and many more parameters to probe. 
With the James Web Space Telescope set 
to provide a wealth of new data about the 
universe, the Far-IR beamline’s goal of 
enabling a deeper understanding of the 
universe is more relevant as ever. 

1. Mukhopadhyay, Indranath; Billinghurst, B.E. (2021). 
Very high-resolution synchrotron radiation far-infrared 
(FIR) spectrum of methanolD2 (CHD2OH) & millimeter-
wave (MMW) measurements involving highly excited 

torsional vibrational rotational states, and identification of optically pumped FIR laser lines. 
Infrared Physics and Technology 113, 103563. 10.1016/j.infrared.2020.103563. 

2. Lees, R.M.; Billinghurst, B.E. (2022). Fourier transform synchrotron spectroscopy of the 
COD-bending fundamental of CD3OD. Journal of Molecular Spectroscopy 384, 111592. 10.1016/j.
jms.2022.111592. 

3. Esselman, Brian J.; Zdanovskaia, Maria A.; Adkins, Taylor K.; Billinghurst, Brant E.; Zhao, 
Jianbao et al. (2021). Millimeter-wave and infrared spectroscopy of thiazole (c-C3H3NS) in its 
ground state and lowest-energy vibrationally excited states (ν18, ν17, and ν13). Journal of 
Molecular Spectroscopy 379, 111493. 10.1016/j.jms.2021.111493. 

4. McKellar, A.R.W.; Billinghurst, B.E. (2022). High-resolution infrared spectroscopy of acrolein: 
The 91, 81, 71, and 61 fundamentals and other vibrational states between 1250 and 1650 cm−1. 
Journal of Molecular Spectroscopy 383, 111563. 10.1016/j.jms.2021.111563. 

5. Ceausu-Velcescu, Adina; Pracna, Petr; Margules, Laurent; Predoi-Cross, Adriana (2021). 
Rotational spectrum of chloroform, “grass-roots among the forest of trees”: The v2 = 1, v3 = 2, 
v5 = 1, and v6 = 3 vibrational states of CH35Cl3. Journal of Quantitative Spectroscopy and 
Radiative Transfer 276, 107937. 10.1016/j.jqsrt.2021.107937. 

6. Canè, Elisabetta; Di Lonardo, Gianfranco; Fusina, Luciano; Tamassia, Filippo; Predoi-
Cross, Adriana et al. (2022). Mono- and di-deuterated ammonias: Far-infrared spectra and 
spectroscopic parameters in the ground state. Journal of Molecular Spectroscopy 384, 111581. 
10.1016/j.jms.2022.111581. 

7. Collier, Breanna; Krueger, Kristopher; Miller, Isaac; Zhao, Jianbao; Billinghurst, Brant E. et al. 
(2021). The Synchrotron-based Far-infrared Spectrum of Glycolaldehyde. Astrophysical Journal. 
Supplement Series 253(2) , 40. 10.3847/1538-4365/abde40. 

8. Gordon, I.E.; Rothman, L.S.; Hargreaves, R.J.; Hashemi, R.; Karlovets, E.V. et al. (2022). 
The HITRAN2020 molecular spectroscopic database. Journal of Quantitative Spectroscopy and 
Radiative Transfer 277, 107949. 10.1016/j.jqsrt.2021.107949. 

9. Hull, Killian; Wells, Tyler; Billinghurst, Brant E.; Bunn, Hayley; Raston, Paul L. et al. (2019). 
Synchrotron-based infrared spectroscopy of formic acid: Confirmation of the reassignment of 
Fermi-coupled 8 μm states. AIP Advances 9(1) , 015021. 10.1063/1.5063010. 

10. Wong, Andy; Hewett, Dan; Billinghurst, Brant B.; Hodges, James N.; Bernath, Peter F. et al. 
(2019). He and H2 broadened propane cross sections in the 3 µm region at cold temperatures. 
Journal of Quantitative Spectroscopy and Radiative Transfer 232, 104-107. 10.1016/j.
jqsrt.2019.04.038.
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High-throughput sample 
processing 

On-site Phytotron 

Phytotron

HIGHLIGHTS

Agriculture and environmental samples have complex ecosystems and 
may experience complex conditions. Crucial to this research is the 
requirement to analyze tens or hundreds of samples in a high throughput 
manner. The CLS has worked on increasing the throughput of bulk 
sample analysis in different beamlines. This entails a dedicated laboratory 

Agriculture researchers can now bring their plants to the CLS 
and keep them in a controlled environment until the end of their 
beamtime. Pictured are users from the University of British Columbia 
and Agriculture and Agri-Food Canada studying large tree samples 

using our BMIT-ID beamline. Their poplar tree seedlings were 
scanned last year and the same plants are being scanned again to 
compare old and new wood growth as well as their adaptability to 
climate change.  

for bulk sample preparation through fast data collection and data analysis 
thereby improving the efficiency of synchrotron science (e.g. automated 
sample weighing, pellet making, multiple sample loading, data collection, 
fast scanning, improved detectors, and improved pipelines for data 
analysis).  As examples, shown here are the high throughput bulk X-ray 
absorption spectroscopy data collection setup in the IDEAS beamline 
from automated pellets prepared from bulk samples (Figure 1), and high 
throughput X-ray computed tomography data collection at the BMIT-ID 
beamline, where as many as 15 wheat spikes can be imaged at a time to 
phenotype the genotypes resistant to Fusarium disease (Figure 2). 

Figure 1 Figure 2
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Science 
Highlights

Throughout this report, the following symbols 
will be used to indicate the techniques of 

highlighted research.

IMAGING / MICROSCOPY

SCATTERING / DIFFRACTION

MICROFABRICATION

SPECTROSCOPY

PDB 7LCS
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ADVANCED MATERIALS

Corresponding authors:  
Chuan Xia, University of Electronic Science 
and Technology of China, Yongfeng Hu , CLS & 
Haotian Wang, Rice University and Canadian 
Institute for Advanced Research 

General synthesis of single-atom catalysts 
with high metal loading using graphene 
quantum dots

Rice University engineers in collaboration with CLS have led the development of a process that uses 
functionalized graphene quantum dots to trap transition metals for higher metal loading single-atom 
catalysis. Illustration courtesy of the Wang Group. 

BioXAS, BXDS, SXRMB 
Transition-metal single-atom catalysts present extraordinary activity per 
metal atomic site, but suffer from low metal-atom densities (typically less 
than 5 wt% or 1 at.%), which limits their overall catalytic performance. This 
work reports a general method for the synthesis of single-atom catalysts 
with high transition-metal-atom loadings of up to 40 wt% or 3.8 at.%, 
representing several-fold improvements compared to benchmarks in 
the literature. Graphene quantum dots, later interweaved into a carbon 

Xia, Chuan, Yunrui Qiu, Yang Xia, Peng Zhu, Graham King, Xiao Zhang, Zhenyu Wu et al. 
"General synthesis of single-atom catalysts with high metal loading using graphene 
quantum dots." Nature chemistry 13, no. 9 (2021): 887-894.  
DOI: 10.1038/s41557-021-00734-x

matrix, were used as a support, providing numerous anchoring sites and 
thus facilitating the generation of high densities of transition-metal atoms 
with sufficient spacing between the metal atoms to avoid aggregation. A 
significant increase in activity in electrochemical CO2 reduction (used as 
a representative reaction) was demonstrated on a Ni single-atom catalyst 
with increased Ni loading. 

CLS data was used to identify the chemical state 
and site of the catalysts. 
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High-order replica bands in monolayer FeSe/
SrTiO3 revealed by polarization-dependent 
photoemission spectroscopy 

a The 2-Fe (red square) and 1-Fe (blue square) Brillouin zones 
(BZs), and the sketch of Fermi surfaces (blue and red ellipses) of 
monolayer FeSe/STO26. The green lines are the two cuts for the 
ARPES in Figs. 1–4. b Experimental geometry for linear polarization-
dependent ARPES, where p (s) indicates the electric field of incident 
photon is parallel (perpendicular) to the emission plane defined 
by the analyzer slit. c, d Schematic diagram of band structure 
and orbital characters of monolayer FeSe/STO at Γ and M points, 
respectively, as determined by this ARPES study and in agreement 
with refs. 26,27. Here we use the same coordinate system as 
in b to define the d orbitals, i.e., x and y along the nearest Fe–Fe 
directions. Photoemission maps along cut #1, with 24 eV photons 
in p polarization (e) and s polarization (f). The solid and dashed 
curves indicate principal and replica bands with ~90 meV intervals, 
respectively. The white arrow indicates the other set of replica band 
at ~60 meV below the principal band. The yellow arrow indicates 
the Fermi momentum of the δ1 band, where a superconducting 
gap is opened. 

QMSC  
The mechanism of the enhanced superconductivity in monolayer FeSe/
SrTiO3 has been enthusiastically studied and debated over the past decade. 
One specific observation has been taken to be of central importance: 
the replica bands in the photoemission spectrum. Although suggestive 
of electron-phonon interaction in the material, the essence of these 
spectroscopic features remains highly controversial. In this work, we 
conduct angle-resolved photoemission spectroscopy measurements on 
the QMSC beamline on monolayer FeSe/SrTiO3 using linearly polarized 

Liu, Chong, Ryan P. Day, Fengmiao Li, Ryan L. Roemer, Sergey Zhdanovich, Sergey Gorovikov, 
Tor M. Pedersen et al. "High-order replica bands in monolayer FeSe/SrTiO3 revealed by 
polarization-dependent photoemission spectroscopy." Nature Communications 12, no. 1 
(2021): 1-8.

photons. This configuration enables unambiguous characterization 
of the valence electronic structure with a suppression of the spectral 
background. We consistently observe high-order replica bands derived 
from various Fe 3d bands, similar to those observed on bare SrTiO3. 
The intensity of the replica bands is unexpectedly high and different 
between dxy and dyz bands. Our results provide new insights on the 
electronic structure of this high-temperature superconductor and the 
physical origin of the photoemission replica bands. 

The polarization dependent, high resolution 
ARPES measurements were carried out at the CLS.
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Multication perovskite 2D/3D 
interfaces form via progressive 
dimensional reduction 

a Illustration of a 2D/3D interface for consecutive layers of 3D, n = 2, and n = 1 RDPs. b Schematic of the in situ GIWAXS experimental system used herein. A 
solvent dripper is positioned directly above the sample, which is mounted on a motorized pole with double-sided carbon tape. A Kapton shield encircles 
the spinning sample, prevented liquid from splashing onto the X-ray optics and the detector. VBABr: vinylbenzylammonium bromide. c Ex situ XRD patterns 
of RDP thin films with central n values of 1–3, and 3D control. Patterns are offset for clarity. Note: these are not 2D/3D perovskite thin films, and were 
synthesized from solutions containing precursor ratios corresponding to each n value. 

HXMA, BXDS  
Many of the best-performing perovskite photovoltaic devices make 
use of 2D/3D interfaces, which improve efficiency and stability – but 
it remains unclear how the conversion of 3D-to-2D perovskite occurs 
and how these interfaces are assembled. Here, researchers use in situ 
Grazing-Incidence Wide-Angle X-Ray Scattering to resolve 2D/3D 
interface formation during spin-coating. We observe progressive 
dimensional reduction from 3D to n = 3 → 2 → 1 when we expose 
(MAPbBr3)0.05(FAPbI3)0.95 perovskites to vinylbenzylammonium 

Proppe, Andrew H., Andrew Johnston, Sam Teale, Arup Mahata, Rafael Quintero-Bermudez, 
Eui Hyuk Jung, Luke Grater et al. "Multication perovskite 2D/3D interfaces form via 
progressive dimensional reduction." Nature communications 12, no. 1 (2021): 1-9. 

ligand cations. Density functional theory simulations suggest ligands 
incorporate sequentially into the 3D lattice, driven by phenyl ring 
stacking, progressively bisecting the 3D perovskite into lower-dimensional 
fragments to form stable interfaces. Slowing the 2D/3D transformation 
with higher concentrations of antisolvent yields thinner 2D layers formed 
conformally onto 3D grains, improving carrier extraction and device 
efficiency (20% 3D-only, 22% 2D/3D). Controlling this progressive 
dimensional reduction has potential to further improve the performance 
of 2D/3D perovskite photovoltaics. 

In-situ GIWAXS measurements provided insight 
into the formation of the 2D/3D interface.
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Vanishing nematic order beyond 
the pseudogap phase in overdoped 
cuprate superconductors 

The doping–temperature phase diagram of Nd-LSCO. The structural 
phase transition from the LTO to LTT phase, TLTT (black diamonds). The 
onset temperature of the CDW order, TCDW, using resonant X-ray scattering 
measurement (blue circles) and recent Seebeck coefficient measurement 
(green squares). The red circles mark the onset of the electronic 
nematic order in the LTT phase, TEN. The superconducting (SC) transition 
temperature, TC (gray circles), has been reported in article ref. 34 on the 
same series of samples as used for the group's resonant X-ray scattering 
measurements. The existence of a QCP at p* = 0.23 has been identified 
in ref. 21. The pseudogap onset temperature, T* (purple squares), as a 
function of hole doping is measured via the onset of the upturn in electrical 
resistivity  ρ(T) in ref. 23. The black, purple, blue, and gray dotted lines are 
guides to the eye. 

REIXS   
During the last decade, translational and rotational symmetry-breaking 
phases—density wave order and electronic nematicity—have been 
established as generic and distinct features of many correlated electron 
systems, including pnictide and cuprate superconductors. However, in 
cuprates, the relationship between these electronic symmetry-breaking 
phases and the enigmatic pseudogap phase remains unclear. Here, 
we employ resonant X-ray scattering in a cuprate high-temperature 
superconductor La1.6−xNd0.4SrxCuO4 (Nd-LSCO) to navigate the cuprate 
phase diagram, probing the relationship between electronic nematicity 
of the Cu 3d orbitals, charge order, and the pseudogap phase as a 
function of doping. We find evidence for a considerable decrease in 
electronic nematicity beyond the pseudogap phase, either by raising 
the temperature through the pseudogap onset temperature T* or 
increasing doping through the pseudogap critical point, p*. These 
results establish a clear link between electronic nematicity, the 
pseudogap, and its associated quantum criticality in overdoped 
cuprates. Our findings anticipate that electronic nematicity may play a 
larger role in understanding the cuprate phase diagram than previously 
recognized, possibly having a crucial role in the phenomenology of the 
pseudogap phase. 

Gupta, Naman K., Christopher McMahon, Ronny Sutarto, Tianyu Shi, Rantong Gong, 
Haofei I. Wei, Kyle M. Shen et al. "Vanishing nematic order beyond the pseudogap 
phase in overdoped cuprate superconductors." Proceedings of the National Academy 
of Sciences 118, no. 34 (2021). 

RXS and XAS measurements at the CLS were used 
to probe the electronic nematicity of Nd-LSCO.
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An air-stable and Li-metal-compatible
glass-ceramic electrolyte enabling
high-performance all-solid-state
Li metal batteries

A new glass-ceramic Li3.2P0.8Sn0.2S4 solid-state electrolyte is developed for 
the first time to simultaneously possesse high ionic conductivity (10-3 S cm-1 
level at room temperature), excellent air-stability (dry room operable), and 
good Li metal compatibility. This finding is highly expected to accelerate 
the commercialization of all-solid-state Li metal batteries. 

VESPERS, SXRMB   
The development of all-solid-state Li metal batteries (ASSLMBs) 
has attracted significant attention due to their potential to maximize 
energy density and improved safety compared to the conventional 
liquid-electrolyte-based Li-ion batteries. However, it is very challenging 
to fabricate an ideal solid-state electrolyte (SSE) that simultaneously 
possesses high ionic conductivity, excellent air-stability, and good Li 
metal compatibility. Herein, a new glass-ceramic Li3.2P0.8Sn0.2S4 (gc-
Li3.2P0.8Sn0.2S4) SSE is synthesized to satisfy the aforementioned 
requirements, enabling high-performance ASSLMBs at room temperature 
(RT). Compared with the conventional Li3PS4 glass-ceramics, the present 
gc-Li3.2P0.8Sn0.2S4 SSE with 12% amorphous content has an enlarged unit 
cell and a high Li+ ion concentration, which leads to 6.2-times higher 
ionic conductivity (1.21 × 10−3 S cm−1 at RT) after a simple cold sintering 
process. The (P/Sn)S4 tetrahedron inside the gc-Li3.2P0.8Sn0.2S4 SSE 
is verified to show a strong resistance toward reaction with H2O in 
5%-humidity air, demonstrating excellent air-stability. Moreover, the 
gc-Li3.2P0.8Sn0.2S4 SSE triggers the formation of Li–Sn alloys at the Li/SSE 
interface, serving as an essential component to stabilize the interface and 
deliver good electrochemical performance in both symmetric and full 
cells. The discovery of this gc-Li3.2P0.8Sn0.2S4 superionic conductor enriches 
the choice of advanced SSEs and accelerates the commercialization of 
ASSLMBs. 

Zhao, Feipeng, Sandamini H. Alahakoon, Keegan Adair, Shumin Zhang, Wei Xia, Weihan Li, 
Chuang Yu et al. "An air‐stable and Li‐metal‐compatible glass‐ceramic electrolyte enabling 
high‐performance all‐solid‐state Li metal batteries." Advanced Materials 33, no. 8 (2021): 
2006577. 

Synchrotron measurements were used to assess 
the structure and the stability of the materials.
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Tempering of cocoa butter and chocolate 
using minor lipidic components 

Samples included a molten and recrystallized 
commercial chocolate with added 0.1% (w/w) 
dimyristoylphosphatidylcholine (DMPC) b molten 
and recrystallized commercial chocolate with added 
0.1% (w/w) dipalmitoylphosphatidylethanolamine 
(DPPE) c fresh commercial chocolate (Lindt-F) d 
molten and recrystallized commercial chocolate 
(Lindt-R)

BMIT 
Chocolate manufacture includes a complex tempering procedure to 
direct the crystallization of cocoa butter towards the formation of fat 
crystal networks with specific polymorphism, nano- and microstructure, 
melting behavior, surface gloss and mechanical properties. Here we 
investigate the effects of adding various minor non-triglyceride lipidic 
components to refined cocoa butter and chocolate on their physical 

Chen, Jay, Saeed M. Ghazani, Jarvis A. Stobbs, and Alejandro G. Marangoni. "Tempering of 
cocoa butter and chocolate using minor lipidic components." Nature communications 12, 
no. 1 (2021): 1-9. 

properties. They find that addition of saturated phosphatidylcholine 
and phosphatidylethanolamine to neutralized and bleached cocoa 
butter or molten and recrystallized commercial chocolate at 0.1% 

(w/w) levels, followed by rapid cooling to 20 °C 
in the absence of shear, accelerates crystallization, 
stabilizes the desirable Form V polymorph and 
induces the formation of chocolate with an optimal 
microstructure, surface gloss and mechanical 
strength. Final chocolate structure and properties 
are comparable to those of a commercial tempered 
chocolate. Minor lipidic component addition 
represents an effective way to engineer chocolate 
material properties at different length scales, thus 
simplifying the entire tempering process. 

AGRICULTURE

Synchrotron micro-computed tomography was 
used to reveal the microstructures of chocolate, 
which helped to confirm that chocolate prepared 
with the addition of a minor lipidic component can 
simplify the tempering process in chocolate making. 

C L S  R E S E A R C H  R E P O R T  |  2 0 2 114



Corresponding author:  
Gordon Huang, Institute for 
Energy, University of Regina

Characterization of canola growth and 
in-vivo element fate in Canadian prairie 
under the interferences of tillage and 
residue treatment  

FTIR images of the distribution of 
lignin at 1250 cm−1 (column 1), protein 
at 1650 cm−1 (column 2) and lipid at 
1741 cm−1 (column 3) on root surfaces of 
seedlings at 36 days after seeding (A4, B4, C4) 
and mature plants at 67 days after seeding 
(a4, b4, c4). Samples in (A4) and (a4) come 
from 2 to 1 part of trial field; Samples in (B4) 
and (b4) come from 2 to 2 part of trial field; 
Samples in (C4) and (c4) come from 2 to 3 
part of trial field. In the colored bar, dark 
blue represents lowest content and dark red 
represents highest content. 

Mid-IR, VESPERS   
Canola is one of the main crops produced in Canadian prairies. It is 
important to provide an effective approach for improving the growth 
and yield of canola. The effects of tillage 
and residue management on the growth 
of canola have been analyzed in this study 
through evaluating physicochemical 
features of canola plants under the 
interferences of tillage and residue 
treatment. Synchrotron-based FTIR and 
x-ray fluorescence mapping technologies 
are used to examine the variation of 
different organisms and important metal 
elements in the canola plants at different 
stages. The effects of interactions among 
tillage and residue treatments on the 
growth state of canola plants at different 
growing stages are various. Content of lipid 
and protein in mature root are improved 
with the application of harrow treatment. 
The application of tillage management is 
beneficial for the content of some elements, 
while negatively influences the content of 
other metal elements. 

Huang, Jing, Gordon Huang, Xiaying Xin, David Halstead, Katelyn Gaetz, Leila 
Benmerrouche, Yuwei Wu, Nan Wang, Yupeng Fu, and Jinbo Zhang. "Characterization of 
canola growth and in-vivo element fate in Canadian prairie under the interferences of tillage 
and residue treatment." Journal of Cleaner Production 320 (2021): 128707. 

Synchrotron mid-infrared spectromicroscopy and 
X-ray fluorescence mapping techniques helped to 
understand the beneficial effects of post-harvest 
treatment on canola growth by revealing the 
organic compounds and elemental distributions in 
canola seedlings' roots and leaves.
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Differential transformation mechanisms 
of exotic Cr(VI) in agricultural soils 
with contrasting physio-chemical and 
biological properties 

The reduction in exotic Cr(VI) was faster in the Ultisol soil than in the Fluvo-aquic soil.

SXRMB, SM, VESPERS  
The transformation mechanisms of Cr(VI) in agricultural soils at the 
molecular level remain largely unknown due to the multitude of abiotic 
and biotic factors. In this study, the different speciation and distribution 
of Cr in two types of agricultural soil (Ultisol and Fluvo-aquic soils) after 
two weeks of aging was investigated using synchrotron-based X-ray 
absorption near-edge structure (XANES) spectroscopy, microfocused 
X-ray fluorescence (μ-XRF) and X-ray transmission microscopy (STXM). 
The microbial community structure of the two soils was also analyzed 
via high-throughput sequencing of 16S rRNA. Cr(VI) availability was 
relatively lower in the Ultisol than in the Fluvo-aquic soil after aging. 
Cr K-edge bulk XANES and STXM analysis indicated that Cr(VI) was 
reduced to Cr(III) in both soils. μ-XRF analysis and STXM analysis 
indicated the predominant association of Cr with Mn/Fe oxides and/
or organo-Fe oxides in both soils. 
Additionally, STXM-coupled imaging and 
multiedge XANES analyses demonstrated 
that carboxylic groups were involved in 
the reduction of Cr(VI) and subsequent 
retention of Cr(III). 16S rRNA analysis 
showed considerably different bacterial 

Wang, Yihao, Jianjun Yang, Hui Han, Yongfeng Hu, Jian Wang, Ya Feng, Baoshan 
Yu, Xing Xia, and Aminu Darma. "Differential transformation mechanisms of 
exotic Cr (VI) in agricultural soils with contrasting physio-chemical and biological 
properties." Chemosphere 279 (2021): 130546. 

communities across the two soils. Redundancy analysis (RDA) suggested 
that soil properties, including the total carbon content, Fe oxide 
component and pH, were closely linked to Cr(VI)-reducing functional 
bacteria in the Ultisol, including chromium-reducing bacteria (CRB) (e.g., 
Bacillus sp.) and dissimilatory iron-reducing (DIRB) (e.g., Shewanella 
sp.) bacteria, which possibly promoted Cr(VI) reduction. These findings 
shed light on the molecular-level transformation mechanisms of Cr(VI) 
in agricultural soils, which facilitates the effective management of Cr-
enriched farmland. 

Soft and hard X-ray spectroscopy combined with 
micro- and nano-scale microscopy helped to reveal 
the interactions of carboxylic carbon and Mn/Fe 
oxides in the reduction transformation of Cr(VI). 
This transformation is stronger in Ultisol soil than 
in Fluvo-aquic soil.
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Tissue specific changes in elements 
and organic compounds of alfalfa 
(Medicago sativa L.) cultivars differing in 
salt tolerance under salt stress   

Distribution of chlorine (a), potassium (b), calcium (c) ions in leaf 
tissues of two alfalfa cultivars as revealed by synchrotron based XRF 
spectroscopy at IDEAS beamline in the Canadian Light Source. (HC. Halo 
control at 0 dS m−1 HS. Halo stressed at 12 dS m−1 EC VC. Vernal control 
at o dS m−1 VS. Vernal stressed at 12 dS m−1 EC; Index bar represents 
integrated absorption peak area).

IDEAS, Mid-IR,VESPERS  
Soil salinity is a global concern and often the primary factor contributing 
to land degradation, limiting crop growth and production. Alfalfa 
(Medicago sativa L.) is a low input high value forage legume with a 
wide adaptation. Examining the tissue-specific responses to salt stress 
will be important to understanding physiological changes of alfalfa. 
The responses of two alfalfa cultivars (salt tolerant ‘Halo’, salt intolerant 
‘Vernal’) were studied for 12 weeks in five gradients of salt stress in a 
sand based hydroponic system in the greenhouse. The accumulation 
and localization of elements and organic compounds in different tissues 
of alfalfa under salt stress were evaluated using synchrotron beamlines. 
The pattern of chlorine accumulation for ‘Halo’ was: root > stem ~ leaf at 
8 dSm−1, and root ~ leaf > stem at 12 dSm−1, potentially preventing toxic 
ion accumulation in leaf tissues. In contrast, for ‘Vernal’, it was leaf > stem 

Bhattarai, Surendra, Na Liu, Chithra Karunakaran, Karen K. Tanino, Yong-Bi Fu, Bruce 
Coulman, Tom Warkentin, and Bill Biligetu. "Tissue specific changes in elements and organic 
compounds of alfalfa (Medicago sativa L.) cultivars differing in salt tolerance under salt 
stress." Journal of Plant Physiology 264 (2021): 153485. 

 X-ray fluorescence spectroscopy and mapping 
combined with mid-infrared spectroscopy 
techniques were used to understand the 
physiological changes of salt tolerant and 
susceptible alfalfa cultivars by revealing the 
accumulation of organic compounds and 
elemental distributions in different tissues of 
alfalfa plants. 

~ root at 8 dSm−1 and leaf > root ~ stem at 12 dSm−1. The distribution of 
chlorine in ‘Halo’ was relatively uniform in the leaf surface and vascular 
bundles of the stem. Amide concentration in the leaf and stem tissues was 
greater for ‘Halo’ than ‘Vernal’ at all salt gradients. This study determined 
that low ion accumulation in the shoot was a common strategy in salt 
tolerant alfalfa up to 8 dSm−1 of salt stress, which was then replaced by 
shoot tissue tolerance at 12 dSm−1.
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Bibenzyl synthesis in  
Cannabis sativa L. 

CMCF   
This study focuses on the biosynthesis of a suite of specialized metabolites 
from Cannabis that are known as the ‘bibenzyls’. In planta, bibenzyls 
accumulate in response to fungal infection and various other biotic 
stressors; however, it is their widely recognized anti-inflammatory 
properties in various animal cell models that have garnered recent 
therapeutic interest. In this work, it is proposed that these compounds are 
synthesized via a branch point from the core phenylpropanoid pathway 
in Cannabis, in a three-step sequence. First, various hydroxycinnamic 
acids are esterified to acyl-coenzyme A (CoA) by a member of the 
4-coumarate-CoA ligase family (Cs4CL4). Next, these CoA esters are 
reduced by two double-bond reductases (CsDBR2 and CsDBR3) that 
form their corresponding dihydro-CoA derivatives from preferred 
substrates. Finally, the bibenzyl backbone is completed by a polyketide 

Boddington, Kelly F., Eric Soubeyrand, Kristen Van Gelder, José A. Casaretto, Colby Perrin, 
Taylor JB Forrester, Cameron Parry et al. "Bibenzyl synthesis in Cannabis sativa L." The Plant 
Journal 109, no. 3 (2022): 693-707. 

synthase that specifically condenses malonyl-CoA with these dihydro-
hydroxycinnamoyl-CoA derivatives to form two bibenzyl scaffolds: 
dihydropiceatannol and dihydroresveratrol. Structural determination of 
this bibenzyl synthase enzyme (CsBBS2) indicates that a narrowing of 
the hydrophobic pocket surrounding the active site evolved to sterically 
favor the non-canonical and more flexible dihydro-hydroxycinnamoyl-
CoA substrates in comparison with their oxidized relatives. Accordingly, 
three point mutations that were introduced into CsBBS2 proved sufficient 
to restore some enzymatic activity with an oxidized substrate, in vitro. 
Together, the identification of this set of Cannabis enzymes provides 
a valuable contribution to the growing parts prospecting inventory 
that supports the rational metabolic engineering of natural product 
therapeutics. 

Structure of CsBBS2 and schematic of its catalyzed reaction. (a) Structure of the dimer. One chain is shown in white, the 
second in a gradient from blue (N-terminus) to red (C-terminus). (b) Model of the CsBBS2 + dihydro-p-coumaroyl-CoA 
complex. Note that the saturated side chain needs to twist to fit in the constricted binding site. (c) The reaction catalyzed 
by CsBBS2 in the proposed biosynthetic pathway for bibenzyls in Cannabis sativa. This work was sponsored by Canurta.

Macromolecular crystallography was used to 
characterize specialized metabolites synthesized 
from Cannabis known as the bibenzyls.
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Removal of arsenic and metals from 
groundwater impacted by mine waste using
zero-valent iron and organic carbon

SXRMB, CLS@APS   
Acid mine drainage and the associated contaminants, including As 
and metals, are ongoing environmental issues. Passive remediation 
technologies have the potential to remove As from mine waste effluents. 
A series of laboratory column experiments was conducted to evaluate 
the effectiveness of varying mixtures of organic carbon (OC), zero-
valent iron (ZVI), and limestone for the treatment of As, metals, SO42−, 
and acidity in groundwater from an abandoned gold mine. The onset of 
bacterially-mediated SO42− reduction was indicated by a decrease in Eh, 
a decline in aqueous SO42− concentrations coupled with enrichment of 
δ34S, and the presence of sulfate-reducing bacteria and H2S. Removal of 
As was observed within the first 3 cm of reactive material, to values below 
10 µg L−1, representing >99.9% removal. An increase in pH from 3.5 to 
circumneutral values and removal of metals including Al, Cu, and Zn 

Angai, Joanne U., Carol J. Ptacek, Eva Pakostova, Jeff G. Bain, Brent R. Verbuyst, and David W. 
Blowes. "Removal of arsenic and metals from groundwater impacted by mine waste using 
zero-valent iron and organic carbon: Laboratory column experiments." Journal of Hazardous 
Materials 424 (2022): 127295. 

was also observed. Synchrotron results suggest As was removed through 
precipitation of As-crystalline phases such as realgar and orpiment, or 
through adsorption as As(V) on ferrihydrite. The results indicate the 
potential for a mixture of OC and ZVI to remove As from acidic, mine-
impacted water. 

ENVIRONMENT

uXRF mapping above the As K-edge on column 
secondary precipitates showed localized spots of 
arsenic rather than homogeneously distributed 
arsenic. As K-edge uXANES identified the presence 
of multiple As oxidation states with As(V) being 
predominant in in Fe-S secondary precipitates.

Sulfur uXRF targeted regions of interest identified 
in the optical and SEM images. S K-edge uXANES 
measurements identified that the majority of 
sulfur was present in reduced species.
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Organic stabilization of extracellular 
elemental sulfur in a Sulfurovum-rich 
biofilm: A new role for extracellular 
polymeric substances 

STXM images and maps of Sulfurovum-dominated streamer biofilm. (A–B) Sample PC1647.  
(A) image collected at 288.1 eV. Black areas are S(0) particles. The empty spherical envelopes of 
vaporized S(0) globules are visible (black arrows). (B) Corresponding carbon map. The white arrow 
shows the carbon enveloped around a partially vaporized S(0) particle (a chain of S(0) bipyramids). 
(C–I) Sample PC1718. (C) Image collected at 288.2 eV. (D) Carbon map. (E) Sulfur map. (F) Image 
collected at 300 eV. (G) Carbon map. The arrow points to a rod-shaped microbial cell. (H–I) Image 
collected at 300 eV. (I) Carbon map. The boxes in (A), (F), and (H) and the arrow in (B) indicate 
where XANES analyses shown in Figure 8 were performed. Scale bars: 1 μm.

SM   
This work characterizes the role of extracellular polymeric substance 
(EPS) in the formation and preservation of elemental sulfur 
biominerals produced by sulfur-oxidizing bacteria. The authors 
characterized elemental sulfur particles produced within a Sulfurovum-
rich biofilm in the Frasassi Cave System (Italy). The particles adopt 
spherical and bipyramidal morphologies, and display both stable 
(α-S8) and metastable (β-S8) crystal structures. Elemental sulfur 
is embedded within a dense matrix of EPS, and the particles are 
surrounded by organic envelopes rich in amide and carboxylic groups. 
Organic encapsulation and the presence of metastable crystal structures 
are consistent with elemental sulfur organomineralization, i.e., the 

formation and stabilization of elemental sulfur in the presence of 
organics, a mechanism that has previously been observed in laboratory 
studies. This research provides new evidence for the important role of 
microbial EPS in mineral formation in the environment. The authors 
hypothesize that the extracellular organics are used by sulfur-oxidizing 
bacteria for the stabilization of elemental sulfur minerals outside of 
the cell wall as a store of chemical energy. The stabilization of energy 
sources (in the form of a solid electron acceptor) in biofilms is a 
potential new role for microbial EPS that requires further investigation.  

Cron, Brandi, Jennifer L. Macalady, and Julie Cosmidis. "Organic stabilization 
of extracellular elemental sulfur in a Sulfurovum-rich biofilm: A new role for 
extracellular polymeric substances." Frontiers in Microbiology 12 (2021). STXM was used to identify sulfur(0) and associated 

organic material in biofilms produced by sulfur-
oxidizing bacteria. 
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Impact of dry intrusion events on the 
composition and mixing state of particles 
during the winter Aerosol and Cloud 
Experiment in the Eastern North Atlantic 

(a) Carbon speciation map of a 
subset of particles acquired by 
STXM from DI periods. Note that 
components can overlap, and 
each pixel can contain a different 
combination of the individual 
components: EC + IN constituents 
as purple; OC + EC as yellow; OC + IN 
as cyan. (b) Size distribution of 
analyzed particles identified via 
STXM/NEXAFS shown as an 8-bin 
per decade histogram to compare 
particle multi-component internal 
mixing state between atmospheric 
transport events. FIMS particle 
size distribution is overlaid to 
facilitate a visual comparison from 
the same atmospheric episodes. 
Abbreviations are as follows: IN – 
inorganics, OC – organic carbon (i.e., 
COOH), EC – elemental carbon (i.e., 
sp2 C = C carbon).

SM   
Long-range transport of continental emissions has a far-reaching 
influence over remote regions, resulting in substantial change in the 
size, morphology, and composition of the local aerosol population and 
cloud condensation nuclei (CCN) budget. Here, the authors investigate 
the physicochemical properties of atmospheric particles collected on 
board a research aircraft flown over the Azores during the winter 2018 
Aerosol and Cloud Experiment in the Eastern North Atlantic (ACE-ENA) 
campaign. Particles were collected within the marine boundary layer 
(MBL) and free troposphere (FT) after long-range atmospheric transport 
episodes facilitated by dry intrusion (DI) events. Chemical and physical 
properties of individual particles were investigated using complementary 
capabilities of computer-controlled scanning electron microscopy and 
x-ray spectromicroscopy to probe particle external and internal mixing 
state characteristics. Furthermore, real-time measurements of aerosol size 
distribution, cloud condensation nuclei (CCN) concentration, and back-
trajectory calculations were utilized to help bring into context the findings 
from offline spectromicroscopy analysis. While carbonaceous particles 
were found to be the dominant particle type in the region, changes in 
the percent contribution of organics across the particle population (i.e., 
external mixing) shifted from 68% to 43% in the MBL and from 92% 

Tomlin, Jay M., Kevin A. Jankowski, Daniel P. Veghte, Swarup China, Peiwen Wang, Matthew 
Fraund, Johannes Weis et al. "Impact of dry intrusion events on the composition and mixing 
state of particles during the winter Aerosol and Cloud Experiment in the Eastern North 
Atlantic (ACE-ENA)." Atmospheric Chemistry and Physics 21, no. 24 (2021): 18123-18146. 

to 46% in FT samples during DI events. This change in carbonaceous 
contribution is counterbalanced by the increase in inorganics from 
32% to 57% in the MBL and 8% to 55% in FT. The quantification of the 
organic volume fraction (OVF) of individual particles derived from 
X-ray spectromicroscopy, which relates to the multi-component internal 
composition of individual particles, showed a factor of 2.06 ± 0.16 and 
1.11 ± 0.04 increase in the MBL and FT, respectively, among DI samples. 
The authors show that supplying particle OVF into the κ-Köhler equation 
can be used as a good approximation of field-measured in situ CCN 
concentrations. We also report changes in the κ values in the MBL 
from κMBL, non-DI=0.48 to κMBL, DI=0.41, while changes in the FT result 
in κFT, non-DI=0.36 to κFT, DI=0.33, which is consistent with enhancements 
in OVF followed by the DI episodes. The observations suggest that 
entrainment of particles from long-range continental sources alters the 
mixing state population and CCN properties of aerosol in the region. 
The work presented here provides field observation data that can inform 
atmospheric models that simulate sources and particle composition in the 
eastern North Atlantic. 

STXM and carbon K-edge NEXAFS/XANES was 
used to examine carbonaceous particles from 
clouds to assess the long range transport of 
continental emissions. 
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Corresponding author:  
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Role of ester sulfate and organic 
disulfide inmercury methylation in 
peatland soils 

Sulfur 1s XANES spectra from hollow (a), hummock (b), and references that were detected 
in the samples (c). References are color-coded according to bin type–thiophenes, organic 
monosulfides, and thiols are binned together. 

Almost all sulfur detected in the S1 bog peat with sulfur XANES spectroscopy was in an 
organic form. Reduced organic sulfur species (having valence states of ≤+1) comprised 
42–72% of total sulfur over the full depth profile (+20 to −200 cm) which is consistent with 
past studies of boreal peatlands. The oxidized sulfur species (valence states ≥ +2) decreased 
with depth (p < 0.05), while reduced sulfur species (valence states ≤ +1) increased with depth 
(p < 0.05). The lowest percentages of reduced sulfur species were observed in surface samples 
from both hollows (−5 cm, 48% on average) and hummocks (+15 cm, 42% on average). 

SXRMB   
The authors examined the composition and spatial correlation of 
sulfur and mercury pools in peatland soil profiles by measuring sulfur 
speciation by 1s X-ray absorption near-edge structure spectrocopy and 
mercury concentrations by cold vapor atomic fluorescence spectroscopy. 
Also investigated were the methylation/demethylation rate constants 
and the presence of hgcAB genes with depth. Methylmercury (MeHg) 
concentration and organic disulfide were spatially correlated and had 
a significant positive correlation (p < 0.05). This finding is consistent 
with these species being products of dissimilatory sulfate reduction. 
Conversely, a significant negative correlation between organic 
monosulfides and MeHg was observed, which is consistent with a 
reduction in Hg(II) bioavailability via complexation reactions. Finally, a 
significant positive correlation between ester sulfate and instantaneous 

Pierce, Caroline E., Olha S. Furman, Sarah L. Nicholas, Jill Coleman Wasik, Caitlin M. Gionfriddo, 
Ann M. Wymore, Stephen D. Sebestyen et al. "Role of ester sulfate and organic disulfide 
inmercury methylation in peatland soils." Environmental science & technology (2022). 

methylation rate constants was observed, which is consistent with ester 
sulfate being a substrate for mercury methylation via dissimilatory sulfate 
reduction. The team's findings point to the importance of organic sulfur 
species in mercury methylation processes, as substrates and products, as 
well as potential inhibitors of Hg(II) bioavailability. For a peatland system 
with sub-μmol L–1 porewater concentrations of sulfate and hydrogen 
sulfide, our findings indicate that the solid-phase sulfur pools, which have 
a much larger sulfur concentration range, may be accessible to microbial 
activity or exchanging with the porewater. 

Sulfur K-edge XANES was used to investigate the 
role of organic sulfur species in Hg methylation 
in peatland soils. The impacts of climate change 
may lead to greater toxic methylmercury (MeHg) 
generation.
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Persistence of uranium in old
and cold subpermafrost groundwater 
indicated by linking 234U-235U-238U, 
groundwater ages, and hydrogeochemistry 

Selection of rock-sample photos from each weathering facies that includes photos of hand-samples, thin-sections, μ-XRF maps of key elements, and bulk 
geochemical and U isotopic composition. (a) Intensely oxidized gneiss sample with high U abundance and disseminated sorbed U(VI). (b) Transition granite 
sample cross-cut by a U-rich vein with a majority of U(IV) colocated with Th and Y and spatially distinct from Fe–Mn–As-sulfides. (c) Transition gneiss sample, 
with hydrothermal alteration and pyrite and a mixture of U(VI) and U(IV). (d) Fresh granite sample with a mixture of U(VI) and U(IV). 

VESPERS    
Uranium (U) contamination in groundwater from 
geogenic sources affects water quality globally. Here, we 
use a multifaceted isotopic and geochemical approach to 
elucidate U sources and controls on geogenic U release to 
groundwater and surface water at a prospective subarctic 
gold deposit in Yukon, that is characterized by permafrost, 
fractured bedrock, and cold (<2 °C) groundwater. X-ray 
absorption spectroscopy, sequential extractions, and micro 
X-ray fluorescence mapping show extensive subsurface 
oxidation and solid-phase U present in its hexavalent 
and mobile form. Limited 238U/235U isotope fractionation 
and predominance of U(VI) in rocks suggest U(VI) 
sorption–desorption is the main driver of U mobilization. 
Groundwater U concentrations are appreciable (median 
38 μg/L, range 1.2–535 μg/L) and are explained by 
high-alkalinity, Ca-rich groundwater produced from 
oxidative weathering of sulfide and carbonate-mineralized 
structures around the deposit. Minor 238U/235U isotope 
fractionation in groundwater indicates that limited U(VI) 
reduction occurs beneath permafrost despite groundwater 
redox conditions below Fe(III) and S(VI) reduction, and 
groundwater ages inferred from 3H and 14C to be on the 
order of thousands of years. The complexation of U as 
uranyl–calcium–carbonate complexes and the resilience 
of these complexes to U(VI) reduction contributes to high 
U(VI) mobility under cold groundwater conditions. This 
study provides insight into processes and time scales of U 
transport in subarctic groundwater at a pivotal time when 
hydrogeochemical changes may be anticipated in cold 
regions worldwide due to permafrost degradation.

Skierszkan, Elliott K., John W. Dockrey, Jordi Helsen, Laura-Lee Findlater, Clément P. 
Bataille, Ghislain de Laplante, Joyce M. McBeth, K. Ulrich Mayer, and Roger D. Beckie. 
"Persistence of uranium in old and cold subpermafrost groundwater indicated by linking 
234U-235U-238U, groundwater ages, and hydrogeochemistry." ACS Earth and Space 
Chemistry 5, no. 12 (2021): 3474-3487. 

uXRF mapping and U L3-edge XANES were used 
to assess the geochemical controls on uranium 
mobility at a prospective subarctic gold deposit 
in the Yukon.
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Crystal structures and schematic depictions of inhibitors bound 
to SARS-CoV-2 Mpro. (A) 1a bound to the active site of SARS-CoV-2 
Mpro. The benzyl ring at the P3 position of the inhibitor can be seen 
interacting with the S3 surface depression, similarly to the binding mode 
of GC373 (PDB 7LCS). (B) 1i bound to the active site of SARS-CoV-2 Mpro. 
The presence of a fluorine atom at the 3-position on the benzyl ring 
directs the aromatic moiety into the S4 binding pocket (PDB 7LCO). (C) 
1f bound to the active site of SARS-CoV-2 Mpro. Substitution of 
the benzyloxy group with a 4-methoxyindole prompts binding of the P3 
portion of the inhibitor to the S4 pocket of the enzyme. This is a result 
of favorable interactions between the indole nitrogen and the carbonyl 
of Glu166 as well as that of the methoxy group with the binding 
pocket itself (PDB 7LDL). (D) 1g bound to the active site of SARS-CoV-2 
Mpro. The phenyl ring of (S)-methyl benzyl group can be seen being 
directed towards the S4 site of the enzyme via the presence of the 
additional methyl group (PDB 7LCT). 

Corresponding author:  
John Vederas, University of Alberta

Improved SARS-CoV-2 Mpro inhibitors 
based on feline antiviral drug GC376

CMCF  
Replication of SARS-CoV-2, the coronavirus causing COVID-19, 
requires a main protease (Mpro) to cleave viral proteins. Consequently, 
Mpro is a target for antiviral agents. The research group and others 
previously demonstrated that GC376, a bisulfite prodrug with efficacy 
as an anti-coronaviral agent in animals, is an effective inhibitor of 
Mpro in SARS-CoV-2. Here, we report structure-activity studies of 
improved GC376 derivatives with nanomolar affinities and therapeutic 
indices >200. Crystallographic structures of inhibitor-Mpro complexes 
reveal that an alternative binding pocket in Mpro, S4, accommodates 
the P3 position. Alternative binding is induced by polar P3 groups or 
a nearby methyl. NMR and solubility studies with GC376 show that 
it exists as a mixture of stereoisomers and forms colloids in aqueous 
media at higher concentrations, a property not previously reported. 
Replacement of its Na+ counter ion with choline greatly increases 
solubility. The physical, biochemical, crystallographic, and cellular data 
reveal new avenues for Mpro inhibitor design. 

Vuong, Wayne, Conrad Fischer, Muhammad Bashir Khan, Marco J. van Belkum, Tess Lamer, 
Kurtis D. Willoughby, Jimmy Lu et al. "Improved SARS-CoV-2 Mpro inhibitors based on 
feline antiviral drug GC376: structural enhancements, increased solubility, and micellar 
studies." European journal of medicinal chemistry 222 (2021): 113584. 

HEALTH

Macromolecular crystallography was used 
to solve the crystal structure of the virus 
that causes COVID-19's main protease with a 
nanomolar inhibitor.
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Three-dimensional tonotopic mapping of 
the human cochlea based on synchrotron 
radiation phase-contrast imaging

(A) SR-PCI data of a left human cochlea. 3D Slicer (www.slicer.org, version 4.10.1)13 was used to 
create a detailed 3D representation including intra-cochlear soft tissue. The basilar membrane and 
spiral ganglion were segmented, and the frequency coordinates were calculated using Greenwood’s 
formula14 and dendrite tracing. (B,C) For the spiral ganglion, the dendrites were traced from the 
basilar membrane to make a corresponding frequency map (shown with color scale). Note the 
angle of dendritic connections are not radial to the mid-modiolar axis in the apical and basal region 
(denoted by *). (D) Representative tomographic X-ray section showing the segmented round 
window (red), neural elements (yellow) and basilar membrane (green). GIMP 2 (www.gimp.org) was 
used to create the figures.

BMIT   
The human cochlea transforms sound waves into electrical signals in 
the acoustic nerve fibers with high acuity. This transformation occurs 
via vibrating anisotropic membranes (basilar and tectorial membranes) 
and frequency-specific hair cell receptors. Frequency-positions can be 
mapped within the cochlea to create a tonotopic chart which fits an 
almost-exponential function with lowest frequencies positioned apically 
and highest frequencies positioned at the cochlear base (Bekesy 1960, 
Greenwood 1961). To date, models of frequency positions have been 
based on a two-dimensional analysis with inaccurate representations of 

Li, Hao, Luke Helpard, Jonas Ekeroot, Seyed Alireza Rohani, Ning Zhu, Helge Rask-
Andersen, Hanif M. Ladak, and Sumit Agrawal. "Three-dimensional tonotopic mapping 
of the human cochlea based on synchrotron radiation phase-contrast imaging." Scientific 
reports 11, no. 1 (2021): 1-8.

This study uses synchrotron radiation - phase 
contrast imaging at BMIT to obtain accurate 
tonotopic maps of the human basilar organ of 
Corti and the spiral ganglion.

the cochlear hook region. In the present study, the first three-dimensional 
frequency analysis of the cochlea using dendritic mapping to obtain 
accurate tonotopic maps of the human basilar membrane/organ of Corti 
and the spiral ganglion was performed. A novel imaging technique, 
synchrotron radiation phase-contrast imaging, was used and a spiral 
ganglion frequency function was estimated by nonlinear least squares 
fitting a Greenwood-like function (F = A (10ax − K)) to the data. The 
three-dimensional tonotopic data presented herein has large implications 

for validating electrode 
position and creating 
customized frequency 
maps for cochlear 
implant recipients.

C L S  R E S E A R C H  R E P O R T  |  2 0 2 1 25



SCIENCE HIGHLIGHTS   

SR-µCT image of gold nanoparticle conjugated to human serum 
fibrinogen (FB-AuNP) bound to one of PAES-PVP hemodialysis 
membrane layers. 

Assessment of hemodialysis clinical 
practices using polyaryl ether sulfone-
polyvinylpyrrolidone clinical membrane

BMIT  
Protein adsorption in highly undesirable in hemodialysis (HD) since 
it leads to activation biochemical cascades and membrane fouling. 
The present study aims to obtain an in-depth understanding of the 
influence of clinical practice on in-vitro adsorption of fibrinogen (FB) 
and inflammatory biomarkers released in patients’ uremic blood during 
and after HD. A mathematical model to predict human serum FB 
adsorption to Polyaryl Ether Sulfone-Polyvinylpyrrolidone (PAES: PVP) 
HD hemodialysis membrane currently used in Canadian hospitals was 
obtained function of feed flow rate, dialysate flow rate and treatment 
time. Advanced imaging and spectroscopy techniques were applied to 
assess the occurrence of FB adsorption. A UV/vis spectroscopic was 
utilized to measure quantitatively the FB adsorption during simulated 
HD session. In-situ Synchrotron-based 
X-ray microtomography (SR-µCT) 
is an innovative technique and was 
used in this study to evaluate the in 
vitro adsorption of conjugated human 
serum FB in each membrane layer. In-
situ SR-µCT showed more severe 
fouling between intermediate and 
lower layers of the investigated region. 
Furthermore, the clinical data was used 
to correlate the adsorption of FB to 
inflammatory and thrombotic responses 
experienced by HD patients. Samples 
were collected from dialysis patients to 
ascertain the extent of inflammatory 
biomarkers released, before, during and 
after dialysis. Collected blood samples 
were analyzed using Luminex assays 
for the inflammatory biomarkers of 
Serpin/ Antithrombin-III, Properdin, 

Westphalen, Heloisa, Amira Abdelrasoul, Ahmed Shoker, and Ning Zhu. "Assessment of 
hemodialysis clinical practices using polyaryl ether sulfone-polyvinylpyrrolidone (PAES: 
PVP) clinical membrane: Modeling of in vitro fibrinogen adsorption, in situ synchrotron-
based imaging, and clinical inflammatory biomarkers investigations." Separation and 
Purification Technology 259 (2021): 118136. 

C5a, 1L-1α, 1L-1β, TNF-α, IL6, and vWF. The results showed that the 
hydrodynamic conditions affect both the concentration of FB adsorbed 
and the time of saturation, and the results presented demonstrate how 
the clinical operating conditions can be manipulated to control protein 
adsorption during hemodialysis. In addition, the inflammatory biomarker 
released during the in vitro incubation of the membrane in uremic blood 
was compared to the ones released during dialysis at the same duration 
was compared to examine the influence of hydrodynamics conditions. The 
clinical study demonstrated how the hydrodynamic conditions influence 
complement activation, inflammatory and thrombotic responses. Overall, 
patients treated at lower flow rate demonstrated a more inflammatory 
profile and stronger tendencies to coagulation and clotting. 

Corresponding author:  
Amira Abdelrasoul,  
University of Saskatchewan

Synchrotron micro-CT allowed the analysis 
of fouling layer-by-layer within the PAES PVP 
membrane. 
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Hepatocyte growth 
factor administration 
increases bone 
soluble phosphate and 
alters bone chemical 
structure in diabetic 
hypertensive rats 

SGM, VLS-PGM, SXRMB     
Hepatocyte growth factor (HGF) is a novel potential therapy for 
improving bone health in patients with type II diabetes and hypertension, 
but its effect on the bone molecular structure is not revealed yet. Here, 
X-ray absorption near edge structure (XANES) spectroscopy was used to 
explore the effects elicited by HGF on the bone chemical structure. This 
study assessed local calcium (Ca) and phosphorus (P) coordination of 
diabetic hypertensive rat bones, each with and without HGF treatment. 
Results revealed that HGF has significant effects on Ca and P coordination 
chemistry as confirmed by presence of more soluble phosphates in the 
HGT-treated groups. Data indicated that treated bones have a poorly 
developed phosphate structure as evidenced by drastic drop in post-edge 
shoulder in P L2, 3-edge compared to diabetic hypertensive and diabetic 
control bone. Presence of soluble Ca and P, products of bone resorption, 
with HGF treatment suggests unbalanced bone resorption and formation. 

Awad, Kamal, Natasha G. Boyes, Ramlah Iqbal, Mohamed Ahmed, Adel Mohamed, 
Pranesh Aswath, Corey R. Tomczak, and Venu Varanasi. "Hepatocyte growth factor 
administration increases bone soluble phosphate and alters bone chemical structure in 
diabetic hypertensive rats." Journal of Materials Research 36, no. 19 (2021): 3936-3951. 
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XANES was used to characterize the chemical 
structure of the three study groups: untreated 
diabetic control, untreated diabetic hypertensive, 
and HGF-treated diabetic hypertensive rat bones. 

Corresponding author:  
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A Slam-dependent 
hemophore contrib-
utes to heme acquisition 
in the bacterial pathogen 
Acinetobacter baumannii 

CMCF    
Nutrient acquisition systems are often crucial for pathogen growth and 
survival during infection, and represent attractive therapeutic targets. 
Here, we study the protein machinery required for heme uptake in 
the opportunistic pathogen Acinetobacter baumannii. We show that 
the hemO locus, which includes a gene encoding the heme-degrading 
enzyme, is required for high-affinity heme acquisition from hemoglobin 
and serum albumin. The hemO locus includes a gene coding for a heme 
scavenger (HphA), which is secreted by a Slam protein. Furthermore, 
heme uptake is dependent on a TonB-dependent receptor (HphR), 
which is important for survival and/or dissemination into the 
vasculature in a mouse model of pulmonary infection. Our results 
indicate that A. baumannii uses a two-component receptor system for 
the acquisition of heme from host heme reservoirs. 

Bateman, Thomas J., Megha Shah, Timothy Pham Ho, Hyejin Esther Shin, Chuxi 
Pan, Greg Harris, Jamie E. Fegan et al. "A Slam-dependent hemophore contributes 
to heme acquisition in the bacterial pathogen Acinetobacter baumannii." Nature 
communications 12, no. 1 (2021): 1-13. 

60o

Modified Figure 2: HphA is a heme scavenger. 
Cartoon model of HphA with an electrostatic surface map. A closer view of the heme binding site shown 
on the right highlights important heme interaction residues including the iron coorination residues (H43, 
H106) and residues that hydrogen bond to the porphyrin carboxyl group (Y59, S105). 

H43

H106

S105
Y59

Cartoon model of HphA with an electrostatic surface map. A closer 
view of the heme binding site shown on the right highlights important 
heme interaction residues including the iron coorination residues (H43, 
H106) aand residues that hydrogen bond to the porphyrin carboxyl 
group (Y59, S105).

CLS was used to determine the crystal structure of 
HphA to gain insight into its role in heme uptake. 
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New in-situ capabilities at Brockhouse 

Dr. Jon Makar, a Senior Research Officer with the National Research 
Council Canada, collaborated with the CLS industry group to 
investigate the effect of carbon dioxide on ordinary Portland cement 
(OPC) hydration. The team used the BXDS high energy wiggler 
beamline to study in-situ how carbon dioxide is incorporated 
in hydrating OPC over long time periods (20 to 24 hours). OPC 
is produced by heating limestone and clay in kilns, followed by 
intergrinding with calcium sulfate and limestone.  It is the binding 

Using automation to keep 
the data flowing at the CLS

Joel Reid and Adam Leontowich at the High-Energy Wiggler Beamline of BXDS

material that holds concrete together and is therefore a key 
construction material in Canada and around the world. Cement 
production accounts for about 1.5% of Canadian greenhouse gas 
emissions. Sequestering carbon dioxide in concrete could be a 
significant way of reducing our carbon footprint.

The high flux, energy and resolution of the Brockhouse high energy 
wiggler beamline makes it an excellent tool for understanding 
the real time dynamics of cement setting. For this preliminary 
in-situ experiment, BXDS Associate Scientist Adam Leontowich 
modified an existing gas flow cell on the beamline, making it 
possible to observe what effect carbon dioxide flow has on the phase 
composition of cement while it sets. Senior Industrial Scientist Joel 
Reid facilitated data collection and provides analytical expertise to 
the project. 

INDUSTRY

Industry
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Industry-academic collaboration  
for phytoremediation

Estefanía Milla-Moreno

Distribution of elements of interest in leaf 
beamline setup and configuration

• Micro-mode

• Energy 15000 eV

• Focused beam size 5 microns

Milla-Moreno, Estefanía, Robert Dean Guy, and 
Raju Y. Soolanayakanahally. "Enlightening the 
Pathway of Phytoremediation: Ecophysiology and 
X-ray Fluorescence Visualization of Two Chilean 
Hardwoods Exposed to Excess Copper." Toxics 10, 
no. 5 (2022): 237.

Chile is the largest copper producer in the 
world, providing more than a million metric 
tons of the industrially-important metal 
each year. University of British Columbia 
researcher Estefanía Milla-Moreno, along 
with her collaborators (Dr. Rob Guy and Dr. 
Raju Soolayanakanahally) is working with 
the CLS Industry group to understand and 
refine how plants can be used to sustainably 
remediate copper mine sites.  

The plants being studied grow unusually 
well in high-metal-content soils like those 
at mine sites. They are also native Chilean 
plants, and their use in phytoremediation 
can help provide refuge for wildlife. By 
shedding light on the element pathways at 
play, the research can help optimize and 
guide plant choices for mine sites.   

Using the BioXAS-Imaging beamline, 
Milla-Moreno was able to map several 
elements of interest within the plants, 
non-destructively. This precision enables her to understand the specific 
pathways involved in the plants’ stress tolerance and the phytoremediation 
potential for various metals. In particular, identifying shared pathways for 
various metals and identifying unexpected metal uptake-interactions has 
been a great advantage of the technique.

“That has been also a great opportunity for me, to get to know and to get 
to think about how these other elements that we never thought of could 
also play a role in this multi-stress response,” says Milla-Moreno.  

Cu K

Ca Cu  K  Ca

C L S  R E S E A R C H  R E P O R T  |  2 0 2 1 29



EDUCATION

CLS Education: Partnerships & Collaborations 

NSERC 
During Science Literacy Week, 
the communications team from 
NSERC and the education team 
from CLS collaborated to bring 
together an unprecedented and 
remarkable team of Indigenous 
scientists and their Elder or 
Traditional Knowledge Keeper 
advisors. This spectacular dream 
team is working on a project to 
support Indigenous science and 
languages, although we are not 
ready yet to reveal the project… 
stay tuned!

Staying connected while a pandemic kept us isolated was a key part of the activities of the 
Education Team during this last year. Our collaborators continued to work with us to provide 
virtual experiences for students, create resources for teachers, and develop new programs we 
are excited to offer in the coming months.

International Workshop for 
Teachers in the Middle East 
This January CLS, physics teachers from 
Iran, Israel, Pakistan, and Turkey (that 
had attended one of our workshops), 
the SESAME synchrotron in Jordan, 
and Lightsources for Africa, Asia, the 
Americas, Middle East, and the Pacific 
(LAAAMP) showed teachers from 
worked together to show teachers from 
Turkey, Jordan, Iran, Israel, Mexico, 
Pakistan, USA, El Salvador, and India how 
research conducted at a synchrotron can 
help them teach curricular content. 

Nutrients  
for Life 
Nutrients for Life, a Canadian science outreach organization, is a leader 
in “teaching teachers” with science-based, curriculum-aligned plant 
nutrient resources, programs and initiatives. Together we offered the CLS 
LiSSE program as PD for teachers and as an experience for students to 
demonstrate the role of nutrients in plant production and to promote 
solutions for sustainable agriculture and environmental stewardship.
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Mistik Askiwin 
Dendrochronology  
(MAD) Lab 
The MAD Lab, in the College of Agriculture 
and Bioresources at the University of 
Saskatchewan, was formed to establish 
extensive tree-ring chronologies and 
investigate tree-ring related research questions 

in Canada.  
These chronologies form the foundation 
of various projects, from researching 
annually-resolved proxy climatic records, 
to dating historic structures. Together, 
the MAD Lab and CLS Education have 
created a citizen-science opportunity for 
high school students. The TREE (Trans-
Canadian Research & Environmental 

Education) program enables synchrotron investigation of environmental 
effects on trembling aspen. 

Health & Sciences Academy at 
Bishop James Mahoney High 
School in Saskatoon 
This program offers students high school and post-secondary credits 
through partnerships with institutions providing hands-on, real world 
experiences that support curricular outcomes. Our partnership uses 
the CLS as context to teach the Saskatchewan Physical Sciences 20 
course using research examples, a beamline experiment, and curricular 
components to teach physics and chemistry.  

Federation of Sovereign 
Indigenous Nations (FSIN) 
CLS and FSIN have had a memorandum of understanding establishing 
our partnerships over the last five years. Our collaboration focuses on 
supporting budding Indigenous scientists through sponsorship of the 
FSIN Science Fair and has also included professional development for 
science teachers on reserves and classroom visits to demonstrate light 
and optics activities.

Fermilab & The Nature 
Conservancy’s Nachusa 
Grasslands 
Fermilab is the U.S. Department of Energy’s premier particle 
physics and accelerator laboratory. The site includes several research 
laboratories and a herd of bison. Nachusa Grasslands is a preserve, 
protected by The Nature Conservancy, a global environmental 
nonprofit tackling climate change, conserving lands, waters and 
oceans, providing food and water sustainably, and helping make 
cities more sustainable. Nachusa Grasslands also has a free-range 
bison herd. We have been working with education teams from both 
Fermilab and Nachusa Grasslands to collect hair samples for baseline 
data in our Bison Project. In addition, we have been exploring ways 
to walk a path of reconciliation with Indigenous Peoples each in our 
respective regions.  
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