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2020 was a challenging year for all of us. 

When the pandemic was declared, the CLS had just entered 
a maintenance shutdown to install important new beamline 
upgrades, and operations immediately moved into a warm 
standby mode, ready to be restarted when able to do so 
safely. The great majority of staff started working from home 
while a minimum staff complement kept the facility in a state 
of readiness. In May, 
maintenance work was 
restarted, taking all 
possible precautions to 
ensure staff safety, and 
over the year, onsite staff 
gradually increased to a 
maximum of 125. 

The CLS opened a special 
call for proposals focused 
on COVID-19, helping 
Canadian researchers 
understand the 
components of the SARS-
CoV-2 virus structure, and 
to develop therapeutics, 
diagnostics and personal 
protective equipment 
(page 18 of this report). In July, 
the CLS resumed experiments, 
working on both COVID-19 
research and previously scheduled 
research. This return to activity was 
our contribution to the global fight 
against the pandemic, shining 
light when it was most needed 
so that we could better know the 
enemy. 

We ran a successful cycle, with 
beamline staff carrying out work 
more than 110 general user 
proposals through the mail-in 
program. Multiple beamlines 
started operating using No-MachineTM software, whereby CLS 
staff loaded samples on the beamlines and external users 
operated instruments remotely. CLS staff showed remarkable 
resilience throughout this difficult year, and in spite of all the 
challenges, we were able to operate all beamlines, even off-line 
equipment. 

Major upgrades moved forward, including installing the CMCF 
beamline insertion device and its optical components, moving 
the IBM endstation from the IDEAS beamline to its permanent 
home on the BXDS beamline, and upgrading all the air-
conditioning systems on BXDS and BioXAS. 

In the fall, we held a very successful virtual Annual Users’ 
Meeting as well as several workshops for users from Canada 
and around the world. Workshop topics included powder X-ray 

diffraction, mid-IR spectroscopy, far-IR applications, XAS, and 
macromolecular crystallography —combined, these events 
attracted almost 950 registrants, demonstrating high user 
engagement. I am grateful to all CLS staff and external lecturers 
who contributed to the success of these events. 

The Education team continued to engage high school students 
and went global by holding virtual workshops for teachers with 

participants from around 
the world (page 24 in this 
report). As a consequence of 
this international excursion, 
the Education group will 
formally implement the 
Students on the Beamline 
and Teachers' Workshop 
program for Lightsources 
for Africa, Asia, Middle East 
and the Pacific (LAAMP), 
an international project of 

the International 
Science Council in 
partnership with 
the International 
Union of 
Crystallography 
and the 
International 
Union of Pure and 
Applied Physics. 
What a way to 
showcase the CLS 
around the world. 

The CLS continues 
to build capacity 
for a high-

performance computing cluster to support the massive data 
sets produced by advanced techniques and better detectors. 
This infrastructure will help users process data and shorten 
the time of publications. 

The development of a strategy and vision for a new 
generation light source facility for Canada has made good 
process over the last few months. A concept design report has 
been prepared and is undergoing review by the CLS Board of 
Directors, the Users’ Executive Committee, the Science Advisory 
Committee and the Machine Advisory Committee. With feedback 
from these important stakeholders the concept will be revised 
and will move to the next stage of development, including a 
complete design and detailed construction budget. 

As evidenced by the scientific highlights in this report, while 2020 
was a difficult year, all CLS staff raised to meet the challenges. 
Given how much we accomplished, I can only imagine what 2021 
will bring. 

Gianluigi Botton  
 Science Director
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HEALTH

HEALTH

IMAGING DIFFRACTIONSPECTROSCOPY

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

highlighted research.

Chemical gradients in human 
enamel crystallites
DeRocher, Karen A.; Smeets, Paul J. M.; Goodge, Berit H. et al. (2020).  
Chemical gradients in human enamel crystallites. Nature 583(7814), 66-71.  
DOI: 10.1038/s41586-020-2433-3

SGM
Dental enamel is a principal component of teeth, and has evolved to 
bear large chewing forces, resist mechanical fatigue and withstand 
wear over decades. Functional impairment and loss of dental enamel, 
caused by developmental defects or tooth decay (caries), affect health 
and quality of life, with associated costs to society. Although the past 
decade has seen progress in our understanding of enamel formation 
(amelogenesis) and the functional properties of mature enamel, 

Comparison of Mg K-edge X-ray absorption spectra of dental enamel from different species and reference 
compounds. Mg ACP, mouse enamel, and reference mineral spectra from Gordon et at. Science 2015. 
Human enamel spectra from M.J. Cohen Master’s Thesis, Northwestern University (Evanston, IL) 2014 a) 
Mg K-edge XANES. b) Mg K-edge EXAFS (k2-weighted). c) Mg K-edge EXAFS (real space). 

attempts to repair lesions in this material or to synthesize it in vitro have 
had limited success. This is partly due to the highly hierarchical structure 
of enamel and additional complexities arising from chemical gradients. 
Here we show, using atomic-scale quantitative imaging and correlative 
spectroscopies, that the nanoscale crystallites of hydroxylapatite 
(Ca₅(PO₄)₃(OH)), which are the fundamental building blocks of enamel, 
comprise two nanometric layers enriched in magnesium flanking a 
core rich in sodium, fluoride and carbonate ions; this sandwich core is 
surrounded by a shell with lower concentration of substitutional defects. 
A mechanical model based on density functional theory calculations 
and X-ray diffraction data predicts that residual stresses arise because 
of the chemical gradients, in agreement with preferential dissolution of 
the crystallite core in acidic media. Furthermore, stresses may affect the 
mechanical resilience of enamel. The two additional layers of hierarchy 
suggest a possible new model for biological control over crystal growth 
during amelogenesis, and hint at implications for the preservation of 
biomarkers during tooth development.
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A substrate binding 
model for the KEOPS tRNA 
modifying complex
Beenstock, Jonah; Ona, Samara Mishelle; Porat, Jennifer et al. (2020).  
A substrate binding model for the KEOPS tRNA modifying complex.  
Nature Communications 11(1).  
DOI: 10.1038/s41467-020-19990-5. [PDB: 7kju]

a) Ribbon representation of the mjCgi121 (purple) bound to mjtRNALysUUU (orange). b) c) Zoom-in stereo views of the binding interface between 
mjCgi121 and mjtRNALysUUU. For ease of viewing, only the tRNA tail region encompassing 5'-73GCCA76-3' tail (green) and side chains of Cgi121 
mediating direct contacts are shown in stick representation

CMCF
The KEOPS complex, which is conserved 
across archaea and eukaryotes, is composed 
of four core subunits; Pcc1, Kae1, Bud32 
and Cgi121. KEOPS is crucial for the fitness 
of all organisms examined. In humans, 
pathogenic mutations in KEOPS genes lead to 
Galloway-Mowat syndrome, an autosomal-
recessive disease causing childhood lethality. 
Kae1 catalyzes the universal and essential 
tRNA modification N6-threonylcarbamoyl 
adenosine, but the precise roles of all other 
KEOPS subunits remain an enigma. Here 
we show using structure-guided studies that 
Cgi121 recruits tRNA to KEOPS by binding 
to its 3’ CCA tail. A composite model of 
KEOPS bound to tRNA reveals that all KEOPS 
subunits form an extended tRNA-binding 
surface that we have validated in vitro and in 
vivo to mediate the interaction with the tRNA 
substrate and its modification. These findings 
provide a framework for understanding the 
inner workings of KEOPS and delineate why 
all KEOPS subunits are essential.
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Vascular supply of the human spiral ganglion: 
novel three-dimensional analysis using 
synchrotron phase-contrast imaging  
and histology
Mei, Xueshuang; Glueckert, Rudolf; Schrott-Fischer, Annelies et al. (2020). Vascular Supply of the Human Spiral Ganglion:  
Novel Three-Dimensional Analysis Using Synchrotron Phase-Contrast Imaging and Histology. Scientific Reports 10(1), 5877.  
DOI:  10.1038/s41598-020-62653-0.

Corresponding author:  
Dr. Helge Rask-Andersen

(A, B) Synchrotron radiation phase-contrast imaging (SR-PCI) and orthographic 
rendering with 3D view of a left Rosenthal canal (yellow) and its topographic 
relationship in the semi-transparent cochlea.

BMIT
Human spiral ganglion (HSG) cell bodies located in the bony cochlea 
depend on a rich vascular supply to maintain excitability. These neurons 
are targeted by cochlear implantation (CI) to treat deafness, and their 
viability is critical to ensure successful clinical outcomes. The blood 
supply of the HSG is difficult to study due to its helical structure and 
encasement in hard bone. The objective of this study was to present the 
first three-dimensional (3D) reconstruction and analysis of the HSG 
blood supply using synchrotron radiation phase-contrast imaging 
(SR-PCI) in combination with histological analyses of archival human 

cochlear sections. Twenty-six human temporal bones underwent 
SR-PCI. Data were processed using volume-rendering software, and 
a representative three-dimensional (3D) model was created to allow 
visualization of the vascular anatomy. Histologic analysis was used to 
verify the segmentations. Results revealed that the HSG is supplied by 
radial vascular twigs which are separate from the rest of the inner ear and 
encased in bone. Unlike with most organs, the arteries and veins in the 
human cochlea do not follow the same conduits. There is a dual venous 
outflow and a modiolar arterial supply. This organization may explain why 
the HSG may endure even in cases of advanced cochlear pathology.
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CMCF
The circumsporozoite protein of the human malaria parasite Plasmodium 
falciparum (PfCSP) is the main target of antibodies that prevent the 
infection and disease, as shown in animal models. However, the limited 
efficacy of the PfCSP-based vaccine RTS,S calls for a better understanding 
of the mechanisms driving the development of the most potent 
human PfCSP antibodies and identification of their target epitopes. By 
characterizing 200 human monoclonal PfCSP antibodies induced by 

Corresponding authors: Jean-Philippe Julien,  
Elena A. Levashina, Hedda Wardemann

Neutralizing antibody 3D11 binds each subtle variant of the Plasmodium berghei circumsporozoite protein repeat motif in the same conformation, 
deep within the paratope. Complementary structural studies in this work reveal common mechanisms of antibody evolution in mammals against the 
circumsporozoite repeats of Plasmodium sporozoites.

sporozoite immunization, we establish that the most potent antibodies 
bind around a conserved (N/D)PNANPN(V/A) core. High antibody 
affinity to the core correlates with protection from parasitemia in mice 
and evolves around the recognition of NANP motifs. The data suggest 
that the rational design of a next-generation PfCSP vaccine that elicits 
high-affinity antibody responses against the core epitope will promote the 
induction of protective humoral immune responses.

Plasmodium falciparum 
circumsporozoite protein 
repeat motifs
Murugan, Rajagopal; Scally, Stephen W.; Costa, Giulia et al. (2020). Evolution of 
protective human antibodies against Plasmodium falciparum circumsporozoite 
protein repeat motifs. Nature Medicine, DOI: 10.1038/s41591-020-0881-9.  
[PDB: 6ulf]
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Pathophysiology and pathological 
remodelling associated with dilated 
cardiomyopathy in broiler chickens 
predisposed to heart pump failure
Olkowski, A. A.; Wojnarowicz, C.; Laarveld, B. (2020). Pathophysiology and Pathological Remodeling Associated with 
Dilated Cardiomyopathy in Broiler Chickens Predisposed to Heart Pump Failure. Avian Pathology, 1-41.  
DOI: 10.1080/03079457.2020.1757620

Mid-IR
Broiler chickens selected for rapid growth are highly susceptible to dilated cardiomyopathy (DCM). In 
order to elucidate the pathophysiology of DCM, the present study examines the fundamental features of 
pathological remodelling associated with DCM in broiler chickens using light microscopy, transmission 
electron microscopy (TEM), and synchrotron Fourier Transform Infrared (FTIR) micro-spectroscopy. The 
morphological features and FTIR spectra of the left ventricular myocardium were compared among broiler 
chickens affected by DCM with clinical signs of heart pump failure, apparently normal fast-growing broiler 
chickens showing signs of subclinical DCM (high risk of heart failure), slow-growing broiler chickens (low 
risk of heart failure) and Leghorn chickens (resistant to heart failure, used here as physiological reference). 
The findings indicate that DCM and heart pump failure in fast-growing broiler chickens are a result of a 
complex metabolic syndrome involving multiple catabolic pathways. Our data indicate that a good deal of 
DCM pathophysiology in chickens selected for rapid growth is associated with conformational changes of 
cardiac proteins, and pathological changes indicative of accumulation of misfolded and aggregated proteins 
in the affected cardiomyocytes. From TEM image analysis it is evident that the affected cardiomyocytes 
demonstrate significant difficulty in the disposal of damaged proteins and maintenance of proteostasis, 
which leads to pathological remodelling of the heart and contractile dysfunction. It appears that the 
underlying causes of accumulation of damaged proteins are associated with dysregulated auto phagosome 
and proteasome systems, which, in susceptible individuals, create a milieu conducive for the development of 
DCM and heart failure. 

Corresponding author:  
Andrew Olkowski
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Corresponding author:  
Filiz Koksel

Procedures of X-ray microtomography image reconstruction and 
analysis: (a) a representative dark image; (b) a representative flat image; 
(c) a representative projection image; (d) a representative sinogram; (e) 
a representative 2D cross-sectional image; (f) a magnified 2D cross-
sectional image after image intensity enhancement where bubbles are 
circled in white for ease of identification; (g) a 2D cross-sectional image 
after image segmentation where bubbles are white and dough matrix is 
black; (h) a representative 3D volume of interest converted from a stack 
of the segmented 2D cross-sectional images where bubbles are yellow-
green. (For interpretation of the references to color in this figure legend, 
the reader is referred to the web version of this article.)

The effects of sodium 
reduction on the gas 
phase of bread doughs 
using synchrotron X-ray 
microtomography
Sun, Xinyang; Scanlon, Martin G.; Guillermic, Reine-Marie; Belev, George 
S.; Webb, M. Adam et al. (2020). The effects of sodium reduction on the gas 
phase of bread doughs using synchrotron X-ray microtomography. Food 
Research International, 130, 108919. DOI: 10.1016/j.foodres.2019.108919.

BMIT
Globally, the bakery industry has a target of reducing sodium 
content in bread products. However, removing salt results in 
changes in the quality of bread through effects on dough’s gas 
phase during the breadmaking process. Using synchrotron X-ray 
microtomography, the objective of this study was to investigate how 
sodium reduction induced changes in the gas phase parameters 
(i.e., gas volume fraction, bubble size distribution (BSD) and its 
time evolution) of non-yeasted doughs made from a wide range 
of formulations (i.e., wheat cultivar and water content) prepared 
with different mixing times. As salt content was reduced, a lower 
gas volume was retained in the dough by the end of mixing. Less 
gas bubbles were also retained if doughs were prepared from a 
stronger wheat cultivar, higher water content, and/or mixed for 
a shorter time. Rates of change in the median (R0) and the width 
(ε) of the fitted lognormal radius dependence of bubble volume 
fraction [BVF(R)] indicated that reduced sodium content permitted 
disproportionation to proceed more rapidly. Higher water content 
or longer mixing time also resulted in faster disproportionation, 
indicating that water content and mixing time can be manipulated 
as a means of increasing bubble stability against disproportionation 
during low-sodium breadmaking. An examination of relative 
changes in dough’s gas phase parameters arising from sodium 
reduction demonstrated that wheat cultivar, water content and 
mixing time all affected dough’s tolerance to sodium reduction. 
Therefore, attainment of good bread crumb cell structure in low-
sodium bread formulas is a function of salt’s effects on dough 
rheology in addition to its effect on yeast activity, so that dough 
formulation and mixing conditions also need to be considered.

C L S  R E S E A R C H  R E P O R T  |  2 0 2 0 7



SCIENCE HIGHLIGHTS   

Corresponding author:  
Mengqiang Zhu

Quantifying uncertainties in 
sequential chemical extraction 
of soil phosphorus using 
XANES Spectroscopy
Gu, Chunhao; Dam, Than; Hart, Stephen C.; Turner, Benjamin L.; Chadwick, Oliver 
A. et al. (2020). Quantifying Uncertainties in Sequential Chemical Extraction of Soil 
Phosphorus Using XANES Spectroscopy.  Environmental Science & Technology, 54(4), 
2257-2267. DOI: 10.1021/acs.est.9b05278.

SXRMB
Sequential chemical extraction has been widely used 
to study soil phosphorus (P) dynamics and inform 
nutrient management, but its efficacy for assigning P 
into biologically meaningful pools remains unknown. 
Here, we evaluated the accuracy of the modified Hedley 
extraction scheme using P K-edge X-ray absorption 
near-edge structure (XANES) spectroscopy for nine 
carbonate-free soil samples with diverse chemical and 
mineralogical properties resulting from different degrees 
of soil development. For most samples, the extraction 
markedly overestimated the pool size of calcium-bound 
P (Ca-P, extracted by 1 M HCl) due to (1) P redistribution 
during the alkaline extractions (0.5 M 
NaHCO3 and then 0.1 M NaOH), 
creating new Ca-P via formation 
of Ca phosphates between 
NaOH-desorbed phosphate 
and exchangeable Ca2+ and/
or (2) dissolution of poorly 
crystalline Fe and Al oxides by 
1 M HCl, releasing P occluded 
by these oxides into solution. The first mechanism may 
occur in soils rich in well-crystallized minerals and 
exchangeable Ca2+ regardless of the presence or absence 
of CaCO3, whereas the second mechanism likely operates 
in soils rich in poorly crystalline Fe and Al minerals. 
The overestimation of Ca-P simultaneously caused 
underestimation of the pools extracted by the alkaline 
solutions. Our findings identify key edaphic parameters 
that remarkably influenced the extractions, which will 
strengthen our understanding of soil P dynamics using this 
widely accepted procedure.

Flow chart for modified Hedley fractionations combined with 
phosphorus K-edge X-ray absorption near-edge structure (XANES) 
spectroscopic analysis.
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Nitrogen speciation and 
transformations in fire-derived 
organic matter
Torres-Rojas, Dorisel; Hestrin, Rachel; Solomon, Dawit; Gillespie, Adam W.; Dynes, 
James J. et al. (2020). Nitrogen speciation and transformations in fire-derived 
organic matter. Geochimica et Cosmochimica Acta. 276, 170-185.  
DOI: 10.1016/j.gca.2020.02.034.

SGM
Vegetation fires are known to have broad geochemical effects on carbon 
(C) cycles in the Earth system, yet limited information is available for 
nitrogen (N). In this study, we evaluated how charring organic matter 
(OM) to pyrogenic OM (PyOM) altered the N molecular structure 
and affected subsequent C and N mineralization. Nitrogen near-edge 
X-ray absorption fine structure (NEXAFS) of uncharred OM, PyOM, 
PyOM toluene extract, and PyOM after toluene extraction were used to 
predict PyOM-C and -N mineralization potentials. PyOM was produced 
from three different plants (e.g. Maize-Zea mays L.; Ryegrass-Lollium 
perenne L.; and Willow-Salix viminalix L.) 
each with varying initial N contents at three 
pyrolysis temperatures (350, 500 and 700 °C). 
Mineralization of C and N was measured from 
incubations of uncharred OM and PyOM in a 
sand matrix for 256 days at 30 °C. As pyrolysis 
temperature increased from 350 to 700 °C, 
aromatic CN in 6-membered rings (putative) 
increased threefold. Aromatic CN in 6-membered 
oxygenated ring increased sevenfold, and 
quaternary aromatic N doubled. Initial uncharred 
OM-N content was positively correlated with 
the proportion of heterocyclic aromatic N in 
PyOM (R2 = 0.44; P < 0.0001; n = 42). A 55% 
increase of aromatic N heterocycles at high 
OM-N content, when compared to low OM-N 
content, suggests that higher concentrations 
of N favor the incorporation of N atoms into 
aromatic structures by overcoming the energy 
barrier associated with the electronic and 
atomic configuration of the C structure. A ten-
fold increase of aromatic CN in 6-membered 
rings (putative) in PyOM (as proportion of 
all PyOM-N) decreased C mineralization by 
87%, whereas total N contents and C:N ratios 
of PyOM had no effects on C mineralization of 
PyOM-C for both pyrolysis temperatures (for 
PyOM-350 °C, R2 = 0.15; P < 0.27; for PyOM-
700 °C, R2 = 0.22; P < 0.21). Oxidized aromatic 
N in PyOM toluene extracts correlated with 
higher C mineralization, whereas aromatic N 
in 6-membered heterocycles correlated with 
reduced C mineralization (R2 = 0.56; P = 0.001; 

Nitrogen K-edge NEXAFS spectra of uncharred initial OM, entire PyOM (py-), extracted 
PyOM (e-), and the toluene extract of PyOM (tol-) as a function of pyrolysis temperature for 
maize leaves. (a) Low N-containing maize leaves, and (b) high N-containing maize leaves. 
Black lines represent the peak centers associated with selected key spectral features: 
398.78 eV for CN bonds in aromatic six-membered rings, 401.30 eV for amide N/CN bonds 
in aromatic five-membered rings, and 405.76 eV for NH bonds. 

n = 100). Similarly, aromatic N in 6-membered heterocycles in PyOM 
remaining after toluene extraction reduced PyOM-C mineralization 
(R2 = 0.49; P = 0.0006; n = 100). PyOM-C mineralization increased when 
N atoms were located at the edge of the C network in the form of oxidized 
N functionalities or when more N was found in PyOM toluene extracts 
and was more accessible to microbial oxidation. These results confirm the 
hypothesis that C persistence of fire-derived OM is significantly affected 
by its molecular N structure and the presented quantitative structure-
activity relationship can be utilized for predictive modeling purposes.
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Corresponding author:  
Jinhua Li

Magnetotaxis as an adaptation to 
enable bacterial shuttling of microbial 
sulfur and sulfur cycling across aquatic 
oxic-anoxic interfaces
Li, Jinhua; Liu, Peiyu; Wang, Jian et al. (2020). Magnetotaxis as an adaptation to 
enable bacterial shuttling of microbial sulfur and sulfur cycling across aquatic oxic‐
anoxic interfaces. Journal of Geophysical Research Biogeosciences.  
DOI: 10.1029/2020jg006012.

SM
Magnetotactic bacteria (MTB) widely inhabit the oxic‐anoxic interface 
(OAI) of sediments and water columns, with their motility guided 
by geomagnetic fields (a behavior known as magnetotaxis). Beside 
biomineralizing membrane‐enveloped magnetite or greigite nanocrystals 
called magnetosomes, cells of many MTB groups contain numerous 
sulfur globules within their cells. Here, by combining transmission 
electron microscopy and synchrotron‐based scanning transmission 
X‐ray microscopy, we investigated the cellular structure and chemistry 
of Candidatus Magnetobacterium casensis (Mcas), a giant rod‐shaped 
MTB from the Nitrospirae phylum. We find that nitrate‐storing 
vacuoles and linearly polymeric sulfur globules occur exclusively 
within some Mcas cells along with magnetosomal magnetite. Genomic 
prediction indicates that Mcas cells have the potential to oxidize sulfide 
to sulfate (i.e., S2− → S0 → SO3

2− → SO4
2−), to reduce sulfate to sulfide (i.e., 

SO42− → SO3
2− → S2−), and to reduce nitrate to NH4

+/N2. Together with 
previous environmental observations, comparative genomic analysis 
allows us to propose a model for Mcas involving the microbial sulfur cycle 
across aquatic OAIs based on magnetotaxis. Via directional movement 
guided by geomagnetic fields, Mcas cells shuttle either upward to upper 
microoxic zones for sulfur oxidation and nitrate accumulation in the OAI, 
or downward to deeper anoxic zones for sulfur deposition by coupling 
sulfide oxidation and nitrate reduction. Development of magnetotaxis 
makes MTB an efficient bacterial shuttle for C, N, S, and Fe across aquatic 
OAI environments and likely contributes significantly to their global 
biogeochemical cycling. It also benefits cell growth and magnetosomal 
magnetite formation in MTB.

Microbial sulfur cycling across the oxic-anoxic interface (OAI) of 
sediments and the water column is an important component of the 
global sulfur cycle. However, hydrogen sulfide (H2S) are generally 
produced in anoxic zones below the OAI.They have to transferred to 
oxic zones above the OAI for complete oxidization. Magnetotactic 
bacteria (MTB) widely inhabit the OAI of sediments and water columns, 
with their motility guided by geomagnetic fields (a behavior known 
as magnetotaxis). A combination of transmission electron microscopy, 
synchrotron-based scanning transmission X-ray microscopy, and 
genomic studies on Candidatus Magnetobacterium casensis strain 
MYR-1, a giant rod-shaped MTB from the Nitrospirae phylum, revealed 
that MTB may provide a new adaptation to the microbial sulfur cycle in 
the OAI based on magnetotaxix. Via directional movement guided by 
geomagnetic fields, MTB cells shuttle either upward to upper microoxic 
zones for sulfur oxidation and nitrate accumulation in the OAI, or 
downward to deeper anoxic zones for sulfur deposition by coupling 
sulfide oxidation and nitrate reduction. Development of magnetotaxis 
makes MTB an efficient bacterial shuttle for C, N, S, and Fe across aquatic 
OAI environments and likely contributes significantly to their global 
biogeochemical cycling. It also benefits cell growth and magnetosomal 
magnetite formation in MTB.
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Corresponding author:  
Matthew Lindsay

Aqueous vanadate removal by 
iron(II)-bearing phases under 
anoxic conditions
Vessey, Colton J.; Lindsay, Matthew B. J. (2020). Aqueous Vanadate Removal 
by Iron(II)-Bearing Phases under Anoxic Conditions. Environmental Science & 
Technology 54(7), 4006-4015.  
DOI: 10.1021/acs.est.9b06250

SXRMB
Vanadium contamination is a growing environmental hazard worldwide. 
Aqueous vanadate (HxVVO(3-X)-) concentrations are often controlled by 
surface complexation with metal (oxyhydr)oxides in oxic environments. 
However, the geochemical behavior of this toxic redox-sensitive oxyanion 
in anoxic environments is poorly constrained. Here, we describe results 
of batch experiments to determine kinetics and mechanisms of aqueous 
H2VVO4 (100 μM) removal under anoxic conditions in suspensions (2.0 
g L-1) of magnetite, siderite, pyrite, and mackinawite. We present results 
of parallel experiments using ferrihydrite (2.0 g L-1) and Fe2+ (200 μM) for 
comparison. Siderite and mackinawite reached near complete removal  
(46 μmol g-1) of aqueous vanadate after 3 h and rates were generally 

(a) Normalized absorbance of V K-edge XANES spectra for selected reference compounds and 
samples. Vertical dashed line indicates the theoretical V pre-edge peak position (5468.9 eV). (b) 
Measured (solid black lines) and modeled EXAFS (open blue circles) k3-weighted EXAFS spectra. 
(c) Pseudoradial distribution functions for reference compounds and samples. Reference and 
sample spectra in panels b and c are ordered for consistency with panel a.

consistent with ferrihydrite, whereas magnetite removed 18 μmol g-1 of 
aqueous vanadate after 48 h and uptake by pyrite was limited. Removal 
during reaction with Fe2+ was observed after 8 h, concomitant with 
precipitation of secondary Fe phases. X-ray absorption spectroscopy 
revealed V(V) reduction to V(IV) and formation of bidentate corner-
sharing surface complexes on magnetite and siderite, and with Fe2+ 
reaction products. These data also suggest that V(IV) is incorporated into 
the mackinawite structure. Overall, we demonstrate that Fe(II)-bearing 
phases can promote aqueous vanadate attenuation and, therefore, limit 
dissolved V concentrations in anoxic environments.
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SCIENCE HIGHLIGHTS   

Corrsponding author:  
Gordon Huang

Functional PVDF 
ultrafiltration membrane 
for Tetrabromobisphenol-A 
(TBBPA) removal with high 
water recovery
Chen, Xiujuan; Huang, Gordon; Li, Yongping; An, Chunjiang; Feng, Renfei et al. 
(2020). Functional PVDF ultrafiltration membrane for Tetrabromobisphenol-A 
(TBBPA) removal with high water recovery. Water Research 181, 115952.  
DOI: 10.1016/j.watres.2020.115952.

VESPERS, Mid-IR
Tetrabromobisphenol-A (TBBPA) is one of the most important 
brominated flame retardants (BFRs), accounting for 60% of the total 
commercial BFR market. Increasing amounts of TBBPA and byproducts 
are released to the aquatic environment due to their extensive utilization 
in various sectors. However, research on the treatment of TBBPA 
contaminated wastewater using membrane filtration is still lacked. 
Herein, a PVDF10-PAA-ZrO2 membrane was successfully developed 
and applied for the treatment of high-concentration TBBPA wastewater 
with super-high water recovery. The membrane was obtained through 

surface functionalization with nano-ZrO2 from commercial PVDF 
ultrafiltration (UF) membrane. Compared to the commercial PVDF 
membrane, the developed membrane exhibited 4 times of permeate flux 
which was up to 200 L/m2 min with comparable TBBPA rejection rate. 
Furthermore, the mechanisms of membrane development and TBBPA 
rejection were explored through synchrotron-based ATR-FTIR and X-ray 
analyses. It was revealed that ZrO2 NPs were immobilized into membrane 
surface through binding with PAA layer, where the O of the carboxyl 
group combined with the Zr4+ on the ZrO2 NP surface to form C-O-Zr 
bond through monodentate and bridging-bidentate modes. The sieving 
function of membrane could be the main mechanism of TBBPA removal. 
This research demonstrated a practical route and solid insight toward 
the development of highly efficient membrane for TBBPA removal. The 
proposed PVDF10-PAA-ZrO2 membrane can also be promising for other 
industrial separation and purification applications.

Synchrotron ATR-FTIR spectra of membrane surfaces and ZrO2 NPs, (b) and  
(c) Synchrotron ATR-FTIR mappings of PVDF10-PAA membrane surface under different 
wavenumbers (b: 1640 cm−1; c: 1720 cm−1). The mapping area is 300 × 300 μm2.
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Corresponding author:  
Tyler Sowers

Spatially resolved 
organomineral interactions 
across a permafrost 
chronosequence
Sowers, Tyler D.; Wani, Rucha; Coward, Elizabeth et al. (2020). Spatially-resolved 
organomineral interactions across a permafrost chronosequence. Environmental 
Science & Technology. DOI: 10.1021/acs.est.9b06558.

SM
Permafrost contains a large (1700 Pg C) terrestrial pool of organic matter 
(OM) that is susceptible to degradation as global temperatures increase. 
Of particular importance is syngenetic Yedoma permafrost containing 
high OM content. Reactive iron phases promote stabilizing interactions 
between OM and soil minerals and this stabilization may be of increasing 
importance in permafrost as the thawed surface region (“active layer”) 
deepens. However, there is limited understanding of Fe and other soil 
mineral phase associations with OM carbon (C) moieties in permafrost 
soils. To elucidate the elemental associations involved in organomineral 
complexation within permafrost systems, soil cores spanning a 
Pleistocene permafrost chronosequence (19,000, 27,000, and 36,000 

Color-coded composite RB and RGB optical density maps created from 
STXM–NEXAFS data. Red, green, and blue represent carbon, calcium, and iron, 
respectively. Maps are shown for soils PT_A (A,B), PT_B (C,D; 27 kya PT soil), PT_C 
(E,F), and AT (G,H).

years old) were collected from an underground tunnel near Fairbanks, 
Alaska. Subsamples were analyzed via scanning transmission X-ray 
microscopy–near edge X-ray absorption fine structure spectroscopy at the 
nano- to microscale. Amino acid-rich moieties decreased in abundance 
across the chronosequence. Strong correlations between C and Fe with 
discrete Fe(III) or Fe(II) regions selectively associated with specific OM 
moieties were observed. Additionally, Ca coassociated with C through 
potential cation bridging mechanisms. Results indicate Fe(III), Fe(II), and 
mixed valence phases associated with OM throughout diverse permafrost 
environments, suggesting that organomineral complexation is crucial to 
predict C stability as permafrost systems warm.
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ADVANCED MATERIALS

SCIENCE HIGHLIGHTS   

Corresponding author:  
Edward Sargent

Efficient electrically powered CO2-to-ethanol 
via suppression of deoxygenation
Wang, Xue; Wang, Ziyun; García de Arquer, Pelayo et al. (2020). Efficient electrically powered CO2-to-ethanol via suppression 
of deoxygenation. Nature Energy 5(6), 478-486.  
DOI: 10.1038/s41560-020-0607-8.

Confined Cu by nitrogen-doped carbon for ethanol production from CO2. 

SXRMB, CLS@APS
The carbon dioxide electroreduction reaction 
(CO2RR) provides ways to produce ethanol but 
its Faradaic efficiency could be further improved, 
especially in CO2RR studies reported at a total 
current density exceeding 10 mA cm−2. Here we 
report a class of catalysts that achieve an ethanol 
Faradaic efficiency of (52 ± 1)% and an ethanol 
cathodic energy efficiency of 31%. We exploit the 
fact that suppression of the deoxygenation of the 
intermediate HOCCH* to ethylene promotes 
ethanol production, and hence that confinement 
using capping layers having strong electron-
donating ability on active catalysts promotes C–C 
coupling and increases the reaction energy of 
HOCCH* deoxygenation. Thus, we have developed 
an electrocatalyst with confined reaction volume 
by coating Cu catalysts with nitrogen-doped 
carbon. Spectroscopy suggests that the strong 
electron-donating ability and confinement of the 
nitrogen-doped carbon layers leads to the observed 
pronounced selectivity towards ethanol.

C L S  R E S E A R C H  R E P O R T  |  2 0 2 014



ADVANCED MATERIALS

Corresponding author:  
Gang Liu

Suppressed lattice disorder for large 
emission enhancement and structural 
robustness in hybrid lead iodide perovskite 
discovered by high‐pressure isotope effect
Lingping Kong, Jue Gong, Qingyang Hu,Francesco Capitani, Anna Celeste, Takanori Hattori, Asami Sano‐Furukawa, 
Nana Li, Wenge Yang, Gang Liu, Ho‐kwang Mao. Suppressed Lattice Disorder for Large Emission Enhancement and 
Structural Robustness in Hybrid Lead Iodide Perovskite Discovered by High‐Pressure Isotope Effect.  
Advanced Functional Materials. 2021 Feb; 31(9):2009131. DOI: 10.1002/adfm.202009131

The research on hybrid perovskites features a journal cover, published in Advanced 
Functional Materials. CLS Far-IR beamline user, Dr. Gang Liu from HPSTAR and team 
designed a high-pressure isotope study, enabling them to discover a significantly 
suppressed lattice disorder realized by H/D substitution in hybrid halide perovskites. 
Their results reveal a large emission enhancement and strong structural robustness in 
isotope-functionalized perovskite materials. CD3ND3PbI3-based device also exhibits 
slower degradation of photovoltaic performance, promising for better materials-by-
design and more stable photovoltaic application.

Far-IR
The soft nature of organic–inorganic halide 
perovskites renders their lattice particularly tunable 
to external stimuli such as pressure, undoubtedly 
offering an effective way to modify their structure for 
extraordinary optoelectronic properties. Here, using 
the methylammonium lead iodide as a representative 
exploratory platform, it is observed that the 
pressure‐driven lattice disorder can be significantly 
suppressed via hydrogen isotope effect, which is 
crucial for better optical and mechanical properties 
previously unattainable. By a comprehensive in situ 
neutron/synchrotron‐based analysis and optical 
characterizations, a remarkable photoluminescence 
(PL) enhancement by threefold is convinced in 
deuterated CD3ND3PbI3, which also shows much 
greater structural robustness with retainable PL after 
high peak‐pressure compression–decompression 
cycle. With the first‐principles calculations, an atomic 
level understanding of the strong correlation among 
the organic sublattice and lead iodide octahedral 
framework and structural photonics is proposed, 
where the less dynamic CD3ND3

+ cations are 
vital to maintain the long‐range crystalline order 
through steric and Coulombic interactions. These 
results also show that CD3ND3PbI3‐based solar 
cell has comparable photovoltaic performance as 
CH3NH3PbI3‐based device but exhibits considerably 
slower degradation behavior, thus representing a 
paradigm by suggesting isotope‐functionalized 
perovskite materials for better materials‐by‐design 
and more stable photovoltaic application.
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ADVANCED MATERIALS

SCIENCE HIGHLIGHTS   

Corresponding author:  
Jordi Cabana

Elucidation of active oxygen sites 
upon delithiation of Li₃IrO₄
Li, Haifeng; Perez, Arnaud J.; Taudul, Beata; Boyko, Teak D.; Freeland, John W. et al. (2020). 
Elucidation of Active Oxygen Sites upon Delithiation of Li3IrO4. ACS Energy Letters, 140-147. 
DOI: 10.1021/acsenergylett.0c02040.

Ex situ O K-edge RIXS maps of Li₃IrO₄ at the different electrochemical 
states indicated. The white rectangular regions identify the elastic peak.

LOR can be reversed to regenerate the initial state without unlocking 
competing bulk reactions observed in many other compounds. We 
uncover an intricate interplay between stoichiometry, O coordination, and 
nonbonding states in LOR and pinpoint spectroscopic signatures. This 
interplay is indispensable for designing materials with 3d metals that fulfill 
the promise of LOR to overcome the bottlenecks of current cathodes for 
future implementation in practical batteries.

REIXS
Transformational increases in the storage capacity of battery cathodes 
could be achieved by tapping into the redox activity at oxide ligands in 
addition to conventional transition metal couples. However, the key 
signatures that govern such lattice oxygen redox (LOR) have not been 
ascertained. Li3IrO4 has the largest reversible LOR, rendering it a unique 
model system. Here, X-ray spectroscopy and computational simulations 
reveal that LOR in Li3IrO4 is selectively compensated via O sites with 
three lone pairs, which are activated by Li/Ir disorder. The two-electron 
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ADVANCED MATERIALS

Corresponding author:  
Zhongwei Chen

Dynamic electrocatalyst with 
current-driven oxyhydroxide shell for 
rechargeable zinc-air battery
Deng, Ya-Ping; Jiang, Yi; Liang, Ruilin; Zhang, Shao-Jian; Luo, Dan et al. (2020). Dynamic 
electrocatalyst with current-driven oxyhydroxide shell for rechargeable zinc-air battery.  
Nature Communications 11(1). DOI: 10.1038/s41467-020-15853-1.

The operando XANES contour maps of a Co and e Fe K edge, and the 
corresponding d voltage profile in the first two cycles; the red and blue 
contours, respectively, represent high and low adsorption intensities. 
Operando XANES and the k3-weighted FT spectra of d, e Co and f, g Fe K 
edge at different electrochemical stages.

BXDS , SXRMB
Recent fruitful studies on rechargeable zinc-air battery have led to 
emergence of various bifunctional oxygen electrocatalysts, especially 
metal-based materials. However, their electrocatalytic configuration 
and evolution pathway during battery operation are rarely spotlighted. 
Herein, to depict the underlying behaviors, a concept named dynamic 
electrocatalyst is proposed. By selecting a bimetal nitride as representation, 
a current-driven “shell-bulk” configuration is visualized via time-resolved 
X-ray and electron spectroscopy analyses. A dynamic picture sketching 

the generation and maturation of nanoscale oxyhydroxide shell is 
presented, and periodic valence swings of performance-dominant element 
are observed. Upon maturation, zinc-air battery experiences a near two-
fold enlargement in power density to 234 mW cm−2, a gradual narrowing 
of voltage gap to 0.85 V at 30 mA cm−2, followed by stable cycling for 
hundreds of hours. The revealed configuration can serve as the basis to 
construct future blueprints for metal-based electrocatalysts, and push 
zinc-air battery toward practical application.
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Towards a treatment for COVID-19
Much of the research addressed the need for treatments for this 
disease, with structure-functional research being conducted on 
our CMCF beamline. University of Alberta researchers studied 
slightly altered chemical compounds they had previously 
made for the inhibition of the original SARS-CoV 3CL 
protease, using X-ray crystal structures of the SARS-CoV-2 
3CL protease with these potential drugs to facilitate further 
inhibitor design. Another U of A team used the beamline to 
analyze the papain-like protease—a protein that the SARS-
CoV-2 virus needs to establish a COVID-19 infection—in 
order to find small molecules that could bind to the protease 
and inhibit its activity.

Meanwhile University of Calgary scientists are studying the 
polymerase of the SARS-CoV-2 virus, in order to design new drugs that 
will inhibit the polymerase and prevent the virus from replicating and 
stop the infection in its tracks. A University of Toronto-led team has 
developed and are studying synthetic antibodies that could be used to 
protect frontline health workers, or as therapeutics for patients struggling 
to fight the virus. 

Research to fight COVID-19
In 2020, our research program was focused on supporting the fight against COVID-19. In an effort to help 
fight this global pandemic, we opened a special call for research proposals for any work that would actively 
contribute to finding COVID-related treatments or vaccines, or improve conditions for frontline workers. 
The call remains open to researchers from any institution, in any location. 

The crystal structure of COVID-19 main protease 
in complex with GC376. Protein Data Bank: 7c8u.

SARS-CoV-2 RBD in 
complex with Fab 15033. 
Protein Data Bank: 7KLG.
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A University of Saskatchewan team hopes to design an affordable, 
shoebox sized air filter. Image courtesy Nazanin Charchi.

A laser writer in our SyLMAND facility

Helping remove SARS-COV-2 from the air  
we breathe
A University of Saskatchewan research team has designed a device 
that can sanitize the air and could help protect us from catching 
the SARS-CoV-2 virus. The scientists are using SXRMB to test the 
device’s effectiveness and the feasibility of integrating it into current air 
conditioning systems. The team is using the CLS to take high resolution 
images of their device while it is in action to gain a deeper knowledge of 
the sanitation process and optimize its performance.

Extending the lifespan of N95 masks
Through a collaboration between the CLS and the Vaccine and Infectious 
Disease Organization-International Vaccine Centre (VIDO-InterVac), 
scientists hope to understand the structural changes happening inside 
N95 respirator masks after being sterilized for reuse. The BMIT beamline 
has been used to visualize these changes. 

Micron-etching for better 
COVID-19 testing
Researchers from the CLS and Université 
Laval are using our SyLMAND beamline 
to develop a device with multiple 
narrow channels through which a 
small fluid sample from a patient could 
flow. Meanwhile, they are creating an 
accessory that could systematically 
run tests through the channels to 
determine if the patient has coronavirus. 
If successful, this project could improve 
Canada’s testing and contact tracing 
performance.

For videos and stories about our COVID research program,  
visit: www.lightsource.ca/covid19_research.html
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ADDITIONAL HIGHLIGHTS

Using automation to keep 
the data flowing at the CLS
In March of 2020 the CLS went into a shutdown that coincided with 
the declaration of a provincial state of emergency. When operations 
resumed again in the summer of 2020, restricted travel and facility 
access meant that new approaches were required to keep beamlines 
operating at high capacity. Automation of beamline optimization and 
scanning suddenly became a necessity for keeping the data flowing.
Most synchrotron experiments rely heavily on the work of visiting 
scientists and students who are responsible for the preparation of 
samples, sample loading and general beamline operation. For some 
experiments the work can be quite technical and demanding, involving 
long hours at the beamline. But for other experiments, much of the 
work can be repetitive, making it suitable for automation. On many 
beamlines, automation was always part of the plans but the COVID 
pandemic accelerated development  and beamline automation is now 
being used to deliver user data 24 hours a day through a highly efficient 
mail-in program. In 2020, several beamlines made the move to more 

automated delivery. While not all experiments can be performed using 
automation, many routine measurements can be made without users 
being present and research programs relying on these measurements can 
continue to move forward. 

The first stage of the mail-in procedure involves research groups preparing 
their samples for shipment to the CLS. Specific instructions are produced 
by the users for the preparation and handling of each sample along with a 
request for the specific measurements required. Once the samples arrive at 
the CLS they are prepared by staff and loaded into the beamline. 

Using SGM as an example, automated procedures are used to map the 
sample holder, identify the sample positions and configure the beamline 
for a series of measurements. Very little intervention is required during 
measurement as the automation handles beamline optimization, 
watches for the occurrence of beam dumps and notifies staff when the 
measurements are complete. Using automation in this way, a handful of 
staff members are able to maintain full time operations and keep the data 
flowing to scientists around the globe. 
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Propane has been observed on Titan, Jupiter, and Saturn; to aid in its 
analysis Dr. Duant et. al have analyzed several bands of the spectrum of 
2-C13-propane. [4] Ammonia is commonly observed in astrophysical 
measurements and has been seen in the atmospheres of Earth, Jupiter, 
Saturn, and other planets, while work by Cane et al. has improved the 
accuracy of the parameters needed for understanding ammonia’s bending 
states. [5]

It is also important to understand the effects of the environment that key 
gases are found in. To this end, Bernath and co-workers have measured 
absorption cross-sections of neopentane, broadened by nitrogen, and 
ethane and isobutane broadened by both nitrogen and hydrogen. All of 
which are relevant to the atmospheres of Titan, a moon of Saturn, and the 
giant planets among other astronomical bodies. [6-9]. 

The final paper we will mention here is the work of Godin et. al, who 
addressed the question as to whether collision-induced absorption of CH4 
-CO2 and H2-CO2 could have produced a greenhouse effect in the ancient 
martian atmosphere strong enough to allow liquid water to be present. 
Using data collected at the CLS, they showed that collision-induced 
absorption of H2-CO2 may provide sufficient warming to account for the 
presence of liquid water on the planet. [10]

While much work has been done there are many more molecules to study 
and many more parameters to probe. In the future, the Far-IR beamline 
will continue its work enabling a deeper understanding of the universe.

1. Lees, R.M.; Xu, Li-Hong; Billinghurst, Brant et al. (2020). Patterns in synchrotron near-free-rotor 
FIR spectra of CH3OH and CD3OH – The tau of methanol. Journal of Molecular Structure, 127960. DOI: 
10.1016/j.molstruc.2020.127960.

2. Lees, R.M.; Reid, E.M; Xu, Li-Hong; Billinghurst, B.E. (2020). Synchrotron spectroscopy of the CSH-
bending and CH3-rocking bands of methyl mercaptan. Canadian Journal of Physics 98(6), 519-529. 
DOI: 10.1139/cjp-2019-0487.

3. Kobayashi, Kaori; Sakai, Yusuke; Fujitake et al. (2020). Identification of a vibrationally excited level 
in methyl formate through microwave and far-infrared spectroscopy. Canadian Journal of Physics. 
DOI: 10.1139/cjp-2019-0578.

4. Daunt, Stephen J.; Grzywacz, Robert, Western et al. (2020). First high-resolution infrared spectra 
of 2–13C-propane analyses of the ν26 (B2) c-type and ν9 (A1) b-type bands. Journal of Molecular 
Structure, 127851. DOI: 10.1016/j.molstruc.2020.127851.

5. Canè, Elisabetta; Lonardo, Gianfranco Di, Fusina et al. (2020). Spectroscopic characterization 
of the v2 = 3 and v2 = v4 = 1 states for 15NH3 from high resolution infrared spectra. Journal of 
Quantitative Spectroscopy and Radiative Transfer, 106987. DOI: 10.1016/j.jqsrt.2020.106987.

6. Bernath, Peter; Dodangodage, Randika; et al. (2020). Absorption cross sections for neopentane 
broadened by nitrogen in the 3.3 micron region. Journal of Quantitative Spectroscopy and Radiative 
Transfer 251, 107034. DOI: 10.1016/j.jqsrt.2020.107034.

7. Dodangodage, Randika; Bernath, Peter F.; Zhao, Jianbao; Billinghurst, Brant (2020). Absorption 
cross sections for ethane broadened by hydrogen and helium in the 3.3 micron region. Journal of 
Quantitative Spectroscopy and Radiative Transfer 253, 107131. DOI: 10.1016/j.jqsrt.2020.107131.

8. Hewett, Dan; Bernath, Peter; Zhao et al. (2020). Near infrared absorption cross sections for ethane 
broadened by hydrogen and nitrogen. Journal of Quantitative Spectroscopy and Radiative Transfer 
242, 106780. DOI: 10.1016/j.jqsrt.2019.106780. 

9. Hewett; Dan; Bernath; Peter F.; Wong et al. (2019). N2 and H2 broadened isobutane infrared 
absorption cross sections and butane upper limits on Titan. Icarus, 113460. DOI: 10.1016/j.
icarus.2019.113460

10. Godin, Paul J.; Ramirez, Ramses M.; Campbell et al. (2020). Collision‐Induced Absorption of CH 
4 ‐CO 2 and H 2 ‐CO 2 Complexes and Their Effect on the Ancient Martian Atmosphere. Journal of 
Geophysical Research Planets. DOI: 10.1029/2019je006357.

Photons from celestial bodies unimaginable distances away carry 
information about all of the space through which they have traveled. 
Spectrometers attached to telescopes and satellites collect these photons 
and record the information they offer. 

To understand the rich spectral information we gather from astrological 
bodies, we have the know what we are looking for. The Far-Infrared 
beamline helps to collect and analyze spectra here on earth to interpret the 
data collected from space, and many exciting astrophysical projects were 
completed in 2020. 

Methanol is highly pervasive in the interstellar medium and star-forming 
regions, serving as an important probe of the complex isotopic chemistry 
and excitation mechanisms in protostars. It also it has a complicated 
spectrum thanks to the large-amplitude internal rotation of its methyl 
group. Dr. Ron Lees et al. are decoding the transition network that governs 
the molecular excitation in warm regions. [1] and are exploring patterns 
observed for the CSH-bending and CH3-rocking bands of methyl 
mercaptan [2]. Important work has been done by Dr. Kobayashi et. al 
to characterize the low-lying torsions and vibrations of methyl formate, 
which have been observed in the giant molecular clouds Sagittarius B2 
and Orion KL. [3]. 

FAR-IR

Astrophysical research at 
the Far-Infrared beamline: 
Decoding the sky
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Mid-IR

IRsweep F1 IRis Dual-comb 
Spectrometer
The millisecond to microsecond time regime spans many dynamic 
processes such as reaction kinetics, molecular dynamics and complex 
system evolution. Accessing this time regime in the mid-infrared can be 
challenging. A new laser-based instrument at the beamline capable of 
accessing these fast timescales with reasonable spectral bandwidth has 
recently been commissioned and is open for general user proposals.

Lins, Erick; Read, Stuart; Unni, Bipinla et al, Microsecond Resolved Infrared Spectroelectrochemistry 
Using Dual Frequency Comb IR Lasers. Analytical Chemistry. 92, 6241-6244. DOI: 10.1021/acs.
analchem.0c00260

Updates to the Agilent Infrared 
Microscope System
The Agilent Cary 670 FTIR Interferometer with Cary 620 Microscope 
at the beamline underwent a few upgrades this past year to increase 
useability, capacity and capabilities. The most significant of these 
upgrades was improving the spatial resolution and reproducibility of 
the microscope stage from 5um to 100nm. Additional enhancements 
included an automated liquid nitrogen fill system for the full field (focal 
plane array detector) and remote operational controls.

SXRMB

An in situ XES endstation
Up to now, there have been limited synchrotron-based XES endstations 
at beamlines. Most of these endstations are designed mainly for hard 
X-ray (>5 keV) applications in ambient environments. There are fewer 
XES endstations for elements in the medium/tender energy range 
(between 1 and 5 keV), and these have rarely accommodated in-situ 
experiments. These endstations, used alongside XAS, are essential for 
understanding the local geometry, charge density and type of ligands 
attached to elements of interest, used in materials science, chemistry, 
catalysis, medicine, earth and environmental sciences. 

In 2019, an XES spectrometer 
optimized for the tender 
X-ray region (2–5 keV) was 
successfully installed into an 
inert atmosphere glovebox, and 
the entire system was successfully 
integrated into the SXRMB 
CLS [1]. High energy resolution 
of ~1 eV or better has been 
achieved for the spectrometer in 
the tender energy X-ray ranges. 
Because of the compact design of 
the spectrometer, it is possible to 
fit the spectrometer into a helium 
gas filled and low moisture and 
oxygen content (below 1 ppm) 
glovebox, which not only makes 
the low energy x-ray penetration 
feasible but it can also be used for 
in situ and in operando studies. 
In addition, the endstation can be equipped with a Silicon Drift Detector 
(SDD) for XAS measurements in fluorescence yield mode. This state of 
art glovebox-integrated XES spectrometer, combined with XAS, has a 
great capability for in-situ studies in earth and environmental sciences, 
battery development, and catalysis research.

Shakouri M, Holden WM, Hu Y, Xiao Q, Igarashi R, Schreiner B, Bree M, Li M, Li W, Sun X, Sham 
TK. Glovebox-integrated XES and XAS station for in situ studies in tender x-ray region. Electronic 
Structure. 2020 Oct 6;2(4):047001. DOI: 10.1088/2516-1075/abb932

Quasar: Open Source Data 
Analysis Tool
Having access to high quality data analyzing tools is important to 
process data from better detectors and more complex experimental 
setups.To this end, in 2020 CLS contributed to the development 
of visible image overlays and tile-by-tile processing in Quasar, an  
effort by many institutions to build an open-source collection of 
spectroscopic analytical tools. 
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2020 was a challenging year shared by 
many due to the global pandemic, but 
it was already going to be a challenging 
year for the Industry group. The primary 
revenue-generating beamline for the 
Industrial Services group, CMCF-ID, started a 
major upgrade, which is currently scheduled 
to be complete in June 2021, after some delays 
attributed to the pandemic.  

There are several exciting initiatives that the 
Industry team will be involved with in 2021. The 
Industry group will host a post-doctoral fellow in 
the coming year working on a project entitled “In-
Situ X-Ray Imaging of Carbon Fibre Composite 
Manufacturing Processes”, this work will be on 
the BMIT beamline.

The Industrial Services team is currently 
partnering with PSI Technologies and 
PSI Mining to investigate molecular scale 
processes associated with using recycled 
products. This mechanistic understanding 
will then be applied to develop models for 
real world applications. Another project related 
to materials infrastructure is discussed in more 
detail below. 

In collaboration with NRC staff members, Jon 
Makar and Rana Masoudi, the CLS has investigated 
high resolution measurements on pyrite (FeS2) and 
pyrrhotite (Fe1-xS) in coarse concrete aggregate. Concrete 
aggregates are granular materials with sizes of 5-20 mm and controlled 
composition, which when combined with water and cement form 
concrete. Trace reactive sulfide mineral impurities, like pyrrhotite and 
pyrite, in aggregate can have a major deleterious impact on the long 
term structural integrity of the final concrete product. Iron sulfides are 
susceptible to oxidation over time, creating sulfuric acid and ferrous ions 
[1], which initiate secondary reactions that can cause expansion, cracking 
and ultimately, concrete failure. In Canada, concrete failures due to sulfide 
oxidation have been a prominent problem in Trois-Rivières, Quebec, and 
similar concrete issues are a widespread phenomenon with occurrences 
in Connecticut (U.S.), southwest England, and Scandinavia, among other 
places [2]. 

Pyrrhotite is sufficiently reactive that concentrations on the order of 
tenths of a percent are sufficient to cause concrete damage [3]. Therefore, 
sensitive analytical techniques are required to detect and quantify 
pyrrhotite and pyrite content in aggregate materials. Synchrotron 
powder X-ray diffraction (PXRD) has been conducted at the CLS on 
concrete aggregate materials using both the CMCF-BM and BXDS-WLE 
beamlines, with quantification performed using Rietveld refinement. 

Even in complicated aggregate matrices with 10 to 16 different mineral 
phases present, pyrite and multiple polymorphs of pyrrhotite have 
been detected and quantified at levels below 0.5 wt.%. This work will 
contribute to improved understanding of the distribution and range of 
sulfide impurities in aggregate materials, and assist with development of 
additional enhanced techniques for the detection and quantification of 
trace sulfide impurities [3].

1. Belzile, N., Chen, Y.-W., Cai, M.-F., and Li, Y. ‘A review on pyrrhotite oxidation,’ J. Geochem. 
Exploration 84 (2004) 65-76.

2. Nordic Concrete Federation. ‘Impact of sulphide minerals (pyrrhotite) in concrete aggregate on 
concrete behaviour,’ Workshop Proceedings No. 14; Oslo, Norway, November 15-16, 2018.

3. Makar, J., Reid, J., Ridsdale, A., and Masoudi, R. ‘High Resolution Measurements of Pyrrhotite 
and Other Minerals in Coarse Concrete Aggregate,’ Presented at the 56th Annual Meeting of the 
Northeastern Section, Geological Society of America, March 14, 2021.

INDUSTRY

A Rietveld refinement of synchrotron PXRD data (top), with a magnified 
view of a small region of the pattern illustrating the location of some 
Bragg reflections characteristic of pyrite (FeS2) and pyrrhotite (Fe1-xS).
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EDUCATION PROGRAMS

The CLS’s education programs use research as a tool for learning science in 
depth, with a variety of entry points and participants: large, easy entry point 
research opportunities, teacher professional development, and detailed-student 
led research programs are all offered under the CLS education umbrella. 

These programs all continued through 2020, but like everyone, the pandemic 
changed how we operate. This year, all education programming successfully 
went virtual. Background information, videos, and lesson plans were created 
to populate a new Virtual Classroom space where all of the Light Source 
Student Experience (LiSSE) classes, Transcanadian Research & Environmental 
Education (TREE), and Students on the Beamlines (SotB) groups can connect 
directly with CLS to continue existing projects and begin new ones. These 
virtual opportunities have opened the door for international participation for 
the first time, with individuals from 5 countries outside of Canada connecting 
with our programs. 

2020 Vision:  
Looking through  
the eyes of our users

Check out our new Virtual Classroom

One of the last in-person SotB groups get ready to prep their samples of flax plants 
in our Life Sciences lab. These students are from Balmoral Hall in Winnipeg.

(L to R: Alice Xu; Dr. Patricia Mitchler, teacher; Alyssa Wang; Irina Znamirowski; 
Bonnie Luo; Matt Gelley, teacher; Dr. Susan Koziel, mentor, InnoTech Alberta Life 
Sciences Research Technologist;  Missing: Cassy Appelt, mentor, Usask PhD student.

Making Indigenous connections at the Canadian 
Indigenous Science and Engineering Society (.caISES) 
conference

(L to R) Robert Blyth, CLS Science Projects Manager; 
Bernie Petit, Annishnaabe, CLS Education Coordinator-
Indigenous Programs; Corey Gray, Blackfoot and 
member of the Siksika Nation, Caltech LIGO Hanford 
Observatory Detector Operator
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Canadian high school student comments:

" �Before I had always seen researchers and scientists as people in laboratories, working with chemicals 
and such… It has broadened my view of what exactly scientists do, as I now see that there are many 
different paths a person can follow, that are all stimulating and rewarding."

"�This virtual meeting was an amazing and new experience for me. I appreciate the CLS team for 
providing us this opportunity. Looking forward to more opportunities like this!"

"�The critical questions and depth of experience concerning the issues of governance and the 
intersection of science and society [was interesting]."

Mirwat Uzair, physics teacher in Pakistan said:

“�Thank you for an insight to Indigenous Teaching. Now I am looking at my classrooms in quite a 
different way. I do have some students from tribal regions of my country where females are not 
encouraged to pursue education for some reasons. And now I would be more careful to have them 
fully engaged in my classroom thru TKK and other strategies you talked about.”

�Participants (teachers & students)  
from 9 provinces & 5 countries 

598 high school students across  
all programs & virtual sessions

Students from 24 schools 

119 educators in all programs  
& PD sessions

Collaborative relationships and  
projects with 19 organizations

PROVINCES COUNTRIES

Throughout all of this we have been developing learning approaches 
grounded in Traditional Indigenous Knowledge and that synchrotron 
techniques can contribute to. New projects and programs are developing 
from this work that provide space for Indigenous student to explore 
projects stemming from their conversations with Elders and Traditional 
Knowledge Keepers. For example, we will have a video connecting 
physics, chemistry, and Traditional teaching concepts to making bannock. 
LiSSE students are exploring nutrients available in wild berries and we are 
learning the untold (her)story of the near extinction of bison. 

A group of teachers attending a virtual professional development workshop 
discuss soil chemistry. 

Students from Bishop Carroll High School in Calgary AB present their 
award-winning SotB poster at CLS’ virtual Annual Users Meeting. 

9
598
24
119
19

5
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Protein Data Bank: 6w3c
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6x3i
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structure model of Lactococcus 
lactis prolidase mutant R293S. 
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al. (2020). X-ray crystallographic 
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Protein Data Bank: 6xmr
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al. (2020). Crystal structure of 
Rhagium Mordax antifreeze 
protein. Protein Data Bank: 6xnr
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et al. (2020). Crystal structure 
of tetra-tandem repeat in 
extending RTX adhesin from 
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Data Bank: 6xi1

Ye; Q.; Vance; T.D.R.; Davies et 
al. (2020). Crystal structure 
of tetra-tandem repeat in 
extending region of large 
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Bank: 6xi3

Zeng; H.; Dong; A.; Headey et al. 
(2020). Tudor Domain of Tumor 
suppressor p53BP1 with MFP-
4184. Protein Data Bank: 6va5

Alana Ou Wang (2020). 
Application of Biochar to 
Stabilize Mercury in Riverbank 
Sediments and Floodplain Soils 
from South River, VA under 
Conditions Relevant to Riverine 
Environments. Supervisor: 
Ptacek, Carol. ON:  University 
of Waterloo.  http://hdl.handle.
net/10012/15416

Alexander; John Andrew 
Nelson (2020). Understanding 
Staphylococcus aureus 
β-lactam resistance : a 
structural investigation. 
Supervisor: Strynadka, 
N.. British Columbia, 

Canada:  University of British 
Columbia.  http://hdl.handle.
net/2429/75610

Blank; Matthew L. (2020). 
Exploiting Toxoplasma gondii 
MAF1 locus diversity to identify 
essential host proteins required 
for mitochondrial sequestration 
and manipulation. Supervisor: 
Boyle, Jon P.. Pennsylvania, 
USA:  University of Pittsburgh.  
http://d-scholarship.pitt.edu/id/
eprint/38223

Dan Luo (2020). Rational 
Structure Design of Transition 
Metal Chalcogenide 
Multifunctional Sulfur 
Immobilizer for Fast and 
Durable Li-S Performance. 
Supervisor: Zhongwei 
Chen. Ontario:  University of 
waterloo.  http://hdl.handle.
net/10012/16117

Guobin Wen (2020). 
Nanostructured Materials 
and Electrodes Engineering 
for Efficient CO2 Conversion. 
Supervisor: Chen Zhongwei; 
Gostick Jeff.. ON, Canada:  
University of Waterloo.  http://
hdl.handle.net/10012/16283

Hao Weiduo (2020). <em>Clay 
surface reactivity and its 
interaction with trace 
elements</em>. Supervisor: 
Konhauser Kurt; Alessi, Daniel. 
Alberta, Canada:  University of 
Alberta.

Jiatang Chen (2020). Electronic 
and local structures of Pt-based 
bimetallic alloy and core-shell 
systems. Supervisor: T. K. Sham. 
Ontario, Canda:  The University 
of Western Ontario.  https://
ir.lib.uwo.ca/etd/7302/

Keonhag Lee (2020). 
Investigating Oxygen and 
Liquid Water Transport in 
Porous Transport Layers of 
Polymer Electrolyte Membrane 
Electrolyzers. Supervisor: 
Bazylak, Aimy. Ontario, Canada:  
University of Toronto.  https://
tspace.library.utoronto.ca/
handle/1807/103292

Marta Zonno (2020). Correlated 
phenomena studied by 
ARPES : from 3d to 4f systems. 
Supervisor: Damascelli, Andrea. 
BC, Canada:  University of British 
Columbia.  http://hdl.handle.
net/2429/74692

McLeod; Matthew (2020). 
Functional consequences of 
changing structure, dynamics, 
and free-energy landscapes 
of phosphoenolpyruvate 
carboxykinases. Supervisor: 
Holyoak, T.. Ontario, Canada:  
University of Waterloo.  http://
hdl.handle.net/10012/16332

Moss; Daniel Laurence 
(2020). Antigen Stability 
Influences Processing 
Efficiency Immunogenicity 
of Pseudomonas Exotoxin 
Domain III and Ovalbumin. 

Supervisor: Landry, Samuel J.. 
Louisiana, United States:  Tulane 
University.  https://search.
proquest.com/docview/240468
2104?accountid=14739

Mothersole; Robert Geoffrey 
(2020). Characterisation of three 
cofactor-containing proteins 
from the oral bacterium 
Fusobacterium nucleatum. 
Supervisor: Wolthers, K.. British 
Columbia, Canada:  University 
of British Columbia.  http://hdl.
handle.net/2429/75294

Peng Qi (2020). Wide field 
x-ray spectral imaging using 
bent Laue monochromators. 
Supervisor: Chapman, Leroy D.; 
Pickering, Ingrid. Saskatchewan, 
Canada:  University of 
Saskatchewan.  https://harvest.
usask.ca/handle/10388/12969

Sadegh Shokatian (2020). 
NEXAFS Spectroscopy of 
Condensed N-alkanes. 
Supervisor: Urquhart, S.G.. 
Saskatchewan Canada:  
University of Saskatchewan.  
https://harvest.usask.ca/
handle/10388/13140

Samadi; Nazanin (2020). A 
REAL TIME PHASE SPACE 
BEAM SIZE AND DIVERGENCE 
MONITOR FOR SYNCHROTRON 
RADIATION. Supervisor: 
Chapman, Dean. Saskatchewan, 
Canada:  University of 
Saskatchewan.  https://harvest.
usask.ca/handle/10388/12507

Seyedali Melli (2020). 
Compressed Sensing Based 
Reconstruction Algorithm 
for X-ray Dose Reduction in 
Synchrotron Source Micro 
Computed Tomography. 
Supervisor: Wahid, Khan; Babyn, 
Paul. Saskatchewan, Canada:  
University of Saskatchewan.  
https://harvest.usask.ca/
handle/10388/12725

Tu; Kaiyang (2020). Developing 
Time-Resolved Synchrotron 
Infrared Spectroscopy for 
Spectroelectrochemical 
Measurements. Supervisor: 
Burgess, Ian J. Saskatchewan, 
Canada:  University of 
Saskatchewan. https://harvest.
usask.ca/handle/10388/12754

Ya-Ping Deng (2020). Material 
Design and Electrochemical 
Behavior Study on Metal-
Based Electrocatalysts for 
Rechargeable Zn-Air Batteries. 
Supervisor: Zhongwei Chen. 
Ontario, Canada:  University of 
Waterloo. http://hdl.handle.
net/10012/16223

Zarabi; Sarah Farshchi (2020). 
Preclinical Evaluation of a Novel 
Anti-leukemic Mechanism. 
Supervisor: Schimmer, Aaron 
D.. Ontario, Canada:  University 
of Toronto.  <span class="text-
muted"><a http://hdl.handle.
net/1807/101294

Alexander, James; Banerjee, 
Neil; Van Loon, Lisa (2020). 
Application of Synchrotron 
Radiation X-Ray Diffraction 
(SR-XRD) and Electron Probe 
Microanalysis to Understanding 
Gold Mineralization at the 
Vertigo Target, White Gold 
District, West-Central Yukon 
Territory, Canada. Microscopy 
and Microanalysis, 1-4.10.1017/
s1431927620016608

Fraund; Matthew; Bonanno; 
Daniel J.; China et al. (2020). 
Optical properties and 
composition of viscous organic 

particles found in the Southern 
Great Plains. Patent Number: 
10.5194/acp-2020-255

Gossen; Bruce D.; Wang; 
Dongniu; McLean et al. (2020). 
Boron Sensitivity and Storage in 
Brassica Napus and Its Potential 
for Clubroot Management. 
Patent Number: 10.21203/
rs.3.rs-41078/v1

Okbinoglu; Tulin; Kennepohl; 
Pierre (2020). The Nature of S-N 
Bonding in Sulfonamides and 
Related Compounds: Insights 
into π-Bonding Contributions 
from Sulfur K-Edge XAS. 
Patent Number: 10.26434/
chemrxiv.13204985.v1

ANNUAL USERS' MEETING  
A venue for synchrotron scientists from 
diverse disciplines to share their work 
and discuss future directions for their 
research.

10th ANNUAL CLS MX DATA 
COLLECTION SCHOOL:  
VIRTUAL EDITION  
A special two-day virtual workshop 
comprised of specially curated lectures 
and tutorials to provide a basis in 
conducting remote crystallography 
experiments at the synchrotron.

FAR-IR WEBINARS  
Short presentations and discussion 
sessions discussing the current state of 
Far-IR research  
and the future of the field. 

HXMA WEBINARS  
HXMA has focused on providing remote 
teaching approaches to HXMA XAS 
user community due to the pandemic’s 
physical limitations, and delivered 4 
webinars in 2020.

MID-IR  
Data analysis workshop, including 
sessions on theory and preprocessing, 
data exploration and imaging, and 
classification and prediction. 

CANADIAN POWDER DIFFRACTION 13  
This workshop covered the basic theory 
of powder diffraction, experimental 
setups, sample preparation and data 
analysis. Other diffraction and scattering 
techniques were also presented. 

ADVANCED XAS DATA ANALYSIS  
AND MODELING VIRTUAL  
WORKSHOP 2020  
Included sessions on automated XAS data 
analysis, FEFF, FDMNES, and machine 
learning in the EXAFS context.

DOCTORAL THESIS

331

55

45

89

89

100

240

Workshops
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