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President’s Mlessage

This year we come together again to celebrate

our shared love of microscopy and foster

fellowship amongst our members at the 57th
annual TSM meeting at UT Dallas in Richardson. On
behalf of the Texas Society for Microscopy (TSM), I
would like to thank our program chairperson Josefina
Arellano Jimenez for organizing this year’s annual
TSM meeting. I am grateful to our corporate sponsors
Thermo Fisher and Protochips for their sponsorship of
the outstanding workshops at the Natural Science and
Engineering Research Laboratory at UT Dallas. We
are very proud to support and display the hard work
of our members in the form of platform and poster
presentations. I want to personally thank this year’s
invited speakers for their support of the TSM, Daniela
Nicastro from UT Southwestern Medical Center, Alice
Liang from New York University Grossman School of
Medicine, and Moon Kim from UT Dallas.

I would like to express much gratitude the Executive
Board of the TSM for their service and dedication to the
organization. I would like to thank our journal editor,
Catalina Pislariu, for doing an amazing job editing and
publishing the Texas Journal of Microscopy. Thanks to
our treasurer, David Garrett, the financial situation of
our society is in a very good state. I am always amazed
by and very grateful for the support of our secretary
Bernd Zechmann for managing the business and
communications of the TSM. I am also thankful for

the tireless support of James Long and Lyanna DeLeon,

who do an amazing job representing and increasing
the participation of the corporate sponsors and student
members of the TSM. Finally, I am grateful to Nabarun
Ghosh for his support as the social media representative.

Many thanks also go out to all our regular members,
student members, honorary members, and corporate
members for your support of the TSM with your
membership and your participation at our annual
meeting. It has been an honor and pleasure to serve as
President of the TSM for the last two years. I am looking
forward to supporting the next president Josefina
Arellano-Jimenez and wish her and the TSM the most

success.

Amy Jo Hammett
TSM President, 2022-2023
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TEXAS SOCIETY FOR MICROSCOPY 57™ ANNUAL MEETING

INVITED SPEAKER

PROBING THE MOLECULAR ORGANIZATION AND FUNCTION OF CELLS USING CRYO-
ELECTRON TOMOGRAPHY

DANIELA NICASTRO

Professor
Department of Cell Biology, UT Southwestern Medical Center, Dallas, TX

Rapid freezing of cells can provide outstanding structure preservation and time resolution of
dynamic cellular processes. Electron tomography of rapidly frozen specimens (cryo-ET) is a
powerful technique for imaging biological structures in their native state and in an unperturbed
cellular environment. Integrating cryo-ET and sub-tomogram averaging with comparative
genetics, biochemical methods and EM-visible labeling allows visualization of the in-situ 3D
structure and functional organization of macromolecular complexes and organelles inside cells.
One of the model systems that we study are cilia, which are conserved and ubiquitous eukaryotic
organelles. Motile cilia are composed of more than 600 different proteins, have important
biological roles in motility and sensation, and defects in their assembly or function cause severe
human diseases. Our cryo-ET studies have visualized the 3D structures of wild-type and mutant
cilia, dissected the organization of key macromolecular complexes in different functional states,
and revealed the molecular mechanisms of

how cilia beat. We are also advancing and applying cryo-focused ion

beam milling to generate sections (“lamella”) from biological samples

that would otherwise be too thick (> a few hundred nanometers) for cryo-

ET. Using latter approach, we study cytoskeletal assemblies and cellular

machines inside model organisms ranging from yeast to worms. Our

findings provide detailed insights into the structural basis and ultimately

the function of many cellular processes.

Dr. Daniela Nicastro joined the UT Southwestern Medical Center in 2015,

where she established a new state-of-the art cryo-electron microscopy

core facility in parallel to running her own research lab. She is a Cancer

Prevention and Research Institute of Texas Scholar, was named a Pew

Biomedical Scholar, a Keith R. Porter Fellow, and received the 2020 WICB (Women in Cell Biology) Mid-Career Award
for Excellence in Research from the American Society for Cell Biology. Dr. Daniela Nicastro has more than 30 years of
experience in electron microscopy of cellular structures and continues to make both technical and biological contributions
to the field of structural cell biology.
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TEXAS SOCIETY FOR MICROSCOPY 57™ ANNUAL MEETING

KEYNOTE SPEAKER PRESENTATIONS

A RESEARCH DRIVEN MICROSCOPY CORE OPRATION AND OPTIMAL DIVERSE
BIOLOGICAL SAMPLE PREPARATION METHODS FOR 2D AND 3D ELECTRON
MICROSCOPY IMAGING

ALICE (FENG-XIA) LIANG

Research Professor and Director of the Microscopy Core Laboratory
Division of Advanced Research Technologies, New York University Grossman School of Medicine, New York, USA

With the rapid development of various microscopy technologies and methods, centralized research
resource facilities that provide access to advanced instrumentation, and professional expertise are
important to the research community. Established in 2005 and sited in a fast-growing medical
school, the Microscopy Core Laboratory of NYU Grossman School of Medicine expanded from
an electron microscopy core to a school-wide imaging core to cover both light and electron
microscopy services for more than 190 NYU laboratories and 50 external academic institutions
and industries. This presentation will give an overview of the microscopy core operations and
focus on technical strategies of optimal preservation of ultrastructure for biological samples
ranging from in vitro cultured cells to parasites and mammalian tissues, from high resolution
two-dimensional and three-dimensional imaging to image presentation.

Dr. Alice (Feng-Xia) Liang is the Director of the Microscopy Laboratory and Research Professor
of Cell Biology at the New York University Grossman School of Medicine. She is currently serving as a MSA council and
Biology Director. She designs protocols for all electron microscopy projects, has expertise for immune-electron microscopy
in 2D and 3D.

Tex. J. Micros. 54:1, 2023 7



TEXAS SOCIETY FOR MICROSCOPY 57™ ANNUAL MEETING

KEYNOTE SPEAKER PRESENTATIONS

DISCOVERY OF NEW NANOMATERIAL PHASES AND NanoArt

MOON J. KIM

Professor
Department of Materials Science and Engineering
The University of Texas at Dallas, Richardson, TX
http://moonkim.org/; moonkim@utdallas.edu

With the advancement of new technology/computation in the era of materials genome, we
are studying the ever-increasing number of new and emerging materials for potential new
applications. Moreover, we often deal with non-conventional processes or non-equilibrium
conditions for the fabrication and processing of materials. That provides ample opportunities for
finding new material phases not predicted by phase diagrams or theory. In particular, atomic-
resolution electron microscopy combined with various in-situ capabilities offers fertile ground
for discovering new materials/phases. I present two new material phases recently discovered:
o Mo6Te6 nanowire and e various forms of tellurium, such as helical Te and 2D Tellurene. In
addition, I will introduce “NanoArt,” a new discipline that discovers and accentuates the artistic
beauty of nanometer-sized natural and artificial materials, and will showcase some of my NanoArt
collections and Artificial Intelligent (AI) stylized NanoArt pieces.

Moon Kim is a Louis Beecherl, Jr., Distinguished Materials Science and Engineering Professor at the University of Texas at
Dallas. He is an elected fellow of the Microscopy Society of America and a co-founder of 2Lux Media, Inc. He has published
over 460 refereed journal articles, 2 paper books, 2 iBooks, and 1 app-book. He has also held 2 NanoArt exhibitions. Dr. Kim’s
current research includes nanoscale fabrication and atomic-scale characterization of various functional nanostructures/
devices for applications in nano-electronics, power electronics, energy, electrochemical and bio-devices, 3D visualization
technologies such as Virtual Reality (VR), Augmented Reality (AR), image recognition, and hologram for enhanced
education, and artificial intelligence (AI) platforms for emerging applications.
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Abstracts

LIFE SCIENCES
Spring 2023

SYNTHESIS OF TEO2 NANOPARTICLES FOR
BIOMEDICALAPPLICATIONS.T. HESABIZADEH!12,
G. GUISBIERS?

I Department of Biology, University of Arkansas at Little
Rock, Little Rock, AR 72204

2 Department of Physics and Astronomy, University
of Arkansas at Little Rock, Little Rock, AR 72204
txhesabizade@ualr.edu; gxguisbiers@ualr.edu

Tellurium dioxide (TeO2) has been synthesized by
pulsed laser ablation in liquids. The nanoparticles were
spherical with a size distribution centered around ~70
nm. The main advantage of this synthesis methodology
is that it gives nanoparticles a clean surface, allowing
them to interact with bacteria more effectively. One
Gram-positive and one Gram-negative bacterial strains
were examined in this experiment (Multidrug-resistant
Escherichia coli and Methicillin-resistant Staphylococcus
aureus). At concentrations of less than approximately
10 parts per million (ppm), TeO2 nanoparticles were
effective in annihilating both types of bacteria. TeO2
nanoparticles were also successfully tested against
melanoma.

References:

Tina Hesabizadeh, Evan Hicks, David Medina Cruz,
Shawn E Bourdo, Fumiya Watanabe, Marvin Bonney,
John Nichols, Thomas ] Webster, Grégory Guisbiers,
Synthesis of “Naked” TeO2 Nanoparticles for Biomedical
Applications, ACS Omega (2022) vol. 7, 23685-23694,
https://doi.org/10.1021/acsomega.2c02316

NETWORK OF ROD/CONE GAP JUNCTIONS
THROUGH QUANTITATIVE LIGHT/ELECTRON
MICROSCOPY. MUNENORI ISHIBASHI!2,
CHRISTOPHE P. RIBELAYGA! and STEPHEN C.
MASSEY?

IDepartment of Vision Sciences, University of Houston
College of Optometry, Houston, TX

2Richard Ruiz Department of Ophthalmology and Visual
Science, McGovern Medical School, The University of
Texas Health Science Center, Houston, TX

Gap junctions (GJs) are intercellular pores that mediate

metabolic and electrical coupling between cells. Composed
of connexins, GJs are present in nearly all tissues. Connexin
36 (Cx36) is one of the main connexins to build neural
networks in mammalian brain; however, they are small,
difficult to image and often ignored in large-scale anatomical
analyses of neural circuits. Here we visualize and analyze
small Cx36 GJs at photoreceptor terminals in the mouse
retina by light and electron microscopy (EM). There are two
types of mouse photoreceptors, cone and rod cells. They
are electrically coupled via Cx36, providing secondary rod
pathway. Light microscopy (LM) revealed the number of
Cx36 clusters on a rod or cone, and EM clarified divergence
and convergence. Each cone had ~ 50 GJs, while coupled
with ~ 40 rods (convergence of 40). Each rod had 2 - 3 GJs,
with 2 cones (divergence of 2). From these numbers, we can
calculate number of GJs for a pair of rod/cone coupling, 1
- 1.5 GJ. Thus, 40 rods on a cone can make 40 - 60 GJs,
consistent with the 50 GJs detected on single cone. Next,
we estimated the number of channels from LM and EM.
Fluorescence intensity of Cx36 cluster in LM suggested rod/
cone GJ is 8 times smaller than that in the inner plexiform
layer sublamina b, giving ~ 40 channels. Rod/cone GJ in EM
showed electron-dense rectangular structures with length
of ~ 500 nm, giving 50 channels. These 40 - 50 channels
in a cluster indicates rod/cone GJs are single-string type;
channels aligned in a line as imaged by freeze-fracture EM
previously (Raviola and Gilula, 1973). The single rod/cone
coupling with 1 - 1.5 GJ, or 40 — 80 channels can provide
maximum conductance of 1200 pS (15 pS as Cx36 unitary
conductance). Rod/cone coupling in mouse shows ~
1300 pS under Cx36 activation as we reported previously.
Thus, we propose that open probability of GJ channels can
approach 100% (Ishibashi, et al., 2022).

Figure 1: 3D reconstruction of cone pedicles (green and
blue) from elecron microscopy data (back).

Tex. J. Micros. 54:1, 2023 9
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Raviola E and Gilula NB (1973) Gap junctions between
photoreceptor cells in the vertebrate retina. PNAS
70:1677-1681.

Ishibashi M et al. (2022) Analysis of rod/cone gap junctions
from the reconstruction of mouse photoreceptor
terminals. eLife 11:73039.

MICROSCOPIC EXAMINATION ON
ENVIRONMENTAL POLLUTANTS IN THE AIR
CAUSING ADVERSE HEALTH EFFECTS. LYANNA
DELEON, MARYTRINH NGUYEN, and NABARUN
GHOSH

Department of Life, Earth and Environmental Sciences,
West Texas A&M University, Canyon, Texas 79015

Aerosols can be solid or liquid, comprise of organic
and/or inorganic material or contain living organisms.
Inevitably, some aerosol particles are potentially toxic,
allergenic, or infective to people. Various studies reported
a correlation between the presence of ammonia (NH3) as
the precursor with the biggest impact on the formation
of particulate matter (PM25) in the air and the incidence
of allergy and asthma cases. In recent years, PM2.5 has
been linked to 4.58 million deaths globally and has been
identified as the fifth greatest risk factor for health.
Ammonia emissions from agriculture are responsible for
30% of all PM2.5 in the US; 44% of the total emissions
are being produced globally by cattle. When ammonia
is released from agricultural sources, it can then travel in
a gaseous state through the atmosphere for short or long
distances. Irritation from PM2.5 can begin at concentrations
as low as 5ppm but are more noticeable at 30ppm. Acute or
accidental exposures to high concentrations at 50ppm can
result in tracheal burns and damage to bronchial tissues.
Therefore, we have been focusing our research to determine
the counts of airborne particulate matter including fungal
spores in the Texas Panhandle area. We have been utilizing
a Burkard Volumetric Spore Trap placed on the rooftop
of the Natural Science building of the West Texas A&M
University campus. We collected the exposed tape from the
spore trap regularly and mounted them on glass slides after
dividing them into seven equidistant strips using a standard
scale. The tape was stained with 2% Safranin-Gelvatol
solution. The solution functions in a dual mode: to stain
the trapped materials and as a sealing mountant. We used
a BX-40 Olympus Microscope and a DP-74 digital camera.
The CellSense software was used to acquire images and to
analyze the trapped samples collected from the air. There
is a significant increase in the concentration of PM2.5 in
the ambient air, both from organic and inorganic sources,
as our data reflected from the spore trap collection in the
recent years. The most frequent fungal spores that showed
an increase in count were Alternaria, Cladosporium,
Curvularia, Pithomyces and Ustilago. As we analyzed and
compared the data from the slides prepared in the last 20
years a significant increase in the number of particulates

10 Tex. ]J. Micros. 54:1, 2023

was noticed, as we continue to experience climate changes.
Recent significant incidence in wildfire cases is highly
correlated with the higher rate of the particulate pollution.

FIBRONECTIN-DERIVED FLUORESCENT CARBON
DOTS FOR BIOIMAGING APPLICATIONS. SARA
STRICKLAND, MYCHELE JORNS, LINDSEY HEYD, and
DIMITRI PAPPAS

Department of Chemistry and Biochemistry, Texas Tech
University, Lubbock, TX, 79409

Fibronectin (FN) is a glycoprotein well known for its
involvement in cellular adhesion, cell mobility and cell
growth, due to integrin-mediated signaling. Due to these
properties, FN has been known to be upregulated in the
extra cellular matrix (ECM) of certain cancer cell lines.
For these reasons, FN was selected as the precursor for
carbon dot synthesis, and the subsequent targeting of
EN found in cancerous cells ECM’s. Some carbon dots
fluoresce and possess selectivity for specific molecules via
tuning synthesis processes. These FN-derived carbon dots
exhibit violet fluorescence under ultraviolet excitation,
while simultaneously appearing to display selectivity for the
EN they are derived from. This is hypothesized to be the
result of passivation of the carbon dot surface during the
microwave heating process via nitrogen-containing surface
functional groups. Cancer cell lines MCF-7 and MDA-231
were stained with these carbon dots, and our observations
established that the carbon dots did not pass through the
membrane and aggregate within the cell, as seen with other
types of carbon dots. Instead, the FN-derived nanoparticles
appeared to interact with the outer cell membrane and
ECM, where FN is found in abundance. We hypothesize
that the FN-derived carbon nanoparticles selectively bind
by amide linkages to the FN receptors that are plentiful on
the surface of the cell. This hypothesis is supported with
EDS and FTIR data confirming the presence of nitrogen
containing functional groups like -NH3 and other surface
groups like -COOH. These nanoparticles have bioimaging
applications due to their specificity for FN in a cancer cell
membrane and their ability to fluoresce under UV light,
without the need for post synthesis modifications.

FLUORESCENCE MICROSCOPY AND ASSESSMENT
OF GENOTOXICITY OF ATRAZINE ON DAPHNIA
AND ALLIUM TEST SYSTEMS. MARIA LOUISA
ZAVALA, and NABARUN GHOSH

Department of Life, Earth & Environmental Sciences, West
Texas A&M University, Canyon, Texas 79015.

Fluorescence microscopy is often used to image
properties of organic and inorganic substances. It uses
optical sectioning to obtain a better resolution of the
fluorescence image. While fluorescence is preferred to
regular parfocal microscopy, Z-stacking software can also
be used in conjunction with fluorescence. This software
captures the image by focusing on different parts of the



specimen and then stacking them into one focused image.
Fluorescent microscopy allowed us to assess intoxication
in Daphnia magna. D. magna acts as an excellent model
organism due to its short life span and high reproductive
capability. The Daphnia test system is suitable for examining
hypotheses and allows for creating simple experimentation
tests. Therefore, we have chosen to use Daphnia in our
study to determine toxicity to the Daphnids using the
herbicide Atrazine as a subject for our microscopic studies
involving lethality caused by chemical pollution. Allium
cepa is an efficient test system due to its effectiveness
in in-situ monitoring for the genotoxicity of various
environmental contaminants. The testing reveals which of
these compounds can induce chromosomal abnormalities
in the root meristem of the A. cepa. This research aims
to examine the genotoxic and lethal effect of Atrazine
on the Daphnia magna and the Allium cepa test systems.
Atrazine is a chlorinated triazine systemic herbicide. It is
used to control annual grasses and the broadleaf weeds
selectively in various crops grown in Texas and the greater
United States. While the Environmental Protection Agency
(EPA) currently has Atrazine classified as a restricted-use
pesticide in the US, the EU has had Atrazine banned since
2006. This was due to the pervasive and unpreventable
water contamination that the herbicide caused. Studies have
shown that Atrazine is linked to the decline of amphibians
and other species. Atrazine is a known endocrine disruptor
that affects sexual development in amphibians by changing
the hormone cycle. In this study, we aimed to determine
the effect of Atrazine on our community health. Daphnia
have a high sensitivity to environmental pollutants because
they are sensitive to toxicants and indicate water pollution.
Daphnids demonstrate reproductive decline, aberrant
vertical mobility, and phenotypic plasticity to name a few
when exposed to environmental stressors. Abiotic and
biotic stressors include chemical substances, synthetic
hormones, acidity, salinity, etc. We tested the survival rate
of Daphnia at different concentrations of the herbicide and
recorded the concentration for the LD50 (Lethal Dose 50).
To observe and assess any genotoxic effect of Atrazine, we
prepared slides of mitotic plates from root tip squash of
A. cepa after pre-treatment, fixation and staining with 2%
Aceto-Orcein. We excised the root tips from the control
set of bulbs and pre-treated them with a saturated solution
of para-Dichlorobenzene (p-DB) for 3 hours. After pre-
treatment, the root tips were washed with distilled water
three times and fixed with 1:3 Aceto-ethanol overnight. The
fixed root tips were stained with 2% Aceto-Orcein solution
and squashed in 45% acetic acid. Once the slide was
prepared, we observed the different phases of cell division
and captured the micrographs at various magnifications.
We captured the micrographs at various magnifications
using a BX-40 Olympus microscope equipped with a DP-
74 digital camera and the CellSens software. We captured
micrographs of Daphnia using single focal plane and
Z-stacking imaging. We found that Daphnia exhibited
lethality even with a very low dose of the herbicide (0.01%)

proving that the herbicide is both genotoxic and lethal to the
Daphnids and A. cepa test systems.

References:

Environmental Protection Agency. (n.d.). EPA. Retrieved
February 7, 2023, from https://www.epa.gov/ingredients-
used-pesticide-products/atrazine

Le, V. Q., Choi, W,, Kim, T., Woo, S. M., Kim, Y.-H., & Min, J.
(2020). In vivo assessment of pathogens toxicity on
Daphnia  magna using fluorescent dye staining.
Ecotoxicology, 29(7), 892-899. https://doi.org/10.1007/
$10646-020-02257-6

Ghosh N. and M. Whiteside. (2006d). Fluorescent Microscopy
in characterizing some biological specimens. Journal of
Scanning Microscopies, Vol. 28, No. 2 (March/ April
2006):129-130.

Ghosh N., Finger, K., Usnick, S., Rogers, W.J., Das, A. B. and
Smith, D.W.  (2010). Microscopic examination on
cytological changes in Allium cepa and shift in
phytoplankton population at different doses of Atrazine.
Scanning Microscopy 2010 (edited by Michael T. Postek,
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SEM IMAGING OF NATIVE PLANT SEEDS FOR
BUILDING A SEED DATABASE. ANJOLA IFAGBAYI-
ADENIRAN and CAMELIA MAIER

Division of Biology, School of the Sciences, Texas Woman’s
University, Denton, Texas 76204

Texas Woman's University (TWU) initiated two butterfly
gardens containing 90+ native plant species for pollinator
conservation and sustainability education. These urban native
gardens provide food and nesting sites for native bees and
butterflies whose populations are declining. Pollen studies
are carried on to establish plant-pollinators relationship
networks and a pollen database. The goal of this study was
to observe seed morphology and build a seed database to be
added to the pollen database in the virtual TWU Herbarium.
This is an ongoing project, but, so far, seeds from 12 species
representing 6 plant families were collected from the butterfly
gardens and observed with a Hitachi TM3030Plus scanning
electron microscope. Pictures of seed surface ornamentations
were taken at magnifications of 40-3,000x. Liatris seeds had
one of the most interesting types seed morphology; cone-
shaped with feathery pappus at the top which helps with seed
dispersal by wind. Seed body had well defined lines with hairs
from top to bottom and what seems to be round glandular
hairs in the spaces between lines. The seed database will help
scientists identify native plant seeds by providing them a
visual online resource.

Tex. J. Micros. 54:1,2023 11



BUILDING A POLLEN DATABASE AND PLANT-
POLLINATOR NETWORK OF INTERACTIONS
USING SCANNING ELECTRON MICROSCOPY.
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Pollination is a mutually beneficial process for plants
and pollinators. Plants are cross pollinated and provide
pollen, nectar, and other feeding and nesting resources
to pollinators. Most crops are pollinated by multiple
pollinators including species of bees, butterflies, beetles,
flies, and other insects. Urban sprawling fragments native
plant-pollinator habitats. However, urban pollinator
gardens, as those initiated at Texas Womans University,
contribute to pollinator conservation for Monarchs and
many other butterflies, bees, and native bumblebees whose
populations are in decline. The goal of this project is to
study the plant-pollinator relationships. The objectives
are to build 1) a database of pollen morphologies using
microscopy techniques and 2) a network of native plant-
pollinator relationships based on field observations and
pollen microscopy.

Using a Hitachi TM3030Plus scanning electron
microscope, pollen collected from 65 plant species
belonging to 21 plant families and 20 pollinators were
observed at magnifications of 50X to 3,500X. Plants
from the Asteraceae, Fabaceae, Lamiaceae, Malvaceae,
Onagraceae, Plantaginaceae, Acanthaceae, and Verbenaceae
families were mostly preferred for nectar feeding and/
or pollen collection by Swallowtail, Fritillary, and
Monarch butterflies, bumble bee, and honeybee pollinator
species. The network of mutualistic plant-pollinator
relationships was based on comparing and matching
pollen images from plants and pollinators and completed
with field observations. This research will offer data for
restoration and conservation activities as well as advice
to gardeners and farmers on plant resources they need to
enhance both the pollinator populations and crop yields.
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Peripheral artery disease (PAD) is associated with
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the obstruction of peripheral arteries impairing blood
flow to limbs that can be classified into four categories:
asymptomatic, claudication, criticallimbischemia,and acute
limb ischemia. Of these four categories, the most common
clinical manifestation of symptomatic PAD is intermittent
claudication (IC), which is defined as exercise-induced pain
caused by ischemia that is relieved with rest. Critical limb
ischemia (CLI) occurs when blood flow is severely impaired
during rest conditions and can require amputations of the
compromised limb. During IC, it has been postulated that
exposure to repeated cycles of ischemia and reperfusion
insults can lead to a myopathy that progresses to further
impair muscle function independent of hemodynamic
obstruction (Pipinos et al., 2008). However, the structural
changes that occur within the IC and CLI stages of PAD have
not been well characterized and need further elucidation.

We aimed to assess changes in ultrastructure within the
skeletal muscle intermyofibrillar region between control, IC,
and CLI PAD patients. A total of 40 participants (15 control,
10 IC, & 15 CLI) were recruited to take part in this study.
Muscle samples were collected from the gastrocnemius and
immediately fixed in 2.5% glutaraldehyde phosphate-buffer
solution. All samples were then washed 3 times for 10 min
in phosphate buffer solution before secondary fixation in
1% osmium tetroxide (OsO4) for 2 hr. Muscle samples
were washed again 3 times for 10 min before undergoing
dehydration in increasing acetone concentrations (50%,
70%, 90%, and 100%). Samples were embedded with
increasing gradients (1:2, 1:1,2:1) of Embed 812 before being
completely immersed in 100% Embed 812 and polymerized
at 60°C for 48 h. After sectioning (70 nm) thin sections,
post-sectioning staining was completed by incubating grids
with 2% uranyl acetate (15 min) and 1% lead citrate (5 min).
Total relative mitochondria area, average mitochondrial
cross-sectional area (CSA), mitochondria count per area,
total relative myofibril area, average m-line length, Z-disc
count per area, total relative lipid droplet area, average
lipid droplet CSA, lipid droplet count per area, and total
sarcoplasmic area were measured for each participant using
two individual micrographs. All variables were statistically
assessed using a one-way ANOVA with a Tukey post hoc or
Kruskal Wallis with pairwise comparisons with a Bonferroni
correction at significance of p<.05.

There was a significant decrease in the relative
mitochondria area (F=15.081, p<.001) seen in CLI patients
due to a decrease in total mitochondria count (F=17.291,
p<.001) rather than average mitochondria CSA (X?=2.267,
p=.322) (Figure 1). There was no significant difference in
relative myofibril area between groups (F=1.249, p=.299).
However, there was a significant decrease in sarcomere
M-line lengths (X?=9.067, p=.011) seen in CLI patients
when compared to controls (p=.001). No difference in
M-line lengths was found between control and IC (p=.513)
or IC and CLI (p=.87). No difference in Z-disc count was
found between groups (F=1.545, p=.227). There was no
difference found between groups for relative lipid droplet
area (X*=.133, p=.936), average lipid droplet CSA (X*=1.067,



p=.587), or lipid droplet count (X?=.133, p=.936). There was
no significant difference in sarcoplasmic area between the
groups (F=1.25, p=.298). Major structural alterations were
found within the PAD conditions (Figure 2 B1-3) showing
dramatically disorganized myofibril structure, sarcomere
smearing, and Z-disc misalignment when compared to
controls (Figure 2 A). These instances of structural damage
were present in both IC and CLI but were much more
prevalent in the CLI patients. The myopathy that develops
within PAD patients dramatically affects mitochondria
content and is most identifiable in later stages of the diseases.

Figure 1: Representative images of ultrastructural changes
that occur within the intermyofibrillar region of myofiber
in control (Al-2), intermittent claudicants (B1-2), and
critical limb ischemia (C1-2) peripheral artery disease
patients. There is decreased mitochondrial (Mi) content in
critical limb ischemia patients that is coupled with shorter
sarcomere M-line lengths (M). The existing mitochondria
within the critical limb ischemia patients appear elongated
and are localized less frequently in pairs at Z-discs (Z)
when compared to control participants (Al-2). There
were no changes found between groups when assessing
intramyocellular lipid droplet (L) indices.

Figure 2: Disruption of the normally parallel striated
myofibrillar (Myo) structure within a myofiber with PAD
(B1-3) compared to control (A). In the upper myofiber
in micrograph B2 there is sarcomere (Sar) smearing (SS),
Z-disc (Z) misalignment (ZM) and abnormal myofilament
organization that appears non-linear or parallel. In the
bottom myofiber of B2 there is a representative image of
abnormal formation of contractile apparatus (aMyo) that is
90° from the normal longitudinal orientation (LO) of the
myofibrils. This is seen in some of the PAD patients both
IC and CLI In micrographs B3 and B4, a closer view of
this region shows the actin (A) and myosin (M) hexagonal
lattice structure (black box) that is only seen in anatomical
cross-section. The presence of an undisturbed sarcolemma
membrane (SM) suggest that this is not an artifact from
tissue processing but possibly from myopathy within this
patient population.
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Diagnosing and treating psychiatric disorders is a
major challenge due to the complex interplay of genetic,
environmental, and epigenetic factors. To advance our
understanding and develop targeted therapies, it is essential
to identify the spatial and temporal boundaries from
which neuropathological alterations emerge and coalesce
into psychiatric phenotypes. Among the many laboratory
techniques used to investigate the brain and behavior,
microscopy is a critical tool in the field of biological research,
enabling anatomical and physiological visualization at
various levels of resolution. Here, we tour recent research in
the Kroener Lab which applies slide scanning and confocal
fluorescence microscopy, combined with viral-vector
circuit tracing and quantitative immunohistochemistry,
to uncover pathological mechanisms in rodent models
of substance use disorders (SUDs). We also present novel
findings from human postmortem studies of schizophrenic
patients. These techniques and methodological approaches
enable high-resolution analysis at the molecular, cellular,
and circuit level, leading to a better understanding of
aberrant cell-type and circuit-specific changes unique to
psychiatric pathologies (Figures 1-2).

Figure 1: Distinct and overlapping neuronal ensembles
provide information with temporal and spatial precision.
A) Retrograde tracing of PFC networks was achieved by
infusion of (green) adeno-associated virus (hSyn-GFP
AAV Retro) into the mouse infralimbic (IL) PFC and major
projection centers were mapped in coronal sections. B)
GFP+ (green, IL-projecting neurons), cFos+ (red, activity-
dependent marker), and colocalized (yellow, GFP+ and
cFos+) neurons in the paraventricular thalamus (PVT),
basolateral amygdala (BLA), and ventral hippocampus
(vHipp) reveal circuit-specific alterations in response
to ethanol seeking behavior. C) Quantifying the ratio of
colocalized/GFP+ neurons in the PVT, vHipp, and BLA for
mice self-administering for water or ethanol rewards.

The chronic relapsing cycle of drug addiction involves
transitions between distinct stages of intoxication,
withdrawal, and craving. Studies in animal models and
human patients suggest that each of these stages are
mediated by discrete neural circuits reinforced by drug-
related cues and contexts that usurp neural processes
involved in rewarded-related learning. A major behavioral
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maladaptation associated with the development and
maintenance of substance use disorders is a loss of response
inhibition resulting from functional impairment of the
prefrontal cortex (PFC). Using a rodent models of alcohol
use disorder (AUD), we mapped synaptic inputs which
converge on the PFC and identified functionally active
circuits during distinct time points of the addiction cycle.
Our results uncovered an alcohol-activated network that
drives synaptic changes in the PFC. These findings reveal
circuit-specific substrates that may lead to increased craving
for drug rewards and higher risks of relapse (Figure 1).

Disruption of core cognitive processes, such as working
memory impairments, are considered an integral part of
the schizophrenia disease pathophysiology. Multiple lines
of evidence link these cognitive disturbances to anomalies
in cortical parvalbumin (PV)- expressing interneurons
(PVIs). While the precise etiology of these changes remains
uncertain, redox dysregulation and oxidative stress may be
a pathophysiological convergence point in schizophrenia,
causing dysfunction of GABAergic interneurons and
loss of PV. Here, we show that the mitochondrial matrix
protein cyclophilin-D (CypD), a critical initiator of the
mitochondrial permeability transition pore (mPTP) and
subsequent modulator of the intracellular redox state, may be
involved in PVI alterations in schizophrenia. Using human
dorsolateral prefrontal cortex (DLPFC) tissue, we measured
PV and CypD expression levels in layer specific PVIs. Our
results indicate that schizophrenia is characterized by
lower PV expression in layers 2-4 compared to unaffected
comparison subjects. These laminar-specific PVI alterations
were reciprocally linked to significant elevations in CypD.
Taken together, our findings implicate CypD-mediated
mPTP formation as a potential contributor to PVI deficits
and cognitive dysfunction in schizophrenia (Figure 2).

Figure 2: Quantifying mitochondrial redox states in
schizophrenia with laminar- and cell-type specific
resolution. High magnification (100X) fluorescent
microscopy images of parvalbumin interneurons (red)
co-labeled with markers for oxidative stress (green,
cyclophilin-D protein) and nuclear DNA (blue, DAPI). For
subjects with schizophrenia, parvalbumin (PV) intensity
significantly differed across layers, creating a superficial-
deep gradient of declining PV intensity in layers II (A), III
(B), and IV (C) which were reciprocally linked to significant
elevations in cyclophilin-D (A-C).



ANALGESIC EFFECT OF EUPHORBIA BICOLOR IN
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Pain associated with burn injuries has been linked to
nociceptor sensitization and can lead to chronic pain.
Current treatment for burn pain includes analgesics such
as non-steroidal anti-inflammatory drugs, opioids, and
gabapentinoids, all linked to undesirable side effects. As
burns represent a particularly challenging type of injury to
treat, novel strategies that mitigate burn pain are needed.
Our previous studies indicate that the latex extract of
Euphorbia bicolor, a plant native to the south-central United
States, may contain phytochemicals that could serve as a
novel analgesic(s). Adult male Sprague-Dawley rats (200-
300 g) received a full thickness thermal injury to the plantar
surface of the right hind paw by applying a soldering iron
tip at 100°C for 30 seconds. Two concentrations of E.
bicolor ethanol latex extract, 100 ug/mL and 500 ug/mL,
in 0.9% sterile saline were delivered as local injections
into the burn-injured paw. At week 3, the rats (n=12) were
perfusion fixed with 4% paraformaldehyde and spinal cord
(L2-L5) was extracted in 30% sucrose and cryosectioned.
Fluorescent immunohistochemistry was performed on
30 pm sections of spinal cord using primary antibodies
against calcitonin gene-related peptide (rabbit anti-CGRP;
1:1000) and neurofilament heavy NF200 (chicken anti-
NF200; 1:1000). Tissues were then incubated in goat anti-
rabbit 568 or goat anti-chicken 488 Alexa Flours (1:300)
and visualized with a ZEISS LSM confocal microscope.
Peripheral analgesia was detected within 72 hours of E.
bicolor extract injection at the injured paw with both the
100 and 500 pug/mL doses and analgesia was significant for
up to three weeks. Rats displaying E. bicolor extract-evoked
analgesia had significantly reduced immunoreactivity of
the pronociceptive peptides calcitonin gene related peptide
(CGRP) in the lumbar dorsal horn of the spinal cord. Our
analysis of the lumbar spinal cord indicates that E. bicolor
phytochemicals reduce pronociceptive peptides in the
dorsal horn, which receives sensory afferent input from the
Dorsal Root Ganglion (DRG). This data indicates that E.
bicolor phytochemicals reduce burn pain partly by reducing
pronociceptive peptide release from sensory afferents at the
spinal cord.

SEXUAL DIMORPHISM CHANGES GLANDULAR
TRICHOME DENSITY AND KARYOTYPE
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'Plant Genetics Resources and Improvement, CSIR-National
Botanical Research Institute, Rana Pratap Marg, Lucknow-
226001, U.P, India

’Department of Life Earth and Environmental Sciences,
West Texas A&M University, Canyon, Texas, USA
*Molecular Cytogenetics Laboratory, Department of Botany,
Utkal University, Vani Vihar, Bhubaneswar 751004, Odisha,
India

Cannabis sativa L. belongs to the family Cannabaceae
and is widely distributed in Central Asia including
Turkestan, Pakistan, South China and Himalayas (Wills,
1998). It is one of the major sources of medicine, oil, and
fiber, and is cultivated as a cash crop in many countries
(Laverty et al., 2019). For long time, it has been used in
medicine for treating pain, nausea, depression, glaucoma,
asthma, and insomnia. The medicinal properties of this
species are attributed to the two major active compounds,
namely 6-9-tetrahydrocannabinol (THC) and cannabidiol
(CBD) (Figure 1 A, B). (Mechoulam et al., 1976; Duke and
Wain, 1981). When using a high enough dose of CBD from
Cannabis, the CBD can inhibit the Corona virus protein from
binding to (ACE2) and transmembrane serine protease 2
(TMPRSS2); thus, it can be used as prophylaxis treatment to
prevent SARS-CoV-2 infection (Ragia and Manolopoulos,
2020).

Tetrahydrocannabinol (THC)

Cannabidiol (CBD)

Figure 1. Chemical structure of the two major active
compoundsin Cannabis sativa: A) §-9-tetrahydrocannabinol
(THC) and B) Cannabidiol (CBD).

We performed the Micro-Raman-spectrometric analysis
of THC and CBD and the obtained results corroborated
with the quantum chemical simulated Raman spectra
of their acid-forms: tetrahydrocannabinol acid (THCA)
(Figure 1A) and cannabidiol acid (CBDA) (Figure 1B). In
vitro assessment of cannabinoid content revealed that there
is a significantly higher amount of THC than CBD in female
plants.

There are previous reports on the ontogeny and structural
organization of the matured trichomes (Briosi and Tognini,
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1894; Ram and Nath 1964). Light and Scanning Electron
Microscopy were used to characterize the trichomes to
aid the forensic identification of illegal Cannabis products
(Ledbetter and Krikorian, 1975; Dayanandan and Kaufman
1976; Hammond and Mahlberg, 1977). The reports on the
studies of trichome morphoanatomy in relation to sexual
dimorphism, chromosomal structure and cannabinoids
content of Cannabis sativa is meager. We have collected the
seeds of Cannabis sativa L. (Figure 2A). Sexual dimorphism
is very conspicuous in Cannabis sp. with prominent
differenciating characters visible in the female (Figure 2B)
and male plant (Figure 2C). A significant variation in the
leaf surface topography in terms of glandular trichomes
(Figure 2D) density were noted. From the numerical
assessment, we can conclude that the glandular sessile and
bulbous trichomes (Figure 2D) were distributed in a much
higher number in the female plants compared to the male
plants (Figures 2 E and F). SEM studies revealed that the
size variation of glandular sessile trichomes was significant
between the male and female plants. We observed the
cystolith trichomes and slender covering trichomes were
distributed primarily on the adaxial surface, while the
covering trichomes occurred only on the abaxial surface of
the leaf (Figure 2G); however this attribute was common
among the male and female plants(Figures 2H and I).
Anatomical studies (Figures 2 J, K, L, M) of the leaf also
confirmed that the cystolith crystals of calcium carbonate
and cluster crystals of calcium oxalate were found to be
distributed on the leaf surface. Comparative analyses of
karyotype and karyotypic asymmetry confirmed that
the diploid set, 2n=20 chromosomes were composed
of: 2n=8m+10sm+XXnsm and 2n=8m+10smXnsmYnm in the
female and male plants respectively. X chromosome long
arm length was higher compared to the Y chromosome
in male plants. Flow cytometry analysis revealed the
genome size of 2C DNA content of ~820.12 Mb in female
and 84523 Mb in male plants (Figures 2N and O).
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Figure 2. Morpho-cytological features of female and male
Cannabis sativa L. (A) seed, (B) female and (C) male plant
with inflorescence, (D) glandular trichome on leaf surface
of (E) female and (F) male plant, (G) bulbous glandular
trichome (H-I) trichome on leaf surfaces; (J-K) leaf anatomy
showing gland on (J)female and (K) male plant; (L-M) leaf
surface slender covering trichome magnified view; (N-O)
somatic metaphase chromosome 2n=20 in (m) female and
(n) male plant.

It is important to collect and index the natural genetic
varieties and develop inbreed lines through sibling breeding
to produce genotypes with increased cannabidiol content
and reduced tetrahydrocannabinol. This study is important
to better understand the Cannabis micro-morphology,
cytogenetics and in situ quantification of THC and CBD
for developing the desired clonal variant of the species for
effective medical uses.

Plant biotechnology, genomics and clonal selection via
plant breeding will aid in optimizing phyto-cannabinoid
synthesis to create plants with desired phyto-cannabinoid
profiles, from zero THC hemp to novel phyto-cannabinoids
for medicinal uses.
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WHAT CAN SCANNING ELECTRON MICROSCOPY
TELL US ABOUT THE POTENTIAL HEALTH
IMPACTS OF UNCONTROLLED COAL FIRES?
HENRY R. DODDS and ROBERT B. FINKELMAN
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Richardson, TX, 75080

Uncontrolled coal fires present a unique and
significant risk to the health of the environment and to
the people working and living nearby. Large, hot fires,
along with smoke containing a myriad of toxic chemicals
can burn the valuable coal resource, threaten the
wildlife, and all while polluting the atmosphere, plants
and waters of the area. A long-lived and still burning
coal fire in Jharia, India exists in the middle of active
coal mining operations and is surrounded by populated
villages. The people of the area show an unusual
concentration of health complications. A sample of solid
condensate from around a smoke vent was collected and
studied using Scanning Electron Microscopy (SEM) and
revealed numerous solid phases with exotic chemistries.

Potentially hazardous chemicals such as NHs4, F, Cl,
Pb, Cd, As, Se, and S were found, in complex phase
relationships and crystal growth patterns.

Figure 1: SED photomicrograph of a crystal of
Ammonium Chloride with apparent Boron (A). Point
EDS spectrum (B). Carbon present is likely due mostly
to C sputter coating on sample.

Figure 2: SED photomicrograph of Lead and Tin halide
crystals (A). Point EDS spectrum (B). Leftmost peak is
Carbon from sputter coating.

Using electron microscopy (backscattered and
secondary electron modes) and an energy dispersive
X-ray detector to study the phases present in the
condensate can illuminate what health risks are posed to
the people living and working around this fire.

CHARACTERIZATION OF MICROSCOPIC
PARTICLES DISPERSED IN LUBRICATING
AUTOMOTIVE GREASES USING SCANNING

ELECTRON  MICROSCOPY AND  ENERGY
DISPERSIVE X-RAY SPECTROSCOPY. JARED

ESTEVANES, PATRICK BUZZINI and GERALDINE
MONJARDEZ
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In the context of a forensic case, lubricating
automotive greases may be submitted to a laboratory for
identification as general unknowns, may be recovered
from the garments of a suspect allegedly involved in
events under investigation, or they may be found as
stains on the ground at an automotive accident scene.
Numerous studies have been conducted differentiating
automotive motor oil for forensic applications, however,
little research has been conducted to characterize
or differentiate lubricating automotive greases.
Investigating the physical and chemical properties that
allow a reliable identification and differentiation of
greases could help forensic laboratory personnel provide
information to further investigations and assist law
enforcement in the solving of crimes involving vehicles.
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Microscopic examinations previously conducted on
this subject in the context of a master theses research
at Sam Houston State University (Day, 2018 and
Estevanes, 2021) showed the presence of microscopic
particles dispersed in pure automotive greases that were
part of the original formulation of the grease samples.
Three particle types were identified and consequently
classified by their optical properties as opaque, isotropic,
and anisotropic. These particles differed considerably
between different grease samples. It was discovered
that the opaque particles analyzed were solid lubricant
additives within the greases and these particles displayed
potentially discriminating properties.

Previous attempts to characterize the isotropic and
anisotropic particleswith Scanning Electron Microscopy-
Energy Dispersive X-ray Spectroscopy (SEM-EDS)
proved challenging compared to the opaque particles.
The objectives of this research were to determine the
optimal sample preparation and operating parameters
of the SEM-EDS to successfully select and characterize
the isotropic and anisotropic particles, as well as gaining
a deeper understanding of how the morphology and/or
elemental composition of these different particles relate
to their challenging analysis.

An extraction procedure using D-limonene was used
to remove the particles from the grease matrix. Light
microscopy was then used to confirm that the isotropic
and anisotropic particles of interest were left intact after
the extraction process. The extracted residues were
then analyzed using SEM-EDS to determine the particle
elemental composition. Variable pressure SEM was used
to reduce interference effects with a pressure of 60 Pa.
Targets for EDS analysis were then selected based upon
backscatter images and particle morphology.

The isotropic and anisotropic particle sizes and
morphologies differed among the sample sets, with no
patterns observed when taking into consideration the
greases’ end use. Particle sizes were small, usually less
than 5 um, and possessed mostly spherical shape. EDS
revealed isotropic and anisotropic particles contained
lighter elements, such as calcium and sulfur, which
contrasts to the heavier elements identified for the
opaque particles. These chemical differences of the
particles, combined with microscopic information,
display potentially discriminating properties for
automotive greases.

This study demonstrates the potential differentiability
of automotive greases based upon their microscopic
and chemical characteristics. This information expands
the consideration of new types of trace materials to
automotive greases and show their potential contribution
to forensic investigations.
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CHARACTERIZATION OF EJECTED PARTICLES
FROM A LITHIUM-ION BATTERY DURING
THERMAL RUNAWAY. CHRISTIAN A. LANDRY,
PAUL O. ADEFIRANYE, SAMUEL A. MCCAULLEY,
and JAMES C. THOMAS

J. Mike Walker 66 Department of Mechanical
Engineering, Texas A&M University, College Station,
Texas, 77845

The recent influx of the integration of lithium-ion
batteries (LIB) in technology has led to a rising concern
regarding their safety. The failure of LIBs via thermal
runaway (TR) can occur due to many different onsetting
phenomena (physical, thermal, electrical, etc.) and may
cause the battery to catch fire and combust. During
the TR process, the combustion process produces a
variety of hazards including significant energy release,
jet flames, release toxic and/or secondarily combustible
gases, and production of micro- and nano-particulates.
In the current study, the ejected particulates are analyzed
via microscopy and materials analysis methods. The
goal of this research is to understand the extent of
the combustion reaction taking place within the LIB
during TR. A single Panasonic NCR 18650B cell at
100% state-of-charge (SoC) was heated to TR under
ambient conditions and in air. Ejected particulates
were safely collected and prepared for microscopy and
further analyses. Scanning electron microscopy (SEM)
and energy dispersive spectroscopy (EDS) techniques
were first utilized to investigate particulate sizing and
elemental composition. A representative group of
collected particles is shown in Figure 1 which includes
a more detailed EDS analysis of a single particle. A wide
range of particle sizes (< 1 pm - 2 mm) and shapes were
observed throughout the sample. The EDS elemental
mapping approach allowed for a visualization of the
different elements present in the small particulate. The
particulate contains a variety of constituent elements, and
the mapping analysis indicates it is a chunk from a single
layer of the battery’s internal jelly roll. More explicitly,
it contains clear traces of the anode (Carbon), cathode
(Nickel, Cobalt, and Iron), and current collectors (Al
or Cu). In addition, it contains some elements from the
electrolyte solution (i.e., Phosphorous), but not others
(i.e., Fluorine). Elements belonging to each constituent
part (e.g., anode, cathode, etc.) are observed to have
mixed and reacted together. The presence of oxygen
throughout the entire particle indicates all components
have at least partially reacted with the ambient air, as
well. A second representative particle belonging to the
anode is shown in Figure 2 where the point and scan



EDS approach was applied to understand the elemental
composition of surface-level features. A strong
variation in the elemental composition is observed,
but a high concentration of oxygen is observed in all
the particles examined. Further analyses with x-ray
powder diffraction (XRD) and x-ray photoelectron
spectroscopy (XPS) have been conducted to elucidate
the molecular composition of crystalline components
and the type of molecular bonds present, respectively,
but these are not shown here for brevity. These analyses
also provide crucial information about the presence
and concentration of lighter elements (i.e., Hydrogen
and Lithium) which are difficult to accurately detect
with EDS analyses. Preliminary XRD analyses indicate
that the ejected particles contain a wide variety of
single- and mixed-metal compounds which are all
fully or partially oxidized. A low-resolution XPs scan
illustrated similar results as the EDS analyses, but
demonstrated the presence of Hydrogen, Lithium, and
some contaminants traced to the heating system (Tin
and Silicon). These key findings from our study will
be useful in further experiments which will seek to
follow similar microscopic analyses for batteries with
different compositions at different SoCs. The findings
will prove integral to the development of safer LIBs
and give a fundamental understanding of the reactions
taking place during TR.

Figure 1: SEM images of particulate ejecta with
corresponding EDS mapping analyses for visualization
of elemental dispersion from a LIB which underwent
TR.

Figure 2. SEM image of particulate ejecta with
corresponding EDS point analyses for visualization of
elemental dispersion from a LIB which underwent TR.

ENCAPSULATION OF SPIONs IN THE CORE OF
WRINKLED MESOPOROUS SILICA. A. K. M. NUR
ALAM SIDDIKI and KENNETH J BALKUS JR.
Department of Chemistry and Biochemistry,
University of Texas at Dallas, TX 75080, USA

Wrinkled mesoporous silica is a type of porous
silica material featuring cone-shaped pores formed by
a wrinkled structure. This material can be fabricated
with different morphologies and pore structures.
By encapsulating Superparamagnetic Iron Oxide
Nanoparticles (SPIONs) in wrinkled mesoporous
silica, it becomes possible to develop its potential
in various imaging, plasmonic, and photothermal
applications. In this study, a convenient method
for the encapsulation of SPIONs in the core of
wrinkled mesoporous silica is reported. SPIONs were
synthesized via a reduction-precipitation method
and were subsequently encapsulated in the core
of wrinkled mesoporous silica using a surfactant
template during synthesis. The resulting material was
characterized using transmission electron microscopy
(TEM), scanning electron microscopy (SEM), UV-Vis
spectroscopy, Physical Property Measurement System
(PPMS), and X-ray diffraction (XRD).

The particle size distribution of the SPIONs were
calculated from TEM images using Image]. TEM
images of the encapsulated particles show that the
wrinkled structure effectively encapsulates the SPIONs
within the core, without any detectable presence of the
SPIONS in the outer mesopores. SEM imaging reveals
that the pores have a conical shape and wide openings.
The encapsulation of SPIONs within wrinkled
mesoporous silica offers several advantages, such as
protection against oxidation, enhanced dispersibility
and colloidal stability, and a surface for drug molecule
conjugation and targeted delivery.
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ADVANCED E-BEAM LITHOGRAPHY FOR
FABRICATION OF ELECTRICAL CONNECTIONS
TOTESTRELIABILITY OFMETALLICNANOWIRES.
M. WALIULLAH, and R. A. BERNAL

Department of Mechanical Engineering, The University
of Texas at Dallas, Richardson, TX 75080

In today’s technology industry, the transistors and
interconnects have reached such a small size (5 nm) that
it is becoming impossible to shrink them further. As a
result, the industry is leaning towards functionalized
devices rather than miniaturized ones e.g., flexible
electronics, wearable electronics etc. Metallic nanowires
have excellent electrical, mechanical, and optical
properties appropriate for the emerging technologies
mentioned above (Song et al., 2014). However, in the
nanoscale, phonon scattering and grain boundary
diffusion become more and more significant. Hence, for
a successful application in electronic devices, assessing
the structure-function relationship of individual
nanowires, from an electrical reliability perspective, is
required.

Commercially available metallic nanowires e.g.,
silver and gold nanowires have a special type of grain
boundaries called penta-twins. In our lab, we have
synthesized another type of twin boundary structure
called transverse twins for gold nanowires. We are
investigating the structure-function relationship for
penta-twinned silver nanowires (Joule heating due
to phonon scattering) and both type of twins for gold
nanowires (Electromigration through twin boundaries
of different orientations).

For these investigations, we needed to connect
individual silver and gold nanowires with an external
circuit. The connections were fabricated in two layers-
firstly, leads connecting randomly deposited sub-
100 nm nanowires, fabricated by e-beam lithography
(EBL) (Figure 1) and secondly, gold pads, connecting
to the leads, fabricated by photolithography (Figure
2). The pads were wirebonded to a pin grad array and
connected to a PCB and switch system to test each
nanowire until failure. In this fabrication work, we
faced a lot of challenges which include deterioration of
nanowires under O: plasma, their incompatibility with
adhesion layer in metal deposition, breaking of EBL
pattern due to contaminants in gold nanowire solution,
higher contact resistance due to faster deposition rate
in e-beam evaporation, to list a few. We solved these
problems and achieved successful electrical connections
to test electrical reliability of metallic nanowires.

After the electrical connections were established,
the behavior of current density at failure for penta-
twinned silver nanowires were characterized and plotted
against diameters ranging from 53 nm to 173 nm, for
93 samples. Heat-transfer modelling was performed
to compare with the experimental data, and Weibull
statistics were used to quantify failure probabilities.
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Some scatter was observed in the measurements which
can be attributed to surface-roughness variations among
samples, and variations in a polymer layer which comes
as a by-product of the nanowire synthesis. These results
quantify the Joule-heating electrical reliability of silver
nanowires and highlight the importance of heat transfer
in increasing it (Waliullah and Bernal, 2022).

Figure 1. : Single nanowires connected with two leads. a.
overview pictures showing the e-beam lithography lines
connecting the nanowires with the photolithography
traces. b. detail of a connected silver nanowire.

Figure 2: a. Design of the mask for a whole wafer, b.
Details of a single chip, c. Details of a nanowire-
connection site.

For gold nanowires, literature suggests that the
orientation ~ of twin boundaries play a big role in
preventing atomic diffusion and hence, preventing
an electrical failure mode called electromigration,
which is governed by atomic diffusion. In this work,
we are characterizing electromigration failure of gold
nanowires for penta-twinned and transversely twinned
gold nanowires, which allow electrical current along
and across the twin boundaries respectively. The data
obtained at different temperatures will reveal the
structure-function relationship between the twins
and electromigration failure mode and thus provide
guideline to the flexible electronics industry.
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DIRECT OBSERVATION OF THE CRYSTAL-MELT
INTERFACE OF THE NDCEFEB MAGNET VIA
IN-SITU ANNEALING & QUENCHING STEM.
XIANGYU ZHU!, QINGXIAO WANG!, LI SHAN?,
BYUNG OH JUNG?, MYUNGSHIN CHOI? SUNYONG
SONG?, SEOK NAMKUNG? NAMSEOK KANG? HUI-
YOUN SHIN?, MINHO JOO? XIANMING DA, and
M.]J. KIM!

'Department of Materials Science and Engineering;
*Materials & Devices Advanced Research Institute, LG
Electronics, Seoul, 07796, KOREA

’Department of Mechanical Engineering University of
Texas Dallas, Richardson, TX, 75080

Direct observation of the reaction interface is
significant to establish the fundamental understanding of
the evolution mechanism and facilitate the development
of process engineering of the Rare Earth (RE)2Fel4B
type magnets. Among these, elemental diffusion,
oxidation, and phase transformation at high temperature
are the major thermally induced responses that build
the microstructure, and further govern the performance
of (RE)2Fel4B type magnets. This work investigated
the crystal-melt interface of the (Nd0.75Ce0.25)2Fe14B
magnets phase. Both the focused ion beam and in-situ
STEM experiment are delicately designed to achieve the
observation of both oxygen-involved and oxygen-free
reaction dynamics within one specimen. (Figure 1)

Figure 1: In-situ sample preparation & Crystal-melt
Interface.

Remarkably, the reaction dynamics and interface
structure between the liquid phase and the Fe23B6
metastable phase are clearly illustrated at atomic
scale, providing compelling evidence for the early
crystallization process of the NdCeFeB phase. The
presented work also demonstrated that combining
advanced FIB technique with in-situ annealing and
quenching STEM is a powerful tool for investigating
high-temperature reaction mechanisms and interface
phenomena of complex systems.

SYNTHESIS OF COPPER OXIDE
NANOSTRUCTURES BY ELECTRIC FIELD-
ASSISTED PULSED LASER ABLATION IN WATER.
T. HESABIZADEH"? and G. GUISBIERS'

! Department of Physics and Astronomy, University of
Arkansas at Little Rock, Little Rock, AR 72204

> Department of Biology, University of Arkansas at Little
Rock, Little Rock, AR 72204

Transition metal oxides such as cupric and cuprous
oxides are strongly correlated materials made of Earth-
abundant chemical elements displaying energy bandgaps
around1.2and2.1eV. Theability todesign nanostructures
of cupric and cuprous oxide semiconductors with in-situ
phase change and morphological transition will benefit
several applications including photovoltaic energy
conversion and photoelectrochemical water splitting.
Here, we have developed a physico-chemical route to
synthesize copper oxide nanostructures enabling the
phase change of cupric oxide into cuprous oxide by
using an electric-field of 10° V/m in deionized water
(DI); via a new synthetic design protocol called Electric-
Field Assisted Pulsed Laser Ablation in Liquids (EFA-
PLAL). The morphology of the nanostructures can also
be tuned from a sphere of ~ 20 nm to an elongated leaf
of ~ 3 um by controlling the intensity of the applied
electric field. Futuristically, the materials chemistry
occurring during the EFA-PLAL synthesis protocol
developed here can be leveraged to design various
strongly correlated nanomaterials and heterostructures
of other 3d transition metal oxides.

IN VITRO INHALATION TOXICOLOGY OF FINE
PARTICLE AEROSOLS. JAMES LIU!, SAHAR
PRADHAN!, BERND ZECHMANN?, and CHRISTIE
SAYES!,

'Department of Environmental
University, Waco, TX,

*Center for Microscopy and Imaging, Baylor University,
Waco, TX.

Science, Baylor

Globally, an estimated 3.5 million annual deaths are
attributed to fine particle exposure. Despite the alarming
scale of the air pollution crisis, existing methods to assess
inhalation toxicology are high-cost, low-throughput, and
challenging to standardize. We are developing an in vitro
framework based on streamlined aerosol characterization,
exposure to relevant models, and collection of biological
and biophysical endpoints. Innovative aspects include a
custom-built exposure chamber (the Aerosol Exposure
Surfactometer or AESM), the generation of dry particle
aerosols, exposure at the air-liquid interface, and the use
of lung surfactant as a biophysical model. Five particle
types (aluminum, aluminum oxide, diesel exhaust, carbon
nanotubes, and colloidal silica) were chosen for human
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health relevance and to represent different physiochemical
properties. Size, morphology, and surface charge were
assessed with microscopy techniques (3D laser, scanning
electron, transmission electron, atomic force) and dynamic
light scattering. Microscopy was critical to identify size/
shape heterogeneity and surface characteristics relevant
to interactions with cells and surfactant. Aerosol size
distribution and dose were measured with aerosol particle
sizers and a quartz crystal microbalance. After exposure, the
viability was measured for lung cells (A549) cultured at the
air liquid interface. Surface tension was measured for lung
surfactant after exposure. Diesel exhaust and silica were
identified as potential threats to human health through both
cytotoxicity and surfactant inhibition. Future work includes
more sophisticated coculture models, improvements to the
AESM, and analysis of mixtures interactions. This work
builds a foundation for the high-throughput screening of
aerosols that are potential hazards to human health.

SEM CHARACTERIZATION OF TI-TA-SN METALLIC
FOAMS BY THE SPACER METHOD WITH 30%
POROSITY FOR BIOMEDICAL USE. ABRAHAM
MEJIA', ANDRES BEJAR!, CLAUDIO AGUILAR?
GEORGINA TORRES!, ISMELI ALFONSO?, JOSE SOLIS*
and VICTOR AUGUSTO*

'Division de Posgrado de Ingenieria Mecanica, Universidad
Michoacana de San Nicolas de Hidalgo, Morelia, Michoacan
de Ocampo, México

‘Departamento de Ingenieria Metalurgica y Materiales
Universidad Técnica Federico Santa Maria, Valparaiso,
Valparaiso, Chile

Instituto de Investigaciones en Materiales,
UNAM, Morelia, Michoacan de Ocampo, México.
‘Divisién de Estudios de Posgrado, Instituto Tecnolégico
de Tlalnepantla, Tlalnepantla de Baz Estado de México,
México.

The use of titanium in biomedical applications has been
successful due to its magnificent mechanical properties. In
the following work, the microstructure and porosity of a
Ti-Ta-Sn alloy metal foam with 30% spacer was evaluated
by scanning electron microscopy (SEM). The purpose of
this project is to develop a lightweight foam that acquires
a better elastic modulus and elastic limit close to that of
human bone (~30 GPa) (Aguilar et al., 2020; Geetha et al.,
2009). For the manufacture of the foam, there are different
methods, depending on the method used, the type of
porosity will be favorable to obtain the following mechanical
properties: high resistance to corrosion, toughness,
hardness and resistance to wear. Open porosity fabrication
can be homogeneous and promotes osseointegration and
cell adhesion in biomaterials (Aguilar et al, 2020, Geetha et
al, 2009, Ryan et al., 2006). Ti has a low modulus of elasticity
and fatigue resistance in the  phase, CCC (>882 °C), while
it offers good creep resistance when it presents an a phase,
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hcp (<882 °C) (Mejia et al., 2022). The elaboration of the
metallic foams was carried out by powder metallurgy to
achieve the desired microstructure, for a cylindrical sample
of 8 mm x 8 mm. In this case, ammonium bicarbonate was
used as a spacer, the powders were 75% v/v of titanium, 13%
v/v of tantalum and 12% v/v of tin, to each of the powders the
percentage of the ammonium bicarbonate to obtain 100%
accurate weighing. The powders were mixed for 30 minutes
at 30 Hz using the principle of impact-friction grinding, the
already mixed powders were deposited in a cylindrical die
of 8 mm diameter steel, compacted at 430 MPa. To obtain
the 8 mm long green sample, it was subsequently sintered in
a conventional furnace with a controlled temperature with
an argon atmosphere and a temperature curve from 25 °C
to 800 °C; after 120 minutes it was increased to 800 °C up to
1200 °C. Cooling from 1200 °C to 100 °C was carried out by
lowering the temperature by 3°C per minute.

Figure 1: SEM characterization of Ti-Na-Sn metallic foams.
Ti-Ta-Sn metal foam SEM with 30% spacer (A). The EDS
data suggest the presence of Ti, Ta and Sn alloying elements
(B). Scanning electron microscopy (SEM) images, energy
dispersive X-ray spectroscopy (EDS) spectra, and elemental
mapping of Ti, Ta, and Sn (C).

The characterization by means of SEM shows the
surface of the sample finding porosities and an alloy in a
homogeneous way, there is an agglomeration of Ta powder
that did not merge with the sample (Figure 1 A). Figure 1A
also shows the differences in the chemical composition due
to the contrast difference and the relief of the surface, the
microporosity and macroporosity is caused by the sintering
process, because the powder particles undergo deformation.
Figure 1 B shows EDS quantitatively and qualitatively the
mixture of Ti-Ta-Sn powders with a porosity of 30%. Figure
1C shows sample homogeneity, although, in some cases, it



presents a greater element of tantalum. In conclusion, the
porosity obtained was good because it did not agglomerate
spacer and left an excellent open porosity, the micropores
and macropores should still be considered to have a better
homogeneity and the pore shape is symmetrical. We can
consider that this Ti-Ta-Sn metal foam alloy obtained by
this method has great potential for biomedical applications.
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SYNTHESIS OF SELENIUM NANONEEDLES FOR
SOLARCELLS AND PHOTOCELLS. ATIKURRAHMAN
University of Arkansas at Little Rock, Department of Physics

Selenium, a critical element for photovoltaics and energy
storage, is important in developing energy applications.
Several methods have been used to synthesize selenium
nanostructures, such as wet-chemistry, vapor growth, and
pulsed laser ablation. This study introduces, for the first
time, a new method of synthesizing selenium nanoneedles
by pulsed laser ablation, different from e-beam lithography.
The process involves 5 minutes of nanosecond Nd: YAG
laser irradiation on a bulk selenjum target in various
organic solvents. The repetition rate of the laser pulse
adjusts the aspect ratio, sharpness, and diameter of the
nanoneedles. These nanoneedles have potential applications
in optoelectronics for solar cells and photocells.

MICROSCOPIC ANALYSIS ON FIBERS, PLANT
EXUDATES, INSECT PARTS AND PM2s5 AS
POTENTIAL AEROALLERGENS CAUSING ALLERGIC
REACTIONS. MARYTRINH NGUYEN, LYANNA
DELEON, and NABARUN GHOSH

Department of Life, Earth and Environmental Sciences,
West Texas A&M University, Canyon, Texas 79015

Due to the ever-increasing population growth and

industrial expansion, air quality in many cities continues
to decline. In addition to naturally occurring aeroallergens
such as pollen and fungi, particulate matter (PM) from
wildfires, plant exudates, and insect parts contribute
to increased particle pollution. Air samples have been
obtained using a one-sided sticky tape wrapped around a
drum inside a Burkard Volumetric Spore Trap. The Spore
Trap was placed on the rooftop of ANB at West Texas
A&M University. The collected samples on the exposed
tape were stained and mounted on a slide for microscopic
examination of aerosol debris including fibers, plant
exudates, insect parts and PM2s through a BX-40 Olympus
microscope for analysis. Plant exudates and insect parts
in particular contain proteins that enter the respiratory
system and trigger asthma symptoms. Fibers originating
from cotton lint, feathers, and other stuffing materials may
become airborne and carry other aeroallergens within
them. In many of our slides, various forms of aeroallergens
have been found on the slide to spread uniformly or in
groups, or even attached to the fibrous material. Exudates
from insects, plants, and even animals have an influence on
indoor air quality and cause allergic symptoms especially
due to chemicals in their urine and saliva. Therefore, there
is an urgent need to develop an advanced air purification
system to combat the severe effects of increased PM: s in the
ambient air. In Mumbai, India, lung cancer deaths rose by
nearly 49% between 2009 and 2021. Researchers cited the
long exposure to air pollution, especially PMzs, and tobacco
consumption as the reason behind the sharp increase. This
is due to the highly vascularized alveoli and soft tissues
of the lungs that easily absorb molecules from various
substances, leading them to travel to different organs of the
human body. Recently, the COVID-19 pandemic, as well as
the severity of allergy cases, have been shown to be coupled
with the increased number of wildfires across the United
States. The frequency and intensity of wildfires is affected
by climate change and produces smoke that has been
shown to have delayed long-term effects in patients as long
as one full year later. Clinical studies showed the number
of doctor visits for asthma care increased during wildfires.
Wildfires also have been shown to exacerbate susceptibility
to SARS-CoV-2, positively associated with the number of
daily cases, cumulative cases, and cumulative deaths. In
our Aerobiology lab, we conducted a simulated experiment
in a fiberglass chamber using the AFL Mini Air Sanifier
and a Lighthouse Handheld Particle Counter to assess the
indoor air quality by measuring the PM concentration of
varying sizes. At different intervals, we recorded a decrease
in concentration of PM2s when using the air purifier. We
compared the PM counts when running and when not
running the air purifier. The AFL Mini Air Sanifier has
been shown to help reduce PMzs and improve indoor air
quality by using AHPCO nanotechnology. Asthma patients
are recommended to stay indoors, limit outdoor activities
during high concentrations of PM2s and wear a mask for
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outdoor activities. Therefore, close monitoring of the PM2s
counts and preventive measures coupled with advanced air
purification systems are crucial to combat unprecedented
situations such as the COVID-19 pandemic and increasing
allergy and asthma cases.

TECHNICAL ABSTRACTS
Spring 2023

A NOVEL ION SOURCE FOR LITHIUM-ION
MICROSCOPY AND 3D TOMOGRAPHY. JOSEPH
KLINGFUS, KEVIN BURCHAM, and TORSTEN
RICHTER

RAITH America, Inc. Troy, NY 12180

Liquid Metal Alloy Ion Source (LMAIS) is an
emerging Focused Ion Beam (FIB) source technology.
It has been established for nanofabrication over the last
years (Gierak et al., 2018). Most recently, ion imaging
with Lithium ions from GaBiLi eutectic alloy has become
feasible (Klingner et al., 2020). Multiple ion species such
as Lithium and Bismuth are emitted simultaneously
from a single source and are separated in a subsequent
Wien filter. Different ion species, light or heavy and fast
or slow, can be selected quickly without any mechanical
sample or column adjustment (Pilz et al., 2019).

Lithium is the lightest ion available from LMAIS. It
features the smallest virtual source diameter and lowest
energy spread (Bischoff et al., 2016). Hence, Lithium
offers the smallest probe size of all ions emitted from
eutectic alloys, resulting in sub 2 nm image resolution.
Besides Lithium, Gallium and Bismuth ions, as well as
Bi clusters, are available from the same source. Bismuth
ions, and in particular Bi clusters, have an excellent depth
of resolution for sample delayering. The combination
of Bi and Li provides outstanding ion beam imaging
capabilities.

Switching between Li and Bi can be accomplished
within a few seconds and enables access to different
ion beams within the same FIB column. This setup
allows stable imaging of 3D structures and sample
reconstruction. With the FIB system presented (here),
Ion beams are always perpendicular to the sample and
no stage movement or sample tilt is needed resulting
in a stable and reliable process for tomography and 3D
sample reconstruction.

In this contribution, we describe the working
principle and capabilities of LMAIS with a focus on
GaBiLi. Results of 2D Lithium-ion microscopy and
workflows for stable 3D tomography by Bismuth milling
and Li imaging will be presented.
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UNIQUE ANALYTICAL COMBOs... THEULTIMATE
ANALYTICAL APPROACH. JOHN MASTOVICH
Bruker AXS Inc., Madison, WI 53711

The Scanning Electron Microscope (SEM) using
electron beam excitation and Energy-Dispersive
(EDS) detector has becomes the industry standard,
as throughput and general performance have steadily
improved. Today, MicroXRF technologies are available,
providing very high X-ray flux with Trace Analysis and
rapid data acquisition. The unique Dual Excitation
approach provides many analytical advantages beyond
trace detection, when dealing with beam sensitive
low voltage applications and yields the ultimate Trace
Analysis throughput and workflow.

Numerous applications ranging from soft materials
(polymers & biologicals) to devices (microelectronics
& semiconductor) and materials (metals & composites)
will be discussed to illustrate the analytical benefits of
the Dual Excitation approach. A significant advantage is
the enabling of low dose/low voltage applications, while
also using X-ray excitation to observe the extended
range of the spectrometer as depicted in Figure 1A and
1B. Clear data are generated from samples that typically
produce few to no X-rays via e-beam, from depths of
many microns from within the sample, as shown in
Figure 1C. When the ultimate spectral and spatial
resolution is required, the data in Figure 1D conveys
Wavelength Dispersive Spectroscopy (WDS).



Figure 1. Analytical benefits of Dual Excitation
approach in SEM. a) Electron beam excitation; b) X-ray
beam excitation; ¢) MicroXRF elemental mapping; d)
Wavelength dispersive mapping; e) Platinum Nickel
nanocrystals; f) Bright and dark field like imaging.

Simultaneous EDS - Electron Backscatter Diffraction
(EBSD) is possible from thinned samples, gathering
the utmost spatial resolution during in-situ work as
illustrated in Figure 1E and 1F

Overall, due to the FlatQUAD detector to the sample
design, the in-situ work provides superior collection
efficiency regardless of whether the SEM or Scanning
Transmission Electron Microscopy (STEM) applications
are implemented.

RECENT ADVANCES IN THE USE OF
LABORATORY MICROXRF AS A SCREENING
TOOL FOR MICROSYNCHROTRON RADIATION
X-RAY FLUORESCENCE (MICROSRXRF)
SPECTROMETRY. ROBERT C. TISDALE

IXREF, Inc., Austin, TX, USA.

Synchrotron facilities (like that shown in Figure
1) provide electromagnetic radiation ranging
from infrared to X-ray with high brightness, high
collimation and wide tunability. These properties
make synchrotron radiation an ideal light source for a
number of spectroscopic applications. Among different
synchrotron-based techniques, X-ray absorption
spectroscopy (XAS), X-ray emission spectroscopy
(XES), X-ray photoelectron spectroscopy (XPS) and
X-ray fluorescence spectroscopy (XRF & microXRF)
are widely used (Wu et al. 2014).

Figure 1. SOLEIL synchrotron facility. Used with
permission (https://commons.wikimedia.org/wiki/
File:SOLEIL_le_01_juin_2005.jpg)

The first analytical microprobe using synchrotron
radiation excitation (microXRF) was demonstrated at
the Cambridge Electron Accelerator by Paul Horowitz
and John Howell. They focused the X-ray beam with a
bent cylindrical mirror and defined a beam spot with a
pinhole in front of the target. The pinhole was as small
as 2 um (Jones et al 1985). In their first report, published
in Science (August 1972), the authors described the
XY-scanning prototype design and presented results
obtained during initial weeks of operation. It was their
hope that some of the unique characteristics of this first
X-ray Microscope (XRM) might be ultimately useful to
a variety of disciplines (Horowitz et al. 1972).

Subsequent review papers by Bernasconi and
Adams,1994; Adams et al., 1998, Rivers et al., 2008;
Fittschen and Falkenberg, 2011; Gardea-Torresdey,
2012; Pushie et al., 2014; Wang et al., 2018; Feng et
al., 2020; and Warlo et al., 2022 serve to illustrate later
advances in both laboratory and synchrotron microXRF
technologies and techniques. While synchrotrons have
gotten ever more powerful, with modern optics delivering
very intense micro X-ray spots, there are nevertheless
limitations with which to contend. Key factors in
making these facilities attractive and productive for
users include familiarity of operational procedures and
the availability of experimental techniques and features
normally found in their home laboratories. A variety
of additional factors may also contribute to limited
beamline access, including beamline or ring downtime,
shared physical resources that require reconfiguration
for microXRF experiments, lack of beamline staff,
excessive demand for beam time (like experienced with
the FedEx crystallography boom), as well as travel and
beam reservation disruptions ... to name but a few.

Typically, beamtime at synchrotron facilities is
limited, stifling experimental immediacy that is critical
to the smooth flow of experimental design. In 2013,
Pemmer, et al. set out to create a homemade laboratory
based microXRF system to examine the efficacy of
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such a tool for enhancing microsynchrotron radiation
X-ray fluorescence (microSRXRF) utilization efficiency.
Their team’s system consisted of a low power Mo-anode
X-ray tube (50W) coupled to a polycapillary optic and
30 mm? Si (Li) detector. Housed in a vacuum chamber,
this X-ray spectrometer — with a 50 pm spot size at the
sample position — was tested to see if this setup could be
used as pre-screening tool for the XAS beamline at the
ANKA radiation facility within the Karlsruhe Institute
of Technology (Karlsruhe, Germany). Results from
a rat animal model obtained with microSRXRF were
compared to measurements of the same samples in the
laboratory. Despite the inferior measurement conditions
in the laboratory compared to the synchrotron, the
same significant differences were found for the different
treatment groups in the study. Their conclusion was that
the idea of using a laboratory microXRF system, as an
easily accessible screening tool for synchrotron studies,
was indeed reasonable (Pemmer, 2013) It is worth
noting that, as detailed in the scientific literature, other
homemade microXRF systems have been developed
at synchrotron facilities due to similar drivers that
motivated Pemmer (Adams et al., 1998).

Thirty-one years ago, Kevex Instruments (dissolved)
introduced the world’s first fully automated, general
purpose, high resolution microXRF imaging
spectrometer. With a 50 pum minimum spot size, coupled
to a computer controlled XYZ-stage, the Kevex Omicron
was revolutionary in concept and function. With a tube-
below design, it was as capable with bulk samples (liquids
and powders) as it was with semiconductor wafers. The
only real drawback was that, since polycapillary optics
were not yet commercially available, mapping times
could be glacial with the 50 pm pinhole spot (Tisdale,
2022).

X-ray optics have long been the domain of the
synchrotron world, but most of the advances were not
readily applicable to the commercial energy dispersive
X-ray fluorescence (EDXRF) industry. All that changed
with the commercialization of Kumakhov (polycapillary)
optics in the late 1990s. Compact low wattage microfocus
X-ray tubes were suited to be mated with such optics to
afford “white” X-ray sources with micron scale spatial
resolution (at the focal point) and exceptional fluence.

Since 2014, commercial laboratory microXRF
systems, suitable for beamline screening, have taken
the form of both benchtop systems, with a somewhat
constricted vacuum chamber size, or large freestanding
spectrometers. Some of the largest systems do not
offer vacuum atmosphere analyses, and therefore are
not suitable for low-Z applications. In cases where
bench space and/or floorspace is limited, there is yet
another option: microXRF within a scanning electron
microscope (SEM-XRF). A microXRF X-ray source
may be added to almost any “column type” SEM with an
available high-angle port.

Two recent papers by van der Ent (2021) and
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Ren (2022) compared microXRF results obtained at
the synchrotron with those acquired with modern
commercial labortory instrumentation (see Figures 2
and 3). The latter paper compared data on leaves from
Gossia fragrantissima. While the spatial resolution of
laboratory data was an order of magnitude larger in
this case, it should be noted that laboratory microXRF
systems are available with focused beams down to 5um
diameter spot size. Of course, data collection times are
much quicker at the synchrotron.

Figure 2. Synchrotron microXRF at 2pm resolution.
From van der Ent A. et al, 2021; Images used with
permission.

Figure 3. Laboratory microXRF at 25um resolution.
From van der Ent A. et al, 2021; Images used with
permission.
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Eastern redbud (Cercis canadensis, Fam. Fabaceae), a Texas native tree, in bloom.
Flowers develop in spring before leaves emerge (A, B). Scanning Electron Microscopy

(SEM) micrograph of pollen grains (C ). Scale bar: 20 um. Photos courtesy of Dr. Camelia
Maier, Texas Woman’s University
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