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STEM-DPC imaging of what is in between the atomic nuclei

Jorg K.N. Lindner

Nanopatterning, Nanoanalysis & Photonic Materials Group, Department of Physics, Paderborn University,
33098 Paderborn, Germany

The advent of correctors for electron optical lenses has
revolutionized the resolution of scanning transmission
electron microscopes (STEM) and the development of
new detectors/cameras together with advanced
computing power enables the collection of an
unprecedented wealth of quantitative information about
materials. Atomic resolution as high as < 20 pm and the
determination of atomic positions with an accuracy in the
range of 1 pm has recently been demonstrated'.
Aberration correction is also beneficial to achieve sub-
atomic resolution at reduced electron beam acceleration
voltages, important to investigate beam-sensitive
materials, such as e.g. 2D materials. The question arises,
if we can also “look” in between the atoms, i.e. if we can
quantitatively study the electron charge density
distribution in materials.

At limited spatial resolution, macroscopic electric and
magnetic fields have been frequently analysed in the past
using either off-axis electron holography or differential
phase contrast (DPC) scanning transmission electron
microscopy, a variant of momentum-resolved or 4D-
STEM2. Much effort has been invested to combine
STEM-DPC with the high resolution of aberration-
corrected microscopes in order to visualize Coulomb
fields in materials at sub-atomic resolution, because from
this the projected charge distribution can be calculated
using Maxwell’s equations. It turns out that STEM-DPC
like all other (S)TEM techniques work best for extremely
thin samples?, making monolayers or few-layer stacks of
(beam-sensitive) ~ van-der-Waals  materials  good
candidates for the exploration of these new techniques.

In this presentation, an overview of STEM-DPC and 4D-
STEM investigations on 2D-materials will be given. A
special focus will be placed on experimental and
theoretical DPC investigations of the 2D transition metal
dichalcogenide WSe»* (Figure 1). It will be demonstrated
that even in a film as thin as a single molecule, dynamical
diffraction effects need to be taken into account for
achieving reliable charge density maps. The application
of STEM-DPC to detect the charge state of point defects
in 2D-WSe; and the substitutional decoration of point
defect clusters with impurities will be discussed.

References

1. Chen Z. et al. (2021) Science 372, 826.

2. Winkler, F. et al. (2020) Ultramicroscopy 210, 112926.
3. Biirger, J., Riedl, T., Lindner, J.K.N. (2020)
Ultramicroscopy 219, 113118.

4. Groll, M., et al. (2024) Small 20, 2311635.

Figure 1. DPC-STEM image of the interatomic electric
field distribution in a pristine WSe, monolayer with the
W and Se atomic positions marked in grey and in green,
respectively. Colours represent the direction and strength
of electric fields, partially also indicated by vectors. The
scale bar is 2 A.
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Microscopy meanders: highways and backroads to high-resolution imaging in life sciences

L. Joubert

Cryo-EM and Bioimaging Division, Stanford SLAC, Sand Hill Rd, Menlo Park, 94025 CA, USA

The dawn of the new millennium witnessed a period of
profound microscopy technology development - now
referred to as the ‘resolution revolution’ [1], which
resulted in Nobel prizes in both cryo-Electron
Microscopy (cryo-EM) and super-resolution
microscopy. The information retrieved from visualizing
molecular structures in their native hydrated state in
Single Particle Analysis (SPA) cryo-EM has now
reached atomic resolution [2]. To visualize
macromolecules at increased resolution in situ in the
context of the cell, cryo-Electron Tomography (cryo-
ET; Figure 1) is widely regarded as the new frontier in
bioimaging. Additionally, in both cryo-EM and
conventional electron microscopy, volume EM (v-EM)
and correlative imaging modalities bring enhanced
understanding of structures and their function in a three-
dimensional environment [3]. Multiscale Bioimaging
(Figure 2) has now risen to the forefront in addressing
grand challenges in human and planetary health and
sustainability.

Aspects that contributed to this rapid growth in
microscopy include direct electron detectors, enhanced
optics design, increased data storage and computational
software development. Currently novel machine
learning ‘Al’ algorithms are developed to aid and
accelerate the identification and segmentation of
cellular  components  within  cellular  volumes.
Automation of instrumentation and workflows for
sample preparation and data collection is additionally
undergoing rapid changes.

For an increased understanding of the function of
molecular complexes in metabolically active cells,
correlation with a variety of imaging modalities is often
applied in sequence during sample preparation and
imaging — or also fully integrated into EM
instrumentation [4]. Advanced fluorescence microscopy
techniques using fluorescent dyes or genetically
encoded fluorescent proteins is pivotal to our
understanding of cellular processes, and in situ
fluorescence microscopy in cryogenic Focused Ion
Beam-Scanning Electron Microscopy (cryoFIB-SEM)
(e.g.) allows for targeted FIB-milling and cryo-ET data
collection. Correlation with EDS (energy dispersive X-
ray spectroscopy), EELS (electron energy loss
spectroscopy) and hard and soft X-ray tomography
enhance our understanding of the elemental
composition of healthy and diseased cells.

The ‘highway’ path to apply advanced and high-
resolution instrumentation to our research questions
have globally become more accessible due to
government and privately funded initiatives, and

bioimaging consortia and societies that provide not only
a path to access, but also directions for training and
collaboration using cutting edge technologies.
Additionally, alternative paths are increasingly provided
by frugal and faster technologies, which also aims at
democratizing science and supporting research in the
global scientific community [5,6]. The variety of roads
that lead to successful scientific endeavors may involve
crossing continents and oceans in establishing
collaboration and new research paths — not unlike the
life of celebrated scientist Boris Ivan Balinsky in whose
honor I am presenting this lecture to the Microscopy
Society of Southern Africa.
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Figure 1: Schematic of workflow for cryo-ET data collection. Cells cultured in bioreactors (1) are either plunge
frozen (2a) or high pressure frozen (2b,) followed by cryo-FIB milling of lamellae with a cryoFIB-SEM (3), after
which cryo-TEM images are collected as tilt series (4) which are finally reconstructed into 3D tomograms (5).

Figure 2: Different imaging modalities of structure determination of biological samples with varying complexities and
resolutions.



AUTOPHAGY AND MITOCHONDRIAL QUALITY CONTROL ARE KEY PARAMETERS IN THE
CELLULAR PATHOLOGY OF ALZHEIMER'’S DISEASE

B. Loos

Department of Physiological Sciences, Stellenbosch University, 7600, Stellenbosch, South Africa

Neurodegenerative diseases, such as Alzheimer’s
disease are characterized by rapid cognitive decline and
memory loss and pose a significant health burden.
Currently, no disease modifying treatment exists,
creating a major need to accelerate drug discovery.
Molecularly, Alzheimer’s disease is characterized by
lysosomal and mitochondrial dysfunction as well as loss
in proteostasis and autophagy, leading to the
accumulation of aggregate prone proteins'. However,
the nature of autophagy decline and mitochondrial
dysfunction is poorly understood. Moreover, the
relationship between proteotoxic cargo, their targeting
to the autophagy machinery and the removal of
dysfunctional mitochondria is only recently emerging?.

Here, we aimed to establish firstly, whether proteotoxic
cargo, including amyloid precursor protein, is targeted
for degradation, secondly, whether autophagy induction
can contribute to enhanced protein clearance and
thirdly, whether mitochondria quality control can be
quantified more sensitively through fission and fusion
analysis, using a single cell model system. Mouse
neuroblastoma N2a cells stably expressing the inducible
human APP Swedish mutation (N2aSwe), under the
transcriptional ~ control of a  butyrate-inducible
cytomegalovirus promoter or GT1-7 murine neuronal
cells were cultured under standard conditions and
treated for 12, 24, and 48 h with butyric acid. Images
were acquired using a LSM780 ELYRA PS1
confocal/super-resolution microscope platform (Carl
Zeiss, Germany) using a 100x oil immersion objective
lens. Image processing was performed using the ZEN
2011 imaging software v.2.3 (Carl Zeiss, Germany) or a
Python pipeline for thresholding.

Our results reveal that amyloid precursor protein is
indeed recruited to the autophagosome and delivered to
the lysosome for degradation, with autophagy activity
increasing upon APP overexpression. Moreover,
neuronal autophagy remains functional even into the
onset of apoptosis induction. Autophagy enhancement
using spermidine, enhances also autophagosome
volume, suggesting increased capacity for cargo
removal. Upon memantine exposure, neurons respond
with robust mitophagy induction, a decreased fusion
(Fig.1) and fission (Fig.2) frequency with a respective
mitochondrial phenotype, while enhancing
mitochondrial removal and quality control.

These results provide critical evidence that indeed both,
the autophagy machinery and mitochondrial quality
control systems are strong candidates for drug targeting,
with the potential to decrease neurotoxicity and the
onset of neuronal cell death in both early and severe
pathology of neurodegeneration. Moreover, these
targets refelect the molecular dysfunction present in
Alzheimer's disease, hence provide greater precision for
alleviating neuronal pathology.
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Figure 1. Figure 1. Fluorescence micrograph indicating
robust mitochondrial fission, using TMRE, GFP-LC3
and Hoechst 33342 nuclear counterstain. Scale bar: 5
pm

Figure 2. Figure 2. Fluorescence micrograph indicating
major mitochondrial fusion, using TMRE, GFP-LC3
and Hoechst 33342 nuclear counterstain. Scale bar: 5
pm
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MODELING SCHIZOPHRENIA ENDOPHENOTYPES IN Drosophila melanogaster: EFFECTS OF
KETAMINE ON NEUROINFLAMMATORY AND NEURODEGENERATIVE RESPONSES

A.A. Bello and R.O. Folarin

Group for Biopsychiatry Research and Innovative Neuroscience (G-BRaIN), Department of Anatomy, Olabisi
Onabanjo, University, Sagamu, Nigeria

Schizophrenia presents a significant challenge in mental
health, characterized by a profound distortion of reality,
often accompanied by hallucinations, delusions,
cognitive deficits, and neuroinflammatory processes.
Ketamine, an NMDA receptor antagonist, has been
widely used as a pharmacological agent to model
schizophrenia symptoms in both human and animal
studies. However, the potential of ketamine to induce
schizophrenia-like  phenotypes in  Drosophila
melanogaster remains under-investigated. This study
explored the effects of ketamine on neuroinflammatory
and neurodegenerative responses in Drosophila
melanogaster, as a preliminary step toward developing
a pharmacological model of schizophrenia in this
organism.

Virgin male and female Oregon-R flies were collected
post-eclosion and exposed to four different
concentrations of ketamine (100, 250, 500, 1000
pg/mL) for one week under standard laboratory
conditions (22-25°C, 50-60% humidity). Experimental
groups consisted of 10 vials, each containing 10 flies.
Immunohistochemistry was employed to detect the
expression of key neuroinflammatory markers. TNF-a;
a key pro-inflammatory cytokine involved in
neurodegenerative processes and GFAP; a marker for
astrocyte activation were used. Sections of whole
Drosophila heads obtained at 5pm using a rotary
microtome were incubated with primary antibodies,
followed by fluorescently labelled secondary
antibodies. Imaging was performed using a Zeiss LSM-
700 confocal microscope. The fluorescence intensity
was measured using Image J software. Histological
analysis was performed using Hematoxylin and Eosin
(H&E) staining to visualize the overall brain
architecture and evaluate neurodegenerative changes.

The results of the immunohistochemical analysis
showed a dose-dependent increase in TNF-a and GFAP
mean fluorescence intensity across treatment groups,
indicating an upregulation of both TNF and GFAP
expressions. These findings suggest a robust pro-
inflammatory and astrogliotic response to ketamine
administration, supporting the emerging
neuroinflammatory =~ endophenotype  theory  of
schizophrenia aetiology. Histopathological analysis
further supported these findings, showing clear signs of
dose-dependent neurodegeneration across the treatment
groups. Ketamine-treated flies exhibited varying
degrees of vacuolation and disorganization of neuropil
fibres, with more severe degeneration observed at
higher doses. These structural changes suggest that
ketamine induces neurotoxicity. The neurodegenerative
effects of ketamine in Drosophila are consistent with
those seen in mammalian models, reinforcing the value
of this model for studying schizophrenia-related
neuroinflammation ~ and  neurodegeneration. In
conclusion the findings suggest that ketamine has

potential in inducing schizophrenia-like
endophenotypes and as a model for investigating
potential therapeutic interventions.
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Figure 1. Section of Drosophila brain showing the
distribution and localization of GFAP.

Figure 2. Section of Drosophila brain showing the
distribution and localization of TNF-a.Drosophila brain
showing the distribution and localization of TNF-a.

Figure 3. Section of Drosophila head showing the brain
stained using H and E stain.
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Nigella sativa OIL. MITIGATES THALAMIC AND SUBICULAR DYSFUNCTION IN
PENTYLENETETRAZOLE-INDUCED EPILEPTOGENESIS IN BALB/C MICE

B.M. David'? and R.O. Folarin'

'Department of Anatomy, Olabisi Onabanjo University, Ogun State, Nigeria., 2Department of Anatomy, Babcock
University, Ogun State, Nigeria.

Epileptogenesis is the transformation of a normal
functioning brain network into a hyper-excitable and
hyper-synchrony neural network in which recurrent,
spontaneous seizures occur. This can result in
development of epileptic condition It poses a significant
global health challenge, affecting over 50 million
people worldwide.! Despite significant progress in
understanding how epilepsy develops, a treatment
devoid of side effects that can prevent the development
or worsening of epilepsy in at-risk patients remains
elusive.> Hence a shift in research focus to natural
compounds that offer anti-epileptic and neuroprotective
benefits with minimal or no side effects. Nigella sativa,
identified as black seed, serves as a potent herb notable
for its wide range of health benefits. It is from the
Ranunculaceae family, originally found in Southwest
Asia. Its seeds and oil, packed with beneficial
compounds like thymoquinone and polyphenols, offer a
vast array of health benefits.>® This study explored the
effects of N. sativa oil (NSO) on the thalamus and
subiculum brain regions involved in the development
and propagation of epilepsy—through their roles in
information processing, oscillatory activity, and
synaptic  plasticity—in  pentylenetetrazole (PTZ)-
induced BALB/c mouse models of epileptogenesis.

Forty-four male and forty-four female BALB/c mice
were randomly allocated into four experimental groups.
(1) PTZ only (PTZ), (2) PTZ and NSO concurrently
(PTZNS), (3) NSO prior to PTZ (NSPTZ), and (4) NSO
before PTZ and NSO concurrently (NSCPTZ). PTZ was
administered at 35 mg/kg, and NSO at 12 ml/kg,
alternately every 24 hours for 20 days. Seizure
dynamics were assessed using the Racine scale, * *> and
behavioral manifestations were inspected from
videotaped surveillance. Spatial memory and muscular
strength were evaluated using object location® and grip
strength tests,” respectively. Histological analysis was
performed using Hematoxylin and Eosin (H&E)
staining for histoarchitectural integrity, and Cresyl Fast
Violet (CFV) staining to quantify Nissl substance. The
photomicrographs were analyzed using Image J
software and Graphpad Prisms for statistical
comparison (P<0.05).

NSO treatment significantly mitigated seizures through
the reduction of seizure latency, frequency, duration,
and intensity. It also enhanced motor function, reduced
neuronal damage, and improved cellular integrity,
particularly in the NSO-pretreated groups. However,
NSO and PTZ did not impact spatial memory.
Compared to NSPTZ and NSCPTZ groups, PTZ and
PTZNS groups expressed abnormal increase in neuronal
nissl positivity indicating neuronal hypertrophy and
hyperactive protein  synthesis; a compensatory
mechanism in response to neuronal stress.

In conclusion, NSO demonstrates neuroprotective
properties by reducing the adverse effects of PTZ,
suggesting its potential to complement current
treatments for epilepsy.
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Figure 1. Effect of NSO on PTZ-induced
epileptogenesis in the thalamus (x400) Red arrow head
indicates viable neurons; green is pyknosis; black
arrow (N) indicates necrosis and yellow arrow indicates
vacuolation. a) PTZ = PTZ only.

Figure 2. Effect of NSO on PTZ-induced
epileptogenesis in the thalamus (x400) Red arrow head
indicates viable neurons; green is pyknosis; black
arrow (N) indicates necrosis and yellow arrow indicates
vacuolation. NSPTZ=NSO before PTZ.
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PROBING AUTOPHAGY: COMPARING PLASMIDS, TECHNIQUES AND THE QUEST FOR AN
AUTOMATED CLEM ALGORITHM

N. Vahrmeijer', E. Sharrat?, J. Conradie®, L. Engelbrecht®, R. Theart* and B. Loos’

"Department of Physiological Sciences, *Department of Mechanical and Megatronic Engineering, *Central Analytical
Facilities, “Department of Electrical and Electronic Engineering, Stellenbosch University, Stellenbosch

Autophagy, a vital intracellular degradation process of
cytosolic proteins and organelles, has fascinated
researchers since its discovery through electron
microscopy in the 1950°s1, owing to its distinctive,
double-membraned vesicular structure. Currently, three
generations of fluorescent probes are commonly
employed to monitor autophagy: GFP-LC32, mRGP-
LC3-GFP3 and GFP-LC3-RFP-LC3AG4, offering
unique advantages but also limitations. Currently, no
standardised method for quantitatively assessing
autophagy exists, and to assess autophagy activity, with
its pathway intermediates (i.e. autophagosomes,
autolysosomes and lysosomes) is extremely time-
consuming and expertise dependent.

This study therefore had two aims, firstly to compare
the three most widely used autophagy probes, and
secondly, as a point of departure, to develop an
automated image analysis algorithm, AutoPhinder, to
allow researchers to assess autophagy in its entirety
with ease and limited expertise using, the gold standard,
electron micrographs only.

In this study mouse embryonic fibroblasts (MEF) cells
were either stably transfected with GFP-LC3 or
transiently transfected with either mRFP-GFP-LC3 or
GFP-LC3-RFP-LC3AG plasmids. To assess autophagy
flux under basal and induced conditions, cells were
treated with either 400 nM Bafilomycin A1 (Baf) or 25
nM Rapamycin (Rapa) for 2 hours and 4 hours,
respectively, fixed with 4% buffered PFA and imaged
using a Carl ZEISS Confocal Elyra PSI microscope for
confocal and super resolution (SR)-SIM image
acquisition. For electron microscopy (EM), cells were
fixed using a Megametal staining protocol5 and imaged
using either a ThermoFischer Apreo FESEM for 2D
image acquisition or a Zeiss Crossbeam 540 Focused
Ion Beam SEM (FIB-SEM) for 3D image acquisition
for micrographs used to train AutoPhinder. Image
analysis for puncta counts was performed using a
python-based algorithm (AutoVIPP) whilst Zooniverse
(Etch-a-Cell) will be used to train the automated
autophagy detection algorithm.

Our results reveal that each autophagy plasmids resulted
in differences in autophagy intermediate pool size in
terms of fluorescent punctate structures (Fig. 1A) and
abundance. We further highlight the importance of
indentifying pathway intermediates and conducting pool
size analysis (Fig. 1B). Moreover, we highlight the
importance of CLEM and its power in allowing
successful identification of autophagy intermediates in
electron micrographs by bringing together the
molecular identity and the ultrastructural context of
each organelle respectively (Fig. 1C). Our findings
emphasize the wvariability introduced by differed

autophagy probes and imaging techniques, and
highlights the need to standardise acquisition and
analysis techniques when assessing a highly dynamic
process such as autophagy. Additionally, through
developing AutoPhinder, we demonstrate the potential
for streamlining autophagy analysis through automating
identification, quantification and segmentation of
pathway intermediates using EM data only, allowing
rapid exploration of autophagy with unparalleled ease,
providing a powerful toolbox for studying autophagy in
health and disease.
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Figure 1. Comparison of techniques: Representative
fluorescence micrographs of control groups using (A)
Confocal Microscopy, (B) SRSIM and (C) CLEM.
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A NOVEL METASYSTEMS CLASSIFIER FOR PLATELET FRAGILITY AND MORPHOLOGY
ANALYSIS

C. Venter!, J.H. Pretorius?, D.B. Kell'** and E. Pretorius’
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Platelets play a crucial role in coagulation and also
contribute to pathological clotting. When a blood vessel
is damaged, platelets rush to the site of injury and stick
to the damaged blood vessel walls, forming a plug to
prevent further bleeding. However, platelets can also
contribute to the development of inflammatory diseases,
as they can become activated and aggregate
inappropriately. Such pathological processes can lead to
serious events such as heart attacks, stroke, deep vein
thrombosis, and pulmonary embolisms’. In recent
articles published by our group the effects on the
coagulation system have been noticed after exposure to
COVID-19 and later in Long COVID patients. Changes
include platelet hyperactivation and microclot formation
in the blood***

Various techniques are available in a typical
haematology laboratory to study platelet numbers, sizes
and function. These tests can be used to diagnose
platelet  disorders, assess antiplatelet therapy
effectiveness, and assess bleeding risk in patients.
Unlike methods that study platelets in whole blood,
buffy coat, or platelet-rich plasma, with stabilizers to
prevent activation, our approach involves centrifuging
whole blood to create platelet poor plasma. This is
followed by analyzing the platelets in the remaining
hematocrit fraction, without the addition of platelet
stabilizers, providing a more accurate assessment of
platelet fragility, with the use of our grading system?
With the potential biases in manual microscopy
analysis, machine learning software can help eliminate
sample bias. Thus, the aim of the study was to develop
an automated platelet analysis method using an
automated MetaSytems classifier for platelets, to
remove any bias of a manual platelet grading system?,
and to test this by using health controls and Long
COVID patients.

Human blood was collected from healthy individuals
and Long COVID patients (Ethical ref.: N19/03/043,
9521) and centrifuged at 3000xg for 15 minutes. For the
fluorescence platelet analysis, CD62P-PE (IM1759U,
Beckman Coulter) and PAC-1 FITC (340507, BD
Biosciences) were added to the haematocrit for 30
minutes. To visualize the platelets, the excitation
wavelength for PAC-1 was set at 450-488nm and the
emission at 499-529nm and for the CD62P marker it
was set at 540-570nm and the emission 577-607nm.
The samples were viewed using a Zeiss Axio Observer
7 fluorescent microscope testing two approaches: a)
manually, using the platelet criteria system? and b)
using the MetaSystems Metafer software (Version 4.3,
MetaSystems, AltluBheim, Germany), where we
developed a novel MetaCyte Metafer classifier for the
platelets. Statistical analysis was done using GraphPad
Prism (version 10.3), where the Sapiro-Wilk test was
used to assess distribution followed by the non-

parametric data analysis and unpaired T-test analysis
where necessary. Analysis of deidentified data was
done in R-statistical software (version 4.2.2) and
Microsoft Excel.

Results showed that the automated method yields
accurate, consistent, and unbiased data (not all data
shown here), making it accessible to research and
pathology labs with minimal training. The study
confirmed substantial platelet activation in Long
COVID patients compared to healthy controls, aligning
with existing literature on altered platelet dynamics in
Long COVID**, Statistical analysis revealed significant
differences in platelet size distributions between
controls and Long COVID participants (Fig.1). The
automated MetaSystems classifier provided detailed
metrics such as area, count, and roundness, advancing
platelet analysis. This approach may help identify subtle
changes in platelet structure and activation based on
morphology, contributing to a deeper understanding of
platelet pathology in Long COVID and other thrombo-
inflammatory conditions.
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Figure 1. MetaSystems micrographs of control (A) and
Long COVID (B) platelets. (C) Parallel coordinate plot
of size versus count of platelets for control (green) and
Long COVID (purple) samples.
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THE EX VIVO EFFECTS OF Bitis arietans AND Naja mossambica VENOM ON BLOOD COAGULOPATHY

C. Megaw', J. Bester’ and M.A. Strydom'
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In 2017, venomous snake bites were recognised and
categorised as a category A neglected tropical disease
(NTD), by the World Health Organization (WHO), thus
allowing for the allocation of funds to allow for
increased research in this field. Statistics show that
between 1.2 and 5.5 million snakebite incidents occur
annually, with between 81 000 and 138 000 fatalities
and 400 000 victims suffering from long-term
physiological or neurological problems. Given the
frequency of Bitis arietans and Naja mossambica snake
bites, research into the venom's effects is essential in
developing more efficient treatments. Very little is
known about the coagulative changes that B. arietans
and N. mossambica venom induces in humans, other
than the cytotoxic properties of B. arietans and N.
mossambica venom.

This study investigated the ex vivo effects of B. arietans
and N. mossambica venom on human blood, focusing
on platelet activity, ultrastructure, and viscoelastic
properties. The objectives were to assess red blood cell
(RBC) deformation using light microscopy (LM),
examine fibrin fibres, platelets, and RBC ultrastructure
using scanning electron microscopy (SEM), and
evaluate  whole  blood clot kinetics  with
Thromboelastography® (TEG®).

This analytical, laboratory-based study involved healthy
volunteers aged 18 to 60 without chronic disorders.
Blood samples from participants were exposed ex vivo
to a final concentration of 2.0 ng/uL of B. arietans
venom and a final concentration of 0.025 ng/pL of N.
mossambica venom. SEM, LM and TEG® were
employed to assess the venom's impact on RBCs,
platelets, fibrin fibres, and clot structure in whole blood.
A standard SEM preparation protocol was used with
primary fixation (4% formaldehyde solution, from a
36.5-38% stock solution), secondary fixation (1%
0s0,), graded dehydration (for 3 minutes each in 30%,
50%, 70% and 90% ethanol with a three times 3 minute
repeat for 100% ethanol) and drying for 30 minutes
(HDMS) followed by loosening of the slides and adding
a single drop of HDMS, left to dry overnight. For light
microscopy slide preparation, methanol (5 minutes) was
used to fix the blood smears, and methylene blue (5
minutes) and eosin (1 minute) were used for staining
with washing and drying steps in between the fixation
and staining steps. For TEG®, 20 pL CaCl, was added
to 340 pL blood in a TEG® cup and the test was run.

This study demonstrates that exposure to snake venom
markedly affects the red blood cell (RBC) morphology,
platelet activation, and clot structure observed in control
samples (Figs 1 A-C). Specifically, N. mossambica
venom had a pronounced impact on RBC morphology,
causing extensive eryptosis and producing denser clots
with fibrin fibres that appeared "melted." Microscopic

analysis revealed abnormal fibrin networks, signs of
eryptosis, and altered RBC morphology (Figs 1 D-F). In
contrast, B. arietans venom induced clusters of
activated platelets in exposed samples, and resulted in
smaller, dispersed clots in response to thrombin (Figs 1
G-I). The TEG® results further indicated a prolonged
clot initiation time and reduced maximum amplitude in
venom-exposed samples compared to controls,
suggesting the presence of thrombocytopenia and
secondary fibrinolysis.

The findings of the study confirm that B. arietans and
N. mossambica venom interferes with platelet function
and affects fibrin clot formation. These insights can
improve the understanding of the effect these venoms
can have on human coagulation, allowing for the
creation of venom profiles for identification in
snakebite victims.
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Figure 1. A-C, Control sample containing thrombin,
showing normal cell morphology and fibrin network
before treatment.

D-F, Whole blood sample exposed to Naja mossambica
venom and thrombin. Abnormally shaped red blood
cells and fibrin fibres can be observed.

G-I, Whole blood sample exposed to Bitis arietans
venom and thrombin. Some abnormally shaped red
blood cells, sparser clot formation and abnormally thin
fibrin fibres can be observed.
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MORPHOLOGICAL CHANGES INDUCED BY THE IMIDACLOPRID, USING A RAT LEYDIG CELL
LINE (LC-540)
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Imidacloprid is a systemic neonicotinoid insecticide
widely used to combat agricultural pests and flea
infestations in dogs and cats '. Despite its low toxicity
to mammals, imidacloprid is reported to cause male
reproductive toxicity % The objectives of this study
were to evaluate changes in certain cytoskeletal proteins
and assess ultrastructural changes in the rat Leydig
tumour cell line (LC-540) exposed to imidacloprid.

A Fischer rat testis Leydig tumor cell line (LC-540,
JCRB9064) was used in this study. Cells were seeded in
EMEM medium supplemented with 5% fetal bovine
serum in tissue culture microplates providing optimum
growth area and ease of processing of the cells as
required by the different cell assays used in this study.
After exposing the Leydig cells to various
concentrations of imidacloprid (75-800 pM) for 24, 48,
and 72 h, cytotoxicity was evaluated using cell viability
assays. Subsequently, the effects of exposure to 300,
400, and 500 pM imidacloprid for 72 on cytoskeletal
proteins  (B-tubulin-C4585 and  F-actin-P5282),
mitochondrial morphology (MitoTracker® Orange
CMTMRos-M7510), lysosomal acidity (LysoSensor™
Green DND-189), and ultrastructure was investigated.
Images were captured with confocal microscopy (Zeiss
LSM-880), and transmission electron microscopy
(JEOL JEM 1400-FLASH). Fiji-ImageJ software * with
plugins for diffraction PSF 3D and iterative
deconvolution 3D * were used to process the images.

The results of this study indicated that cell viability was
markedly reduced after 48 and 72 h of exposure to
imidacloprid concentrations of more than 600 and 300
pM, respectively. Furthermore, immunofluorescence
analysis revealed that there was a disruption and
disorganization of F-actin microfilaments, and
microtubules in Leydig cells following exposure to 400
and 500pM imidacloprid for 72h (Fig. 1).
Ultrastructurally, cytoplasmic vacuoles, autophagic
vacuoles, lysosomes, and mitochondrial damage were
detected in cells treated with 300, 400, and 500 pM
imidacloprid, while autophagic vacuoles were only
observed at 400 and 500 pM imidacloprid (Fig. 2).
Additionally, changes in the mitochondrial morphology
and lysosomes induced by imidacloprid were
confirmed. Cytoskeletal proteins play numerous
functions in general cellular processes and are also
involved in Leydig cell steroidogenic processes °.
Mitochondria are essential in cellular metabolism, and
the response to stresses °, and they play a major role in
testosterone biosynthesis ”. Therefore, the results of this
study suggest that the reduction in the viability of LC-
540 cells could be due to the changes in mitochondrial
morphology and cytoskeletal proteins disruption
induced by imidacloprid. Thus, it is possible to
speculate that imidacloprid might cause male infertility.
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Figure 1. Fluorescence labelling of F-actin (green, a-d)
and B-tubulin (red, e-h). Negative controls (media only).
Positive controls Cytochalasin-D (b) and Vinblastine
sulphate (f). White arrows: Aggregation and of F-actin
filaments and microtubules (arrows). Counterstain
DAPI (blue).

Figure 2. Transmission electron micrographs of Leydig
cells. Damaged mitochondria (black arrows) and
lysosomes (black arrowheads). White arrows indicate
distinct autophagic vacuoles with mitochondria and
cellular debris. M, Mitochondria; N, Nucleus; RER,
Rough Endoplasmic Reticulum; V, Vacuole.
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IMMUNOHISTOCHEMISTRY EVALUATION OF SATELLITE CELL ACTIVATION STATUS IN
EXERCISED AND CONTRALATERAL UNEXERCISED MUSCLE
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Satellite cell (SC) activation is central in skeletal
muscle repair and remodelling following exercise-
induced damage. SC activation is observed 24 hours
after an acute bout of damaging eccentric exercise in the
exercised musclel, as well as increased strength in the
contralateral unexercised muscle2. This suggests a
contralateral protective adaptation. This study
investigates how SC dynamics are influenced in both
the exercised and contralateral unexercised muscle post-
exercise, considering different exercise test modes and
volumes.

Thirty-two recreationally active males (21 + 2 yrs) were
randomly allocated into four exercise groups.
Experimental groups consisted of either 100 or 300
eccentric contractions on an isokinetic dynamometer
(resistance applied on Biodex), or 100 or 300 unilateral
split squat jumps (4x n=8). Skeletal muscle biopsies
from the vastus lateralis were collected 7 days before
exercise and 24 hours post-exercise and frozen in liquid
nitrogen embedded with the optimal cutting temperature
(OCT) method. After cryosectioning (-30 degrees
centigrade) the tissue samples in the cross-sectional
orientation at a thickness of 8 um, SC were identified
using fluorescence staining with a Pax7 primary mouse
antibody with activation assessed using a Delta-like
factor 1 (DLK1) primary rabbit antibody. After staining
with secondary antibodies, fluorescent images (Fig. 1A)
were obtained with a confocal microscope using the 20x
objective and 2x3 tile scan. The number of SCs that
were Pax7+ and activated (Pax7+/DLK1+) was
determined using available software.

In general, DLK1 labelling results showed a significant
increase in activated SCs 24 hours post-exercise. With
resistance exercise the number of activated SCs in the
exercised leg increased significantly and similarly for
both repeat volumes (100 repetitions — 0.05+0.004; 300
repetitions — 0.05+£0.006) compared to baseline (100
repetitions — 0.015£0.004; 300 repetitions -
0.014+0.004). In the unexercised leg, the activated SC
number was lower but still significantly elevated over
the baseline (100 repetitions - 0.039+0.004; 300
repetitions — 0.035+0.004). With unilateral jumping
exercise the increase in the number of activated SCs in
the exercised leg was also significant (100 repetitions —
0.03+0.004; 300 repetitions — 0.05+0.005) compared to
baseline (100 repetitions — 0.015+0.003; 300 repetitions
— 0.012+0.006) and slightly lower in the unexercised
leg (100 repetitions - 0.023+0.003; 300 repetitions —
0.037+0.006). Here it was interesting to note that
increased exercise repeats resulted in a significant
difference in activated SC numbers in both the
exercised and unexercised leg (p<0.05).

In summary, Pax7/DLK1 immunohistochemical co-
staining and subsequent quantitative analysis
successfully indicated SC activation status was changed
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by exercise intervention. For the first time, we show
that SCs in both the exercised and contralateral
unexercised leg react to a single bout of training. In
resistance training SC activation in either leg was not
dependent on exercise volume, whereas the number of
jumps did influence SC activation status. This suggests
that the focus during injury rehabilitation should include
strengthening the contralateral uninjured muscles. The
exercise type and repeats should also be carefully
considered.
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Figure 1. Cross-sectional view of a human muscle
biopsy sample indicating a satellite cell (A) and an
activated (*) satellite cell. Scale bar 50um.
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INCREASING THE THERMOSTABILITY OF A CYANIDE-CONVERTING NITRILASE
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Cyanide detoxification is a significant problem in
mining and electroplating industries. Enzymatic
conversion of the cyanide to formic acid and ammonia
offers the potential for on-site detoxification. To
achieve this goal the thermostability of naturally
occurring cyanide-converting enzymes must be
substantially enhanced.

We have determined the structures of the nitrilase from
Bacillus pumilus isolated from cyanide-containing
mining wastewater and a thermostable variant produced
by random mutagenesis (Q86R). These structures were
used to predict mutations that would further enhance
thermostability using the computer program FoldX*.
The structure of a predicted thermostable variant
(E155R) was determined by cryo-EM using a Titan
Krios II Electron Microscope and single particle
reconstruction with CryoSPARC? An atomic model
was built and refined with Phenix® and finally fitted by
molecular dynamics flexible fitting with Isolde®, a plug-
in to ChimeraX®.

Nitrilases are hollow-cored helical structures made up
of a repeating asymmetric unit comprising four
monomers, each having approximately 330 amino acids
(depending on species). The asymmetric unit, in which
the monomers associate across two surfaces (designated
A and C), has a two-fold axis that is perpendicular to
the helix axis (Fig 1). The C-terminal regions of the
monomers associate on the inside of the helix, forming
a beta-sheet that lines the hollow core. The formation of
the helices, and hence the A and C interfaces, occurs in
all known nitrilases and is essential for activity.
Successive gyres of the helix are separated by a groove
across which only one interaction (Q86 with the
symmetry-related, opposing Q86) occurs in the wild-
type enzyme. Substituting this residue with an arginine
results in an interesting modification in which the R86
forms an ionic bridge between opposing glutamates
(E90). The predicted E155R variant is even more
interesting. R155 interacts with either of E96 or N121
of the subunit on the other side of the groove. In doing
so, it alters the helical twist, thus relocating Q86 so that
it now hydrogen bonds to the side chain of Q320 in the
C-terminal “tail” of a neighboring subunit.

Thermostability is conferred by the introduction of
hydrogen bonding and ionic interactions that stabilize
the helical structure. Such interactions, on the surface of
the monomers, lead to an elongation of the helical
structure in such a way that observed fibre length
correlates well with thermostability as measured by
DDG.
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Figure 1. Surface representation of a 3.15 A resolution
charge density map of a reconstruction of the nitrilase
from Bacillus pumilus (CynDpum) variant
(Q86R/H232K/H305K/H323K).  Map deposited as
EMD-16437. Atomic co-ordinates deposited as PDB -
8cbhi.
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AN AGE-OLD MYSTERY: THE SPIKE ON THE LION’S (Panthera leo) TAIL
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Africa, 0110.

A unique feature of the lion’s tail is the tuft of long dark
hairs. Within this tuft is a claw-like structure at the most
distal extremity'. The functional significance of this
“nail” has not been determined”. Ancient folklore and
beliefs argued it may have been used as a sting when
the lion hunted its prey'. This structure has been
previously described and a conclusion was made that
the claw at the end of the lions tail was “merely a
papilla endowed with blood vessels and nerves”!'.
Another historic belief was that the spike on the distal
extremity of the lion’s tail could be used by the lion to
spike itself “in defiance of his enemies” in order to
increase the lions’ anger®.

Tails from two sub-adult lion carcasses, fixed in 10%
neutral-buffered formalin, were used. The distal 30 mm
of each tail was removed. The hair was scraped off and
the external features of the tail tip described and
photographed using a stereo microscope. For histology
preparation each tail tip was sectioned and routinely
prepared for light microscopy. Sections were stained
with haematoxylin and eosin (H&E), Masson’s
trichrome and Verhoef’s stain. Immunohistochemical
(IHC) labelling for Alpha-smooth muscle actin (SMA)
was performed. Microscopically there were two notable
features of the tail tip, namely, the vascular system
associated with a central fat body and the tail tip, and
the dermis and epidermis on the central, distal extremity
which formed the tail spine (Fig. 1). The arteries
terminated in the tail tip as the Corpora caudalia (Fig.
1). In the preglomic arterioles an internal elastic lamina
was present and the Tunica media was a thick muscle
layer which demonstrated positive IHC labelling for
SMA. These branched to smaller arterioles, without an
elastic lamina, and which fed directly into the Sucquet
Hoyer canals (both vascular and nodular forms). In
longitudinal section the spine could be distinguished
into a lip, a moat, a wall and the point (Fig. 1). The
collagen fibres of the dermis were circularly arranged
around the terminal Corpora caudalia. As cylindrical
structures bend and collapse on themselves, the volume
held inside of them decreases®. This decrease in volume,
combined with the deformation ability and elasticity of
adipose tissue from the fat pad, could place pressure on
the blood vessels within the glomus bodies. This
increased pressure may act as a type of pressure pump
for the blood vessels. Another possible contributing
factor to the mechanical blood flow at the distal
extremity of the tail could be the centrifugal force of the
tail as it moves. This movement could aid in the pooling
of blood into the glomus bodies, increasing the
hydrostatic pressure and filling them. The abundant
elastic fibres present in the lion tail, as well as the
preglomic arterioles with internal elastic lamina, would
allow a considerable amount of filling with blood and
could also cause a pumping action pushing blood more
proximally from the tail tip once the centrifugal force or
pressure has ceased. Additionally, the bulges seen in
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Sucquet-Hoyer canals could also aid in filling with
blood and allow increased expansion of the vessels
when filled with blood. The possible mechanisms
mentioned above involving the cylindrical structure of
the tail tip may help to further enhance the blood flow
and therefore increase perfusion to the tail tip of the
lion. The function of the spine itself could be to act as
an anchor for the skin and connective tissue to attach to.
The base of conical structures has relatively large
surface areas®. This relatively large surface area would
allow tension applied to the spine to be dissipated®.
Rather than a peculiar, stand-alone structure, the tail
spine may rather be part of a system that has evolved to
assist with blood flow and blood supply to the distal
extremity of the tail. It may act as an exoskeleton
support for the pumping of blood in the tail tip to
prevent necrosis of the most distal extremity of the lion.
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Figure 1. Median longitudinal section of the tail tip.
Components of the spine are the base (B), lip (L), moat
(M), wall (W) and the point (P). The Str. corneum is
thicker in the region of the moat. The arterioles forming
a plexus (Ap) (Corpora caudalia) are outlined.
Epidermis (E), dermis (D), sebaceous gland (Sg) and
hair follicle (H).
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TAXONOMIC ANALYSIS OF CALANOID COPEPODS IN SOUTH AFRICAN LENTIC ECOSYSTEMS
USING SCANNING ELECTRON MICROSCOPY

A.X. Kruger, C. Jansen van Rensburg and L.L. Van As
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Taxonomic studies on Copepoda Milne Edwards, 1840,
in southern Africa are limited and often outdated by up
to 50 years. Traditionally, copepod morphological
analysis has relied on line drawings. However,
advancements in scanning electron microscopy (SEM)
allow researchers to capture highly detailed images of
important structures, enhancing documentation and
aiding in creating more accurate line drawings. This
study uses SEM techniques alongside traditional
methods to provide detailed re-descriptions of known
copepod species from lentic ecosystems in two South
African regions. By integrating SEM micrographs with
morphological data, we seek to fill significant
taxonomic gaps and enhance the accuracy of copepod
identification and classification. The largest family in
the order Calanoida Sars GO, 1903 is Diaptomidae
Baird, 1850, an exclusively freshwater family present in
southern Africa. Two subfamilies, i.e. Paradiaptominae
Kiefer, 1932 (Lovenula Schmeil, 1898, Paradiaptomus
Sars GO, 1895 and Metadiaptomus Methuen, 1910) and
Diaptominae Kiefer, 1932 (Tropodiaptomus Kiefer,
1932 and Thermodiaptomus Kiefer, 1932) have been
recorded in Africa. Knowledge of the distribution of
these subfamilies has been hampered by incomplete
taxonomic knowledge and lack of available
information*?. Over two years, Copepoda specimens
were collected from seven lentic systems in two South
African provinces (Free State and KwaZulu-Natal).
More than 500 specimens, representing diverse taxa,
were analysed using light and scanning electron
microscopy.

Specimens were preserved in 70% ethanol and prepared
for SEM using adapted standard techniques®, cleaned
KOH to remove dirt, and larger species dried using
hexamethyldisilazane (HMDS) instead of critical point
drying*. Samples were sputter-coated with gold and
analysed with a JEOL JSM IT200 SEM (Tokyo, Japan).

SEM analysis provided highly detailed images of
copepod morphological structures, revealing diagnostic
features for Metadiaptomus transvaalensis Methuen,
1910, Tropodiaptomus schmeili (Kiefer, 1926) and
Lovenula falcifera (Lovén, 1846). This study updated
morphological data, highlighting critical features using
light and scanning electron micrographs, and included
additional distribution data. The large 5th pereopod (P5)
is the most critical diagnostic feature for calanoid
copepods. Subtle differences in the P5, not always
distinguishable with light microscopy, are better
observed with SEM's 3D visualization. The P5 of M.
transvaalensis females (Fig. 1A) shares similarities with
that of T. schmeili (Fig. 1B). SEM provided detailed
information to distinguish and differentiate these
species. Smaller structures, such as spines, spinules, and
setae on the antennules, offer valuable insights for
species identification, particularly in male calanoids. A
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thumb-like structure on the antennule of T. schmeili
(Fig. 2), typically a defining feature for Tropodiaptomus
hutchinsoni (Kiefer, 1927), was clearly identified and
documented. Lovenula species are distinguished by
enlarged mandibles, but SEM micrographs are
necessary to capture finer details for accurate
differentiation. Additionally, the shape, position, size,
and texture of larger spines on male calanoid antennules
(Fig. 3) were documented to ensure comprehensive
species descriptions. This study demonstrated the
significant advantages of using scanning electron
microscopy (SEM) in conjunction with traditional
morphological techniques for taxonomic analysis of
Copepoda. SEM provides highly detailed images of
critical diagnostic features, which are often not visible
using light microscopy alone. By accurately
documenting these features, SEM enhances species
identification and reduces potential confusion, ensuring
more precise re-descriptions and identification of both
known and new species. This integrative approach sets
a robust foundation for future taxonomic and ecological
research on copepods.
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Figure 1. SEM micrographs of female P5 of
Metadiaptomus meridianus (1A) and Tropodiaptomus
schmeili (1B). Figures 2 and 3. Thumb-like spine (2)
and large spine (3) on male antennule.
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MICROMORPHOLOGY AND ANATOMY OF Tabernaemontana ventricosa (FOREST TOAD TREE)
FLORAL COMPONENTS
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While laticifers are thought to constitute a
synapomorphy in the Apocynaceae family, little is
known about their distribution and form in the
reproductive organs of their respective species'.
Tabernaemontana ventricosa is a small to medium-
sized, evergreen tree that may reach a height of 15
meters, and it is disjunctively distributed in Eastern
Nigeria, Cameroon, Kenya, the Democratic Republic of
Congo, South Africa, and several other countries®. The
species grows best in disturbed, shaded environments
and may be found in open woods and thickets in
woodlands®. The bark, stems, and leaves of T.
ventricosa are used in KwaZulu-Natal ethnomedicine to
cure wounds, lower blood pressure, ease fever, and
soothe painful eyes®.

Research on T. ventricosa, is limited to a few studies on
its chemical composition and biological activities, but
none on the flower morphology of the species, hence
the study was conducted to determine the general
morphology, anatomy, and type of laticifers in the floral
components of T. ventricosa.

The description of the floral morphology and anatomy
were determined using stereo, light, and -electron
microscopy techniques. For stereomicroscopy, samples
were viewed using the NIS-Elements D software on the
Nikon AZ100 stereomicroscope equipped with a Nikon
fiber Illuminator (Nikon, Tokyo, Japan). For scanning
microscopy samples were prepared by fixed in 2.5%
buffered glutaraldehyde, washed with phosphate buffer,
post-fixed in osmium tetroxide (1%), dehydrated in a
graded ethanol series, critical point-dried, mounted onto
aluminium stubs, and sputter-coated with gold. The
samples were viewed using a scanning electron
microscope LEO 1450 (Zeiss) and images were
captured using SmartSEM software.

For light microscopy, samples were prepared by
fixation in glutaraldehyde for 24 hours, washed with
phosphate buffer, post-fixed with osmium tetroxide
(1%), dehydrated in acetone, and infiltrated with a
Spurr's resin mixture. The samples were then embedded
in resin and polymerized. The resin block samples were
sectioned using a Leica EM UC7 ultra-microtome, and
serial survey sections were analyzed using NIS-
Elements D imaging software on the Nikon Eclipse 80i
light equipped with Nikon DS-Fil compound
microscope (Nikon, Japan).

The overall morphological findings confirmed that the
inflorescence has a corymb pattern that extends 5-15
cm. The blooms are bisexual, salver-shaped, and
whitish-yellow. In terms of anatomy, the colleters were
present in the internal surface of the sepals and it was
discovered that the laticifers, which showed intricate
branching conformations, were randomly dispersed
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across the collora and calyx of staminate and pistillate
flowers. Many species show laticifers in the sepals and
pedicel of shorter-styled flowers, while they also occur
in the sepals and pedicel of longer-styled flowers in
most species belonging to the Apocynaceae family.
Laticifers are often observed in the calyx of many other
species studied and occasionally in the pistil*.
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Figure 1. Micrograph showing a cross-section of the
bud of T. ventricosa. Scale bar = 2 mm.T. ventricosa.
Scale bar = 2 mm.

Figure 2. Light micrograph showing the anatomy of
laticifers in the sepal of T. ventricosa. Scale bar = 100
pm. T. ventricosa. Scale bar = 100 pm.
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POLLINATOR REWARDS IN Nemesia (SCROPHULARIACEAE)
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Most flowering plants rely on biotic vectors, such as
insects or vertebrate animals, for pollination'. Several
floral innovations evolved for attracting and rewarding
pollinators or otherwise manipulating pollinator
behaviour, to promote reproductive success of the plant.
One example of such an innovation is the floral spur, a
hollow, tubular outgrowth of a floral organ, which
generally secretes and/or contains a pollinator reward,
such as nectar or oil. In Nemesia (a genus of nearly 77
flowering plant species, endemic to southern Africa) the
floral spur of several species has been found to contain
nectar, while others appeared to be empty®. Since
Nemesia is closely related to genera which contain oil-
secreting trichomes inside and/or around their spurs?®,
the possibility of oil as a pollinator reward in Nemesia
should be investigated.

The aim of this study was to investigate the pollinator
rewards (nectar, oil or none) and secretory structures
present inside the spur of Nemesia. For this study, three
Nemesia species with variation in spur shape and size
were selected, namely: N. strumosa (Fig. 1A) with a
broad saccate spur, N. barbata (Fig. 1B) with a conical
spur and N. macrocarpa (Fig. 1C) with a narrow tubular
spur. The internal spur epidermal surface was observed
using scanning electron microscopy (SEM) and
histological staining was performed to identify possible
precursors of pollinator rewards, such as lipids, starch
and carbohydrates within the epidermal cells and
glandular trichomes of the spurs.

Sample preparation for SEM included fixation,
dehydration, critical point drying, specimen mounting
and sputter coating. Images were captured using a JEOL
JSM-7800F SEM. For histological investigation,
specimens were embedded in epoxy resin or paraffin
wax, sectioned and stained using Toluidine Blue O
(lipids), Safranin O and Orange G (starch) and Periodic
Acid-Schiff (insoluble polysaccharides). Sections were
imaged with a Nikon ECLIPSE TE200-E microscope.

This study is the first to investigate secretory structures
in the spur of Nemesia, and several trichome types were
identified. Results of SEM and histochemical staining
for N. strumosa (Fig. 2A, D) and N. barbata (Fig. 2B,
E) showed potential for secretion from glandular
trichomes, while no characteristics associated with
secretion were observed for the clavate trichomes of N.
macrocarpa (Fig. 2C, F). It could not be confirmed
whether nectar or oil is secreted by the former two
species, and further staining and microscopy techniques
should be explored.

Nemesia displays a variety of spur shapes and
potentially also provides a range of different pollinator
rewards. This makes it an ideal model system for
investigating the role of pollinator shifts and floral key
innovations in driving diversification in flowering
plants and insect pollinators.
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Figure 1. (A) Nemesia strumosa, (B) N. barbata and (C)
N. macrocarpa. Scale bar = 2 mm.

Figure 2. SEM images of the glandular trichomes of (A)
N. strumosa and (B) N. barbata. (C) The clavate
trichomes of N. macrocarpa. Toluidine Blue O (TBO)
stained cross-sections of trichomes in (D) N. strumosa,
(E) N. barbata and (F) N. macrocarpa. Scale bar: (A -
E) =20 pm, (F) = 60 pm.
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INVESTIGATION OF THE EFFECT OF PEG-AuNPs ON COLORECTAL CANCER CELL LINE
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Colorectal cancer (CRC) is the third most diagnosed
cancer globally. Despite a growing understanding on
the causes of CRC, the incidence of CRC has continued
to increase, presenting 1.9 million new cases globally in
2020'. The limitations in current treatments result in
high mortality figures, highlighting the need for more
effective therapeutic approaches. Gold nanoparticles
(AuNPs) have emerged as a promising avenue for
cancer treatment, attracting researchers due to their
biocompatibility, thermal activity, optical and electrical
properties’. However, AuNPs face limitations in
therapeutic use due to their instability and tendency to
aggregate in biological media®. Polyethylene glycol
(PEG) modification reportedly stabilizes AuNPs in high

ionic solutions, as well as increase their
biocompatibility®. The unique anatomical and
pathophysiological nature of tumours allows a

disproportionate accumulation of nanoparticles in the
tumour microenvironment, which is known as the
“enhanced permeability and retention (EPR) effect””.
The increased permeability of the tumour vasculature
and poor lymphatic drainage allows nanoparticles to
specifically target the tumour environment through
passive targeting® Once accumulated, PEG-AuNPs
have shown to cause cell damage through the
generation of reactive oxygen species (ROS)®. The aim
of this project is to synthesize PEGylated AuNPs and
determine their potential cytotoxicity and specificity in
vitro using a colorectal cancer cell line, HT-29.

Citrate-capped AuNPs (c-AulNPs) were synthesised
using the Turkevich-Frens method’® followed by a
surface modification step with PEG through ligand
exchange to produce PEG-AuNPs. The stability and
size of the NPs were characterized using ultraviolet—
visible spectroscopy, dynamic light scattering, and zeta-
potential. For ultrastructural studies, coverslips with
cells previously treated with 200 ug/mL PEG-AuNPs
were fixed in 2% buffered glutaraldehyde, post-fixed in
1% aqueous osmium tetroxide and dehydrated in a
graded acetone series (25-100%). They were infiltrated
and embedded in epoxy resin, sectioned to lpm
thickness for light microscopy (LM) and 70 nm for
transmission electron microscopy (TEM) observation.
For SEM, samples in 100% acetone were exposed to
increasing hexamethyldisilane concentrations (30, 60,
100%) and allowed to dry slowly.

The synthesised c-AuNPs showed a strong absorption
peak at 518 nm (Fig. 1a), a mean hydrodynamic size of
20.5 nm and a core size of 14.7 nm (Fig.1b). After
PEGylation, there is a red shift in the absorption spectra
to 523 nm, and an increase in the hydrodynamic size to
23.8 nm, indicating successful surface modification.
LM of HT-29 cells treated with 200 ug/mL PEG-
AuNPs (Fig. 2b) showed evidence of membrane
blebbing and deformed nuclei, which were not observed
in cancer control cells (Fig. 2a). TEM revealed an
uptake of PEG-AuNPs into the cytoplasm of treated
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cells (not shown). SEM examination of the surface
topography of the HT-29 cells confirmed the presence
of pronounced membrane blebbing in PEG-AuNPs
treated cells (Fig. 3b) which contrasted with the normal
membrane evaginations and substrate attachments of
control cells (Fig. 3a). Both nuclear irregularities and
membrane blebbing are morphological characteristics
commonly associated with cellular stress and apoptosis,
confirming the cytotoxicity and preference of PEG-
AuNPs to target tumour cells.
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Figure 1. (a) Absorption spectra of c-AuNPs and PEG-
AuNPs. (b) TEM image of c-AuNPs synthesised.

Figure 2. (a) Control; (b) PEG-AuNP treated cells
showing nuclear irregularities and membrane blebbing
(arrow).

Figure 3. SEM images of HT-29 cells (a) control, and
(b) PEG-AuNP treated showing extensive membrane
blebbing.
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HISTOLOGICAL EFFECTS OF CTCE-9908 AND L-KYNURENINE ON MELANOMA METASTASIS IN A
XENOGRAFT MOUSE MODEL
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Melanoma, an aggressive skin cancer, is on the rise in
South Africa and worldwide!. CTCE-9908, a
chemokine receptor 4 inhibitor and L-kynurenine, a
tryptophan-kynurenine pathway metabolite, have shown
to inhibit melanoma in vitro'. This study was designed
to analyse the histological effects of CTCE-9908 and L-
kynurenine individually and in combination on the
liver, kidneys and Ilungs of a xenograft
immunocompetent (C57BL/6) mouse model with the
B16F10 melanoma cell line.

Forty-two immunocompetent mice were used: two as
negative controls without tumours and forty
xenografted with 1X106 per mL B16F10 melanoma
cells, grouped into five: tumour only (no treatment),
positive control (nocodazole treated), CTCE-9908
treated and L-kynurenine treated individually and in
combination. The liver, kidney and lungs were
collected, embedded in paraffin wax, stained using
haematoxylin-eosin and Masson’s Trichrome stains,
and then stained using light microscopy.

Histological analysis with haematoxylin-eosin staining
revealed normal architecture in the liver, kidney, and
lungs of the negative control groups. In contrast, the
tumour groups showed severe damage and cellular
alterations. The liver exhibited hepatocellular
hypertrophy and necrosis?, the kidneys presented with
tubule dilation and intensely stained eosinophilic
cytoplasm®, and the lungs showed severe alveolar
haemorrhage, edema, alveolar epithelial thickening and
bronchiole epithelial necrosis*. In the treated groups, the
liver’s architecture in the positive control and CTCE-
9908 groups was normal, with the L-kynurenine group
exhibiting sinusoidal dilation and karyocytomegaly?.
The kidney’s architecture in the positive control and
CTCE-9908 group was normal, with mild tubular
dilation, slight loss of brush borders and renal tubular
epithelium in the CTCE-9908/L-kynurenine treated
group®. The lung’s architecture in the positive control
and the CTCE-9908/L-kynurenine group presented
normal, with severe haemorrhage and congestion in the
L-kynurenine treated group’. Masson’s Trichrome
staining revealed normal collagen deposition in the
negative controls and increased collagen deposition and
fibrosis in the tumour groups (Fig. 1B), and the CTCE-
9908/L-kynurenine kidney group (Fig. 1C). No changes
were observed with any of the treatments, besides the
CTCE-9908/L-kynurenine kidney group (Fig. 1C) that
showed tubulointerstitial fibrosis®.

CTCE-9908 shows potential as an effective treatment
for melanoma metastases to the liver and kidney.
Additionally, the CTCE-9908/L-kynurenine
combination group shows promise for the treatment of
metastases to the lungs.
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Figure 1. A. Control (negative); kidney. B. Tumour
control (no treatment); kidney. C. CTCE-9908/L-
kynurenine treated group; kidney. Masson’s Trichrome
stain of rodent (mouse) kidney tissue. Severe fibrosis
(black arrow) is visible in the tumour control (B) and in
the CTCE-9908/L-kynurenine treated group (C).
Tubulointerstital fibrosis (white arrow) is displayed in
the CTCE-9908/L-kynurenine group (C). Scale bar = 20
pm

Corresponding author: meganolfsen9@gmail.com



HIPPOCAMPAL VULNERABILITIES IN MATERNAL BRAINS: EFFECTS OF INTRAUTERINE
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Intrauterine growth restriction (IUGR) is a significant
prenatal complication characterized by suboptimal fetal
growth and significant perinatal mortality. It results
from impaired nutrient and oxygen delivery to the fetus,
affecting approximately 10% of pregnancies worldwide.
IUGR is associated with numerous adverse outcomes,
including developmental delays and increased risk of
neurological disorders. While the adverse effects of
IUGR on fetal brain development are well-documented,
the potential impact on the maternal brain has been
largely overlooked. The hippocampus, a critical region
involved in memory and learning, is particularly
susceptible to developmental disturbances, making it a
focal point for studying the effects of IUGR. Both
gestational malaria and preeclampsia are established
risk factors for IUGR. This study aims to investigate the
effects of early onset TUGR, induced by a double
knockout model using Plasmodium berghei (PB) to
simulate gestational malaria and L-Nitro Arginine
Methyl Ester (L-NAME) to induce preeclampsia, on the
histoarchitectural integrity of the hippocampus in adult
female mice.

Forty adult female BALB/c mice were divided into 5
groups prior to mating: Group A (Non-pregnant
Control), Group B (Pregnant Control), Group C (PB
only), Group D (L-NAME only), and Group E (PB + L-
NAME). PB was administered intraperitoneally at 0.2
ml once, while L-NAME was administered
subcutaneously at 50 mg/kg/day from gestational days 7
to 17. Neurobehavioral assessment using the Y-maze
test was conducted post-induction to evaluate spatial
reference memory. Following behavioral testing, mice
were sacrificed and hippocampal tissues were analyzed
histologically using Hematoxylin and Eosin (H&E) and

Kluver-Barrera stains to assess histoarchitectural
changes.
Neurobehavioral results revealed significant

impairments in the IUGR-induced groups (PB and PB +
L-NAME), evidenced by reduced exploration of the
novel arm in the Y-maze, indicating spatial memory
deficits. Marked hippocampal alterations, including
distorted histoarchitectural integrity, pyknotic cells
bodies, loss of myelin integrity and neuronal
degeneration were observed in the dentate gyrus
granular layer in the induced groups (PB and PB + L-
NAME) compared to controls. Notably, no significant
histopathological changes were observed in the L-
NAME only group, suggesting that the combination of
gestational malaria and preeclampsia poses a greater
risk to hippocampal integrity.

These findings demonstrate that the adverse effects of
early onset TUGR extend beyond the fetal brain,
impacting the maternal brain's structural and functional
integrity. This study underscores the importance of
considering maternal neurological health in the context
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of prenatal complications.
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Figure 1. H&E A) Negative control, B) Neg. control
pregnant, C) L-NAME D) P. berghei E) L-NAME +
P. berghei groups exhibiting cellular degeneration and
pyknotic changes (black arrows)

Figure 2. KB, X400 A) Negative control B) Neg.
control pregnant C) L-NAME D) P. berghei E) L-
NAME + P. berghei with granule neuron degeneration
and more poorly stained neurons (red arrows) P.
berghei E) L-NAME + P. berghei with granule neuron
degeneration and more poorly stained neurons (red
arrows)
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BACK TO BASICS WHEN MOLECULAR SEQUENCES ARE NOT IN PLACE, YET
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Argulus Thiele, 1900 is the only genus of the Argulidae
with a worldwide distribution, with more than 150
known species. Six species are known from South
Africa, with four species, i.e. A. belones van Kampen,
1909, A. multipocula Barnard, 1955, A. kosus Avenant-
Oldewage, 1994, and A. izintwala van As and van As,
2001, described from marine or estuarine fishes, and
two A. capensis Barnard, 1955 and the introduced A.
japonicus Thiele, 1900 infect freshwater fish. Argulus
kosus was originally described from Kosi Bay, from the
strepie Salpa salpa, based on the female'. Five years
later, A. kosus male was collected in St. Lucia from
eight other fish hosts, with additional body
measurements and information provided for the female?.

During fish health surveys conducted by the Dept. of
Forestry, Fisheries and the Environment in Kwa-Zulu
Natal (KZN), argulid specimens were collected from a
semi-closed pond system from Pomadasys commersonii
(Spotted grunter) and Rhabdosargus holubi (Cape
stumpnose).

By examination of the literature"?, preserved material in
the collection of the Aquatic Parasitology lab (UFS) and
comparison of the newly collected KZN material,
sufficient morphological data were obtained to identify
the aquaculture derived specimens as A. kosus. These
were done using standard stereo- and scanning electron
microscopy (SEM) techniques. Figures were produced
with the aid of a Zeiss Lab 18 microscope and attached
drawing tube. Micrographs were taken on a JEOL JSM
7800F at 5 kV.

All taxonomic characteristics between the material
examined were the same. These included features of the
cephalic lobe with scale studded frontal region (Figs
1A,B); antennae (Fig. 2A,B); antennule; sucker; maxilla
with basal plate and accessory spines (Figs 3. A,B);
respiratory areas; thorax with scabrous areas (Figs
1A,C); legs; natatory lobes; abdomen with testis or
spermathecae, depending on the sex.

Molecular sequences available on GenBank, reveals
data of only nine species, i.e. A. americanus, A. bicolor,
A. benegalensis, A. flavescens, A. foliaceus, A.
japonicus, A. nobili, A. pugettensis and A. siamensis
from USA, India and China. In the absence of
molecular sequence data available from South African
Argulids on existing databases, these robust
morphological characters still allow for unambiguous
taxonomic assignment to A. kosus. Sequence data
generated from the aquaculture-derived specimens
(KZN) are being processed, however with no published
molecular information from South Africa or even other
African species, no phylogenetic conclusion could be
made yet.

Therefore, depending on the taxon in question and the
systematic information available, such as the presence
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of robust, valid, comparative, taxonomic characteristics,
the modern taxonomist is often obliged to go back to
the basics. This will imply comparison of
morphological information using microscopy.
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Figure 1. Figure 1. Microscope drawing (A) and SEM
micrographs (B, C) of Argulus kosus. A. Male, ventral
view; B. Frontal region of anterior carapace; C.
Thoracic segment with scabrous areas.

Figure 2. Figure 2. Microscope drawing (A) and SEM
micrograph (B) of antenna of Argulus kosus.Argulus
kosus.

Figure 3. Figure 3. Microscope drawing (A) and SEM
micrograph (B) of maxilla with scabrous areas of
Argulus kosus. Argulus kosus.
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CHARACTERISATION OF STEEL MARTENSITE USING ELECTRON BACKSCATTERED
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The mechanism of martensite (o) formation in steels,
although highly complex, is now well understood.
However, the morphology, size and variant selection
can vary substantially depending on steel composition
and thermal processing'. In the present case, a power
plant 12Cr steel, referred to as X20 steel, has been
subjected to a non-standard heat treatment that involves
incomplete o’ formation prior to reheating for the
tempering  cycle. Consequently,  the  initial
untransformed austenite that survives the tempering
cycle forms second generation o” on final cooling to
room temperature. During conventional heat treatment
the MMy range is 275-750 °C, but if cooling is
terminated at 250 °C and reheated to 760 °C, the
residual austenite transforms to o” at 390 °C upon
cooling. The higher M; temperature for the formation of
second-generation o is indicative of lower solute
content in the austenite but also possibly leads to
differences in the o’ characteristics which could impact
on mechanical property development. Orientation
imaging using electron backscattered diffraction
(EBSD) in the scanning electron microscope (SEM) has
been used to compare the two o” generations.

Samples representing the conventional martensitic heat
treatment (100% primary o = X20AP) and the
incomplete primary o’ heat treatment containing an
approximate mix of 20% primary and 80% secondary o’
(X20AS) were investigated. The X20AS sample was
subjected to the incomplete cooling and reheating cycle
described above. Orientation imaging was performed
using a Tescan MIRA 3 SEM fitted with an Oxford
Instruments EBSD detector. The SEM was operated at
15 kV and probe current in the range 2-3 nA. Data was
acquired at step size in the range 0.08-0.2 um and
processed using AztecCrystal 3.1 software. The Euler
colour orientation images for the X20AP and X20AS
samples are presented in Figs. 1 and 2 respectively.

Interpretation of the orientation images focused on
analysing the special grain boundaries that develop
during lath and plate o” formation. The 24 variants that
occur as a result of the Kurdjumov-Sachs orientation
relationship between austenite and o produce the
following possible grain boundary misorientations':
10.5°[011]; 49.5°[011]; 60°[011] and 70.5°[011]. The
latter misorientation is equivalent to the 60°[111] twin
relationship. The relative fractions of these boundaries
are reported to be sensitive to composition and can be
used to characterize the o’. However, a problem is
noted to occur when the 60°[111] is included due to the
incidence of pseudo-symmetry (p-s) measurements of
the same orientation. Distinguishing between 60°[111]
variant boundaries and p-s measurements is difficult.
For example, for the X20AP sample, the fraction of
60°[111] boundaries can change from 44% to 37%
when 60°[111] boundaries of selective minimum size,
suggesting pseudo-symmetry, are removed. But there is
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little confidence that this approach eliminates all p-s
data points or indeed if it also ecliminates variant
misorientations. Thus, the proportion of all other special
grain boundaries is affected by the uncertainty in the
classification of the 60°[111] boundaries.

A more objective approach has been affirmed by
determining the combined 49.5°[011] and 60°[011]
boundary length per area. In this case the average for
X20AP is 0.48um™ and 0.23 um! for X20AS. These
values are consistent with the size difference of the o’
block boundaries (>45°) indicated as white lines in the
orientation images below. Given that the major fraction
of a” in X20AS started to form at 390 °C, it is evident
that the a” morphology is much coarser for the X20AS
heat treatment cycle compared to the o’ that forms
during the conventional initial cooling to room
temperature.
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Figure 1. EBSD orientation image (Euler colour) for
sample X20AP.

Figure 2. EBSD orientation image (Euler colour) for
sample X20AS.
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EFFECT OF WELDING ON SECONDARY PHASES IN SERVICE-EXPOSED 12%Cr TMF STEEL
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The current economic climate drives partial component
replacement in the existing infrastructure at fossil-fuel
power plants. This entails welding on the service-
exposed components. Tempered martensite ferritic
(TMF) steels with 9-12% Cr are mainly used in the
steam pipes, turbines and boilers. These steels are stable
during creep (service) due to the strengthening offered
by Cr-enriched M23Cs carbides located at the grain
boundaries, and the V-enriched MX carbonitrides
distributed homogeneously throughout the ferrite
matrix1. Other secondary phases such as Mo-enriched
Laves and modified Z-phase (Cr(Nb,V)N) precipitate
during creep'?. Z-phase formation involves the
dissolution of the MX carbonitrides. It has been found
that cross-welds of virgin onto service-exposed X20
(12% Cr) steel failed consistently in the fine-grained
heat-affected zone (FGHAZ) of the crept material,
which is known as Type IV cracking®. Accelerated
precipitate coarsening and dissolution occur in the
FGHAZ. This results in insufficient grain boundary
pinning and subsequent sliding, leading to void
formation from the decohesion between the precipitate
and matrix. Hence, retained precipitates act as preferred
nucleation sites for creep voids. Not much is known
about the evolution of the existing precipitates when
welding on service-exposed TMF steels. This study
investigates the effect of welding on the secondary
phases in a service-exposed TMF steel. The results are
then used to identify any contributions to Type IV
cracking.

The material used for this study was service-exposed
(555°C; 17.0 MPa; 130 kh) X20CrMoV11-1 (12% Cr)
stainless steel. Weld thermal cycle simulation on a
Gleeble™ 3800 (T, = 980 °C, 200 °C/s heating rate, 4 s
hold) and post-weld heat treatment (740 °C, 45 min)
was performed on the bulk parent X20 steel for larger
sampling areas of  homogeneous = FGHAZ
microstructure. Electron-transparent thin foils were
prepared using twin-jet electropolishing and extraction
replicas were prepared by extracting precipitates from
the surface of a pre-polished bulk sample onto a thick
carbon layer. Backscattered electron (BSE) images (5
kV, 0.20 nA, 4 mm working distance) were acquired
from the thin foil specimens using an FEI Helios
Nanolab 650 Focused Ion Beam (FIB)-SEM. Cr and V
elemental maps were acquired with energy-filtered
transmission electron microscopy (EFTEM) using a
Gatan Quantum GIF fitted to a JEM JEOL2100 (LaBs)
TEM operated at 200 kV. Further TEM analysis was
performed using a double-aberration corrected JEOL
JEM-ARM 200F operated at 200 kV and equipped with
a Gatan GIF 965ERS dual electron-energy loss
spectrometer (EELS) (results not shown). Features were
extracted from the various images for further
measurements using the MIPAR™ image analysis
software®,
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Fig. 1 shows how the various precipitates have been
identified for analysis from the BSE images and
EFTEM elemental maps. Statistically low numbers of
Laves phase precipitates were observed in all the
specimens. Z-phase precipitates were observed from the
EFTEM RGB composite maps as areas of overlap
between the Cr (green) and V (red) elemental maps as
shown in Fig. 1(b). Both the service-exposed parent and
FGHAZ X20 contained Z-phase precipitates. During
FGHAZ simulation it was found that for both the M»3Cs
and MX precipitates, there is a decrease in mean size d,
an increase in number density N, and a large variation
in the interparticle spacing A, which is ascribed to the
dissolution of precipitates and subsequent nucleation of
fine new precipitates or Ostwald ripening of retained
precipitates during welding. Considerably large M23Cs
carbides (d > 300 nm) were observed in the service-
exposed FGHAZ material.

Coupling the presence of the Z-phase and large M23Cs
precipitates in the service-exposed FGHAZ with high
coarsening rates in the FGHAZ, it can be concluded that
(1) the creep strength will decrease detrimentally due to
MX dissolution and (2) accelerated void formation will
occur which explains the consistent failure of service-
exposed weldments by Type IV cracking. It was
expected that there would be no Z-phase present in the
FGHAZ since previous studies have shown that Z-phase
precipitates dissolve and reform MX above 800 °C2.
This warrants further investigation. Future work will
include quantitative analysis of the Z-phase precipitates.
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Figure 1. (a) BSE image from thin foil specimen and (b)
EFTEM RGB composite map of Cr (green) and V (red)
elemental maps acquired from extraction replica
specimen of the service-exposed FGHAZ X20 steel.
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Dislocations play an important role in the mechanical
properties of steels which continuously evolve during
component manufacturing and subsequent in-service
exposure due to creep and/or fatigue. The dislocation
density of the steels can potentially be used as a
fingerprint to identify at-risk components that has either
reached end-of-life or that was incorrectly
manufactured due to forming or heat treatments.
Traditionally, dislocation measurements are performed
using transmission electron microscopy (TEM)
performed on thin foils samples. However, accurate and
precise measurements of the dislocation density in
steels using TEM remain a challenge due to the time-
consuming nature, small sampling volumes, and effects
of sample preparation on the quantitative results. The
aim of this study is to evaluate and establish electron
channelling contrast imaging (ECCI) as a scanning
electron microscopy method of quantifying the
dislocation densities of power plant steels.

Samples consisting of AISI316L stainless steel were
used as a model alloy (large grain size ~100 pum) to
compare dislocation imaging using annual dark field
(ADF)-scanning TEM (STEM) and ECCI. Three
materials states consisting of a cold drawn rod (high
dislocation density), annealed rod (low dislocation
density), and an annealed sample subjected to cyclic
fatigue testing (medium dislocation density) were
investigated. Systematic investigations into the data
acquisition parameters showed that an incident beam
energy (20 kV), beam current (~4 nA), pixel size (5
nm), and working distance (4-5 mm) on a JEOL7001F
SEM fitted with a retractable BSE detector could
successfully image the dislocation structures for the
material states used in this study. The ECCI technique
was then successfully used to determine the dislocation
density in the three material states and the quantitative
results showed similar trends as the ADF-STEM
quantification results, but with less effort.

The application of ECCI on polycrystalline materials
smaller grain sizes (<10 pm) remain a challenge since
the dislocation contrast is very sensitive to the grain
orientation. Future studies using electron backscattered
diffraction (EBSD) orientation mapping combined with
electron channelling pattern (ECP) calibrations using a
single crystal Si sample will allow for ECCI imaging
under controlled grain orientations. Furthermore,
accurate image segmentation of dislocations from a
micrograph remains a key limitation, which can be
improved with the use of advanced image analysis
based on deep learning approaches.
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Figure 1. ECC image of the beginning of a dislocation
cell (in red) and high-density dislocation walls
(HDDWs) in an AISI 316L stainless steel sample that
underwent 11M cycles of fatigue loading.

Figure 2. Comparison of the average dislocation density
obtained from AISI 316L stainless steel samples, using
both ADF-STEM and ECCI.
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Temporary hydrogen alloying (THA) can refine the
microstructure of cast Ti-6Al-4V and enhance
mechanical properties. However, THA does not always
improve performance, it can also drastically reduce
ductility to severe embrittlement due to hydrogen-
induced titanium aluminide (TisAl) precipitation'.This
study discusses microstructure and tensile performance
evolution in hydrogenated and non-hydrogenated
martensite, with particular focus on the effect of TizAl
precipitation on tensile performance.

Wrought Ti-6Al-4V rods were converted to simulated
cast (Sim. Cast) Ti-6Al-4V by annealing at 1100°C for
2 hours. Sim. Cast rods were hydrogenated to 20at.%H
at 650°C, solution treated at 900°C and quenched,
tempered for 3 hours at 580°C, and dehydrogenated
(DH) at 675°C or 750°C. Control samples were vacuum
annealed (VA) at 650°C, solution treated at 1080°C,
tempered for 3 hours at 580°C and VA at 675°C or
750°C. Hydrogen concentration was confirmed by inert
gas fusion and tensile properties were evaluated at room
temperature. X-ray diffraction (XRD) using Co
radiation confirmed bulk constituent phases. Electron
backscatter diffraction (EBSD), transmission Kikuchi
diffraction (TKD), and Energy Dispersive Spectroscopy
(EDS) were performed in the SEM (JEOL 700) and
TEM (JEOL 2100 LaBs) respectively. High angle
annular dark field (HAADF) imaging was performed in
the JEOL 2100 and the JEOL ARM200F.

Alloying with 20 at.%H lowers the beta transus
temperature from 1050°C to 800°C, ensuring martensite
formation in all samples when quenched from 1080°C
and 900°C. Fig. 1 highlights a significant increase in
yield strength (YS) and a decrease in ductility,
attributed to martensite formation. The strength
increase, reaching up to 190 MPa, is more pronounced
in samples quenched from 1080°C due to the direct
correlation between quenching temperature and
strength. Raising the VA temperature from 675°C (B1)
to 750°C (B2) resulted in a 70 MPa decrease in strength
and a 13 % recovery in ductility due to martensite
softening. A similar 70 MPa reduction in yield strength
was observed in hydrogenated samples (Al, A2), but
with a greater ductility recovery of up to 30 %. After
accounting for the 13 % recovery, a net 17 % increase
in ductility, unique to hydrogenated martensite,
remains. This indicates that there are additional factors
contributing to embrittlement which are linked to
hydrogen-promoted martensite evolution.

Hydrogen alters the transformation pathway, with the
presence of orthorhombic martensite (a’’) possibly
promoting spinodal decomposition?. Hydrogenated
martensite decomposed to a nanobanded structure
consisting of Al-rich, V-rich nanobands where the Al
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enrichment stabilized TizAl within 3 hours of
tempering?. Expected Al partitioning occurred in non-
hydrogenated samples, but not to the extent of
stabilizing Ti3Al. Figs. (2a-d) show that the nanobanded
structure and TizAl were retained after 675°C and 750°C
dehydrogenation, as confirmed by selected area electron
diffraction (SAED) and fast Fourier transform (FFT)
analyses at [101] and [012] zone axes. The
embrittlement caused by Ti3Al at 675°C, was alleviated
by increased TizAl dissolution at (750°C), leading to
greater ductility recovery.
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Figure 1. Tensile performance of Sim. Cast and
tempered martensite which was DH (A1, A2) or VA
(B1, B2) at 675°C or 750°C.

Figure 2. HAADF STEM of a) 675°C and c) 750°C DH
martensite showing retained Al-rich (dark), V-rich
(bright) nanobands and TizAl precipitates confirmed by
b) SAED and d) FFT analyses at [101] and [012] zone
axes. The Fourier transform in d) was derived from
inset c.
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Some South African thermal power plants rely on aging
power-generating rotors made of 1CrMoV steel. While
these rotors are creep resistant, prolonged exposure to
high temperatures can lead to deterioration in their
microstructure and properties due to creep'. Surface
replication and optical microscopy are commonly used
to assess and quantify creep cavities. Then, remaining
life assessment (RLA) models are used to predict creep-
life exhaustion. However, these models are
conservative, resulting in the premature retirement of
the rotor!. The development of a microstructural-based
RLA method is urgently needed to improve the RLA of
1CrMoV rotors. This study aims to evaluate the use of
quantitative electron microscopy as a tool for the
microstructure-based RLA of 1CrMoV rotor steels that
have been in long-term service.

Four 1CrMoV rotors which operated for 270-300 kh
were investigated. The core samples (1, 2, 3, and 4)
were removed from the highest creep-damaged area in
the rotor using the Weldcore® technology. In this area,
the operating temperature and stresses are ~538 °C and
~70 MPa. Rotor 1 was sampled at two regions (H3 and
H4) that were 180° apart to determine rotor
homogeneity. A reference sample (R) was removed
from the non-stressed region of the rotor, which
experienced the temperature of +£226 °C during
operation. All analyses were carried out using a JEOL
JSM 7001F SEM. The cavity density (Na) was
quantified from SEM-BSE images. The fractional
creep-life exhaustion (t/t;) was then estimated using the
creep cavitation model previously described in
reference!. The characteristic of the grain structure
(particularly PAGs and bainitic laths) was determined
using EBSD. From the EBSD data, the volume-
weighted average size (dv) and surface-to-volume ratio
(Sv) of bainitic laths were determined.

Table 1 presents the operating times, cavity Na and
corresponding t/t;, and lath dy and Sy for each sample.
Cavities resulting from creep damage were observed in
all core samples. The rotors revealed a duplex grain
structure consisting of a mixture of large and small
PAGs as shown in figure 1. In rotor 1, there is an
inconsistency in the estimated t/tr due to the non-
uniform bainitic lath size. The bainitic lath dv does not
show clear evidence of lath coarsening or refinement
due to prolonged exposure to creep. However, there is a
good correlation between the average lath dv and Sv
with t/ty (Fig. 2). Although, it is unclear whether creep
exposure or initial grain structure characteristics are
responsible for the correlation.

SEM-BSE and EBSD techniques are valuable tools for
quantifying cavities and grains in 1CrMoV rotors.
However, the heterogeneity of the bainitic lath structure
limits the effectiveness of using bainitic laths for
microstructure-based life assessment. Further research

is needed to establish a more reliable correlation
between microstructure and creep-life exhaustion in
1CrMoV rotors.

References:
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Table 1. Operating time, cavity NA, t/tr, lath dV, and
SV.Na, t/t;, lath dy, and Sy.

Figure 1. Typical EBSD orientation map showing
bainitic laths and PAGs for the rotor.

Figure 2. Evolution of lath dV and SV as a function of
t/tr.dv and Sy as a function of t/t;.
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PREVENTION OF HYDROGEN PICKUP DUE TO THE CHROMIUM DOPING OF THE ZrO2 LAYER ON
ZIRLO

S. Ngongo!, A. Janse van Vuuren!, J.H. Neethling' and V. Uglov?
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Zirconium alloy is the main physical barrier between the
coolant system and the fuel cell in the nuclear power
plant core'. The primary role of the alloy is to keep
radioactive fission products contained within the fuel
pin! during reactor operation. One of the major issues
contributing to material failure is due to the possible
absorption of hydrogen by the zirconium alloys during
reactor operation. The hydrogen diffusion into the
zirconium fuel tube has been shown to be responsible for
the formation of brittle zirconium hydrides?. Theoretical
prediction by Youssef and co-workers® where they
combined statistical thermodynamics and density-
functional-theory calculations showed that Cr was the
dopant that reduces hydrogen solubility in ZrO, at 600 K
(i.e. operational temperature) the most when compared to
a number of other dopants which are mainly transition
elements’.

In this work compression plasma flow (CPF) was used to
produce a chromium-doped, oxidized ZIRLO (which is
the commercial zirconium alloy) surface layer. CPF is
generated by quasi-stationary plasma accelerators with
their own magnetic field. Such plasma flows are
characterized by long life-time (about 100 ps) and high
energy density absorbed by the target (from 10 to 100
J/em?). When CPF interacts with the surface, the top
layer is melted and a mixing process takes place in the
layer. If a metal coating is deposited on the surface of the
treated sample, the CPF impact will provide mixing of
both coating and the substrate.

A chromium coating with a thickness of 1 um was
deposited on the oxidized ZIRLO surface. The CPF
treatment was done in a nitrogen atmosphere (400 Pa
pressure). The chromium alloyed ZIRLO samples were
sectioned using a diamond wire saw and mounted on a
stub. Surface morphology of the sample was analysed
and areas of interest were identified using SEM imaging.
A FEI Helios NanoLab FIBSEM was used to cut TEM
lamellae from specific areas of interest. The TEM
lamellae were investigated in a JEOL 2100 LaBs TEM
operated at 200 kV.

The TEM results for this investigation indicated that the
alloying process of the oxide layer by the CPF method
was successful as shown in Figure 1. The thickness of the
chromium modified oxide layer was ~ 2 um. The
distribution of chromium in the oxide was observed.
Testing of hydrogen pickup was conducted on the
modified sample by irradiation of hydrogen at different
energies (12.5 keV + 50 keV +97.5 keV H ions to a dose
of 2x10" H ions/cm™). After irradiation sample was
annealed at 500 °C in order for hydrogen to escape the
sample. TEM imaging was used to determine the
presence of crack formation within the modified oxide
layer. The SRIM ranges shown on Figure 2 (a) indicates
that the cracks should be formed between ~ (0.1 — 0.6)
um. The TEM image shown in Figure 2 (b) does not
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reveal crack formation on the modified sample that is due
to the hydrogen on the range (0.1 — 0.6) um as predicted
by the SRIM calculations. This is in agreement with the
theoretical predictions by Youssef and co-workers?
where they indicated that doping oxide layer with
chromium minimize hydrogen absorption.
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Figure 1. ADF STEM micrograph of a cross section cut
from sample with its corresponding EDS results showing
the distribution of chromium on the oxide layer

Figure 2. (a) SRIM calculations for the projected ranges
of hydrogen ions in ZrO, for energies of 12, 50 and 97.5
keV (b) the corresponding TEM image showing where
cracks are expected to be observed.
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CORRELATION BETWEEN HOMOGENISATION PARAMETERS AND PROPERTY EVOLUTION OF
AA3104 CBS AFTER HOT FINISH ROLLING

K.E. Lebakeng
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South Africa produces a full-aluminium beverage can
using AA3104 aluminium alloy for the can body stock
material. This material is locally produced, and
optimization of the thermomechanical processing would
be beneficial. Process optimisation can be achieved
through lab-scale experimentation. Typically, lab-scale
research focuses on individual steps within the full
process route. AA3104 can body stock production
involves direct chill (DC) casting, hot and cold rolling,
coiling, and finally forming at the can-maker. A critical
stage in this process route is homogenisation, which
occurs after DC casting. Homogenisation is critical for
the removal of segregation and for critical phase
transformations of features, such as intermetallic
particles (IMP) and dispersoids. The IMP are critical to
maintaining adequate galling resistance during can
forming processes of drawing and wall-ironing'.
Galling resistance is enhanced by optimising the o-
phase to B-phase IMP ratio. Dispersoids influence the
recovery and recrystallisation kinetics during hot and
cold rolling and thus directly affect texture and earing.
Earing can be reduced by achieving a more isotropic
texture through Particle Stimulated Nucleation (PSN)?.
PSN associated with IMP during annealing helps
nucleate new grains with random orientations.
Homogenisation promotes the transformation from B-
phase to a-phase, with a higher o to B ratio beneficial
for PSN3. Homogenisation introduces sub-micron
dispersoids into the matrix, which act to impede grain
boundary migration through a Zener drag mechanism.
This work aims to assess the effect of three
homogenisation practices on the simulated hot rolled
mechanical properties and microstructure after exposure
to a controlled full lab-scale simulation of the rolling
practice, including homogenisation, hot rough rolling
and hot finish rolling of AA3104 CBS.

The experimental procedure involved multiple steps
guided by industry norms. Firstly, homogenisation and
secondly hot rolling of samples. The starting material
was extracted from the equiaxed zone of a slice of DC-
cast AA3104 ingot, as supplied by industry. A
programmable furnace was utilised to homogenise the
samples at designated temperatures for the three
homogenisation protocols. A summary of the main
parameters is shown in Table 1. The homogenized
microstructures were characterised using SEM with
backscatter imaging and EDS was used to analyse the
microstructural composition of the dispersoids. Post
homogenisation, the samples underwent a controlled
lab-scale hot rough rolling process to breakdown the
microstructure following a strain and temperature
protocol guided by industry norms. The rolled material
was then prepared for plane strain compression (PSC)
testing on a Gleeble 3800 to simulate hot finish rolling.

Microstructural —characterisation revealed a large
variability in microstructural features, namely the size
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and distribution of IMP and dispersoids. Visual
inspection of the SEM (BSE imaging) images of the
homogenised samples showed larger dispersoids in the
Homog-1 and the IMP display significant
spheroidization owing to diffusion. The IMP and
dispersoid structures for Homg-1 are shown in Figure 1.
Homog-2 and Homog-3 samples retain the
interconnected IMP structures, but display smaller
dispersoid sizes. The size, morphology and presence of
both IMP phases must be characterized to assess the
extent of the f-phase to a-phase transformation for all
practices, but preliminary results indicate that
temperatures of over 560 °C are required for this
transformation.

Preliminary  results  indicate  that  extended
homogenisation at elevated temperatures leads to larger
dispersoids and spheroidised IMP structures owing to
the increased progression of diffusion of silicon,
manganese and iron. The impact of the homogenized
structures on the flow stress during plane strain
compression is not evident, but this does not negate the
effect on the microstructural development. Further
conclusions will be drawn upon the collection of
additional data relating to the final texture after post
deformation recrystallisation annealing.
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Table 1. Homogenisation Experiment Matrix

Figure 1. (a) BSE SEM image of IMP and (b)
dispersoid structures in Homog-1 sample.
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Tungsten carbide-cobalt (WC-Co) cemented carbides
are extensively used in applications requiring a good
combination of high wear resistance, hardness, and
toughness, making them ideal for applications in cutting
mining and drilling operations'. However, conventional
manufacturing techniques, such as liquid phase
sintering, have limitations in terms of design flexibility
and material efficiency. To overcome these limitations,
direct ink writing (DIW), also known as robocasting,
has emerged as a promising additive manufacturing
technique for fabricating complex geometries with
tailored properties? comparable to conventional
sintering. This study explores the printability and
properties of WC-12Co/Mo cemented carbides
fabricated via DIW, focusing on the influence of
material formulation, processing parameters, and the
resultant microstructure and mechanical properties.

Printability, microstructure and properties of WC-
12Co/Mo cemented carbides prepared using varying
slurry (ink) solids loading (62.8 — 64.8 vol%) were
investigated. Sintered samples were characterized by
optical and scanning electron microscopy. Figure 1
shows delamination and cracking at the uppermost
layers due to insufficient overlapping and suboptimal
drying conditions. Increasing the solid loading (64.8
vol%) minimized the formation of cracks and pores
(Figure 2). Smaller WC grains dissolved in the Co-
based binder phase and re-precipitated on larger WC
grains, resulting in larger WC grains with a slight
rounding of edges (Figure 2). The rounding of WC
grain edges can be ascribed to the dissolution of Mo
into both the WC grains and the binder phase. Samples
showed a random WC grain orientation with a less
pronounced texture due to uniform cooling and the
absence of strong directional solidification.

Microstructure evolution revealed that increasing the
solid loading improved particle packing, thus enhancing
the density and hardness. This is despite the anisotropy
in mechanical properties as shown in Table 1. The
reduction in microcracking can be ascribed to better
bonding between layers which minimized the effect of
drying conditions. However, several challenges remain
in the DIW of WC-12Co/Mo cemented carbides.
Optimization of slurry formulation is critical, as
variations in particle size distribution and solvent ratio
can significantly affect the printability and resultant
properties of the components. Moreover, the drying
process should be precisely controlled to avoid
oxidation and cracking, which compromises the
material’s performance.
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Figure 1. SEM-BSD image of WC-12Co/Mo (62.8
vol% solid loading), showing cracking, delamination
and pores.

Figure 2. SEM-BSD image of WC-12Co/Mo (64.8
vol% solid loading), showing slightly rounded WC
(light) edges and Co-based binder (dark).

Table 1. Properties of WC-12Co/Mo fabricated by DIW
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Over the past decade, South Africa has struggled with
significant energy generation and supply challenges,
leading the country's power utility to implement various
stages of load shedding. In 2023, the situation reached a
record low, making it the worst year to date. This
energy crisis has caused serious harm to the
manufacturing industry. Hence, the effects of
femtosecond (f) laser surface modification (LSM) and
molybdenum (Mo), titanium carbide (TiC), and Mo plus
TiC additions as secondary hardening phases and grain
growth inhibitors on the energy consumption and
machining performance of niobium carbide (NbC)-
based cermets during dry face-milling of automotive
grey cast iron (a-GCI) were investigated in this study.

An LD50C femtosecond laser was used to create shark
skin (S) and pyramid (P) micro textures (patterns) on
the cutting edges of inserts with compositions NbC-
12Ni (wt.%) (N2S), NbC-12[Ni/Mo] (wt.%) (N2MS),
NbC-10TiC-12Ni  (wt.%) (R2S), and NbC-10TiC-
12[Ni/Mo] (wt.%) (R2MS) produced by pulsed electric
current sintering (PECS). During the dry face-milling of
a-GCl, the feed (f) was 0.1 mm/tooth, the cutting speed
(Vc) was 200 /min, the depth of cut (ap) was | mm, and
the spindle speed was 800 rpm. The machining forces
were measured using a Kistler force dynamometer, and
the crater and flank wear were evaluated by optical
microscopy, scanning electron microscopy (SEM), and
high-angular annular dark-field (HAADF)-scanning
transmission electron microscopy (STEM). Regardless
of composition, Mo fully dissolved during sintering and
was detected to be inside the carbide phases of samples
by HAADF- STEM. In contrast, TiC did not fully
dissolve in both R2S and R2MS, as shown by the EDS
mapping in Figure 1. The undissolved TiC has been
reported to enhance the hardness and abrasion wear
resistance of cutting inserts, improving the performance
of inserts during machining'.

The P-R2MS insert had the lowest energy consumption
(Uo) (22.07 J/mm?), while its shark skin counterpart S-
R2MS exhibited the highest U. compared to all the
other inserts. In general, the P-microtextured cutting
inserts had relatively lower energy consumption than
the S-microtextured inserts. This was attributed to the
entrapment of relatively higher volumes of chips on the
S-microtextured inserts during machining, which
increased the cutting forces that are directly
proportional to energy consumption. Figure 2 shows
optical images of the flank and rake faces of P-R2MS
and S-R2MS inserts after 20 minutes of dry face-
milling. The main wear mechanisms of cutting inserts
during a-GCI machining were characterized by abrasion
wear, attrition wear, and mechanical fracture. All the
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cutting inserts, apart from S-N2MS, achieved the
maximum insert tool life of 20 minutes. This
exceptional performance was attributed to the S- and P-
microtextures by the f-LSM technique, which improved
the hardness, strengthened the cutting edges of the
inserts, and enhanced abrasion wear resistance'.
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Figure 1. HAADF-STEM image and EDS maps of
NbC-10TiC-12[Ni/Mo] (R2MS).sample. showing: Nb
(green), Ni (red), Mo (purple), C (yellow), and Ti
(blue).

Figure 2. Optical images of (a) flank (b) rake faces of P-
R2MS insert, and (c¢) flank and (d) rake faces of S-
R2MS
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The manufacturing sector significantly contributes to
global greenhouse gas emissions, accounting for
approximately 24% as of 2020!. Circular manufacturing
(CM), which emphasizes waste reduction and resource
optimization, is essential for creating sustainable
industries in the 21% century. Hardmetals, commonly
used in manufacturing, depend on critical raw materials
like tungsten carbide (WC) and cobalt (Co), but
sustainable alternatives are emerging. Using iron (Fe) or
iron alloys as binders instead of Co can enhance
hardmetal recyclability, reduce environmental impact,
and lower costs. This study compares Fe and SAF2205
duplex steel-bonded WC hardmetals, with titanium
carbide (TiC) additions, to conventional WC-Co in
terms of their physical, structural, and mechanical
properties.

WC-Co, WC-Fe, and WC-duplex steel-based
(SAF2205) samples were successfully produced by
liquid phase sintering (LPS). Cutting inserts
manufactured from these samples were used for face-
milling of aerospace-grade AA7010-T7651 at cutting
speeds (vc) of 300-600 m/min and depths of cut (a,) of
0.5-1.0 mm. Insert performance was assessed on tool
life and cutting force. Insert wear was characterized
using optical microscopy, scanning electron microscopy
(SEM), and annular dark field (ADF) scanning
transmission electron microscopy (STEM).

In the WC-TiC-Fe/SAF2205 samples, Fe and SAF2205
duplex steel binders were primarily located between the
WC grains rather than around the TiC grains, as
confirmed by ADF-STEM mapping (Fig. 1).
Undissolved TiC was also present, contributing to
increased hardness and abrasion resistance. However,
the uneven binder distribution in the WC-TiC-
Fe/SAF2205 samples resulted in reduced fracture
toughness (Kic) compared to conventional WC-Co.

During semi-finishing (v. = 300 m/min, a, = 1.0 mm),
the WC-TiC-SAF2205 (WC-4TiC-12Fe (DS)) and WC-
Fe-based inserts exhibited similar flank wear rates (5.28
pm/min and 5.22 pm/min, respectively) to WC-Co-
based insert (5.00 pm/min). Adding TiC to the
SAF2205-bonded inserts improved tool life by ~100%.
While the WC-Fe-based inserts performed well, wear
was still visible on the cutting edges. For example,
Figure 2 presents the ADF-STEM map of the Fe-
bonded WC insert (WC-12Fe (wt%)) at the cutting
edge/workpiece interface, showing fractures on the
cutting edge, likely due to abrasive wear. Additionally,
exposed binder was observed, suggesting WC grain
pull-out due to adhesive wear. Similarly, during
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finishing (v. = 600 m/min, a, = 0.5 mm), the WC-Co-
based inserts had the lowest flank wear rates. However,
the addition of TiC to both SAF2205 (DS) and Fe-
bonded inserts significantly improved the tool life by
~300%. Thus, although Fe-bonded WC inserts generally
outperformed SAF2205-bonded inserts, the alternative
ferrous binders demonstrated comparable performance
to WC-Co inserts, highlighting their potential as
sustainable substitutes.
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Figure 1. ADF-STEM mapping images of WC-TiC-
12SAF2205 wt% sample, showing: WC (green), Ti
(light blue), Cr (dark blue), Fe (red), and C (brown)

Figure 2. ADF-STEM mapping images of WC-12Fe
(wWt%) sample, showing: Al (purple), O (yellow), WC
(green), Fe (red), and C (brown)
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Understanding and controlling the morphology of
semiconductors and piezoelectric nanostructures is
crucial for optimizing their performance in various
applications, from water purification to energy
production. Piezoelectric semiconductors are used for
the remediation of water via piezo and piezo-
photocatalysis as a form of water treatment of organic
contaminants'2, An S-scheme n-n heterojunction
between BaTiO; and CdZnS was fabricated for
oxidation of CIP in synthetic and real waste water.

The BaTiO3/CdosZnosS  was  synthesized via
solvothermal deposition of CdosZngsS (CZS) onto
BaTiO; (BTO) nanorods®. Three ratios were prepared:
25%CZS, 50% CZS, and 100% CZS (1:1), and among
them, the heterojunction that exhibited superior
photocatalytic activity was the 1:1 ratio. The ratio was
characterized using electrochemical techniques to
determine its superiority over the other ratios. BET was
also used for the evaluation of surface properties, XPS
for charge transfer properties, PL for electron lifetime,
XRD for crystallography, DRS for optical properties,
and SEM and TEM for morphology. Based on its
crystallographic properties, BTO is cubic, while CZS
has exhibited hexagonal crystal structures.

The 1:1 ratio was used for piezo-photocatalytic
degradation of CIP for 90 minutes using ultrasonication
power of 20 W and a visible lamp of 70 W. Degrdataion
effeciency was calculated to be ~83% using the UV-
Vis. The extent of mineralization reached 46.7%
analyzed when analyzed wusing the TOC, and
intermediate products were evaluated using UPLC-MS,
with their toxicity assessed using the Toxicity
Estimation Software Tool (T.E.S.T). A catalyst stability
study was condyuted with 4 cycles of dradation
reaching maximum removal of 71%. Scavenger studies
identified h*, *O,, and "‘OH as the major reactive
species responsible and pH studies highlighted the best
pH conditions for CIP degradation to be in the neutral
to basic conditions’.

The CZS exhibited both photocatalytic —and
piezoelectric properties due to its 1-D structure, while
BTO showed relatively good piezoelectric properties
because of its non-centrosymmetric nature*. The
synergy between these two nanostructures was observed
through the piezo-photocurrent transient light response
studies, indicating enhanced visible light-induced
charge carriers. The S-scheme arrangement, together
with the piezo-photocatalytic process, allowed the
conservation of enough holes and electrons for the
generation of oxidants for the CIP degradation using
1.0BTO/CZS, hence its impressive degradation and
stability in comparison to its induvial counterparts.
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Figure 1. TEM Micrograph of BTO

Figure 2. TEM Micrograph of CZS
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The application of various semiconductor metal oxides
(SMOs) as potential gas sensor materials has received a
lot of interest in the past and continues to do so, mainly
due to their distinct properties. The simplified
production of gas sensor material with nano-size
structures, catalytic activity, tunable resistance, and the
oxide state of SMOs are among some of the properties
that make them attractive for gas sensing!:2,

Tricobalt tetraoxide (Co304) is one of the SMOs that
has been widely reported to exhibit excellent sensitivity
to numerous volatile organic compounds®. However,
factors such as sensor instability and poor signal
reproduction are still persistent challenges. The
incorporation of two or more SMOs to form one sensor
material has been reported to be one of the effective
ways of improving sensor sensitivity and stability*.

This work presents a facile method of fabricating higly
sensitive and stable gas sensor materials comprising of
Co304 and other n-type SMOs; C0304-In,03, C030s-
Ce0s, C0304-Sn0;, and Co0304-Zr0O,. The co-existence
of the SMOs were established by the X-ray powder
diffraction (XRPD) and further corroborated by the
high-resolution transmission electron microscopy (HR-
TEM). The selected area electron diffraction (SAED)
patterns shown in Fig. 1 shows the presence of cobalt
oxide, denoted by the "Co" indexed pattern and indium
oxide denoted by "In" indexed pattern, which
establishes the formation of a p-n heterostructure of
C0304-In20;.  The high-angle annular dark-field
scanning transmission electron microscopy (STEM-
HAADF) analysis also confirmed the formation of
heterostructure or the incorporation of numerous n-type
SMOs on the Co304 surface. From the TEM overview
image analysis, shown in Figure 2, nanorod morphology
of the Co304-In,O; heterostructure was witnessed. In
addition, the surface morphology micrographs of the
synthesized samples showed a mixture of thick Co3O4
nanorods covered with nanoparticles, and thin
nanorods.

For application, the Co3O4-n-type SMO sensors were
tested for reducing gases (benzene, toluene,
ethylbenzene, xylene (BTEX), acetone), and oxidizing
gas (NOz). The Co304-In;03  heterostructure
demonstrated a remarkable sensitivity, selectivity, and
response of 36.6 towards 100 ppm xylene, as well as a
low limit of detection of 200 ppb at an optimal
operational temperature of 150 °C. The improvement in
the sensing performance was due to the facilitated
adsorption of oxygen on the surface, which led to an
increase in the oxidation effect of xylene vapors by
C0304. Furthermore, the performance was related to the
high surface area, mesoporous behavior, and large pore
volume that provided multiple strong redox reactions
sites, as well as the synergistic combination of Co304
and In,O3 in the nanoscale p-n heterojunction.
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Figure 1. SAED pattern of the Co304-Iny0;

heterostructures.

Figure 2. TEM overview image of the p-n C0304-In,03
heterostructures.
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IMPACT OF USING CAPPING LIGANDS ON THE EMULSION-LARP SYNTHESIS OF CESIUM LEAD
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Understanding the growth dynamics of CsPbX; (X = Cl,
Br, or I) perovskite nanoparticles is important for
tailoring the shape and dimensions of the nanocrystals
(NCs) essentially suited to optimize the optical
properties, enhancing the stability and improving the
performance of perovskite-based devices. Although the
hot-injection method was the foremost technique to be
employed for the synthesis of perovskite nanocrystals,
their inability to scale-up the synthesis paved the way
for other novel synthesis techniques such as ligand-
assisted reprecipitation (LARP), emulsion-LARP,
reverse microemulsion, sonication, low-temperature
strategy, polar-solvent controlled ionization, and
solvothermal methods'.

The emulsion-LARP method offers the advantage of a
facile synthesis along with the feasibility of scaling-up
the process. Moreover, it has better control over the
morphology and dimensions of the NCs than the
conventional LARP method?. However, there is a need
to identify the role of the capping ligands in controlling
the growth dynamics of the NCs and their subsequent
impact on the optical properties of the NCs. In this
study, CsPbBr; NCs were prepared by the emulsion-
LARP method, which is described elsewhere?. Four
different cases were studied to identify the role of
ligands on the NCs. In the first case, the NCs were
prepared with the addition of oleic acid (OA) and
oleylamine (OLA). In the second case, only OA was
added to the precursor solution, whereas in the third
case, only OLA was added for the preparation of the
CsPbBr; nanoparticles. In the fourth case, both OA and
OLA were avoided during the synthesis.

In the first two cases, the NCs crystallized into a pure
orthorhombic phase. However, the third and fourth
cases resulted in the formation of mixed phases with a
dominant orthorhombic phase of CsPbBrs.This suggests
that the presence of OA is vital for achieving a pure
orthorhombic phase of CsPbBrs;, while OLA is not
critical for the formation of a pure perovskite phase.

The presence of OA and OLA also decided the
morphology and dimensions of the particles formed
during the synthesis, as shown in Figure 1. The best
results were observed when both OA and OLA were
introduced during the synthesis. In this case,
nanoplatelets of CsPBBr; NCs were formed whose
dimensions were less than 20 nm. However, the
perovskites formed with larger ellipsoidal shapes when
OA was solely added during the synthesis. When only
OLA 