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Covid-19 information 

We have strongly encouraged everyone attending the ODM to have undertaken a 
lateral flow test up to 24 hours prior to arrival today.

If you have tested positive, are self isolating or have COVID-19 symptoms, please 
DO NOT attend the meeting. 

Hand sanitising points are available on entry and exit.  
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09.15 - Registration: Flett Theatre foyer (1st floor, Earth Galleries Building)

09.55 - Welcome and Introduction: SEMT Chair, Chris Jones

Morning session

10.00 – 10.25 - Kirsty Maclennan-Gibson,  Babraham Institute, Cambridge. Protecting the 
Nation: How Electron Microscopy supported the MHRA’s response to the coronavirus 
pandemic 

10.25 – 10.50 - Rebecca Paisley, Cornish Lithium.  Unlocking unconventional lithium 
deposits to accelerate the energy transition in the UK

10.50 – 11.25 Coffee and Trade exhibition 

11:25 - 11:50 - Charles Wood,  University of Portsmouth.  An Introduction to Correlative 
and Multimodal X-ray Microscopy 

11:50 12:50 - RMS Early Career Speakers’ Competition 

  
12.50 – 13.10 - SEMT AGM : Flett Theatre (including SEMT committee membership/changes 
of  officers and committee members) see agenda opposite.

 
13.10 – 14.15 - Lunch and Trade exhibition (+ judging for RMS competition)
   Conference delegates photograph – Flett Theatre

Afternoon session

14:20 - 14:45 - Anny Devoy, Research Portal, KCL, London  Using AI-assisted analysis to 
unlock the full potential of biological SBF-SEM imaging. 

14.45 – 15.10 - Nikolay Zhelev, Electrochemistry Research Group, University of 
Southampton, UK  SEM and Correlative Raman Microscopy in Electrochemistry

 
15.10 – 15.35 - Jacqueline Hicks, NMRC, University of Nottingham  Correlative Cryogenic 
Light and Electron Microscopy of Biological Materials

15.35 – 16:05 - Afternoon Tea and Trade exhibition 

16.05 – 16.30 - Bart Wagner, Histopathology Department, Royal Hallamshire Hospital, 
Sheffield, UK.  Diagnostic TEM: Past, present and future

Programme for SEMT One Day Meeting 2022
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1. Apologies
2. Minutes of the last AGM
3. Matters arising from the minutes
4. Chairman’s report
5. Secretary’s report
6. Treasurer’s report and accounts
7. Election of Officers and Committee for 2023
8. AOB
9. Proposed ODM Wednesday 6th December 2023

Nominations for committee 2023 (to a maximum of 16 members, including officers):

Chair   Chris Jones

Secretary Ken Mingard

Treasurer David Robertson

Committee Asa Barber  Alex Ball (ODM organiser)   Louise Hughes  
  Steve Cham  Fiona Winning (standing down)  Matthew Hannah
   Ann Dewar  Hannah Armer (standing down)      Pedro Machado         
  Russell Bailey  Patricia Goggin    Steve Furzeland  
  Vacancy

16.30 – 16.55 - Andy Whyte, Paramita Electronics  Restoring a 1970’s Scanning Electron 
Microscope. 

16.55  – 17.20 - Discussion forum – Career opportunities in science- the transition 
between the academic sector and industrial sector jobs. Panel of today’s speakers 

17.20 – 19.00 - Wine reception and finger buffet – Wine reception and finger buffet – NHM 
‘Investigate’ Gallery + announcements and presentation to winners of the RMS Beginners 
competition. (Kindly sponsored by JEOL UK)

Society of Electron Microscope Technology
Annual General Meeting, 7th December 2022  12.50 – 13.10  

Agenda
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The Coronavirus Pandemic lead to a global change in the way vaccines are developed: with the extraordinary 

drive to create Covid-19 vaccines likened to a moon-shot.  This rapid acceleration of science, legislation and 

global collaboration enabled the development of a variety of candidate vaccines.  In the UK, the Medicines and 

Healthcare products Regulatory Agency (MHRA) has many roles including: being responsible for ensuring that 

medicines, medical devices and blood components for transfusion meet applicable standards of safety, quality 

and efficacy; and for promoting international standardisation and harmonisation to assure the effectiveness 

and safety of biological medicines through the production and development of reference standards.  Scientists 

within the MHRA worked on multiple projects that have enabled the UK to be world leaders in the fight against 

Covid-19.

  

Electron Microscopy has been employed on a variety of these projects supporting the development of reference 

standards for PCR and lateral flow tests; characterisation of animal models for vaccination studies; and to 

support batch release of Covid-19 vaccines.  

Protecting the Nation: How Electron Microscopy supported 
the MHRA’s response to the coronavirus pandemic 
Kirsty Maclennan-Gibson,  Babraham Institute, Cambridge. 

The effects of Sars-CoV-2 infection can be seen in lung tissue, prepared by Tokuyasu cryo-sectioning. Panel shows progression from 
day 2 to day 28 post infection showing typical cellular changes and damage.



The Society of Electron Microscope Technology

www.semtuk.org

Follow @JEOLEUROPE

Achieve outstanding Scanning Electron Microscope results and 

polish pristine SEM samples right from your tabletop. JEOL’s 

NeoScope benchtop SEM stands apart with high resolution 

imaging and analysis, Live 3D, Zeromag navigation, automated 

montage, high and low vacuum modes and Live EDS. JEOL’s broad 

ion beam milling systems reliably deliver fast, clean cross sections 

and surfaces. Choose our 2-in-one high speed milling and coating 

system or our cryo-CP with air-isolation for sensitive samples. 

NeoScope Benchtop SEM

Ion Beam Milling/
Cross Section Polisher Smart Coater

Let us help you set your lab table with the right tools. 
Learn more at www.jeol.com

Tabletop Microscopy Solutions

Set the table with JEOL

Jeol Tabletop Ad Update A4 size.indd   1 11/18/21   9:12 AM
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The energy transition is focused on rapidly decarbonising global energy consumption in a bid to meet 

the goals of the 2015 Paris Agreement. Simultaneously, there is a shift towards geopolitically secure and 

responsible supply chains, leading to renewed interest in mineral exploration and refining in Europe. Lithium 

is a key metal for the transition for use in batteries, presently produced from South American salars or 

Australian spodumene resources. Whilst existing resources must increase production to meet the expected 

demand driven by electrification of the automotive industry, novel and unconventional resources must be 

discovered and brought online to prevent a long-term, global deficit. This has resulted in a revolution of new 

exploration and processing techniques as the mining industry races to keep up with future demand for critical 

metals. Microscopy techniques are essential to both the exploration and extraction of mineral resources. 

Understanding the distribution of lithium, and other metals, at the micron scale aids in understanding the 

origins and formations of ore deposits, as well as the processing routes required to economically extract 

critical metals from increasingly unconventional resources. 

In Cornwall, UK, lithium concentrations were first reported in geothermal fluids in 1864 and the county is 

underlain by one of the world’s largest lithium-enriched granitic batholiths. Cornish Lithium Ltd is an innovative 

mineral exploration company, focused on the responsible extraction of lithium from both sources. Production 

from hard-rock is centred on a non-operational kaolin pit. In 2021, a JORC compliant Maiden Inferred Resource 

Estimate was announced with 51.7 Mt at 0.11% Li. By utilising existing infrastructure and Lepidico’s L-MAX®/

LOH-MAX® hydrometallurgical process, which does not use a high temperature roast, production is expected 

to have a considerably reduced environmental impact with respect to current hard-rock sources of lithium 

over a 20-year life-of-mine. Lithium extraction from geothermal waters provides Cornwall an opportunity to 

produce low-carbon lithium, heat and other metalliferous co-products to revolutionise industries across the 

region. Exploration boreholes have confirmed the presence of “globally significant concentrations of lithium” in 

geothermal waters extracted from natural fracture zones. Together, these Cornish Lithium projects show how 

innovation can lead to renewed exploration and production of critical metals in historic mining districts.

Unlocking unconventional lithium deposits to accelerate the 
energy transition in the UK
Rebecca Paisley, Cornish Lithium
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Serving scientists

www.Labtech.com/em

innovative tools and supplies for Electron Microscopists...

TEM

FIBSEM

• nano-manipulation
• nano-probing
• cryo lift-out
• force measurement
• low current measurement

• carbon coaters
• sputter coaters 
• sputter targets
• glow discharge

• ultra diamond knives
• histo diamond knives
• cryo diamond knives

• SEM specimen holders
• SEM stubs and adaptors
• stage adaptors
• grids and grid storage
• specimen storage

• high pressure freezer
• rapid CLEM transfer
• resin for CLEM

• ultramicrotomes
• array tomography

• plasma cleaners
• TEM rod storage
• PDMS bonding
• TEM grid hydrophilation

We are proud to represent class leading brands for 
FIB, SEM and TEM instrumentation and supplies

Visit our new website
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An Introduction to Correlative and Multimodal X-ray 
Microscopy 

X-ray microscopy has found widespread use in both the life and physical sciences, and it is increasingly 

being used as part of a correlative workflow alongside other forms of microscopy to yield more information 

about a specimen under investigation. The ability to also perform multimodal studies on some experimental 

setups, where imaging may be incorporated with spectroscopic and diffraction techniques, can also provide 

further insight into biological and artificial systems. However, with this comes the additional challenge of sifting 

through large amounts of data to reach the important information, thus, both hardware and software also play 

a vital role in correlative and multimodal workflows.

Charles Wood,  Future Technology Centre, University of Portsmouth.  

Figure 4. A direct comparison of Trematopid Acheloma skull using 
neutrons (left) and X-rays (right) to see beyond Pyrite (Fes) to 
visualise bone structure. Reproduced from Gee et al. (2019)

Figure 3. Multi-scale characterization of ancient Roman concrete. 
(a) optical microscopy (b) backscattered scanning electron 
microscopy (c) energy dispersive X-ray spectroscopy (d) 
topography of sub-region using surface profilometry (e) Raman 
phase map (f) EDS element map. Reproduced from Maragh et 
al. (2019)

Figure 2. In-vivo X-ray images of a mouse with 1cm scale bars (a) 
conventional X-ray absorption (b) X-ray phase contrast (c) X-ray 
scattering. Reproduced from Beck et al. (2013)

Figure 1. Mouse lung: comparison of  propagation X-ray imaging 
(left) and TIE phase retrieval (right)
Reproduced with permission from Mohammadi et al. (2014)
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Enabling you to accurately analyse and characterise 
materials down to the nanoscale level more rapidly, by 
combining  superior detection and analysis instruments 
with software platforms that interpret the resulting data 
in the context of your research.



The Society of Electron Microscope Technology

www.semtuk.org

RMS Early Career Speakers’ Competition 

napari-cristae: An interactive napari plugin for semi-automated 
segmentation of mitochondrial cristae in volume electron 
microscopy data
Matouš Elphick, Electron Microscopy Science Technology Platform, The Francis Crick 
Institute, London, United Kingdom.       matous.elphick@crick.ac.uk

Advances in electron microscopy have enabled automatic imaging of 3D volumes at nanometre resolution, 

resulting in very large datasets, rich in information. Standard image analysis methods such as manual 

segmentation, when applied to such datasets have historically been very low throughput. In this study we wish 

to analyse the morphology of mitochondrial cristae in greater detail as this could elucidate subtle structural 

differences between healthy and diseased cells that are currently beyond the reach of standard analysis methods. 

Current techniques to perform automated segmentation such as convolutional neural networks require vast 

amounts of pixelwise annotation for training, and acquiring such annotations is very time consuming. On the 

other hand, feature based learning methods such as random forests, in isolation find it difficult to differentiate 

between the complex structures associated with electron microscopy data. Here we present our solution 

napari-cristae: An interactive napari plugin for semi-automated segmentation of cristae in volume electron 

microscopy. napari-cristae uses masks of the mitochondria to create an internal mask which will remove 

the outer membrane and background of the cristae. This then enables a GPU accelerated random forest 

to perform the segmentation of cristae. This plugin 

aims to provide a simple interactive tool to provide 

accurate segmentation of cristae requiring minimal 

manual annotation and hardware requirements.

Segmentation of mitochondrial cristae created using napari-cristae 
rendered in 3D using napari.
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Patterns of organelle duplication and segregation in the 
Leishmania mexicana cell cycle revealed by 3D electron 
microscopy segmentation of mitochondrial cristae in volume 
electron microscopy data
Molly Hair, PhD student,Oxford Brookes University,  Oxford      16050301@brookes.ac.uk

Unicellular parasites have distinctive morphologies that are tuned to their environmental niche and these 

morphologies need to be inherited with high-fidelity in subsequent generations. An important example is the 

parasite Leishmania mexicana, which causes the neglected tropical disease leishmaniasis. Previous analyses 

of the Leishmania cell cycle have used widefield fluorescence light microscopy combined with thin section 

transmission electron microscopy. Yet, little is still known about the intrinsic spatial organisation of organelles 

within the cell body and their manner and pattern of duplication and inheritance. Using an advanced volume 

EM approach - serial block face scanning electron microscopy, we have produced a three-dimensional spatial 

and quantitative overview of the L. mexicana cell cycle. This has generated important insights into organelle 

positioning, division and inheritance. Firstly, during the cell cycle for all organelles there is a general increase 

in number and volume. Interestingly, at earlier time points in the cell cycle the volume of the glycosomes and 

acidocalcisomes remained constant yet there was an increase in organelle number. This suggests these 

organelles are able to divide in addition to being generated de novo by the endoplasmic reticulum. Secondly, 

Leishmania undergoes closed mitosis and we demonstrate that during late mitosis nuclear pores are no longer 

present on the nuclear bridge. The nuclear bridge is therefore 

a specialised region of the nuclear envelope, with the absence 

of nuclear pores likely required for accurate nuclear envelope 

resolution. Overall, our data provides a detailed spatiotemporal 

framework for the Leishmania cell cycle, which is fundamental 

to our understanding of the cell division processes required to 

produce daughter cells in the image of the mother.

Segmented and SBF-SEM dataset of a L. mexicana promastigote 
cell showing the spatial organisation of the nuclei and mitochondrial 
network between the two nascent daughter cells. Organelles are 
modelled using the following colours: cell body (green), old flagellum 
(pink), new flagellum (orange), nucleus (blue) and mitochondrion network (yellow). Scale bar is 2 µm.
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Micro- and nano-scale analysis of extraterrestrial organic matter, water, and mineralogy in astromaterials 

C.L. Bays1,2, A.J. King1, Q.H.S. Chan2, T. Salge1, K. Amano3, T. Nakamura3 

1Natural History Museum, London, 2Royal Holloway, University of London, 3Tohoku University, Japan 

Extraterrestrial materials (or “astromaterials”) are those which derive from our solar system or are interstellar in nature. The rarest 
and most precious of these materials are pristinely sampled by spacecraft during sample return missions (e.g., JAXA Hayabusa and 
Hayabusa2, and NASA Stardust, and OSIRIS-REx missions), but also comprise meteorites of variable size and composition, 
micrometeorites (<1mm), cosmic dust formed through supernovae (<<100µm), and interplanetary dust particles (IDPs) derived from 
comets. 

Microanalysis of astromaterials allows us to better comprehend and refine the data obtained through remote sensing methods and 
astrophysical models and has a crucial role in current and future space exploration endeavours. The most primitive asteroids and 
meteorites are those of the carbonaceous class (carbonaceous chondrite meteorites, C- and D-type asteroids), which can contain up to 
~15 wt.% structurally bound water within minerals, and ~5 wt% carbon, mostly within organic matter of various forms and 
complexities. These encompass simple hydrocarbon molecules such as alkanes, but also larger, more complex, branching organic 
molecules such as iso-propyl cyanide [1], and polycyclic aromatic hydrocarbons (PAH) [e.g., 2] comprising macromolecular ring 
structured carbon. Extraterrestrial organic signatures, including those known to be biorelevant [e.g., 3], have been detected 
throughout our solar system, as well as within interstellar clouds [e.g., 4], and in some of the most distantly observed quasars [e.g., 
5], with these molecules surmised to be ubiquitous in the universe. 

We are characterizing the effects of heat on the synthesis and evolution of organic matter in astromaterials, by quantifying the 
influence of various factors (e.g., bulk chemistry, organic-inorganic interactions, thermokinetics, peak temperature, heating duration) 
on the organic form (i.e., diffuse, vein-like, nanoglobular, nanotube [e.g., 6, 7], etc.), molecular structure, and functional chemistry. 
Organic matter is highly sensitive to heat, which provokes irreversible structural and chemical changes, making extraterrestrial 
organics a highly effective cosmothermometer. Meteorites are often heterogeneous, with some comprising multiple lithologies (e.g., 
CM chondrites), and contain minerals at the micron-scale. Observing the organic-inorganic interactions [e.g., 8] which result from 
alteration processes such as heating, allows us to correlate the relative metamorphic effects in these constituents and increase the 
accuracy of our asteroidal heating models, and those relating to solar system formation and evolutionary processes. 

In order to observe these micro- and nanoscale structural/chemical effects, we utilise a number of non-destructive laboratory-based 
(e.g., scanning/transmission electron microscopy (SEM/TEM), Raman spectroscopy, X-ray diffraction (XRD), Ultraviolet-visible 
spectrophotometry (UV-Vis)), and synchrotron-source (e.g., scanning transmission X-ray microscopy (STXM), X-ray absorption 
near-edge structure (XANES), Fourier transform nano-infrared (nano-FTIR)) techniques. These collective methods allow us to 
correlate the visual, spatial and cosmochemical information and obtain the maximum quantity of high-quality data, with minimal 
sample damage; the latter being important for preserving the integrity of the organic constituents for post-experimental analysis. 

Despite being a useful cosmothermometer, the extreme thermal sensitivity of organic matter also provides significant challenges in 
relation to the imaging and geochemical analysis techniques which would usually be employed. A low beam-current and minimal 
exposure time is necessary to avoid any unwanted alteration effects. Additionally, when considering the rarity of sampled materials 
such as those returned from asteroid 162173 Ryugu by Hayabusa2, aside from sample damage, contamination mitigation is of the 
highest priority. Generally, when performing analysis on geological specimens, a carbon or gold coating can be applied to increase 
the conduction of the material, reduce charging, and to improve the signal-to-noise ratio, however, this cannot be undertaken in this 
case. 

Another potential source of contamination is instrumentation: During SEM analysis, residual carbon can be deposited onto the 
surface of a sample during exposure to the beam, therefore, various adjustments are applied to both mitigate and measure the 
potential impact of this on the obtained data. Additionally, sample preparation methods must also be considered: Six chips (~2-5mm 
diameter) of the Winchcombe meteorite, as well as several chips of asteroid Ryugu (~1-5mm), were placed in tight aluminium boats, 
mounted on a carbon stub whilst undertaking SEM backscatter and secondary electron imaging, using the Natural History Museum’s 
FEI Quanta 650 FEG SEM. High-vacuum mode was utilised, allowing for EDX elemental mapping to observe the carbonate fraction 
and general mineralogy within each chip, as well as to detect any areas of concentrated carbon indicative of organic-rich regions, 
which could be targeted for focused ion beam (FIB)-section extraction and subsequent STXM/XANES/TEM analysis. This mounting 
method avoids the use of carbon-rich epoxy whilst raw-grain analysis (i.e., Raman, SEM, and UV-Vis.) is completed, allowing for 
better clarity of the carbon-rich constituents, orientation of the grains to correlate results across multiple analysis methods, and in the 
case of Winchcombe, allows the chips to remain in their un-mounted state for experimental heating. 

These astromaterials are some of the most pristinely sampled on Earth [e.g., 9], with comprehensive analysis providing insights into 
some of the most elusive questions about the derivation of the building blocks for life on Earth, the potential for extraterrestrial life in 
our solar system, and of interstellar habitability. 

[1] Belloche, A., et al. (2014). Science, Volume 345, Issue 6204, pp. 1584-1587 (2014). [2] Sewilo, M., et al. (2019). ACS Earth 
Space Chem. 2019, 3, 10, 2088–2109. [3] Oba, Y., et al. (2022). Nature Communications, 13, 2008 (2022). [4] Jin and Garrod, 
(2020). The Astrophys. Journal Sup. Series, 249:26 (30pp), 2020 August. [5] Guelin and Cernicharo (2022). Front. Astron. Space 
Sci., published: 02 March 2022. [6] Cruz-Rosas, H.I., et al. (2019). PLoS ONE 14(7): e0218750. [7] Changela, H., et al. (2014). 
Geochim. et Cosmochim. Acta, Vol. 131, pp. 368-392. [8] Chan, Q.H.S., et al. (2017). Geochim. et Cosmochim. Acta, Vol. 201, pp. 
392-409. [9] King, A.J., et al. (2022). Science Advances, Vol. 8, Issue 46. 
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Scanning Electron Diffraction of Pharmaceutical Amorphous 
Solid Dispersions.  

Department of Materials Science and Metallurgy, University of Cambridge, 27 Charles Babbage Road  

Helen Leung: hl585@cam.ac.uk 
 

In the pharmaceutical industry, active pharmaceutical ingredients (APIs) often have challenging 
physico-chemical properties such as poor aqueous solubility. To improve these properties, 
formulation strategies are being developed to improve an API’s bioavailability. Manufacturing 
these formulations at scale can introduce questions about solid form, for instance the emergence of 
unwanted crystal polymorphs which may affect properties of the drug such as its stability and 
toxicity. Existing bulk characterisation techniques used in industry such as powder X-ray 
diffraction (PXRD) lack sufficiently high spatial resolution to investigate formulations at the 
nanoscale which may reveal the origins of any unwanted change. Scanning electron diffraction 
(SED) is an electron microscopy technique where a near-parallel electron beam of 5 -10 nm 
diameter is raster-scanned across a sample area (typically 1 μm x 1 μm) and at each probe position, 
a diffraction pattern is generated. The resulting 4D data set reveals a wealth of microstructural 
information that enables a mechanistic understanding of a drug product.  

Amorphous solid dispersions (ASDs) are a formulation designed to tackle poor solubility of an 
API. The API is blended with a water-soluble excipient to create a solid dispersion of the two 
amorphous substances which has an increased absorption in the gastrointestinal tract. Difficulties 
with ASDs can sometimes arise from the presence of unwanted phase separation and the resulting 
undesired crystallinity of the API, which affects the performance of the drug. The crystallinity can 
either be residual from the manufacturing process or can develop due to varying storage conditions. 
However, information about the spatial distribution of this crystallinity and potential crystallisation 
mechanisms are relatively unknown. Diffraction is a powerful tool for the detection of crystallinity 
and structural changes, making SED an ideal candidate for studying semi-crystalline ASDs. Here, 
we use SED to investigate an ASD of indomethacin (API) and polyvinylpyrrolidone (excipient). 
We find crystallinity in the form of a new monoclinic polymorph of indomethacin whose structure 
is not yet solved. PXRD and SED are used to reveal information about the unit cell and space group 
symmetry whilst its preferred growth orientation and lathe-like morphology is also investigated 
(Figure 1). These results showcase the prospects for electron diffraction to become a technique 
more widely adopted by the pharmaceutical industry to develop mechanistic understanding of 
products, thereby enhancing formulation development.  

 

 
 
 
 
 
Figure 1: SED data from an 
indomethacin/polyvinylpyrrolidone ASD. 
The diffraction signal (right) from an 
isolated region of an indomethacin 
nanocrystal (left) indicates that the 
monoclinic 2-fold axis [010] is parallel to 
the fast growth direction of the nanocrystal. 
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Using AI-assisted analysis to unlock the full potential of bio-
logical SBF-SEM imaging
Anny Devoy, Research Portal, Kings College London

Techniques such as SBF-SEM have unlocked the ability to 3D reconstruct samples at EM resolution. However, 

for biologists, the high density and complexity of cellular structures within the images makes the downstream 

analysis a daunting and time-consuming task. This difficulty in analysis can put biologists off carrying out 

SBF-SEM despite its potential to answer important biological questions. Here I will discuss how we have been 

utilising software that integrates user-friendly segmentation tools to enable rapid training of AI-driven models 

for cellular structure identification and analysis. This process can reduce a multi-year project relying primarily 

on manual or semi-automated labelling and segmentation to one that has the potential to be completed within 

months. With this advancement in software and user-friendly AI-modelling, the final hurdle for biologists to 

unlock the full potential of SBF-SEM imaging may have been removed.

13.10 – 14.15 - Lunch and Trade exhibition 
+ judging for RMS competition

Conference delegates photograph – Flett Theatre

Afternoon session
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SciMed have been offering analytical instrumentation in elemental analysis for over 40 years. Exclusively 
representing global manufacturers SciMed can present clients with the optimum solutions for their analytical 
needs and provide outstanding client-focussed support and service. Our SEM product line includes, 

   

 

                                                                                             

Come and talk to us today, call us on 0161 442 9963 or visit scimed.co.uk for more information 

SEC Benchtop Scanning Electron Microscopes -  
1-30Kev 
Adjustable vacuum levels 
5 axis stage 
EDS option for elemental analysis, mapping, and other features 
Up 150,000 magnification 

Technorg Linda Ion Beam Milling -  
Purpose designed solutions for the ultimate milling 
performance: 
Solutions for SEM, EBSD, TEM and FIB 
Widest Energy Range: 100eV-16KeV 
Unique pre-tilted slop cutting sample holders 
(30°,45°,90°) 
 

Liquid Sample Accessories - FlowVIEW offers a unique range of solutions 
enabling users to image liquid suspensions using any Scanning Electron 
Microscope (SEM) under full vacuum for a wide range of applications. 
Avoid sample dehydration 
Save time on preparation 
In-situ sample observation 
No need for E-SEM 
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SEM and Correlative Raman Microscopy in 
Electrochemistry
Nikolay Zhelev, Electrochemistry Research Group, University of Southampton, UK
N.Z.Zhelev@soton.ac.uk

The chemical nanoanalysis scanning electron microscope (CNSEM) facility enables correlative Raman 

analysis within the SEM chamber. Awarded by EPSRC and installed in January 2022 at the University of 

Southampton, it serves as in important tool to help characterise battery materials, electrodeposited devices, 

redox catalysts and more. The facility offers a high resolution SEM, dual-EDS including a windowless detector 

for detection down to Lithium Kα (56 eV) X-rays and a correlative Raman microscope by WITec. In our system, 

the Raman optical objective is offset to the electron pole piece and the sample can be quickly translated 

between the two, allowing analysis at the same area or particle of interest, without compromising the spatial 

resolution available with a 532 nm laser source. Raman spectroscopy offers complimentary information to the 

elemental composition acquired through EDS. It can fingerprint polymers, crystalline materials, ordered and 

disordered structures. In the case of a lithium cobalt oxide (LCO) and lithium nickel manganese cobalt oxide 

(NMC) composite electrodes, we can extract and map the different spectral components associated with the 

two chemistries. These can then be monitored to characterise particle degradation and variation. The LCO 

peaks at 484 cm-1 and 594 cm-1 are associated with lattice vibrational modes A1g and Eg. These indicate 

Co-O stretching and O-Co-O bending, respectfully. NMC shows a much broader peak at 535 cm-1. This is 

convoluted out of multiple peaks with varying vibrational energies, made up of M-O stretching and O-M-O 

bending (M=Ni, Mn, Co).  Further, broadening and shifts of these bands can be associated with the lithiation 

mechanism during the charging cycle. 

 Figure 1 - SEM image of a LCO and 
NMC composite electrode. Over-
layed EDS obtained at 2 kV accel-
erating voltage, using the Lα X-ray 
lines of Mn, Ni and Co for improved 
surface sensitivity.

Figure 2 - SEM image with a correla-
tive Raman map, identifying three 
spectral components. Red is NMC, 
green is LCO and blue is carbon.

Figure 3 - Raman spectrums of the extracted spectral 
components used to overlay Fig. 2. Acquired with a 
532 nm laser, 600 g/mm, 1 mW power and 1 s per 
pixel integration time.
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When you need to link materials performance to microstructure, ZEISS puts an automated in situ heating and tension experimental lab 

Highlights

Simple and fast experiment setup 
Operate with ease & enjoy customer-friendly 
application

Increase your productivity
in situ

reliable operator-independent data acquisition

Multi-modal In Situ Experiments
with Your Integrated Solution
In Situ Lab for ZEISS FE-SEM
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Correlative Cryogenic Light and Electron Microscopy of 
Biological Materials
Dr Jacqueline Hicks, Nanoscale and Macroscale Research Centre, University of Nottingham, 
NG7 2RD Jacqueline.hicks2@nottingham.ac.uk

Correlative light and electron microscopy (CLEM) is a method in which you analyse the exact same region of 

interest of a sample across multiple imaging techniques allowing you to overlay different information. This is 

particularly useful for single cell or bacterial analysis where light microscopy can be used to quickly screen 

for the cells of interest based on specific fluorescent markers before re-finding in either scanning electron 

microscopy (SEM) or transmission electron microscopy (TEM) or alternatives.

CLEM under cryogenic conditions is even more useful as you are then imaging the samples in as near a 

native state as is possible without the need for fixatives or chemical drying which could alter the sample 

morphology. 

Freezing a sample can be done in several ways and is not necessarily required for light microscopy which 

can be imaged under atmospheric conditions, though is essential for electron microscopy which is conducted 

under vacuum. High pressure freezing (HPF, liquid nitrogen) and plunge freezing (liquid ethane) are two 

particularly useful freezing methods which have proven to be ideal for biological samples by maintaining 

vitreous ice and avoiding hexagonal ice which would get in the way of sample location and imaging. Sample 

preparation here can be a challenge if your light microscope is inverted as the sample carriers for both HPF 

and plunge freezing cannot be imaged easily through an inverted system. This can be overcome by using an 

upright confocal microscope and can allow cryogenic-LM through the use of a cryogenic stage. CLEM can still 

be achieved with an inverted confocal and can even produce super-resolution correlative imaging. This has 

been achieved at the Nanoscale and Macroscale Research Centre (nmRC) on a monolayer of cells grown 

onto modified coverslips which are then plunge frozen into liquid ethane. Moreover, a workflow has been 

developed for single cell correlative analysis from live super-resolution confocal, to Orbi-SIMs and finally by 

SEM. This was all conducted in the new CAT-Suite laboratory within the nmRC allowing correlative analysis of 

biological samples. This workflow is being taken further to include TEM, where a region of interest of a sample 

is identified by confocal, re-found on SEM and using a focussed ion beam (FIB) cut out and transferred to TEM 

for further nanoscale analysis. 

The nmRC is uniquely equipped for extensive cryogenic sample preparation and analysis and is working 

further in developing techniques and methodologies for a wide range of biological samples in correlative 

microscopy.  
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Diagnostic TEM: Past, present and future
Bart Wagner   Head of diagnostic EM section, Histopathology Department, Royal Hallamshire 
Hospital, Sheffield, UK       bart.wagner@nhs.net 

Ernst Ruska (1906-1988) was awarded the Nobel prize in Physics in 

1986 for his fundamental work in electron optics, and for the design 

of the first electron microscope in 1931 (with his collaborator Max 

Knoll) whilst at the Technical College in Berlin. From 1933 to 1937 in 

collaboration with his brother-in-law Bodo von Borries he developed 

the microscope. Parallel to this, his brother Helmut Ruska (a medical 

doctor), and colleagues worked on its application to biological and 

medical matters.

There were a number of other important technical developments 

such as: the use of osmium, glass knives, the development of the 

ultramicrotome, araldite epoxy resin and the use of glutaraldehyde which allowed TEM to be used in a way which 

we would now consider to be routine by the mid 1960’s.  One of the first published times TEM was used on a renal 

biopsy series was in 1957 and from then, onto the present day, TEM is routinely used for diagnosis of medical renal 

diseases. The continuing requirement for EM on renal biopsies is what keeps EM laboratories open in many teaching 

hospitals. 

In the 1960’s and 70’s a number of textbooks were published, including: Pathology of the Kidney by Robert Heptinstall, 

Histology: A text and Atlas by Johannes Rhodin, Diagnostic Electron Microscopy of Tumours and Ultrastructural 

Pathology of the Cell and Matrix both by Feroze Ghadially without which diagnostic electron microscopy would have 

been much harder to do.

In the late 1980’s, labelled monoclonal antibodies were developed 

to subtype malignant tumors - which resulted in electron microscopy 

being used less for that purpose. As a consequence of this reduction 

in work, many diagnostic EM facilities within cities merged, such that 

electron microscopists in the merged units became busy - diagnosing 

mainly non-neoplastic diseases.
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As the cohort of electron microscopists taken on in the mid 1970’s retired, approximately10 years ago, there followed 

a further reduction of the number of diagnostic EM facilities, as many major teaching hospitals outsourced their 

diagnostic EM workload.

More recently, following improvements in molecular genetics, there has been a reduction in those biopsies previously 

taken for diagnosis of inherited diseases. 

So, those EM facilities that look at samples from other centers are busy - but looking at mainly medical renal biopsies. 

The numbers of other tissues that are looked at depends on the requesting practices of the referring pathologists and 

whether it is a referral center for diagnosing a particular disease.

Most pathologists and electron microscopists have specialized in one or two tissues and don’t tend to study the 

ultrastructural pathology of tissues or diseases they don’t routinely come across - which leaves patients with variants 

of rare diseases affecting other tissues (and covid19) without the option of an ultrastructural diagnosis by someone 

experienced.

To fill this knowledge gap, the Institute of Biomedical Science have put in place the Diploma of Expert Practice in 

Ultrastructural Pathology and, in order to pass, a detailed general knowledge of the subject is required - hence the 

revision of the 4th edition (1997) of Ghadially’s ‘Ultrastructural Pathology of the Cell and Matrix’, which is under way.

In the future, I predict, diagnostic EM facilities will be still fewer in number and larger. Also, I hope, the significant 

diagnostic EM textbooks previously produced will become the basis of on-line resources, much like the On-line 

Mendelian Inheritance in Man (OMIM) which evolved from Victor McKusick’s textbook the first edition of which was 

published in 1966.  
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Restoring a 1970’s Scanning Electron Microscope
Andy Whyte

This presentation was originally aimed at people who’d never heard of an SEM.  Here I focus more on the 

human angle,  how I ended up with an SEM in my shed and making contact with Bernie and Dick. 

A presentation of a video by Paramita Electronics on the restoration of an ISI Super I SEM.  The unit had been 

damaged in transit and sat for seven years before I 

made contacts who could bring the device back up to 

a working condition, this video was cut from footage 

taken while working on the device.
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Discussion forum – Career opportunities in science- the 
transition between the academic sector and industrial 
sector jobs
Panel of today’s main-agenda speakers

Example areas for exploring:

• Transition between jobs can go both ways

• Industrial jobs not being just sales based (finding solutions to problems)
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The capabilities in this small box  
are beyond your imagination

All samples are UNCOATED!
You don’t have to imagine. It is real. Meet the Cube II, the world’s smallest  
conventional SEM. At 65kg, it is a powerhouse in the industry today.  
Ease of use and the ability to look at just about any sample UNCOATED with  
no charging make this an unbelievable package worth seeing.  

Don’t just take our word for it! Send us your sample or set up an online  
meeting where we can run your samples and you can see for yourself the  
Cube II’s possibilities. 

 www.lambdaphoto.co.uk Characterisation, Measurement & Analysis

 

E: contact@lambdaphoto.co.uk   
T: +44 (0)1582 764334  
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New members contact

Dr Ken Mingard
Materials Characterisation Group
F9-A2
National Physical Laboratory
Teddington, Middlesex, UK, 
TW11 0LW
Telephone: +44 20 8943 6558
Email:   ken.mingard@npl.co.uk

The annual subscription is FREE

Join us

The SEMT
Affiliated to the Royal Microscopical 
Society, the Society of Electron Microscope 
Technology (SEMT) is a forum for ideas on 
techniques and applications in microscopy. 
It has become one of the foremost user 
groups in the country, addressing all 
aspects of microscopy from instrument 
design and specimen preparation to digital 
image acquisition.

Ultrasonic created lipid microbubble after freezing 
and evaporation of the solution. Marker bar is 10µm. 
Courtesy Dr. Ken Mingard, NPL


