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Thesis Lay Abstract 
 

In the electron microscopy (EM) community, there is a need for improved methodologies 

for high-resolution liquid imaging of biological materials and dynamic processes. Imaging 

biological structures and reactions in hydrated biomimetic environments improves our 

understanding of their true nature, thus providing better insight into how they behave in 

the human body. While liquid EM methods have surged in publications recently, the field 

is still in its infancy; limited works present best practice strategies, and several challenges 

remain for their effective implementation. To address these shortcomings, this thesis aims 

to strategically explore the improvement of liquid EM of biomaterials and real-time 

dynamic processes through two key methods: room temperature ionic liquid treatment for 

scanning EM and liquid cell transmission EM. Using these novel techniques, the research 

explores the characterization of hard-tissue systems relevant to bone and seeks to provide 

new means of exploring structurally biological culprits behind diseases like COVID-19. 
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Abstract 
 

Advances in micro/nano-fabrication, thin electron transparent materials, holder designs, 

and acquisition methods have made it possible to perform meaningful experiments using 

liquid electron microscopy (liquid EM). Liquid EM provides researchers with micro-to-

nano scale tools to explore biomaterials in liquid environments capable of capturing 

dynamic in situ reactions, providing characterization means in mimetic conditions to the 

human body. However, these emerging techniques remain in their infancy; limited work 

presents best practice strategies, and several challenges remain for their effective 

implementation, particularly for beam-sensitive, soft biological materials. This thesis seeks 

to address these shortcomings by exploring strategies for liquid EM of biomaterials and 

real-time dynamic processes using two key methods: room temperature ionic liquid (RTIL) 

treatment for scanning EM (SEM) and liquid cell transmission EM (TEM). With these 

techniques, the research explores the characterization of hard-tissue systems relevant to 

bone and seeks to provide new methods of exploring structurally biological culprits behind 

diseases like COVID-19. Research in this thesis is presented by increasing complexity, 

touching on three themes: (i) exploring liquid EM for the first time using RTILs for SEM 

of biological samples notably bone (static, micro-scale), (ii) developing new methods for 

high-resolution liquid biological TEM of viruses (static, nano-scale), and (iii) applying 

novel liquid TEM to dynamic biomineralization systems (dynamic, nano-scale).  

 

After review articles serve as introductory material in Chapter 2, in Chapter 3, healthy and 

pathological bone was explored in hydrated conditions with liquid SEM using a new 

workflow involving RTIL treatment, demonstrated to be highly efficient for biological 

SEM. Moving to the nanoscale, Chapter 4 presents a commercial liquid TEM option and a 

new liquid TEM clipped enclosure developed for imaging biological specimens, 

specifically virus assemblies such as Rotavirus and SARS-CoV-2. Combined with 

automated acquisition tools and low-dose direct electron detection, enclosures resolved 

high-resolution structural features in the range of ~3.5 Å ï 10 Å and were correlatively 

used for cryo TEM. Chapter 5 applies these liquid TEM methods to study collagen 

mineralization, revealing in high-resolution the presence of precursor calcium phosphate 

mineral phases, important transitional phases to mineral platelets found in mineralized 

tissues. But ï dynamic reactions were not captured, attributed to confinement effects, lack 

of heating functionality, and cumulative beam damage experienced. Chapter 6 overcomes 

these challenges by optimizing collagen-liquid encapsulation within a commercial liquid 

TEM holder mimicking physiological conditions at 37°C. Dynamic nanoscale interactions 

were highlighted, where evidence of the coexistence of amorphous precursor phases 

involving polymer-induced liquid as well as particle attachment was presented within this 

model. Several liquid TEM challenges remain particularly beam sensitivity and 

distribution for biomaterials, providing many exciting avenues in future to explore. Taken 

together, this thesis is advancing characterization through the development and applied use 

of new liquid EM strategies for studying biomaterials and dynamic reactions. Insights on 

these reactions and structures anticipate leading to a better understanding of diseases and 

treatment pathways, the key to moving Canadaôs health care system forward.   
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presented as distinct introductory sections within Chapter 2 of this thesis. These provide a 

clear background to the field and review the current state-of-the-art to contextualize the 

importance of this doctoral research while also providing clear insights into future 

directions of the field and applications. These articles are provided as a literature review 

section of my thesis in Chapter 2 and are presented as follows for context to the thesis: 

 

(Ch. 2.1) DiCecco, L.-A., DôElia, A., Miller, C., Sask, K.N., Soleymani, L., and 

Grandfield, K. Electron Microscopy Imaging Applications of Room 

Temperature Ionic Liquids in the Biological Field: A Review. 2021. 

ChemBioChem, Vol. 22(15), pp. 2488-2506. DOI: 10.1002/cbic.202100041 

 

Contributions: This review provides a complementary perspective on the applied use of 

room-temperature ionic liquids for preparing biological samples for electron microscopy 

imaging applications. At the time that this was researched, there was no comprehensive 

review specifically on the topic of room-temperature ionic liquids for biological 

applications and the technique was still emerging as a method for preparing hydrated 

samples for electron microscopy imaging. The literature review article was primarily 

conducted and drafted by myself, with some research and writing assistance from Andrew 

DôElia and Chelsea Miller . All the authors contributed to the review and editing of the final 

draft. This manuscript has been published in the ChemBioChem. 

 

(Ch. 2.2) Kelly, D.F., DiCecco, L.-A., Jonaid, G., Dearnaley, W.J., Spilman, M.S., Gray, 

J.L, and Dressel-Dukes, M.J. Liquid-EM goes viral ï visualizing structure and 

dynamics. 2022. Current Opinion in Structural Biology, Vol. 75(102426). DOI: 

10.1016/j.sbi.2022.102426 [Invited] 

 

Contributions: This invited review and opinion article critically overviews the current state-

of-the-art in the field of liquid electron microscopy for biological applications, specifically 

for the study of virions. It is complementary to Chapter 4 and provides further detailed 

insights into crucial strategies and techniques used for liquid electron microscopy of 

biological samples. The literature review article was primarily conducted and drafted by 

Deborah F. Kelly and myself, with insights and suggestions provided by all authors. All 

the authors contributed to the review and editing of the final draft. This manuscript has 

been published in the journal Current Opinion in Structural Biology. 

 

(Ch. 2.3) DiCecco, L.-A., Tengteng, T., Kelly, D.F., Sone, E.D., and Grandfield, K. 

Exploring biomineralization processes using in situ liquid transmission electron 

microscopy: A review. In submission format. 
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Contributions: This invited review is comprehensive of current liquid electron microscopy 

research related to biomineralization. It is complementary to Chapter 5 and the review of 

the literature presented was foundational to the execution of my in situ liquid transmission 

electron microscopy biomineralization and other research. The literature review article was 

primarily conducted and drafted by myself with guidance provided by Kathryn Grandfield. 

Tengtang Tang, Deborah F. Kelly, and Eli D. Sone all provided their insights and 

suggestions throughout the writing process. All the authors contributed to the review and 

editing of the final draft. The manuscript is currently in submission format. 

 

In addition, the following is a list of 10 other relevant journal and conference publications 

representing significant research contributions by myself during the time of my doctoral 

studies. These works relate to themes presented within this thesis and further build upon 

the motivation and objectives outlined in Chapter 1, but are not included for evaluation.  
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Chapter 1: Introduction  
 

1.1. Research Motivation  

 

In the past few decades, advances in micro/nanofabrication, thin electron transparent 

materials, holder designs, and acquisition methods have made it possible to perform 

meaningful experiments using liquid electron microscopy (EM).[1] Since its advent, liquid 

EM has proven to be a powerful microscopy tool that provides new possibilities to observe 

soft biological samples at high resolution in native hydrated environments,[2,3] without 

needing to dehydrate, fix, and/or coat samples often required in conventional EM 

observations. Moreover, uniquely liquid EM can be used to observe reactions taking place 

dynamically in real-time in an EM environment, or in situ.[4ï6] This capability is key for 

validating long-withstanding theories based on time-stamped observations, or in essence, 

seeing is believing. 

 

However, while these newly developed 21st-century techniques offer novel means of 

observing biological samples and related dynamic processes, several challenges exist to 

these approaches, notably: understanding electron beam sample interactions and their 

subsequent influence on the processes observed,[2,3,7] differentiating physical and chemical 

reactions from inelastic scattering events such as beam-induced crystallization and 

radiolysis effects,[3,8ï11] resolution limitations such as liquid and/or membrane thickness,[3] 

need for faster imaging rates to limit artifacts due to blurring,[12] artifacts related to system 

assembly e.g. dewetting, bulging, bubble formation, contamination, etc.,[4,10] and many 

other general and system-specific challenges. Subsequently, these shortcomings limit the 

interpretation of liquid phase observations and thus restrict their implementation and 

broader use in research fields.  

 

Due to the infancy of this field, while there remain many exciting research possibilities and 

biological specimens to characterize using this powerful platform, limited works are 

available which provide a comprehensive understanding of best practices. To address these 

shortcomings, this research is motivated to strategically explore the improvement of liquid 

EM of biomaterials and real-time dynamic processes through two key state-of-the-art high-

resolution liquid EM techniques: room temperature ionic liquid (RTIL) treatment for 

scanning EM (SEM) and liquid cell transmission EM (TEM). The exploration of both 

techniques addresses a microscopy need to improve workflows for liquid EM imaging as 

well as for real-time approaches to validate theory developed from time stamp 

observations. In systematically approaching these two techniques, this work aims to 

develop an improved framework that I hypothesize will allow for routine and reproducible 

imaging to advance this field. The liquid EM methods discussed will also be compared to 

conventional preparation methods to better understand how artifacts related to sample 

preparation, such as fixation and dehydration, may be influencing the natural morphology 

of biological structures being observed.  
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Improving upon these liquid EM techniques is crucial for the biological field, where for 

many biological systems it presents the only opportunity to validate nanoscale reactions 

and structural features in a biomimetic hydrated environment. This thesis focuses on 

researching liquid EM techniques to study the ultrastructure and mineralization of hard 

tissues, notably bone and collagen, and for structural biological virus research, relevant to 

the fight against COVID-19. This is impacting our current fundamental understanding of 

these events and structures. Insights on biomineralization and how this occurs can help 

further understand a variety of hard-tissue conditions that impact millions of Canadians, 

such as periodontitis and osteoporosis.[13,14] This improved understanding anticipates 

providing insight into how to better control these processes and reveal new treatment 

pathways. Additionally, a greater understanding of biomineralization processes will help 

in improving implant and scaffold designs to better interface with biological systems. 

Moreover, since the advent of the COVID-19 global pandemic, SARS-CoV-2 remains a 

grave threat to human health ï  with over 6.7 million deaths worldwide and devasting 

global economic impacts.[15,16] The new liquid EM workflows presented are changing our 

understanding of such virions by revealing never-before-seen features, presenting new 

opportunities for targeted therapeutics and clinical advantages to fight future culprits.  

 

Herein, the research in this thesis is presented in four articles which represent my research 

contributions to liquid-EM for biological imaging and capturing dynamic processes. The 

four works are presented by increasing complexity discussed in the following subsections, 

touching on themes as follows: exploring liquid EM for the first time using RTILs for SEM 

of biological samples notably bone, (static, micro-scale), developing new methods for high-

resolution liquid biological TEM of viruses (static, nano-scale), and applying novel liquid-

TEM to dynamic biomineralization systems (dynamic, nano-scale).  

 

Overall, this work has broad implications for understanding the native hydrated 

morphology of biological materials such as bone and virions and can capture dynamic 

reactions. This is highly relevant to our growing aging population,[17] who are at higher risk 

of severe symptoms in viral infections and often prevalent victims of hard-tissue 

mineralization-related health conditions.[18,19] Thus, insights on these reactions and 

structures anticipate leading to a better understanding of diseases and treatment pathways, 

key to moving Canadaôs health care system forward.  

 

1.1.1. Exploring Room Temperature Ionic Liquids to Facilitate Biological SEM 

 

For over the last fifty years, SEM has been among one of the most frequently used tools to 

study boneôs complex hierarchical structure and its relation to many human health 

concerns,[20] for instance for understanding disease mechanisms such as osteoporosis[21,22] 

and improving implant osseointegration.[23,24] However, conventional SEM imaging 

necessitates biomaterial sample preparation involving typically fixation, dehydration, 

embedding, and/or conductive coatings to visualize these structures in the high-vacuum 

environment in high-resolution ï which together, risk altering their natural 

morphologies.[25ï28] Moreover, for bone structures, these preparation methods are lengthy 
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and laborious.[29,30] As a solution, alternative preparation methods such as RTILs have been 

proposed in literature as a new liquid EM-based preparation method for SEM.[31ï33] Due to 

their high conductivity and low vapour pressure, RTILs can be used to stabilize liquid 

samples in high-vacuum environments for stable SEM imaging.[33,34] However, limited 

researchers have explored these techniques for biomaterial applications, and no one has 

optimized its bone treatment. The work presented in Chapter 3 explores the first-time 

optimization of RTIL treatments for SEM preparation of hydrated, unfixed healthy and 

osteoporotic bone structures. The refined RTIL treatment was noted to achieve similar 

imaging quality in comparison to conventional treatments and was suggested to better 

preserve the natural features of bones. Moreover, it proved to be a much faster and simpler 

preparation method compared to conventional means, with the downfall that it cannot 

permanently conserve samples for periods longer than one month. Complemented by the 

review and suggested best practices provided within Chapter 2.1 for imaging biomaterials 

with RTILs, the proof-of-concept research in Chapter 3 lays a foundation for the broad 

application of RTIL-based techniques in the study of wide-ranging biomaterials in natural 

hydrated conditions.  

 

1.1.2. Developing New Methods for High-Resolution Liquid Biological TEM 

 

The emergence of SARS-CoV-2 triggered tremendous global resources aimed at 

understanding the features of a minute human pathogen.[15,16,35,36] High-resolution tools, 

such as cryogenic (cryo) EM, were deployed to shed light on the molecular aspects of 

SARS-CoV-2. This important structural information was key to identifying new vaccine 

products and drug therapies to save lives and curb viral transmission.[37ï40] However, 

current technology that led to recent life-saving interventions has only provided limited 

snapshots of one part of the virus, the outer spike protein, which is the part most subject 

due to environmental pressures. Liquid EM, the room temperature correlate to cryo EM, is 

a relatively new imaging technique that provides high-resolution information for dynamic 

interactions, key to understanding whole virions and protein behaviours while contained in 

a liquid environment.[2ï4,41ï50] The work presented in Chapter 4 focuses on the development 

of liquid-EM protocols for routine virus imaging for SARS-CoV-2 and other viruses, using 

commercially available specimen holders and a new thin-film-based clipped enclosure.  

 

Structural features from single-particle reconstructions are highlighted which are 

comparable to resolutions achieved in cryo EM modalities, where structural dynamics can 

be simulated. The use of automated tools and direct electron detectors in imaging is also 

highlighted as a novel means to quickly screen samples for optimum thickness and electron 

dose parameters for high-resolution acquisition. Moreover, the article is accompanied by a 

video supplemental that will highlight the techniques presented in detail as a tutorial to 

broaden the accessibility of these techniques to biological communities. Complemented by 

the critical review of liquid-EM related to viral applications in Chapter 2.2, the innovative 

research presented in Chapter 4 is anticipated to provide new characterization tools to study 

dynamic processes in near-atomic detail. This will help us better understand pandemic 
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pathogens and other specimens encompassing life science, medicine, and materials 

research.  

 

1.1.3. Applying Novel Liquid-TEM to Dynamic Biomineralization Systems 

 

Biomineralization processes are key to the formation and maintenance of hard tissues, thus 

essential for many organisms ranging from humans, zebrafish, lobsters, to mussels. For 

bone, the biomineralization of calcium-phosphate-based minerals in collagen is crucial for 

its mechanical integrity, where its distribution and extent are key factors to tissue 

mechanical strength.[51,52] Moreover, the study of biomineralization processes is clinically 

relevant for medical advancement, where it can provide an improved understanding of 

conditions such as diseases such as atherosclerosis, dental caries, and osteoporosis and 

provide new insights for designing bioinspired materials and treatment pathways.[53ï57] 

While collagen biomineralization processes have been studied extensively in literature,[58ï

64] many competing theories exist on mineral formation and distribution within bone and 

much is yet to be discovered about its complicated hierarchical micro-to-sub-nano scale 

structure.  

 

Thus far, traditional and cryo EM modalities have helped reveal time-stamp observations 

key to making eliciting crucial structural features and theories of mechanistic 

biomineralization pathways.[59,65ï72] However, these methods do not provide a true view of 

the native liquid state of the structures, where water is an integral part of collagen,[73] and 

cannot capture dynamics key to validating biomineralization theories. Thus, studying how 

collagen mineralizes in a liquid environment is essential for understanding its 

mineralization processes and native structures. The work presented in Chapter 5 and 

Chapter 6 applies the novel new thin-film liquid TEM enclosure developed in Chapter 4 as 

well as commercially available liquid TEM holders to study a biomimetic collagen 

mineralization model for the first time in hydrated conditions. This involves using a 

calcium-phosphate (CaP) based mineralization solution with poly-L-aspartic acid (pAsp) 

considered, mimetic to non-collagenous proteins found in hard tissues, and a reconstituted 

rat-tail tendon collagen model that is similar in structure to type I collagen found in 

bone.[57,59,74]  

 

TEM acquisition at high resolution highlights key features at early mineralization periods, 

notably the presence of precursor minerals attached to collagen fibrils, as well as distinctive 

crystalline nanoscale mineral platelets formed aligned the long axis of collagen fibrils at 

more mature periods. Complemented by the detailed review of liquid EM techniques and 

their application in biomineralization research in Chapter 2.3, the novel research presented 

in Chapter 5 and Chapter 6 provides new techniques to study these systems in native 

hydrated environments at high resolution, pushing the biomineralization field one step 

closer to answering how collagen biomineralization occurs. 
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1.2 Research Objectives  

 

As a general objective, this thesis aims to develop improved strategies for liquid EM 

methodologies for biological sample characterization and the observation of dynamic, real-

time processes. Specifically, this research has considered RTIL treatment and liquid cell 

TEM means methods to consider and ameliorate to study hard tissues and their 

mineralization as well as virions. This objective is broken down within Chapters 3-6 into 

three specific objectives schematically presented in Fig. 1-1. The three works are presented 

by increasing complexity, touching on themes as follows: 

 

(i) To explore liquid SEM for the first time using RTILs for biological samples 

notably bone (static, micro-scale) 

(ii)  To develop new methods for high-resolution liquid biological TEM of virions 

(static, nano-scale) 

(iii)  To apply novel liquid TEM to dynamic biomineralization systems (dynamic, 

nano-scale) 

 

 
 

Ch. 1.2 ï Figure 1. Overview of thesis research objectives and three projects presented within this thesis.  

 

1.3 Thesis Chapter Summary 

 

The following summarizes how the subsequent sections of this thesis are organized:  

 

Chapter 2: Literature Review. This chapter reviews pertinent literature to provide 

context to the research presented while also elaborating on fundamental principles of the 

work related to the thesis. This includes a focus on fundamental concepts of EM, a 

comprehensive overview of the liquid EM field, calcium-phosphate biomineralization 

processes in bone, and the characterization of viral entities. The work is split into three 

sections, one related to each theme, presented through two published review articles and a 

third in manuscript format. 
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Chapter 3: Ionic Liquid Treatment for Efficient Sample Preparation of Hydrated 

Bone for Scanning Electron Microscopy. This chapter presents the first-time exploration 

of RTILs for preparing bone samples for SEM imaging, where healthy and osteoporotic 

bone is imaged in unfixed, hydrated conditions. The newly established workflow presents 

a facile manner to image hard tissues and lays a foundation for the study of wide-ranging 

biomaterials in natural hydrated conditions.  

 

Chapter 4: Advancing High-Resolution Imaging of Virus Assemblies in Liquid and 

Ice. This chapter presents the development of novel liquid EM and correlative cryo 

protocols for routine virus imaging for SARS-CoV-2 and other viruses, using 

commercially available specimen holders and a new thin-film-based clipped enclosure. 

Using single-particle analysis, structural features at near-atomic resolution were able to be 

resolved. These new techniques for native hydrated imaging will help us better understand 

pandemic pathogens and other specimens encompassing life science, medicine, and 

materials research. 

 

Chapter 5: Liquid Electron Microscopy Techniques for Probing Collagen 

Biomineralization. This chapter presents the application of the new liquid TEM methods 

developed in Chapter 4 to the study of collagen biomineralization processes for the first 

time using a CaP and pAsp-based biomimetic collagen model. High-resolution nanoscale 

characterization was able to be achieved using these techniques to reveal early and mature 

mineralization patterns in liquid. This opens new characterization pathways in the study of 

biomineralization processes, bringing the field closer to controlling these complex 

mechanisms in clinical applications.  

 

Chapter 6: Towards Understanding Dynamics Behind Collagen Mineralization 

Through In Situ Liquid TEM ï Trials and Tribulations. This chapter presents the 

application of commercially available liquid TEM methods to study the collagen 

biomineralization processes presented in Chapter 5, where heating is incorporated in situ. 

Using this system, high-resolution nanoscale characterization was able to be achieved and 

dynamic mineralization of these events was captured.  This work is foundational for the 

study of dynamic biomineralization processes in situ and includes strategies to address 

challenges in the future.  

 

Chapter 7: Concluding Remarks. The final chapter links together the conclusions 

formalized between the preceding chapters and summarizes key findings and impacts, 

where future directions for this research are elaborated. 
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Chapter 2: Background 
 

Within the last few years, exciting liquid EM and ionic liquid research have emerged 

showcasing micro-to-nano scale possibilities of observing biological structures in hydrated 

conditions. The following is an introduction of relevant literature, organized into three 

review articles published or in manuscript format, key to the thesis research themes.  

 

2.1. Electron Microscopy Imaging Applications of Room Temperature Ionic Liquids 

in the Biological Field: A Review 
 

2.1.1. Section Introduction (Objective i) 
 

Recently, the use of RTILs has been proposed in literature as an alternative technique to 

traditional preparation schemes of biological materials for EM involving dehydration and 

fixation. Provided the low-vapour and highly conductive nature of RTILs, they can be used 

to treat biomaterials to stabilize them for EM imaging while conserving their naturally 

hydrated structure. However, the use of RTILs is highly underutilized within the 

microscopy field and their application has not been widely established. To accomplish 

objective (i) set out for this thesis involving exploring an RTIL-based method to perform 

liquid SEM on bone, Section 2.1 provides a comprehensive summary of biological 

applications of RTILs for EM and best practices for their use. Future research avenues 

within RTIL liquid EM research were summarised to include: i) RTIL selection and 

optimization, ii) applications for live cell processes and iii) electron beam and ionic liquid 

interaction studies. Overall, this work contributes to a foundational understanding of the 

applied use of RTILs for biological EM and provides working guidelines that are 

anticipated to lead to wider adoption of these techniques in future. 

 

Authors: Liza-Anastasia DiCecco, Andrew DôElia, Chelsea Miller, Kyla N. Sask, Leyla 

Soleymani, Kathryn Grandfield. 

 

Publication: This work is published with a full citation provided as follows:  

DiCecco, L.-A., DôElia, A., Miller, C., Sask, K.N., Soleymani, L., and Grandfield, 

K. Electron Microscopy Imaging Applications of Room Temperature Ionic Liquids 

in the Biological Field: A Review. 2021. ChemBioChem, Vol. 22(15), pp. 2488-

2506. DOI: 10.1002/cbic.202100041 

 

Reprinted from the above-listed citation, with permission from ChemBioChem. Copyright 

© 2021 Wiley-VCH GmbH.  
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Challenges of Biological Sample Imaging in Electron Microscopy and Advantages to 

RTIL Application  
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Ch. 2.1 ï Table 1. Chemical and physical properties of RTILs mentioned in this review. 
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Applications of Ionic Liquids in Biological Imaging 
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Ch. 2.1 ς Table 2: Select RTIL treatment for biological material applications (RTIL: room temperature ionic liquid; SE: 

secondary electron; BSE: backscatter electron; SEM: scanning electron microscopy; S1: RTIL addition method 

(Figure 1B); S2: RTIL immersion method (Figure 1B); Var.: variable). 
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Ch. 2.1 ς Figure 1. A) Illustration of the traditional biological sample preparation treatment procedure for SEM 

observation of cells. B) Illustration of RTIL biological sample treatment procedure, highlighting RTIL solution via 

addition (Scheme 1) or immersion (Scheme 2) techniques to prepare cells for SEM observation.Note the decrease in 

preparation time from longer than six hours to minutes. Image created with BioRender.com. 

 

Microbial Studies 
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Ch. 2.1 ς Figure 2. Comparison of conventional sputter coating SEM sample preparation methods (left column) with 
[BMI][BF4] RTIL treatment (middle column) and conventional TEM (right column) for the observation of microbes: (a) 
Leptospira biflexa, (b) Salmonella Senftenberg, (c) vaccinia, and (d) Ebola virus. Sputter coating was done with gold on 
plain uncoated filters, RTIL treatment was on pre-coated aluminium filters, and TEM utilized methylamine tungstate 
negative staining. Image reproduced under the Creative Commons CC BY 4.0 License from Christine G. Golding et al.[21] 

 

 

 

 

Ch. 2.1 ς Figure 3. Illustration of sample addition RTIL method for TEM biological sample observation. Image created with 

BioRender.com. 
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Cellular Biology 

 

 

 

 

 

 

Ch. 2.1 ς Figure 4. Fixed, hydrated A549 cells observed with [EMI][BF4], diluted to concentrations within 10τ40 v/v%. 
Fine topographical features and microvilli ǿŜǊŜ ǊŜǎƻƭǾŜŘ ǿƛǘƘ ǘƘƛǎ ǘǊŜŀǘƳŜƴǘΦ {ŎŀƭŜōŀǊǎ ŀǊŜ рл ˃Ƴ ƛƴ ǇŀƴŜƭ !Σ ол ˃Ƴ ƛƴ 
. ŀƴŘ /Σ ŀƴŘ мл ˃Ƴ ƛƴ 5Φ LƳŀƎŜ ǊŜǇǊƻŘǳŎŜŘ ǿƛǘƘ ǇŜǊƳƛǎǎƛƻƴ ŦǊƻƳ Yasuhito Ishigaki et al.[43] (Copyright © 2010 Wiley-
Liss, Inc.). 
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Ch. 2.1 ς Figure 5. Cells adhered to titanium substrates after 5 minutes of a 5 v/v% aqueous [EMI][BF4] RTIL treatment. 
Cells can be observed across the entire substrate of the unmodified sample (A/B) and in detail with respect to 
submicron features from the laser-modification treatment, which appear as fine lines on the metallic substrate (C/D). 
Image reproduced with permission from Bryan E. Lee et al.[47] (Copyright © 2020 Wiley-VCH GmbH). 
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Plant Structures  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arthropods 
 

 

 

 

Ch. 2.1 ς Figure 6. SEM images featuring pollen pretreated using an RTIL immersionbased method using a 10 v/v% 
[BMI][BF4] aqueous solution for 600 seconds. Pollen specimens shown are: A) Primula juliae, B) Anemone coronaria, C) 
Leucoglossum paludosum, and D) Lathyrus odoratus. Image reproduced with permission from Tetsuya Tsuda et al.[18] 
(Copyright © 2011 Wiley-VCH,Weinheim).  

 

 




























































































































































































































































































