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Workshop Schedule – May 17th 

 

MORNING SESSION 

Oral presentations 

Session Chair: Yuval Garini, Bar-Ilan University, Israel 

10:00 - 10:10 Greetings 

10:10 - 10:50 
Yafit Fleger, Bar-Ilan University, Israel 
 

Taking Ga FIB to the Limit 

10:50 - 11:30 

Gregor Hlawacek, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, 
Germany 
 

Applications of Helium Ion Microscopy 

11:30 - 11:45 Coffee Break 

11:45 - 12:25 
Katya Rechav, Weizmann Institute of Science, Israel 
 

FIB-SEM Techniques for Biology: Exploring the Depths 

12:30 - 13:30 Lunch 

AFTERNOON SESSION 

Companies Presentations 

Session Chair: Zahava Barkay, Tel-Aviv University, Israel 

13:30 – 13:55 
Vítězslav Ambrož, Tescan Orsay Holding, Brno, Czech Republic 

 

 FIB/SEM Technology for Advanced Nanofabrication and In Situ Analysis 

13:55 - 14:20 

Andreas Schertel, Carl Zeiss Microscopy GmbH, Oberkochen, Germany 
 

 Volume Imaging of Cellular Ultrastructure in Native Frozen Biological 
Samples by Using Cryo-FIB-SEM 

14:20 - 14:45 
Daniel Phifer, FEI Company, Eindhoven, The Netherlands 

 

 Fast, Flexible Sample Preparation with DualBeam™ Instruments  

14:45 - 15:00 Coffee Break  

Hands-On Workshop 

15:00 – 17:00 

 Ga Ion FIB 
 He/N Ion FIB 
 Ion Beam Analyzer 
 Cryo TEM (+ sample preparation) 

 High Resolution TEM 

17:00 Departure 
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Conference Schedule – May 18th 

 

08:30 - 09:30 Registration 

PLENARY SESSION 

Session Chair: Eyal Shimoni, ISM Chairperson 

09:30 - 09:50 Greetings & Presentation of the Lev Margulis & SIG4 Prizes 

09:50 - 10:35 
Plenary Lecture: Pavel Tomancak, MPI-CBG, Dresden, Germany 
 

Guide to Light-Sheet Microscopy for Adventurous Biologists 

10:35 - 10:55 Coffee Break 

10:55 - 11:40 

Plenary Lecture: Ute Kaiser, Ulm University, Germany 
 

Strategies of Imaging Low-Dimensional Electron-Beam-
Sensitive Objects with Low-Voltage Aberration-Corrected TEM 

SOUND BITE SESSION 

Session Chair: Amit Kohn, Ben-Gurion University, Israel 

11:50 - 12:20 Posters Sound Bites 

12:20 - 13:15 

LIFE SCIENCES POSTERS  
MATERIALS SCIENCE POSTERS 
VENDORS EXHIBITION 
MICROGRAPH COMPETITION 

ISM GENERAL ASSEMBLY 
 

13:15 - 14:15 Lunch 

PARALLEL SESSIONS 

14:15 - 16:05 
 LIFE SCIENCES SESSION 
 MATERIALS SCIENCE SESSION 

16:05 - 16:20 Coffee Break  

PARALLEL SESSIONS 

16:20 - 17:55  
LIFE SCIENCES SESSION            
MATERIALS SCIENCE SESSION  

17:55 - 18:30 Beer & Snacks + Best Posters & Best Micrograph Nominations 

18:30 Departure 
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Materials Science Session 
 

Session Chair:  Yossi Lereah, Tel-Aviv University, Israel  

14:15 - 14:40 

Stavros Nicolopoulos - Nanomegas, Belgium 
 

Precession Electron Diffraction Applications in TEM: from 
Crystal Structure Determination to Orientation Imaging 
and Strain Mapping at nm Scale 

 

14:40 - 15:05 
Yuval Golan - Ben Gurion University of the Negev, Israel 
 

Chemical Epitaxy: from Basic Studies to Application 

 

15:05 - 15:25 

Haim Weissman - Weizmann Institute of Science, Israel 
 

Self-Organization of Noncovalent Systems  in Aqueous 
Medium - Updates on Construction and Destruction 

 

15:25 - 15:45 

Shmuel Samuha - Ben Gurion University of the Negev, 
Israel 
 

Structure Solution of Al65Cu25Re10 Phase by 3D Electron 
Diffraction Tomography 

 

15:45 - 16:05 
Laurie Palasse - Bruker Nano GmbH, Berlin, Germany 
 

New Approach to Transmission Kikuchi Diffraction in SEM 

 

16:05 - 16:20 Coffee Break  

Session Chair:  Louisa Meshi, Ben-Gurion University, Israel 

16:20 - 16:45 

Amit Kohn - Ben Gurion University of the Negev, Israel 
 

Nanoscale Mapping of Electrostatic and Magnetic Fields 
by Electron Holography 

 

16:45 – 17:10 
Lilac Amirav - Technion, Israel 
 

Sculpting Photocatalysts on the Nano Scale 

 

17:10 - 17:30 

Hadas Sternlicht – Technion , Israel 
 

Steps and the Mechanism of Grain Boundary Motion in 
SrTiO3 

 

17:30 - 17:50 

Aleksandr Bagmut - National Technical University , 
Kharkiv, Ukraine 
 

Crystallization of Films, Deposited with Laser Sputtering 

 

17:55 - 18:30 Beer & Snacks + Best Posters & Best Micrograph Nominations 

18:30 Departure 

 

Invited 

 

Invited 

 

Invited 

 

Invited 

 

SIG 4 
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Life Science Session 
 

Session Chair:  Edith Suss-Toby, Technion, Israel  

14:15 - 14:40 

Daniel Razansky - Technical University of Munich, 
Germany 
 

Volumetric Multi-Spectral Optoacoustic Tomography – 
a One-Stop-Shop for High Performance Structural, 
Functional and Molecular Imaging  

 

14:40 – 15:00 

Yonatan Sivan - Ben Gurion University of the Negev, Israel 
 

Nanoparticle-Assisted STED, Theory and Experimental 
Demonstration 

15:00 - 15:20 

Yechiel Elkabetz - Tel Aviv University, Israel 
 

Quantitative Live Imaging of Embryonic Stem Cell Derived 
Neural Rosettes Reveals Cellular Dynamics Coupled to 
Cortical Development 

 

15:20 - 15:40 

Anat Akiva - Weizmann Institute of Science, Israel 
 

Boning Up on Bone Formation: Tracking the Bone 
Formation Pathways in the Larval Zebrafish Tail 

 

15:40 - 16:05 

Karina Yaniv - Weizmann Institute of Science, Israel 
 

How YouTube the Vertebrate׳s Body: Insights from 
Zebrafish 

 

16:05 - 16:20 Coffee Break  

Session Chair:  Dror Fixler, Bar-Ilan University, Israel  

16:20 - 16:45 
Michael Elbaum - Weizmann Institute of Science, Israel 
 

Cryo-STEM for Tomography and Beyond 

 

16:45 – 17:05 
Einat Zelinger - Hebrew University, Israel 
 

High Resolution Correlative X-ray Tomography 

 

17:05 - 17:30 

Natan T. Shaked - Tel-Aviv University, Israel 

 

Novel Approaches for Three-Dimensional Optical Imaging 
of Live Cells without Using Labeling 

 

17:30 - 17:55 

Eyal Nir - Ben Gurion University of the Negev, Israel 
 

Computer Controlled DNA-Based Molecular Machines 
Assisted by Microfluidics and Single-Molecule 
Fluorescence 

 

17:55 - 18:30 Beer & Snacks + Best Posters & Best Micrograph Nominations 

18:30 Departure 

Invited 

 

Margulis 

 

Invited 

 

Invited 

 

Invited 

 

Invited 
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Materials Sciences Poster Session 

1. Eran Amsellem and Amit Kohn 

Double-Barrier Magnetic Tunnel Junctions Based on Epitaxial Growth of Fe and MgO 

2. Eran Aronovitch, Philip Kalisman, Shai Mangel, Lothar Houben, Lilac Amirav and Maya Bar-Sadan 

Designing Efficient Bimetallic Photocatalysts for Hydrogen Production 

3. Snejana Bakardjieva, Michaela Maleckova, Jan Subrt, Ivo Jakubec, Lorant Szatmary, Eva 

Plizingrova, Lars Osterlund and Rosica Petrova 

Lanthanum Modified Two Dimensional TiO2 Photocatalyst by Using Controllable 

Lyophilization Process 

4. Rajesh Chalasani, Alex Pekin, Alex Rabkin, Yuval Golan and Amit Kohn 

Mapping the Electrostatic Potential in Heterojunctions of PbS/CdS Core-Arm Nanostructures 

by Off-Axis Electron Holography 

5. Tzipi Cohen-Hyams, Grisha Spektor, Lior Gal and Meir Orenstein 

Nanopatterning Plasmonic Structures Using Focused Ion Beam and e-Beam Lithography 

6. Keith Dicks, Jenny Goulden, Kim Larsen, Rosie Jones and Scott Sitzman 
Real-Time Discrimination of Phases with Similar Kikuchi Patterns but Different Chemistries 
through Simultaneous EBSD and EDS 

7. Nimrod Gazit, Gunther Richter and Eugen Rabkin 
Hollowing Kinetics of Ag-Au Core-Shell Nanoparticles Controlled by Short Circuit Diffusion 

8. Gal A. Grinbom, David Duveau, Gregory Gershinsky, Laure Monconduit and David Zitoun 
Silicon/Hollow γ- Fe2O3 Nanoparticles as Efficient Anodes for Li-Ion Batteries  

9. Or Haimson, Itzik Ofra, Pavel Fay, Avi Rozenblat Raz and Amir Silber 
Site-specific Dopant Profiling Applications in the Dual Beam FIB-SEM System  

10. Mahdi Halabi , Amit Kohn and Shmuel Hayun 
Measuring the Space Charge Potential in Granular Magnesium Aluminate Spinel using Off-
Axis Electron Holography 

11. Ohad Goldbart, Ifat Kaplan-Ashiri, Andrey Enyashin, Sidney R. Cohen, Reshef Tenne, H. Daniel 
Wagner 
Liquid Adhesion and Capillary Actions at the Nanoscopic Level: Direct Observations of 
Exceptional Water-Single WS2 Nanotube Interactions  

12. Olga Kleinerman, Vida Jamali, Lucy Liberman, Matteo Pasquali and Yeshayahu Talmon 
Nematic Droplets of Carbon Nanotubes in Superacid 
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13. Anna Kosinova, Oleg Kovalenko, Leonid Klinger, Eugen Rabkin, Dong Wang and Peter Schaaf 
Thermal Coarsening of Porous Gold Nanoparticles 

14. Daniel Kropman, Valdek Mikli, Viktor Seeman, Toni Laas and Artur Medvids 
Stress Relaxation Mechanism by Strain in the Si-SiO2 System and its Modification by Laser 
Irradiation 

15. Nina Mirchin, Edward Tannous, Igor Lapsker, Alex Laihtman and Aaron Peled 
A Discrete Model of the Evanescent Light Emission from Ultra-Thin layers 

16. Lucy Liberman, Olga Kleinerman and Yeshayahu Talmon 
Cryogenic Electron Microscopy Study of the Biphasic Region of Super-Acid Solutions of Carbon 
Nanotubes 

17. Pradipta Sankar Maiti, Lothar Houben and Maya Bar-Sadan 
Colloidal Synthesis of Ultrathin CdSxSe1-x 2D Nanosheets and their Emission Enhancement via 
Surface Modification 

18. Oren. E. Meiron, Sekhar Reddy Ghanta and Maya Bar-Sadan 
Layered Materials, an Innovative Direction for Alloying and Exfoliation 

19. Hadar Nahor and Wayne D. Kaplan 
Atomistic Structure of the Equilibrated Ni(111)-YSZ(111) Solid-Solid Interface  

20. Meital Shviro, Shlomi Polani and David Zitoun 
Hollow Octahedral and Cuboctahedral Nanocrystals by Tip-Enhanced Galvanic Displacement 

21. Maor Ram-On and Yeshayahu Talmon 
Effect of pH on Charged Surfactant and Oppositely Charged Polyelectrolyte Complexes 

22. Priyadarshi Ranjan, Sreejith  Shankar Pooppanal, Bojana Visic, Ifat Kaplan-Ashiri, Ronit Popovitz-
Biro, Sidney Cohen, Iddo Pinkas, Michal Lahav, Reshef Tenne and Milko E. van der Boom 
Inorganic Nanotubes as Templates for the Selective Formation of Gold Nanostructures  

23. Adam Weissman, Elad Segal, Hannah Aharon and Adi Salomon 
Pattern Dependent Energy Modulation in Plasmonic Nano Cavities 

24. Yael Templeman, Guy Ben Hamu and Louisa Meshi 
Characterization of Mg-based Friction Stir Welded Alloys 
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25. Lena Yadgarov,  Bojana Visic, Rita Rosentsveig and Reshef Tenne 
Localized Surface Plasmon Resonance in Semiconducting WS2 Nanotubes and MoS2 
Nanoparticles 

26. Victor Y. Zenou, Zhan Gao,  David Kennouche,  Laurence D. Marks and Scott A. Barnett 
Investigation of Solid Oxide Cells with Zirconia/Ceria Bi-Layer Electrolytes Fabricated 
Utilizing Reduced-Temperature Firing 

 

Life Sciences Poster Session 

27. Koby Baranes, Tony Yamin, Amos Sharoni and Orit Shefi 
Morphometric Analysis of Neurons Interacting with Topographical Nano-Cues   

28. Yair Ben-Shaul and Shlomo Trachtenberg 
Non-Helically Perturbed Polymers: Iterative Real and Reciprocal Space Methods for 
Reconstruction 

29. Sharon Cohen, Koby Baranes and Orit Shefi 
Identified Cultures Using Microinjection for Single Cell Analysis and Manipulation 

30. Yael Abraham, Sunil Kumar, Yaron Silberberg and Rivka Elbaum 
Hygroscopically Coiling Cells in a Grass – Stipa capensis  

31. Sharon Yunger, Arie Friedrich, Liat Altman, Yuval Garini and Yaron Shav-Tal 
Following the Modulation of Transcriptional Activity of Single Alleles by Chromatin 
Modifications During the Cell Cycle in Single Living Cells  

32. Sutharsan Govindarajan, Nitsan Albocher and Orna Amster-Choder 
Polar Localization of the PTS System in E. Coli: the Role of Geometric Cues and Novel Pole-
Organizing Proteins  

33. Dvir Gur, Ben Leshem, Maria Pierantoni, Viviana Farstey, Dan Oron, Steve Weiner and Lia Addadi 
The Structural Basis for the Brilliant Colors of the Sapphirinid Copepods and the Neon Tetra 
Fish 

34. Martin Kessel and Alexis Rohou 
A Genealogy of Three-Dimensional Electron Microscopy 

35. Naama Koifman, Anat Aharon and Yeshayahu Talmon 
Cryogenic-SEM Study of Monocytes Undergoing  Shedding Upon Stimulation 
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36. Batya Mannasse, Hila Katz, Yaron Milwid, Aliza Amiel and Aryeh Weiss 
Quantitative Analysis of PNA-Cy3 Labeled Telomeres 

37. Sonbula Massalha, and Daphne Weihs 
Adherence Rates, Morphology and Force Depend on Metastatic Potential in Breast Cancer 
Cells 

38. Gal Mor Khalifa, Jonathan Erez, Steve Weiner and Lia Addadi 
Biomineralization Pathways in Foraminifera: a Cryo Correlative Approach 

39. Shachar Sherman, David Kirchenbuechler, Michael Elbaum and Natalie Elia 
Using Soft-X-ray Tomography to Study ESCRT-Mediated Membrane Fission During 
Mammalian Cell Division 

40. Amit Shraga, Amir Mor, Rakefet Ben-Yishay, Noga Kozer, Itamar Kanter, Yuval Garini and Yaron 
Shav-Tal 
Exploring the Nanometrical Interactions Between NXF1 and Single Nucleoporins Using a 
FLIM-FRET System. 

41. Nir A. Turko and Natan T. Shaked 
Utilizing Gold Nanoparticles in Photothermal Imaging and Ablation of Cell Populations 

42. Tanya Turovsky, Irina Portnaya, Ellina Kesselman and Dganit Danino 
β-Casein Based Nano-Carriers for Oral Delivery of Poorly Water-Soluble Drugs 
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Guide to Light Sheet Microscopy for Adventurous Biologists 

Prof. Pavel Tomancak 

MPI-CBG, Dresden, Germany 

Ten years of technology development in light sheet microscopy have led to spectacular proof 

of principle demonstrations of this new imaging paradigm’s capabilities. The technology is 

now ready to assist biologists in tackling complex biological problems. However, are 

biologists ready for it? I will discuss the unique interdisciplinary challenges light sheet 

microscopy imposes on researchers in biological sciences and highlight the solutions and 

resources available to help them meet these challenges. In particular I will highlight the 

OpenSPIM open access hardware and Fiji open source software platforms and their 

applications for imaging early animal development.  
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Strategies of Imaging Low-Dimensional Electron-Beam-Sensitive 

Objects with Low-Voltage Aberration-Corrected TEM 

Ute Kaiser 

Materials Science Electron Microscopy, Ulm University, Albert Einstein Allee 11, 89081 Ulm, 

Germany 

ute.kaiser@uni-ulm.de 

Structural and electronic properties of different low-dimensional electron-beam-sensitive 

crystalline (graphene [1], ion-implanted graphene [2], MoS2 [3], MoSe2, SiO2 [4], CN [5], 

square ice [6], transition-metal clusters [7]) and amorphous (monolayer carbon, SiO2) [8] 

objects as well as a new structure of crystalline AuC [9] are obtained by analytical low-

voltage aberration-corrected transmission electron microscopy following three main 

strategies: (1) Theory and image processing: For exact calculation of the contrast of dose-

limited high-resolution TEM images for low-Z materials at low voltages, image theory and 

image processing needs to be improved taking into account elastic and inelastic scattering 

[10-11]. (2) Sample preparation: We demonstrate our method to clean graphene [12]. We 

show that sandwiching clean radiation-sensitive low-dimensional objects in-between two 

graphene layers [13] or embedding them into single-walled carbon nanotubes [14] allows to 

reduce electron-induced damage of the objects. (3) Low-voltage transmission electron 

microscope: We outline our unique voltage-tuneable low-voltage (20-80kV) spherical and 

chromatic aberration-corrected TEM and show first results obtained from its prototype [15]. 

References: 

1. P. Wachsmuth, R.Hambach, G. Benner and U. Kaiser, Plasmon bands in multilayer graphene, PRB 90 

(2014) 235434. 

2. O. Lehtinen, I.L. Tsai, R. Jalil, R.R. Nair, J. Keinonen, U. Kaiser, I.V. Grigorieva, Non-invasive 

transmission electron microscopy of vacancy defects in graphene produced by ion irradiation 

Nanoscale 6 (2014)  6569. 

3. H.-P. Komsa, S. Kurasch, O. Lehtinen, U. Kaiser and A. V. Krasheninnikov From point to extended 

defects in two-dimensional MoS2: evolution of the atomic structure under electron irradiation PRB. 88 

(2013) 035301. 

4. P. Y. Huang, S. Kurasch, J.S. Alden, A. Shekhawat, A.A. Alemi, P. L. McEuen, J.P. Sethna, U. Kaiser, 

D. A.Muller Imaging Atomic Rearrangements in 2D Silica Glass: Watching Silica’s Dance,  Science 

342 (2013) 224. 

5. G. Algara-Siller, N. Severin, S. Y. Chong, T. Björkman, R. G. Palgrave, A. Laybourn, M. Antonietti, 

Y. Z. Khimyak, A. V. Krasheninnikov, J. P. Rabe, U. Kaiser, A. I. Cooper, A. Thomas and M. J. 

Bojdys Triazine-Based Graphitic Carbon Nitride: a Two-Dimensional Semiconductor Angewandte 

Chemie 53(29) (2014), 7450. 

6. G. Algara-Siller, O. Lehtinen, F.C. Wang, R. R. Nair, U. Kaiser, H. A. Wu, I. V. Grigorieva, A. K. 

Geim  Nature (2015) accepted. 

7. T. Zoberbier, T. W. Chamberlain, J. Biskupek, N. Kuganathan, E. Bichoutskaia, S. Eyhusen, U. Kaiser, 

A. N. Khlobystov Interactions and Reactions of Transition Metal Clusters with the Interior of Single-

Walled Carbon Nanotubes Imaged at the Atomic Scale J. Am. Chem. Soc. 134(6) (2012) 3073. 

8. P. Y. Huang, S. Kurasch, A. Srivastava, V. Skakalova, J. Kotakoski, A. V. Krasheninnikov, R. 

Hovden, Q. Mao, J. C. Meyer, J. Smet, D. A. Muller, and U. Kaiser Direct Imaging of a Two-

Dimensional Silica Glass on GrapheneNano Lett. 12(2) (2012) 1081. 
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9. B. Westenfelder, J. Biskupek, J. C. Meyer, S. Kurasch, X. Lin, F. Scholz, A. Gross, U. Kaiser Bottom-

up formation of robust gold carbide, Scientific Reports 5 (2015) 8891. 

10. Z. Lee, H. Rose, R. Hambach, P. Wachsmuth and U. Kaiser The influence of inelastic scattering on 

EFTEM images - exemplified at 20kV for graphene and silicon Ultramicroscopy 134 (2013) 102. 

11. Z. Lee, H. Rose, O. Lehtinen, J. Biskupek, U. Kaiser Electron dose-dependence of signal-to-noise, 

atom contrast and resolution in TEM images, Ultramicroscopy 145 (2014) 3. 

12. G. Algara-Siller, O. Lehtinen, A. Turchanin, U. Kaiser Dry cleaning of graphene, APL 104 (2014), 

153115. 

13. G. Algara-Siller, S. Kurasch, M. Sedighi, O. Lehtinen and U. Kaiser The pristine atomic structure of 

MoS2 monolayer protected from electron radiation damage by graphene APL  103 (2013) 203107. 

14. T.W. Chamberlain, J. Biskupek, S.T. Skowron, P.A. Bayliss, E. Bichoutskaia, U. Kaiser, A.N. 

Khlobystov Isotope substitution extends the lifetime of organic molecules in TEM Small 11 (2014) 

622. 

15. U. Kaiser, J. Biskupek, J.C. Meyer, J. Leschner, L. Lechner, H. Rose, M. Stöger-Pollach, A.N. 

Khlobystov, P. Hartel, H. Müller, M. Haider, S. Eyhusen and G. Benner “Transmission electron 

microscopy at 20 kV for imaging and spectroscopy” Ultramicroscopy, 111, 8, (2011) 1239.. 
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Precession Electron Diffraction Applications in TEM: 

from Crystal Structure Determination to Orientation Imaging and 

Strain Mapping At nm Scale 

Stavros Nicolopoulos  

NanoMEGAS SPRL Blvd Edmond Machtens 79 , B-1080 Brussels Belgium 

info@nanomegas.com 

Following the initial work by Vincent and Midgley in Bristol UK (1994) which developed 

the Precession Electron Diffraction (PED) technique in TEM, PED has become essential tool 

for several TEM applications. Today, more than 180 articles (that include PED technique) 

from various laboratories worldwide and dedicated issues of major scientific microscopy 

journals have been published the last decade. 

Beam precession has been proved to enhance the reflections quality (quasi-kinematical, 

similar to X-ray intensities) ; one of the most important applications for electron 

crystallography , is the recently developed 3D PED diffraction tomography technique that 

allows from several PED patterns collection, a complete solution of various structures to 

atomic scale , from complex zeolites and minerals to metals and alloys. 

Another important application including use of PED is the ASTAR technique where is 

possible to obtain TEM orientation and phase maps at 1-3 nm resolution (in case of FEG- 

TEM) for a variety of materials (metals, semiconductors, oxides etc..) . The technique is 

becoming very popular and is similar to EBSD-SEM , but in ASTAR case , the technique is 

based on collection of several PED patterns which are compared via correlation template 

matching techniques with theoretically generated ED templates. 

Precession diffraction has been also recently successfully applied to obtain Strain mapping 

analysis of several semiconductor materials at 1-4 nm resolution (in case of FEG-TEM, 

sensitivity 0.02%), based on comparison of NBD patterns from strained to reference un-

strained areas. The technique is very easy to use at any TEM and provides very fast and 

accurate data (same order of magnitude as dark field holography) without any need to index 

diffraction patterns. 

Another nice application of ED related techniques, is the study of amorphous materials. In 

case of amorphous routine crystallography fails to reliably characterize them. Alternatively, 

the Pair Distribution Function analysis from electron diffraction data (e-PDF) can be used for 

fingerprinting and characterize the crystalline order present in the compound. The advantage 

of using PDF analysis from electron diffraction data is the short data collection time (10 msec 

to several seconds) compared with long exposure times (15-24 hours) for PDF data acquired 

with laboratory X-Ray sources (Mo/Ag radiation). 

http://www.nanomegas.com/Articulos/Nanomegas/Products_Tem_strain_mapping_analysis.html
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Chemical Epitaxy: from Basic Studies to Application 

Yuval Golan  

Department of Materials Engineering and the Ilse Katz Institute for Nanoscale Science and 

Technology, Ben-Gurion University of the Negev, Beer-Sheva, Israel 

Chemical bath deposition from solution offers a simple, inexpensive and scalable alternative 

for obtaining monocrystalline semiconductor thin films with well-defined orientation 

relations with the substrate, a phenomenon termed “chemical epitaxy”. This talk will 

highlight the chemical bath deposition pathway to chemical epitaxy, providing examples for 

well-defined orientation relationship between film and substrate in a variety of systems. The 

influence of the substrate on the incipient films, and the effect of deposition parameters such 

as solution composition, bath temperature and substrate pre-treatments on the film 

morphology and subsequent physical properties will be discussed. Finally, we will describe 

applications such as deposition of IR absorbing layers in a nanomaterials based short wave 

infrared night vision device.    
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Self-Organization of Noncovalent Systems in Aqueous Medium – 

Updates on Construction and Destruction 

Haim Weissman  

Organic Chemistry Department, Weizmann Institute of Science, Rehovot, Israel 

Supramolecular polymer systems are of primary importance for creating multifunctional 

adaptive materials as their structure and function can be reversibly controlled in situ. We will 

present our work on self-assembled nanostructures in aqueous media based on perylene 

diimide amphiphiles (PDI), whose structure was studied using cryogenic TEM and SEM. We 

used cryo-TEM and spectroscopic methods to study dynamic behavior of self-assembly of 

various systems thus gaining mechanistic insights about self-assembly and nano-

crystallization. Some of our systems show photofunction and multiple stimuli-

responsiveness, including reversible supramolecular depolymerization in situ through 

aromatic charging, which enables switching of mechanical properties and optical functions. 

Another system utilizes hierarchical supramolecular interaction for the formation of unique 

nanospirals (Figure 1) in aqueous solutions. 

Figure 1.   Cryo-TEM images of nanospirals in water/THF mixture made from amphiphilic PDI 

derivative that binds metal ions. Upon zinc or cobalt binding curling is induced by water bridges 

between the metallic centers. 

References:  

1. Kossoy, Elizaveta; Weissman, Haim; Rybtchinski, Boris. Bending Nanofibers into Nanospirals: 

Coordination Chemistry as a Tool for Shaping Hydrophobic Assemblies. Chem. Eur. J. 21, 166-176., 

(2015). 
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Structure Solution of Al65Cu25Re10 Phase by 3D Electron Diffraction 
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Shmuel Samuha1, 2, Benjamin Grushko3,4, Louisa Meshi1  

1 Department of Materials Engineering and Ilse Katz Institute for Nanoscale Science and 

Technology, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel 

2 NRCN, P.O. Box 9001, Beer-Sheva 84190, Israel  

3 MaTeck, D-52428 Jülich, Germany 

4 PGI-5, Forschungszentrum Jülich, D-52425 Jülich, Germany 

An intermetallic phase with approximate stoichiometry of Al65Cu25Re10 was revealed in [1]. 

It was presumed that this phase belongs to a family of the Al-TM hexagonal phases, some of 

which are included in Table 1. These phases have very similar c lattice parameters and a 

lattice parameters are related by ~τ (golden mean, τ≈1.618). Similar to, mentioned in Table 1, 

κ and λ phases, the Al65Cu25Re10 phase exhibits pseudo-tenfold symmetry along the [250] 

orientation, indicating that it can be classified as an approximant of decagonal quasicrystals 

(D-QC). Fundamental building-blocks (structural subunits or clusters) of these phases are 

believed to approximate the local atomic arrangement of their related QCs. 

Table 1. Crystallographic data on a family of hexagonal approximants  

Phase 
Space 

group 

Lattice parameters Ref. 

a [Å] c [Å] 

Al65Cu25Re10  P63 11.0296 12.746 [1] 

κ-Al76Cr18Ni6 P63 
17.674,  i.e. 

~τ*11.0296 
12.516 

[2] 

λ-Al4Mn P63/m 
28.382,  i.e. 

~τ*17.674 
12.389 

[3] 

 

Current research was undertaken with a purpose to propose an atomic model for the 

Al65Cu25Re10 phase and relate it to a family of mentioned above hexagonal approximants of 

D-QCs. 

Structure solution of the Al65Cu25Re10 phase was performed using Precession Electron 

Diffraction (PED) Tomography technique [4]. For this purpose, a sequence of off-axis PED 

patterns was collected manually with a constant angular separation of 1° at wide range of 

±38°, using the Fischione tomography holder. For precession illumination, the Nanomegas 

"Spinning Star" precession unit was used (precession angle 1.5°). Following the data 

collection process, the PED frames were subsequently processed using the Analitex EDT-

PROCESS package. Pattern merging resulted in the reconstruction of a 3D reciprocal space, 

providing 99.6% completeness up to the 0.76 Å diffraction resolution (employing the P63 

symmetry proposed in [1] for the Al65Cu25Re10 phase). The structure was solved applying 

Direct Methods, utilized in the SIR2008 software [5], and refined using kinematical least 
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squares refinement procedure in the Jana2006 program [6]. A final atomic model consisted of 

92 atoms (62 Al, 20 Cu and 10 Re atoms) distributed along 18 unique atom sites. This is one 

of the most complex intermetallides solved exclusively from electron diffraction data. 

Moreover, it is the first structure measured and solved by 3D electron diffraction 

tomography in Israel. 

Using the cluster-based approach, the structure of the Al65Cu25Re10 phase can be described by 

3D chains constructed of interconnected complex icosahedra. Similar structural arrangement 

of clusters was reported also for the, mentioned earlier, λ and κ phases. Thus structural 

relationship among these and Al65Cu25Re10 structures was proposed. Comparing main zonal 

PED patterns taken from the studied Al65Cu25Re10 and κ-Al76Cr18Cu6 phases (see Figure 1); 

high degree of likelihood can be observed, in particular, similarity in the distribution of 

reflections with the highest intensity (i.e. strong reflections). Using the so-called 'strong 

reflection approach' [7], atomic positions of the Al65Cu25Re10 structure were extracted from a 

3D Electron-Density Map [commercial, Analitex], they were derived using adopted structure-

factor amplitudes and phases from the κ-Al76Cr18Cu6 phase.  In this way – atomic structure of 

the Al65Cu25Re10 phase was predicted through a theoretical calculation, assuming it relates to 

the discussed family of approximants.  

Since predicted and experimentally solved atomic structures of the Al65Cu25Re10 phase were 

practically identical, we introduce the Al65Cu25Re10 phase as a new member of the family of 

hexagonal approximants of the D-QC. 

 
Figure 1. PED patterns taken along the [100] orientation from the (a) κ-Al76Cr18Cu6 and the 

(b) Al65Cu25Re10 phases. Similarity in the distribution of strong reflections is clearly seen. 
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New Approach to Transmission Kikuchi Diffraction in SEM 

Laurie Palasse and Daniel Goran  

Bruker Nano GmbH, Am Studio 2D, 12489 Berlin, Germany 

It is well accepted that Electron BackScatter Diffraction (EBSD) technique can be 

successfully applied to crystalline materials with structures larger than ~100nm. 

Characterizing ultrafine grained materials at scales below 100nm using EBSD is more 

difficult or even impossible due to the technique’s spatial resolution. This limitation is a 

function of the electron probe diameter and energy as well as the backscattering coefficient of 

the analyzed material. The incident angle between the beam and the specimen surface (~20º) 

is another critical parameter influencing the highly anisotropic character of the lateral spatial 

resolution of EBSD technique.  

As an alternative, the recently introduced Transmission Kikuchi Diffraction (TKD) technique 

is a SEM based method capable of delivering the same type of results as EBSD but with a 

spatial resolution improved by up to one order of magnitude [1, 2]. Such analysis is 

conducted on an electron transparent sample using a commercial EBSD system. The high 

spatial resolution (<10 nm) compared to conventional EBSD will be demonstrated through 

TKD application examples (see figure 1). 

We will also address the challenges of this technique. Indeed, due to the non-optimum 

sample-detector geometry, the transmitted Kikuchi patterns exhibit much stronger gnomonic 

projection induced distortions as compared with normal EBSD patterns. In addition, most of 

the transmitted signal does not reach the detector screen which results in a loss of signal and 

can have implication in the measurement quality. We will review these limitations and 

propose new alternative. 
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Figure 1: ARGUS
TM

 colour-coded orientation contrast image of an Aluminium sample 

deformed by severe plastic deformation (ECAE). Collaborative work with Université de 

Lorraine, Metz, France. 
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Nanoscale Mapping of Electrostatic and Magnetic Fields by Electron 

Holography 

Amit Kohn  

Department of Materials Engineering and the Ilse Katz Institute for Nanoscale Science and 

Technology, Ben-Gurion University of the Negev, Beer-Sheva, Israel 

Holography in the transmission electron microscope (TEM) can achieve quantitative 

mapping of electrostatic and magnetic fields with nanometer scale spatial resolution. 

I will describe holography methodologies in the TEM of ‘in-line’ and ‘off-axis’ and our 

experimental work to determine their quantitative capabilities. 

For magnetic mapping, we examined an ‘in-line’ approach based on the ‘transport-of-

intensity’ equation (TIE), to Lorentz TEM using Fresnel-contrast images. Our experimental 

study of sub-micrometer Permalloy sized elements tested the application of the TIE 

demonstrating quantitative mapping of magnetic fields in structures sized down to 

approximately 100nm wide and 5nm thick.  

Using off-axis electron holography, we examined quantitative dopant mapping of silicon PN 

nanostructures in the form of implanted junctions. For the microelectronics industry, ongoing 

reduction of device dimensions, 3D device geometry, and failure analysis of specific devices 

require mapping of electrically active dopants in thin (<50nm) TEM samples prepared by 

focused ion beam. 

I will demonstrate our current applications for off-axis electron holography, e.g. silicon 

nanowires with vertical doping, space charge zones in granular magnesium aluminate spinel, 

and heterojunctions of PbS/CdS core-arm nanostructures. 
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Sculpting Photocatalysts on the Nano Scale 

Lilac Amirav  

Schulich Faculty of Chemistry, Technion – Israel Institute of Technology, Haifa, Israel 

The solar-driven photocatalytic splitting of water into hydrogen and oxygen is a potential 

source of clean and renewable fuels. However, four decades of global research have proven 

this multi-step reaction to be highly challenging. The design of effective artificial 

photocatalytic systems will depend on our ability to correlate the photocatalyst structure, 

composition, and morphology with its activity. 

Here, I will present our strategies, and most recent results, in taking photocatalyst production 

to new and unexplored frontiers. I will focus on unique design of innovative nano scale 

particles, which harness nano phenomena for improved activity, and methodologies for the 

construction of sophisticated heterostructures. I will demonstrate how vital is the ability to 

characterize our hybrid nanostructures on the atomic level, and how we can benefit from 

information on the structure-properties relationship for the future design of an efficient 

photocatalyst for solar-to-fuel energy conversion. 

 Figure 1. Two examples of nanoscale  hotocatalyst structures. Left: HAADF-STEM by Dr. 

Yaron kauffmann of CdSe@CdS rods with IrO2 cocatalysts; Right: HRTEM micrograph 

(Kauffmann) of CdSe quantum dot attached to the tip of a Au prism coated with SiO2. 
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Steps and the Mechanism of Grain Boundary Motion in SrTiO3 

Hadas Sternlicht1, Wolfgang Rheinheimer2,  Michael J. Hoffmann2 and  Wayne D. Kaplan1 

1 Department of Materials Science and Engineering, Technion – Israel Institute of Technology, 

Haifa 32000, Israel 

 2 Karlsruhe Institute of Technology, Institute of Applied Materials, Karlsruhe, Germany 

While the kinetics of grain boundary (GB) motion can be determined experimentally, the 

mechanism by which a GB migrates has not yet been determined at the atomistic level in 

general polycrystalline systems. Thus the main goal of the present work is to determine the 

atomistic mechanism of GB migration, correlated to kinetic data, using SrTiO3 as a model 

system. 

General GBs in polycrystalline SrTiO3 and GBs between a single crystal diffusion bonded to 

polycrystalline SrTiO3 were characterized using aberration corrected transmission electron 

microscopy (TEM). TEM was used to identify steps, which are hypothesized to be the active 

mechanism for grain boundary motion following the terrace ledge kink (TLK) model. The 

combined GB chemical excess and structure (complexions) were characterized and correlated 

to experimentally measured changes in mobility. 

The GBs in SrTiO3 were found to be non-stoichiometric. Steps were found along the 

boundaries, which are assumed to be active in GB migration and to reduce strain caused by 

the change in local atomistic order. Specific types of steps were found regardless of the 

annealing temperature or atmosphere. The steps at different conditions lie along the same 

crystallographic planes even if the GB mobility is drastically different. This suggests that the 

step free energy in SrTiO3 is anisotropic, and that the rate of step-motion defines the GB 

mobility.  
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Crystallization of Films, Deposited with Laser Sputtering 

Aleksandr Bagmut and Ivan Bagmut  

National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine 

Amorphous state is metastable one. Physical impacts on amorphous film may initiate its 

crystallization. According to the structural and morphological features, described in [1], 

various types of crystallization reactions of amorphous films can be classified as following. 

Layer polymorphic crystallization (LPC), island polymorphic crystallization (IPC), fluid-

phase crystallization (FPC), and dendrite polymorphic crystallization (DPC). Example of 

layer polymorphic crystallization of amorphous V2O3 is shown in fig. 1. 

Phase transformations in solid state accompanied with the changes of density of matter. The 

review and analyses of author's electron-microscopic investigations, concerning relative 

density changes η at phase transition from amorphous to crystalline state (fig. 1) and from 

hexagonal close packed (hcp) to face centred cube (fcc) structures (fig 2) is the aim of this 

work. Films were prepared by pulsed laser sputtering of rotating targets in vacuum ore in 

oxygen medium. The substances of laser erosion were deposited on the (001) surface of KCl 

crystal. The films, transparent for an electron beam, were investigated. Crystallization was 

initiated by thermal ore electron beam influence on amorphous film in a column of electron 

microscope. The film structure was investigated by electron diffraction and transmission 

electron microscopy methods. We used electron microscope PEM-100-01 (image resolution 

0.4 nm) and EMV-100 LM (image resolution 0.5 nm) of JSC "SELMI" (Sumy, Ukraine). 

Investigations were carried out at an accelerating voltage of 100 kV. 

Laser sputtering provided the formation of micro-babbles of sputtered substance in 

condensed film. These micro-babbles we used as bench marks. The distance X1 between 

them was changed and after phase transformation it was X2. So, performing the 

measurements of X1 and X2, the relative density changes can be calculated as η = (X1/X2)
3
–1. 

The results are collected in table. 

№ Target Phase transition Crystallization 

type 

η (%) ∆η (%) 

1 Fe Amorphous phase - γ-Fe2O3 LPC 6.5 1.3 

2 Cr Amorphous phase - Cr2O3 LPC 7.2 1.4 

3 V Amorphous phase - V2O3 LPC 9.2 1.5 

4 Re Amorphous phase - Re (hcp) IPC 25.9 7.7 

5 Ni Amorphous phase - Ni (fcc) IPC 7.5 1.6 

6 Ni Ni (hcp) – Ni (fcc) - 18.5 2.9 

It was established, that in the case of hcp - fcc structure transition in Ni η is equal to 18.5  

2.9% (row 6 in the table). It agrees with the data of the JCPDS tables. According to it the 

density of hcp Ni lattice ρ1=7.372 g/сm
3
. For fcc Ni lattice ρ2=8.911 g/сm

3
. So, the value of η 
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is equal to 20.9%. This value is in the confidence interval from 15.6% to 21.4%, that we have 

defined in our work. After annealing, that initiates the hcp - fcc structure transformation in 

Ni, the magnetic state of films changes noticeably [2]. Namely, the magnetic moment 

increases essentially and hysteresis is observed at magnetization reversal (fig. 3). 

 

Figure 1.  Phase transition from amorphous (a) to crystalline (b) structure in V2O3 film after 

electron beam crystallization “in situ”. 

 

Figure 2.  Phase transition from hcp (a) to fcc (b) structure in Ni film after “in situ” annealing 

in micro furnace (40 min at 480°C). 

 
Figure 3.  Magnetization curves of Ni films with hcp (a) and fcc (b) structure. 
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Volumetric Multi-Spectral Optoacoustic Tomography - 

a One-Stop-Shop for High Performance Structural, Functional and 

Molecular Imaging 

Daniel Razansky 

Institute for Biological and Medical Imaging (IBMI), 

Technical University of Munich and Helmholtz Center Munich 

dr@tum.de 

High-resolution volumetric optical imaging modalities, such as confocal microscopy, two- 

photon microscopy, and optical coherence tomography, are growing in their importance for 

bological and medical imaging. However, due to strong light scattering, the penetration depth 

of optical imaging is limited to the transport mean free path of photons in biological tissues 

(~1 mm). The talk focuses on the optoacoustic (or photoacoustic) imaging, an emerging 

hybrid modality that can provide strong endogenous and exogenous optical absorption 

contrasts. Optoacoustics has overcome the fundamental depth limitation of optical imaging 

by maintaining excellent spatio-temporal resolution representative of ultrasound imaging. 

Thus, the image resolution, as well as the maximum imaging depth, is scalable with 

ultrasonic frequency within the reach of diffuse photons. In biological tissues the imaging 

depth can be up to a few centimeters. Our state-of-the-art implementations of multi-spectral 

optoacoustic tomography (MSOT) are further based on multi-wavelength excitation of tissues 

to visualize specific molecules located deep within opaque living tissues. As a result, the 

MSOT technology can noninvasively deliver anatomical (i.e., vascular structures, solid 

tumors and angiogenesis, and internal organs), functional (i.e., total hemoglobin 

concentration, hemoglobin oxygen saturation, blood flow, pH, and metabolic rate of oxygen 

consumption), and molecular information from living tissues [1], [2]. For highly sensitive 

molecular photoacoustic imaging, a valuable tool for personalized medicine, exogenous 

contrast agents (e.g., organic dyes, metallic and nonmetallic nanoparticles, reporter genes, or 

fluorescence proteins) with biomarkers are commonly utilized [3] (Fig. 1).  

The talk will further deal with the new realm of 5-dimensional (5D) optoacoustic imaging 

[8], which enables simultaneous acquisition of information across all the 3 spatial 

dimensions, the time and the spectral (optical wavelength) dimension. The 5D imaging 

capability makes it possible to visualize diverse endogenous contrast and administered 

contrast agents on multiple scales, namely, from cell to whole organ on the spatial scale and 

from fast heart beat to longitudinal tumor development on the temporal scale. Applications 

are explored in the areas of in-vivo cell tracking, imaging of agent kinetics and 

biodistribution, targeted molecular imaging studies, as well as functional imaging of the brain 

and heart. Clinical translation activities are further discussed. 
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Figure 1. Optoacoutic imaging can provide multiple indications on in-vivo structural, 

functional, kinetic and molecular tissue profiles with a single modality. (a) to (c) show 

anatomical appearance of proliferating subcutaneous 293T tumour and surrounding 

vasculature from day 7 to day 26 post inoculation (adapted from [4]). (d) Optical resolution 

microscopy image representing distribution of blood oxygenation in a mouse ear (adapted 

from [5]). (e) Time series of cross-sectional whole body mouse images visualizing the 

biodistribution of IRdye800 near-infrared contrast agent in green overlaid on the anatomical 

image [6]. (f) Temporal evolution of dye signal in the regions of interest highlighted in e), 

orange showing a region in the renal cortex that displays early and steep signal pickup and 

black indicating a region in the renal pelvis where probe accumulation is delayed and has a 

smoother profile. Individual multispectral measurements acquired with a rate of 

approximately 2 per minute are shown as dots while the solid line represents a fit to an 

analytical function. (g) Multispectral optoacoustic tomography (MSOT) detection of 

upregulated epidermal growth factor (EGF) receptor in orthotopic pancreatic xenografts 

using a targeted near-infrared EGF-conjugated CF-750 fluorescent probe [7]. Three-

dimensional biodistribution of targeted EGF-750 probe is shown in colour at 6 hours post 

injection. While MSOT can localize distribution of the probe with high resolution and all 

three-dimensions, epi- fluorescence images (h) from the same animal have highly-blurred 

low resolution appearance with no depth- resolved information. 
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Nanoparticle-Assisted STED, Theory and Experimental Demonstration 
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Christopher Dunsby4, Mark A. A. Neil4, Paul M. French4 and Stefan A. Maier4 

1 Unit of Electro-Optic Engineering, Ben-Gurion University, Beer Sheva 84105, Israel 

2 Institut Néel, CNRS, BP 166, 38042 Grenoble Cedex 9, France 

3 Max Planck Institute, 91058 Erlangen, Germany 

4 Blackett Laboratory, Imperial College London, SW7 2AZ London, UK 

The limit that diffraction puts on imaging was considered as the most fundamental problem 

in wave physics. This limit was broken in the early 2000’s in the context of fluorescence 

microscopy, eventually resulting in the awarding of the Nobel Prize in Chemistry, 2014.  

One of the prominent super-resolution technique is stimulated-emission-depletion (STED) 

nanoscopy, which offers superb resolution along with fast acquisition times. The STED 

nanoscope, however, suffers from the need for high intensities required for efficient 

depletion. 

We show that metal nanoparticles (NPs) can be used to improve the performance of STED 

nanoscopes. Compared with a standard STED nanoscope, we show theoretically a resolution 

improvement by more than an order of magnitude, or equivalently, depletion intensity 

reductions by more than 2 orders of magnitude; these come along with a strong 

photostabilization due reduction of photobleaching. We also show that such performance 

improvement can be attained without excessive heating, making it useful for live-cell studies. 

We demonstrate the technique experimentally by comparing the resolution attained by 

imaging dye-doped silica nanoparticles with or without a thin shell of gold. We observe that 

an optimum resolution, limited by the particle sizes, can be reached for the NPs for a power 

of the STED beam 4 times smaller than for the bare cores, see Figure below, in good 

agreement with the theoretical calculations. We show that the experimental obstacles 

encountered all have very satisfactory solutions. Accordingly, we expect to reach the 

theoretical predictions once the measurements will be repeated with particles of optimal 

geometries. Our experimental demonstration opens the way to improvement of existing 

STED nanoscopes and assisting the development of low-power, low-cost nanoscopes. This 

has the potential to increase the availability of STED nanoscopes and lead to an expansion of 

our understanding of nanoscale biological phenomena. 
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Quantitative Live Imaging of Embryonic Stem Cell Derived Neural 

Rosettes Reveals Cellular Dynamics Coupled to Cortical Development 
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Neural stem cells (NSCs) are progenitor cells for brain development - a process for which 

cellular spatial composition (cytoarchitecture) and dynamics are hypothesized to be linked to 

critical NSC capabilities. However, understanding the cytoarchitectural dynamics of this 

process has been mainly challenged by the difficulty to quantitatively image brain 

development in vivo, with particular emphasis on obvious shortage in human embryonic 

neural tissue.  

Here we describe a newly developed quantitative approach to analyze dynamic features in 

human neural stem cells derived from pluripotent stem cells. We used neural rosettes – an in 

vitro structure resembling the cortex cytoarchitecture. We have previously shown that cells 

within neural rosettes contain the information to reiterate in culture the process of cortical 

lamination – the orchestrated and timely ordered generation of cortical neurons. We 

specifically imaged and analyzed the apical to basal nuclei migration – a typical feature of 

neuroepithelial cells of the cortex that is also considered to be critical for maintaining NSC 

numbers during cortical development. 

Using these measures we first quantitatively confirmed the repetitive radial apical to basal 

polarized cellular motion in rosette stem cells. We found that this apical basal radial nuclei 

movement becomes more precise as rosette size increases, suggesting that preciseness of 

motion is enforced via mechanical constraints of the confining structure. This also implies 

that also during real development, as embryonic cortical tissue expanses, radial movements 

of nuclei are more robust, consequently further contributing to NSC maintenance. 

We further used these measures to characterize cellular dynamics within rosette structures 

derived from two developmentally and functionally distinct rosette stages - early emerging 

rosettes that are rich for NSCs with broad developmental potency and hence correspond to 

founder NSCs of the cortex, and their later derived and more differentiated stage rosettes that 

are characterized by reduced NSC capacity and lower developmental potential. 

We show that early rosettes maintain faster and more precise radial cellular motions 

compared to the later stage rosettes. This is accompanied by increased ratios of basal 
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motions, i.e. towards rosette periphery, compared to apical motions. Moreover, these basal 

motions were also found to be more radial (more precise motion) compared to apical 

motions. The increase in the ratios of basal motions was evident for all early rosettes but not 

the late rosettes, reflecting that our quantitative measures can distinguish early from late NSC 

stages of development. Furthermore, this increase in basal motion ratios was not dependent 

on rosette size, suggesting an additional, rosette size-independent mechanism for enhancing 

radial motion preciseness. Third, we found that late rosettes are characterized by dynamic 

temporal instability, again reflecting that progressive change in NSC number and function are 

reflected in cellular dynamics. 

We conclude that our measures can serve as new readout for early versus late rosettes, which 

respectively correspond to early and late stages in cortical development: the higher scores 

rosette get, the earlier NSC stage is, greater NSC numbers are, and the broader potential 

prevails. 

We propose that our quantitative kinetic measures have the potential to serve as readout for 

functional molecular studies, drug screening and diagnosis and may be implicated to gain 

novel insights into pathology of NSCs in health and disease.  

 

Fig. 1. Radial patterns of cell dynamics in neural rosettes A. Combined fluorescence of 

the stem cell marker HES5::eGFP (green) reporter expression and Immunostainings of the 

cortical neural progenitor marker PAX6 (red) throughout NSC progression from 

neuroepithelial cells (top panel), to early neurogenesis radial glial (E-RG) rosettes (middle 

panel) to mid-neurogenesis radial glial (M-RG) rosettes (bottom panel). Nuclei are stained 

with DAPI (blue). Note the cytoplasmic GFP co-localized with PAX6+ nuclei, attesting a 

NSC stage. Note the multiple circular rings of PAX6+ nuclei radially organized in E-RG 

rosettes, whereas only one circular ring of PAX6+ nuclei confined to lumen in M-RG 
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rosettes, reflecting reduced NSC ratios. Finally, note the many cells that are not associated to 

apical sites (rosette lumens) in M-RG rosettes, reflecting rosette disorganization at later 

stages. B.  Representative HES5::eGFP and its matched phase contrast image from time-lapse 

imaging of an E-RG stage neural rosette (left) or a non-rosette area adjacent to a rosette 

(right). Rosette contour were manually annotated (white dashed marking). C. Motion patterns 

follow the expected radial angle. Average patch velocity orientation over time for E-RG 

rosette (left, corresponding to panel B) and a non-rosette. Color code is illustrated in panel E 

(bottom). Radial organization is subjectively observed in E-RG rosettes, even when analyzing 

the phase contrast channel, but not in non-rosettes (either GFP or Phase). D.  Angular 

alignment distribution. Distributions of angular alignment angles (the gap between the 

observed angle motion to the expected angle motions) of all coordinates over the entire time 

course are shown. A tendency to follow the expected angle is found for E-RG rosettes (left, 

mean angle of 29° for GFP or 36.4° for phase contrast) but not for non-rosettes (right, mean 

angle of 44.7° for GFP or 45.7° for phase contrast). E. Schematic sketch of angular 

alignment, the angle between the expected- and observed-motion (top). Color code for radial 

angles in C is illustrated (bottom).   
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Boning Up on Bone Formation: Tracking the Bone Formation 

Pathways in the Larval Zebrafish Tail 

Anat Akiva1, Karina Yaniv2, Steve Weiner1 and Lia Addadi1 

1 Department of Structural Biology, Weizmann Institute of Science, Rehovot, Israel 

 2 Department of Biological Regulation, Weizmann Institute of Science, Rehovot, Israel 

Bone is a composite material, which is made of collagen fibers infiltrated by the calcium phosphate 

mineral, carbonated hydroxyapatite. The bones support and protect the body, enable mobility and are 

used as a storage site for mineral. Notwithstanding the vast extent of research performed in the area, 

the comprehensive understanding of bone mineralization is not yet available. The accepted paradigm 

is that bone cells (namely osteoblasts) form an extracellular collagenous matrix and then introduce 

ions, which crystallize inside and between collagen fibers. An earlier study of the zebrafish tail 

showed that a disordered mineral is first formed in vesicles within cells adjacent to the forming bone 

[1].  Here we study calcium transport to the bone and mineral formation in the forming bone. The 

zebrafish is a unique model system for studying vertebrate development because it develops rapidly, it 

is transparent and the tail is very thin thus enabling the monitoring of mineral formation in vivo. We 

combine state of the art imaging and spectroscopic techniques both in vivo and ex vivo, to obtain 

insights into mineralization pathways and mineral characterization during the caudal fin formation. 

We take advantage of the fact that up to 35 days post-fertilization, the zebrafish rapidly uptake 

calcium directly from the water. Immersion of the larval fish in the fluorescent dye calcein for several 

minutes, results in homogenous labeling of mineral vesicles and the newly formed bone. In addition 

to calcein staining, we use transgenic fish, which are labeled with additional fluorescent markers for 

blood vessels and/or osteoblast cells. The correlation between the different fluorescence marker 

signals followed by confocal fluorescence microscopy shows the mineral–cell–blood vessel interface 

development, allowing us to track mineral formation and ion transport in real time. In order to achieve 

higher resolution at the bone-cell interface we use cryo-SEM on high pressure frozen tail specimens. 

This technique keeps the tissue intact, without the damage caused by chemical fixation, drying and 

plastic embedding. The tracking of the nanometric mineral particles, which cannot be detected using 

cryo-SEM, may be tracked using focused ion beam (FIB) serial surface view reconstruction of the 

mineralizing tissue.  

We combined two spectroscopic techniques in order to characterize the transient mineral phases 

involved in the bone formation process: Raman spectroscopy, and x-ray diffraction, which is coupled 

with an x-ray fluorescence detector. Together with our colleagues from the MPI in Golm, we 

developed a new setup for fluorescence-Raman confocal microscopy [2]. This unique micro-Raman 

setup allows for real time spectroscopy of stained mineral aggregates. In this set-up the living fish is 

stained beforehand with caclein. The spectroscopic signature originating from the fluorescent mineral 

aggregates is detected directly by the micro-Raman spectrometer. This setup assures that the detected 

mineral phase is indeed the phase that is present in vivo.  X-ray diffraction (XRD) and X-ray 

fluorescence (XRF) are used as complementary techniques to detect the mineral particles and calcium 

distribution in a wider area of the caudal fin, which cannot be done by Raman spectroscopy alone.  

Our results show the presence of mineral aggregates in close proximity to the blood vessels, between 

and within the intra-ray region, and relatively far from the bone. Some of the intracellular mineral 
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vesicles were observed in cells which also carry an endothelial fluorescent marker (figure 1). This 

might imply the existence of a common lineage for endothelial and osteoblast cells. Raman 

spectroscopy coupled with fluorescence imaging performed on a living fish, shows the presence of a 

disordered calcium phosphate phase with characteristic features of an octacalcium–like (OCP-like) 

phase in mineral aggregates located between bones [3]. XRD combined with XRF and FIB shows that 

the transient mineral phase is homogenously distributed at the edges of the bones as nano-particles.  

The observation that mineral particles form at diverse locations, and involve different cell types 

including cells which express an endothelial reporter entails a conceptual change in our understanding 

of the comprehensive mechanism of bone formation in vertebrates, from the blood to the bone. The 

achievement of in vivo correlative confocal imaging and spectroscopy of cells and mineral in a living 

animal advances our understanding of bone mineralization pathways in vertebrates, including 

humans. 

 

Figure 1: Calcium particle distribution in the zebrafish tail. (a) In vivo confocal imaging 

of a Tg(fli1:DsRed) zebrafish larva tail. The mineral (bone and mineral deposits) is stained 

with the green fluorescent marker calcein. Endothelial cells exhibit red fluorescence. Several 

particles are detected next to the blood vessel (arrow) in addition to particles of 1 µm, which 

are spread throughout the tail (arrowheads). (b) Calcium XRF map of a similar region 

showing the distribution of calcium in locations equivalent to those imaged with confocal 
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microscopy in figure 3a (arrow). Inset: A calcium-containing deposit located in the non-

mineralized collagen region in the distal part of the tail imaged by calcium XRF mapping. 

The sphere has a diameter of ~7 µm. Color scale for the XRF maps: Blue: no calcium, green: 

intermediate calcium concentration, red: high calcium concentration (c, d) Co-localization of 

calcein deposits and cells: (c) Calcein stained particles are detected within a fli1-positive cell 

(arrow), in Tg(fli1:DsRed) larvae. (d) Tg(fli1:EGFP), calcein and DRAQ5 staining of the cell 

nuclei (pseudo-colored blue). Micrometer-size particles with high calcein content are 

detected within the cells (arrows). (e) Pseudo-colored cryo-SEM micrograph of a bone half 

cylinder (green) with the surrounding soft tissue. Blue: cell nuclei; Orange: non-mineralized 

collagen; pink: bone-lining cell cytoplasm, containing vesicular bodies. Scale bars (a-d): 10 

µm. (d inset, e): 1 µm. [3] 
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How YouTube the vertebrate׳s body: Insights from zebrafish 
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Cryo-STEM for Tomography and Beyond 

Michael Elbaum 

Department of Materials and Interfaces, Weizmann Institute of Science, Rehovot, Israel 

The realm of cryo-electron microscopy now extends from atomic resolution of 

macromolecules to 3D tomographic views of intact cells. Lacking heavy metal stains, the 

approach is almost synonymous with phase contrast. Recently we have been exploring 

scanning transmission EM (STEM) imaging for cryo-microscopy and tomography [1]. STEM 

contrast (dark field) is based on incoherent atomic scattering. Its quantitative nature is well 

recognized in mass measurement studies. STEM circumvents many of the pitfalls inherint in 

phase contrast. For example, depth of field and resolution can be tuned more flexibly so that 

images are formed in focus. Moreover, STEM is insensitive to inelastic scattering and there is 

no need for zero-loss energy filtering. These features make STEM particularly efficient for 

application to thick specimens. We demonstrate these advantages in tomography of both 

bacterial and mammalian tissue culture cells. Scattering profiles also depend on atomic 

number so STEM can be used for mapping of heavy elements on the organic background of 

carbon, nitrogen and oxygen, for example in bacterial poly-phosphate bodies. Using ferritin 

as a model system we explore the ultimate sensitivity for detection of trace metals in the 

biological context. 
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High Resolution Correlative X-Ray Tomography 

Einat Zelinger1, Yael Heifetz1, Leor Williams1 and Vlad Brumfeld2 

1 Hebrew University, faculty of agriculture, Rehovot, Israel 
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X-Ray tomographic microscopy (micro CT) is the ideal method for 3D imaging of opaque 

objects. Many biological tissues are transparent for X rays, so they have to be stained before 

imaging. Commonly used stains in X-ray microscopy are PTA for collagens, osmium oxide 

for lipids and iodide for proteins.  In many cases, staining with those dyes result in poor or no 

contrast at very high resolution (1µm or less) when minute structural details have to be 

detected. In medical CT additional stains are used to enhance the performance of basic 

contrast agents, and among those, tannic acid is frequently used.  

We have used tannic acid in combination with iodide to significantly improve the contrast of 

challenging tissues for high resolution images. We used the reproductive apparatus of female 

Drosophila and Arabidopsis plant meristem as model systems. 

Another challenge was to visualize the stored sperm inside the Drosophila female storage 

organs that had no contrast with all stains tested. To overcome this problem we used a 

correlative approach. The fluorescent sperm (DJ-GFP) was imaged in situ using a confocal 

microscope and the same sample was subsequently fixed, stained with our technique and 

scanned in the X-Ray tomographic microscope. A complete 3D mapping of the sperm was 

obtained by manual registration of the images.  
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Novel Approaches for Three-Dimensional Optical Imaging of Live Cells 

without Using Labeling 

Natan T. Shaked 

Department of Biomedical Engineering, Faculty of Engineering, Tel-Aviv University, Tel-Aviv 

69978, Israel 

 nshaked@tau.ac.il 

We propose new optical imaging methods for rapid non-invasive acquisition of the three-

dimensional (3-D) refractive-index structure of live cells in suspension without using any 

labelling. The methods are based on the acquisition of off-axis interferograms of a single cell 

from different angles using external interferometric module, while fully rotating the cell 

using micro-manipulations. The interferometric projections are processed via computed 

tomographic phase microscopy reconstruction technique, which considers optical diffraction 

effects, into the 3-D refractive-index structure of the suspended cell.  By inspection of the 3-

D refractive index distribution of cells in suspension, the proposed methods can be useful for 

label-free morphological and contents characterization of biological processes and cell 

transformations from healthy to pathological conditions. 
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Computer Controlled DNA-Based Molecular Machines 

Assisted by Microfluidics and Single-Molecule Fluorescence 

Eyal Nir 

Department of Chemistry and the Ilse Katz Institute for Nanoscale Science and Technology, Ben-

Gurion University of the Negev, Beer Sheva, 84105, Israel 

 Eyalnir@bgu.ac.il 

Natural molecular machines, made of proteins and RNA, play major roles in many biological 

processes, often with impressive operation yields and speeds. Artificial molecular machines, 

including machines made of DNA, however, are still slow and exhibits low operation yields 

which limits its applicability 

In the talk I will show how we use single-molecule total internal fluorescence microscopy 

(smTIRF) and microfluidics technology to develop and operate a DNA-based bipedal walker 

that stride on a DNA origami track and powered by sequential interactions with externally 

introduced fuels and anti-fuels DNA strands. Using the SMF technique, which enables 

structural dynamics analysis of the motor and the identification of unwanted side-reactions, 

and using computer controlled microfluidics device, which enables automatic introduction 

and removal of fuels and anti-fuels, we were able to rationally design and conveniently 

operate motors with superb operation yield and speed. With our recent design the motor walk 

36 steps with 50% operational yield. This is equivalent to around 99% yield per chemical 

reaction (DNA binding and unbinding), and the stepping rate can be faster than several 

seconds. This is significantly better than any other DNA based motor introduce to date and 

opens the way for variety of future computer controlled DNA-based devices and applications. 
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Double-Barrier Magnetic Tunnel Junctions Based On Epitaxial Growth 

of Fe and MgO  

Eran Amsellem and Amit Kohn 
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Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel 

Magnetic tunnel junctions (MTJ) are devices based on spin-dependent tunneling between two 

ferromagnetic (FM) electrodes separated by a thin (1-3nm) insulating barrier [1]. MTJ 

devices are mostly used as read head sensors in hard disk drives and show promise for 

magneto-resistive random access memory.  The tunneling resistance of the junction depends 

on the relative magnetic alignment of the two ferromagnetic layers with parallel alignment 

resulting in lower resistivity than antiparallel. This phenomenon, caused by spin-dependent 

electron tunneling, is quantified by the fractional change in resistance termed as the tunneling 

magneto-resistance (TMR) ratio. MTJ devices are characterized by the magnitude of TMR, 

electric resistivity, and degree of spin polarization. These characteristics depend mostly on 

their material and structural properties. Extensive studies in this field have resulted with 

significant TMRs of up to 500% at room temperature [1].  

Double barrier magnetic tunnel junctions (DBMTJ) consist of an additional FM and 

insulating barrier layers. DBMTJ exhibit a spin-dependent resonant tunneling effect, i.e. the 

tunneling conductance oscillates and exhibits peaks at resonant voltages [2], resulting in an 

enhanced TMR ratio [3]. 

IN order to investigate the structural origin of the resonant tunneling effect, we characterized 

DBMTJs based on epitaxial Fe/MgO layers. DBMTJs that differ by the thickness of the 

middle layer (1-3nm) were investigated in terms of structure and magneto-transport 

properties. The samples, comprised of the following layers: Fe/MgO/Fe/MgO/Fe/Ir0.2Mn0.8, 

were fabricated by molecular beam epitaxial (MBE) growth on an MgO(001) substrate. The 

antiferromagnetic  Ir0.2Mn0.8 layer pins the magnetic moments in the top Fe electrode through 

exchange bias [1]. 

Structural analysis was undertaken by a JEOL-2100F transmission electron microscope 

(TEM). TEM cross-sectional samples were prepared by the traditional method comprised of 

cutting, polishing, and ion-milling.  Phase contrast TEM micrographs (see Fig. 1) show that 

the additional middle Iron layer is not continuous but in the form of islands distinctively 

separated from each other.  The samples set demonstrates the evolution of the islands as the 

amount of deposited Iron increases. This growth pattern is attributed to the Volmer-Weber 

growth mode, which is well known for MBE of Iron on MgO. This growth mode arises due 
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to the large difference in surface energies for MgO and Fe, which are, 1200 nJ/mm
2 

and 2900 

nJ/mm
2
 respectively [4]. We will discuss magnetometry measurements, which are consistent 

with TEM results with respect to the overall magnetic thickness and demonstrate exchange 

bias. Transport measurements as a function of the middle layer thickness show that tunneling 

resistance and TMR ratio gradually decrease and increase respectively with the increase of Fe 

thickness. 

 
Figure 2-HRTEM (phase contrast) images demonstrating typical Fe islands for DBMTJ with 

a middle Fe layer thickness of 1.25nm (left) and 3nm (right). Insets show power spectra 

demonstrating the epitaxial growth with an epitaxial relation of 

Fe(001)[100]/MgO(001)[110]/Fe(001)[100]. 

This project is undertaken in collaboration with Dr. S.-G. Wang, State Key Laboratory of 

Magnetism, Institute of Physics, China, and with Dr. R. Ward, Clarendon Laboratory, and 

Oxford University, U.K. The project is funded by the Israel Ministry of Science and 

Technology, China-Israel project 3-9742. 
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The search for alternative clean and renewable energy source is a major pressing issue. One 

promising direction is the use of semiconductor nanoparticles as photocatalysts which absorb 

the solar radiation and produce hydrogen from water. Upon radiation, excited electrons and 

holes are created. They then migrate to the surface and react with the aqueous solution as 

described in figure 1. Efficient photocatalysts should maintain charge separation of the holes 

and electrons and contain different sites for oxidation and reduction. Usually a small metallic 

particle is deposited on the semiconductor which acts as an electron sink and a reduction site 

for protons. 

Hybrid core-shell structures such as CdS@CdSe increase the charge separation and reduce 

the particle dissolution by confining the holes to the core and leaving the electrons 

delocalized over the entire structure. A bi-metallic co-catalyst composed of metals such as 

gold and palladium should improve the photocatalytic activity of the system. Such bimetallic 

particles possess the ability to attract electrons from the semiconductor and discharge them 

into the aqueous solution more efficiently then each of the metals on their own.  Here we use 

the CdSe@CdS-Au\Pd system as a case study to explore the effect of the inner structure of 

the bimetallic tip on the photocatalytic performance. In addition we study the dynamic 

processes which occur during photocatalysis. For this aim we used high resolution energy 

dispersive spectroscopy (EDS) for the system characterization and an online GC equipped 

setup for the long duration photocatalytic hydrogen evolution measurements.  
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Figure 1 - Illustration of the photocatalytic process demonstrated for a seeded rod system 

with  an Au@Pd tip. As light hits the nanorod surface, it excites an electron, which migrates 

to the bimetallic tip where proton reduction occurs. The remaining hole, confined to the core 

region, is extracted by isopropanol (hole scavenger). 
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Lanthanum Modified Two Dimensional TiO2 Photocatalyst by Using 

Controllable Lyophilization Process  
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Semiconductor photocatalysis encompasses a number of diverse and related disciplines in 

science and engineering and has been applied for mitigating environmental pollutants (both 

in aqueous and gas phase), waste water treatment, generating solar fuels from photosplitting 

of water and reduction of carbon dioxide, fixing nitrogen, and destroying bacteria, viruses, 

and cancer cells [1]. A large variety of catalysts have been developed and their photocatalytic 

activities have been explored for a variety of reactions. The most widely used semiconductor 

photocatalyst is titanium dioxide. TiO2 has become a ‘‘gold standard’’ in photocatalysis and 

its popularity stems from the fact that it is relatively easy and inexpensive to synthesize, it is 

highly stable under irradiation conditions, non-toxic, and can completely degrade several 

classes of pollutants in aqueous and gas phases. Factors that limit the usefulness of titania are 

its wide band-gap (3.2 eV) and the recombination of the photogenerated electron-hole pairs. 

The large band-gap necessitates the use of UV light for the photo-production of electrons and 

holes. UV light constitutes of 5% of solar radiation and thus the visible portion of the solar 

energy cannot be effectively harnessed. In contrast to the conflicting reports of doping or 

modifying semiconductors with transition metal ions or non-metals, the photocatalytic 

activities of rare earth modified semiconductors (especially at low loadings) are higher than 

the non-modified semiconductors [2].  

We present lanthanum modified 2D-TiO2 nanosheets prepared by using controllable  

lyophilization (freeze-drying) process: Titanium oxysulfate and  Lanthanum (III) nitrate were 

dissolved in 150 mL of water under stirring at 35◦C until full dissolution of the salts. The 

clarification of the solution was reached and then it was let cool down to 0◦C. After addition 

of H2O2, the color of the white suspension turned yellow (Fig. 1). The solution was sprayed 

into LN2, the frozen material was transferred into a freeze dryer (BenchTOP) and lyophilized 

at temperature of −64◦C and pressure 5–10 mTorr until full removal of water ice (see Fig. 2). 

This procedure led to yellow foamy cryogel. The lyophilized material TiLa-LYO was 

transformed easily into La-doped anatase by annealing.  Samples calcinated at 500, 650, 800, 

and 950◦C are labeled accordingly as TiLa-500, TiLa-650, TiLa-800 and TiLa-950. The 

purpose of this wok was to investigate the role of Li
3+

 dopant on the stability of anatase well 
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crystallized nanosheets, on the textural characteristics and especially, on the photocatalytic 

properties during the course of degradation of 4-chlorophenol (4CP). SEM image of sample 

TiLa-800 revealed that annealing of thin foils of yellow foamy cryogel formed by 

lyophilization of aqueous gel leads to formation of thin sheets (Fig. 3) consisting of 

nanosized crystals. One can see that the size of sheets can be very large but very thin 

(thicknessis below 100 nm). We observed that the annealed material is highly photoactive, La 

doped anatse TiO2 owing to highly anisotropic shape and their perfect crystallinity (Fig. 4). 

We suppose also activity of the antenna effect contributing to the high photoactivity of 

material.  HRTEM image (Fig. 5) confirmed doping material diffusion toward the interface 

region and formation of cross-linked heterostructures: La
3+

 alters the (101) interplanar 

distance (d) that gives place to distortion of TiO2 lattice. La
3+

 could be entered octahedral 

(TiO6) interstitial positions leading to increase of d value owing to La
3+

 in interstitial sites. 

Outstanding photocatalytic activity determined by measuring the kinetics of degradation of 

4CP as well as measuring the formation of •OH radicals by EPR spectroscopy was observed. 

All three methods demonstrated significantly higher activity in comparison with the Degussa 

P25 photocatalyst. Both methods used for photoactivity tests provided similar results, the 

activity increased with increasing annealing temperature in order 500◦C < DegussaP25 < 

600◦C < 850–950◦C. Results of measurement of formation of •OH radicals by EPR also 

confirmed the unusually high activity of TiLa-800 materials. In comparison with the Degussa 

P25 the sample annealed at 800◦C showed lower production of •OH radicals (see Fig. 6). 
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Mapping the Electrostatic Potential in Heterojunctions of Pbs/Cds 

Core-Arm Nanostructures by Off-Axis Electron Holography  
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Technology, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel 

Technological and scientific interest in semiconductor nanocrystals is due to their size and 

shape dependent optical and electrical properties.  Semiconductor nanocrystals have a wide 

range of applications, e.g. light-emitting diodes, sensors, optical detectors, and electronic 

devices [1].  Hybrid nanoparticles (HNPs) show synergistic properties in addition to size-

dependent effects at the nanoscale.   In particular, semiconducting HNPs often change the 

charge carrier distribution and dynamics with respect to bulk materials, thus significantly 

changing the optical and electrical properties [2]. Therefore, it is vital to characterize such 

HNPs for the development of advanced new applications.  

We have studied the PbS/CdS system because it is expected to form a nanoscale charge 

separating heterojunction based on the energy level alignment and relative bulk Fermi levels 

of each component. Moreover, PbS and CdS have close crystallographic matching (lattice 

mismatch<1.5 %), which may allow epitaxial growth. 

PbS/CdS HNPs were synthesized by decomposing lead ethylxanthate in octadecyl amine 

followed by decomposition of cadmium ethylxanthate at 85
o
C. The size of the PbS core 

ranges between 10nm and 20nm, while the CdS arms have an average diameter of 5 nm with 

lengths varying from 10nm to 20nm.  Analyses of high resolution transmission electron 

microscopy (HRTEM, phase contrast) micrographs show that the orientation relation between 

the PbS core and CdS arm is [111]PbS||[001]CdS and [110]PbS||[001]CdS. The interface between 

the core and arm is chemically sharp [3]. 

Photoluminescence (PL) measurements of hybrid nanoparticles do not detect fluorescence 

emission originating from the CdS arms. This observation is attributed to quenching of CdS 

photoemission due to recombination in the PbS cores. A study on band bending at the 

heterojunction of the HNP may provide insights regarding unique optical properties resulting 

from this junction. 

Therefore, the objective of this study is to measure the electrostatic potential variation across 

the junction of PbS core- CdS arm nanostructures in order to understand the subsequent 

optical and electrical properties. 
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However, this task is challenging in the case of nanometer scale junctions of individual HNPs 

[4]. Off-axis electron holography (OAEH) in the transmission electron microscopy (TEM) 

can map the potential variations with nanometer spatial resolution, and at the same time the 

TEM can characterize the morphology and crystallographic structure of the nanostructure [5]. 

OAEH uses a biprism to form an interference pattern between an electron wave that has 

passed through a sample with a reference wave that has passed through vacuum. Δis the 

phase shift of the electron wave that penetrated a sample, along the z-axis with mean inner 

potential (MIP) V and thickness t, is given by ΔCEVt, where CE is the interaction constant, 

which depends on the energy of the incident electron beam [6,7]. 

Figure 1.  Bright field TEM image of PbS/CdS core-arm nanostructure. (b) Reconstructed phase of 

the electron wave and (c) the corresponding phase values.  The arrow in (b) shows the direction of the 

phase profile from PbS core to the CdS arm. The phase value profiles of an individual PbS cube and 

CdS arm are also shown in (c) for comparison. 

In order to observe changes in the mean inner potential across the hetero-junction, we applied 

OAEH at an accelerating voltage of 80kV to samples cooled below 100K.  The phase profile of 

the HNP differs from the phase profile of the separate PbS and CdS nanoparticle (Fig. 1c). For 

separate particles, the phase value within the particles is approximately equal followed by a sharp 

drop at the edges. In HNP, the phase change across the interface is gradual. In particular, the 

phase values along the CdS arm show a gradual increase towards the PbS core. This comparison 

indicates band-bending towards the interface. We have observed similar behaviour in many core-

arm structures. A finite-element 1D solution of the Poisson equation [8] for PbS/CdS HNPs 

illustrates that charge carriers which are formed on CdS arms by optical excitation, flow to lower 

energy levels within the PbS core, thus preventing recombination in the arm. This in turn is 

manifested as dynamic quenching of the CdS PL. 
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Nanopatterning Plasmonic Structures Using Focused Ion Beam and 

E-Beam Lithography  

Tzipi Cohen-Hyams1, Grisha Spektor2, Lior Gal2 and Meir Orenstein2 
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2 Department of Electrical Engineering, Technion, Haifa, Israel 

The Focused Ion Beam (FIB) system uses a Ga
+ 

ion beam to raster over the surface of a 

sample in a similar way as the electron beam in a scanning electron microscope (SEM). One 

of the capabilities of FIB is its ability to mill complex nanopatterns (including bitmapped 

images), making it the ideal tool for precise 3D maskless nanopatterning of a wide variety of 

materials. The FIB is the ideal tool for prototyping a wide range of devices in the R&D stage 

of product development, since it offers high reproducibility and scalable throughput. 

However, the ion bombardment of the specimen surface can introduce various artifacts, such 

as surface amorphization, Ga
+
 ion implantation, cratering and material re-deposition.  

Electron-beam lithography is an alternative tool for 3D nanopatterning. E-Beam lithography 

uses a focused beam of electrons to “write” patterns on a surface covered with an electron 

sensitive film (resist). The main advantage of electron-beam lithography is that it can direct-

write with nm resolution. This form of maskless lithography has high resolution and low 

throughput. 

These two techniques are considered to be the best methods for fabricating structures for 

surface plasmon coupling and manipulation. The structures can be used to obtain confined 

longitudinally polarized plasmonic focal spots and other higher order effects.  

In this study, we present a comparison between FIB nanopatterning and E-beam lithography 

to fabricate various nano engraved plasmonic structures in gold comprising different spiral 

types and their engagements.   
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Real-Time Discrimination of Phases with Similar Kikuchi Patterns but 

Different Chemistries through Simultaneous EBSD and EDS  
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EBSD is a widely accepted, powerful analytical technique capable of a wide variety of 

microstructural analyses, including preferred crystallographic orientation, grain size, grain 

boundary characterization, phase distribution and inter-phase orientation relationship 

determination.  The technique is adept at discriminating phases crystallographically, and so 

crystallography-based phase identification and discrimination in mapping is a powerful 

application of EBSD.  However, limitations exist, and there are cases where indexing by 

conventional inter-band angle matching alone fails to discriminate phases yielding very 

similar Kikuchi patterns, for example, in the case of many face centered cubic metals with 

close unit cell dimensions. 

A number of different solutions have been applied to solve this, both in real-time and in post-

acquisition.  In one real-time method, Kikuchi band width matching may be used to 

successfully exploit inter-planar spacing differences between phases,.  With high accuracy 

band detection methods, reliable comparisons between measured and calculated bandwidths 

for the phases involved are used to determine a best match.  This method is useful to a band 

width difference of about  ≥10%.   

Another real-time alternative is phase differentiation on the basis of chemistry, in which no 

minimum difference in crystal structure or unit cell parameter is necessary for discrimination.  

This technique uses EDS data acquired simultaneously with the EBSD data for each point 

analyzed. When more than one viable solution results from indexing alone, EDS information 

for the point is used to weigh the results in favor of the solution whose chemical spectrum 

best matches a reference spectrum for the phases involved. 

This is illustrated in the example below.  A hole in a copper gasket has been filled with 

solder, and the heat applied to melt the solder has caused a reaction between it and the 

surrounding copper.  The associated phase changes are investigated by EBSD.   The sample 

contains copper, lead, tin and copper-tin intermetallic phases. Copper and lead  have identical 

face-centered cubic crystal structures and similar unit cell dimensions, thus nearly identical 

Kikuchi patterns, yet are very different chemically.  
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Figure 1a shows a phase map using EBSD indexing alone, where the copper and lead are not 

completely successfully differentiated.  Simultaneously collected EDS maps, shown in Figures 1b, 1c 

and 1d, indicate a clear difference in Cu, Pb and Sn distribution.  Re-indexing using AZtec TruPhase 

yields correct differentiation of the copper and lead phases, as seen in the phase map in Fig. 1e.  This 

poster will discuss this technique and its application to other samples. 

 

 

 

 

Figure 1a EBSD Phase map over the area of 

interest.  There is not a clear differentiation 

between the Cu and Pb 

Figure 1b Cu X-ray map, showing the 

distribution of copper in the gasket 

 

 

 

 
Figure 1c Pb X-ray map 

 

Figure 1d Sn X-ray map 

 

  

Figure 1e EBSD phase map, collected with 

Aztec Truphae, showing the correct distribution 

of lead and copper 
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Hollowing Kinetics of Ag-Au Core-Shell Nanoparticles Controlled by 

Short Circuit Diffusion  

Nimrod Gazit1, Gunther Richter2, Eugen Rabkin1 
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Hollow metallic nanoparticles attract great deal of attention due to their possible applications 

in various fields of nanotechnology (drug delivery, energy production and storage, catalysis, 

etc.). 

These particles have been fabricated in the past employing wet chemistry methods or/and 

Kirkendall effect during bulk interdiffusion in the core-shell nanoparticles. The latter process 

requires relatively high temperatures at which the bulk diffusion is active.  

In this work we present a method of fabricating hollow Au nanoparticles based on surface 

and grain boundary diffusion, similar to the method proposed earlier for producing of hollow 

nanowhiskers [1,2]. We produced an array of single crystal Ag nanoparticles on sapphire 

employing the solid state dewetting process of a thin Ag film deposited on sapphire substrate. 

A thin polycrystalline Au film was then deposited on the dewetted sample. During 

subsequent heat treatment at 170 °C the Ag atoms from the core of the core-shell Ag-Au 

nanoparticles diffused along the short-circuit diffusion paths (as shown by EFTEM analysis), 

leaving behind hollow Au nanoparticles. The hollowing kinetics that were studied by 

scanning electron microscopy and by a combination of focused ion beam with transmission 

electron microscopy are presented. 

  
Figure 1. Hollow Ag/Au particle. Figure 2. Particle Cross Section 
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Silicon/Hollow γ- Fe2O3 Nanoparticles as Efficient Anodes for Li-Ion 

Batteries  
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David Zitoun1 

1 Department of Chemistry, Bar Ilan Institute of Nanotechnology and Advanced Materials (BINA), 

Ramat Gan 52900, Israel  

2 Institut Charles Gerhardt UMR CNRS 5253, ALISTORE European Research Institute (3104 CNRS) 
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Nanomaterials have triggered a lot of attention as potential triggers for a technological 

breakthrough in Energy Storage Devices and specifically Li-ion batteries. Herein, we report 

the original synthesis of well-defined silicon/iron oxide nanoparticles (NPs) and its 

application as anode materials for Li-ion batteries. This model compound is based on earth 

abundant elements and allows for a full investigation of the electrochemical reactions through 

its iron oxide magnetic phase. The elaboration of silicon with iron oxide grown on its surface 

has been achieved by reacting an organometallic precursor Fe(CO)5 with Si nanopowder and 

subsequent slow oxidation step in air yields hollow γ-Fe2O3 on the Si surface. This specific 

morphology results in an enhancement of the specific capacity from 2000 mAh/gSi up to 2600 

mAh/gSi. Such a high specific capacity is achieved only for hollow γ-Fe2O3 and demonstrates 

a novel approach toward the modification of electrode materials with an earth abundant 

transition metal like iron. This result further emphasizes the need for precisely designed NPs 

in achieving significant progress in energy storage. 

 

Figure 1.   A)  Cyclic voltammetry of Si/hollow Fe2O3 NPs B) TEM image of  Si/hollow 

Fe2O3 NPs. 
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Site-Specific Dopant Profiling Applications in the Dual Beam FIB-SEM 

System  

Or Haimson, Itzik Ofra, Pavel Fay, Avi Rozenblat Raz, Amir Silber 

Intel Israel Ltd. Qiryat-Gat 82109, Israel  

With the shrinking size of semiconductor devices, site specific characterization and Failure 

Analysis (FA) is becoming more challenging. The need to find smaller defects in smaller 

structures requires advanced machinery and skillful operations. By using state of the art dual 

beam SEM-FIB systems (DIB), the ability to navigate to a nano-metric scaled transistor and 

imaging it by cross section is quite common. on the other hand, DIB milling causes surface 

damage and amorphization of the top few nanometers [1,2]. Considering that recent theories 

and simulations indicate that in order to detect the dopant contrast by SEM, the secondary 

electrons (SE) escape path has to be smaller than the amorphous damaged surface layer 

[3,4,5] makes the DIB precise cross section imaging a challenging technique for dopant 

contrast detection. 

In the presented work, we demonstrate 2D dopant profiling by the DIB system. The DIB 

system allows both: precise navigation to a specific site on the integrated circuited (IC) at 

nano-metric scales, and sample preparation for dopant profiling on a cross section. Fine 

milling of the cross section by utilizing low energy Ga+ ion, different geometries [1,2] and 

chemistries [3,6] of the DIB system, enables clear dopant contrast of wells, source & drain on 

a sub micron scale (Figure 1). We demonstrate these abilities using a small chamber FEI 

Helios 400 DIB and also on a full wafer FEI Altura 855 DIB making this method robust and 

applicable for timely measured Finally, we match the cross section vertical dopant profile of 

this method to SIMS dopant profile to validate the accuracy of this method. 

 

Figure 1.  Sub-Micron scaled transistors featuring source/ drain implants. 
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Measuring the Space Charge Potential in Granular Magnesium 

Aluminate Spinel using Off-Axis Electron Holography  
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Solute and point charged defect segregation to grain boundaries (GB) are fundamental 

phenomena in polycrystalline magnesium aluminate spinel, which have enormous 

implications for the macroscopic dielectric and mechanical properties of the ionic materials 

[1,2]. 

Therefore, an important research objective is to investigate GB segregation and its influence 

on ceramic properties such as space charged zones (SCZ) [3]. The space charge potential 

(SCP) has been calculated according to the Boltzmann distribution which is a combination of 

formation energies of charged defects and measured ion concentrations [2,3]. In order to 

estimate the SCP in non-stoichiometric magnesium aluminate spinel, we characterized the 

cation distribution in the spinel lattice. The magnesium to aluminum cation concentration 

ratio as a function of distance perpendicular to spinel grain boundaries was calculated from 

EELS measurements (Figure 1a). The drawback of this approach for estimating the SCP is 

the lack of accurate values for defect formation energy. Theoretical studies [1,4] have 

resulted in a range of values for the same structural defect. Consequently, we suggest off axis 

electron holography (OAEH) as an experimental method for measuring the SCP. 

Experimental estimations of SCP have been done previously [2,3]. 

The TEM samples were tested experimentally using an adapted JEOL JEM2100F for Lorentz 

microscopy [5] operated at an accelerating voltage of 200kV. Holograms were recorded using 

a 2k pixel  2k pixel Gatan Ultrascan charge coupled device (CCD) camera. The biprism 

voltage for recording holograms (sample and reference) was 90V at a nominal magnification 

of 20k. The electron phase was reconstructed using scripts of Arizona State University [6] 

within the Gatan Digital Micrograph software. 

The measured SCP, shown in Figure 1b indicates that the potential sign is related to the 

overall stoichiometric ratio of the spinel sample. I will discuss the relation between the GB 

segregation ratio and the electrostatic potential and how it can be influenced by heat 

treatments. 
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Figure 1- a: Line profiles perpendicular to grain boundaries of cation concentration ratio 

magnesium to aluminum as calculated from EELS measurements. b: Line profiles 

perpendicular to grain boundaries of the electrostatic potential of SCZ as calculated from 

OAEH measurements.  Note: MgO∙nAl2O3 stoichiometric ratios, n=0.95 (red) and 1.07 (blue) 

heated at 1200°C by SPS 
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The use of different nanostructures as fillers in polymer composite materials attracts an ever-

growing interest. While the impact of nanoparticles on composite properties is well studied, 

the relations between individual filler nanoparticles and the host matrix are yet to be fully 

understood. The elucidation of these interactions on the bulk composite properties requires 

the study of the wetting, adhesion to the matrix, surface energy, morphology etc. of a single 

nanoparticle. 

It was reported that the addition of these inorganic nanoparticles leads to improved 

mechanical properties [1], thermal stability [2] and electrical properties [3] of the polymer 

composites. Although those nanoparticles alter the properties of the composite, the nature of 

the nanotube-matrix interactions is still vague. The goal of our study is to investigate the 

interactions of single WS2 nanotubes with different matrices and liquids. 

In this work, a new technique to measure the interactions of individual nanotubes with 

different liquids and polymers is presented. This technique is based on pullouts of nanotubes 

from water films and other liquids using environmental scanning electron microscope 

(ESEM) and atomic force microscope (AFM) [4] systems. Using these techniques the effect 

of WS2 nanotube morphology and structure on the interaction strength between different 

liquids and the nanotubes are assessed. From these experiments, as well as from theoretical 

simulations, it follows that the morphology of the WS2 nanotube has a significant effect on 

the interaction of the NT and the surrounding media. 

The interaction energy/cross-section area of the nanotubes falls-off dramatically with the 

diameter of the nanotubes (30-70 nm) and then levels-off. These differences are currently 

attributed to the capillary interaction of the small hollow core nanotubes and the water 

molecules. MD simulations show that the highly confined space results in large interaction 

energy between the water molecules and the inner core of the nanotubes. This interaction 

leads to imbibition of the water molecules into the nanotube’s hollow core. These effects and 
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the impact of the nanotubes surface chemistry on the interaction energy are presented and 

discussed. 

 
Figure 1: Images taken in ESEM during a pullout test of WS2 nanotube from the water film. 

a- The initial stage is presented, where the end of the tip touches the surface of the water film. 

b- Image of the stage just before the breaking of the interface between the water protrusion 

and the INT-WS2 (denoted as the maximum force point). c- Image of the water film and the 

nanotube right after the separation of them; the position of the end of the tube is the overall 

distance done by the cantilever. 
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We demonstrated the ability of superacid to form stable carbon nanotubes (CNTs) solution 

[1,2]. Moreover CNT/superacid solutions exhibit phase transitions, in accordance with Flory 

theory of rigid rod polymers [3]. That has paved the way to spinning CNT fibers with 

extraordinary mechanical, electrical and thermal properties [4].  

Many systems of rigid rod molecules form a nematic phase at certain concentration. Close to 

isotropic-nematic phase boundary, a solution of CNTs separates into (American) football-

shaped nematic droplets or tactoids in the dilute solution of the remaining individual 

molecules [5]. The mechanism of tactoid formation and growth is not unambiguous, while 

two main regimes are possible: nucleation and growth and spinodal decomposition [6]. The 

leading mechanism strongly depends on CNT aspect ratio, concentration and solvent 

strength, while the shape of nematic droplets stems from the interplay of surface tension, 

molecule elasticity, and anchoring strength, acting on the solution [7]. 

Here we studied the kinetics of CNT tactoid formation, breakdown, and recovery in 

CNT/superacid solutions. We encapsulated the studied solutions in 100 micron wide glass 

capillaries, and recorded the changes by polarized light transmission microscopy as a 

function of time. Optimization of CNT type, concentration in chlorosulfonic acid (CSA), and 

sonication time, lead to instantaneous formation of tactoids. To follow their breakdown and 

recovery, the glass capillary was broken, and open edge re-sealed. Prior to solution distortion 

we observed a wide distribution of tactoid size, which changed with of time (Fig. 1a,b). 

Tactoid breakdown induced by a solution flow and shape recovery after capillary 

encapsulation were found to be very fast. The dynamics of described process was recorded by 

taking a series of images with polarized light microscope (Fig 1c,d). 

These experiments show the ability of fast shape recovery, and growth of tactoids with a 

time. The examined system is most probably ruled by nucleation and growth mechanism, 

while bigger nematic droplets are formed by the dissolution of small ones with a time. 

However, there is no indication of CNT concentration in the isotropic phase, surrounding the 

tactoids. In addition, tactoid size distribution observed by light microscopy, indicates 

nanometric size droplets presence in solution. To study the kinetics of nematic droplets of 
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CNTs, their structure, along with surrounding isotropic phase, and tactoid-solution interface 

at the nanometric level, cryogenic electron microscopy of the studied system is essential. 

 
Figure 1.  Digital cross-polarized light micrographs showing the effect of time on tactoid 

shape and size in CNT/CSA solution, as prepared and after distortion. (a) Nematic tactoids 

formation inside a 100 micrometer glass capillary, 5 minutes after encapsulation. (b) Shape 

and size development 13 hours after encapsulation. (c) Nematic droplets breakdown 

promoted by solution flow (d) Tactoids shape recovery 1 hour after resealing. 
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Nanoporous metals attract high interest due to their high surface-to-volume ratio and 

resulting from it tunable optical, catalytic and mechanical properties. Thermal treatment can 

be employed to modify nanoporous structure and achieve various ligament sizes of 

nanoporous metals [1]. Here we report the thermal coarsening of porous gold nanoparticles 

(PGN) at the temperature of 350ºC. 

PGN on SiO2/Si substrates were prepared from thin Au/Ag bi-layer films (10 nm Au/20 nm 

Ag) using electron beam evaporation by firstly performing the dewetting annealing, followed 

by selective removal of Ag in concentrated nitric acid [2]. As-received samples were 

annealed three times (each for 30 min) at 350 °C in air and in vacuum (10
-6

 Torr) followed by 

characterization with the aid of high-resolution scanning electron microscope (HR-SEM) and 

X-ray diffraction. 

Thermal coarsening occurs after the first annealing both in air and in vacuum. At subsequent 

stages of the heat treatment the samples are relatively stable with little changes in their 

morphology. We observed much faster coarsening during annealing in air compared to that in 

vacuum (Fig. 1), which is probably due to the easier generation of vacancies and gold 

adatoms in the presence of adsorbates from the air. The coarsening of Au nanoparticles is due 

to curvature-driven surface diffusion. Material is transported from the corners between 

ligaments to reduce their curvature. Our estimates showed that the contribution of bulk 

diffusion into the thermal structural evolution of PNG is negligible. Considering the rough 

surface of PGN annealed in air (Fig. 1b) we supposed that the particles which are fully closed 

from outside still contain pores inside. This was confirmed by cross-section images. We 

observed both the isolated pores encapsulated in the particle volume, as well as the pores 

located at the particle/substrate interface. A simple two-dimensional model illustrating this 

coarsening behavior was proposed. 
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Figure 1.  SEM images of PNG annealed in vacuum (a) and in air (b) for 30 min. 
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It is known that internal mechanical stresses (IMS) due to the differences in the thermal 

expansion coefficients between films and substrates and lattice mismatch appear in the Si-

SiO2 system during the process of its formation and that point defects (PD) generation and 

redistribution could be used to reduce partially the surface stress. However, this process on 

the atomic scale is till not studied.  

The goal of the present report is to investigate the stress relaxation mechanism in the Si-SiO2 

system and its modification by laser irradiation using  EPR, IR absorption spectroscopy, 

scanning elektron microscopy (SEM) and samples bending measurements. PD density and 

stresses in the Si-SiO2 system were varied by oxidation condition (temperature, time, cooling 

rate, ambient) and by Si3N4 deposition on SiO2. Different sign of the thermal expansion 

coefficient of the SiO2 and Si3N4 on Si allow to modifay the IMS at the interface. It has been 

found that samples bending decreases or increases simultaneously with EPR signal intensity 

depending on the oxidation condition (temperature). At lower temperature (1100
0
C) the EPR 

signal intensity (vacancies) decreases with the increase of bending of the samples,while at a 

higher oxidation temperature (1200
0
C) EPR signal and the bending increase simultaneously.  

Those allows to suggest that at lower oxidation temperature PD reduce the IMS, while at 

higher oxidation temperature IMS created PD. This enable to assume, that at  lower oxidation 

temperature tensile stresses in Si and at higher oxidation temperature, compressive stresses in 

SiO2 appear.At an intermediate oxidation temperature tensil and compressive stresses may be 

nearly equal and compensate each others. It has been find that at oxidation temperature 

1130
0
C IMS are lower than at 1100

0
C and 1200

0
C. Laser irradiation allow to modifay the 

IMS at the Si-SiO2 interface.It has been shown that after laser irradiation the samples bending 

decrease or increase depending on the laser irradiation intensity.A possible reason for that 

can be the change of the IMS under laser irradiation and compressive or tensil stresses 

formation at the interface.in accordance with the  PD generation model in the Si-SiO2 system 

proposed by T.U.Tan and U.Gösele [1] and confirmed in [2]. 
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Layers  
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A discrete model of the Differential Evanescent Light Intensity (DELI) technique was 

developed to calculate and map in 3D mode nanolayers thicknesses from the evanescent light 

intensity captured from optical waveguides. The model was applied to ultra-thin Pd 

nanometric layers sputtered on glass substrates.  The layers thickness profiles were displayed 

in 3D and 1D profile plots. The total thickness profiles of the ultra-thin Pd films obtained in 

the range 1-10nm were validated using SEM and AFM measurements. 
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Acid Solutions of Carbon Nanotubes  
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Individual carbon nanotubes (CNTs) have excellent mechanical strength, thermal, and 

electrical conductivity properties, combined with low density. This unique-feature 

combination suggests CNTs as ideal candidates for processing multifunctional macroscopic 

fibers. However, translating the unique characteristics of a single carbon nanotube into 

macroscopic material is a difficult challenge [1]. 

Fluid phase assembly is the most promising method for producing large, ordered structures of 

nano-objects [2,3]. One of the most significant limitations that prevent wide-scale use of 

CNTs in applications is the difficulty of dispersing CNTs to form stable solutions, free of 

aggregates or bundles. That is attributed to strong van der Waals forces. Recently, it was 

discovered that ultra-long CNTs spontaneously dissolve in chlorosulfonic acid forming a 

molecular solution, namely the nanotubes are dispersed as individual molecules, and at high 

concentrations form a liquid crystalline phase [4].
 
It is assumed that the dissolution occurs 

through reversible protonation of the surface of the CNT with delocalized positive charge; 

that charge induces a repulsive force between nanotubes, and promotes dispersion by 

counteracting the van der Waals attraction [5]. Alignment of CNTs in a solution is required to 

achieve the best properties in a CNT-based macroscopic material [6]. 

Understanding CNT liquid-crystal-phase behavior is necessary for designing a successful 

CNT fluid-phase process, while preserving their excellent mechanical, electrical and thermal 

properties. At intermediate concentrations, where isotropic-to-nematic transition occurs, 

nematic phase is present in micron-size droplets of highly aligned nanotubes. Before a fully 

nematic phase is reached, isotropic droplets are formed inside a continuous nematic phase. 

This study aims at characterizing CNTs in super-acid solutions in the biphasic region, where 

isotropic and nematic phases coexist, by a combination of polarized light microscopy and 

cryogenic electron microscopy. This study should help understand the shape, size, and 

arrangement inside, outside and at the boundary of the nematic and isotropic droplets. Such 

information could lead to better understanding of liquid-crystalline phase formation, which is 

of great importance for fiber spinning.  
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Recently discovered cadmium chalcogenide two-dimensional (2D) semiconductor 

nanostructures have attracted a lot of interest due their appealing combination of properties: 

physical properties close to the quantum wells and chemical properties similar to the colloidal 

quantum dots. These structures can be prepared in solution phase with controlled and uniform 

thickness. Optoelectronic properties of these atomically thin 2D sheets solely depend on their 

thickness. On the other hand, alloying these semiconductors can also provide us additional 

degree of freedom which can be used to tune their properties by varying their composition. 

These alloyed semiconductors can open new possibilities in band gap engineering and as well 

as developing tunable emitters. 

Here, we report colloidal synthesis of the ultrathin 2D CdSxSe1-x nanosheets along with their 

properties. We show the structure –property relationship by changing the relative amount of 

S and Se. We also show how their optoelectronic tuning by molecular modification of the 

highly active surfaces. Structural, compositional and optical characterizations are presented 

using TEM, UV-visible absorption and fluorescence spectroscopy, atomic force microscopy 

(AFM) and powder X-diffraction (PXRD). 
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Layered Materials, an Innovative Direction for Alloying and 

Exfoliation  

Oren. E. Meiron, Sekhar Reddy Ghanta and Maya Bar-Sadan 
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Layered transition metal dichalcogenides (TMDs) are well known materials. In recent years 

first principle calculations showed that doping and alloying of TMDs can be used in order to 

modify their electronic and magnetic structure. To date, TMDs alloying is only performed at 

high temperature, solid state reactions, such as chemical vapor deposition (CVD) or chemical 

vapor transport (CVT). We have developed a low temperature, controllable solvothermal 

technique for producing alloyed TMDs, specifically Mo(SxSe1-x)2. The Materials were 

analyzed using TEM, XRD, UV-Vis, ICP-MS, AFM and Raman spectroscopy. The crystal 

cell parameters that were calculated from the XRD spectra follow Vegard's law, suggesting 

the formation of a homogeneous solid solution rather than two separate phases of MoS2 and 

MoSe2. The exciton peaks that were measured with the UV-Vis show an almost linear 

transformation from MoS2 to MoSe2 as the selenium content in the alloy increases. ICP-MS 

analysis of the Mo(SxSe1-x)2 alloys showed that increasing the selenium content in the 

reaction increases x in the alloy, supporting the UV-Vis and XRD data. We have 

demonstrated a new approach for controlled doping and alloying of TMDs using simple 

solvothermal technique. By controlling the alloying degrees, the electronic properties of the 

TMDs can be optimized for a variety of applications such as photo catalysis, optoelectronics, 

transistors and many others. 
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Figure 2: Alloys of the form Mo(SxSe1-x)2 and their UV-Vis spectra. Two representative TEM 

images of the Mo(SxSe1-x)2 alloys are presented as well as the UV-Vis spectra of these and 

other alloys. A. TEM image of Mo(S0.8Se0.2)2. B. TEM image of Mo(S0.2Se0.8)2. C. UV-Vis 

spectra of alloys with varying selenium content from 0% – 100% showing the red shift in the 

two excitons as the selenium content increases.  
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The stability of metal films on oxide surfaces is important for the performance of devices 

such as solid oxide fuel cells (SOFCs) and thermal barrier coatings (TBCs) [1, 2, 3]. Ni-YSZ 

serves as an anode material in SOFCs. During SOFC operation, the metal-ceramic interface is 

subjected to high temperatures and a reducing atmosphere, which can lead to coarsening of 

the Ni nanoparticles, which decreases the number of three-phase boundaries. The three-phase 

boundaries (Ni/YSZ/fuel-gas) are essential for catalytic activity which controls the electrical 

properties. A better understanding of the equilibrated Ni-YSZ interfacial structure and energy 

can lead to improved adhesion and long-term stability of SOFCs [4, 5]. 

In this work, solid-state dewetting of continuous Ni films deposited on the (111) surface of 

yttrium stabilized zirconia (YSZ) was used to produce equilibrated Ni particles, and the solid-

solid interface structure was determined using aberration corrected transmission electron 

microscopy. The ~150nm thick Ni films were annealed at 1350˚C in Ar+H2 (99.9999%) at a 

partial pressure of oxygen of 10
-20

 atm for 6 hours.  Transmission electron microscopy of 

equilibrated particles which was conducted to analyze the structure at the interface revealed 

that despite the 31% lattice mismatch between Ni and YSZ, the interface is semi-coherent 

and a two dimensional network of misfit dislocations was identified [6]. 
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Figure 1.   HRTEM micrograph acquired from the interface region of an equilibrated Ni 

particle along the [112]  projection. To enable observation of the Ni edge (misfit) dislocations 

at the interface, the micrograph is inclined. One representative edge dislocation is framed and 

some other edge dislocations are marked. Bending of the [110]  planes adjacent to each 

dislocation is observed next to the intersection of these planes with the interface. 
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Hollow particles of Pt/Ni/Au alloys have been prepared through a two-step reaction with a 

synthesis of NiPt octahedral and cuboctahedral templates followed by galvanic replacement 

reaction by Au(III). The metal etching presents an efficient method to yield hollow particle 

and investigate the metal diffusion in the metallic Pt-Ni framework through macroscopic (X-

Ray Diffraction, SQUID magnetic measurement) and microscopic (HRTEM, STEM) 

measurements. The hollow particles retain the shape of the original nanocrystals. The 

nucleation of Au is found to be induced preferentially on the tip of the polyhedral 

nanocrystals while the etching of Ni starts from the facets leaving hollow octahedral particles 

consisting of 2 nm thick edges. The Au nucleation is followed by Au diffusion in the Ni/Pt 

framework to yield a hollow single crystal ternary alloy. 
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In recent years there has been increasing interest in the study of the mechanisms governing 

the complexation of polyelectrolytes and oppositely charged surfactants.  An important 

example is the interactions between lipids and genetic material used in gene-delivery 

systems. Morphological characterization is essential to establish how the nanostructure of the 

complex is related to its performance as a nano-carrier. 

In this work we used direct-imaging cryo-TEM to study the nanostructural evolution, as the 

pH of the system is altered. We used two parallel systems: one of the double-tailed surfactant 

didodecyldimethylammonium bromide (DDAB) and poly(sodium acrylic acid) (NaPAA), 

and the second was of DDAB and poly(sodium styrene sulfonate) (NaPSS). PAA 

demonstrates a pH-dependent behavior, because the carboxylate it has a pKa of 4.2. In 

contrast, the sulfonate groups, attached to the PSS backbone, disassociate in the entire pH 

range, hence complexes formed between the surfactant and the polyelectrolyte should be 

insensitive to pH variations. 

Characterization of DDAB and NaPAA system demonstrated morphological changes upon 

pH alteration. At pH of ~11.4, well above the pKa, round multilamellar complexes prevail in 

the solution, indicating that the ionized groups of the polyelectrolyte prefer forming 

complexes with the cationic surfactant. When pH was decreased below pKa (to ~2.4), 

unilamellar vesicles were seen. These results imply that at this low pH the polyelectrolyte 

charge density is too low to screen electrostatic repulsion between adjacent surfactant layers 

in the multilamellar structure; hence unilamellar vesicles are dominant. Examination of 

DDAB and NaPSS system did not show the same trend; that was expected, since PSS should 

not be influenced by pH as PAA. In this case, multilamellar structures were seen in the entire 

pH range. 
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Inorganic nanotubes of WS2 (INT-WS2) have been efficiently and homogeneously coated by 

gold nanoparticles (AuNPs) of 5 nm diameter. This process is likely driven by lattice 

matching of these crystalline materials. Thermolysis of these composites results in the on 

surface fusion of the AuNPs to form structures that consists of INT-WS2 decorated with a 

single Au particle (50-100 nm). The size of these particles depends upon the surface area of 

the nanotubes and the coverage of the AuNPs. The procedure is lucid and might also applied 

to decorate inorganic fullerenes of MoS2 and the corresponding 2D nanosheets. Optical 

properties of on the AuNPs decorated INT-WS2 have been studied. 
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Using state of the art nano-fabrication, we are able to achieve “custom tailored” nano 

structures and cavities on various metallic surfaces, giving rise to tunable plasmonic modes. 

In this study, using the smallest “building block”, a single triangular cavity, we have 

constructed pattern dependent energy gaps, based on the phenomena of strong coupling. By 

merely varying the distances of the building blocks in the pattern, we were able to 

demonstrate spectral changes. The simplicity of this method may be of great advantage to 

industry. In addition, it may also shed light on the nature of orientation dependent strong 

coupling behaviors, such as molecular orbitals. Furthermore, though it is known that 

nonlinear effects are enhanced by plasmonic structures, the presented hybridized systems 

boost this enhancement to even greater intensities. 

 
Figure 1. triangular sub-wavelength dimers with plasmonic character (upper image: HRSEM 

magnification of 6000, bottom image is taken from a transmission microscope) 

  



 
 The 49th Annual Scientific Meeting of ISM 

Bar-Ilan University, Ramat Gan 

 

- 82 - 

 

 

Characterization of Mg-Based Friction Stir Welded Alloys  

Yael Templeman1, Guy Ben Hamu2, Louisa Meshi1 

1 Department of Materials Engineering, Ben Gurion University of the Negev, POB 653, Beer Sheva 

84105, Israel 

2 Department of Mechanical Engineering, Sami Shamoon College of Engineering, Ashdod 77245, 

Israel 

One of the major disadvantages of Mg-based alloys is poor weldability, caused by formation 

of porosity during the conventional welding [1]. This effect deteriorates the physical and 

chemical properties of the weld. In Friction Stir Welding (FSW), which is relatively new 

solid-state joining technique, pin (of small diameter) is rotated and advances as it is inserted 

between the two pieces, which are intended to be joint. The friction among the pin and the 

joint material generates heat and plastic deformation, thus creating a weld bond below the 

melting temperature of the material [2]. Thus FSW has a potential to be used as a method to 

join parts made of Mg alloys. Although it is clear that recrystallization occurs in the stir zone 

during the FSW, type of recrystallization (continuous or discontinuous) should be identified 

since it effects the microstructure and, most importantly, final physical and environmental 

properties of the joint. Current research was undertaken with the purpose to fill this void in 

understanding. Two Mg alloys were studied: AM50 and AZ31-H24. TEM observation of 

AZ31 revealed that twins observed in the base metal (BM) disappeared from the stir zone 

during FSW. Moreover, high angle and low angle grain boundaries were formed during the 

process, indicating that nucleation occurred through grain boundary migration – typical to 

discontinuous recrystallization. In AM50, dislocation networks were found in the BM, while 

in the stir zone new grains appeared, indicating that nucleation occurred through dislocation 

rearrangement and grain sub-division – which is typical to continuous recrystallization. Final 

conclusions were in agreement with estimated Stacking Fault Energy difference of the two 

alloys. 
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Nanotubes and MoS2 Nanoparticles  
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The optical and electronic properties of suspensions of inorganic nanoparticles of WS2 /MoS2 

are studied through light absorption and zeta potential measurements, and compared to those 

of the corresponding microscopic platelets. The total extinction measurements show that, in 

addition to excitonic peaks and the indirect bandgap transition, a new peak is observed at 

650-800 nm. This spectral peak has not been reported previously for WS2 /MoS2. Comparison 

of the total extinction and decoupled absorption spectrum indicates that this peak largely 

originates from scattering. Furthermore, the dependence of this peak on nanoparticle size, 

shape, and surface charge, as well as solvent refractive index, suggest that this transition 

arises from a plasmon resonance. 
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Barnett2 

1 Materials department,  Nuclear Research Center-Negev, Beer-Sheva, Israel 

2 Department of Materials Science and Engineering, Northwestern University, Evanston, IL 60208, 

United States of America 

Anode-supported solid oxide cells (SOCs) with thin bi-layer Y0.16Zr0.92O2- (YSZ) / 

Gd0.1Ce0.9O1.95 (GDC) electrolytes were prepared at various co-firing temperatures (1250-

1400
o
C).  The microstructure and elemental diffusion of cells after testing was characterized 

by scanning electron microscopy (SEM), electron dispersive spectroscopy (EDS) and 

analytical scanning transmission atomic resolution electron microscopy. Samples were 

infiltrated with epoxy to minimize milling artifacts from voids and differential sputtering of 

the LSCF-GDC layer. Samples from each fuel cell were prepared by in situ lift-out in a 

SEM/focused ion beam.  

It was found that addition of a Fe2O3 sintering aid affected the formation of voids at the 

GDC/YSZ interface. The best cell performance was for the one prepared at 1250
o
C, yielding 

fuel cell power density of 1.74 Wcm
-2

 (800
o
C) and 1.0 Wcm

-2
 (700

o
C) at 0.7 V in air and 

humidified hydrogen. The excellent cell performance was explained by a number of factors 

related to the reduced firing temperature:  (1) low electrolyte resistance due to minimization 

of YSZ/GDC interdiffusion; (2) minimal zirconate phase formation between the YSZ and the 

La0.6Sr0.4Fe0.8Co0.2O3  cathode because of the dense GDC barrier layer; (3) high three phase 

boundary density in the Ni-YSZ anode functional layer; and (4) good pore connectivity in the 

Ni-YSZ support.  

Preliminary life testing under fuel cell and electrolysis operation shows promising cell 

stability. 
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Israel 

The neurons are the fundamental building blocks of the nervous system. Understanding the 

influence of the neuronal chemical and physical environment on the neuronal growth has 

great implications for both neuronal repair and for neuro-engineering. A key mechanism is 

the ability of the motile growth cones at the tips of growing processes to measure 

environmental cues. According to previous studies, the substrate topography has an important 

role in neuronal growth. We study the effect of topographical nano-cues on the neuronal 

growth and morphology. We use photolithography to fabricate substrates with pattern ridges 

of nano-scale heights between 10 nm to 150 nm. We plate leech neurons atop the substrates 

and analyze the response of the entire neuronal branching tree to the patterned substrates. We 

show that nano-scale topographical cues significantly promote neuronal growth and 

substantially modify the neuronal growth pattern that can be altered even by cues as low as 

10 nm [1]. We find a linear correlation between the ridges' height and the probability of the 

neurites to be affected. Thus, we underline the adhesion as a key mechanism in directing 

neuronal growth. Moreover, we show that the interactions with the nano-cues trigger a 

growth strategy similarly to interactions with other neighbor neuronal cells [2]. We focus on 

studying the molecular function by investigating the level of expression and activity of 

adhesion and synaptic molecules. We find similar trends of gene expression modifications 

following interactions with the nano-cues or with other neurons. Our results raise the 

question whether neurons identify the interactions with the nano-ridges as functional. Our 

study may lead to the development of substrates for optimal nano-based neuronal 

regeneration devices. 



 
 The 49th Annual Scientific Meeting of ISM 

Bar-Ilan University, Ramat Gan 

 

- 86 - 

 

 
Figure 1. Confocal image of immune-stained neuron against anti-tubulin growing atop a 50 

nm height line ridge. Bar 50 m. 

 
Figure 2.  HR-SEM micrograph showing an interaction between 75 nm height ‘S’ 

topographical cue and a neuronal process growing and branching atop of the ridge.  

Magnification X 50,000.  
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Non-Helically Perturbed Polymers: Iterative Real and Reciprocal 

Space Methods for Reconstruction  
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Non-helically perturbed helical polymers are a product of pairwise symmetry reduction along 

helical families indexed by uneven Bessel orders. The resulting Non integer Bessel orders 

introduce helical symmetry breaking in the form of a seam. The seam prevents the 

straightforward implementation of symmetry-based Fourier-Bessel and iterative real-space 

three-dimensional image reconstruction techniques. We propose: (i) an iterative real-space 

method for reconstructing non-helically perturbed helical polymers with either straight or 

long-range helical seams. Determining the polymer's symmetry allows restoring helicity so as 

to compensate for the perturbation and reconstruct the structure. (ii) In the case of established 

Fourier-Bessel reconstruction methods, we propose iterative methods to construct average 

synthetic filaments which significantly simplify the first half (extraction, alignment and 

averaging of layer-line data) of the reconstruction procedure. To test the method, we use a 

model structure constructed from a simple asymmetric unit convoluted with a concrete lattice 

bearing the symmetry of the non-helically perturbed flagellar filament of Salmonella 

typhimurium SJW23 determined from electron microscopy [1]. 

Helical symmetry underlies biological structures from the -helical fold to, e.g., 

macromolecular filamentous assemblies of the cytoskeleton and flagella and whole cells. It 

allows the assembly of complex structures from common building blocks by following a 

simple rule: identical, neighboring subunits are raised and rotated relative to each other by 

fixed increments to form a generic helix. Other helical connectivities, of higher orders, may 

be established. The information is embedded in the chemical properties of the building blocks 

allowing for self-assembly, depolymerization and polymorphism under defined 

environmental conditions. 

Maintaining strict helical order (symmetry) is essential in both reciprocal and real-space 

approaches. The aim is, eventually, to average the structural subunit and improve it's signal-

to-noise by imposing a particular helical symmetry.  However, rigid, long-range helical order 

may not be the common state of biological complexes in their native environments. Short-

range and long-range dynamic Deviations from helical symmetry and its perturbations may 

be necessary - and quiet common - from functional points of view such as copolymerization, 

super-coiling and association with motor proteins. 
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Non-helical perturbations are a form of pairwise symmetry reduction along helical lines 

indexed by uneven Bessel orders (e.g., n=-5).  The result is a new lattice indexed by non- 

integer Bessel orders (e.g., n=-2.5, -8.5, -13.5). Both lattices are regular but mismatches (i.e., 

the helical lines are discontinuous) such that the complete structure contains a seam.  

Kikkawa [2] proposed a Fourier-Bessel based approach to reconstruct asymmetric helical 

structures with a seam by adapting the standard MRC helical reconstruction package to 

handle layer lines of non-integer Bessel orders. The method was tested only on seamed 

microtubules.  Here we propose ways to reconstruct non-helically perturbed helical filaments 

in real-space. For reciprocal-space based methods, We propose an iterative, single-particle-

based method to circumvent the difficulties and inaccuracies in collecting and averaging 

layer line data from multiple filaments by constructing a single average synthetic filament 

which is used for Fourier-Bessel calculation of density maps. 
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Neurons are the basic building blocks of the nervous system. Within the nervous system their 

heterogeneity is vast. Different cell types with different functions and targets connect 

together and create a very complex system
1
. One of the major goals in neuroscience is to 

identify these neurons, to characterize them and to explore their function under normal and 

pathological conditions. Over the years many technological advances and tools have enabled 

researchers to overcome diverse technical limitations and to decipher different properties of 

the nervous system but still more is hidden then revealed
2
. One of the most common tools 

used in the biological research to obtain cellular data is the cell culture. Although its high 

prevalence, several limitations prevent this popular method to serve as a widespread tool for 

studies at the single cell resolution but serve as a tool for studying cell population. In order to 

investigate a specific single neuron in culture it is possible to individually isolate neurons of 

interest and to culture them
3
. This method is technically quite complicated, time consuming 

and contains only the cell of interest. 

In this research we have developed a method, based on microinjection, in order to identify 

and label a specific cell (or set of cells) of interest prior to plating. These cells can be 

identified along culture development solely by a fluorescent microscope out of thousands 

cells in a cell culture of neuronal and non-neuronal cell populations. We show that this 

procedure is reproducible and that the cells are viable, growing projection and hold 

characteristic electrical activity, for at least 7 days. We also show that the procedure can be 

performed with the injection of different dyes. This suggests (1) the ability to follow more 

than one specific cell in culture and (2) to manipulate cell of interest by the ability to deliver 

a wide variety of molecules into the cell.  

Our study may lead to a better understanding in different fields in neurobiology using single 

cell analysis that might contribute unprecedented new data to our knowledge. 
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Figure 1. Overlay of fluorescence and phase contrast micrographs of leech ganglia after 

specific cells labeling. Mechanosensory neurons were injected with AF488 (green) and 

Retzius cells were injected with Fluoro Ruby (red). Scale bar 200μm. 

 
Figure 2. Different identified cell populations in culture. Correlative phase contrast (A) 

florescence (B+C) and overlay (D) micrographs. AF488-labeled mechanosensory neurons are 

shown in green (B+D) and FluoroRuby-labeled Retzius cell are shown in red (C+D). Scale 

bar 200μm. 
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Hygroscopic movement is present in many plant seed dispersal mechanisms: As the seed 

dispersal unit disconnects from the mother plant and dies, its drying induces a directed 

movement that promotes seed dispersing and sowing. Stipa capensis is a wild grass that 

exhibits hygroscopic movement mechanisms during seed dispersal (Fig 1). The seeds are 

decorated by long thin awns that twist and bend as they dry. The awns create bundles that are 

blown by winds (Fig. 1B). Once on the ground, the awns may push the seeds across the 

surface and even into the soil. Hygroscopic movement mechanisms are usually based on a 

bilayer, where one layer contracts in a specific direction while the other one resists that 

contraction and supply the device with mechanical stability. However, the awns of S. 

capensis are built out of coiling cells, as opposed to a bilayer (Fig 2). In this work we 

investigate the microscopic structure in order to understand this unique hygroscopic 

movement mechanism. We found that the cells building this active tissue have thick cell 

walls, with high microfibril angle, enabling their longitudinal contraction as they dry (Fig. 

2C). Curiously, the cell lumen is not centered.  Confocal microscopy indicates that the cells 

form an ellipsoid coil, probably as a result of the shifted lumen. Our X-ray diffraction, 

Raman, polarized light, and second harmonic microscopy analyses indicate that the 

microfibril angles change along the cells' circumference, thus forcing the cells to coil as they 

dry. Apparently, the cell wall density and cellulose crystallinity are similar around the cells. 

Our results show that hygroscopically coiling cells exist in the grass family, providing plants 

with a versatile tool for constructing hygroscopic moving devices. The same designs can be 

mimicked in artificial robotic devices. 
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Figure 1.  Stipa capensis plant (A) (photo copied from the Caifornia Invasive Plant Council 

website: http://www.cal-ipc.org/ip/management /plant_profiles/Stipa_ capensis.php), and 

seed dispersal bundle (B). The long awn consists of two hygroscopically twisting regions (C- 

close up of the bottom twisting region), connected by a hygroscopically bending transition 

region, and long non-hygroscopically active straight tail. This configuration causes the awns 

to entangle as they dry. 

 

Figure 2. Cross section of Stipa capensis awn. (A) Bright field and (B) polarized light 

micrographs showing that the cell lumens are directed into the awn’s center. (C) Close-up of 

the square marked in panel B demonstrates that light retardance is lower for the thick cell 

walls, while it is higher for the thin cell walls. The change in light retardation is indicative of 

a change in the cellulose microfibril angles in relation to the cell long axis 
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Understanding the dynamics of transcription in living cells has tremendously improved since 

the development of quantitative fluorescence-based imaging techniques. We have established 

a unique method for following transcription from a single copy gene in living cells. A gene 

tagged with MS2 repeats, used for mRNA tagging, in its 3' UTR was integrated into a single 

genomic locus. The actively transcribing gene was detected and analyzed by two approaches: 

1) Fluorescence In Situ Hybridization (FISH) with probes against the MS2 repeats allowed 

high-resolution detection and quantification of single cellular mRNA molecules. 2) Live-cell 

imaging of cells expressing the GFP-MS2 protein that binds to the 3' UTR stem-loop 

structures formed by the MS2 repeats. Several cell clones were created in which the promoter 

regulating the gene was different in each clone. Thus, comparative analysis could be obtained 

without the risk of different position effects at each integration site. Cells in S/G2 phases 

could be detected exhibiting two adjacent transcription sites on sister chromatids. A sharp 

reduction in the transcription levels was observed as cells progressed along the cell cycle, 

although the two promoters examined were very different. We hypothesized that a change in 

chromatin structure acts as a general mechanism during the cell cycle leading to down-

regulation in the activity of some genes. We addressed this question by treating the cells with 

chromatin decondensing agents that act via histone deacetylase (HDAC) inhibition. 

Quantifying and imaging the treated cells suggests that chromatin structure plays a role both 

in regulating the transcriptional intensity along the cell cycle, as well as in limiting an active 

gene from reaching its maximum potential at any given time. These results contribute to 

understanding the role of chromatin as a regulator of gene expression. 
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Generation of cell polarity is a fundamental developmental process, yet enigmatic, in all 

forms of life. In recent years, it became clear that prokaryotic cells are also intricately 

organized, but the cues and mechanisms that underlie their arrangement, including polar 

localization of macromolecules, are largely unknown. The spatial organization of the 

phosphotransferase system (PTS), the central system that controls hierarchal consumption of 

sugars and their metabolism, has been investigated in our lab. We have shown that the 

"control center" of the PTS, which consists of the soluble EI and HPr proteins, clusters at the 

cell poles
 
[1] Using an array of mutants defective in cytoskeletal, cell wall and cell division, 

as well as aberrantly-shaped mutants, we demonstrated that the PTS complex localizes to 

negatively curved membrane regions, found at the cell poles, in a way that maintains its 

activity [2]. 

Since EI is a soluble protein, we set out to identify the factors that recognize membrane 

curvature regions and localize it to the cell poles. Using a genetic screen, we identified three 

proteins, which we termed polar CATs (Coordinators/ Anchors/ Transporters), whose 

deletion leads to mis-localization of EI. The putative polar CATs localize to the cell poles 

and co-localize with EI. We could also show that they localize to curved membrane regions 

of aberrantly shaped cells, indicating that membrane curvature is involved in targeting these 

factors to the poles. Currently we are investigating whether the polar CATs interact with EI; 

if they localize to curved membrane regions of heterologous bacterial species; and if they are 

involved in polarity-establishment, that is, whether they affect localization of other polar 

proteins/complexes. In Toto, our findings highlight membrane geometry as an ancient cue 

for intracellular organization and macromolecular sorting, which has evolved in bacterial 

cells, and suggest that bacteria are suitable model organisms for studying the principles 

underlying cell architecture.
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In animals colors are produced by either pigment coloration or structural colors. Structural 

colors are caused by the interaction of light with structures that have periodicities comparable 

to the visible light wavelengths. This leads to selective reflection of particular wavelengths 

through interference. Many taxa have independently evolved ways to produce structural 

colors using intra-cellular arrays of guanine crystals interspersed with cytoplasm [1,2]. One 

of the most striking examples of such photonic arrays are the male sapphirinid copepods, 

small marine crustaceans that produce a variety of different colors.  In order to understand 

how the different colors are produced, we designed a fully correlative experiment in which 

the reflectance of individual copepods was first measured using a tailor made microscope, 

and then the thicknesses of the crystal and cytoplasm layers were measured using cryo-SEM 

on the same individuals.  Using this approach we were able to demonstrate that variations in 

cytoplasm layer thickness are mainly responsible for the different reflected colors (Fig.1). 

Furthermore, we show a strong angular dependence of the copepod color on the orientation 

relative to the incident light, which can account for its appearance and disappearance during 

spiral swimming in the natural habitat [3]. 

In many of the systems the spacing of guanine crystals and cytoplasm are immobile, but there 

are a few known cases where they are not. The Neon Tetra fish changes its structural color of 

its lateral stripe from blue-green to indigo in response to different light stimuli (Fig.2). 

Lythgoe & Shand suggested that the variation in spacing is due to a change in osmotic 

pressure, which results in the inflow of water into the guanophore (specialized cells 

containing guanine crystals) [4]. This inflow of water leads to swelling of the guanophore cell 

and consequently to an increase in crystal spacing. In contrast, Nagaishi et al suggested that 

the tilt angle of the crystal platelet varies, leading to a change in platelet spacing [5]. Using 

synchrotron radiation combined with data from cryo-SEM, we were able to determine that 

the change in the color of the lateral stripe of the Neon is due to an angular shift of the 

guanine crystals. This angular shift results in a change in the d spacings between the crystals. 
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Figure 1. a)  Cryo-SEM micrographs of high pressure frozen, freeze fractured S. metallina 

copepod. b) Reflectance and structural properties of an individual copepod Column 1 (left) 

shows light microscope images of representative sapphirinid male specimens, and column 2 

the measured reflectance. Column 4 shows a representative cryo-SEM image of the crystal – 

cytoplasm layer arrays, and column 3 the calculated reflectance.  

 
Figure 2. Image of Neon Tetra fish, showing the blue lateral stripe (Image adopted from  

http://bettatrading.com.au/Neon-Tetra-Fact-Sheet.php)  
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The field of biological three-dimensional electron microscopy, now regarded as a discipline in its own 

right, has its origins in several research groups in the 1960’s. The most prominent were the groups of 

Aaron Klug at the Medical Research Council Laboratory of Molecular Biology in Cambridge, UK; 

Walter Hoppe at the Max Planck Institute for Biochemistry in Martinsried, Germany; and Eduard 

Kellenberger at the Biozentrum, University of Basel, Switzerland. 

The centerpiece of this historical research is the presentation of a genealogy showing the development 

of the field from the original few laboratories.  

Information to construct this genealogy is based on questionnaires and interviews with the heads of 

groups currently active in the field. Inclusion in the genealogy is based on an agreed upon set of 

criteria. 

This is an on-going project and we welcome corrections and additions. 

We will be locating in a single archive (http://www.ebi.ac.uk/pdbe/emdb/) the seminal papers in this 

field together with original solicited memoirs of some of the scientists who played leading roles in the 

development of the field of Three-Dimensional Electron Microscopy. 
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Microparticles (MPs) are cell-membrane-shed vesicles that form upon stimulation or 

apoptosis. They are found in blood circulation under normal physiological conditions, but 

their concentration increases during pregnancy or disease (e.g., cancer and diabetes). They 

participate in processes such as blood coagulation, cell signaling, and apoptosis. Originating 

in the cell membrane, they can carry trans-membrane proteins, and may contain genetic 

material and organelles. Therefore, they can potentially serve as biological markers of 

physiological conditions.  Despite the growing interest in MPs, they are still poorly 

characterized morphologically. Their nature and size (~50 nm to 1 µm) call for the use of 

cryogenic electron microscopy. Thus we have utilized our expertise in imaging to 

characterize MPs originating from various cell lines,
1
 while preserving their nanostructure. 

We strive to correlate MPs nanostructure and their biological role, eventually turning cryo-

EM into a diagnostic tool. 

In the work presented here we utilized cryo-SEM to image stimulated and non-stimulated 

monocyte cells (THP1), known for their tendency to shed MPs under various types of 

stimulations.
2
 As MP-shedding occurs at the cell membrane surface, we image fractured and 

non-fractured cells to study the effect of stimulations on the shedding process, and to try and 

image shedding at its different stages. 

Specimens were prepared by two physical fixation methods, manual plunging of specimen 

droplets in liquid ethane and high-pressure freezing (HPF) of dispersions sandwiched 

between two aluminum plates. Although both methods allowed imaging of cells at high 

resolution, the cells were better preserved by the use of HPF. 

Stimulation by starvation indeed resulted in increased occurrence of blebbing cells, while 

stimulation by incubation with lipopolysaccharide (LPS) showed a few shedding cells, but 

many shed vesicles in the surrounding medium. Following these promising results we hope to 

implement immunogold labeling of specific markers on the investigated cells membranes at 

rest and during shedding. 



 
 The 49th Annual Scientific Meeting of ISM 

Bar-Ilan University, Ramat Gan 

 

- 99 - 

 

 

References: 

1. Issman, L., Brenner, B., Talmon, Y., Aharon, A. Cryogenic Transmission Electron Microscopy 

Nanostructural Study of Shed Microparticles. PLoS ONE 2013, 8, e83680 

2. Aharon, A., Tamari, T., Brenner, B. Monocyte-Derived Microparticles and Exosomes Induce 

Procoagulant and Apoptotic Effects on Endothelial Cells. Thromb. Haemost. 2008, 100, 878-885. 

  



 
 The 49th Annual Scientific Meeting of ISM 

Bar-Ilan University, Ramat Gan 

 

- 100 - 

 

 

Quantitative Analysis of PNA-Cy3 Labeled Telomeres 

Batya Mannasse1, Hila Katz1, Yaron Milwid2, Aliza Amiel3 and Aryeh Weiss3 

1 Faculty of Life Sciences, Bar Ilan University, Ramat Gan, Israel 

2 Department of Applied Science and Engineering, University of Toronto, Toronto, Canada 
3 School of Engineering Bar Ilan University, Ramat Gan, Israel 

Introduction: Telomeres are regions of repetitive nucleotide sequences located at the ends of 

chromosomes, which protect them from fusion and degradation. In every cell division, the 

telomeres are shortened until they reach a critical length that signals the cell to go into 

senescence. Abnormally short or long telomeres are common phenomenon in cancer cells, as 

compared to healthy controls. Manual characterization of telomere length distribution is at 

best difficult. Here we present an image processing workflow which was developed to enable 

automated processing of telomere count and length distribution. This workflow enabled 

processing of thousands of cells. 

Methods: Leucocytes from peripheral blood were raise and harvested as described in [1]. 

The telomeres were labeled with the Telomere PNA FISH Kit/Cy3 (Company, City), and 

counterstained with DAPI using DAPI II mounting medium (Abbot Laboratories, Des 

Plaines, Il, USA). Z-stacked of 17 planes were acquired with an automated TE2000 inverted 

fluorescence microscope, using a 60X/NA=1.4 plan-apo objective and appropriate filter sets 

for DAPI and Cy3. At least 20 fields were acquired for each slide. A single DAPI image was 

acquired at plane #9 in order to locate the nuclei. In addition, an image of a uniform 

fluorescent slide was acquired in order to correct illumination non uniformity, and a dark 

image was acquired to correct for additive dark noise.  Image processing was done with the 

Fiji distribution of ImageJ,[2] and statistical analysis was done with R.[3] 

Image Processing Workflow: The raw images were processed as follows: 

1. The DAPI images were segmented with a combination of intensity thresholding and 

morphological analysis. 

2. The telomeres are detected using the detect-maxima operation within Fiji. The 

telomeres were counted separately within each cell, and the data for each cell were 

saved as a CSV file. A typical slide would then have 100-200 such files over 10-20 

fields. Figure 1 shows the result of these two segmentations. 

3. An interactive editing tool was used to delete invalid nuclei (eg, overlapping nuclei or 

irregularly shaped nuclei. All deletion information was saved.  

4. Telomere counts and intensity distributions for each slide were summarized in a 

single CSV file (one line per cell).  
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5. The summary CSV files were post-processed with R.  Typical output of this step is 

shown in Figure 2.  

Discussion: Over 3000 cells were imaged, each containing 30-150 visible telomeres 

(including cells which were in the G2 stage). The means and standard deviations of telomere 

count, and intensity is available for each cell. This could not have been done manually.  

The ability to acquire and analyze large quantities of data in a reproducible manner highlights 

the spread in data that results from the fundamental biology and physiology that are being 

studied.    

 
Figure 1: (Left) Typical input image, best focus plane. DAPI (blue) and Cy3 (yellow) 

channels are overlaid. (Center) Same image after DAPI segmentation. The identified nuclei 

are circled in red.  Note that the metaphase spread is not included since it does not satisfy the 

segmentation criteria for nuclei. The segmented nuclei were dilated in order to capture 

telomeres that appear on the low intensity edges of the nuclei. (Right) Segmented telomeres 

within nuclei. The segmented telomeres are overlaid in red. 

 

Figure 2: Example of analysis. Each column includes 100-200 cells. Four patients (three 

illnesses and one control) are shown. The distribution of the detected telomere count is 

compared between patients. The mean (orange line) and std dev (yellow lines) are shown, 

and p-values are listed in the legend.  
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Adherence Rates, Morphology and Force Depend on Metastatic 

Potential in Breast Cancer Cells 

Sonbula Massalha and Daphne Weihs 

Faculty of Biomedical Engineering, Technion-IIT, Haifa 3200003, Israel 

Cell adhesion plays an important role in the normal functions of cells, including contraction, 

spreading, crawling, and invasion. In cancer cells, adhesion regulates migration and 

invasiveness depending on the stiffness of the matrix surrounding a tumor[1]. The rate of 

adhesion, changes in cell morphology and forces applied during adhesions likely vary 

between benign and cancer cells. Thus we suggest an approach to use measurements of those 

differences as an approach for determination of malignancy and metastatic potential cells. In 

this study, we evaluate the rate of attachment to a 2D substrate, concurrently through changes 

in cell morphology and the strength of adherence. We compare low and high metastatic 

potential breast cancer cells and use benign cells as a control. By using traction force 

microscopy [2] on polyacrylamide gels (stiffness 4300±150 Pa and 7200±50 Pa) we monitor 

the time-dependent force applied by the cells to the gel through displacement of particles 

embedded in the gel surface. We observe that high metastatic cancer cells adhere more 

rapidly, yet remain less strongly attached, likely allowing them to more readily detach and 

move. We also observe that cell “aging” affects the adherence strength, as cells at lower 

passages applied stronger forces. In conclusion, we have shown that a there is a direct link 

between metastatic potential of cancer cells and the forces applied by those cells during the 

adhesion process. 
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Biomineralization Pathways in Foraminifera:  

A Cryo Correlative Approach 

Gal Mor Khalifa1, Jonathan Erez2, Steve Weiner1 and Lia Addadi1 

1 Department of Structural Biology, Weizmann Institute of Science, Rehovot, Israel 

2 Earth Sciences institute, Hebrew University, Jerusalem, Israel  

Foraminifera are marine protozoans which produce an outer protective calcium carbonate 

shell. They are widespread in oceans throughout the world, and are thus major contributors to 

calcium carbonate global production in the ocean. Their calcitic shells are also a major 

component of the ocean sediment. Understanding biomineralization processes in foraminifera 

is therefore important for both ecological studies and for the fields of paleo-oceanography 

and paleoclimate reconstruction from ocean sediment records. The specific precipitation 

mechanisms forming the foraminifera shell, however, are not yet understood. In this work we 

have used a novel cryo-correlative technique combining SEM, fluorescence and EDS data on 

the same sample and all under cryo conditions, to study the mineralization pathways in the 

benthic foraminifer Amphistegina. 

We confirm the observation  by Bentov et al. [1] on the presence of endocytosed sea water 

containing vesicles using cryo-SEM. . Our correlative SEM-fluorescence-EDS observation 

on the foraminifera cytoplasm reveals that the major sea water reservoir in the cytoplasm is 

found in small uniformly sized (2-3µm) vesicles (Fig 1). These vesicles presumably contain 

an aqueous solution of sea water origin which undergoes some chemical modification post 

endocytosis. The role of these vesicles in the biomineralization process is yet unclear. We 

further characterized intracellular biominerals found in the foraminifer cytoplasm. We found 

each particle to reside within a sea water vacuole and to have high Mg low Ca content 

presumably in a mineral phase. These Mg biominerals may possibly be the product of a 

mechanism which removes Mg from the endocytosed sea water in order to promote calcite 

precipitation from the remaining solution. In our observation on both the juvenile and the 

adult life stage of A. lobifera and A. lessonii, we found no evidence for intracellular Ca 

minerals or organelles with high Ca content that could account for the Ca pools expected in 

the foraminifer cytoplasm from earlier studies [2]. We cannot rule out the possibility that 

amorphous calcium carbonate takes part as a transient mineral phase in the shell formation 

mechanism, but it does not constitute large reservoirs of Ca in the cytoplasm. 

  



 
 The 49th Annual Scientific Meeting of ISM 

Bar-Ilan University, Ramat Gan 

 

- 105 - 

 

This is the first cryo SEM characterization of the foraminifer cellular environment. The 

combination of the high resolution SEM data with fluorescence and EDS compositional 

analysis allows us to track specifically the distribution of incorporated calcium and 

endocytosed sea water in the foraminifer cytoplasm. Our results shed new light on the use of 

Ca reservoirs in the Amphistegina genus and on the role of endocytosed sea water in the 

mineralization process. 

 

Figure 1 : Cryo-correlative SEM /fluorescence micrograph of the cytoplasm of Amphistegina 

labeled with the membrane impermeable Ca chelator, calcein. Purple arrows point at vesicles 

of sea water origin labeled with calcein. a) cryo-SE2 micrograph. b) cryo-ESB micrograph c) 

An overlay of cryo-SE2 and cryo-fluorescence images. Green fluorescence is calcein labeling 

and red is symbiontic algae auto-fluorescence. 
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Using Soft-X-ray Tomography to Study ESCRT-Mediated Membrane 

Fission during Mammalian Cell Division 

Shachar Sherman1, David Kirchenbuechler2, Michael Elbaum2 and Natalie Elia1 

1 Department of Life Sciences, Ben Gurion University, Beersheba, Israel 

2 Department of Materials and Interfaces, Weizmann Institute, Rehovot, Israel 

The ESCRT-filamentous system has recently come to be recognized as the driving force for 

membrane constriction and fission in cytokinetic bridge abscission. While much progress has been 

made in identifying the ESCRT components involved in abscission, less is known about how these 

proteins exert force to constrict and bend membranes. Recent advances in Soft-X-ray microscopy 

offer an ideal tool to address this issue. First, Soft-X-ray microscopy provides an overall 3D view of 

cell topology and is highly sensitive to changes in the plasma membrane. Second, the coupling of an 

X-ray microscope to a fluorescence microscope makes the technology ideal for correlative studies. 

We have therefore characterized the ultrastructure of the intercellular bridge using correlative 

fluorescence – Soft-X-ray tomography. Through this approach, we have found, consistent with 

previous EM tomography data, that high-ordered cortical structures resides at the abscission site 

where ESCRT III proteins function. Additionally, we have identified high-ordered cortical structures 

at the center of the intercellular bridge. These structures may represent the cortical structures we have 

previously characterized for the ESCRT I component TSG101 at the bridge using Structured 

Illumination Microscopy. To the best of our knowledge this is the first identification of such 

structures inside the dark zone. 
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Exploring the Nanometrical Interactions between NXF1 and Single 

Nucleoporins Using a FLIM-FRET System 

Amit Shraga1,3, Amir Mor1,3, Rakefet Ben-Yishay1,3, Noga Kozer1,3, Itamar Kanter2,3, Yuval 

Garini2,3 and Yaron Shav-Tal1,3 

1 The Mina and Everard Goodman Faculty of Life Sciences, Bar-Ilan University, Ramat-Gan, Israel  

2 The Department of Physics, Bar-Ilan University, Ramat-Gan, Israel 
3 The Institute of Nanotechnology and Advanced Materials, Bar-Ilan University, Ramat-Gan, Israel 

mRNA export through the nuclear pore complex (NPC) to the cytoplasm, is a fundamental 

cellular process. Our knowledge about mRNA interactions with the NPC, and mRNA 

interactions with key export regulating factors, still requires high-resolution information 

particularly on the cellular level. The NPC is constructed of many proteins termed 

nucleoporins (Nups). Key factors involved in the export process are Nuclear Export Factor 1 

(NXF1/Tap) and the Dbp5 helicase. The FLIM-FRET technique allows us to characterize 

interactions between single molecules at nanometric scale. Using such a FLIM-FRET system 

we measured physical interactions between mRNA components and Nups in U2OS cells. We 

could detect interactions between different Nups and NXF1 at the resolution of single pores, 

thus providing an interaction map as the mRNA passes through the NPC. We inhibited 

mRNA export using a dominant negative Dbp5 protein, in order to study how this affects 

NXF1 interactions with the NPC. Altogether, this approach can depict the stages of the 

mRNA lifecycle from mRNA creation through export stages, including docking at the NPC, 

moving through the channel and release into the cytoplasm.  
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Utilizing Gold Nanoparticles in Photothermal Imaging and Ablation of 

Cell Populations 

Nir A. Turko and Natan T. Shaked 

Department of Biomedical Engineering, Tel Aviv University, Tel Aviv, Israel 

Gold nanoparticles (AuNPs) are already in wide spread use in biomedicine research and 

applications. AuNPs are popular mainly due to their photothermal (PT) properties, or 

transferring light energy into heat.[1], [2] They are most commonly used in PT imaging or PT 

therapy for the specific detection, or specific treatment of biological targets of interest, 

accordingly. We present our dual-modality technique for quantitative imaging and selective 

depletion of populations of cells based on wide-field PT quantitative phase imaging and 

simultaneous PT cell ablation, using AuNPs.  

The cells are first labeled by plasmonic AuNPs, which evoke local plasmonic resonance 

when illuminated by light in a wavelength corresponding to their specific plasmonic 

resonance peak.[3], [4] This reaction creates changes of temperature, resulting in changes of 

phase. These phase changes are recorded by a quantitative phase microscope (QPM), 

producing specific imaging contrast, and enabling bio-labeling in phase microscopy. Using 

this technique, we have shown discrimination of EGFR over-expressing (EGFR+) cancer 

cells from EGFR under-expressing (EGFR–) cancer cells, as demonstrated in figure 1. 

 
Figure 1 : (a) Quantitative phase map of all cells in the field of view, using IPM (b) 

Photothermal quantitative phase map with molecular specificity. Only the EGFR+ cells, 

labeled with gold nanoparticles, are detected 

Then, we have increased the excitation power in order to evoke even greater temperatures, 

which caused specific cell death, or PT therapy (PTT), all under real-time phase acquisition 
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using QPM, as shown on figure 2. Close to 100% of all EGFR+ cells were immediately 

exterminated when illuminated with the strong excitation beam, while all EGFR– cells 

survived.  

 
Figure 2 : Specific ablation of EGFR+ cells during IPM imaging of all cells. Only EGFR+ cells are 

heavily damaged by the excitation 

For the second PTT experiment, in order to simulate a condition where circulating tumor cells (CTCs) 

are present in blood, we have mixed the EGFR+ cancer cells with white blood cells (WBCs) from a 

healthy donor. Here too, we have used QPM to observe and record the phase of the cells as they were 

excited for selective visualization and then exterminated, as shown in figure 3. The WBCs survival 

rate was over 95%, while the EGFR+ survival rate was under 5%.  

 
Figure 3 : EGFR+ and WBCs before and after treatment. Only EGFR+ cells are damaged 

This technique may be the basis for real-time detection and controlled treatment of CTCs. The 

proposed dual-modality system shows that PT techniques for phase imaging are what fluorescence 

techniques for bright-field microscopy, and much more, as the AuNPs are inherently active elements 

which may also assist in therapy.  
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β-Casein Based Nano-Carriers for Oral Delivery of Poorly Water-

Soluble Drugs 

Tanya Turovsky1, Irina Portnaya2, Ellina Kesselman2 and Dganit Danino1,2 

1 Russell Berrie Nanotechnology Institute,  Technion – Israel Institute of Technology, Haifa, Israel  

2 Department of Biotechnology and Food Engineering, Technion – Israel Institute of Technology, 

Haifa, Israel 

Poor drug solubility in water constitutes an enormous problem in the development of new, as 

well as generic dosage forms. This problem is especially relevant in class II and IV drugs of 

the biopharmaceutics classification system (BSC), where absorption is limited by dissolution 

rate. Consequently, solubility enhancement remains the dominant challenge in oral-dosage 

development, which is the most common route of drug administration [1].vHere we suggest 

β-casein-based platform for oral delivery of poorly water-soluble drugs that suffer from low 

bioavailability. β-Casein is a 24 kDa amphiphilic and unstructured protein that possesses 

many properties facilitating its functionality in drug delivery systems, including strong self-

association tendency into small core-shell micelles at a wide range of concentrations, pH 

values and temperatures [2]. We developed the micelles as colloidal vehicles for 

encapsulation of a variety of drugs. 

Here we present the utilization of cryo-transmission electron microscopy (cryo-TEM) as the 

method of choice to study the native structure of the drug-loaded assemblies at the 

nanometric scale. In the pharmaceutical sphere, cryo-TEM has developed into an essential 

method for the characterization of colloidal drug carriers. It can be applied to study the 

morphology of such carriers and the impact of different compositional and environmental 

factors on their structure. As a proof of concept, we utilized two widespread NSAID drugs 

that belong to the BSC class II family – celecoxib and ibuprofen. We show high drug loading 

for both, but structure that is drug-dependent. 

Studies of celecoxib solubilization in β-casein showed that the drug-protein interactions lead 

to well-defined nanosized spheroidal micelles that become puffier and denser upon drug 

loading, indicating on drug incorporation inside the micelles (Figure 1). Importantly, we 

demonstrated the ability to lyophilize our formulation without any additives and keep it as a 

dry powder, providing long-term physical and chemical stability, and fully reversible 

reconstitution of the structures by rehydration of the powder, making available drug 

administration also in liquid form. [1,3] Unlike celecoxib incorporation, ibuprofen addition to 

β-casein leads to either classical stable mixed threadlike micelles, or unstable aggregates 

(Figure 2). Both routes are characterized by coexistence of round and elongated structures, 

but develop differently as a function of drug loading and temperature. Here, cryo-TEM 
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discloses in detail the dynamic events, which could not be documented by any other method. 

Furthermore, because of the formation of pretty complicated aggregates with different size 

and topology, in this case the interpretation of data obtained by indirect methodologies is 

extremely difficult. Altogether, our results suggest that ibuprofen acts as a co-surfactant that 

possibly is localizes to the interface rather than being encapsulated in the micellar core as 

other NSAID hydrophobic drugs [4]. 

 
Figure 1 : Cryo-TEM images and schematic representative shapes (insert) of empty β-casein micelles 

(A1) and micelles loaded with celecoxib (B1) to 1:8 mole ratio; (C1) Light microscopy DIC image of 

celecoxib in buffer. Scale bar = 100 nm in A1 and B1, and 20 μm in C1. 

 
Figure 2 : Mixed micellization (A2) and co-assembly (B2) route of organization of β-casein 

micelles loaded with ibuprofen to 1:8 mole ratio. Scale bar = 200 nm. 
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Taking Ga FIB to the Limit 

Yafit Fleger 

Bar Ilan Institute of Nanotechnology & Advanced Materials, Ramat Gan, Israel 

Focused Ion Beam (FIB) was developed during the last two decades and became a central 

tool for micro and nano fabrication and analysis. The Processing and milling capabilities of 

FIB can be used for multiple applications in different research fields. Ga ion beam of the FIB 

system provides a micro to nano scale -milling capabilities of various samples with a 

resolution of ~15 nm while a He source can improve the milling resolution down to ~4 nm.  

The most popular FIB is a dual beam system that contains SEM, Gas Injection System (GIS) 

and lift out prob. Altogether it provides better analysis system with the ability to image, lift 

out TEM samples and create local depositions of materials such as Pt and SiO. These three 

additives turns the FIB system into a powerful factory in the nano world. 

In my talk I will describe a variety of FIB applications in physics, chemistry and material 

science for both academic and industrial purposes. These applications demonstrates the high-

resolution milling and imaging, and includes electrochemistry micro patterning, fabrication 

of nano plasmonics devices, TEM lamella preparation for analyzing crystal defects and the 

study of carbon nano-tubes. FIB is also a powerful tool for failure analysis tests such as 

circuit editing and cross sections. This will be demonstrated for the limiting size of few tens 

of nm. 

 
Figure:  a. cross section of an integrated circuit, b. TEM lamella of porous sample,  

c. Plasmonic device nano patterning.  
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Applications of Helium Ion Microscopy 

Gregor Hlawacek 

Ion Beam Physics and Materials Research, Helmholz - Zentrum Dresden – Rossendorf,  

PO Box 510119, 01314 Dresden, Germany 

HIM is well known for its exceptional imaging and nanofabrication capabilities. After a brief 

introduction of the gas field ion source and the ion microscope, I will present a wide range of 

results obtained with either the Twente UHV Orion+ or the NanoFab at the HZDR in 

Dresden. Special emphasis will be given to the use of channeling and the role of defects 

created by the energetic ion beam. Ionoluminescence is used to obtain information 

on the latter. Helium Ion Microscopy has an unprecedented surface sensitivity. Recent results 

obtained on thin silver layers on Pt(111) demonstrate that work function differences as small 

as ≈20 meV as well as surface reconstructions can be visualized. Finally, some preliminary 

results of Neon based materials modification and cross section preparation will be presented. 
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FIB-SEM techniques for biology: Exploring the depths 

Katya Rechav 

Department of Chemical Research Support, Weizmann Institute of Science, Israel 

Focused Ion Beam - Scanning Electron Microscope (FIB-SEM) instruments have been promoting a 

true revolution in biological research during the last few years. FIB-SEMs were designed for and 

primarily used in materials science and in the semiconductors industry. Their popularity in the field of 

biology is growing day by day, mostly thanks to the technique of serial surface view (SSV). Briefly - 

this method involves gradual removal of nanometer-thick sections from the sample surface, 

sequentially recording the images of the renewed surface and then reconstructing a three-dimensional 

model from the collected images. 

Despite the considerable challenges associated with biological samples preparation for electron 

microscopy, FIB-SEM seems the most promising technology allowing large-volume 3D visualization 

with resolution at the nano-meter level.  FIB-SEM also enables site-specific cross sectioning and 

TEM lamellae preparation of biomaterials, cells and their interfaces, possibly coupled with cryogenic 

capabilities. 

Here we review some practical usages, advances and challenges of FIB-SEM techniques associated 

with biological research. 
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FIB/SEM Technology for Advanced Nanofabrication 

and In Situ Analysis 

Vítězslav Ambrož, Kateřina Klosová, Lukáš Hladík, Tomáš Hrnčíř 

TESCAN ORSAY HOLDING, Brno, Czech Republic 

In this talk we report on our recent developments in FIB/SEM technology. Our instruments 

combine the ability for precise FIB nanofabrication, high resolution SEM imaging and in situ 

analysis by means of fully integrated units. 

Main application of FIB/SEM instrumentation is cross-sectioning and imaging. However FIB 

cross-sectioning of compositional species with differential milling yield can result in 

unpleasant curtaining artefacts. In order to overcome this effect and obtain smooth cuts we 

developed a special multi-tilt rocking stage that enables ion polishing from different 

directions (Fig. 1a). High resolution SEM imaging is achieved by means of immersion 

electron optics, which significantly minimize aberration of the electron beam and improves 

resolution particularly for low voltage SEM observation. 

For the purpose of in situ analysis we implemented various novel techniques. One of them is 

Time of Flight Secondary Ion Mass Spectroscopy (TOF-SIMS) which is integrated to our 

FIB/SEM instruments. Such integration provides good lateral resolution and allows 3D 

chemical mapping, detection of light elements and isotope distinguishing (Fig. 1b). Another 

possibility for analysis is the integration of Raman Imaging and Scanning Electron 

microscopy (RISE). This technique provides high resolution SEM imaging with correlative 

Raman mapping and spectroscopy. Such combination is helpful for identification of    

different compounds and polymorphic phases, analysis of crystallinity, observation of 

internal stresses and damage (Fig. 1c). 
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Figure 1: Some examples of our recent developments in FIB-SEM technology. (a) Rocking 

stage: cross-sections without curtaining; (b) TOF-SIMS: Li distribution maps in a LiNbO3 

sample; (c) RISE: stress observation in silicon by means of SEM imaging and Raman 

mapping. 
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Volume Imaging Of Cellular Ultrastructure in Native Frozen Biological 

Samples by Using Cryo-FIB-SEM 

Andreas Schertel 

Carl Zeiss Microscopy GmbH, Carl-Zeiss-Str. 22, D-73447 Oberkochen, Germany 

Focused Ion Beam – Scanning Electron Microscopy (FIB-SEM) volume imaging of heavy-

metal-stained biological specimens embedded in resin is a well-established technique to 

reconstruct and to analyse subcellular structures in all three dimensions, e.g. brain mapping 

[1,2]. Cellular ultrastructure is visualized by detecting the low loss backscattered electrons 

generated by the interaction of the primary electrons with the stained resin-embedded tissue. 

FIB-SEM block face imaging data is acquired in a complete automated process in contrast to 

the long-lasting and troublesome imaging and aligning of serial thin sections in transmission 

electron microscopy. The z-limitations given by conventional serial sectioning using an ultra-

microtome are overcome by FIB milling which allows slice thicknesses down to several nm. 

Therefore, isotropic voxel sizes down to 5 nm and below can be achieved. For this reason, 

FIB-SEM 3D reconstruction closes the gap between electron and x-ray tomography. 

The conventional resin-embedding preparation technique involves dehydration and 

impregnation with heavy metals by freeze substitution or chemical fixation followed by 

resin-embedding. In contrast, biologists aim to visualize cellular ultrastructure of specimens 

in their native or living state.  

A new, very inspiring and exciting approach for FIB-SEM Microscopy is block face imaging 

of native biological samples in the high-pressure frozen state omitting any dehydration, 

chemical fixation or staining. In our recent work, we applied serial FIB milling and block 

face imaging to acquire 3D data cubes of high pressure frozen mouse optic nerves and 

bacillus subtilis spores at cryo conditions [3]. By using in-lens secondary electron detection, 

we succeeded to directly visualize the cellular ultrastructure in the freshly exposed serial FIB 

cross-sections. The observed contrast between lipid-rich membranes and water-rich areas 

allowed differentiating subcellular structures like Golgi apparatus, nuclear envelope, vesicles, 

endoplasmic reticulum and cristae within mitochondria. The new method is comparatively 

easy and extremely fast because cryo-immobilization is the only step of preparation to be 

ready for investigation in a SEM. Interesting potentials for the correlative light and electron 

microscopy workflow are provided by introducing this novel technique. 

Recent cryo-FIB-SEM results on high pressure frozen HeLa cells, yeast cells and Algae 

Emiliania huxleyi (EHUX) are presented. The Cryo-FIB-SEM data cube of native frozen 

yeast and EHUX contains one complete cell. 
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Fast, Flexible Sample Preparation with DualBeam™ Instruments 

Daniel Phifer, Brandon van Leer, David Wall, Anthony Burgess 

FEI Company, Materials Science Business Unit, Eindhoven, The Netherlands 

Since FEI’s DualBeam 620 became commercially available in 1993, focused ion beam (FIB) 

and SEM/FIB instrumentation has transformed scientists’ ability to investigate materials, to 

develop new sample preparation methods and become the “work-horse” for site-specific 

cross-section analysis, TEM/STEM sample preparation (cross-section or plan view), 

nanoscale patterning and prototyping applications. Increasingly, the demands for making 

sample with a particular quality are required over a variety of materials which lead to new 

DualBeam workflow solutions. 

With demand for advanced TEM sample preparation at an all-time-high, electron 

microscopists and researchers require sample preparation to take much less than a day and to 

be suitable for a number of specific requirements. There are many factors that enable a 

system’s ease-of-use and flexibility including optimal beam parameters, system stability, 

software functionality, automation and novel approaches to sample preparation. Recent 

advances in all four have enabled SEM/FIB operators to generate high quality, site specific 

samples in 2 hours or less. For non-site specific materials the time can be reduced to much 

less than an hour. 

Sample damage with high energy FIB is also well characterized among many materials. The 

use of low energy FIB to reduce the damage continues to generate interest in the scientific 

community. FIBs routinely operate in a low energy regime with imaging capabilities that 

allow for site specific pattern placement onto samples. Figure 1 reveals an example of 2 keV 

and 1 keV Ga+ focused ion beam imaging performance with resulting material damage. 

Hitting a site-specific region of the target is also crucial for sample preparation. To that end, 

there have been many new end-pointing techniques, which allow the operator to watch the 

bulk milling and lamella formation process to maintain control of the milling process and 

provide visibility of the target structure. These techniques include simultaneous imaging 

while patterning, sequential image and mill, and FIB real time monitoring. 

With the increasing use of FIBs, the requirement to work with ultra-thin (<45 nm thick) 

specimens increased significantly. Finishing a thin specimen now includes novel approaches 

such as inverting the sample prior to final polish. This allows successful milling of mixed 

composition interfaces by positioning a sample such that hard materials face the FIB to 

achieve ultra-thin samples in boundary regions which were previously much more difficult to 

prepare. Advances in the DualBeam workflows continues to lead to better control of sample 

thickness, uniformity and sample quality which can be directly seen in the latest atomic 

resolution (S)TEM analysis. 
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Figure 1: FIB damage in Silicon and FIB induced secondary-electron imaging performance 

for 2 keV and 1 keV Ga
+
 FIB beam 
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