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08:00- 08:45 Gathering & Plenary session 

Lopatie Conference Center, WIS 

08:45- 09:00 
 
 
09:00-10:00 
 
 
10:00-10:30 
 
10:30-12:30 

Welcome 
Prof. Igor Rahinov, IVS president 
Lopatie Main Hall (Kimmel) 
Plenary Session 1 - Where Materials meet: Passivation and Activation of Semiconductor  
and Metal Surfaces | Speaker: Prof. Anthony J. Muscat 
Chair, Department of Chemical and Environmental Engineering, University of Arizona  
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Parallel Morning Sessions   
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B- Bio-Interfaces and Bio-Engineering  
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Wix 3D 
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Chair: Dan Oron (WIS) | Location: Wix 3D 
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Nanoscale control over Plasmonic singularities 

11:00-11:20 A2- Ana Libster-Hershko, TAU 

Guiding Surface Plasmon Polaritons on Curved Surfaces 

11:20-11:40 A3- Alexander Palatnik, BIU 

Organic Microcavity laser based on high gain Monolayer 

11:40-12:00 A4- Lihi Efremushkin, BIU 

Carbon Dots- Plasmons coupling 

12:00-12:30 A5- Haim Suchowski, TAU (invited) 
Broadband and Ultrafast near-field Spectroscopy and Imaging 

 

 

B- Bio-Interfaces and Bio-Engineering 

Chair: Shirley Shulman Daube (WIS) | Location: Schmidt 

10:30-11:00 B1- Yael Hanein, TAU (invited) 

Wearable technology for long-term high-fidelity Electrophysiology 

11:00-11:20 B2- Rona Shaharabani, TAU 

On Multiple Sclerosis and Biophysics 

11:20-11:40 B3- Miran Liber Sasso, BGU 

High-Order DNA Origami Structures for DNA Machines 

11:40-12:00 B4- Alexandra Tayar, WIS  

Programmable artificial cells on a chip 

12:00-12:30 B5- Hanna Rapaport, BGU (invited) 

Designed functional amphiphilic -sheet peptides 
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10:30-11:00 C1- Ester Segal, Technion (invited) 

Behavior of Bacterial Networks and their Antimicrobial Susceptibility on Silicon Microtopologies 

  

11:00-11:20 C2- Hagay Shpaisman, BIU 

Directed Material Assembly by Acoustic Forces 

  

11:20-11:40 C3- Neta Elool Dov, WIS 

Stimuli-Responsive Metallo-Organic Films for the Formation of Electrochromic Devices 

  

11:40-12:00 C4- Keren Hakshur, TAU 
Optical Method for Gases Sensing in Nano-Structured Birefringent Silicon Thin Films 

 

  

12:00-12:30 C5- Daniel Mandler, HUJI (invited) 
Nanoparticles Imprinted Matrices (NAIM): Detection of Nanoparticles Based on Their Size, Shape 
and Shell 

  

 

D- Nanomaterials: Advanced Fabrication and Characterization 

Chair: Amit Sitt (TAU) | Location: Lopatie Kimmel 

  

10:30-11:00 D1- Yuval Yaish, Technion (invited) 

Automated circuit fabrication and direct characterization of 

carbon nanotubes vibrations - Optical imaging of CNTs 

  

11:00-11:20 D2- Haim Weissman, WIS 

Self-organization of Noncovalent Systems in Aqueous Medium – insights and applications  
  

11:20-11:40 D3- Viraj Bhingardive, BGU 

Soft Thermal Nanoimprint Lithography with Sub 100 nm Resolution 

  

11:40-12:00 D4- Gilbert Daniel Nessim, BIU 

Patterned growth of 3D forests of carbon nanotubes using reservoirs and overlayers 

12:00-12:30 D5- Rafal Klajn, WIS (invited) 
Tunable porous nanoallotropes prepared from binary nanoparticle superlattices self-assembled at 
the solvent-air interface 

 

  

C- Responsive Surfaces and Electrochemistry 

Chair: Boaz Pokroy (Technion) | Location: Lopatie Presidential 
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Parallel Afternoon Sessions 

E -Spectroscopy and Surface Science 

Chair: Tsachi Livneh (NRCN) | Location: Wix 3D 

14:30-15:00 E1- Elad Gross, HUJI (invited) 

High spatial resolution mapping of catalytic reactions on single particles 

15:00-15:20 E2- Eren Baran, LBL-USA 
Carbon Monoxide Adsorption and Oxidation on Copper Surfaces: From Atoms to Complexity 

15:20-15:40 E3- Daniella Schweke, NRCN 

CO2 interaction with ceria studied using quantitative TPD 

15:40-16:00 E4- Miri Sinwani, BIU 

Evidence of Different Enhancement Mechanisms in the SERS Spectra of C60  

16:00-16:30 E5- Eli Kolodney, Technion (invited) 

Velocity correlated clusters emission: A novel mechanism for surface sputtering by a large 

polyatomic projectile 

 

F – Mechanical Properties and Tribology of Soft and Biological Matter 

Chair: Shelly Tzlil (Technion) | Location: Schmidt 

14:30-15:00 F1- Jay Feinberg, HUJI (invited) 
Friction is Fracture: a new paradigm for the onset of frictional motion 

15:00-15:30 F2- Haim Diamant, TAU (invited) 

Screening, hyperuniformity, and instability in the sedimentation of irregular objects 

15:30-16:00 F3- Avraham Be’er, BGU (invited) 

Levy walk and intricate flow in bacterial swarming 

16:00-16:15 F4- Ran Tivony, WIS 

Modifying surface forces through surface potential regulation 

16:15-16:30 F5- Eyal Karzbrun, WIS 

Human Brain Organoids on a Chip Reveal the Physics of Wrinkling 
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G – Nanoelectronics and Spintronics 

Chair: Doron Naveh (BIU) | Location: Lopatie Presidential 

14:30-15:00 G1- Amos Sharoni, BIU (invited) 
Ramp Reversal Memory – a new kind of memory in Transition Metal Oxides 

15:00-15:20 G2- Kavita Garg, WIS 

Electrically-bistable-molecular memory devices based on dithia-porphyrins electrografted on silicon 

15:20-15:40 G3- Paul Tanmoy, Technion 

Effect of Bias Voltages on Oxide Ion Conductivity of La2Mo2O9 Using Impedance Spectroscopy 

Genetic Programming 

15:40-16:00 G4- Eran Mishuk, WIS 

Electromechanical actuation devices based on Gd-doped ceria thin-films: fabrication and 

characterization 

16:00-16:30 G5- Yoram Dagan, TAU (invited) 

Reversing the polar discontinuity at oxide interfaces 

 

H – Energy and Sustainability 

Chair: Lioz Etgar (HUJI) | Location: Lopatie Kimmel 

14:30-15:00 H1- Iris Visoly-Fisher, BGU (invited) 

Stability of Perovskite Photovoltaic Materials and devices 

15:00-15:20 H2- Sigalit Aharon-Elboher, HUJI 

The effect of the alkylammonium cation on the optical and physical properties of organic-inorganic 

perovskite nanoparticles 

15:20-15:40 H3- Noa Lachman-Senesh, TAU 
Carbon Nanotubes Nanocomposite Morphology Tailoring (for Energy Storage) 

15:40-16:00 H4- Yuval Ben-Shahar, HUJI 

Semiconductor-Metal Hybrid Nanorods as Photocatalysts 

16:00-16:30 H5- Dan Oron, WIS (invited) 

New insights on halide perovskites and hybrid quantum dot-perovskite solar cells 
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Plenary 1 

Anthony Muscat 

Professor and Chair, Department of Chemical & Environmental Engineering 

University of Arizona 

 

Where materials meet: passivation and activation of semiconductor and metal surfaces 

Tucson, Arizona 85721 

 

Two phases or materials meet at an interface. Heat, mass, and charge transfer occur at interfaces as do 

chemical reactions. In the solid phase, materials can undergo abrupt changes in composition, structure, 

and bonding at interfaces. Consider the gate region of a transistor in a computer chip in which a dielectric 

material that is amorphous to avoid grain boundaries is bonded to a semiconductor that is 

monocrystalline to enhance charge flow. What does the transition region look like between an amorphous 

metal oxide and a semiconductor alloy such as silicon-germanium used in current computer chips? How 

many atomic layers does the transition consume? Is the bonding of all of the atoms in both materials 

satisfied? And can the process used to make the interface improve transistor performance? We will show 

that that the transition region is only about one nanometer and with germanium that sulfur atoms 

chemically and electrically passivate dangling bonds at the interface. Generalizing this idea one can start 

to think about how to turn on and turn off the chemistry on surfaces for other applications. We will show 

that self-assembled monolayers prevent III-V surfaces from oxidizing, that copper nanoparticles covered 

with an ionic liquid bond to one another at low temperatures forming an electrically conductive film, that 

nanoparticle silver may be a better partial oxidation catalyst, and that II-VI quantum dots self-assemble 

into nanowires and webs. 
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Plenary 2 

Uri Banin 

Institute of Chemistry and the Center for Nanoscience and Nanotechnology, 

The Hebrew University of Jerusalem, Jerusalem 91904, Israel; Uri.Banin@mail.huji.ac.il 

 

Semiconductor Nanocrystals and Hybrid Semiconductor-Metal Nanoparticals; Fromm Basic Sciense to 

Applications 

 

Semiconductor nanocrystals manifest fascinating size, composition and shape dependent optical and 

electronic properties. Their tailored design offers unique opportunities to manipulate the outcome of 

light excitation in a programmable manner.  

A first desired outcome aims at electron-hole recombination yielding highly emissive quantum dots and 

quantum rods. Control of the particle structure and composition are essential to achieve maximal 

fluorescence quantum yield and stability, alongside with tailored polarization and emission directionality 

properties, with relevance for a wide range of technological applications. I will discuss synthesis routes 

for shape controlled semiconductor nanorods, and report on studies of their optoelectronic properties 

that portray the transition between 0D quantum dots to 1D quantum wires thus offering a unique 

model for dimensionality effects in nanoscale semiconductors. Applications of semiconductor 

nanocrystals and nanorods in displays will be presented.  

A second outcome aims at electron-hole charge separation enabling photocatalytic redox reactions. This 

is realized in hybrid semiconductor-metal nanoparticles pioneered by us in 2004 by forming metal 

tipped semiconductor nanorods. The synergistic optical and chemical properties of such hybrid 

nanoparticles resulting in light-induced charge separation and charge transfer, combined with the 

catalytic functionality of the nanoscale metal tips, allow for their function as photocatalysts. This 

presents a pathway for photocatalytic water splitting, as means for converting solar energy to chemical 

energy stored in a fuel. An additional trait concerns the use of the hybrid nanoparticles as 

photocatalysts for on-demand light-induced generation of reactive oxygen species. This can be applied 

for light-controlled enzymatic activity and most recently in 3D printing, where the hybrid nanoparticles 

serve as a new type of photoinitiators. 
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Photonics and Plasmonics (A) 

Chair: Dan Oron (WIS) 

Location: Wix 3D 
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A1 

 

Nanoscale control over Plasmonic singularities 
Guy Bartal 
Technion 

 
 
Wave-fronts containing screw dislocations, also known as Optical Vortices (OV) are singularity points in 
the Electromagnetic fields where the intensity is zero and the phase of the field circulates around it. OVs 
carry an orbital angular momentum and can be used to trap and manipulate nanometer-sized particles, 
assist in spatial resolution beyond diffraction limit and provide new schemes for light-matter interactions. 
Nano-scale control over such singularities opens up a new degree of freedom in exciting applications such 
as light-matter interaction on a chip, molecular motors and super-resolution imaging. Here, we present a 
continuous nano-scale tuning of the spatial location of optical singularities on metal-air interface, utilizing 
the breakdown of high-order Bessel beams in the presence of perturbation. We achieve this control by 
varying the polarization state of the light coupled to surface plasmons through a spiral slit, thereby 
controlling phase and amplitude relations between two plasmonic Bessel beams of different orders. We 
demonstrate such a control at nano-scale resolution using phase-resolved near-field microscopy. High-
order optical vortices are inherently unstable, as they tend to split up under perturbation to a series of 
vortices with unity charge. Control over the perturbation opens up a new degree of freedom to control 
and tune their location in a 2D-space, with immediate implications on trapping, light-matter interactions 
and super-resolution imaging. Here, we present a continuous nano-scale tuning of the spatial location of 
plasmonic vortices on metal-air interface achieved by varying the polarization state of the light coupled 
to the surface plasmons through a spiral slit. We demonstrate such a control at nano-scale resolution 
using phase-resolved near-field microscopy. 
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A2 

Guiding Surface Plasmon Polaritons on Curved Surfaces 

Ana Libster-Hershko*, Roy Shiloh, Ady Arie 

School of Electrical Engineering, Faculty of Engineering, Tel-Aviv University, Tel-Aviv 69978, Israel 

* Corresponding author: analibst@post.tau.ac.il 

We observed the guiding of surface plasmon polaritons (SPPs) on a curved surface, shaped as a book-
cover. This guiding mechanism is based on the surface curvature rather than a contrast of refractive 
indices [1-3]. Such a structure is obtained by a plane bent around the surface of a cylinder of radius a and 
an angular aperture 2θ. It corresponds to a finite square well potential, thereby supporting plasmonic 
modes. We develop simulation tools and an experimental platform for studying the propagation of such 
a book-cover waveguide.  

 

Figure 1. (a) The experimental setup of a book-cover waveguide, the plasmonic beam is excited from free 
space through a grating coupler and the intensity distribution is measured using an NSOM tip. (b) 
Experimental results - 3D plot of the topography the book-cover structure with the intensity of the 
plasmonic signal on top of it (c) the geometrical shape of the book-cover structure (red) and the intensity 
distribution of the plasmonic signal (blue) (d) the intensity distribution of the plasmonic signal at beginning 
of the propagation (green) and after 40µm (blue) 

We designed, fabricated and experimentally observed a plasmonic mode propagating on a curved-
space book-cover type waveguide. The guiding of a plasmonic signal was measured on a 40µm-long book-
cover silver waveguide, presented in Fig. 1(b)-(d). The plasmonic beam was excited by a 1064nm laser, 
through the coupling grating. The propagation of the plasmonic beam was then measured using a near 
field optical microscope (NSOM). We show that the profile of the plasmonic signal at the beginning of the 
propagation and after a propagation of 40µm are at the same width and intensity, Figure 2(d), proving 
that it is a mode supported by this waveguide. 

References 
[1] R. C. T. da Costa, “Quantum mechanics of a constrained particle,” Phys. Rev. A, 23, no. 4, 1982–1987 (1981). 

[2] S. Batz and U. Peschel, “Linear and nonlinear optics in curved space,” Phys. Rev. A, 78, no. 4, 043821 (2008). 

[3] G. Della Valle and S. Longhi, “Geometric potential for plasmon polaritons on curved surfaces,” J. Phys. B At. Mol. Opt. Phys., 43, no. 5, 051002 
(2010). 

 

 

 

mailto:analibst@post.tau.ac.il
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A3 

Organic microcavity laser based on high gain monolayer 

Alexander Palatnik†, Hagit Aviv† and Yaakov R. Tischler†* 

 

† The Department of Chemistry and Institute of Nanotechnology, Bar-Ilan University, Ramat Gan, 52900, 

Israel 

*yrt@mail.biu.ac.il 

Microcavity lasers in which the emission occurs perpendicular to the device plane such as in a Vertical 

Cavity Surface Emitting Laser (VCSEL) are used in many, however no coherent emission from monolayer 

based microcavity devices have been observed so far. Commonly, in Organic VCSELs, the active media 

which provides optical gain is distributed between two mirrors of the microcavity.  In this work, 

fluorescent molecules are confined into a single molecular layer providing surprisingly high optical gain of 

more than 1000 cm-1 [1]. This is the first demonstration of lasing using an organic monolayer and the first 

demonstration of lasing with any monolayer in planar microcavity configuration. 

The optical gain is provided by amphiphilic fluorescent dye, Lissamine Rhodamine B sulfonyl didodecyl 

amine (LRSD). LRSD was assembled into a monolayer via Langmuir-Blodgett deposition. Despite the high 

concentration of molecules in the monolayer, the dye shows high quantum yield. The device was 

assembled from two separately grown highly reflective mirrors with distance between them adjusted to 

be λ/2 by controlling the thickness of two spacers of Poly(methyl methacrylate) (PMMA) (Fig. 1a). Using 

such a design, we were able to achieve microcavity quality factor of Q>6000. Lasing was observed upon 

excitation by nanosecond pulses at a threshold absorbed energy density of 4.4 μJ/cm2, when 5% of the 

fluorescent molecules were excited. Lasing was accompanied by a change in slope of the output intensity 

curve, the appearance of polarized emission, and a narrow spectral line above the threshold (Fig. 1 b-c). 

We observed lasing in the spectral region between 585 nm and 610 nm. 
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Monolayer based Organic VCSELs have potential for gain layer optimization at the molecular level and 

can be useful in engineering energy transfer dynamics for fluorescence based chemical sensing 

applications. By localizing the gain to a single nanometer thick slice of the electromagnetic field, such 

devices can enable coherent coupling between excitons and thus ultimately lead to superradiant lasing 

and other fundamental studies on quantum coupling between light and molecules in monolayers. 

 

Fig. 1. Lasing Characteristics of the monolayer VCSEL. (a) Monolayer VCSEL schematics. 

(b) Power in vs. power out indicating threshold excitation energy density. (c) The 

difference in the spectrum below threshold (0.5Eth) and above the threshold (5Eth). 

 

[1] A. Palatnik et al., ACS Nano, 11(5), 4514-4520 (2017). 
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A4 

Carbon Dots- Plasmons coupling 

Lihi Efremushkin*a, Susanta Kumar Bhuniab, Raz Jelinekb, and Adi Salomona 

rotlihi@gmail.com 

a. Department of Chemistry, Institute of Nanotechnology and Advanced Materials (BINA), Bar-Ilan 

University, Ramat-Gan 5290002, Israel. 

b. Department of Chemistry, Ben Gurion University of the Negev, Beer Sheva 84105,Israel. 

 

Both carbon-dots (C-dots) and metallic nanostructures are fascinating optical materials which are used 

for imaging and colors. C-dots are carbon nanomaterials with sizes below 10 nm decorated with different 

functional groups. Those carbon materials have a very broadband photoluminescent behavior but the 

exact mechanism as well as the contribution of the functional groups to their unique optical activity is still 

not clear.  

 Interaction between plasmonic materials and C-dots may lead to new hybrid materials with controllable 

optical properties. Yet, coupling between the two systems have not been explored.  Herein, we study the 

energy transfer processes between plasmonic modes of silver hole array and C-dots. We focus on two 

types of yellow C-dots decorated with some different functional groups, i.e., either donating or 

withdrawing electrons functional groups. By using a very small concentration of C-dots, the observed color 

of the plasmonic system is dramatically changed.  We assign it to interaction with the electronic levels of 

the C-dots. In addition, the transmission through the silver hole array is either enhanced or suppressed, 

much dependent on the alignment of the plasmonic system energy levels with respect to that of the C-

dots.  In the context of the C-dots systems, their emission and absorption spectra look similar and they 

cannot be distinguished by bare eyes. However, following their interaction with the specific silver hole 

arrays, new hybrid materials are formed and one can distinguished between them.  

 

Figure 2: Transmission images of hexagonal hole arrays of Ag with different periodicities coated with PVA and yellow C-Dots (OR1,R2 and OH) 

embedded in PVA. (a) Color change can be seen when adding the yellow C-Dots.  (b) an enhancement can be seen in the transmitted light. The 

concentration of the C-Dots is 1.384mg/ml. The thickness of the Ag film was 250nm. The images were taken using the FGB37 filter. 
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A5 

Broadband and ultrafast near-field spectroscopy and imaging 
Haim Suchowski, Condensed matter Physics department, Tel Aviv University, Israel 

  
For the past two decades, we have witnessed major advances in nano-optics and ultrafast physics, 
allowing for the exploration of phenomena in higher spatial and temporal resolution than ever before. In 
my talk, I will share with you our efforts and success in merging these extreme resolution capabilities in 
order to study ultrafast phenomena at nanoscale resolution. Such developments allow us to observe and 
in the future to control ultrafast phenomena in a spatio-temporal window of 20fs-15nm at various 
wavelength regimes from the visible to the mid-infrared. The mid-infrared wavelength regime is of 
particular importance to materials science, chemistry, biology and condensed matter physics, as it covers 
the fundamental vibrational absorption bands as well as of many molecules and solid-state materials. 
In particular, I will present our recent achievements in combining ultrabroadband sources with 
our scattering near field microscope allowing observation of the broad frequency response as well as the 
ultrafast transient dynamics of plasmonic systems and in single-layer and multilayer WSe2. 
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Bio-Interfaced and Bio-Engineering (B) 

Chair: Shirley Shulman (WIS) 

Location: Schmidt 
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B1 

Wearable technology for long-term high fidelity electrophysiology 

Yael Hanein 

School of Electrical Engineering, Tel Aviv University, Israel 

 

Surface electromyography (sEMG) is a non-invasive method widely used to map muscle activation. For 

decades, it was commonly accepted that dry metallic electrodes establish poor electrode-skin contact, 

making them impractical for skin electromyography applications. Gelled electrodes are therefore the 

standard in sEMG with their use confined, almost entirely to laboratory settings. Novel dry electrodes 

developed in our lab resolve this challenge. The technology exhibit outstanding sEMG recordings along 

with excellent user comfort. The electrodes (electronic tattoos) are realized using screen-printing of 

carbon and silver inks on a soft support. The conformity of the electrodes helps establish direct contact 

with the skin, making the use of a gel superfluous. The suitability of the electrodes for long-term and 

stable sEMG from different muscles was demonstrated and emphasizes the potential of the technology 

for many applications, such as brain-machine interfacing, muscle diagnostics, post-injury rehabilitation, 

and gaming. 

 

Owing to their skin-like properties, our technology is ideally suited for facial sEMG. Facial sEMG is one of 

the most direct methodologies to perform objective classification of emotional expressions. Unlike image 

analysis, sEMG captures muscle activation, therefore depicting inner neurological pathways and 

psychological and neurological pathologies. Moreover, wireless sEMG recordings allow constant 

monitoring in a natural environment. Accordingly, recording facial sEMG with our wearable technology 

offers many new opportunities in the realm of psychological and neurological evaluation. We use our 

electrodes to demonstrate for the first time the use of sEMG as a robust and long term platform suitable 

for facial expression detection. In particular, we used the electrodes to differentiate between different 

smile types. The potential use of the presented technology for various applications ranging from objective 

psychological and neurological evaluation to measuring viewer engagement will be discussed.  

  



23 
 

B2 

On Multiple Sclerosis and Biophysics 

 

Rona Shaharabani 

Raymond & Beverly Sackler School of Chemistry, Tel Aviv University Center for Nanoscience and 

Nanotechnology,Tel Aviv University, Tel Aviv 6997801, Israel 

ronas@post.tau.ac.il 

 

 Like electrical wires, the nerve cells in the body are coated with an insulating layer called myelin sheaths. 

In multiple sclerosis (MS) disease, the immune system mistakenly identifies the myelin as invading 

pathogens. Once the protective sheaths are damaged, the nerves are essentially "short circuited", leading 

to versatile neurodegenerative symptoms. From the biophysical perspective, the myelin sheaths are a 

tightly packed, multilayered lipid-protein complex. The key hurdle in modelling such biological systems 

originates from complex interactions between multiple components. Physical models and experiments 

often reduce the number of components aiming to address the fundamental mechanisms. Nevertheless, 

in most cases, the inherent heterogeneity is an essential ingredient in the biological context. Here, we 

tackled the complex biological system of myelin sheaths, taking into account the heterogeneous lipids 

mixture and its relevant adhesive protein. Using synchrotron small angle X-ray scattering and direct 

cryogenic transmission electron microscopy, we performed structural measurements on model systems 

mimicking cytoplasmic myelin sheath complexes. Alteration in lipids composition, as in the MS diseased 

state, results in structural instabilities and phase transition from healthy lamellar to diseased inverted 

hexagonal structures. We also find that buffer salinity and temperature affect the self-assembly structures 

and result in the same pathological phase transition. In this talk I wish to map the delicate and complicated 

force balance between the myelin sheaths constituents and their effects on the structure of the composite 

system. This may help us understand the onset of instability in the transition to the diseased state, and 

postulate on de-novo drugs that can work in alternative pathways.  

  

mailto:ronas@post.tau.ac.il
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B3 

High-Order DNA Origami Structures for DNA Machines 

Miran Liber*, Toma E. Tomov, Roman Tsukanov, Yaron Berger, and Eyal Nir* 

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

Gurion University of the Negev, Be’er Sheva, 84105, Israel,   

 miranl@post.bgu.ac.il, eyalnir@bgu.ac.il 

 

Manufacturing of high-performance well-functioning machines is a major challenge. DNA nanotechnology 

holds a very promising path towards the realization of this goal on the molecular level by mimicking 

biological machines. DNA based machines operating upon DNA origami-based tracks could potentially be 

used in a variety of applications in the nanoscale. However, these machines are only limited by the length 

of the track, which is, so far, embedded on a single origami unit. This dictates the size of the devices and 

their operational length to be several hundred nm. In order to exceed this size limitation a larger track 

must be comprised. This can be done by increasing the size of the origami through biological means (i.e. 

creating larger ssDNA scaffold) or by binding together several origami units. The latter is preferable due 

to the easier nature of attaching origami units together and the increased flexibility and functionality of 

the superstructure when connecting different-properties units. We successfully operated a DNA bipedal 

walker upon a long track constructed from two different origami units attached together using the 

Weaving and Welding approach (in which the bridging strands hybridize to the scaffold of the adjacent 

origami). In order to elongate the superstructure by linking many different units, a stable connection must 

be formed. Using Single Molecule Fluorescence techniques we investigated the stability of the connection 

and the kinetics of the assembly and disassembly reactions of the two main binding approaches: Weaving 

and Welding and Sticky Ends (in which binding occurs via external overhangs with sticky ends 

interactions). Our work presents a detailed study about the conditions necessary for the stability of the 

connections and the kinetics of the assembly and disassembly reactions of the dimer origami structure. 

This is a major step towards the realization of large scale superstructures made of many origami units. 

  

mailto:miranl@post.bgu.ac.il
mailto:eyalnir@bgu.ac.il
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B4 

Programmable artificial cells on a chip 

 

Alexandra M. Tayar1 , Eyal Karzbrun2, Vincent Noireaux3, Roy H. Bar-Ziv1 

Departments of 1Materials and Interfaces and 2 Molecular Genetics, Weizmann Institute of Science, Rehovot, 

Israel, 76100,  3School of Physics and Astronomy, University of Minnesota, Minneapolis, Minnesota, 55455, USA 

email: Alexandra.tayar@weizmann.ac.il; roy.bar-ziv@weizmann.ac.il; 

 

Gene circuits regulate fundamental cellular functions from macroscopic spatiotemporal patterns in 

morphogenesis to assembly of structures and machines. Emulating such dynamics in minimal systems is 

important for understanding physical principles governing the behavior of living cells and of in-vitro 

reactions. Here, we created a diffusive system of confined localized DNA sources and sinks, which drive the 

emergence of rich dynamic states of gene expression outside of a living cell1,2. Integrated genetic switches 

and oscillators in silicon-based DNA compartments, forming a minimal system of intercellular 

communication controlled by geometry offers the means to study gene-expression dynamics at a single cell 

level as well as the collective behavior of an ensemble2. We further demonstrate space-time patterns such 

as fronts of protein synthesis propagating in an array of coupled DNA compartments as a cascade of signal 

amplification and short-range diffusion. The highly controlled artificial environment enables us to approach 

regions in the phase-space that are close to transitions exhibiting variability and spontaneous symmetry 

breaking providing a possible mechanism for population diversity and pattern formation.  
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Designed functional amphiphilic -sheet peptides 

Hanna Rapaport 
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Ben-Gurion University of the Negev, Beer-Sheva, ISRAEL 

 

Amphiphilic peptides can be programmed to form various functional self-assembled structures. In 

particular, β-sheet peptides can be designed with periodic alternation of hydrophobic and hydrophilic 

amino acids to form monolayers and fibrilar-bilayer structures. Peptide systems based on amphiphilic -

sheet elements are being developed in our lab for various biomedical applications. Each system is tailored 

bottom-up, from the design at the molecular level to structural characterizations of assemblies and 

functional assays in cell cultures and in-vivo. The talk will focus on two systems: peptides that were 

designed to form coatings on titanium surfaces to improve osseointegration of implants in bone,1 cationic 

-sheet peptides designed to co-assemble into polypeptide nanoparticles that facilitate intracellular drug 

delivery to mitochondria.2 
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Behavior of Bacterial Networks and their Antimicrobial Susceptibility on Silicon Microtopologies 
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*esegal@technion.ac.il 

With global antimicrobial resistance becoming increasingly detrimental to society, improving current 

clinical antimicrobial susceptibility testing (AST) is crucial to allow physicians to initiate appropriate 

antibiotic treatment as early as possible, reducing not only mortality rates but also the emergence of 

resistant pathogens.  In this work, we tackle the main bottlenecks in clinical AST by designing 

biofunctionalized silicon micropillar arrays to provide both a preferable solid-liquid interface for bacteria 

networking and a simultaneous transducing element that monitors the response of bacteria when 

exposed to chosen antibiotics in real time. We harness the intrinsic ability of the micropillar architectures 

to relay optical phase-shift reflectometric interference spectroscopic measurements (referred to as 

PRISM) and employ it as a platform for culture-free, label-free phenotypic AST. The responses of E. coli to 

various concentrations of clinically-relevant antibiotics are optically tracked by PRISM, allowing for the 

minimum inhibitory concentration (MIC) values to be determined and compared to both standard broth 

microdilution testing and clinic-based automated AST system readouts. Capture of bacteria within these 

microtopologies, followed by incubation of the cells with the appropriate antibiotic solution, yields rapid 

determinations of antibiotic susceptibility. This platform not only provides accurate MIC determinations 

in a rapid manner but can also be employed as an advantageous method to differentiate bacteriostatic 

and bactericidal antibiotics. 

We have extended this work to analyze antibiotic susceptibilities of both clinical isolates and direct urine 

samples. This has opened the door to the observation of unique bacterial behaviors, as we are able to 

evaluate bacterial adhesion, growth patterns, and antibiotic resistance on different microarchitectures 

and different surface chemistries, even observing differences amongst strains. Characteristics such a 

motility, charge, hydrophobicity, and biofilm formation abilities of the bacteria have been explored in 

their ability to affect bacteria adhesion as we further develop our method of rapid, label-free AST for full 

clinical application. 

mailto:*esegal@technion.ac.il


29 
 

 

C2 

Directed Material Assembly by Acoustic Forces 

Haim Sazan, Silvia Piperno & Hagay Shpaisman* 

Chemistry Department & Institute for Nanotechnology and Advanced Materials 

 Bar-Ilan University, Ramat-Gan, Israel 

Directed-assembly by applying external fields on materials can set them in a state of local equilibrium with 

complex spatial organization. Alas, electric, optical and magnetic fields usually require certain material 

characteristics (conductivity, transparency or magnetic susceptibility) that limit the span of possible 

applications. One of the advantages of acoustic techniques is that the only requirement for influencing a 

particle is a difference in compressibility and density between the particle and the surrounding medium 

(acoustic contrast), which is true for almost all dispersed systems. 

We present a novel concept based on the idea that mechanical forces arising from standing surface acoustic 

waves can direct nanoparticles and products of ongoing chemical reactions to produce continuous and 

uniform micro-structures. A key feature of this approach is its modularity, as it could be implemented on 

various material systems. Due to the flexibility in material choice, this innovative approach will open the door 

to new ways to act upon materials, with envisioned applications for electronics, photonics and medical 

devices. 

 

*hagay.shpaisman@biu.ac.il 
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In this study, we demonstrate a versatile approach towards the formation of electrochromic 

nanoscale assemblies on transparent-conductive oxides on both rigid and flexible substrates.1 Our method 

is based on alternatively spin-coated layers of well-defined metal polypyridyl complexes and a 

palladium(II) salt to form electrochemically addressable films with a high chromophore density. 2-3 By 

varying the central metal ion of the polypyridyl complexes (Os, Ru and Fe), their ligands and by mixing 

these complexes, coatings with a wide range of colors have been achieved. The coloration intensities of 

these nanoscale films can be tuned by the number of deposition steps. The materials have very attractive 

ON/OFF ratios, electrochemical stabilities, and coloration efficiencies. Reversible color-to-colorless and 

color-to-color transitions have been demonstrated and the films have further been integrated into 

sandwich cells. 
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Optical Method for Gases Sensing in Nano-Structured Birefringent Silicon Thin Films 
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This research focuses on the development of methods and devices for remote optical sensing of 

vapors. The devices are based on birefringent nano-porous silicon (PSi) sensor. The devices are 

illuminated with a polarized white-light beam in a non-imaging and distance-independent configuration 

from a remote source and the reflection is monitored. PSi possesses exclusive characteristics as a 

sensing material particularly due to its high surface to area ratio. Additionally, PSi optical properties, 

such as refractive index, can be modified in a large range by nano-structuring of basic parameters like 

porosity, pore sizes and layer thickness through variations of its fabrication conditions. 

Thin films of PSi have the ability to optically sense the infiltration of substances within their 

pores via Fabry-Pérot optical interference spectra. A (110) modification of a bulk Si crystal can supply an 

anisotropic character to PSi films.  As a result of the anisotropy, PSi layers present a very high in-plane 

birefringence, which is very sensitive to the presence of different substances within its pores. An 

unusually large birefringent effect was discovered within this research, which is presently utilized in order 

to increase the detection sensitivity even further. Consequently, we demonstrate an anomalous 

spectral pattern in such a birefringent porous silicon layer. This anomalous pattern has been obtained 

in the spectrum of linearly polarized light at 45 degree with respect to the horizontal direction. 

The spectrum at 45 degrees comprises a combination of two interference effects, namely the Fabry-

Perot type multiple-beam interference present in a simple thin film, and a  two-wave  interference  

caused  by  the  beat  of  two  orthogonally  polarized  waves propagating  in  the  birefringent  medium.  

These concurrent effects lead to improvements in the sensing abilities of PSi films. The option of 

additional free parameters for the purpose of selecting optimal working points in the wavelength 

spectrum, and the possibility of sensing at different sensitivity scales, thus enhancing the dynamic 

range of sensing. These findings make birefringent PSi a  superb candidate for a wide range of sensing 

applications. 
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Nanoparticles Imprinted Matrices (NAIM):  

Detection of Nanoparticles Based on Their Size, Shape and Shell 
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E-Mail address (corresponding author): daniel.mandler@mail.huji.ac.il 

   

The formation of matrices, which can selectively interact with nanoparticles, and are based on the LB 

and self-assembly approaches, will be the essence of the presentation. Nanotoxicity is a new discipline, 

which requires the development of appropriate tools for determination of nanoobjects such as 

nanoparticles (NPs). These tools are also crucial for monitoring the interactions between nanoobjects and 

organisms. These interactions are affected by the core, size, shape, and stabilizing shell of the objects. 

Hence, speciation of NPs, is becoming of utmost importance.  

We will present a new concept for selective recognition of NPs by a thin film imprinted with the same 

NPs. This approach can be classified as nanoparticle imprinted polymer (NAIM) in analogy to the well-

known concept of molecularly imprinted polymers (MIP) in which the molecular analyte is imprinted in a 

polymer by polymerization of proper monomers with which it chemically associates. The removal of the 

template forms complementary cavities capable of selective recognition of the analyte. 

We have shown that the NIP concept works in three different systems. The first1 is based on forming a 

polyaniline matrix that extracted Au NPs stabilized by citrate to form NIPs, which showed high selectivity 

based on the size of the NPs. The second system2 was assembled using cellulose acetate in which 

hydrophobic Au NPs were incorporated and showed selectivity based on the thickness of the NPs shell. In 

the third system3 a different strategy was used. NP were first attached to the surface and then the free 

area was filled with molecular species. The latter wrapped the Au NPs, which were further removed. 
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Automated circuit fabrication and direct characterization of 

carbon nanotubes vibrations - Optical imaging of CNTs 

 

Since their discovery carbon nanotubes (CNTs) have fascinated many researchers due to their 

unprecedented electrical, optical, thermal, and mechanical properties. Recently, a complete computer 

based on CNT circuits has been demonstrated. However, a major drawback in utilizing CNTs for practical 

applications is the difficulty in positioning or growing them at specific locations or in locating them on the 

substrate such that the circuit can be built around them. 

Here we present a simple, rapid, non-invasive, and scalable technique that enables optical imaging of CNT. 

Instead of relying on the CNT chemical properties to bind marker molecules we rely on the fact that the 

CNT is both a chemical and physical defect on the otherwise flat and uniform surface. Namely, it may 

serve as a seed for nucleation and growth of small size, optically visible, nano-crystals. As the CNT surface 

is not used to bind the molecules they can be removed completely after imaging, leaving the surface intact 

and thus the CNT electrical and mechanical properties are preserved. The successful and robust optical 

imaging allowed us to develop a dedicated image processing algorithm through which we are able to 

demonstrate a fully automated circuit design resulting in field effect transistors and inverters.  

Moreover, we demonstrate that this imaging method allows not only to locate CNTs but also, as in the 

case of suspended ones, to study their dynamic mechanical motion.  The decorated tubes exhibit linear 

as well as non-linear Duffing type behavior, and for the first time transition from hardening to softening 

is observed. 
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Self-organization of Noncovalent Systems in Aqueous Medium – insights and applications  

Haim Weissman 

Organic Chemistry Department, Weizmann Institute of Science, Rehovot, 76100 Israel 

E-mail: haim.weissman@weizmann.ac.il 

 

Supramolecular polymer systems are of primary importance for creating multifunctional adaptive 

materials as their structure and function can be reversibly controlled in situ. Some of our systems show 

photofunction and multiple stimuli-responsiveness, including reversible supramolecular 

depolymerization, which enables switching of mechanical properties and optical functions. In addition, 

we studied a hybrid system that created a tough supramolecular membrane for nanofiltration and heavy 

metal removal from contaminated water (Figure 1). 

 

Figure 1. A scheme of the layered self-assembled membrane for water purification and its structure as 

observed via cryo-SEM microscopy. 
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Soft Thermal Nanoimprint Lithography with Sub 100 nm Resolution 

Viraj Bhingardive, Mark Schvartzman* 

Department of Materials Engineering, Ilse Katz Institute for Nanoscale Science and Technology, Ben-

Gurion University of the Negev 

marksc@bgu.ac.il  

Nanoimprint lithography (NIL) can be done with two types of resists. In the UV nanoimprint, a 

liquid UV curable resist film is embossed at the room temperature, and cured by UV-crosslinking. Such 

resists can be imprinted either by rigid or soft (elastomeric molds). In thermal nanoimprint, a 

thermoplastic resist is embossed when heated above its glass transition temperature.  This type of 

nanoimprint is incompatible with soft molds, whose relief features deform while pressed against the 

highly viscous molten polymer. This limitation precludes many application of thermal NIL, such as high 

resolution nanopatterning of curved surfaces.                                                                                                                          

Here, we introduce a novel concept of hybrid Soft-Substrate-Rigid-Feature (SSRF) nanoimprint 

mold based on soft substrate with rigid relief features. The SSRF mold was fabricated by electron-beam 

lithography of Hydrogen Silsesquioxane (HSQ) on a sacrificial substrate, followed by transferring the 

obtained HSQ features to elastomeric PDMS substrate. SSRF molds were used to imprint thermal resist 

with the glass transition temperature around 60oC. This is, for the best of our knowledge, the first time 

that a thermal NIL was done with soft elastomeric molds.  Its pattern transfer was found to have a 

substantially better patter fidelity than the transfer of the same pattern done by conventional soft mold. 

Furthermore, we thermally imprinted PBMA films applied on lenses. In summary, we demonstrate here a 

novel concept of facile and robust mold for thermal nanoimprint lithography, which will pave a way to the 

broad variety of applications impossible up today. 

 

 

 

 

 

 

100 
n

Fig. 1. Thermal nanoimprint of sub-100 nm features on a lens 

mailto:marksc@bgu.ac.il


37 
 

D4 

Patterned growth of 3D forests of carbon nanotubes using reservoirs and overlayers 

Gilbert Daniel Nessim 
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Despite the massive progress achieved in the growth of carbon nanotube (CNT) forests 

on substrate, apart from lithographic patterning of the catalyst, little has been done 

to selectively (locally) control CNT height. Varying process parameters, gases, catalysts, or 

underlayer materials uniformly affects CNT height over the whole substrate surface. We will show 

here how we can locally control CNT height, from locally killing CNT growth to locally growing 

CNTs up to 6X the nominal CNT height from iron catalyst on alumina underlayer. By patterning 

reservoirs or by using overlayers we can grow a forest of CNTs with areas of different heights, 

from no CNTs to 6X the nominal CNT height, using a single growth process! 

Reservoirs, meaning thin films positioned below the alumina underlayer, can significantly 

affect the catalyst morphology and composition through diffusion to the catalytic surface during 

the thermal process. We showed how an iron thin film reservoir placed below the alumina 

underlayer could almost double CNT height.1 When we used a copper/silver thin film reservoir, 

we observed poisoning of the iron catalyst placed above it, thus leaving no CNTs on the areas 

positioned above this Cu/Ag film.2 Finally, using a thin film reservoir of molybdenum, we could 

modulate an increase of CNT height up to a factor of 4X, depending on the thickness of the Mo 

reservoir.3  

Overlayers, meaning patterned foils positioned as stencil or bridge above the catalytic 

surface, can also significantly affect the catalyst morphology and composition during the thermal 

process. This technique does not require lithography. We demonstrated how a copper overlayer 

placed above the catalyst surface during pre-annealing or during CNT growth deactivates the 

catalyst via interdiffusion and consequent poisoning of the iron catalyst.4 We recently showed 

how a nickel overlayer placed above the catalyst surface during CNT growth also effectively 

deactivated the catalyst, although the mechanism here was via local modification of the precursor 

gases and not interdiffusion.5  

By combining patterns of reservoirs and overlayers, we can then produce a sample that 

would grow a forest of CNTs with areas of different heights, with a wide gamut of heights, from 

no CNTs up to 4X the nominal CNT height. This modulation of the CNT height is a significant 

improvement compared to the "CNTs (one height) / no CNTs" patterning that has been achieved 

to date using lithography of the catalyst, and moves us closer to building 3D architectures of CNTs. 
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Tunable porous nanoallotropes prepared from binary nanoparticle superlattices self-assembled at the 
solvent-air interface 

 
Rafal Klajn 

Weizmann Institute of Science 
 
Self-assembly of inorganic nanoparticles has been used to prepare hundreds of different colloidal crystals, 
but almost invariably with the restriction that the particles must be packed densely. I this talk, I will 
demonstrate that non-close-packed nanoparticle arrays can be fabricated by selective removal of one of 
two components comprising binary nanoparticle superlattices. First, a variety of binary nanoparticle 
superlattices were prepared at the liquid-air interface, including several arrangements that were 
previously unknown. Molecular dynamics simulations revealed the unique role of the liquid in templating 
the formation of superlattices not achievable by self-assembly in bulk solution. Second, upon stabilization, 
all of these binary superlattices could be transformed into distinct “nanoallotropes” – nanoporous 
materials having the same chemical composition, but differing in their nanoscale architectures. 
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High spatial resolution mapping of catalytic reactions on single particles 

Elad Gross 

Institute of Chemistry and the Center for Nanoscience and Nanotechnology, The Hebrew University of 
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The critical role of low-coordinated metal atoms in surface reactions and heterogeneous catalysis has 
been firmly established. But despite the growing availability of tools enabling detailed in 
situ characterization, it has so far not been possible to directly document this role. We have recently 
demonstrated that active regions within a given particle can be distinguished by mapping the chemical 
reactivity of N-Heterocyclic Carbene molecules (NHCs) attached to catalytic particles with a spatial 
resolution of 25 nm, using synchrotron radiation-based infrared nanospectroscopy (SINS). It is shown that 
compared to flat regions on top of the particles, the particles’ periphery, containing low-coordinated 
metal atoms, is more active in catalyzing oxidation, as well as reduction, of chemically active groups in 
surface-anchored NHCs. These results indicate that high spatial resolution vibrational spectroscopy 
measurements can identify structure-reactivity correlations within single catalytic nanoparticles. 
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Carbon Monoxide Adsorption and Oxidation on Copper Surfaces: From Atoms to Complexity 
 

Baran Eren* 
beren@lbl.gov 

 
An extensive array of surface-sensitive characterization techniques that provide microscopic and 

spectroscopic information have revealed the structure of many crystal surfaces in their pristine clean 

state. Most of these studies are carried out in ultrahigh vacuum (UHV), which makes it possible to control 

sample composition and cleanliness to better than 0.1% of a monolayer, which constituted the core of 

our present understanding of solid surfaces. Under realistic ambient conditions, however, our knowledge 

is far less extensive. Of particular interest is the structure and chemical state of surfaces in dynamic 

equilibrium with gases and liquids at ambient conditions. Ambient pressure x-ray photoelectron 

spectroscopy (APXPS) and high pressure scanning tunneling microscopy (HPSTM) were developed for this 

purpose, i.e., understanding the atomic, electronic, and chemical structure of surfaces in the presence of 

reactant gases and liquids. 

 

My talk will have two parts. The first part will be about ‘following surface structures’. I will show that the 

most compact and stable surfaces of Cu undergo massive reconstructions in the presence of CO at room 

temperature at pressures in the Torr range, and they decompose into two-dimensional nanoclusters, 

which is a double effect of low cohesive energy of Cu and the high gain in adsorption energy at the newly 

formed under-coordinated sites. It will be also shown that the surfaces which are broken up into clusters 

are more active for water dissociation, a key step in the water gas shift reaction. Such a behavior opens a 

new paradigm, especially for other soft metals like gold, silver, zinc, etc., and it is clear that we need more 

of such studies.  

The second part will centered on ‘following surface reactions’ with APXPS. This technique is so powerful 

that it allows us to monitor the changes in the chemical state of the adsorbent, as well as coverage of 

adsorbates. As an example, I chose the CO oxidation reaction on Cu surfaces. It will be shown that if Cu 

remains metallic, the activation energy of the reactions scales with the oxygen binding energy, which is 

the manifestation of the Sabatier effect.  In the presence of both CO and O2, however, the surface gets 

covered with 1-3 nm of CuO2 layer, which is more active than metallic Cu, but no CuO forms under the 

pressure and temperature range chosen in my study. 
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CO2 interaction with ceria studied using quantitative TPD 

Daniella Schweke1, Shimon Zalkind1, Smadar Attia2 and Joseph Bloch1† 

1. Nuclear Research Centre - Negev ,Beer-Sheva, Israel 

2. Fritz Haber Institute of the Max Planck Society, Berlin, Germany 

†Deceased 24 April 2015 

The ever-growing need for clean and sustainable energy prompts for the development of new energy 

sources. One promising direction is the use of oxide catalysts for the production of "green" fuels 

(principally H2, CO and syngas by splitting the abundant H2O and CO2 gases) or the production of methanol 

and liquid hydrocarbons (from the reaction of CO/CO2 with H2). Particularly high catalytic activity has been 

observed for oxides which have the capacity to release/accept oxygen easily, depending on the redox 

conditions especially ceria (CeO2) due to the Ce4+/Ce3+ redox couple. This property is also at the origin of 

the use of ceria as three way catalysts (TWCs) in automotive converters.  

In the presented work, the CO2-ceria system was studied by a combined volumetric gas adsorption facility 

and Thermal Programmed Desorption (TPD) system for residual gas analysis in near realistic conditions. 

The adsorption stage was followed by a TPD process to follow the rate of desorption as a function of 

sample temperature (in the range 310 and 930K) for different exposure pressures. Several reproducible 

desorption peaks, associated with different adsorption sites were clearly identified. The activation 

energies and occupation of the various adsorption states were derived based on de-convolution of the 

TPD spectra. The distribution of increasing amounts of adsorbed CO2 between the different adsorption 

sites on the oxide at 310K was thus obtained and their sequence of occupation determined. An assignment 

for the different adsorption states, showing distinctive characteristics (such as red shifts with increasing 

coverage), is proposed. The adsorption kinetics was also analyzed as a function of exposure pressure and 

the results correlated to the TPD ones.  

The effect of ceria reduction on the adsorption sites for CO2 and on the production of CO was clearly 

observed. The presented results provide new insights on the mechanism for CO2 adsorption and CO 

formation on ceria. In addition, the proposed methodology is general and may be applied to the study of 

any gas-surface system to get quantitative information on the adsorption thermodynamics and kinetics.  
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Evidence of Different Enhancement Mechanisms in the SERS Spectra of C60  
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University, Ramat Gan, 5290002, Israel 
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Understanding the mechanism of Surface Enhanced Raman Scattering (SERS) phenomena is essential for 

advancing next generation SERS based chemical sensors. Conventional SERS studies investigate the 

excitation wavelength dependence for one particular nanostructure morphology at a time. However, 

more comprehension of SERS can be gained when combining excitation wavelength and morphology 

dependences in a single study. Here, we investigate the SERS mechanisms for Fullerene C60 deposited on 

a tapered Au thin film. The tapered region in the Au film provides a range of morphologies from densified 

nano-island to nanoparticle structures, as revealed by HR-SEM. SERS spectra were measured with two 

excitation wavelengths: 532 nm and 784 nm. Excitation of 532 nm generated similar SERS spectra across 

the border surfaces, with the most enhanced spectra being detected from the flat region of the Au thin 

film. In addition, the SERS spectra fully correlated with the regular Raman spectra, therefore, strongly 

indicating an enhancement of the regular Raman modes. In contrast, excitation with a wavelength of 784 

nm caused different SERS spectra across the border region of the Au film, in which the SERS intensity 

measured from the sloped Au surface was 10 times higher than the SERS signal from the flat region of the 

Au thin film. This spectral diversity implies an electromagnetic enhancement mechanism controlled by 

near field interactions with local surface plasmon resonances. The advantage of having a manifold of 

nano-structures in a single tapered Au thin film allows fast determination of the most enhancing Au 

morphology for a given excitation wavelength and material, in addition to in-depth analysis of the specific 

enhancement mechanism that governs each excitation wavelength condition. The optimization of metallic 

nanostructure and excitation wavelength to gain the strongest SERS signal with the ability to better 

understand the SERS enhancement mechanism can be applied to other analyte molecules beyond C60 for 

the advancement of next generation chemical sensors. 
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Velocity correlated clusters emission: A novel mechanism for surface sputtering by a large  

polyatomic projectile 

E. Kolodney  , E. Armon, A. Bekkerman, Y. Cohen, J. Bernstein and  B. Tsipinyuk  

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

Haifa 32000, Israel 

 

Sputtering processes of solid surfaces by ion beams and sputtering related phenomena are of 

interest and importance in many fundamental and applied fields. These processes find increasing use in 

modification and analysis of surfaces at the nanoscale. Recent interest regarding fundamental mechanistic 

aspects is related with differences between the characteristics of sputtering induced by 

polyatomic/cluster projectiles as compared with that induced by atomic projectiles. For atomic ion 

projectiles, sputtering theory can be considered as well established. A fairly good understanding of the 

underlying mechanisms was gained, in terms of linear collision cascades or various thermal spike models. 

In contrast, mechanisms of particle emission following bombardment with large polyatomic ions are 

generally poorly understood.  

We will describe our recent studies of the impact interaction  of fullerene ion beams ( 60C  in the 

keV kinetic energy range) with surfaces from both the point of view of ion beam synthesis of unique 

(carbide) cluster compounds  and a novel (velocity correlated ) cluster emission mechanism . The 

measured kinetic energy distributions (KEDs) of different cluster families  sputtered by  60C  impact (e.g. 

+
n nTa C  (n = 1-10) and +

nAg  (n=1-9) ejected from the corresponding targets) were found to behave 

oppositely to those observed using heavy  monoatomic projectile ions. Following the 60C  impact , all 

secondary clusters were ejected with nearly the same velocity. We have rationalized our results in terms 

of a new surface sputtering mechanism where an outgoing, superhot, moving precursor (with some center 

of mass velocity), is the source of all the emitted clusters. The different families  of experimental KEDs 

were well reproduced by modelling with shifted Maxwellians . 
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Friction is Fracture: a new paradigm for the onset of frictional motion 
 

Jay Fineberg 
 
 
Friction is generally described by a single degree of freedom, a ‘friction coefficient’. We experimentally 
study the space-time dynamics of the onset of dry and lubricated frictional motion when two contacting 
bodies start to slide. We first show that the transition from static to dynamic sliding is governed by rupture 
fronts (closely analogous to earthquakes) that break the contacts along the interface separating the two 
bodies. Moreover, the structure of these "laboratory earthquakes" is quantitatively described by singular 
solutions originally derived to describe the motion of rapid cracks under applied shear. We demonstrate 
that this framework quantitatively describes both earthquake motion and arrest. A further surprise is that 
lubricated interfaces, although “slippery”, actually becomes tougher; lubricants significantly increase 
dissipated energy during rupture. The results establish a new (and fruitful) paradigm for describing 
friction. 
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Screening, hyperuniformity, and instability in the sedimentation of irregular objects 

Haim Diamant 

Despite its ubiquity, the sedimentation of objects suspended in a viscous fluid is a notoriously complex 

phenomenon. Because of long-range hydrodynamic interactions, the velocities of symmetric objects such 

as spheres strongly fluctuate about their mean settling velocity. We find that the anisotropic response of 

objects of irregular shape to flow, caused by their tendency to align with gravity, directly suppresses these 

anomalous fluctuations. The suppression of concentration fluctuations leads to a correlated, 

hyperuniform structure. For certain object shapes, the anisotropic response may act in the opposite 

direction, destabilizing uniform sedimentation. 
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Levy walk and intricate flow in bacterial swarming 

Avraham Be'er*1 and Gil Ariel2  
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Bacterial swarming is a biophysical phenomenon describing collective motion of thousands of self-

propelled cells. During swarming, these rod-shaped cells interact and form long-lived jets and vortices, 

thought to be governed by short-range steric forces and long-range hydrodynamic effects. The exact 

evolutionary advantage of swarming in bacteria is unknown, and because this process is intricate, current 

theories fall short in explaining its dynamics. Two major open questions are: how do the cells 

communicate to move collectively, and how do the cells overcome the enormous friction and drag exerted 

by the non-slip boundary surface while migrating. In the talk I will describe some of the experiments we 

perform in details, and will present few recent results we have obtained in the last five years. For instance, 

I will show results for (1) Levy Walk statistics of individual bacteria migrating among their siblings in the 

crowded swarm, (2) puzzling swimming of cells against their own collective flow, and (3) the influence of 

cell aspect ratio on swarming. 
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Modifying surface forces through surface potential regulation 

Ran Tivony and Jacob Klein 

Dept. of Materials and Interfaces, Weizmann Institute of Science, Rehovot 76100, Israel 

 

Surface interactions play a fundamental role in myriad interfacial phenomena ranging from adsorption 

and adhesion to friction and colloidal stabilization. Understanding such interactions is therefore of great 

importance for revealing the mechanism underlying these phenomena as well as for controlling and 

tuning them. An exceptional opportunity for investigating and manipulating interfacial phenomena can 

be attained, for instance, by combining direct surface force measurements with in situ regulation of 

surface potential.  

 

Using a surface force balance (SFB) with a custom-designed three-electrode electrochemical cell, we 

studied the interaction between gold and mica surfaces and its potential-dependent behavior across 

aqueous media. We showed that the surface charge at a metal may vary, and possibly even change its 

sign, as it progressively approaches a charged surface across water1. This directly affected the nature of 

contact and adhesion between gold and mica due to exclusion of all counterions from the intersurface 

gap2. Furthermore, by altering the gold surface potential we found that its interaction with mica could be 

regulated through three interaction regimes – pure attraction, non-monotonic interaction from 

electrostatic repulsion to attraction (owing to charge inversion) and pure repulsion. Remarkably, we 

showed that the mica-gold contact could be manipulated and switched on/off solely by tuning the gold 

surface potential3.  We attribute this potential-dependent behavior to the interplay between electrostatic 

energy and vdW interaction at contact. We also surmise that the process of on/off switching is associated 

with the formation of a strong electric field O(108V/m) in the gold-mica intersurface gap: Such field are 

comparable with the fields at which H2O dipoles may be oriented in thermal equilibrium, and may have 

implications for the effective viscosity of the highly confined water. 

 

1. Tivony, R.; Yaakov, D. B.; Silbert, G.; Klein, J., Direct Observation of Confinement-Induced Charge Inversion at a Metal Surface. Langmuir 

2015, 31, (47), 12845-12849. 

2. Tivony, R.; Iuster, N.; Klein, J., Probing the Surface Properties of Gold at Low Electrolyte Concentration. Langmuir 2016, 32, (29), 7346-

7355. 

3. Tivony, R.; Klein, J., Modifying surface forces through control of surface potentials. Faraday Discussions 2017. 
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Human Brain Organoids on a Chip Reveal the Physics of Wrinkling 

 

Eyal Karzbrun1, Sidney R. Cohen2, Jacob H. Hanna1 and Orly Reiner1,* 

Departments of 1Molecular Genetics and 2Chemical Research Support, Weizmann Institute of Science, 
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The origin of human brain wrinkling remains an open fundamental problem, with implications to 

neurodevelopmental disorders. Studies in polymer gel models suggest that wrinkling emerge 

spontaneously due to the development of compression forces during differential swelling, however these 

ideas have not been tested in a living system. Here, we report the appearance of surface wrinkles during 

in vitro development and self-organization of human brain organoids, in a micro-fabricated compartment, 

which supports in situ imaging over weeks. By studying the cellular dynamics, we observed nuclear 

nematic ordering and compression during development.  Convolutions emerged at a critical nuclear 

density, which is indicative of a mechanical instability. We identified two opposing forces which contribute 

to differential growth; cytoskeletal contraction at the organoid core, and nuclear expansion during cell-

cycle at the organoid perimeter. The wrinkling wavelength exhibited linear scaling with tissue thickness, 

consistent with an equilibrium between bending and stretching energies. Finally, lissencephalic (smooth 

brain) organoids displayed reduced convulsions, linear scaling with an increased prefactor, and reduced 

elastic modulus. Our on-chip approach reveals a rich, dynamical system offering means for studying the 

collective and physical aspects of organoid development, with implications to embryonic human brain. 
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Ramp Reversal Memory – a new kind of memory in Transition Metal Oxides 
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Transition metal oxides (TMOs) are complex electronic systems which exhibit a multitude of collective 
phenomena. Two archetypal examples are VO2 and NdNiO3, which undergo a metal-insulator phase-
transition (MIT), the origin of which is still under debate.  
We have discovered a new kind of memory effect in both systems, manifest through an increase of 
resistance at a specific temperature, which is set by reversing the temperature-ramp from heating to 
cooling during the MIT, thus we call it ‘Ramp Reversal Memory’.  
The characteristics of this memory effect do not coincide with any previously reported history or memory 
effects in similar systems. From a broad range of experimental features, supported by theoretical 
modelling, we claim that the main ingredients for the effect to arise are the spatial phase-separation of 
metallic and insulating regions during the MIT and the coupling of lattice strain to the local critical 
temperature of the phase transition. We predict that similar ramp-reversal effects exist also in other 
systems. 
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Electrically-bistable-molecular memory devices based on dithia-porphyrins electrografted on silicon 

Kavita Garg*a, Praveen C Ramamurthyb 

a Department of Materials and Interfaces, Weizmann Institute of Science, Rehovot, Israel, 
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kavitachemistry1@gmail.com 

Molecular electronics is being proposed as an alternative to Si-based microelectronics. Intense research 

carried worldwide during the last decades has demonstrated that molecules exhibit a unique electronic 

function [1–4]. The nanoscale electronic functionality of molecules can be utilized in Si- based 

microelectronics, a research field, termed as hybrid nano-electronics [1,2]. We demonstrated that organic 

molecules exhibiting different electronic functionalities can be grafted on Si substrates by self-assembly 

[1,6–8]. Porphyrin and its derivatives were found to be good candidates for charge storage devices as 

these molecules possess two stable and reversible oxidation and reduction states. Their properties can be 

tuned through functionalisation, or by replacing pyrrole rings with other heterocyclic systems [9,10]. Here, 

we have demonstrated molecular memory behaviour of core modified 21,23-Dithia porphyrin on silicon. 

To that end an alkenyl-terminated derivative of dithia-porphyrin, that is 5-(4-undecenyloxyphenyl)-

10,15,20-tri (phenyl)-21, 23-dithiaporphyrin (N2S2-C11) was synthesized and grafted on highly doped n-Si 

by an electrochemical process via Si–C bond formation. Monolayers of dithia-porphyrins were 

characterized by ellipsometry, FTIR, AFM etc. The current–voltage characteristics of N2S2-C11 molecules 

on silicon were measured using Hg as a soft top contact. The device exhibits electrical bi-stability with 

pronounced hysteresis, as intended for resistive molecular memory uses. In addition, the I–V curves of a 

Au/N2S2-C11/Au junction were computed, using semi-empirical extended Huckel theory, in combination 

with First-principle Non Equilibrium Green’s Function calculations. The theoretical I-V curve is identical to 

the experimental one, indicating dithia-porphyrins as electrically bistable resistive molecular memory 

devices. 

References 

1. D.K. Aswal et al. Anal. Chim. Acta 568 (2006) 84. 
2. R.M. Metzger, Chem. Rev. 103 (2003) 3803. 
3. J. He, et al. Nature Mater. 5 (2006) 63. 
4. D. Vuillaume, J. Nanosci. Nanotechnol. 2 (2002) 267. 
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We have prepared La2Mo2O9 oxide ion conductor by solid state reaction method. The X-ray diffraction 

data confirm the monoclinic nature of the compound. We have studied the electrical conductivity of 

La2Mo2O9 by analyzing impedance spectroscopy spectra at wide temperature range. We have analyzed 

the impedance by applying 0 V dc with ac voltages from 30 – 700 mV and 1 – 5 V dc with 50 mV ac using 

impedance spectroscopy genetic programming (ISGP). The transition from spike like nature to a complete 

semicircular arc at low frequencies is observed with increasing dc bias voltage. We have obtained the 

distribution function of relaxation time for various physical phenomena occurring in the sample. 

Contributions from bulk, grain boundary and electrode polarization are obtained after analyzing the 

impedance. It is confirmed that the activation energies for bulk and grain boundary conductivities do not 

vary with different dc bias voltages. The electrode polarization has strong dependence over dc and ac bias 

voltages. The total oxide ion conductivity decreases with increasing dc bias voltages. 
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Electromechanical actuation devices based on Gd-doped ceria thin-films: fabrication and 
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Gadolinium-doped ceria (GDC) is the first low dielectric constant / low elastic compliance material 
to demonstrate a large electrostriction response (so-called non-classical electrostriction) that is 
comparable with those of commercial electrostrictive lead-based materials. To this end, we fabricated 
thin GDC self-supported structures in the form of millimeter-sized membranes, bridges, and cantilevers, 
using only Si-compatible processes and materials (see below). We monitored structural stability and 
device electromechanical behavior in response to electric fields of different amplitude and frequency. 

All self-supported structures exhibit impressive mechanical stability, with the membranes 
structures displaying greater robustness and electrical stability than those based on bridges or cantilevers. 
Regardless of which material was used for contacts (Al, Cr, Ni, and Ti), we found that application of 
alternating electric field >100k Hz can produce lateral displacement at the membrane center of 10 μm (at 
~10 V). We attribute this behavior to Joule heating, i.e., a thermo-electromechanical response. On the 
other hand, at low frequencies (<100 Hz), membranes with Ti contacts produce observable displacement 
in the presence of moderately high electric fields (~30k V∙cm-1), while membrane structures containing 
the other contact metals did not provide such functionality. We attribute this difference to the ohmic 
behavior of the Ti electrodes at room temperature, whereas a blocking layer is formed at the interface 
between GDC with the other electrode materials. Quantitative measurements of the displacement with 
atomic force microscope (AFM) at different locations on the membranes revealed a predominantly 
quadratic dependence on voltage, which is characteristic of electrostriction.  

Our experimental results confirm our expectation that, with the proper microfabrication protocol 
and electrode material, GDC may be viewed as a robust and ecologically friendly material for MEMS 
applications. 
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Reversing the polar discontinuity at oxide interfaces.  
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1. School of Physics and Astronomy, Tel Aviv University 
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To date, only oxide interfaces with electron doping have been realized. This prevents implementation of 

Complementary Metal-Oxide Semiconductor (CMOS) technology where static device operation does not 

consume power. It is therefore desirable to realize p-type oxide interfaces using an affordable deposition 

technology. The first interface described here is deposited using a new and simple Solution Monolayer 

Epitaxy (SoME) method. We use this method to grow a single layer of BaO on top of a TiO2 terminated 

SrTiO3. This results in reversal of the polarity of the additional layers of LaAlO3 thus creating a bipolar 

interface that consists of both hole-type (p-type) and electron-type (n-type) carriers.  

In addition, I will describe our new findings on (111) SrTiO3/LaAlO3 interface where strong and gate 

tunable spin-orbit orbit coupling affects the transport properties and the superconducting state. 
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Stability of Perovskite Photovoltaic Materials and devices 
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The greatest challenge facing the development of low-cost, solution processed photovoltaic (PV) devices, 

namely organic- and perovskite- based solar cells with nano-scale morphology and charge transfer 

dynamics, is combining high efficiency, processability and stability. Concentrated natural sunlight was 

suggested for accelerated studies of lifetime and light-induced degradation. We recently demonstrated 

an experimental methodology with independent control of sunlight intensity, the sample temperature 

and environment during the exposure. Studies of perovskite PV 

materials showed a strong dependence of the stability on the 

materials composition, correlated with chemical bond strength, 

crystalline structures and defect density.1,2,3 Furthermore, the 

synthesis sequence of the Perovskite deposition process was found 

to affect its stability, due to the effect of PbI2 residue in the film.4 

Accelerated testing using concentrated sunlight is therefore a 

powerful tool for material and device screening and advanced PV 

development.  

 

 

 

 

 

 

 

 

                                                           
1 R. K. Misra, I. Visoly-Fisher, et al., J. Phys. Chem. Lett. 6 (2015), 326−330. 
2 R. K. Misra, I. Visoly-Fisher, et al., ChemSusChem 9 (2016), 2572 – 2577. 
3 R. K. Misra,

 
L. Ciammaruchi, S. Aharon, D. Mogilyanski, L. Etgar,  I. Visoly-Fisher, E. A. Katz, ChemSusChem 

9 (2016), 2572 – 2577. 
4 In prep.  
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Organic-inorganic perovskites (OIPs) function efficiently as active materials in optoelectronic applications. 

Confined OIP nanostructures are a promising substance for efficient optoelectronic devices.  

Here we present a facile, low temperature synthesis of OIP nanoparticles (NPs) of well-defined size and 

shape. To the best of our knowledge, this is the first time that OIP NPs are synthesized under ambient 

atmosphere having defined cubic shape. 

As opposed to their inorganic counterparts, the synthesis of OIP NPs is quite challenging, and major efforts 

should be invested in finding the right ligand for the stabilization of the surface. Three alkylammonium 

cations (C8H17NH3
+/ C12H25NH3

+/ C18H37NH3
+) that stabilize the NPs’ surface were studied. The size and the 

shape, as well as the optical properties of the NPs, were affected by the length of the alkylammonium 

cation. The OIP NPs showed a shift in the absorbance and the photoluminescence to higher energies than 

the OIP bulk. This shift is an evidence for their two-dimensional (2D) nature, which was controlled by the 

length of the alkylammonium cations. In order to elucidate the effect of the ligands on the optical 

properties of the NPs, layers of 2D perovskite of the formula (RNH3)2(MA)n-1PbnX3n+1 (R is an alkylic residue 

of the lengths C8, C12, or C18) were synthesized. It can be concluded that the length of the alkylammonium 

cations affects the assembly of the OIP NPs and the 2D perovskite layers. In addition, it also influences on 

the optical and physical properties of the NPs, thus enabling the acquisition of many desired colors from 

the UV to the visible.  
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The high electrical conduction and high surface area of carbon nanotubes (CNT) make them an ideal 

material for electrodes in electrochemical capacitors (a.k.a. “supercapacitors”). CNT electrodes advantage 

further increase when they are vertically aligned (VA-CNT), creating undistorted paths for charge 

transport. In this talk, ways to further enhance the VA-CNT electrodes performance by controlling VA-CNT 

morphology will be discussed, with emphasis on using chemical vapor deposition (CVD) to coat the high 

surface area of VA-CNT with nano-layer of conductive polymer (CP). The experiments show that 10nm of 

CP coating layer leads to an order of magnitude increase in capacitance, resulting in both higher energy 

density at low scan rate (140wh/kg vs. 90wh/kg for uncoated CNT) as well as increases power density 

(~50kw/kg vs. 30kw/kg for uncoated CNT). The techniques used to tailor and characterize said 

morphologies, as well as the mechanisms in which these morphologies enhance performance will also be 

discussed. 

The presented work was done at MIT as a postdoctoral scholar under the guidance of Prof. Wardle. 
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Semiconductor-metal hybrid nanoparticles (HNPs) are considered a promising photocatalysts for various 

photocatalytic processes including renewable solar energy harvesting towards hydrogen generation, 

reactive oxygen species (ROS) formation and photopolymerization. The increased interest in HNPs as 

photocatalysts is due to thier synergistic optical and chemical properties such as light-induced charge 

separation and charge transfer, which allow photocatalytic activity which can promote surface chemistry 

redox reactions. Control over components materials, shape, size and surface coating permits fine tuning of 

wavelength absorption range, energy band alignment and surface traps suppression which are key-factors 

for efficient charge transfer and overall catalysts activity. 

In this talk I will demonstrate structural effects of surface chemistry, composition and co-catalyst metal size 

on the photocatalytic function of Au tipped Cd-chalcogenide nanorods as a model hybrid nanoparticle 

system. Investigation of these HNPs activity in different photocatalytic processes, photocatalytic hydrogen 

generation as well as ROS formation will be presented. The tested parameters were found to influence the 

charge transfer dynamics and the photocatalytic hydrogen generation efficiency, revealing superior surface 

coating and optimal metal domain size alongside enhanced photocatalytic ROS formation in comparison to 

semiconductor nanoparticles. Combination of spectroscopic assays, gas chromatography, time-resolved 

spectral measurements and ultrafast transient absorbance measurements alongside suggested kinetic 

model support these observations. The understanding of the effect of the hybrid nanosystems properties 

on the photocatalytic processes contributes to the great potential of hybrid nanostructures photocatalytic 

applications. 
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New insights on halide perovskites and hybrid quantum dot-perovskite solar cells 

Dan Oron 

 

The study of colloidal halide perovskites nanoparticles and their formation and transformation processes 

grants us with new insights about the stability and phase diagram of these materials. It also highlights the 

tremendous possibilities in the use of nano crystals in halide perovskites solar cells. One design using tin 

sulfide quantum dots to template a halide perovskites solar cell will be presented.  
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 Data mining in combination with high-throughput material science is a developing field that has 

already been used to better visualize data, to cluster data into groups and analyze spectra. It was 

shown that these algorithms can help us gain a broader understanding of data and accelerate the 

process of analyzing data. 

Using high-throughput fabrication and screening, a large amount of data is generated in a short 

amount of time. In our research we use high-throughput combinatorial methods in order to study 

metal oxides and their performance in photovoltaic devices. We apply data mining algorithms to 

the generated data in order to gain a better understanding of the results, and find the process 

parameters that will lead to higher PV performance. 

In this study we fabricated libraries of Fe2O3 using radio-frequency (RF) sputtering, we used a 

static mask which divides each library in to six parts, every part with different deposition 

parameters. This gives us libraries with high variance of deposition parameters, which include 

length of deposition, the power used for deposition, amount of oxygen in chamber, etc. The 

libraries were measured using optical and current-voltage high-throughput scanning methods. We 

then apply genetic algorithms and stepwise regression to the obtained results to find out how the 

different deposition parameters affect the photovoltaic performance of the samples. In addition, 

using these algorithms we found the deposition parameters that lead to higher PV performance. 

We then fabricated a sample using the parameters found according to these models and showed 

how these models lead to higher PV performance. This shows how simple descriptors such as 

process parameters can be used with data mining algorithms to build models which lead to 

improved PV cells. 
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There is considerable evidence that Halide Perovskites have, if prepared well, surprisingly low densities of 

optically and electronically active defects 1–3. 

One explanation that was proposed for this, is that these are self-healing materials, i.e., if some damage 

that degrades their optoelectronic properties is induced by light or particle beams, the materials can 

return to the status quo ante 4, in a way that may be similar to what is known about another solar cell 

absorber, CuInSe2 (and Cu(In,Ga)Se2, CIGS) 4.  

Here we report the results of our experiments following the dynamics of defects and of degradation / 

curing processes in situ. We do so by studying the main currently used halide perovskites, varying the 

monovalent cations (Methylammonium, Formamidinium and Cesium) and anions (Iodide and Bromide) 

without interference from other materials, interfaces, surfaces or any electric/electronic effect typical of 

many configurations, including that of a solar cell. The time scales of the inspected phenomena vary over 

several orders of magnitude, are specific to each halide perovskite material and are affected by doping and 

composition, in addition to temperature and illumination.  

All these results will be summarised, compared to and evaluated against what is known (from the 

literature) in order to analyse the relations between the different timescales and the proposed damaging 

and restoration mechanisms 5–7. We will emphasize light-induced damage as function of light intensity, 

time and temperature, and explore, analyze and conclude on the possible roles of ion migration. 
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Natural Killer (NK) cells are lymphocytes that belong to the innate immune system and provide 

rapid response to viruses and pathogens.  NK cells recognize and then attack antigen presenting cells 

(APC) by forming a complex receptor-ligand cluster on interface between the two cells, which is called 

immunological synapse.  Recent studies clearly demonstrate that the molecular composition and spatial 

configuration of NK immunological synapse play key roles in the integration of molecular signals into a 

cell-level function. To elucidate the dependence of NK cell activation on the arrangement and clustering 

of the activating receptors in the synapse, we developed biomimetic nanochips that consist of controlled 

arrays of activating ligands arranged with various surface densities and inter-ligand spacing. These 

nanochips, whose molecular structure mimics the surface of APC, are based on nanoimprinted metallic 

dots functionalized with MICA(major histocompatibility complex class I) – a ligand that recognizes 

NKG2D, which is in turn a key NK activating receptor.  Using these chips, we found that in-vitro affinity 

of NK cells to the surface with immobilized ligands highly depends on the ligand density and spacing. 

This finding shows, for the first time, the quantitative relationship between the activating ability of NK 

cells and the expression of MICA activating ligands by antigen presenting cells(Fig.1). 

Although molecular-scale biomimetic surfaces have been reported during the last decade, all of 

them precisely position only one type of ligand. Yet, the formation and sustainability of various critical 

intercellular interfaces, such as focal adhesion or immunological synapses, are mediated by spatial cross-

talk between different receptor-ligand pairs. Here, we demonstrate a concept of bifunctional nanoarrays, 

which in which activating and inhibitory ligands for NK cells are controllably co-localized. The arrays are 

based on heterogeneous Au-Ti nanodots fabricated by nanoimprint ad sequential metal evaporation (Fig. 

2).  

 

 

 

100 nm 

a. b. 
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Figure 3a. NK cells spread on nanoarray, the cytoskeleton is  

labaled in red. the dashed vertical line is the border of the nano 

array field.b. Amount of cells that adhere to the surface as a 

function of the ligand density.   

Figure 2. Binary nanodots 

array. The bigger dot on the 

left is the Ti and the smaller on 

the right is AuPd. 
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Biological charge transfer processes, such as the ones in the respiratory system, are the basis for 

our life, where proteins are Nature’s main choice for the translocation of charges. As such, we as 

scientists have the obligation of understanding the fundamentals of these processes. In our research 

group we explore various types of charge transfer properties mainly across peptides and proteins, 

while distinguishing between electron and proton transfer. In order to study the transfer properties 

we attach a charge donor to the biological material (peptide, protein or membrane), and we follow 

the charge transfer in-vitro mainly by fast spectroscopy. For instance, we show here the light-

initiated proton transfer from a chromophore that was tethered to the surface of the lipid vesicles. 

We found out that the proton transfer is highly related to the composition and charge of the 

membrane, where the transport across the only phosphate group containing negatively charged 

membrane is significantly more efficient than for other membranes.  

The ability of biological molecules to mediate charges has resulted in the formation of the field of 

bioelectronics, where biomolecules are probed for their ability to mediate electronic conduction. 

In our group, we use different types of bioelectronic device configurations from the nm-scale to 

the macroscale to probe the ability of biomaterials to conduct both electrons and protons while 

applying an electric field. Here, we report on the use of the serum albumin (SA) protein for 

bioelectronic devices. We show that SA can be used both for molecular junctions (transport across 

a distance of 3 nm) and for the formation of freestanding protein-based material (transport across 

centimeters). In both cases, the protein can be molecularly doped, which results in an impressive 

increase in conductance. We attribute the charge conductance (at room temperature) to electron 

hopping between dopant molecules. 

One of the end goals of our group is to design protein-based biomaterials with tunable electronic 

and protonic properties for the use of tissue engineering. 
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1D semiconductors nanomaterials hold great promise for future nanodevice circuits due to their 

remarkable electronic and photoelectronic properties. In addition, their complex architecture and 

physio-chemical properties can be exploited to create a multifunctional platform for sensing purposes as 

well as controlled cell behavior. Semiconductor nanowires are generally produced by chemical vapor 

deposition (CVD). For those materials, Au nanoparticles 5 nm- 50 nm are necessarily used as catalyst 

seeds for the vapor liquid solid (VLS) mechanism. Herein, we show a new approach for the controlled 

arrangement of nanowires by combining the combing of the wires as well as ensuring their selective 

attachment by using a range of chemical techniques on both the nanowire gold tips and the substrates. 

Furthermore, we exploit the presence of gold at the nanowire tips to graft biologically active molecules 

using Au-thiol chemistry. The catalog of available end-group provides a versatile approach to attach a 

great range of molecules. Using this technique, we assessed the impact of an activating ligand on 

Natural Killer cells attachment. Future work includes varying substrate rigidity which is made possible by 

the 3D environment stemming from the nanowires.  

 

 

 

 

 

Figure 3: Modification of ZnO 

nanowires with fluorescence HDPD 

biotin. 

Figure  4 : ZnO nanowires with 

Au tips. 
Figure 2: Au nanoparticles 

attached to ZnO nanowire tip 

using Thiol chemistry. 
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Assembly of fibrillar peptide structures is dependent both upon their intrinsic propensities towards 

β-structure formation, as well as on structural modulation by external molecular factors. β-sheet 

structures may either be designed to form useful assemblies or be the undesired consequence of 

protein denaturation to toxic  amyloid structures in several neurodegenerative diseases. Membrane 

bilayers have been implicated as primary initiators and modulators of amyloid fibrillation and the 

reasons for this effect are yet to be elucidated. Here, we employed a set of three charged peptides 

having the tendency to form -sheet fibrils, to investigate the effect of zwitterionic and negatively-

charged bilayer vesicles on their assembly structures. Microscopic and spectroscopic experiments 

revealed intimate relationship between peptide/membrane charges and fibrillation properties.  

Electrostatic attraction was apparent between oppositely-charged peptides and vesicles however 

such interactions did not appear to significantly modulate fibril morphologies of either the net 

anionic peptide nor the cationic one. Yet, a dramatic structural effect was observed when the 

nominal zwitterionic peptide underwent fibrillation in presence of negatively-charged vesicles. 

Assemblies of this peptide turned out to display a net positive charge which facilitated the counter 

ionic interactions with the vesicles. Furthermore, these interacrions templated a unique twisted 

fiber morphology demonstrating the dramatic effect membrane mediated electrostatic-interactions 

may have on fibril morphologies.  
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Polysaccharide hydrogels have become a part of regenerative periodontal therapy. Hyaluronic acid 

(HA), the main hydrogel used in periodontal therapy, is a high-molecular-weight 

glycosaminoglycan which is present in various body fluids, such as synovial fluid, serum, saliva, 

and gingival crevicular fluid (GCF), and also represents a major component of the extracellular 

matrix of mineralized and non-mineralized tissues, including the periodontium. Major features of 

HA are its viscoelasticity and hygroscopicity. It also shows bacteriostatic, fungistatic, anti-

inflammatory, anti-oedematous, osteoinductive and pro-angiogenic characteristics. Moreover, HA 

participates in several important biological procedures, such as mediation of cellular signaling, 

regulation of cell adhesion and proliferation, and manipulation of cell differentiation. The major 

drawbacks of HA is its low mechanical properties and short half-life time. Short peptides that self-

assemble into nanostructures are of great interest for medical and nanotechnological applications 

due to their ability of supramolecular organization without a need of additional cross linkers as 

well as their biocompatibility and injectability. They have the ability to form hydrogel with tunable 

mechanical properties. Herein, we are fabricating biodegradable composite hydrogels containing 

polysaccharides and self-assembled short peptide, serving as a hydroregulator to enhance the 

mechanical properties of a polysaccharide hydrogel. This combination leads to the production of 

novel hybrid materials that possess both optimal cell encapsulation properties along with tunable 

mechanical characteristic. Different ratios of the building blocks are used in order to control and 

fine-tune the mechanical properties of the hydrogels, resulting in materials applicable in both 

surgical and non-surgical periodontal treatment. 
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1D nanostructures have great potential for the future functional nano-devices built from the 

bottom-up. Yet, to be integrated into devices, these nanostructures must be controllable assembled with 

nanoscale precision. Different approaches for the controlled assembly of 1D nanostructures have been 

limited so far to nanowires whose width is scaled by few tens of nm and length is scaled by microns. On 

the other hand, controlled assembly of inorganic 1D nanostructures with sub-100 nm length has not been 

explored, to the best of our knowledge. 

Inorganic nanodumbbells were first synthesized more than a decade ago by attachment of Au 

nanotips to CdS nanorods, allowing the formation of natural anchoring points for controlled assembly. 

Yet, this assembly concept has not been implemented up today. Here, we introduce, for the first time, 

programmable assembly of nanodumbbells onto arrays of functionalized nanodots that serve as docking 

points. The docking arrays of 5-10 nm AuPd nanodots were produced by nanoimprint lithography, and 

functionalized by thiol molecules terminated to bind the Au tips of the nanodumbbells. The 

nanodumbbells docked to the arrays formed higher 2D architectures, whose geometry is encoded by the 

nanodots pattern. Theoretical models for the prediction of assembly kinetics showed a good agreement 

with the experimental data. We believe that our approach opens a pathway to the future nanostructured 

materials and functional systems with the nano-dimensions and functionalities unachievable by current 

technologies.    
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The established hierarchy of diffusion paths in crystalline solids, in the order of increasing diffusivities, is 

bulk diffusion, dislocation core diffusion, grain boundary diffusion, and surface diffusion. The position of 

diffusion along the interfaces between dissimilar materials in this hierarchy is largely unknown. In this 

work, we aimed at filling this gap by studying the metal hetero-diffusion along the metal-ceramic 

interface.  

In a recent work [1], an indirect evidence for fast self-diffusion of Ni along the Ni-sapphire interface has 

been obtained. Based on these results, we propose a new method of measuring the metal heterodiffusion 

along the Ni-sapphire interface. We prepared a series of samples, starting from a partially dewetted 40 

nm-thick Ni film, which consists of holes surrounded by a bi-crystalline film, and covered by a 4 nm thick 

Au deposited film. Afterwards, a diffusion annealing was performed at the temperature range of 450°C - 

600°C, at which the morphology of the Ni film is highly stable. Gold atoms diffused from the edge of the 

holes along the Ni-sapphire interface, and the concentration decay in the direction from the hole edge to 

the unperturbed film was quantitatively characterized by high resolution transmission electron 

microscopy. Based on the suggested method, diffusion coefficient of Au along a film-substrate interface 

was determined. 

[1] D. Amram, L. Klinger, N. Gazit, H. Gluska, E. Rabkin. ”Grain boundary grooving in thin films 

revisited: the role of interface diffusion”, Acta mater. 2014; 69:386. 
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   Diamond possesses many extraordinary properties including very high thermal conductivity 

(TC). For single crystal (SC) diamond TC can reach 2200 W/m·K at room temperature, and similar 

local values were found for coarse-grained thick chemical vapor deposition (CVD) diamond films, 

which is about 5 times more than that of copper (400W/m·K). This property makes the CVD 

diamond a material of choice for heat spreaders in GaN LED, high electron mobility GaN 

transistors and other applications which meet a critical problem of effective heat dissipation. The 

basic requirement for CVD diamond applications is the ability to deposit large area substrates, say, 

ranging from 2'' to 8'' wafers with adequate uniformity. In this work, we used specially designed 

patented hot filament (HF) CVD reactor for large scale diamond growth. The advantage of HF 

CVD reactor over more powerful micro-wave CVD is the superior flexibility and scalability of the 

former, making it possible to cover theoretically unlimited areas of substrates with highly 

adjustable and flexible geometries.  

   In this work, we report on dependence of TC on impurity, crystallinity and grain size of 

polycrystalline diamond films. We produced a double-side coarse-grain free-standing 

polycrystalline diamond film by HF CVD with the thickness of hundreds of micrometers. The 

grain size, texture, morphology and phase purity of the samples were characterized with AFM, 

SEM, Raman and Photoluminescence spectroscopy, while the TC perpendicularly to the film plane 

was measured by a laser flash technique at room temperature. TC values were compared to SC 

samples synthesized by a high-pressure and high-temperature method as well as to SC diamond 

grown by chemical vapor deposition.  

 

*Corresponding author: shaul@icdat.info 

 

  

mailto:shaul@icdat.info


76 
 

11 

Graphite-to-Graphene: Total Conversion 

Matat Buzaglo1,*, Ilan Pri Bar1, Maxim Varenik1, Liran Shunak1, Svetlana Pevzner2 and Oren 

Regev1,3 

1Department of Chemical Engineering, Ben-Gurion University of the Negev, Beer-Sheva, Israel 
2Department of Chemistry, Nuclear Research Center Negev, Israel  

3Ilse Katz Institute for Nanoscale Science and Technology, Ben-Gurion University of the Negev, Beer-Sheva, Israel 

*matat.buzi@gmail.com 

Graphene production has been intensively studied since its emergence in 2004, to 

accelerate its entrance to the application field in a reasonable price and quality. The most 

suitable methods for graphene mass production are top-down mechanochemical 

approaches, such as sonication and high-shear mixing. However, these techniques are 

limited to liquid medium, which requires graphene stabilization, solvent removal, and 

results in very low yields (<3%). Another top-down mechanochemical approach, ball 

milling, is a good candidate for generating the shear and impact forces needed to produce 

graphene from graphite. This method has been used to produce graphene from graphite in 

both wet (liquid media) and dry (solid media) milling. In these previous studies, the dry 

milling resulted in high content of amorphous carbon, while the wet milling resulted in 

more crystalline products, but required extremely long milling procedures (milling 

time>20 hr.).  

In this study,5 graphite flakes were pre-mixed with solid diluents to prevent re-

aggregation of the obtained graphene sheets, and to minimize the formation of 

amorphous carbon during the dry milling process. Next, all the diluent is completely 

removed via filtration with suitable solvents, to obtain the graphene product. 

The addition of a protective diluent to graphite during ball-milling is demonstrated to 

result in a game-changer yield (>90%) of defect-free graphene, whose size is controlled 

by the milling energy and the diluent type.  

 
 

 

  

                                                           
5 M. Buzaglo, I. P. Bar, M. Varenik, L. Shunak, S. Pevzner, O. Regev, Adv. Mater. 2016, 29, DOI: 
10.1002/adma.201603528 

mailto:matat.buzi@gmail.com


77 
 

12 

Semiconductor Seeded Nanorods with Graded Composition Exhibiting High Quantum-Yield, High 

Polarization, and Minimal Blinking 

Ido Hadar†, John P. Philbin‡, Yossef E. Panfil†, Shany Neyshtadt§, Itai Lieberman∥, Hagai Eshet⊥#, Sorin 

Lazar∇, Eran Rabani*‡⊥, and Uri Banin*† 

† The Institute of Chemistry and Center for Nanoscience and Nanotechnology, The Hebrew University of 
Jerusalem, Jerusalem 91904, Israel 
‡ Department of Chemistry, University of California and Lawrence Berkeley National Laboratory, 
Berkeley, California 94720-1460, United States 
§ Qlight Nanotech Ltd. (Merck KGaA), Edmond J. Safra Campus, Danciger Building A, POB: 39082, 
9139002 Jerusalem, Israel 
∥ Merck KGaA, Performance Materials, Advanced Technologies, OLED & Quantum Materials, Frankfurter 
Straße 250, 64293 Darmstadt, Germany 
⊥ The Sackler Institute for Computational Molecular and Materials Science, Tel Aviv University, Tel 
Aviv, Israel 69978 
# School of Chemistry, Tel Aviv University, Tel Aviv, Israel 69978 
∇ FEI Company, Achtseweg Noord 5, 5651 GG Eindhoven, The Netherlands 

*E-mail: eran.rabani@berkeley.edu., *E-mail: uri.banin@mail.huji.ac.il. 

Seeded semiconductor nanorods represent a unique family of quantum confined materials that manifest 

characteristics of mixed dimensionality. They show polarized emission with high quantum yield and 

fluorescence switching under an electric field, features that are desirable for use in display technologies 

and other optical applications. So far, their robust synthesis has been limited mainly to CdSe/CdS 

heterostructures, thereby constraining the spectral tunability to the red region of the visible spectrum. 

Herein we present a novel synthesis of  𝐶𝑑𝑆𝑒/𝐶𝑑1−𝑥𝑍𝑛𝑥𝑆 seeded nanorods with radially graded 

composition that show bright and highly polarized green emission with minimal intermittency, as 

confirmed by ensemble and single nanorods optical measurements. Atomistic pseudopotential 

simulations elucidate the importance of the Zn atoms within the nanorods structure, in particular the 

effect of the graded composition. Thus, the controlled addition of Zn influences and improves the 

nanorods optoelectronic performance by providing an additional handle to manipulate the degree 

confinement beyond the common size control approach. These nanorods may be utilized in applications 

that require the generation of a full, rich spectrum such as energy efficient displays and lighting. 

 

 

Nano Lett., 17 , 2524-2531 , 2017 
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The efficient production of fuels from biomass derived molecules requires the development of 

highly selective catalysts. Bimetallic alloys can induce high reactivity and selectivity which cannot 

be attained by single metals.  In this work we prepared and studied the structure, composition and 

catalytic reactivity of bimetallic CoPt foams. CoPt foams were synthesized under varying 

reduction temperature (150-800 0c), and were used as a catalyst for hydrogenolysis of 5-

hydroxymethylfurfural (HMF) in two procedures, with or without H2 flowing. We show that by 

changing the reduction conditions the alloy structure, along with its catalytic reactivity and 

selectivity is modified. This research could pave the way to deeper understanding of composition-

reactivity correlations in bimetallic catalysts. 
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Perovskites are a wide-ranging family of materials that often serve in switches, solid-state 

memory devices and other electronic components, and owe their properties to a characteristic 

crystalline structure. Until recently, the most commonly studied and used materials in this family 

were the hard and stable oxide perovskites. Ferroelectricity (the ability to change the spontaneous 

polarization in a material by an external electric field), which is well known for oxide perovskites, 

has been suggested as a possible reason for the outstanding solar-to-electrical energy conversion 

of halide perovskites - especially methylammonium lead iodide and bromide (abbr. MAPbI3 and 

MAPbBr3). Low carrier recombination rate, high voltage efficiencies and an efficient exciton 

separation are some of the possible benefits of ferroelectric domains to photovoltaic performance.  

The relatively weaker interatomic bond nature of these halide perovskites1 (in contrast to 

common ferroelectric materials) made the simple task of proving ferroelectricity by the straight-

forward method of polarization measurement as a function of an applied DC electric field not so 

simple. The challenge for proving the existence of ferroelectricity occupied the scientific 

community for a couple of years with contradicting reports.  

As polarity is a prerequisite condition for ferroelectricity, using the periodic temperature change 

(Chynoweth) method2 under different surrounding temperature conditions, we show that the cubic 

phases of MAPbI3 (>330K) and MAPbBr3 (>236K) phase are clearly non-polar, which exclude 

any possible ferroelectric activity at these phases. However, the room-temperature (tetragonal 

MAPbI3; 330K) phase shows clear pyroelectricity, which proves the polar nature of MAPbI3 at 

room-temperature. Second harmonic generation - a proof for non-centrosymmetry that is a 

prerequisite condition for polarity - has been found to be consistent with the polarity results. When 

trying to find a final proof for ferroelectricity - a direct polarization measurement – it was found 
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that leakage currents are very dominant and, therefore, must be taken into account when analyzing 

the polarization response, unlike the commonly analyzed capacitive currents. Together with 

cooling down to -70oC (still at the tetragonal phase), to avoid decomposition of the material under 

the applied electric field, we could clearly detect ferroelectric polarization response.3 

  



81 
 

15 

Self-Catalyzed Nanoporous 3D Silicon Network-on-Stainless Steel Large Scale 

Anodes for High-Capacity Lithium Ion Batteries 

Nimrod Harpak1, Dan Schneier1, Guy Davidi1, Dina Golodintsky1, Emanuel Peled1 and Fernando 

Patolsky1* 

1School of Chemistry, Faculty of Exact Sciences, Tel Aviv University, Tel Aviv, 69978, Israel 

Commercial Lithium-Ion batteries, to date, use graphite as their anode material with a theoretical 

capacity of 372 mAh/g. Silicon has attracted much attention as an anode material in the last few 

years, due to its high theoretical capacity of 4200 mAh/g. However, silicon anodes pose many 

problems, the major limitation being the cracking and pulverization of the anode material due to 

large volumetric changes of the silicon electrode during lithiation/de-lithiation (~300% volume 

change). While many studies were performed using different silicon structures such as silicon 

nanoparticles, nanotubes and nanowires as anodic materials, they all still suffer from one or more 

electrochemical limitation (Capacity, irreversible capacity loss, coulombic efficiency or cycle life), 

due to bad electrical contacts, pulverization of the anode material, low silicon density or lack of 

"breathing" space for the silicon structures during their cycling life. Furthermore, all the silicon 

structures used in today's studies require a catalyst to grow them and/or many stages of preparation 

processing (milling, grinding, using binder material, dissolving layers and so on) in order to reach 

the final anode structure, which, in turn, disrupts the mass production and scalability of the process. 

Here, we present a novel, one-step preparation approach for three-dimensional nanoporous silicon 

sponge-like networks, used as anodes for high capacity lithium-ion batteries, based on catalyst-

free gasphase low-temperature growth directly on chemically-pretreated conductive stainless steel 

substrates, using a CVD set-up. The use of three-dimensional substrates allows for an extremely 

porous media, allowing the silicon to expand and contract freely during cycling, while allowing 

ultrahigh densities of silicon to be reached. Using these anodes, we present high capacity batteries, 

cycled for hundreds of cycles with excellent coulombic efficiency that meet the immediate 

requirements for future electric-vehicle applications. Furthermore, without the requirement of an 

external catalyst, the anode material production is easily scalable, thus providing a low-cost, highly 

effective plausible candidate for future lithium-ion battery applications. 
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Microsupercapacitors are touted as one of the promising "next frontiers" in energy-storage research and 

applications. Despite their potential, significant challenges still exist in terms of physical properties and 

electrochemical performance, particularly attaining high energy density, stability, ease of synthesis, and feasibility 

of large-scale production. Here, a new freestanding microporous electrodes comprising self-assembled scaffold of 

gold and reduced graphene oxide (rGO) nanowires coated with MnO2 is presented. The electrodes exhibited 

excellent electrochemical characteristics, particularly superior high areal capacitance. Moreover, the freestanding 

Au/rGO scaffold also served as the current collector, obviating the need for an additional electrode support required 

in most reported supercapacitors, thus enabling low volume and weight devices with a high overall device specific 

energy. Stacked symmetrical solid-state supercapacitors were fabricated using the Au/rGO/MnO2 electrodes in 

parallel configurations showing the advantage of using freestanding electrodes in the fabrication of low-volume 

devices. 
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We study the effect of the preparation method on the photostability of encapsulated CH3NH3PbI3 films, 

the 'work horse' of the organic–inorganic perovskite-based photovoltaics, grown by either one step- and 

two step- deposition methods. Time dependent light absorption decay following exposure to 

concentrated sunlight was used to estimate the degradation of the films. Films deposited by one step 

showed a significant decrease in the CH3NH3PbI3 absorbance when illuminated through the substrate, 

while films obtained through two step deposition exhibited almost no photodegradation under similar 

sunlight exposure. On the other hand, both types of films degraded significantly when irradiated through 

the top encapsulation side. Unreacted PbI2 present near the substrate is suggested to be responsible for 

enhancing the photostability of the films obtained by two step deposition, based on supporting 

characterization of the film by grazing angle XRD. Here, remnant PbI2 works as a UV filter and reduces UV 

penetration resulting in suppressed photodegradation of CH3NH3PbI3. The results demonstrate the 

significance of the preparation method in determining photochemical stability of the perovskite films. 
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Abstract 

Inorganic and organic lead halide perovskite materials have attracted great interest in the scientific 

community because of their vast potential for low-cost and high efficiency solar cells. Herein we 

demonstrate the photocatalytic properties of inorganic (CsPbBr3) and organic (CH3NH3PbBr3) 

perovskites for the photodissociation of Ethyl Chloride (EC) employing 532nm LASER Irradiation 

under Ultra High Vacuum (UHV) condition with sample at 40 K. From the post irradiation 

Temperature Programmed Desorption (TPD), the photoproducts :  Ethane (Mass 30), Allyl radical 

(Mass 41) and Propyl radicals (Mass 43)  are found to increase with number of photons eventually 

reaching saturation. It was found that photoreactivity on top of the CsPbBr3 surface is slightly 

faster than on the CH3NH3PbBr3, with cross sections (for ethane formation): σinorg =3.8±0.3 X 10-

19 cm2 and σorg 3.1±0.6 X 10-19 cm2; allyl radical: σinorg =7.6±1.5 X 10-19 cm2 and σorg = 1.8±0.1X10-

19 cm2 ; and Propyl radicals: σinorg =1.25±0.02 X 10-18 cm2 and σorg 2.65±0.5 X 10-19 cm2. 

Luminescence properties were studied by exciting the sample with photon (355 nm) as well as 

electron (cathodoluminescence) excitation. The inorganic (CsPbBr3) and organic (CH3NH3PbBr3) 

substrates exhibit a sharp excitonic luminescence emission at 535 nm and 557 nm respectively, at 

40K temperature for both photon and electron excitation. It was found that  luminescence property 

is highly temperature sensitive.  A blue shift and decrease in the intensity were observed during 

temperature increase. We conclude that the relatively long charge separation lifetime which leads 

to both luminescence and photovoltaic activity, explains also the photoreactivity in the visible.  
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Conjugated polymers functionalised with crosslinkable moieties have been investigated as 

materials to enhance stability of polymer-based solar cells by limiting microstructure evolution. 

Thermally crosslinkable poly(benzo[1,2-b:4,5-b’]dithiophene-alt-thieno[3,4-c]pyrrole-4,6-dione) 

(PBDTTPD)-derivative polymers were synthesised and incorporated into blends with PC71BM.[1] In 

order to characterise their photostability, samples were initially exposed to natural sunlight or 

concentrated sunlight (100 suns). Photobleaching of both crosslinked and non-crosslinked blends 

under these conditions was observed in UV-vis spectra in a manner that did not appear to be 

correlated with the presence of crosslinking. A greater degree of irreversible degradation was 

observed for polymer-related absorption peaks than for PCBM-related peaks. These results suggest 

that photodegradation of the blends occurs primarily by chemical degradation within the polymer 

rather than by morphological reorganisation. AFM studies revealed divergent morphology 

between the crosslinked and non-crosslinked samples prior to light exposure, however, only 

limited morphological degradation was observed in either case after up to 800 sun hours. In 

contrast, extensive morphological degradation was observed in a blend with a higher degree of 

crosslinking (5 %) after exposure to high doses of concentrated sunlight (150 to 200 suns for 10 

or more hours), however this was not accompanied by strong photobleaching. Understanding the 

divergent degradation mechanism observed here is the subject of ongoing research. 

 

[1] X.-Q. Chen, X. Yao, X. Xiang, L. Liang, W. Shao, F.-G. Zhao, Z. Lu, W. Wang, J. Li, 

W.-S. Li, J. Mater. Chem. A 2016, 4, 9286. 
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Two dimensional layered materials, such MoS2, WS2 and MoSe2, are efficient catalyst electrode 

material for electrochemical hydrogen evolution reaction (HER). In the present study, Ru-doped 

MoSe2 hierarchical 3D nanoflowers were synthesized using colloidal method and the HER activity 

of the catalyst was investigated as a function of the Ru substitution percentage (3.6%, 7.4% and 

11.4%). The samples showed flower-like morphology with size spanning in the range 200-500 nm. 

X-ray diffraction (XRD) pattern revealed that the Ru-doped MoSe2 nanoflowers were crystallized 

in the 2H-hexagonal crystal structure. Optical excitons A and B show a gradual blue shift and 

gradual increase of optical bandgap with higher Ru content. The change in the physical properties 

originates from additional electrons donated to the MoSe2 skeleton by the Ru. In addition, the 

higher number of charge carriers contributed to the conductance of the nanoflowers. Therefore, 

the Ru-doped MoSe2 nanoflowers showed improved electrochemical HER activity (in 0.5 M 

H2SO4) with increased Ru doping, decreasing the necessary overpotential from η ≈ 223 mV for 

the undoped structures to η ≈ 158 mV for a substitution of 11.4%. The calculated Tafel slopes for 

MoSe2 and Ru doped- MoSe2 varied in the range of 85-91 mV/dec. The variation of the Tafel slope 

from that of a Pt/C (~33 mV/dec), indicates a change of mechanism, i.e. adopting the Volmer–

Heyrovsky mechanism with the Volmer discharge reaction as the rate-limiting step in contrast to 

the Volmer–Tafel pathway for the Pt/C. Impedance measurements verified that the Ru-doped 

MoSe2 exhibited lower charge transfer resistance. The Rct of 210 Ω for undoped MoSe2 has 

decreased to 66 Ω for a substitution of 11.4%. The use of Ru demonstrates that with a suitable 

electron donor, a significant enhancement of the catalytic performance is achieved.  
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Lead-based halide perovskites (APbX3) have shown a dramatic improvement in efficiencies in the 

past few years. Due to toxicity issues of lead, tin-based halide perovskites are being studied. It is 

observed that tin fluoride (SnF2) addition can generally improve the device properties of tin-based 

halide perovskites. This effect is thought to be due to suppression of Sn(II) Sn(IV) oxidation, 

Sn(II)Sn (0) reductions, and /or a decrease in Sn vacancy concentration. All these effects will 

change the doping, but in opposite directions. Here we report on the role of SnF2 concentration on 

various properties of cesium tin bromide (CsSnBr3)-based halide perovskite, such as energetics 

(work function - WF and ionization energy, IE, X-ray beam damage and device properties. We find 

that the SnF2 concentration strongly influences the device properties (open circuit voltage-VOC, 

short circuit current-ISC, fill factor-FF and photoconversion efficiency-η) but not the work function 

(WF) or ionization energy By monitoring the XPS signals over time as a function of SnF2 

concentration, we find that pristine CsSnBr3 (without SnF2 added) is highly susceptible to X-ray 

beam damage if deposited on titania (TiO2), gold (Au) or poly(3,4-ethylenedioxythiophene) 

polystyrene sulfonate (PEDOT:PSS) substrates, but is stable if deposited on ZnO substrates. About 

5 mol% of SnF2 was sufficient to protect the perovskite from beam damage on all the substrates, 

possibly because of a SnF2-induced change in the Sn2+/Sn0 electrochemical potential that makes 

that process energetically less probable. For solar cells adding ~20 mol% of SnF2 was found to be 

optimum for device performance. Time-resolved surface photovoltage (SPV) results are consistent 

with SnF2 addition reducing trap state concentration. Apart from that, we found that SnF2 (1) 

improves conduction band-alignment of the perovskite with TiO2, at their interface in a solar-cell 

(2) making the perovskite somewhat less ‘n-type’, compared to highly n-doped pristine CsSnBr3. 
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The effects of different cations and anions on carriers’ diffusion length and formation of a junction 

in a solar cell device in high bandgap halide perovskite (HaP) films is studied in detail. High 

bandgap HaP films are of interest for solar spectrum splitting and driving photo-electrochemical 

reactions for energy storage applications. Resolving how the addition of cations and anions change 

the (unintentional) doping of the HaP is of great importance for our basic understanding of the film 

and device physics as well as any future improvement of performance. For this study, HaP films 

with the general formula APbX3, where A can be a mixture of formamidinium, methylammonium 

and cesium and X can be a mixture of bromine and chlorine, is studied using a combination of 

Photoconductivity and Steady-State Photocarrier-Grating (SSPG) techniques [1] to study the 

effect the different cations/anions compositions on the diffusion length of both the majority and 

minority carriers in the resulting HaP film. Furthermore, Electron Beam Induced Current (EBIC), 

Contact Potential Difference (CPD) and Surface Photovoltage (SPV) [2] are used to identify the 

formation of the junction and built in voltage as well as tracking the position and size of the space 

charge region width following the changes in the HaP composition. 

 

References 
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[2] N. Kedem, M. Kulbak, et al., Phys. Chem. Chem. Phys. 2017, 19, 5753. 
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Getting insight in, and ultimately control over electronic doping of halide perovskites may improve 

tuning of their remarkable optoelectronic properties, reflected in what appear to be low defect 

densities, and as expressed in various charge transport and optical parameters. These properties 

determine the remarkable performances of photovoltaic and light-emitting devices. Doping is 

important for charge transport because it determines the electrical field within the photo-absorber 

layer, which strongly affects charge collection efficiency. Here we report on intrinsic doping of Methyl-

ammonium lead tri-iodide, MAPbI3, thin films of the types used for solar cells and LEDs, by I2 vapor at 

a level that does not affect the optical absorption, and leads to a small (< 20 meV, ~ 9 nm) red-shift in 

the photoluminescence peak. Doping MAPI layers makes the films ten times more conductive 

electronically, in the dark, which we show is due to p-type doping because we find their work function 

to increase by 150 mV. The majority carrier (hole) diffusion length increases upon doping, making the 

material less ambipolar. Our results are well-explained by I2-exposure decreasing the density of donor 

defects, likely iodide vacancies (VI) or defect complexes, containing VI. Invoking Iodide interstitials, which 

are acceptor defects, seems less likely based on calculations of the formation energies of such defects in 

agreement with a recent report on pressed pellets, rather than polycrystalline thin ( 0.35 um) films used 

here. 
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Halide perovskites (APbX3) are an intriguing group of optoelectronic materials, due, in part, to 

their remarkably high open circuit voltages. These voltages make them relevant for use in 

photovoltaic solar cells as, for instance, a high photo energy-absorbing component in a tandem 

solar cell configuration. In this context, two types of high bandgap X=Br perovskites are of special 

interest: The Cubic hybrid organic−inorganic Methylammonium lead bromide perovskite 

(MAPbBr3) and its orthorhombic, all inorganic analog, CsPbBr3. MAPbBr3 Shows somewhat 

better open circuit voltages than CsPbBr3 which is, in turn, more stable. To understand the role of 

the A group (i.e. organic vs. in-organic) and its influence on these desirable properties, 

fundamental studies of mixed single crystals with both the organic MA and inorganic Cs 

cations are needed. We present first results of the growth of such crystals with varying 

Cs/methylammonium (Cs/MA) ratios, and their characterization using structural and 

compositional techniques. 
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All-oxide photovoltaic devices are an emerging type of solar cells, due to their low-cost, high 

abundance, and easy fabrication methods. These characteristics allow the metal oxides to be 

potential absorbers as well as electron/hole conductors in solar cells. Perovskite metal-oxide 

structures have recently been studied as absorbers for solar cells since the perovskite structure has 

shown interesting characteristics, which allow, in part, better charge transport in photovoltaic 

devices. As such, development of new metal oxides, with lower bandgaps as absorbers for solar 

cells, is important.     

In this work, combinatorial material science was used, to new metal oxide solar cell structures. 

The solar cells were synthesized in a combinatorial library by sequential cycles of pulsed laser 

deposition (PLD) using targets various targets, which are semiconductors. The combinatorial 

libraries were fully characterized by x-ray diffraction (XRD) and energy dispersive x-ray 

spectroscopy (EDS) to detect the materials and phases. I-V measurements showed photovoltaic 

behavior with high performance for these types of materials. The new solar cell library shows 

promising improvements for metal oxides in photovoltaic devices.  
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The in-gap electronic states in HaP films are detrimental importance for the photovoltaic 

performance of hybrid organic-inorganic perovskite-based solar cells.  We will report on Scanning 

Tunneling Spectroscopy (STS) and on temperature-dependent Photoconductivity (PC) and 

Steady-State Photocarrier-Grating (SSPG) measurementsthat probe the existence of such states 

in two different HaP systems: (1) single cation MAPbI3 (SMAPI); and (2) mixed cation halide 

perovskite, MA0.15FA0.76Cs0.06Pb(I0.83Br0.16)3, (MMAPI). We find that there exists a correlation 

between the energetic distribution of the in-gap states and their manifestation in the 

phototransport parameters in the SMAPIs and MMAPIs absorbers. In particular, our results 

suggest that for the SMAPI, the in-gap electronics states are less shallow than for the MMAPI, 

thus explaining the superior solar cell performance of the MMAPIs.   
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In this work we experimentally examined the cavitation formation between two smooth and 

stable amorphous fluoropolymer (AF) hydrophobic surfaces under water. The cavitation formation was 

recorded by using fast video-surface force balance (SFB) recording system (180 fps) during surface 

approach. Prior to the cavity formation, the two interacting hydrophobic AF coated mica surfaces 

experience repulsion originating from a double-layer electrostatic interaction, as the two hydrophobic 

surfaces are  negatively charged in water. The surface charge density was found to be the same as was 

measured previously between AF and bare mica, consistent with earlier reports of oil-water interface. On 

further approach, cavitation occurs even before they come into contact. We found that the process of the 

cavity formation involves initial expansion, pushing the surfaces apart, and then long range (50-150nm) 

attraction. Such cavitation expansion between two smooth hydrophobic surfaces has, to our knowledge, 

never previously been observed.  
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Spintronics exploits the electron spin as an additional degree of freedom in solid state devices, thus 

achieving additional functionalities [1]. Amongst these are novel opto-electronic devices in which injection 

of perpendicularly spin polarized electrons from a ferromagnetic electrode into a light emitting diode is 

expected to yield circularly polarized photons [2, 3]. Butler et al. [4] propose that such high polarization 

electron injection can be achieved in an ultrathin (2-3nm) chemically ordered L21 Co2MnSi (CMS) full 

Heusler due to a combination of perpendicular magnetic anisotropy (PMA) and half-metallicity. PMA is 

expected due to tetragonal distortion of cubic CMS on epitaxial MgO(001). Additionally, a MgO tunneling 

barrier on a direct band-gap semiconductor can overcome the impedance mismatch with the 

ferromagnetic electrode and may also serve as a diffusion barrier and spin filter.  

Here, we correlate between the structure and magnetic properties of magnetron sputter-deposited CMS 

electrodes using transmission electron microscopy (TEM: phase contrast, electron energy-loss 

spectroscopy, high angle annular dark-field scanning TEM) and magnetometry (SQUID, VSM).  

We indeed observe PMA in the ferromagnetic ultra-thin layer though structural characterization indicates 

chemical intermixing of the Heusler layer with both the MgO and Pd adjacent layers. Furthermore, the 

CMS layers have a low degree of crystallinity and saturation moment. Consequently, PMA is attributed in 

this case to interface intermixing anisotropy comparable to Co/Pd multilayers [5]. Thermal annealing is 

examined as a method to increase chemical ordering of the CMS layer in order to achieve PMA and high 

spin polarization. 

 

(1) Hirohata, Atsufumi and Koki Takanashi. "Future perspectives for spintronic devices." Journal of Physics D: Applied Physics 47.19 (2014). 

(2) Farshchi, Rouin, et al. "Optical communication of spin information between light emitting diodes." Applied Physics Letters 98.16 

(2011). 

(3) Liang, S. H., et al. "Large and robust electrical spin injection into GaAs at zero magnetic field using an ultrathin CoFeB/MgO 

injector." Physical Review B 90.8 (2014). 

(4) Munira, Kamaram, Jonathon Romero, and William H. Butler. "Achieving perpendicular anisotropy in half-metallic Heusler alloys for 

spin device applications." Journal of Applied Physics 115.17 (2014). 

(5) Den Broeder, F. J. A., et al. "Magnetic properties and structure of Pd/Co and Pd/Fe multilayers." Journal of Applied Physics 61.8 (1987). 
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The field of Nano-electronics and specifically molecular electronics concentrates a lot of 

interest from technological and scientific point of view. The technological interest is obvious as 

the semi-conductor industry approaches the nanometric scales and seeks for further device 

miniaturization. It raises many scientific questions and challenges, one of them is understanding 

the charge transport in single molecules. While charge transport in the solid state has been widely 

researched, for large single molecules many fundamental questions remain unsolved.  

DNA is a good model molecule for many polymeric systems and its structure suggests the 

possibility for significant charge transport. Charge migration along DNA molecules has attracted 

scientific interest for over half a century. However, due to the many experimental difficulties, a 

variety of results were achieved triggering an ongoing scientific debate on the DNA molecule 

conductivity. Our  goal  in  this  research  is  to  eliminate  as many  degrees  of  freedom  as  

possible. 

In this work we introduce preliminary results of electrical measurements of dimers composed 

of two gold nanoparticles bridged by exactly one DNA molecule with thiol contacts. The dimer is 

brought to a small gap between pointing electrodes by dielectrophoresis for further electrical 

characterization at the single molecule level. Our system enables precise measurements with very 

good control of many environmental parameters such as temperature, atmosphere etc.  

Our measurements show significant currents at low temperatures and non-trivial temperature 

dependence, leading possible new conduction mechanisms. 
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Single molecules set the ultimate miniaturization limit of conductive components in electronic circuits. A 

major challenge of molecular electronics is to achieve high and robust conductivity. However, it is not clear 

what is the upper boundary for conductance across a single molecule and what are the factors that would 

determine this limit. We addressed these questions by studying the effect of molecule length on the 

conductance in metal-molecule-metal junctions, based on a series of oligoacene molecules. We found that 

the conductance can reach an upper limit where it is independent on molecule length. Furthermore, we 

found that this limit can be controlled by rational orbital hybridization at the metal-molecule interface. 

Interestingly, the evolution of conductance towards its upper limit can be understood with the aid of a 

simple analytical model. Our findings shed light on the mechanisms that determine the upper limits for 

conductance across molecules, providing guiding principles for the design of highly conductive metal-

molecule interfaces. [Published: Nature materials 2016, 15:444-449] 
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We report spin filtering through bacteriorhodopsin in a solid state biomolecular spin 

valves which is based on the chirality induces spin selectivity (CISS) effect and show 

magnetoresistance of ~ 2% at room temperature. The device is fabricated using layer of n-

octylthioglucoside-bacteriorhodopsin (OTG-bR) adsorbed on cysteamine functionalized gold 

layer and capped with  by tunneling barrier of either alumina or magnesium oxide coated by Ni 

film which is used as spin analyzer (Fig. 1). The monolayers of cysteamine and OTG-bR were 

characterized by polarization modulation-infrared reflection-absorption and atomic force 

microscopy. A comparative analysis of the degradation of OTG-bR due to deposition of alumina 

and MgO is present. The bR based spin valves shows asymmetric magnetoresistance response 

when field was applied in the direction of the current (Fig. 2(a)). A symmetric positive 

magnetoresistance curve was obtained when magnetic field was applied perpendicular to the 

current (Fig. 2(b)). 

 

Fig. 1 Device structure

  Fig. 2 Magnetoresistance plot when magnetic field is 

applied (a) parallel (b) perpendicular to current 
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P-N junction diodes are amongst the most basic building blocks of modern semiconductor electronics. 

Diodes were demonstrated in several forms, including 2D materials heterostructures, where the Van der 

Waals gap provides a clean interface between layers of opposite majority carriers. Here, we study the 

interface of layered materials from their opposite direction, perpendicularly to the layers. For that, we 

investigated the growth mechanism of vertically aligned MoS2, resulting in an n-MoS2 / p-Si junction. The 

crystalline quality and orientation of the vertical MoS2 is well defined and the electrical characteristics of 

the diodes provide important details on the electronic interfaces across layers of MoS2. 
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Over the past decades, DNA, which is the carrier of genetic information, has been used by researchers 

also as a structural material. Watson-Crick base pairing enables formation of complex 2D and 3D 

structures from DNA through self-assembly, and various methods have been developed for additional 

functionalization of DNA these structures. Metallization of DNA has attracted much attention as means of 

forming conductive nanostructures. The conductivity of these structures hasn’t, however, yet been fully 

characterized due to shortage of reliable charge transport measurements through structures tens to 

hundreds of nanometers in length at the single molecule/wire level. In order to supply this shortage, a 

novel measurement setup was recently developed in our lab that is suitable for measurement of 

molecules and wires of these lengths. This setup involves a stationary gold electrode that is evaporated 

over the molecules/wires of interest and a conductive AFM tip serving as a second mobile electrode that 

contacts single molecules protruding from the gold electrode. We used this technique to characterize the 

conductivity of gold coated DNA molecules. Our measurements show that thicker gold coating leads to 

longer conductive lengths. These results indicate larger distances between defects in the formed gold wire 

as the gold coating is increased. 
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Several nanotubular structures from misfit layered compounds were reported in recent years. Misfit 

layered compounds (MLC) consists of a stacking of two alternating two-dimensional atomic layers with 

different crystal structures. The mismatch between the alternating layers and the seaming of the dangling 

bonds at the edges drives them to form a variety of tubular structures. These tubular structures are 

candidates to present interesting physical properties, which were not investigated hitherto. One of the 

MLC nanotubes synthetized by our group consist of layers of LaS and TaS2 layers stacked and rolled 

together. TaS2 is an extremely interesting material since it shows a wide variety of particular physical 

effects including superconductivity, charge-density-waves and Mott insulation phases. The intercalation 

of the LaS layers result in a charge transfer to the TaS2 layers. The latter, together with the low 

dimensionality of the nanostructure constitute an interesting system for the study of intriguing physical 

phenomena in 1D. The main goal of the research was to incorporate single 𝐿𝑎𝑆 − 𝑇𝑎𝑆2 MLC nanotubes 

(NTs) into electrical devices, using advanced lithographic technics, and in that way to learn about their 

electrical behavior. The research includes two-probe electrical measurement at room and at low 

temperatures, showing a semi-metallic behavior. Hall and Raman measurements measured with 

individual nanotube devices will be reported as well. 
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Graphene is one of the most fascinating and promising electronic materials known. While its 

atomic thickness is a significant advantage in many respects, this unique structure presents a 

challenge in controlling its charge carrier concentration. In this work, we demonstrate a viable 

strategy for achieving substantial control over the charge carrier in graphene. Our strategy is 

based on a polymer, which exhibiting charge transfer with graphene and shifts its Dirac point by 

ca. 20 V. The polymer can be patterned by e-beam lithography to enable selectivity of the doping 

area with high lateral resolution. This conceptually simple and versatile approach was applied 

field effect transistors, and will be extended to achieve TMDC-based CMOS technology. 
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The quest for a suitable molecule to pave the way to molecular nano-electronics has been met 

with obstacles for over a decade. Candidate molecules such as carbon nanotubes lack the 

appealing trait of self-assembly, while DNA lacks the desirable feature of conductivity. Silver-

containing poly(G)-poly(C) DNA (E-DNA1) molecules were recently reported as promising 

candidates for molecular electronics, owing to the selectivity of their metallization, their uniform 

structure, their stability, their resistance to deformation, and their most possible conductivity. 

Here we present an elaborate temperature dependent high-resolution morphology 

characterization of these unique molecules, alongside a detailed depiction of their electronic 

level structure. Our findings were acquired by use of an ultra-high vacuum (UHV) scanning 

tunneling microscope (STM). The energy levels found for E-DNA indicate a novel, truly hybrid 

metal-molecule structure. These findings2 add substantially to our knowledge about E-DNA 

molecules, leading to a further understanding of these molecules’ conductive properties, 

bringing about their attractiveness as nanowires. 

 

 

, Gutkin V, Basmanov D, Klinov D, Rotem D, Levi‐KalismanFardian‐Melamed N1.  Eidelshtein G,  

Y, Porath D, Kotlyar A. Synthesis and Properties of Novel Silver‐Containing DNA Molecules.       

. 2016.Advanced Materials      
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     Tunneling Microscopy and Spectroscopy of Novel Silver-Containing DNA Molecules. (In 
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The charging process of molecular films has been extensively studied in recent years due to its 

importance in biological systems, ecology as well as in interstellar processes. We report here the 

charging effects of tens to hundreds layers thick Amorphous Solid Water (ASW) films grown on 

Ru(0001) as a result of low-energy electrons (5 eV) bombardment under ultra-high vacuum (UHV) 

conditions.  

The charging of the ASW films was measured via contact potential difference (CPD) detection 

utilizing an in-situ Kelvin probe. Such systems have been found to obey the physics of a plate 

capacitor with nanometer range separation between the plates (nano-capacitor). The charging 

mechanism was studied as a function of the substrate temperature during film growth (Tgr) and 

during electrons irradiation (Tirr), both in the range of 50-120 K, and as function of film thickness. 

The through-the-film (electrons) transmission currents (Ie) and the charge accumulation were 

found to be strongly affected by the studied parameters. Ie shows varied intensity profiles for 

different growth temperatures such that for a given Tgr, the charging behavior depends on both 

film thickness and Tirr. This implies for a varying thickness of the effective negative electrode at 

the ASW/vacuum interface. Temperature Programmed-CPD (TP-CPD) measurements of charged 

films reveal a strong influence of Tgr on the discharge event. We propose that the electrons 

discharge from the top electrode to the grounded ruthenium is driven by the formation and 

propagation of cracks upon heating the films, a mechanism similar to release of trapped gasses 

inside ASW films. This allows charges to diffuse more easily on the walls of the pores and cracks 

until they reach the substrate. 
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In the case of proteins, esp. electron transfer proteins, conventional photoemission spectroscopy has not 

(yet) been successfully employed to proteins in determining the HOMO-LUMO gap or the relative HOMO 

or LUMO positions to the Fermi level of the electrodes. Here we present first results to explore electronic 

spectroscopy in solid state to achieve this end. 

A gate electrode allows for the molecule’s energy levels to be shifted relative to the Fermi levels of the 

electrodes, bringing it in close proximity of (or within) the resonance bias window. Control over a 

molecule’s energy level positioning in a solid state junction is crucial for the study of the mechanism and 

efficiency of electron transport, including control over the transport.  

Here we report on use of a side-gated CP-AFM device and AC modulated lock-in detection to measure 

directly the differential conductance as a function of gate bias across the bacterial electron transfer, blue 

Cu protein, Azurin. 

Preliminary results from gate-bias sweeps (at fixed source-drain), and of source-drain sweeps (i.e., 

measuring dI/dV) at fixed gate-bias suggest LUMO mediated transport across Azurin. 

Further work will include temperature-dependent measurements to probe the question of what 

determines the transport mechanisms in this protein and if the mechanism can indeed be controlled with 

an electrostatic gate. 
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Electronic current noise was proved to be a very useful tool for the study of electronic transport in 

nanoscale conductors. Up to now two fundamental types of current noise were identified: the 

electron thermal noise (Johnson–Nyquist noise) and shot noise (denoted as partition noise). The 

first is generated in equilibrium by finite temperature and the second by an applied voltage. 

Recently, we found indications for the generation of a new type of partition noise that is generated 

when a temperature gradient is applied across a nanoscale conductor. The temperature gradient 

breaks the symmetry of electronic transmission even in the absence of a voltage drop and has 

different properties in comparison to thermal or shot noise. While this “thermoelectric noise” is 

interesting from the fundamental point of view, it can serve as a useful temperature gradient probe, 

and should be taken into account when the size of electronic circuits approaches the miniaturization 

limit. 
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Protonation and its reversible reaction are essential for protein structural regulation and function in 

multiple biological systems. The proton-related reactions are involved in the electron transfer (ET) 

processes of many proteins, and are broadly applied in biosensors for detecting biomolecules and 

monitoring biological processes [1]. Understanding the roles of (de)protonation on the ET in/via a peptide 

matrix can provide general rules for protein design in biosensors.   

  Earlier we reported that protonating hepta-Lys and deprotonating hepta-Glu increase and decrease 

peptide conductance, respectively [2]. Here we consider the deprotonation of Tyrosine (Tyr) and its 

effects on electron transport of peptides. It is known that Tyr helps ET between distant redox centers in a 

protein, and that the proton on the phenol of Tyr plays an important role in this process [3]. Here we 

report on a series of heterogeneous Tyr-containing peptides that we designed to study (de)protonation 

effects on electron transport. By fabricating stable and dry electronic junctions of peptides between gold 

electrodes, we observe increasing electron transport efficiency of the peptide after deprotonation. 

Combining polarization modulation-infrared reflection-absorption spectra (PM-IRRAS), ultraviolet 

photoelectron spectroscopy (UPS), contact potential difference (CPD), and molecular dynamics (MD) 

calculations, we systematically compare the structure and energy level changes of the Tyr-containing 

peptide monolayers on a Au substrate after deprotonation. The results indicate that deprotonation results 

in both changes in the monolayer structure and in the energy levels of Tyr-containing peptides, which can 

all enhance the electron transport across the peptide.  
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2. Sepunaru, L.; Refaely-Abramson, R.; Lovrincǐc,́ R.; Gavrilov, Y.; Agrawal, P.; Levy, Y.; Kronik, L.; Pecht, i.; Sheves, M.; Cahen, D. J. Am. 
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Abstract: We measured electron transport across a redox active protein in a solid-state junction 

using Au (substrate)/protein//linker/ Au (top) tunnel junction configuration, with the Cu(II) redox 

centre of the electron transfer protein Azurin (Az) shielded from direct interaction with the Au 

(top) electrode, by a monolayer of (< 1 nm) linker molecules, bound covalently to the Au (top) 

electrode. In contrast to what is the case without such linker layer, the differential conductance 

of the current-voltage (I-V) characteristics observed at low temperatures (~10 K), shows clear 

steps and its first derivative a peak-like structure, rather than the earlier observed inelastic 

electron tunneling spectrum. Given the nature of the junction, the most likely cause for this result 

is the redox active protein, specifically its redox-active moiety, the Cu ion.  

The satellite peaks which are positioned at 50 meV away from the main peak indicates Cu-S 

stretching vibration peaks. The conductance peak shows clear temperature dependence, 

theoretical calculations carried out indicates resonant tunnelling through discrete energy levels, 

which serves as a definite proof that transport through azurin is coherent in nature. The non- 

linearities in the conductance can then be explained by charging of the Cu redox centre. This 

hypothesis was tested and verified by experiments with the Cu removed from the protein, 

yielding apo-Az.  
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Abstract 

 

Efficient photoelectrochemical production of hydrogen from water is the aim of many studies in recent 

decades. Typically, one observes that the electric potential required to initiate the process significantly 

exceeds the thermodynamic limit. It was suggested that by controlling the spins of the electrons that are 

transferred from the solution to the anode, and ensuring that they are co-aligned, the threshold voltage 

for the process can be decreased to that of the thermodynamic voltage. In the present study, by using 

anodes coated with chiral conductive polymer, the hydrogen production from water is enhanced and 

the threshold voltage isreduced, as compared with anodes coated with achiral polymer. When CdSe 

quantum dots were embedded within the polymer, the current density was doubled. These new results 

point to a possible new direction for producing inexpensive, environmental friendly, efficient water 

splitting photoelectrochemical cells. 

 

 

 

Ref: J. Phys. Chem. C, 2017, DOI: 10.1021/acs.jpcc.7b04194. 
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Perhaps the most essential requirement for spintronic manipulations is the generation of highly 

spin polarized currents. This property is achieved in half metals which act as metals for one spin 

type and as insulators for the opposite spin. Half metallic compounds were first predicted and then 

found already two decades ago, however half metallicity was never demonstrated in nanoscale 

structures, despite its great promise for highly efficient nanoscale spin manipulations. Here, we 

show that half metallicity can be realized at the level of a single molecule in a molecular junction 

based on a molecular magnet suspended between two non-magnetic electrodes. The junction show 

over 90% spin filtering with fully ballistic spin polarized transport. The results are explained with 

the aid of DFT calculations and control experiments in the framework of spin splitting of energy 

levels.  
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Abstract: 

Various electronic components based on carbon nanotubes (CNTs) have been produced, but an induction 

coil has not been demonstrated yet. Our group previously created defect-free single-walled CNT coils, but 

short-circuiting between turns prevents the coils from acting as inductors. To overcome this limitation, 

here we explore the use of few-walled CNTs, in which the outer walls can act as sheathing for the inner 

walls. We show the successful formation of the first few-walled CNT coils from individual CNTs and thin 

bundles. The coils were characterized structurally using optical microscopy, SEM, AFM, top-view TEM and 

cross-sectional TEM. They comprised CNTs of two, three and four walls with no observable defects. The 

coils had up to 163 turns and diameters between 1 and 5 µm. We also characterized their electrical 

properties. Based on the structural results, we suggest a mechanism for the formation of these coils. These 

ordered coils extend the known repertoire of self-organized structures of 1D nanomaterials. They are also 

promising candidates for inductive devices, and for manifesting interesting properties, such as 

electromagnetism and superconductivity. 

 

Reference: Nakar, D.; Popovitz-Biro, R.; Rechav, K.; Joselevich, E., “Few-Walled Carbon Nanotube Coils”, 

in preparation. 
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Control over size and shape of nano-micro objects is a pivotal point in modern colloid chemistry 

both for the investigation of fundamental aspects and for the material design. The synthetic tools 

to achieve such a control are well established for different classes of inorganic and organic 

materials and they have led to the enlargement of material properties and applications. However 

size and shape control is still largely unexplored in the field of metal organic frameworks (MOFs) 

where hitherto major efforts aimed at the design of the crystallographic structure. In general MOFs 

produced by free modulator synthesis exhibit a non-homogeneous shape or simple polyhedral 

morphologies, usually reflecting the underlying geometry of the crystallographic structure. In our 

work we report on a straightforward, bottom-up approach that results in a tremendous variability 

of MOF morphologies as consequence of small parameter variation involving just the building 

blocks. No external templates or modulators are introduced.  The set of MOFs that was obtained 

included rare polyhedral shapes, hollow structures and unique morphologies not classifiable 

according to the conventional rules for crystalline habit description. Moreover, we show that such 

shaping ability, beyond the MOF field interests, can also be exploited to address the fundamental 

question about the relationship between chiralities among different size hierarchies. In particular 

we prepared a MOF-based system in which the chirality of the crystal structure and morphology 

were coupled with an unprecedented level of complexity. Unlike most of the examples of organic 

and inorganic systems used for such studies, in our case at both hierarchies the chirality was not 

induced by chiral properties of the building blocks or by external chiral agents, strongly suggesting 

a direct mutual influence between the two levels. The high versatility and the degree of controlling 

the shaping process proved in this work, suggest new scenario for MOFs, commending them not 

just as molecular frameworks but also as 3D objects for fundamental studies and nanotechnological 

applications.  
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Metal-organic frameworks (MOFs) are crystalline polymeric materials that consist of organic ligands 

coordinated to metal cations. Their high porosity and large surface area make them attractive for various 

applications such as storage of energy, separation of gases, sensing, and catalysis.1 Various functionalities 

can be obtained by controlling the morphology of those structures, for example hollow MOFs have more 

surface area and the cavity can be used to capsule guest species.2 Other groups reported the use of templates 

and modulators to obtain hollow MOF crystals.3 Herein we report a unique and straightforward route to 

obtain hollow MOF by sonication of pyridine based ligand in DMF before the solvothermal synthesis 

reaction of the MOFs. The formation of these MOFs was followed ex-situ by electron microscopy and  their 

structure was characterized by scanning electron microscopy, micro-raman spectroscopy and single-crystal 

X-ray diffraction. We will also discuss the decoration of the surfaces of various MOFs by gold 

nanoparticles. 

tion of MOF crystal s.  
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The highly-controlled formation of radial silicon/NiSi core-shell heterostructures has been demonstrated 

for the first time. Here, we investigated the radial diffusion of nickel atoms into silicon nanopillar cores, 

followed by nickel silicide phase formation and the creation of a well-defined shell. The described 

approach is based on a two-step thermal process, which involves metal diffusion at low temperatures in 

the range of 200-400Co, followed by a thermal curing step at a higher temperature of 400Co. In-depth 

crystallographic analysis was obtained by nanosectioning the resulting silicide-shelled silicon nanopillar 

heterostructures, giving us the ability to study in detail the silicide shell structure. Interestingly, it was 

observed that the resulting silicide shell thickness has a self-limiting behavior, and can be tightly controlled 

by the modulation of the initial diffusion-step annealing temperature. In addition, electrical 

measurements of the core-shell structures revealed that the resulting shells can serve as an embedded 

conductive layer. The silicide shell phase and structure were examined under high-temperature conditions 

(T>600Co), where the silicide phase forms within the whole nanopillar cross-sectional area, accompanied 

with the appearance of an additional NiSi2 phase. 
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Dip-coating is a liquid deposition method used to cover regular and relatively large surfaces. It is a very 

interesting technique because of its simplicity, low instrument price and virtually inexistent waste. When 

creating small samples, however, spin coating is usually preferred being more adapted for smaller surfaces 

since it needs less material for the coating of a single substrate (few droplets of solution vs, at least, a ten 

of milliliters). A second advantage is that only one surface of the sample is covered. Nevertheless, dip-

coating is preferable in the case that a large amount of similar samples have to be realized. Differently 

from spin coating, indeed, no solution is wasted in flying-away droplets. However, if the aim of the 

deposition is explorative, which means that many different solutions have to be prepared and just one 

sample per solution realized, dip-coating is definitively a worse choice since it needs a relatively high 

amount of solution to submerge the substrate to coat. In a research laboratory, where high price or long-

synthesis materials are used, this often means a non-affordable investment in money or time. The method 

presented here, called “biphasic dip-coating” can be used to prepare surfaces of the same or even larger 

dimensions in respect of spin-coating with a reduced amount of solution for a broad range of industrial 

and, most importantly, research application. The method substantially overcomes the known drawbacks 

of dip coating while preserving its main advantages. Testing and improving coating solutions becomes 

then possible for dip-coating too with reduced waste of time and money; this implies that once the final 

solution and conditions have been detected, a much lower quantity of waste is necessary at industrial and 

research level. This is a major advancement in the engineering of any technology involving coating 

processes starting from antireflective, self-cleaning, super-hydrophobic treatments to, for example, the 

deposition of thin-film solar panels or flame retarding, antimicrobial and anti-corrosion layers. 
draw- 
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Semiconductor nanowires are promising nanostructures for nano-electronic and nano-photonic 

devices, and have already proved their advantages as building blocks in these devices, such as LEDs, 

photodetectors and field effect transistors. However, it is still challenging to integrate NWs into 

practical devices, which in most cases require planar arrays. During the past few years, our group has 

significantly advanced the guided growth approach to produce horizontal NWs with controlled 

directions and crystallographic orientations. Here we demonstrate the vapor−liquid−solid growth of 

guided horizontal ZnS nanowires on three different planes of sapphire. ZnS, as an important II-VI 

semiconductor, has been extensively studied because it is a promising host material for producing 

commercial phosphors. It shows various luminescence properties such as photoluminescence and 

electroluminescence,   which enable broad applications in the fields of cathode ray tubes, flat-panel 

displays, infrared windows, sensors, and lasers. The growth directions of the grown ZnS nanowires 

are determined by epitaxial relations between the nanowires and the substrate or by a 

graphoepitaxial effect that guides their growth along nanogrooves along the surface. 
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Semiconductor nanowires (NWs) are promising nanostructures for nano-electronic and nano-

photonic devices, and have already proved their advantages as building blocks in these devices, such as 

LEDs, photodetectors and field effect transistors. However, it is still challenging to integrate NWs into 

practical devices, which in most cases require planar arrays. During the past few years, our group has 

significantly advanced the guided growth approach to produce horizontal NWs with controlled directions 

and crystallographic orientations. In order to fully control these growth directions and crystallographic 

orientation, and gain some prediction abilities, an understanding of the mechanism of the guided NWs 

growth is needed. Herein, we consider theoretically the growth kinetics of planar ZnSe nanowires grown 

on c- plane sapphire. Non-monotonic dependence of the NW growth rate versus radius showing 

increasing radius dependence for thin NWs and decreasing dependence for wider NWs is similar to that 

typically observed for vertical NWs. In the latter case, such dependence has previously been explained by 

a competition of the Gibbs-Thomson effect suppressing the vapor-liquid-solid (VLS) growth of NWs and 

the diffusion-induced growth effects that lead to inverse length-radius correlation. We show some 

important differences in kinetics processes driving the VLS growth of planar versus vertical NWs and 

derive analytical equation for the growth rate of planar NWs that combines contributions from all possible 

kinetic pathways of such growth. 
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Self-assembly of nanoscale components is a widely studied bottom-up approach to formation of 

nano- and microdevices and structured materials. Still, a lot is unknown about what governs the 

structure of the nanoparticle assemblies, especially without macromolecules and in less polar 

solvents [1]. Magnetic nanoparticles are especially interesting because of the competition between 

different types of interactions and possibility of additional control with external magnetic field [2]. 

Here, we mixed quasi-spherical gold or magnetite nanoparticles (diameters below 10 nm) with 

small molecules which interact with their surfaces. The mixture crystallized from toluene by gas-

phase destabilization method with a more polar non-solvent [3]. Scanning electron microscopy 

revealed micrometer-sized supracrystals or more disordered assemblies of clearly resolved 

nanoparticles, with selectivity for one or a few shapes. To our knowledge we are the first to report 

3D supracrystals of magnetite nanoparticles, selective formation of some unusual shapes such as 

gold octahedra with octahedral protrusions from vertices, and the dependence of the shape and 

supracrystalline order of non-polar gold and magnetite nanoparticle assemblies on simple, small-

molecule, commercially available chemicals. 
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Porous icosahedral-symmetry molybdenum-oxide nanocapsules, {Mo132}, are comprised of 

twelve pentagonal [(MoVI)MoVI
5] units and 30 {MoV

2O4L}1+ linkers, where L is an endohedrally 

coordinated η2-bound carboxylate ligand. These building blocks form 20 Mo9O9 openings that 

allow exchange of ligands, L, with carboxylate anions in bulk water outside the capsule. Using L 

= formate, the capsule, [[{MoVI
6O21(H2O)6}12{(MoV

2O4)30(H2O)16}]28-], was used for the uptake 

of a polyol guest, L-glycerate, CH2(OH)CH(OH)CO2
–, whose population inside the capsule was 

quantified by 1H-NMR spectroscopy. As the pH decreased from pH 5.4 to 2.6, the population of 

L-glycerate ligands inside the capsule increased dramatically. Van’t Hoff’s plots obtained by 

variable-temperature 1H-NMR revealed that at all pH values, uptake was entropically favorable 

and enthalpically unfavorable. At lower pH values, however, the unfavorable enthalpy is 

attenuated by the dissolution of H+ in the alcoholic environment inside the capsule, such that the 

favorable entropy becomes dominant. Proton uptake was indirectly supported by single-crystal X-

ray structural analysis, which revealed water-molecule bridges between L-glycerate –OH groups 

inside the capsule. The findings show that under the right conditions, the assembly of polyols in 

water is entropically driven, with an energetic signature identical to that normally associated with 

the uptake of hydrocarbon hydrophobes.  

 

 

 

 

 

Figure 1. L-glycerate uptake via ligand exchange inside a {Mo132} capsule. 
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Anisotropic metal nanoobjects gain increased attention due to their unique physical, optical and biological 

properties. The latter are associated with their high aspect ratio and/or predominance of certain 

crystallographic facets. Here we demonstrate the localized electroless deposition of anisotropic Au 

nanoparticles on Si/(3-mercaptopropyl)trimethoxysilane (MPTMS) substrate, using scanning 

electrochemical microscopy (SECM). We have combined SECM with the conventional (chemical) 

approaches for breaking the crystal symmetry. This approach is based on adding both the reductant 

(NaBH4 or ascorbic acid) as well as the surfactant in the deposition solution. Different experimental 

parameters (solution composition and concentration of different components as well as temperature 

range) affecting the size and distribution of Au particles were investigated in order to form and deposit 

Au nanoparticles fast (less than 10 sec), which is crucial in the case of SECM. Using cetylpyridinium chloride 

(CPC) surfactant (or its derivatives) allowed the local deposition of Au nanoparticles which possess various 

shapes (rods, plates, cubes) with high efficiency. 

 

 

Figure 1: Scheme for local deposition of Au nanoparticles on Si/MPTMS substrate in the presence 

of the NaBH4 reductant and the CPC surfactant using SECM. 
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The laser-induced microbubble technique (LIMBT) has been developed recently for micro- patterning of 
various materials. In this method, a laser beam is focused on a dispersion of nanoparticles (NPs) or ion 
solution, leading to the formation of a microbubble due to laser heating. Convection flows around the 
microbubble carry NPs (or NPs that are formed as a reasult of a photo- thermal reduction effect in ion 
solutions) that are then pinned to the bubble/substrate interface. Moving the focused beam results in 
migration of the microbubble and the deposition of material at the bubble/substrate contact area.  
The major limitation of this technique is that, for most materials, a non-continuous deposition is formed. 
The reason for the discontinuity is that the formed microbubble fails to follow the focused beam as it is 
pinned by the materials that are being deposited at the microbubble base. 
We aim at ensuring that the microbubble advances in an undisturbed manner to achieve continuous 
deposition. We find that controlling the construction and destruction of the microbubble, through 
modulation of the laser, enables the formation of continuous patterns by preventing the microbubble from 
being pinned to the deposited material. This innovative approach can be applicable for producing thin 
conductive patterns for fabrication of electronic devices and sensors. 
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Recently we have demonstrated how optical traps can influence colloidal formation by coalescence 

or partial fusion of nucleation seeds and oligomers during emulsion polymerization, leading to 

control over size and shape of the colloids.   

Here, we present a novel method that allows continuous controlled fabrication by optical traps of 

colloids. We use the Holographic Optical Trapping (HOT) method to form multiple optical traps 

inside a micro-fluidic device. As the emulsion/suspension flows through the micro-channel, 

multiple colloids are formed at the location of the optical traps. Once the drag forces on a colloid 

exceeds the trapping force it will leave the optical trap, and a new colloid will start forming. This 

novel lab-on-chip approach will allow us to fabricate tailor made on demand colloidal suspensions. 

 

 

 

 

  

 

 

 

  Illustration of optical traps directing colloidal growth inside a micro-channel. 
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We present a unique way to grow pure nano films of metal oxides and pure metal nano particles 

at very low temperature. The method is Reactive Layer Assisted Deposition (RLAD) or buffer 

layer assisted deposition (BLAG), both are based on the evaporation of a metal element on top of 

a condensed layer of amorphous solid water (ASW). A metal oxide thin film is formed if the metal 

atoms react with the water molecules.When applied to inert metals, which do not react with the 

water layer, the process yields metal nano clusters on the substrate. The reactivity is characterized 

by the emission of D2 molecules and is verified by XPS and microscopic measurements. We have 

examined the reactivity of different metals, Ti, Al, Ag, Zn and Fe, and conclude that the dominant 

parameter which governs the reactivity is the evaporated metal oxidation reduction potential. 

Below a certain level, nano-clusters of pure metal are formed, e.g. in the case of Zn and Ag, while 

the metal oxide films are obtained only above an oxidation potential of 1.0 eV. Here we describe 

the method and its advantages, the technique and the experiments. We demonstrate our results 

while comparing different parameters that affect the oxide growth rate and its conformity with the 

silicon substrate. 
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In recent years, semiconducting nanowires have attracted much interest. Due to their unique 

properties, which emerge from their nanoscale dimensions, they have been widely explored for the 

development of nanotechnology-based electronic, optoelectronic and biosensing devices. Great 

efforts have been invested in developing a simple, effective, manufacturable large-scale method 

for the growth of nanowires.  This challenging task requires precise control on the orientation and 

dimensions of the nanowire building blocks, at spatially well-defined deterministic locations, 

while achieving high quality electrical properties. Even though a major progress has been achieved 

in this field of research, it still remains the bottleneck challenge for integrating these structures 

into commercial devices. 

Here, we present a simple and robust grow-in-place approach, allowing the positioning and 

orientation of synthesized nanowires, precisely controlled by a confinement-guided method. This 

approach enables the bottom-up synthesis of nanowires through the vapor-liquid-solid (VLS) 

mechanism, without the need of harvesting or assembling steps. In this work we show also TEM 

analysis of the crystallinity of the synthesized NWs. This method advances the ability of 

integrating nanowires as building blocks for a broad variety of applications, and to exploit their 

full potential. 
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Metal organic frameworks (MOFs) are highly porous synthetic materials, which are made 

of metallic ions interconnected with organic ligands. MOFs exhibit exceptional surface to volume 

ratio, variable pores sizes, and selective binding through chemical modification of the organic 

ligands.   

In this work, we demonstrate the fabrication of freestanding copper benzene-1,3,5-

tricarboxylate MOF (HKUST-1) composites microfibers fabric. HKUST-1 fibers are obtained via 

co-hydrodynamic electrospinning of polymer solutions that contain MOF precursors. The obtained 

fibers are then used as micro-reactors for the in-situ growth of MOF crystals upon exposure to 

ethanol vapor. The resulting fibers contain 30% submicron crystalline HKUST-1 by weight, whose 

is confirmed by X-ray diffraction and transmission electron microscopy. The MOF fibers obtained 

using this method can reach lengths of several meters, and exhibit good mechanical properties that 

allow weaving them into flexible and durable mats and textiles.  

The MOFs embedded fibers, demonstrated in this work, hold promise for different 

applications including adsorption of hazardous gasses, separation of specific chemical species, 

selective catalysis, and sensing, and pave the way to new and improved performance fabrics and 

active membranes. 
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We have demonstrated that the polymer blend – poly(4-vinyl pyridine)/poly(4-vinyl pyridine – co 

– butylmethacrylate), gelled in pyridine, displays unusually broad  photosensitivity within the 

wavelength range extending from 360 nm to 14 μm (i.e.,  UV, white light, near-IR, far-IR)1. Below 

we tabulate the room temperature responsivity of the gel; the responsivity of the commercially 

available IR detectors is presented (http://www.infraredlaboratories.com/Bolometers.html). 

Detector/Wavelength Range Responsivity  (V/W) 

Gel: white light 1.4*104 

Gel: near IR, maximum at 1 m 1.17*104 

Gel: far – IR (filtered 7-11m) at source/detector  distance 8 cm 5*102 

Previously, we demonstrated that the photosensitivity of this material observed after initial 

irradiation of polymer solution at 380 nm giving rise to photo-induced proton transfer results in the 

follow-up spontaneous polymer/solvent molecular organization in the gel state. 

Our further investigation on the polymer blend behavior showed that the gelation process occurs 

spontaneously accompanied with a chemical reaction.  

Thus, the 1H-NMR spectra of P4VPy polymer and P4VPy/Py gel in different solutions registered 

the appearance of the 1H-NMR signal at 10.5 ppm upon gelation. This signal is absent in the spectra 

of P4VP in Py solution before gelation. This observation, along with the respective changes in the 

IR spectra, may indicate the ring opening of the pyridine moieties and the formation of the 

aminohexadienal derived oligomers absorbing light up to 15 μm. 

Possible   chemical mechanisms behind the photo and thermosensitivity of the polymer blend gel, 

as well as the catalytic activity of the applied DC bias, will be discussed. 
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Today, many applications require nanofabrication on curved surfaces. Examples include but are 

not limited to nanostructured antireflective coatings, diffraction gratings, and other functional nanopatterns 

on lenses or optical fibers. However, traditional nanolithographic patterning, which originates from the 

production of electronic devices and circuits, is suited only for flat substrates. Nowadays, novel 

nanopatterning approaches based on self-assembly from the bottom-up are extensively explored as a simple 

and cost effective alternative for beam-based lithography. Since the building blocks for the self-assembly 

are smaller by many orders of magnitude than typical substrates, self-assembly in principle is not sensitive 

to the substrate curvature, and hence is applicable to all kinds of surfaces. Yet, self-assembly based 

lithography on curved surfaces, such as lenses, has been barely explored so far. Furthermore, pattern 

transfer by liftoff, which requires highly anisotropic film deposition, and thus is commonly used for flat 

wafers, is not possible with curved surfaces. 

Here, we demonstrate a novel approach for nanofabrication of periodic nanopatterns on lenses. To 

produce the nanopattern on lens, we coated its surface with a closely packed monolayer of 500 nm 

polystyrene nanobeads. To this end, we first formed the monolayer on the water surface in a Langmuir-

Blodgett through, and then raised a vertically held lens from the subphase through the monolayer. Then, 

the nanobead pattern was transferred by metal evaporation and liftoff. To ensure that the metal is deposited 

uniformly over the lens surface, we devised a sample holder that allows continuously changed tilt (θ angle 

– Fig.1b) and rotation during the evaporation. We programmed the tilt and rotation to ensure that the metal 

deposition is evenly perpendicular to each point of the lens surfaces. them to expose evenly each pint on 

the surfaces. We characterized the nanopattern formed after the liftoff by AFM, and found that it is uniform 

all over the lens. This approach opens a pathway to endless applications that require nanofabrication on 

unconventional substrates, which have been impossible up today. 

  

 Lift Off 

Fig.1a - 

L.B.   Fig.1b - Metal 

Evaporation 
Fig.1c  
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We show that water-soluble gold thiocyanate salt [KAu(SCN)4] spontaneously formed 

electrically- conductive and surface enhanced Raman scattering (SERS)-active films at the 

interface between water and pentane. Microscopy and spectroscopic analyses reveal that the films 

comprised of condensed Au nanoparticles, assembled via crystallization of KAu(SCN)4 and self-

reduction of the Au3+ ions by the thiocyanate ligands. Importantly, the pentane phase was crucial 

in promoting the crystallization/ reduction reactions. The Au films exhibited useful applications, 

including excellent conductivity and SERS sensing. We also show that the new film self-assembly 

process could be readily harnessed for producing macro-scale Au patterns. 
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Color generation is commonly pigmentation-related and is spatially limited to tens of microns, two 

orders of magnitude above the diffraction limit. Colors can also be generated with interference 

devices such as photonic crystals and subwavelength plasmonic structures. The latter are suggested 

as the next generation for color display, because they have the potential to reach the diffraction 

limit resolution using advanced fabrication techniques. Furthermore, light can be efficiently 

manipulated by such plasmonic structures followed by polarization for instance. Hence, one can 

control the simultaneous tuning of the generated color. Plasmonic nanostructures such as hole 

arrays, grooves, disks, and slits have been shown to generate colors efficiently, and have the 

potential to function as dynamic color pixels. Yet, their size is still limited to several microns. 

Therefore, we exploit the plasmonic-hybridization of nano cavities milled in metallic films, which 

are excited by propagating surface plasmons, to induce coupling between them. Following 

hybridization, new states are formed: the ‘in-phase’ and ‘out of phase’ states, in analogy to 

molecular orbitals. The polarization state of the incoming optical field modifies the charge 

distribution around the cavities, thus, one can actively achieve the whole energy landscape of the 

optical range. Herein, we report on such active, sub-micron plasmonic devices. Despite their small 

size, we are able to generate multiple colors from these structures, depending on the polarization 

state of the incoming optical field. To examine the whole structure which acts as a unified entity, 

we utilize both optical far field microscopy, alongside cathodoluminescene (CL) spectroscopy. 

The properties of these plasmonic devices are unique and related to the interactions between the 

neighboring cavities. We present a thorough study of the modes which give rise to the enhanced 

mutual coupling between these cavities. This examination is possible due to spatial mapping of 

the photon emission for a given energy, which can easily be obtained by CL - providing a direct 

way to probe the local electric field. 
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Molecularly imprinted polymers (MIPs) have been developed and widely studied as tailor-made 

synthesized receptors for sensing, separation and catalysis. MIP is a 3D polymeric network with specific 

binding sites, which is obtained by copolymerizing functional monomers and cross-linker in the presence 

of a template molecule[1]. The latter is removed to form cavities that have selective affinity towards the 

template or similar targets. Assembling gold nanoparticles (AuNPs) doped MIP particles can be used for 

surface enhanced Raman spectroscopy (SERS) measurements. This kind of integrations opens a door to a 

new world of extremely high selective and accurate sensing systems. 

This research[2] offers the first attempt of using MIPs in the shape of nanoparticles that are doped with 

AuNPs for SERS-based sensing of molecular species. Specifically, AuNPs doped molecularly imprinted 

nano-spheres (AuNPs@nanoMIPs) were synthesized by one-pot precipitation polymerization using Sudan 

IV as the template for SERS sensing. The AuNPs@nanoMIPs were characterized by various modes (bright 

field, dark field and high angle annular dark field) of scanning transmission electron microscopy (STEM) 

that showed the exact location of the AuNPs inside the MIP particles. The effects of Au concentration and 

solution stirring on the shape and the polydispersity of the particles were studied. Significant 

enhancement of the Raman signals was observed only when the MIP particles were doped with AuNPs. 

The SERS signal improved significantly with increase in the Au concentration inside AuNPs@nanoMIPs. 

Selectivity measurements of Sudan IV imprinted AuNPs@nanoMIPs carried out with different Sudan 

derivatives showed high selectivity of the AuNPs-doped MIP particles. 

 

 
 

[1] aY. Taguchi, E. Takano, T. Takeuchi, Langmuir 2012, 28, 7083-7088; bK. Yoshimatsu, K. Reimhult, A. 

Krozer, K. Mosbach, K. Sode, L. Ye, Anal. Chim. Acta 2007, 584, 112-121; 

[2] T. Shahar, T. Sicron, D. Mandler, Nano Research 2017, 1-8. 
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The reduction of light reflection is essential for many optical devices and components, and it is typically 

achieved by applying thin-film-based antireflective coatings to the components. However, physical 

deterioration of the deposited coatings damages their performance and limits their lifetimes, especially 

when the optical components are exposed to harsh environments. Alternatively, antireflective 

functionality can be conferred on optical surfaces by subwavelength 3D morphologies, one type of 

which is bio-inspired by the structure of moth eye corneas. Chalcogenide glasses, such as AsxSe1-x, have 

optical properties that make them ideally suited to optical components for the near-infrared spectrum. 

In addition, their relatively low glass transition temperatures (Tg) make them suitable for direct hot 

embossing of antireflective nanostructures. Here, we report a novel approach for the nano structuring 

of optical surfaces of bulk chalcogenide by direct thermal soft nanoimprint lithography on As2Se3 (Tg 

~195˚C) using elastomeric mold made of Polydimethylsiloxane (PDMS). This approach enables direct 

replication of the antireflective pattern without the need for a post-lithographic pattern transfer 

process, such as etching. Our pattern consisted of arrays of microfabricated pits with variable 

periodicity. PDMS molds were produced by cast and curing of PDMS kit onto the master template. The 

pattern was transferred from the PDMS to the surface of chalcogenide glass substrates using a home-

made nanoimprint tool. The nanoimprint parameters such as the temperature, pressure, and time, were 

optimized to achieve the highest pattern fidelity and the maximal depth of the imprinted features. Full 

pattern transfer was achieved at imprint time of 120 minutes while temperature was 20˚C above the 

materials Tg. Preliminary measurements show significant reduction in the near-infrared reflection due to 

the nanofabricated topography.  In summary, our work paves a way to reproducible, low-cost 

fabrication of optical and photonic devices over large surface areas of chalcogenide glasses. 
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Metamaterials are attracting current interest due to our ability to design them on the nano scale and thus 

control their optical properties. While most of the current research centers on the linear regime, 

metasurfaces based on noble metals hold a potential for plasmonic enhancement of non-linear optical 

interactions. Such enhancement opens the way to “flat metal nonlinear optics”, and to integration in novel 

nano-photonic devices. 

 

In this work we study the enhancement of a Four Wave Mixing (FWM) in arrays of rectangular nano-holes 

milled in a free-standing gold film. To optimize the nonlinear response, we used the genetic algorithm based 

on numerical FDTD simulations, fabricated the optimized structures and measured their optical properties. 

 

In a manner similar to atomic and molecular optics, transmission resonances at the frequencies 

corresponding to the FWM process lead to enhanced nonlinear signal, and therefore by tailoring the linear 

response of an array of cavities, higher FWM efficiencies can be obtained [1].  However, we show that high 

linear transmission is not always necessary.  By direct optimization (via nonlinear 3D-FDTD simulations) 

of the FWM signal, even more efficient array geometries can be found [2], which do not show the expected 

linear resonance conditions. We explain these observations by other characteristics such as the spatial 

overlap of the modes involved in FWM. 

The methods described in this work can in principle be applied to other meta-surface structures, and other 

nonlinear optical processes. 

 

1. E. Almeida and Yehiam Prior, Rational design of metallic nanocavities for resonantly enhanced four-wave 

mixing, Scientific Reports, 5:10033 (2015)  

2. Yael Blechman, MSc Thesis, Weizmann Institute of Science, (2016), and to be published  

mailto:yehiam.prior@weizmann.ac.il
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Strongly coupled metallic nano-cavity or nano-particles has been extensively studied. The 

coupling strength is dependent on the distance between the structures, their shape and size and the 

metal type. It allows control over the energy modes of the plasmonic system. Herein we used 

Second harmonic generation (SHG) to characterize the coupling strength and mechanism of the 

triangular hole array. Information such as the general symmetry of the coupled system is deduced 

by means of polarity dependence SHG intensity plots. Moreover, by introducing molecules with 

different polarity and refractive indices, we control the coupling strength of the system. Namely, 

the holes are strongly coupled or uncoupled, depending on the molecular signature.  

 

 

Figure 5: The nature of the array changes as a function of the polarity of the solvent. The array in PVA shows an array like behavior, with rounded 

corners. Channel 1 shows the coupling of the array, whereas channel 2 shows the single triangle nature of the axis that does not couple to form a 

collective behavior. The array in hexane has a similar behavior only better defined. The corners are more pronounced and the single triangle is more 
distinct. The increase in the polarity of the solvent causes a decrease in the collective behavior and the single triangle becomes more significant. 

Thus the coupling of the array can be molecularly tuned. 
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Nanoporous metals are artificial, and therefore, their properties are a direct result of the 

preparation strategy. We introduce metals with networked nanoscale inner-architecture in three-

dimensions. These networked-metals (`Netals`) express a peculiar interaction with light which is 

attributed to surface plasmons excitation. The interactions of noble-metal networks with the 

entire solar spectrum and their support on high hot-electron generation provide them with photo-

catalytic abilities. Their combined properties of large-scale, purity, conductivity, transparency 

and higher surface area make them appealing from both fundamental-scientific and technological 

aspects. 

 

 

Figure 1. Colored SEM image of 3D silver network. The constituting nanoscale particles and 

cavities are of multiple sizes and shapes, therefore support surface plasmon excitations at 

multiple modes. The colors illustrate the fact that each nanoscale feature (particle, hole) 

resonantly interacts with a distinct wavelength leading to network`s interaction with the entire 

solar spectrum.  

 

*Ref. Ron, R.; Gachet, D.; Rechav, K.; Salomon, A. Direct Fabrication of 3D Metallic Networks 

and Their Performance. Adv. Mater. 1604018 (2016). 

 

mailto:rachel.ron@biu.ac.il
http://onlinelibrary.wiley.com/doi/10.1002/adma.201604018/epdf
http://onlinelibrary.wiley.com/doi/10.1002/adma.201604018/epdf
http://onlinelibrary.wiley.com/doi/10.1002/adma.201604018/epdf
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Abstract 

Bound quasiparticles, negatively charged trions and neutral excitons, are 

associated with the direct optical transitions at the K-points of the 

Brillouin zone for monolayer MoS2. The change in the carrier 

concentration, surrounding dielectric constant and defect concentration 

can modulate the photoluminescence and Raman spectra. Here we show 

that exposing the monolayer MoS2 in air to a modest laser intensity for a 

brief period of time enhances simultaneously the photoluminescence (PL) 

intensity associated with both trions and excitons, together with ∼ 3 to 5 

times increase of the Raman intensity of first and second order modes. The 

simultaneous increase of PL from trions and excitons cannot be 

understood based only on known-scenario of depletion of electron 

concentration in MoS2 by adsorption of O2 and H2O molecules. This is 

explained by laser induced healing of defect states resulting in reduction 

of non-radiative Auger processes. This laser healing is corroborated by an 

observed increase of intensity of both the first order and second order 

2LA(M) Raman modes by a factor of ∼  3 to 5. The A1g mode hardens by ∼ 

1.4 cm-1 whereas the 𝐸2𝑔
1  mode softens by ∼ 1 cm-1. The second order 
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2LA(M) Raman mode at ∼ 440 cm-1 shows an increase in wavenumber by 

∼  8 cm-1 with laser exposure. These changes are a combined effect of change 

in electron concentrations and oxygen-induced lattice displacements. 

 

 

 

 

 

 

 

 

*Email: asood@physics.iisc.ernet.in 
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Developing new stimuli responsive materials is important for nurturing emerging technologies in 

the applied sciences. Within this framework, electrochromic devices constitute an important class 

of materials, whose optical properties can be switched in a controllable and reversible fashion. We 

have previously shown that thin films composed of structurally well-defined polypyridyl 

complexes of iron, ruthenium, and osmium, exhibit excellent spectroelectrochemical properties 

that includes high coloration efficiency, excellent switching times, and high thermal stability.1,2 

Many of these properties are dependent on external factors such as temperature but are frequently 

not well understood.3 Herein we will demonstrate how the electrochemical properties of thin films 

– composed of osmium and ruthenium polypyridyl complexes – can reversible be controlled as a 

function of temperature. The obtained kinetic and thermodynamic parameters will be related to the 

film thickness and composition and their influence of device fabrication can be evaluated.  

 

(1) L. Motiei; M. Lahav; D. Freeman; M. E. van der Boom, J. Am. Chem. Soc., 2009, 131, 3468-

3469. 

(2) S. Shankar; M. Lahav, M; M. E. van der Boom, J. Am. Chem. Soc., 2015, 137, 4050-4053. 

(3) R Balgley.; S. Shankar; M. Lahav; M. E. van der Boom, Angew. Chem., Int. Ed. 2015, 54 , 

12457–12462. 
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Electrochromic coatings respond to a potential by changes in its absorbance or reflection. The 

modulation of the optical properties can be used for smart windows and display technology.  One 

developing class of electrochromic materials are coordination-based molecular assemblies that 

exhibit useful properties, including high coloration intensity and efficiency, long-term 

electrochemical stability and an attractive ON/OFF ratio. However, fabrication methods for such 

materials are slow and limited to small surface areas. Spray casting is straightforward and can be 

a promising alternative to Layer-by-Layer assembly or electrochemical polymerizations, allowing 

efficient deposition of coatings on large surfaces. 

In this work, we utilized spray casting for the fabrication of new electrochromic coordination-

based films. Our method is based on covering Fluorine doped Tin-Oxide (FTO) with our molecular 

assemblies composed of layers of well-defined iron-polypyridyl complexed crosslinked with a 

palladium(II) salt. We have optimized the technical parameters of spray casting to minimize 

reaction times and the number of steps while retaining the desired spectroelectrochemical 

properties. This method shortens fabrication time from the time scale of days-hours to less than 

few minutes. This work overcomes difficulties of current deposition methods and promote the 

development of new assemblies into real-world applications. 
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Molecules have been shown to mimic logic functions ranging from basic logic gates such as AND, 

OR, and NOT to logic circuits including Flip-Flops.1-3 Logical units are physically integrated into 

semiconductor-based technologies. However, molecular logic integration remains a large 

challenge due to the requirement of data transfer between the entities. Functional integration of 

logic operations eliminates the need for direct data flow between the molecular components. We 

demonstrate that surface molecular assemblies (MAs)4 can be used for the functional integration 

of molecular logic. These MAs consist of networks of redox-active metal complexes immobilized 

on the surfaces of transparent conductive oxides. The system operates by using electrical inputs 

(IN) to change the metal oxidation state (M2+/3+). The output (OUT) is the coloration of the MA, 

which is a function of the oxidation state. We used two physically separated MAs that can be 

addressed independently and read out simultaneously. Both MAs are placed in parallel in an 

electrochemical cell equipped with counter and reference electrodes. Their IN-OUT combination 

determines the logical operation of the system, resulting in the mimicry of decoders.  

 

 

 

 

Figure 1. Schematic illustration of the system 

(1) de Silva, A. P.; Uchiyama, S. In Luminescence Applied in Sensor Science; Prodi, L., Montalti, M., Zaccheroni, N., Eds.; 

Springer Berlin Heidelberg: 2011; Vol. 300, p 1.  

(2) Gupta, T.; van der Boom, M. E. Angew. Chem. Int. Ed. 2008, 47, 5322. 

(3) de Ruiter, G.; Motiei, L.; Choudhury, J.; Oded, N.; van der Boom, M. E. Angew. Chem. Int. Ed. 2010, 49, 4780. 

(4) de Ruiter, G.; Lahav, M.; van der Boom, M. E. Acc. Chem. Res. 2014, 47, 3407-3416. 
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The detection of biomolecules is critical for wide spectrum of applications in life sciences, 

especially in medical diagnosis. As a result of the high diversity and complexity of bio-sample's 

composition, an efficient separation, purification and pre-concentration techniques are required for 

their analytical detection. Integration of the ex situ bio-sample manipulation steps with a lab-on-

a-chip sensing device, enables to perform rapidly and selectively, hence answers the strict demands 

of point-of-care. Here we demonstrate the development of antibody modified nanowire field effect 

transistor (FET), for the selective and direct detection of biomarkers in complex bio-samples. We 

managed to overcome the nano FETs fundamental limitation of bio-sensing in high ionic strength 

by a two-step method: In the first step, separation of the analyte from the raw bio-sample is 

performed by introducing the bio-sample to an antibody modified-nanowire FET. After the 

selective adsorption of the biomarker to the modified-nanowire FET device, the device is washed 

with controlled liquid media – a sensing buffer. By washing the device, rapid desorption of salts 

and bio-molecules from the nanowire's surface will occur. Due to strong and selective immuno-

interactions between the antigen (the biomarker) and the antibody (bound to the nanowires), a 

second-phase slow desorption of the antigen will follow. Hence, by sensing the change in the 

surface charge of the nanowire, the nanowire FET device can follow the desorption kinetics of the 

antigen from the modified nanowire. Importantly, we hereby present a direct analysis of bio-

samples using single platform that is able to selectively detect low abundant biomarkers. Our 

platform can easily remove unwanted components (salts, bio-molecules, and cells), without time-

consuming steps such as centrifugation, desalting or affinity columns, in a process that can be 

performed in less than 5 minutes.  

http://www.tau.ac.il/exact_sciences/site/
mailto:fernando@post.tau.ac.il
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Coordination-based polymers and Metal-Organic Frameworks (MOFs) have been explored since their 

serenditous discovery by a Berlin color-maker named Diesbach at the beginning of the 18th century. These 

intriguing materials combine metal-coordination chemistry with the often complex formation of large 

supramolecular structures and may exhibit optical, catalytic, redox and magnetic functions derived from 

their metallic elements. Such materials are currently generated by the dozens in a gold-rush-type search for 

unique properties mainly related to the storage and release of energy (e.g., hydrocarbons, dihydrogen) at 

ambient temperatures and pressures. The means by which the molecular components, metal salts and 

experimental conditions control the dimension, shape and homogeneity of these coordination-based 

materials is largely unknown. We demonstrated the controlled generation of various homogeneous MOF 

structures. Using a versatile ligand system that binds late-transition metals in a defined manner, we address 

various challenges issues related to the mechanism underlying the formation of such homogeneous 

structures at the (sub)-micron scale. Moreover, we demonstrate the growth of homogeneous structures on 

organic monolayers. These new materials have been characterized by a series of complementary methods, 

including electron microscopy, X-ray powder diffraction, atomic force microscopy, synchrotron X-ray 

reflectivity and single-crystal X-ray crystallography. 
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Ice melts at 0˚C, however water can be super-cooled (SCW) in a clean environment down to -40˚C 

without freezing. Control of the temperature of freezing of SCW is of significant importance for 

instance in biology, in the climate sciences, in technology to mention but a few. This temperature 

is generally controlled heterogeneously with the assistance of auxiliary materials. In our studies 

we discovered that surfaces of polar crystals and ceramics surfaces induce ice nucleation at 

temperatures, which are higher by 5-8˚C in comparison to freezing temperatures measured on 

surfaces of analogous non-polar surfaces of similar packing arrangements1,2. Polar materials are 

pyroelectric, which develop temporary surface charge in response to temperature variations. With 

these materials in hand, we are able to demonstrate that positive charges elevate, whereas negative 

charges reduce, the freezing temperature of SCW2. We shall provide experimental evidence 

suggesting that the electro-freezing is a chemical process induced by protons and OH- ions3, 4. 

1. Gavish, M.; Wang, J.-L.; Eisenstein, M.; Lahav, M.; Leiserowitz, L. Science 1992, 256, 815.  

2. Ehre, D.; Lavert, E.; Lahav, M.; Lubomirsky, I., Science 2010, 327, 672.  

3. Belitzky. A, Mishuk, E. Ehre.D, Lahav, M and Lubomirsky. I J.Phys. Lett. 2016, 15, 2445.  

4. S.Curland, D.Ehre work in progress 
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Carbon dots (C-dots) prepared from aminoguanidine and citric acid was enabled for the detection 

of nitric oxide (NO) in aqueous solution and also in vivo (macrophage cells).1 The C-dots retained 

the functional groups of aminoguanidine which further reacts with NO and is responsible for the 

color and the fluorescence transformations. Notably, the aminoguanidine/citric acid C-dots were 

non-cytotoxic, so this nano-sensor has been used for real time monitoring of generation of 

intracellular NO on addition of LPS (lipopolysaccharides). This C-dot was further employed to 

observe the effect of a NOS (Nitric oxide synthase) inhibitor L-NAME (Nω-Nitro-L-

argininemethylesterhydrochloride) and a Ca2+ chelator known to interfere with NOS enzymatic 

activity BAPTA-AM. To understand the proposed mechanism multi-prong spectroscopic and 

chromatographic techniques were used, and we deciphered the molecular mechanism for the NO 

induced color change and fluorescence transformation. The polymerization of C-dots through azo- 

dye formation along with N2 release from its surface was observed for the first time with 

concomitant fluorescence quenching.  

 

 

 

 

 

 

 

 

Figure 1. Schematic presentation of detection methodology 

References: 
[1] S. Bhattacharya, R. Sarkar, B. Chakraborty, A. Porgador, and  R. Jelinek , ACS Sensor. 2017, under revision. 
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In the contribution the results obtained on model systems comprising terepthalic acid (TPA) and 
biphenyl dicarboxylic (BDA) deposited on metal substrates are presented. Low energy electron 
microscopy (LEEM) enables real time monitoring of growth of molecular layers and their phase 

transitions. In addition, micro-diffraction (LEED) and dark field imaging enables to obtain 
crystallographic information and spatially distinguish individual phasis or rotational domains, 
respectively.  Here we will focus on the deprotonation driven phase transition of BDA on Ag(100) 
substrate. With the help of scanning tunnelling microscopy and X-photoelectron spectroscopy 
we will present detailed description of surface phases and based on the real-time LEEM 
observation of phase transition we will derive the mechanism of the deprotonation reaction. 
 
Acknowledgements - This work was carried out with the support of CEITEC Nano Research 

Infrastructure (ID LM2015041, MEYS CR, 2016–2019), CEITEC Brno University of Technology. 
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We investigate the basic physics of a small-scale (initial diameter ~ 3 mm) z-pinch implosion. Besides the 

important fundamental physics of the studied configuration, this research is motivated by its potential 

application as a waveguide in laser particle accelerators [1] and as a compact radiation source for 

lithography [2]. 

In the present experiment, a peak current of up to 32 kA with a rise time of 160 ns is driven axially through 

an oxygen column. The current ionizes the gas and generates an azimuthal magnetic field that compresses 

the plasma radially. The plasma dynamics and its interaction with the magnetic field are still not well 

understood. In particular, experimental data on the current distribution in the plasma, which is a key 

parameter in the implosion, is scarce. Here, we present a comprehensive investigation of the imploding 

plasma by means of time and space resolved spectroscopy. Particularly challenging is the measurement 

of the azimuthal magnetic field in the present plasma parameters (~1018 cm3, 5 - 13 eV), as the large Stark 

broadening of the spectral lines smears out the Zeeman-splitting pattern [3, 4]. This challenge was met by 

employing a spectroscopic technique based on the polarization properties of the Zeeman components. 

This approach allows for simultaneous determination of the azimuthal magnetic field and the electron 

density (from Stark broadening) and temperature (from line intensity ratios). These data enable to 

reconstruct a comprehensive picture of the mechanism of the plasma compression. 

 

 [1] W. Leemans, B. Nagler, A. Gonsalves, C. Toth, K. Nakamura, C. Geddes, E. Esarey, C. Schroeder, and S. 

Hooker, Nature Publishing Group, 2 (2006) 

[2] W. Neff, K. Bergmann, O. Rosier, R. Lebert, and L. Juschkin, Contrib. Plasma Physics, 41 (2001). 

[3] G. Davara, L. Gregorian, E. Kroupp, and Y. Maron, Phys. Plasmas 5 (1998) 

[4] R. Doron, D. Mikitchuk, C. Stollberg, G. Rosenzweig, E. Stambulchik, E. Kroupp, Y. Maron, and D. A. 

Hammer, High Energy Density Phys. 10 (2014) 
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Doped ceria, an extensively studied ionic conductor, displays elastic anomalies which make its 

incorporation into practical thin-film based devices (MEMS, SOFC, oxygen sensors) technically challenging. 

In such devices, the films can experience large tensile or compressive strain, retained from the deposition 

processes or developed during heterogeneous layer stacking. Deviation from linear elasticity, combined 

with  anisotropic strain, produces variability in film mechanical behavior with respect to temporal 

response and strain magnitude, previously reported by our group (1) (2) . Understanding these effects 

further is a precondition for practical application of doped ceria films.     

    To this end we designed a strain relaxation process, in which a 10%mol 

Europium doped ceria film, obtained by magnetron sputtering, with residual in-plane compressive strain 

<1%, was moved to the “relaxed” state, by substrate removal. We acquired a-3D map of the resulting 

buckled membrane profile, and calculated the degree of strain relaxation by obtaining the change in 

surface area. Combining this with XRD determined lattice constants for the strained film state; we derived 

the Poisson’s ratio. We then measured the Raman active F2g vibration mode position, in both the strained 

and relaxed states, and derived the F2g mode- Grüneisen parameter.   The values of the 

Poisson’s ratio and the F2g-mode Grüneisen parameter found here are significantly lower than literature 

values for pure and doped ceria bulk ceramics. The conclusions we draw are as follows: a) the use of 

Raman spectroscopy for the evaluation of absolute strain in thin films of doped ceria, requires 

consideration of thermal and temporal history. b) Strain engineering for doped ceria films must include 

the possibility of both time-dependent and strain-dependent deviations from linear elasticity. Assuming 

that the elastic properties of doped ceria ceramics are also characteristic of thin films appears not to be 

justified. 

1. O. Kraynis, E. Wachtel, I. Lubomirsky, T. Livneh, Inelastic relaxation in Gd-doped ceria films: Micro-

Raman spectroscopy. Scripta Materialia 137, 123-126  (2017). 

2. N. Goykhman, Y. Feldman, E. Wachtel, A. Yoffe, I. Lubomirsky, On the poisson ratio of thin films of 

Ce0.8Gd0.2O1.9 II: Strain-dependence. J Electroceram  33(3-4), 180-186 (2014). 

olgakray@weizmann.ac.il;* evgeniy.makagon@weizmann.ac.il; Igor.Lubomirsky@weizmann.ac.il;  T.Livneh@nrcn.org.il 
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The catalytic activity of heterogeneous catalysts strongly depends on the spatial distribution of 

surface active sites such as atomic steps and surface defects. However, detection of these active 

sites at the nanoscale cannot be easily achieved and often done indirectly by ensemble-based 

spectroscopic measurements. Herein, we demonstrate that the various active sites on the surface 

of single nanoparticle can be detected by using high spatial resolution IR nano-spectroscopy 

measurements. In these measurements we used N-heterocyclic carbene molecules, which were 

surface-anchored to Pt nanoparticles, as chemical markers to identify catalytic reactions on the 

surface of a single metallic nanoparticle. Synchrotron-based infrared nanospectroscopy (SINS) 

measurements mapped the chemical changes on the surface of Pt nanoparticles following their 

exposure to various oxidizing and reducing conditions. Ensemble-based Infrared Reflection-

Absorption Spectroscopy (IRRAS) measurements provided valuable far-field information which 

was correlated with the IR nano-spectroscopy measurements. 
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High-temperature gas-phase synthesis of solid phase functional materials serves wide range of 
applications on laboratory and industrial scales. One of the most widespread utilizations of gas phase 
synthesis is the fabrication of catalytic materials [1, 2]. Oxides of vanadium are widely used in catalytic 
protocols for pollution abatement [3], synthetic fuel production [4] etc. Vanadia has some peculiar 
properties: Vanadium oxides, especially VO2, exhibits a phase transition from semi-conductor to a metal 
at 68 C. This unusual properties origin form Mott transition could be used as thermo-electric switches, 
optical switches, thermal windows and super-capacitors.  While vanadia based catalysts have been 
actively used for catalytic processes, including  NOx abatement, little is known concerning the correlation 
between Mott transition and its catalytic properties. 

One of the possible ways for Vanadium oxide synthesis is Chemical Vapor deposition (CVD). CVD is a 
technique which allows synthesis of variety of materials such as thin films of Vanadium oxides [5, 6], 3D 
graphene networks [7] and artificial diamonds [8]. In this technique the chemical reaction of material 
formation occurs in gas phase, followed by vapor deposition on the top of surface or template.  

The distance from the source of precursor vapor (vanadyl acetylacetonate) affects significantly the 
resulting films with respect to grain morphology as shown by SEM analysis. Moreover, in some cases the 
distance from source will affect the type of oxide - VO2 films obtained at small distances from source while 
V2O5 obtained further downstream along the reaction coordinate. The distance from precursor source, 
gas linear velocity and the reactor diameter are important operational parameters that do not receive 
enough attention and rarely reported in the literature.  

Scattering experiments enable to directly explore the energy conversion of excited molecules on 
surfaces. These processes are essential for the understanding of macroscopic catalytic reactions. 
Scattering of gas molecules from insulator and from metal surface are well established [9], while 
extending of these studies to more realistic surfaces relevant to catalysis is clearly required. The CVD-
fabricated VO2 films were subsequently used as a target substrate for state-to-state scattering of laser-
prepared molecular beams of NO(v= 0,2,11). In addition, electron emission resulting from quenching of 
metastable CO(a3∏)  upon   collision with model catalyst films of VO2 was observed.  Remarkably, despite 
the topologically rough surface of the VO2 films, the molecular beam scattering experiments indicate that 
both rotational temperature and kinetic energy of the scattered  NO molecules are strongly dependent 
on the incident kinetic energy, indicating direct scattering regime, i.e. retaining memory of the incident 
beam molecular parameters rather than thermalization with the surface. The propensity of NO(v=21) 
vibrational relaxation and electron due to surface-induced relaxation of metastable CO(a3∏) was studied 
and compared at various surface temperatures and incident kinetic energies of molecular projectile. 
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ABSTRACT 

Marangoni-flow driven self-propulsion of various objects, including liquid marbles, 

superoleophobic micro-boats and plastic tubing was studied experimentally and theoretically. The self-

propelled, longstanding rotation of the polymer tubing containing camphor continuing for dozens of 

hours is reported. The rotator is driven by the solutocapillary Marangoni flows owing to the dissolution 

of the camphor. The phenomenological model of the self-propelling is suggested and verified.  Scaling 

laws describing the self-propelling are proposed and tested experimentally. The change in the surface 

tension, arising from the dissolution of camphor, driving the rotator is estimated as 1-3 mN/m. 

The self-propulsion of a heavy, superoleophobic, metallic boat carrying a droplet of aqueous 

ethanol solution as a fuel tank is reported. Maximal velocities of the self-propulsion were registered as 

high as 0.1 m/s. The thermal field formed under the self-propulsion was studied. Both soluto- and 

thermo-capillary Marangoni flows promote the self-propulsion. The mechanism of the self-locomotion is 

discussed. The phenomenological model of the process is introduced. 
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Ordered 3D molecular networks have a wide range of potential applications such as gas storage,1 gas 

separation,2 and sensing.3 Examples of porous solids are metal-organic frameworks (MOFs), covalent 

organic frameworks (COFs), and hydrogen-bonded organic frameworks (HOFs). The main interaction 

driving the assembly of the building blocks in MOFs, COFs, and HOFs is coordinative, covalent, or hydrogen 

bonding, respectively. An intermolecular interaction that can compete with the hydrogen bond is the 

halogen bond. Halogen bonding (XB) is a non-covalent interaction that is particularly interesting due to 

its directionality, bond strength, and structure-directing capabilities.4 This work is focused on utilization 

of halogen bonding in preparation of porous solids in a solvent-assisted and solvent-free assemblies.5 XB-

based 3D networks L1∙1 and L2∙1 with continuous channels of 347 Å3 and 432 Å3 per unit cell, respectively, 

were constructed from tetrahedral pyridine-based ligands L1, L2 and 1,4-diiodotetrafluorobenzene (1) in 

a solvent-assisted approach. Our solvent-free approach 6 resulted in the formation of halogen-bonded 

crystalline films. The surface-mediated halogen bonding-based assembly resulted in a different 

arrangement of the components compared to the bulk, suggesting an alternative pathway to the network 

formation on solid supports. 
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Chemical reactions on solid surfaces are of interest in fields such as catalysis, atmospheric 

chemistry as well as astro-chemistry. In-order to understand the mechanism of the photon and 

electron induced chemistry and formation of organic molecules in the interstellar space a 

detailed understanding of photochemical reactions at the water ice -gas interface is imperative. 

Methane was chosen for our experiment because of its inert character with respect to chemical 

reactivity at atmospheric conditions which result in its accumulation in large quantities over the 

years underwater/underground in our planet and in the atmosphere of other planets in our solar 

system. Here we focus on the photochemical reaction and excitation mechanism of CH4 -ASW 

and CH4-O2-ASW on Ru (0001) substrate under UHV conditions using an excimer laser operating 

at 248nm. In addition, we compared the photon excitation with the effect of externally supplied 

electrons (5eV) by means of an energy tunable (1-100eV) electron gun, as a model for secondary 

electrons generated by the UV light. The photo/electron induced products were detected via 

temperature programmed desorption (TPD) with D2O used to form ASW. We demonstrated how 

methane conversion takes place in the vicinity of oxygen molecules entrapped in ASW analogous 

to conditions found in interstellar ice. The results reveal the role of reactive radical species that 

are formed during such excitation and its potential to activate C-H bond of methane to transform 

into various organic molecules. The main stable products are ethane, acetylene, methanol and 

formaldehyde. Interestingly the hydroperoxyl radical (HO2, at mass 33) is formed exclusively by 

photons. 
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A detailed description of the implosion dynamics of a z-pinch plasma is essential to the 

understanding of the physics governing the implosion and stagnation. Plasma properties, processes 

of energy conversion, stability during the plasma acceleration, and the properties of the emitted 

radiation are all considerably affected by the implosion dynamics. One of the best ways to uncover 

the physics governing the implosion is using RMHD-modeling and advanced numerical 

simulations. For these, the initial conditions set for these processes, i.e. the spatial, 2D, gas density 

distribution within the anode-cathode (AK) gap, prior to the discharge that produces the plasma, 

is of high importance. Indeed, past simulations performed by our colleagues in NRL demonstrated 

that the z-pinch process is extremely sensitive to the initial density distribution of the gas. The 

present experimental work aims at providing a detailed and accurate description of the initial 

conditions set for the discharge of the Weizmann Institute gas-puff z-pinch machine. Two 

independent experimental methods were implemented: Interferometry and Laser-Induced-

Fluorescence (LIF). Using a Mach-Zehnder interferometer we were able to record the time- 

dependent interference pattern along chords traversing the jet and to obtain the gas density 

distribution as a function of time during the gas flow. Assuming the jet has a cylindrical symmetry, 

an inverse Abel transform of the phase difference at a certain moment, enabled us to calculate the 

2D gas distribution at that moment. Using a short (~5 ns) laser pulse (266 nm, beam diameter of 

~1mm) for LIF measurements, we were able to achieve a detailed central chord density profile at 

9 different z-positions along the 9 mm length of the plasma. Our measurements allowed to view 

the gas-vacuum interface non-uniformity, manifested as ripples along the cylindrical boundary 

along the axial direction. We also characterized these ripples in terms of their wavelength and the 

time scale of their changes. These detailed findings will be provided to serve as the initial 

conditions of RMHD simulations. 

 

* Corresponding author: quellertal@gmail.com 

 



155 
 

87 

SURFACE AND DEPTH PROFILING OF SOFT ORGANIC THIN FILMS. 

X-RAY PHOTOELECTON SPECTROSCOPY STUDY 

 

Tatyana Bendikov1,*, Simon J. Hutton2, Renata Balgley3, Graham de Ruiter3,  

Michal Lahav3, Milko E. van der Boom3 

 

1Department of Chemical Research Support, Weizmann Institute of Science, Rehovot 7610001, Israel 

3Kratos Analytical Ltd, Wharfside, Trafford Wharf Road, Manchester, M17 1GP, UK 

3Department of Organic Chemistry, Weizmann Institute of Science, Rehovot 7610001, Israel 

e-mail: tatyana.bendikov@weizmann.ac.il 

 

 

X-ray Photoelectron Spectroscopy (XPS) is uniquely suited for the direct characterization 

of nanomaterials and thin films in terms of layer thicknesses, elemental composition and, 

frequently, the depth-distribution profile of elements across the film. In general, XPS is limited to 

probe the top <15 nm of a sample, and for thicker structures a digging-like etching process is 

needed.  

Recent advances in depth profiling of organic and biological materials are based on 

sputtering with large Argon ion clusters (Arn
+).1 Unlike monoatomic ions (Ar+), large cluster ions 

do not penetrate deeply into the material, therefore sputter material from the near-surface region 

only, leaving the subsurface layers undisturbed and undestroyed. 

Here we present two examples of successful XPS depth profiling of composite metal-

organic architectures self assembled on the pyridine terminated silicon/ ITO substrates. The 

samples consist of four main components: metal complexes ([M(mbpy-py)3][PF6]2, M = Ru (1) or 

Os (2); Pd(PhCN)2Cl2 (3) and (1,4-bis[2-(4-pyridyl)ethenyl]benzene, BPEB, (4) spacer molecules. 

The first system was prepared by sequential immersion of the substrate in solution 1 

(alternating with solution 3) (4 layers) followed by 2 (alternating with 3) (4 layers). Each layer is 

~ 6 nm thick, thus the consequent total thickness of the organic film reaches 40-50 nm.2 
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In the second example molecular assemblies consist of different layers of metal complexes 

1 and 2, separated by repetitive spacers 4 alternated with 3. Total thickness of the analyzed [Ru-

BPEB12-Os] assembly is ~20 nm.3  
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Abstract 

Bouncing of water droplets on cold-plasma-treated and non-treated silicone-oil-infused microporous 

surfaces is reported. Cold plasma treatment of oil-infused surfaces switches the quasi-elastic bouncing to 

the two-stage spreading, governed at the final stage by the Tanner-like law. Water droplets placed on the 

pristine silicone-oil infused surfaces are eventually coated with the silicone oil,  whereas water droplets 

spread on the plasma-treated oil remained uncoated, due to the increase of the specific energy of the 

silicon oil induced by the plasma treatment. The semi-qualitative of bouncing is introduced. 
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It is well established that the key to minimizing diabetes-associated complications, in both type 1 and 

type 2 diabetes, is tight regulation of blood glucose levels. Currently the major approach for regulating 

blood glucose levels in patients with diabetes relies on external blood glucose monitors. Conventional 

self-testing methods require a drop of blood for each glucose measurement. Poor patient compliance 

usually results in limited insights into the dynamic range of blood glucose levels and may lead to 

hyperglycemia or hypoglycemia. For point-of-care (POC) purposes, continuous glucose monitoring 

(CGM) devices are considered to be the best candidates for diabetes therapy. Consequently, there has 

been, and continues to be, considerable investment in the development of minimally-invasive 

continuous glucose monitoring technologies. The aim of this study is to test and develop a minimal-

invasive CGM interstitial fluid (ISF) sensing device based on 600µm long, silicon micro needles dermal 

sensors. These silicon micro needles are equipped with nano-sensor field effect transistors at their tips, 

modified with Glucose Oxidase which catalyses the oxidation of glucose to hydrogen peroxide affect the 

electrical field around the nanowire and changes its conductivity. Once CGM development is establish, 

we believe that in the future, our ISF sensing device will allow the monitoring of a variety of metabolites 

in the blood for painless and accurate POC.   

 

 

 

 

 

 

 

 

 

 

 

 

 



160 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



161 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



162 
 

 

 

 

  



163 
 

 

 

 

 

 


