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Program Overview 
 
 

Nov 27 (Thu) 
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09:15 – 09:45 Prof. E. Windhab 
Prof. I. Uyeda 

Welcome  
Hokkaido University and International Relationship 

09:45 – 10:20 Prof. R. Müller High-Throughput Bone Imaging in Mechanical 
Systems Biology 

10:20 – 10:55 Prof. Y. Kobayashi Introduction of Graduate School of Engineering 
and Research Groups in Mechanical Engineering 

10:55 – 11:30 Prof. J. Vermant A Mechanical View on Pulmonary Surfactant 
Functioning 

11:30 – 12:00 Prof. T. Kakuchi Recent Progress in Organocatalytic Group 
Transfer Polymerization 

12:15 – 14:00 Lunch  CAB foodLAB 
14:00 – 17:30 Mini Symposia   
  Mechanical Systems/ 

Biomechanics 
Zentrum: CLA E 31/         
HG D 3.2 

  Organic/Macromolecular 
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Hönggerberg:  
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15:30 – 15:45  Closing Remarks  
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Mr. Ambassador R. Maeda 
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Abstracts for Plenary Talks 

 

High-Throughput Bone Imaging in Mechanical Systems Biology 
 

Ralph Müller 
Institute for Biomechanics, Department of Health Sciences and Technology, ETH Zurich, Zurich, 

Switzerland 

Cyclic mechanical loading is perhaps the most important physiological factor regulating bone 
mass and shape in a way which balances optimal strength with minimal weight. This bone 
adaptation process spans multiple length and time scales. Forces resulting from physiological 
exercise at the organ scale are sensed at the cellular scale by osteocytes, which reside inside the 
bone matrix. Via biochemical pathways, osteocytes orchestrate the local remodeling action of 
osteoblasts (bone formation) and osteoclasts (bone resorption). Together these local adaptive 
remodeling activities sum up to strengthen bone globally at the organ scale. To resolve the 
underlying mechanisms it is required to identify and quantify both cause and effect across the 
different scales. Progress has been made at the different scales experimentally. 
Computational models of bone adaptation have been developed to piece together various 
experimental observations at the different scales into coherent and plausible mechanisms 
assuming these processes to be under mechanobiological control. However, additional 
quantitative experimental validation is still required, especially on the single cell level, to build 
upon the insights which have already been achieved.  
A mechanical systems biology approach to understanding load induced bone adaptation 
demands the development of high-throughput imaging methods providing spatiotemporal 
information at single cell resolution. As mentioned previously, osteocytes are assumed to 
coordinate local bone formation and resorption activity via a number of biochemical signals to 
adapt the bone to mechanical loads. Trabecular bone has a very diverse mechanical 
microenvironment and is especially prone to this adaptation. To capture the complexity of the load 
induced signaling cascade it is important to quantify biochemical signals locally together with the 
surrounding mechanical microenvironment. Given the diverse micro-mechanical environment 
which exists in loaded trabecular bone, the availability of such data for osteocytes would 
undoubtedly enhance our understanding of their role in bone remodelling.  
As part of this presentation, emerging as well as state-of-the-art techniques of high-throughput 
bone imaging will be discussed and how these techniques might be used in a mechanical 
systems biology approach to further our understanding of the mechanisms governing load 
induced bone adaptation, i.e. ways will be outlined in which imaging and computational 
approaches could be coupled, in a quantitative manner to create more reliable multiscale models 
of bone. 
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INTRODUCTION OF GRADUATE SCHOOL OF ENGINEERING AND RESEARCH GROUPS IN 
MECHANICAL ENGINEERING 

 
Yukinori Kobayashi 

Vice Dean of Faculty of Engineering 

Laboratory of Robotics and Dynamics, Division of Human Mechanical Systems and Design, 
Hokkaido University, Japan 
kobay@eng.hokudai.ac.jp 

 

The school of engineering at Hokkaido University was founded in 1924 as the third 
undergraduate school of the Hokkaido Imperial University following the schools of agriculture 
and medicine, and marks its 90th anniversary this year. The school of engineering runs fifteen 
courses in four departments, providing students opportunity to study in a wide range of 
engineering fields. The graduate school of information science and technology was established 
in 2004, and the graduate school of chemical sciences and engineering was established in 2010. 
The graduate school of engineering consists of twelve divisions including four division of 
mechanical engineering.  

The Graduate School of Engineering opened e3 (English Engineering Education) program 
taught and supervised in English in 2000, welcoming both international and domestic students. 
Also, it promotes double-degree programs to let their students receive two master's/doctoral 
degrees from Hokkaido University and its partner institutions. Students in double-degree 
programs earn the required credits at any of foreign partner institutions for about one year. 

Department of Mechanical and Intelligent System Engineering consists of two courses for 
undergraduate students: Mechanical System Course and Mechanical Intelligent Course. 
Number of students for each course is 60. In the graduate school, we have four divisions shown 
in Table 1. Each division consists of two or three research groups, and each research group 
consists of three laboratories. Number of master course students in each division is around 25. 
Each laboratory is organized by a professor, an associate professor and an assistant professor. 
Faculties in the four divisions are 26 professors, 25 associate professors, 22 assistant 
professors. All four divisions provide all subjects in English for e3 program. 

 
 

Table 1 Research Groups in Mechanical Engineering 

Division Research Group 

Mechanical and Space Engineering 
Space Systems Engineering 
Materials and Fluid Mechanics 

Human Mechanical Systems and 
Design 

Biomechanics and Robotics 
Micromechanical Systems 

Energy and Environmental Systems 
Nuclear and Environmental Systems 
Applied Energy Systems 

Quantum Science and Engineering 
Applied Quantum Beam Engineering 
Plasma Science and Engineering 
Nanomaterials Science 
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A Mechanical View on Pulmonary Surfactant Functioning 
 

J. Vermant 
Department of Materials, ETH Zürich 

 
 
The pulmonary surfactants lining the alveoli of the lung are a complex material, composed of 
phospholipids, neutral lipids and proteins. These are intriguing materials, which for example, 
succeed in generating a very low surface tension to reduce the energy necessary for breathing as 
discovered by the Swiss physician von Neergard as early as 1929.  However, several 
fundamental issues relating to lung surfactant functioning are as yet ill-understood.  

In the present work we try to develop an understanding of the interfacial thermodynamics and 
transport phenomena. First we try to establish what the conditions of the layer in the lungs are, in 
particular to understand how the low value of surface tension is obtained. We do this by 
mimicking breathing conditions in a lung. In the present work we identify a synergy between the 
spontaneous deep, sighing breaths, which are a consistent feature of our respiration, and the lung 
surfactant functionality. Area changes in the lung during breathing are mimicked here in vitro 
using a Langmuir trough filled with a natural lung surfactant replacement. The conditions of 
regular sighing create and maintain a metastable condition of the surfactant with a surface 
tension of approximately 10 mN/m. Different possible mechanisms which could lead to such a 
metastable state are assessed quantitatively.  

Second, we try to elucidate how and why the lung surfactant remains in the alveolus. It has been 
suggested that a high surface viscosity is required to keep the surfactant in place. However, 
literature results are confusing and even contradictory; viscosity values have been reported to 
differ by several orders of magnitude. Moreover, even both purely viscous and gel-like behaviours 
have been described. Assessing the literature critically, a limited experimental window has been 
explored correctly, which however does not yet include conditions relevant for the physiological 
state of DPPC, the main component of the pulmonary surfactant, in vivo. Novel tools were 
developed to measure the surface rheological properties with sufficient sensitivity. A complete 
temperature and surface pressure analysis of the interfacial shear rheology of DPPC is performed. 
The effects of temperature and surface pressure on the low frequency viscosity can be analysed 
in terms of the effects of free molecular area.  Overall the surface viscosity of the lung surfactant 
is found to be very small and unlikely to be responsible for the stability of the thin films.  To get a 
better understanding of the fluid mechanics in the lung, we studied in detail the drainage flows 
from a hemispherical cap lined with lung epithelial cells. The presence of significant Marangoni 
flows is shown to be an important, self-regulating factor in stabilizing the lung fluid.  

 

(1) Hermans, E. & Vermant, J. Interfacial shear rheology of DPPC under physiologically relevant 
conditions. Soft Matter 10, 175–186 (2013).   

(2) Hermans, E. & Vermant, J. Deep breaths and metastability of pulmonary surfactant, 
submitted (2014) 

(3) Hermans, E.,  Bahmla S., Fuller G.G & Vermant, J., Drainage flow of lung surfactants, 
manuscript under preparation (2014). 
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RECENT PROGRESS IN 
ORGANOCATALYTIC GROUP TRANFER POLYMERIZATION 

 
Toyoji Kakuchi 

Division of Biotechnology and Macromolecular Chemistry, Faculty of Engineering,  
Hokkaido University, Japan 

kakuchi@poly-bm.eng.hokudai.ac.jp 

 
Group transfer polymerization (GTP) as one of the living 

polymerizations was put forward 30 years ago by DuPont for the up-scale 
and cost-reducing synthesis of (meth)acrylic polymers. Silyl ketene acetal 
compounds were used as the initiators and Lewis bases/acids as the 

catalysts, and the polymerizations were operated at advantageously 
moderate temperatures in comparison to the conventional living anionic 
polymerizations. GTP using conventional catalysts, conventional GTP, 
underwent a booming development during the 1980-1990s. In retrospect, 
most of GTP studies before 2007 focused on the optimization of 
conventional catalysts, the exploration of applicable monomers, 
and the molecular design of polymeric architectures. In addition, 
the controversial understanding of polymerization mechanisms 
involving associative and dissociative routes had been 
discussed. In comparison to the conventional GTP, the recent 
progress (2007~) in GTP has mainly focused on the significant 
and creative utilization of organocatalysts, such as strong 
organic Lewis acids/bases, which might be termed organocatalytic GTP. This presentation strives 
to provide the latest, systematic, and comprehensive summary on GTP throughout its 30-year 
development, and in particular, the organocatalytic GTP will be mainly reported. 

The organocatalytic GTP shows more preferred advantages over the conventional GTP and 
has improved the performance of the GTP in terms of catalytic activity, applicable monomers, 
molecular weight control, and polymer structures that could be synthesized. Therefore, a much 
deeper insight should be taken into this field. The further development of GTP is expected to 
achieve the following goals: 1) to realize the controlled/living polymerizations of vinyl monomers, 
such as acrylates, methacrylates, and acrylamides, 2) to further develop chemically stable 
initiators in order to greatly enhance the practicality of GTP because silyl enolates used in the 
present stage are rather expensive and sensitive to moisture, 3) to design and synthesize 
polymers with functional groups and/or complicated architectures by GTP or by the combination 
of GTP and other controlled/living polymerization procedures, 4) to prepare stereospecific 
polymers, etc. We believe firmly that the GTP method has still much potential to bring about 
further developments in polymer chemistry. 
 
References 
1. R. Kakuchi, et al., T. Macromolecules 2009, 42, 8747-8750. 
2. K. Fuchise, et al., Macromolecules 2010, 43, 5589-5594. 
3. T. Kakuchi, et al., Macromolecules, 2011, 44, 4641-4647.  
4. Y. Chen, et al., T. Macromolecules 2011, 44, 9091-9098.  
5. Y. Chen, et al., J. Polym. Sci. Part A: Polym. Chem. 2012, 50, 3277-3285.  
6. K. Fuchise, et al., Macromol. Chem. Phys. 2012, 213, 1604-1611.  
7. K. Takada, et al., T J. Polym. Sci. Part A: Polym. Chem. 2012, 50, 3560-3566.  
8. K. Fuchise,et al., T. Polym. Chem., 2013, 4, 4278-4291. 
9. K. Takada, et al., Macromolecules 2014, 47, 5514-5525. 
10. K. Fuchise, et al., T. ACS Macro Lett., 1015 – 1019 (2014) 
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Flow Processing of Multi-Component Delivery Systems for Food and Pharma 
Erich J. Windhab et al. 

Swiss Federal Institute of Technology Zürich (ETH), Laboratory of Food Process Engineering (FPE) 
 
Process-Structure-Property relationships (S-PRO2) are the integral descriptors for a property-
targeted food processing approach. Optimizing the manufacture of personalized foods we favour 
the use of an S-PRO2 cascade scheme to which a reverse engineering approach is applied. The 
latter starts from the site of final delivery of the food target function in the human GI-tract and 
proceeds in reverse direction through the sequence of (i) digestive disintegration, (ii) meal 
preparation, (iii) industrial food manufacture and (vi) food raw material (agricultural) production.  
In the context of personalized food, generation, preservation and controlled delivery of target 
functions from a nutritional/health-supporting viewpoint is in focus. Accordingly, we developed 
novel flow processes for the incorporation/encapsulation of functional components (e.g. specific 
nutrients and health supporting compounds) into complex food structure at different characteristic 
length scales. This enabled us to address targeted release characteristics with respect to the site 
and kinetics of functional component delivery along the human oro-gastro-intestinal (OGI) tract. 

The novel flow processes particularly addressed are: (i) dynamic micro/nano membrane 
emulsification for functional capsule formation, (ii) gentle stress-controlled spray 
processing (drying/ chilling) of powders and (iii) micro-foam extrusion. For these we focus 
on the fluid dynamics based engineering fundamentals and derived process design rules: 

Dynamically Enhanced Membrane (DEM) Emulsification applying micro-engineered 
Controlled Pore Distance (CPD) membranes has been introduced and studied. This method 
overcomes the limitation of conventional membrane emulsification by introducing an additional 
shear flow field rectangular to the throughput flow direction across the membrane surface by 
rotating the membrane or a member placed with a defined gap distance to the membrane /1/. 
Drop detachment from various CPD-membranes was studied in visualization flow cells on lab 
scale and at similar flow conditions in a pilot scale device. Well-defined laminar shear flow across 
a flat circular membrane was achieved by choosing a cone-plate arrangement of membrane and 
rotor with a narrow gap of 50-100 microns. This setup enabled us to use micro engineered CPD-
membranes and study the impact of pore size, adjusted inter-pore distance, surface wetting 
properties and pore shape on the drop detachment mechanism. Two types of micro-engineered 
membranes ((i) silicon, (ii) silicon nitride membranes) were tested. The systematic, experimental 
work was supported by CFD simulations addressing drop formation at and detachment from the 
membrane surface under acting rotational and superimposed axial (Couette) or radial (cone/plate 
gap) flow fields. A transition from dripping to jetting detachment was induced when the wall shear 
stress and/or the trans-membrane pressure exceeded critical thresholds. Master curves of 
dimensionless dispersion characteristics x50,3/xP = f (Ca) were derived and are further discussed. 

 
Figure 1: Left: Dynamic membrane design criteria, Right: Synchrotron Nano-Computer 
Tomography for 3D particle imaging velocimetry (PIV); resolution spatial: 100nm, temporal: 100 
ms 
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A general objective for gentle spray processing is the generation of drops from liquids which 
thereafter are solidified by drying (spray drying) or cooling (spray chilling/prilling) in order to 
receive finely dispersed powder particles. In case of structured multiphase fluid systems like 
emulsions or multiple emulsions and foams there is crucial interest to not alter micro-structure in 
the spraying process and preserve structure related functionalities (e.g. controlled release of 
encapsulated components). It is known that high flow stresses acting inside spray nozzles as well 
as in the spray can lead to significant structural damage. Consequently gentle, functional 
structure preserving spray processing is of great interest. Accordingly design criteria for stress-
controlled spray processing were addressed. We quantified to what extent mechanically sensitive 
multiple emulsion structures are destroyed either within the shear/elongation flow field acting in 
the low channels of the spray nozzle or in the spray itself. For the latter the three spray filament 
break-up domains: (i) Rayleigh break up, (ii) first/(iii) second wind break and (iv) atomization have 
been further investigated experimentally and numerically (CFD simulation) with respect to spray 
development and resulting spray drop size/size distributions as well as drop/particle 
substructure/morphology. In order to use the advantages of the Rayleigh breakup mechanism for 
gentle functional structure preservation spray processing we developed a new spray nozzle type 
combining pressure driven and centrifugal stress fields. 
Stable Micro Foam Generation and shaping of foamed products in converging extrusion flow 
fields are of also of great interest in a broad range of products in food systems to reduce calorie 
density, but not restricted to that field. To guarantee high mechanical and de-mixing stability 
bubble sizes of below 5-20 microns in diameter and a narrow bubble size distribution are required. 
A common approach to achieve small bubbles is by dispersing gas into a matrix fluid under acting 
high shear, elongation and/or inertia forces /1/. So far there are only approximate coarse-grained 
models and experimental data available to describe foam structure development in nozzle or 
extrusion entrance flows /2/. Related CFD simulations of 4:1 axisymmetric contraction flows of 
gas dispersions in non-Newtonian/viscoelastic fluids have been carried and compared to 
experimental data received from high spatio-temporal resolution Nano-Computer Tomography 
(nanoCT). This provides new access to real 3D-partice imaging flow data to be compared with 
simulations. 

Figure 2: Left: Concentrated multiple WOW emulsion structure from rotating membrane 
dispersing; Right: Powder produced by stress-controlled spray processing (spray chilling/spray 
drying)  
/1/  Holzapfel, S., Rondeau, Windhab, E.J. (2013) "Drop Detachment from a Micro-Engineered Membrane 
Surface in a Dynamic Membrane Emulsification Process" Chem. Eng. & Technol., Vol. 36, 1785-1794. 
/2/ Dubey, B. and Windhab, E. J. (2013); Journal of Food Engineering, Vol. 115, 198-206.  
/3/ Müller-Fischer, N. F., Suppiger, D., and Windhab, E. J. (2007). "Impact of static pressure and volumetric 
energy input on the microstructure of food foam whipped in a rotor-stator device." J. Food Eng., 80(1), 306-316. 
/3/ Erni, P., Windhab, E. J., and Fischer, P. (2011). "Emulsion Drops with Complex Interfaces: Globular 
Versus Flexible Proteins." Macromolecular Materials and Engineering, 296, 249-262. 
/4/ Windhab, E. J., Dressler, M., Feigl, K. and Megias-Alguacil, D. (2005). "Emulsion processing--from 
single-drop deformation to design of complex processes and products." Chem. Eng. Sci., 60(8-9), 2101-
2113.  
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Ultrasonic Velocity Profiler for Fluid Flow 
Bridging PSI-ETHZ/CH and HU/JP 

 
Y. Takeda Dr. Eng., PhD (Science) 

Prof. Emeritus, Hokkaido University, Research Staff, LVT/LFNH/ETHZ 
yasushi.takeda@hest.ethz.ch 

 

Development of Ultrasonic Velocity Profiling method was initiated at Schweizerische Institut für 
Nuklearforschung, later converted to Paul Scherrer Institute, by the author in 1983. The work was 
related to a development of SINQ target using liquid metal, whereby heat deposited by proton 
beam is distributed in liquid and advected to heat exchanging surface. It was therefore necessary 
to develop such instrumentation that enables us to obtain spatio-temporal information about flow 
distribution in liquid metal. The method using ultrasonic wave was successfully developed and 
used for target design. Beside the fact that this method can obtain fundamental physical 
information on fluid flow, it resulted in a revolution in methodology in experimental fluid mechanics 
in science. Namely, the data to be obtained was upgraded from point measurement, v(x,t), to line 
measurement v(x,t), that is, a spatio-temporal information on flow field. Moreover the method can 
be used for opaque liquids or liquid contained in opaque wall. The former is advantageous in 
fundamental physics in fluid dynamics, and the latter is powerful in engineering research. At first 
the method was tested in Switzerland and an extensive study on flow instability in fluid dynamics 
were performed. Then it was used for chocolate and cacao butter flow at ETHZ, and gravitational 
flow at EPFL. in France it was used in fundamental flow stability experiment of multiple wake 
configuration and a flow in a cooling channel of the automotive engines in UK. Japanese electric 
company wished to develop a highly accurate flow meter for a feed water measurement of 
nuclear power plant. The work was performed at then PSI and bridged to Japanese engineering 
society.  

In Hokkaido University after 2002, a variety of flow studies were performed such as natural 
convection of liquid metal simulating an earth mantle behavior, flow metering of river flow, applied 
to food flow, bubbly two phase flow and many other configurations. 

Science shall be a basis for engineering research. Regarding flow dynamics and engineering, 
spatio-temporal flow field is the most fundamental physical quantity and its measurement is a key 
technology, where turbulence study, in any facets of it, is a running bassocontinuo.  

All these activity on Ultrasonic Velocity Profiler will be reminisced. 
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Mini-Symposium on Mechanical Systems and Biomechanics 
Organized by Dr. R. Kress, Prof. R. Müller (both ETH Zürich), Prof. S. Tadano (Hokkaido University) 
 
 
Thursday, 27 November 2014 (ETH Zentrum) 

Laboratory Visit (ETH Zentrum, CLA E 31) 
14.00-14.45  Laboratory of Composite Materials and Adaptive Structures (3 groups) 

Dr. G. Kress, ETH Zürich (CLA D 31) 
Structural Optimization of Structures made from Composite Materials with the 
Ghost-Layer Concept 

Dr. A. Arrieta, ETH Zürich (CLA D 23) 
Research in Compliant Systems with Applications to Adaptive Structures 

Dr. A. Bergamini, ETH Zürich (CLA D 23) 
Electromechanically Coupled Systems for Vibration Mitigation and Shape Control 

Mechanical Systems (ETH Zentrum, HG D 3.2)  
14.00-15.00  Visit Mechanical Systems and Biomechanics, ETH Zentrum  

15.00-15.20  Prof. K. Sasaki, Hokkaido University 
Measurements of Creep Strain by Indentation Tests Using a Modified Reference 
Area 

15.20-15.40  Prof. I. Kajiwara, Hokkaido University 
Non-contact Laser Excitation Vibration Test and Health Monitoring of Membrane 
Structures 

15.40-16.00  Prof. S. Honda (Associate Professor), Hokkaido University 
Multi-objective Optimization of Curvilinear Fiber Shapes for Laminated Composite 
Plates by Using NSGA-II 

16.00-16.30  Intermission  

16.30-16.50  Prof. M. Meboldt, ETH Zürich 
Design for Additive Manufacturing 

16.50-17.10  Prof. C. Daraio, ETH Zürich 
  Programmable Materials with Extreme Mechanical Properties 

17.10-17.30  Prof. P. Ermanni, ETH Zürich 
TBD 
 

Friday, 28 November 2014 (ETH Höngg, HIT K 51) 

Biomechanics 
09.00-09.20  Prof. S. Tadano, Hokkaido University 

Mechanical Sensing to Detect Health Performance of Elderly People 

09.20-09.40  Prof. E. de Bruin (Associate Professor)  
Inertial and Mechanical Sensing for Health Related Physical Activity Monitoring in 
Older People 

09.40-10.00  Prof. T. Ohashi, Hokkaido University 
Experimental Device for Mechanical Loading to Tenocytes and Its Application to 
Study of Intercellular Diffusivity 

10.00-10.20  Prof. J. Snedeker, ETH Zürich 
Cytoskeletal Integration of Matrix Mechanics, Topology, and Chemistry - 
Implications for Tendon to Bone Regeneration 
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10.20-10.40  Intermission  

10.40-11.00  Prof. M. Todoh (Associate Professor), Hokkaido University   
Raman Analysis of Articular Cartilage under Compressive Load 

 
11.00-11.20  Prof. M. Zenobi-Wong (Assistant Professor), ETH Zürich 

Controlling Cell Fate through Hydrogel Stiffness 

11.20-11.40  Prof. S. Yamada (Assistant Professor), Hokkaido University 
Effects of Growth on Residual Stress Distribution along the Radial Depth of 
Cortical Cylinders from Bovine Femurs 

11.40-12.00   P. Christen (Postdoctoral Fellow), ETH Zürich 
In Silico Multiscale Simulations of Bone Remodelling in Health, Disease and 
Treatment 

12.00-12.30 Transfer to ETH Zentrum 
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Measurements	  of	  Creep	  Strain	  by	  Indentation	  Tests	  Using	  a	  Modified	  Reference	  Area	  
Katsuhiko Sasaki*, Atsuko Takita*, and Ken-ichi Ohguchi** 
*Division of Human Mechanical Systems and Design, Hokkaido University, Hokkaido, Japan 
**Department of Material Science, Akita University, Akita, Japan 

To evaluate the strength reliability of the electronic instruments, finite element method (FEM) analyses 
considering the creep deformation of the solder joints should be conducted. Usually the creep properties 
estimated by the tensile creep test using a bulk specimen are employed to express the creep behavior of 
the solder joint of the micron size. However, there is difference in the size between the bulk specimen used 
for the tensile creep test and solder joint in-site. Therefore, the solder joint has the different behavior of the 
creep deformation from that of bulk specimen. The method to directly estimate the creep deformation of 
solder joint in-site is required to obtain the accuracy of FEM analysis for the evaluation of the strength 
reliability of the electronic instruments. 
There are some research works for the method to verify the accuracy of the indentation creep test 
comparing with the creep deformation under the uniaxial creep tests using bulk specimens. For the 
verification, a reference area was focused on to modify the evaluation method of the indentation creep test. 
In these methods, stresses are calculated with dividing the indentation load by the third times of the contact 
area between the indenter and specimen used for ordinary indentation creep test: the reference area of the 
indentation creep is the “three” times of the contact area between indenter and specimen. This method 
gives the almost same creep curve as that obtained from the uniaxial creep test using bulk specimens. 
However, there is no physical meaning of the coefficient of “three”. 
Recently, the authors clarified that the indentation stress obtained from the indentation creep test gives the 
larger value than the stress obtained from the uniaxial creep tests using bulk specimens. The authors also 
conducted the numerical indentation test with the constant depth process. The proposed method can easily 
obtain the suitable reference area to calculate the uniaxial stresses, which lead to the uniaxial creep strain. 
However, the method has a problem that the creep characteristics of the bulk specimen are needed to 
obtain the reference area. 
It should be noted that, in the case of the tensile creep test using a bar bulk specimen, the direction of the 
maximum principal stress coincides with the loading direction. This means that the direction of the 
maximum principal stress may give significant physical information to identify the reference area of the 
indentation tests. In this paper, the indentation tests with the constant depth process are conducted by the 
numerical test using FEM to give the physical meaning of the reference area of the indentation tests. The 
principal plane in the indentation test is identified by the numerical test and the direction of the principal 
stress is detected. Considering the plane of the maximum principal stress, the reference area can be 
obtained and the reference area gives the reasonable indentation stress, which gives almost same creep 
strain as that obtained by the uniaxial creep test using a bulk specimen. Four types of solder are chosen for 
the numerical indentation test. 
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Non-‐contact	   Laser	   Excitation	   Vibration	   Test	   and	   Health	   Monitoring	   of	   Membrane	  
Structures	  
Itsuro Kajiwara 
Division of Human Mechanical Systems and Design, Hokkaido University, Hokkaido, Japan 

In this study, a vibration testing and health monitoring system based on an impulse response excited by 
laser is proposed to detect damage on membrane structures. A high power Nd:YAG pulse laser is used to 
supply an ideal impulse to a membrane structure by generating shock waves via laser- induced breakdown 
in air2. A health monitoring apparatus is developed with this vibration testing system and a damage 
detecting algorithm which only requires the vibration mode shape of the damaged membrane4. Artificial 
damage is induced on membrane structure by cutting and tearing the membrane. The vibration mode 
shapes of the membrane structure extracted from vibration testing by using the laser-induced breakdown 
and laser Doppler vibrometer are then analyzed by 2-D continuous wavelet transformation. The location of 
damage is determined by the dominant peak of the wavelet coefficient which can be seen clearly by 
applying a boundary treatment and the concept of an iso-surface to the 2-D wavelet coefficient. The 
applicability of the present approach is verified by finite element analysis and experimental results, 
demonstrating the ability of the method to detect and identify the positions of damage induced on the 
membrane structure. 
Fig. 1 shows a case for the process of the damage detecting analysis in which the first principal mode 
shape of the membrane is used for the evaluation. The principal mode shape is measured by the laser 
excitation vibration test, and to get continuous mode shape, the extracted mode shape at the measurement 
points is interpolated (Fig. 1(a)), which are then transformed by 2-D continuous wavelet transformation to 
get wavelet coefficient, and wavelet coefficients are then treated by the boundary treatment to get clearer 
contour of the wavelet coefficient (Fig. 1(b)) on the membrane. The position of the L-cut damage can be 
seen on the iso-surface view in 3-D ((Fig. 1(c)). The L-cut damage location on the membrane can be 
accurately detected. The identified location of the L-cut damage corresponds to the actual position of the 
damage given on the membrane. 
 
 

       
(a)  First principal mode shape        (b) Wavelet coefficient    (c) 3-D view of iso-surface  

 
Figure 1:  Damage detection process of an L-cut damage on the membrane. 
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Multi-‐objective	   Optimization	   of	   Curvilinear	   Fiber	   Shapes	   for	   Laminated	   Composite	  
Plates	  by	  Using	  NSGA-‐II	  
Shinya Honda and Yoshihiro Narita 
Division of Human Mechanical Systems and Design, Hokkaido University, Hokkaido, Japan 

A multi-objective optimization approach is proposed in the present study for fibrous composite plates with 
curvilinear fibers. The non-dominated sorting genetic algorithm (NSGA-II) is used to obtain Pareto-optimum 
solutions with respect to conflicting multi-objectives. Curvilinear fibers with large curvature serve better for 
some specific purposes than straight parallel or slightly curved fibers. On the contrary, fibers in complicated 
shape may not be advantageous from a fabrication viewpoint, and there exists a trade-off relation between 
the expected mechanical performance and the production cost of composites with largely curved fibers. 
Considering these two aspects, two conflicting properties of composites are chosen as the objective 
functions in the present multi-objective optimization. 
In the formulation, the plane strength around a circular hole in a finite-width plate is taken for one objective 
function with Tsai-Wu failure criteria, while the average value of fiber curvatures is chosen as another 
objective function in the evaluation area. The fiber shapes are defined as projections of contour lines of a 
cubic polynomial surface, because it is easy to tailor shapes of surfaces and curvilinear fibers by varying 
the values of coefficients. These coefficients are employed as design variables. Continuous fibers are 
approximated as straight fibers with a constant volume fraction, but different fiber orientation angle is 
assumed in each element. 
Numerical results are given for angle-ply plates and the effectiveness of the present design approach is 
demonstrated well for widely distributed Pareto-optimum fronts. Figure 1 shows a solution which gives the 
lowest failure index, and fibers are oriented tangentially around the hole. 
 
 

 
  

Figure 1: Representative optimum solution obtained by the present method. 
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Mechanical	  Sensing	  to	  Detect	  Health	  Performance	  of	  Elderly	  People	  
Shigeru Tadano 
Division of Human Mechanical Systems and Design, Hokkaido University, Hokkaido, Japan 

With rapidly increasing of the aged people, the appearance of more effective diagnosis are desired to check 
and monitor human body situation and motion activities of them. Our body usually shows physical changing 
with ageing, which are muscle force reduction, low muscular system function, low joint harmonic motion, 
bone density reduction, soft tissue and organ weakness, low repair ability to injury, onset of disease, and 
more. For these biomechanical properties, biomechanics is one of the strongest tools to develop and to 
research thus medical diagnostic device. This talk introduces two novel devices of mechanical sensing to 
detect biomechanical performance of elderly person. 
First, gait analysis is usually done with an optical tracking system such as the Vicon motion system. From 
camera recordings of markers attached to a person, three dimensional positions of body segments are 
calculated during gait. However, such systems are usually used indoors in controlled environments, and the 
camera capture range must be taken into consideration. We developed a system for three dimensional gait 
analysis using wearable sensors and quaternion calculations. Seven sensor units consisting of a tri-axial 
acceleration and gyro sensors were fixed to the lower limbs. The acceleration and angular velocity data of 
each sensor unit were measured during walking. The initial orientations of the sensor units were estimated 
using acceleration data during upright standing position and the angular displacements were estimated 
afterwards using angular velocity data during gait. Body segment orientations were then used for 
constructing a three dimensional wire frame animation of the volunteers during the gait. Gait analysis was 
conducted on five volunteers, and results were compared with those from a camera-based motion analysis 
system. Comparisons were made for the joint trajectory in the horizontal and sagittal plane. 
Next, we have proposed a novel method "Electromyography computed tomography (EMG-CT) method" for 
visualizing the individual muscle activities in the human forearm. An EMG conduction model was formulated 
for reverse-estimation of muscle activities using EMG signals obtained with multi surface electrodes. The 
optimization process was calculated using sequential quadratic programming by comparing the estimated 
EMG values from the model with the measured values. The individual muscle activities in the deep region 
were estimated and used to produce an EMG tomographic image. EMG signals in the forearm were 
recorded during the tasks using multiple surface electrodes, which were bound around the subject’s 
forearm. The EMG-CT method illustrates the distribution of muscle activities within the forearm. This 
method could estimate individual muscle activation and provide a novel tool for studying hand function and 
development of an examination for evaluating rehabilitation. 
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Inertial	  and	  Mechanical	  Sensing	  for	  Health	  Related	  Physical	  Activity	  Monitoring	  in	  Older	  
People	  
Eling D. de Bruin 
Institute of Human Movement Sciences and Sport, Department of Health Sciences and Technology, ETH 
Zurich, Zurich, Switzerland 

Increased aging of society is common in many countries. In Switzerland, the proportion of people aged 65 
years and over increased from 11.5% to 16.2% between 1970 and 2006, and is expected to rise to 28% by 
2050. In addition, between 1970 and 2006, life expectancy at birth increased from 70 to 79 years for men 
and from 76 to 84 years for women and is expected to rise further in the next years. Life expectancy 
includes all years of expected life, regardless of whether these years are enjoyed in good health or with 
significant disability. The primary public health goal is to increase the number of years of good health and, 
therefore, to maintain independence and quality of life as long as possible. Healthy aging is characterized 
by the avoidance of disease and disability, the maintenance of high physical and cognitive function, and 
sustained engagement in social and productive activities. 
Even in the absence of overt pathology, motor functioning [cf. International Classification of Functioning 
(ICF) by the World Health Organisation, Geneva (see http://www.who.int/classification/icf)] can deteriorate, 
as is illustrated by the incidence and impact of falls in aging populations. Falls are amongst the most 
common reasons for medical intervention in older people and their occurrence might initiate a vicious circle 
that causes fear of falling, nursing home admittance and loss of independence. Falls among older adult 
populations often occur during walking, and gait dysfunction is included among the many risk factors for 
falls. 
Because functional status is by far the most important factor affecting quality of life and healthcare 
utilization in old age valid outcome measures for the assessment of physical activity and/or physical 
functioning in aged individuals are of utmost importance. Physical activity in the geriatric population 
promotes health, slows disease progression, and prolongs functional independence. Researchers have for 
example identified an inverse relationship between total physical activity and mortality. Indeed, the pattern 
of “normal” functional losses with aging in large part reflects de-conditioning in this population. Thus, an 
understanding of the quantity and quality of physical (in)activity is particularly important in addressing 
rehabilitation needs of the aged individual. 
An appropriate timing and execution of stepping responses is needed for an effective avoidance of falls. 
With age the speed of these responses inevitably declines due to changes in the sensory and motor 
systems. Consequently, individuals who require more time to initiate and execute a step to avoid a threat or 
to recover postural balance either during walking or performing postural transitions, may be at greater risk 
for falling. To estimate the performance of voluntary step execution force plate based test protocols can be 
used, that are able to identify elderly individuals at risk for falls under attention demanding conditions. Such 
protocols may assess the change in speed of voluntary step execution under the influence of a secondary 
distractive cognitive task and the time to initiate and complete a step and, thus, evaluate the effects of 
interventions. 
A recent development is the use of body fixed sensor (BFS) technology for studying human movement. 
Based on the use of miniaturised motion sensors, methods are available for (long-term) monitoring of daily 
physical activity and the assessment of motor functioning under real-life conditions. These methods are 
highly relevant for studying motor functioning in older people; however, currently available literature does 
not present a wealth of information about monitoring of movements in older subjects. Although feasible 
methods are available for monitoring activity patterns and aspects of gait in older people, these methods 
have not yet been applied on a large scale. Evidence-based clinical applications of these methods (e.g. for 
fall prediction and outcome assessment) are in need of (further) development. 
This talk will focus on inertial and mechanical sensing technology and exemplifies how these techniques 
relate to important human motor functions and how these techniques might be used in assessing motor 
functioning in older adults. The main focus is, thereby, put on aspects of human gait. 
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Experimental	  Device	  for	  Mechanical	  Loading	  to	  Tenocytes	  and	  Its	  Application	  to	  Study	  
of	  Intercellular	  Diffusivity	  
Toshiro Ohashi and Eijiro Maeda 
Division of Human Mechanical Systems and Design, Hokkaido University, Hokkaido, Japan 

In vivo, tenocytes exist in series between collagen fibres and are subjected to dynamic tensile loading, a 
physiological tensile strain of 4%. In addition to tensile loading, it has been demonstrated that there is an 
influx and outflux of interstitial fluid from tendons producing a fluid shear stress of 0.1 mPa when the tissues 
are loaded and unloaded. Accordingly, for a comprehensive understanding of mechano-regulation of 
tenocyte functions, it is necessary to examine how tenocytes respond to both fluid shear stress and cyclic 
tensile strain. However, no such attempt has been made due to difficulty of establishing a suitable 
experimental model. In our laboratory, a new experimental system for tenocyte mechanobiology research 
was therefore established, enabling the application of fluid shear stress and cyclic tensile strain to 
tenocytes. The proposed device was also applied to a study of gap junction intercellular communications 
(GJICs) of tenocytes. GJICs are an essential process in regulations of cell functions in physiological events. 
The device consists of a PDMS-made microgroove substrate with a cross section of 10 µm x 10 µm and a 
flow unit. Tenocytes isolated from bovine extensor tendons were loaded into the microgrooves and stained 
with calcium indicator Fluor-4 AM. To apply fluid shear stress, the velocity of 1666 µm/sec and 0.17 µm/sec 
of oscillatory flow was used. A physiological level of 4% tensile strain was used to apply cyclic tensile strain. 
Both oscillatory flow and cyclic tensile strain were applied at a frequency of 0.5 Hz for 10 cycles. Tenocyte 
calcium responses were observed for 5 min following the application of mechanical stimulation. For the 
GJICs study, tenocytes obtained from rabbit Achilles tendons were cultured within the microgroove. To 
visualise intercellular transport of calcein, FLIP experiment was performed before and after an application 
of 4% static tensile strain. A target cell was photo bleached and temporal profile of fluorescence intensity 
was analysed using a mathematical model to determine distinct diffusion coefficients. 
It was confirmed that physiological tensile strain and a wide range of fluid shear stress magnitudes could be 
applied to tenocytes aligned in a PDMS-made microgroove structure and the percentage of tenocytes 
exhibiting an increase in intracellular Ca2+ concentration significantly increased compared to the single 
applications of these two modes of stimulation. It was clearly demonstrated that the application of 
physiological mechanical loading enhances GJCs whereas that of non-physiological overloading 
suppresses the communications. 
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Cytoskeletal	   Integration	   of	  Matrix	  Mechanics,	   Topology,	   and	   Chemistry	   -‐	   Implications	  
for	  Tendon	  to	  Bone	  Regeneration	  
Jess G. Snedeker 
Institute for Biomechanics, Department of Health Sciences and Technology, ETH Zurich, Zurich, 
Switzerland 
Department of Orthopaedics, Balgrist Hospital, University of Zurich, Zurich, Switzerland 

Extracellular matrix biochemistry, topology, and mechanics form a triad of determinant factors that interact 
in complex manner to define cellular niche. This triad has astounding breadth and depth of implication to 
biological system homeostasis, disease, and eventual therapeutic intervention. Our work focuses on 
elucidating the critical balances of spatial, biochemical, and mechanical cues that are essential for directed 
progenitor cell differentiation toward osteogenic and tenogenic fates. We explore these in the context of 
cell-instructive biomaterials for regeneration of soft-hard tissue transitions such as those at the insertion of 
tendon to bone.  
To this end we are developing and employing novel experimental methods to isolate the mechanisms by 
which integrin-binding and substrate rigidity/topology interact. We focus on synergistic promotion of cell 
adhesion and contractility to regulate Rho-associated protein kinase (ROCK) activity, related stress fiber 
formation, and integrin mediated differentiation of progenitor cells. We introduce the concept of “net 
mechanical purchase” to interpret ROCK activity (and downstream markers of differentiation) in terms of 
cytoskeletal contractility. We employ this concept to view the cell cytoskeleton as a sensory complex that 
can integrate complex and conflicting cues that unify its response and guide its fate.  
Although the concept of cell-contractility as a central check-point would provide an attractive framework for 
predicting mesenchymal progenitor cell behavior, our most recent work indicates that integrin and focal 
adhesion mediated osteogenic differentiation is heavily dependent on, but nonetheless at least slightly 
decoupled from, steady state contractile cell-substrate force exchange. Matrix topology and dynamic 
mechanical forces thus remain important aspects for investigation. 
 	  



 
 

19 

Raman	  Analysis	  of	  Articular	  Cartilage	  under	  Compressive	  Load	  
Masahiro Todoh 
Division of Human Mechanical Systems and Design, Hokkaido University, Hokkaido, Japan 

Osteoarthritis (OA) is the most common degenerative joint disease in the field of orthopaedics. It is 
important for the prevention of OA progression to detect at early stage. Early cartilage disruption occurs at 
a biomolecular level but often shows no abnormality in surface appearance or color. The biomolecules in 
cartilage matrix act important mechanical roles. However, such biomolecular changes cannot be accurately 
detected by conventional clinical techniques. Raman spectroscopy is an inelastic scattering process 
capable of providing information about biochemical and biomolecular structures of materials. Recently, 
Raman spectroscopy has been comprehensively investigated for studying the structures of proteoglycans 
and glycosaminoglycans (GAG), biomolecular changes in strained collagen tendon fibers, changes in 
collagen tendon fiber orientation, defective ocular collagen fibers, and also the subchondral bone with early 
onset of osteoarthritis. The aim of this study is to measure the mechanical behaviors of biomolecules in 
articular cartilage under compressive load by using Raman spectroscopy. 
Cylindrical specimens of articular cartilage at distal end of healthy bovine femur (Age: 24 m.o.) were 
prepared with a size of ϕ4.2×1.5 mm by hole drilling. Raman microscope system (inVia Reflex, Renishaw, 
UK) was used for the analysis of mechanical behavior of cartilage tissues with laser excitation (785 nm; 
HPNIR785, Renishaw, UK). The laser irradiation time was 10 sec for each specimen. The specimens were 
loaded at 10, 20, 30 N by the custom-made micro-compressive device consisting of an acrylic cylinder and 
a steel plunger placed on the stage of the Raman microscope. The Raman shifts were determined by 
calculating the center of gravity of spectrum peak profile. The relationship between the Raman shift and 
stress state was investigated. 
By using the Raman spectroscopy, biomolecular informations from collagen and proteoglycan in cartilage 
matrix could be measured as Raman spectrum. The Raman spectrum from articular cartilage showed the 
peaks of proline, hydroxyproline, carbon molecule stretching vibration, hydroxyapatite, phenylalanine, SO3 
stretching vibration, pyranose, CH2 bending vibration, amide I. By compressive loading to cartilage tissues, 
Raman shift of each component changed under different compressive loads. The Raman shifts of Amide I, 
proline and phenylalanine significantly decreased with increasing compressive load. From the results, by 
using Raman spectroscopy, it could be confirmed that the mechanical responses of each biomolecule 
against compressive loading. Therefore, this study could indicate that the Raman spectroscopy was useful 
for mechanical evaluation of cartilage matrix for an early staged OA diagnosis. 
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Controlling	  Cell	  Fate	  through	  Hydrogel	  Stiffness	  
Marcy Zenobi-Wong 
Institute for Biomechanics, Department of Health Sciences and Technology, ETH Zurich, Zurich, 
Switzerland 

Hydrogels are hydrophilic swollen polymeric networks which have gained favor for 3D cell culture because 
of their similarities to the native extracellular matrix. One of the advantages of working with these materials 
is their highly tunable nature. By changing the macromere content, crosslink density and molecular weight, 
a remarkable library of materials can be created to probe how a desired cell function (i.e. differentiation or 
proliferation) can be promoted by the extracellular environment.   
In a first example we show that hydrogels made from the marine polysaccharide alginate can have a range 
of stiffness between 10-10,000 Pa by varying the macromere content, ionic concentration and length of 
gelation.  We found that the ultra-soft hydrogels most potently support neuronal phenotype, promoting 
extensive formation of axons and dendrites and excellent cell viability. To see if this 3D micro-environment 
promoted functional neuronal networks, electrical activity of the neurons encapsulated in the hydrogels was 
evaluated over a one month period and coordinated spiking activity was observed. In a second example, 
we show how the proliferation and differentiation of chondrocytes can be controlled by hydrogel stiffness. 
Here, material optimization allowed for rapid proliferation of the cells without loss in expression of cartilage 
phenotypic markers.  
The potent effect of 3D hydrogels on cell fate results from a combination of inter-related factors including 
stiffness, pore size, reversibility of the crosslinking process and exposure of reactive groups in the polymer.  
Further experiments will be needed to understand how the biophysical properties of the hydrogel affect 
cytoskeletal architecture and downstream signaling pathways.  The creation of 3D biomimetic culture 
systems would then have important applications in pharmacology, toxicology and regenerative medicine. 
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Effects	   of	   Growth	   on	   Residual	   Stress	   Distribution	   along	   the	   Radial	   Depth	   of	   Cortical	  
Cylinders	  from	  Bovine	  Femurs	  
Satoshi Yamada and Shigeru Tadano 
Division of Human Mechanical Systems and Design, Hokkaido University, Hokkaido, Japan 

Stress/strain state in bone tissue is essential for understanding the bone strength and bone adaptation. The 
presence of residual stress in bone tissue, which is defined as the stress that remains in the tissue without 
any external forces, has been examined using X-ray diffraction techniques. The residual stresses can be 
calculated on the basis of variation in the interplanar spacing of hydroxyapatite crystals in the bone tissue. 
In previous study, the magnitude of residual stresses along the bone axis at the bone surface of rabbit 
extremities correlated with osteon population density in the cross section. Residual stresses may be related 
to the bone formation and reconstruction, and may be a circumstantial finding of the adapted state of the 
bone. However, the distribution, generation mechanism, and the biomechanical implications of the residual 
stress in bone tissue are not understood.  
To profoundly enhance the understanding of generation mechanisms and biomechanical implications of 
residual stress in bone tissue, it is important to study the effects of growth on residual stresses. In the 
experiments, five femurs were obtained from less-than-one-month-old (Group Y) and two-year-old (Group 
M) bovines, respectively. The mid-diaphysis part of the femur was used. The bone marrow and the soft 
tissue around the surfaces were removed and the specimens were air-dried at room temperature. The 
synchrotron white X-ray diffraction was performed at the BL28B2 beamline of SPring-8, Japan. The 
diaphysis specimens from Group Y were measured at 0.5-mm intervals from the outer surface to the 
deeper region of the specimens at four positions: anterior, posterior, lateral, and medial. The Group M 
samples were measured at 1-mm intervals.  
The diaphysis specimens from Group Y were not subjected to large residual stresses (average −1.2 MPa 
and 2.4 MPa at the surface region and 1.5 mm depth, respectively). In Group M, the surface region of the 
diaphysis specimens was subjected to tensile residual stresses (average 6.7 MPa) and the deeper region 
was subjected to compressive stresses (average −8.2 MPa at 3 mm depth). Furthermore, the value of 
residual stresses at the surface region of the diaphysis specimens in both the groups had a positive 
statistical correlation with the cortical thickness at the measured locations (r = 0.44, p < 0.01). The results 
suggest that residual stresses are generated during growth, satisfying the equilibrium of forces between the 
surface and the deeper regions of the diaphysis. The differences in residual stresses may be related to 
mechanical loads applied to bone tissue in vivo during bone formation or reconstruction.  
In general, residual stress is generated in a material by the indeterminate structure. In vivo mechanical 
loading from body weight increases with growth. Because new tissue develops in a nondeformed state 
under in vivo loading, tensile stresses may occur in the new surface growth and compressive stresses may 
remain in the older, deeper bone tissue even after any external loadings have been removed. The results of 
the study will be of importance in elucidating the mechanism and biomechanical implications of residual 
stress in bone tissue. 
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In	  Silico	  Multiscale	  Simulations	  of	  Bone	  Remodelling	  in	  Health,	  Disease	  and	  Treatment	  
Patrik Christen 
Institute for Biomechanics, Department of Health Sciences and Technology, ETH Zurich, Zurich, 
Switzerland 

Bone is a dynamic tissue constantly adapting its microstructure by bone forming and resorbing as well as 
mechanosensitive cells. The interplay between these bone cells is called remodelling and allows adapting 
to new load conditions, repair of microcracks, and renewal of old bone material. It is very well known that 
mechanical loads at the organ-scale can lead to bone gain, e.g. due to intense physical activity in athletes, 
but also to bone loss, e.g. due to disuse in astronauts. However, the key question is how the different 
scales are linked together. Thus how the global loads at the organ-scale are linked to the local cell activity 
at the micro-scale. The response of bone to mechanical loading at the organ-scale follows the so called 
“Mechanostat” theory, which predicts that bone is formed if the tissue loading exceeds an upper set point 
and removed below a lower set point. While this is supported by experiments, the response at the micro-
scale has not yet been possible to prove experimentally.  
To test theories of bone remodelling at the micro-scale, in silico models would be of great value. 
Remodelling algorithms have been proposed capable of simulating realistic trabecular bone structures. But 
experiments to validate these algorithms are still lacking. To overcome this issue we propose time-lapsed in 
vivo imaging where follow-up in vivo scans allow to motor microstructural changes in bone and thus the 
determination of bone resorption and formation. Bone remodelling sites defined in such a way can then be 
used to define model parameters and to test model predictions. We developed two approaches: A mouse 
model of bone adaptation with in vivo micro-CT imaging and follow-up studies in humans with in vivo high-
resolution CT imaging. In the mouse model, the caudal vertebra is loaded in vivo with an extra load 
resulting in an increase in bone volume fraction and thickening of trabeculae over time. By correlating sites 
of bone remodelling with local tissue loading, it was furthermore possible to demonstrate that low and high 
tissue loading trigger resorption and formation, respectively. In humans, repeated in vivo scans in healthy 
women showed the same mechanoregulation at the micro-scale. Based on these results, we developed a 
strain-adaptive in silico model adding and removing bone at the micro-scale. Using the model to predict 
bone remodelling in mice that received different treatments including mechanical loading showed promising 
results since changes in bone volume fraction were very well in agreement with the experiment. 
We therefore conclude that time-lapse in vivo imaging allows monitoring microstructural properties in live 
animals/humans and determining dynamic bone remodelling parameters such as bone formation rate and 
bone resorption rate. In vivo high resolution CT data are best suited to validate in silico multiscale models of 
bone remodelling that can even be predictive. 
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Mini-Symposium Materials/Organic/Macromolecular Chemistry  
Organized by Prof. A.D. Schlüter (ETH Zürich) and Prof. Habazaki (Hokkaido University) 
 

Thursday, Nov. 27, 2014 (ETH Zürich, Hönggerberg Campus, HCI J 498) 

14.00-14.20  Prof. H. Ito, Hokkaido University 
  Mechanical Response of Luminescent Gold (1) Isocyanide Complexes 

14.20-14.40  Prof. M. Tokeshi, Hokkaido University 
Microfluidic Devices for Rapid Detection of Disease Biomarkers and Fabrication of 
Functional Nanoparticles 

14.40-15.00  Prof. M. Niederberger, ETH Zürich 
From Nano to Macro: Chemical Synthesis of Inorganic Materials Over Several 
Length Scales 

15.00-15.20  Dr. E. Benetti, ETH Zürich 
Engineering Multi-dimensional Surfaces by Grafting Polymers 

15.20-15.40  Intermission  

15.40-15.50  Olof Sterner, ETH Zürich 
Spatially Controlled Polymer Adlayers for Biological Applications 

15.50-16.00  Yu Toguchi, Hokkaido University 
Hetero-oligomerization of the Wild-type and Mutant Tumor Suppressor Protein p53 

16.00-16.10  Riku Takahashi, Hokkaido University 
  Control Superstructure of Rigid Polyelectrolytes in Oppositely Charged   
  Hydrogel via Programmed Internal Stress 

16.10-16.30  Prof. Don Hilvert, ETH Zürich 
Design and Evolution of Protein Containers 

16.30-16.40  Intermission  

16.40-17.00  Prof. K. Matsumoto, Hokkaido University 
Engineering of Bacteria and Pathways Toward Efficient Plastic Production from 
Renewable Feedstock 

17.00-17.20  Prof. M. Kovalenko, ETH Zürich 
Colloidal Nanocrystals for Li-ion and Na-ion Batteries 

17.20-17.30  Aroua Safwan, ETH Zürich 
Derivatization of M3N@C80 Metallofullerenes via Prato Reaction: a New Route for 
Preparation of MRI Contrast Agents 

 
 
Friday, Nov. 28, 2014 (ETH Zürich, Hönggerberg Campus, HCI J 498) 
 
09.00-09.20  Prof. P. Dittrich, ETH Zürich 

Microchambers and Microdroplets: New Perspectives for Proteomics and Single-
cell Analysis  

09.20-09.40  Prof. A. deMello, ETH Zürich 
Droplet-Based Microfluidics for High-Throughput Experimentation 

09.40-10.00  Prof. K. Tadanaga, Hokkaido University 
Preparation of Materials for All-solid-state Electrochemical Devices by Solution 
Processes 

10.00-10.20  Prof. H. Habazaki, Hokkaido University 
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  Pt-supported Platelet Carbon Nanofibers for Oxygen Reduction Reaction 

10.20-10.40  Intermission  

10.40-10.50  Mingzhe Zhang, Hokkaido University 
  Unique Optical Properties of Subnanometer-sized Gold Clusters 

10.50-11.00  Bernd Deffner, ETH Zürich 
High Molecular Weight Poly(m,p-phenylene)s by Suzuki-Miyaura Cross-Coupling 
Polymerization 

11.00-11.10  Fumihiko Nakamura, Hokkaido University 
Development of Micro Mixer Based on Baker’s Transformation by Two-
Dimensional Mixing 

11.10-11.20  NN - Hokkaido PhD Polymer Chem., Hokkaido University 

11.20-11.30  Richard Obexer, ETH Zürich 
Droplet-Based Microfluidics for Directed Evolution of Designer Retro-Aldolases  

11.30-11.50  Prof. Jeff Bode, ETH Zürich 
SnAP Reagents for the Synthesis of Chiral, Saturated N-Heterocycles 

11.50-12.00  Ryoto Kojima, Hokkaido University 
Copper(I)-Catalyzed Diastereoselective Intramolecular Borylative  
exo-Cyclization of Alkenyl Ketones 

12.00-12.30  Transfer to ETH Zentrum 
 

  



 
 

25 

MECHANICAL RESPONSE OF LUMINESCENT GOLD (I)ISOCYANIDE COMPLEXES 
 

Hajime Ito 
Division of Chemical Process Engineering and Frontier Chemistry Centre (FCC) 

Faculty of Engineering, Hokkaido University, JAPAN 
Email: hajito@eng.hokudai.ac.jp 

 
We reported that several aryl gold isocyanide complexes display interesting solid state 
photoluminescence and mechanical responsive features, luminescence mechanochromism and 
molecular domino. A gold complex containing two gold atoms, [pentafluorophenylgold]2(µ-1,4-
diisocyanobenzene), shows significant change in its luminescence color when mechanical 
stimulus such as grinding or pressing is applied on its solid sample.[1] This “luminescence 
mechanochromism” can be attributed to a ground state structure alternations from the 
microcrystalline to the amorphous state accompanied to the intermolecular interactions pattern 
and change of the photoluminescent properties alternations. 

The different feature observed in phenyl(phenyl isocyanide)gold(I) complex is “molecular domino”; 
even addition of small mechanical stimulus on their crystal surface can induce the spontaneous 
structure change of the entire crystal.[2,3] This structure alternations proceeded in a single-crystal-
to-single-crystal manner with the drastic photoluminescent color change from of blue to yellow. A 
novel material design to control the structure and optical properties changing pattern will also be 
presented.[3] These features enable sub-molecular-level structure investigation with single X-ray 
crystallographic analysis and visual observation of the phase transition under UV light irradiation 
during the mechano-induced phase change process. 

 
Figure. Mechano-triggered single-
crystal-to-single-crystal transition of 
phenyl(phenyl isocyanide)gold(I) complex, 
photoluminescence 
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Microfluidic devices have great potential for medical and life science applications. Recent 
progresses in microfluidic devices have enabled precise analysis of a small amount of proteins 
and drugs in blood or urine, and preparation of highly functional nanoparticles. We have 
developed that several immunoassay systems using the microfluidic devices for rapid diagnosis 
of biomakers [1-4], and have fabricated a novel non-vial gene delivery vector, a multifunctional 
envelope-type nanodevice (MEND) using the microfluidic devices [5,6]. In this presentation, I will 
present about several topics: on-chip immunoassay using hydrogel pillars, fabrication of 
functional nanoparticles for drug delivery system, on-chip therapeutic drug monitoring, and so 
forth [7-9]. 
 
Rapid Detection of Disease Biomarkers. Recently, we developed a new device called an 
"immuno-pillar chip", which has the desired features for easy-to-use detection of biomarkers [2,4]. 
It has hydrogel pillars, fabricated inside a microchannel, with many antibody molecules 
immobilized onto 1 µm diameter polystyrene beads. For detection of disease markers, we 
confirmed the chip provides rapid analysis (total assay time of about 4 min) with high sensitivity, it 
is easy-to-use (no special skills are needed), and it uses small volumes of the sample and 
reagent (0.25 µL each). Moreover, multiplex assay for three biomarkers was also possible. 
 
Fabrication of Functional Nanoparticles. The fabrication of functional micro- and nano-
particles, such as liposome, quantum dot, gel particle, etc., using microfluidic devices has several 
advantages over conventional batch methods. For example, the size controlled synthesis of 
particles can be easily realized by controlling the experimental conditions. We have developed 
several types of fabrication method of the multifunctional envelope-type of nanodevices (MEND) 
using microfluidic devices [5,6]. We developed a “touch-and-go” method to fabricate the MEND by 
the microfluidic device with two steps: the lipid coating step on the glass surface by the 
introduction of lipid solution into a microfluidic device and the MEND formation step by the 
introduction of condensed plasmid DNA core in the microfluidic devices. Recently, we reported 
that the reliable fabrication of MEND using a microfluidic device that had an array of a staggered 
chaotic mixer with bas-relief structures on the floor of its reaction channel [6]. We also developed 
a new fabrication method of small sized MEND using a microfluidic device with Baker’s 
transformation mixing structures. 
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From Nano to Macro: Chemical Synthesis of Inorganic Materials Over Several Length 
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Metal oxide nanoparticles are the ideal building blocks for the bottom‐up fabrication of functional 
materials. They offer an immense variety of interesting properties, which not only depend on the 
composition, but also on the crystal structure, the particle size and shape and on the surface 
chemistry. Accordingly, potential synthesis routes have to provide full control over all these 
parameters. In addition to the synthesis, assembly and processing of these nanoparticle building 
blocks is similarly important on the way to implement them in devices and to use them in 
applications. A major challenge in this context is the fabrication of macroscopic structures and 
bodies, because when starting from preformed nanoparticles and ending with cm ‐ sized 
architectures, seven orders of length scales have to be overcome [1]. 

The talk will address several of these aspects, including synthesis, assembly and application of 
metal oxide nanoparticles. It will introduce the synthesis of a great variety of metal oxide 
nanocrystals by nonaqueous sol‐gel chemistry [2], followed by discussing various strategies to 
fine ‐ tune the surface chemistry to tailor the assembly and dispersion properties of the 
nanoparticles. Such surface‐functionalized nanoparticles can be self‐assembled into monolithic 
aerogels with macroscopic dimensions, processed into films and incorporated into polymer 
matrices. 

Figure 1 shows several examples of aerogel monoliths prepared by the self‐assembly of the 
corresponding preformed nanoparticles and nanoparticle mixtures [3-4]. 

 

Figure 1. Left: Titania aerogel; Middle: Layered titania‐magnetite‐titania aerogel; Right: 
Magnetically textured titania‐magnetite aerogel. 

  
Finally, selected applications in the field of gas sensing [5], photoelectrochemical water splitting 
[6], lithium ion batteries and luminescent nanocomposites will briefly be addressed. 

Figure 2 shows tungsten oxide nanowires oriented over a gas sensor substrate by Langmuir‐ 
Blodgett technique and their gas sensing performance towards H2 at room temperature. 
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Figure 2. a) Digital photograph of the device coated with a film of 10 layers of aligned W18O49 
nanowires on top of the interdigitated Pt electrodes; b) SEM image of the region highlighted with a 
green rectangle in (a). The bright areas are the Pt interdigitated electrodes, dark areas the 
aligned nanowire thin film; c) SEM image of a region at the edge of one Pt electrode; d) SEM 
image of the nanowire thin film between the electrodes at low magnification; e, f, g) SEM images 
of the nanowire thin film at higher magnifications; h) Resistance change of aligned W18O49 
nanowire thin films (10 layers) with respect to various concentrations of H2 at room temperature in 
synthetic air with 50% relative humidity as carrier gas. 

 

References 

[1] D. Koziej, A. Lauria, M. Niederberger, Metal Oxide Particles in Materials Science: Addressing 
All Lengths Scales, Adv. Mater. 2014, 26, 235 

[2] M. Niederberger, N. Pinna, Metal Oxide Nanoparticles in Organic Solvents: Synthesis, 
Formation, Assembly, and Application, Engineering Materials and Processes Series, Springer 
Verlag, London: 2009 

[3] F. J. Heiligtag, W. Cheng, V. R. de Mendonça, M. J. Süess, K. Hametner, D. Günther, C. 
Ribeiro, M. Niederberger, Self‐Assembly of Metal and Metal Oxide Nanoparticles and Nanowires 
into a Macroscopic Ternary Aerogel Monolith with Tailored Photocatalytic Properties, Chem. 
Mater. 2014, 26, 5576 

[4] F. J. Heiligtag, M. J. I. Airaghi Leccardi, D. Erdem, M. J. Süess, M. Niederberger, 
Anisotropically Structured Magnetic Aerogel Monoliths, Nanoscale 2014, 6, 13213 

[5] W. Cheng, Y. Ju, P. Payamyar, D. Primc, J. Rao, C. Willa, D. Koziej, M. Niederberger, Large‐
Area Alignment of Tungsten Oxide Nanowires over Flat and Patterned Substrates for Room 
Temperature Gas Sensing, Angew. Chem. Int. Ed. 2014, in print 

[6] S. Hilaire, M. J. Süess, N. Kränzlin, K. Bienkowski, R. Solarska, J. Augustynski, M. 
Niederberger, Microwave‐ assisted Nonaqueous Synthesis of WO3 Nanoparticles for 
Crystallographically Oriented Photoanodes for Water Splitting, J. Mater. Chem. A. 2014, in print 

  
 
  



 
 

29 

Engineering Multi-dimensional Surfaces by Grafting Polymers 
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Zürich 
 
The fundamental question which is inspiring my research arises from my chemical and materials 
engineering background: can we synthesize designer macromolecules to form bio-interfaces which 
provide functions to natural tissues environments and mimic natural tissue environments when 
applied to synthetic materials? The answer to this question envisions the fabrication of intelligent 
coatings for natural and synthetic systems whose interactions with physiological environments are 
determined by the polymer characteristics (chemical composition, (macro)molecular architecture 
and physical properties). 

 
Recently developed strategies in biomaterials 
science and regenerative medicine are aiming 
to improve control and integration over cell and 
tissue interactions with synthetic preparations, 
in order to achieve better-performing and 
longer-lasting solutions. In particular, it is 
critical to control the cells-extracellular matrix 
(ECM) interaction, as well as their migration 
and differentiation into 3D environments (such 
as porous 3D scaffolds and hydrogel supports).  
The introduction of increasingly sophisticated 
polymeric supports for the above mentioned 
preparations has induced growing interest in 
novel synthetic and processing methodologies 

that are peculiar to polymer science and macromolecular chemistry. On this regard a particular attention 
has been devoted to the physico-chemical properties of tissue-biomaterial interfaces, which often determine 
the performance of the synthetic matrices e.g. cells contact behavior and scaffold integration into natural 
tissue environments. 
 
“Functional integration of biomaterials in tissue starts at the interface” This last statement represents 
the main motivation of my present and future research. The principal mean to engineer and modulate a 
specific bio-response at the level of this interface is via a MACROMULECULAR APPROACH. This general 
strategy relies on a number of synthetic approaches aiming at designing polymeric interfaces with 
controlled architecture, precise functions and well-determined physico-chemical properties (Scheme 1). 
These methods are currently applied both on 2D surfaces, to investigate on the fundamental bio-interfacial 
phenomena, and on 3D supports such as microporous scaffolds for tissue engineering. A central 
contribution to the research strategies currently being carried out is given on the one hand by peculiar 
polymer chemistry methods and, on the other hand, by surface science (including fabrication and 
characterization of functional surfaces). Specifically we exploit controlled radical polymerizations for 
designing grafted polymer films with tailored physico-chemical properties i.e. hydration, mechanical 
properties, antifouling character, lubrication and function. In parallel, surface science approaches are 
employed to spatially structure coatings characteristics and in-depth characterize them. These include a 
number of advanced surface characterization techniques such as atomic force microscopy (AFM) 
(morphological, nanomechanical and nanotribological analysis), quartz crystal microbalance with 
dissipation (QCM-D) and spectroscopic ellipsometry, to name a few.   
 
Structured Polymer Brushes 
Part of our research activities has been devoted to developing surface-initiated controlled radical 
polymerization methods for the synthesis of either homopolymer brush surfaces or stratified/block-
copolymer brush architectures with controlled swelling and mechanical properties. These multifunctional 
coatings are currently studied in order to reduce friction in aqueous environments, to modulate the 
mechanical properties of interfaces at the nanoscale, keeping constant their composition. In addition we 
have been applying them as bio-active coatings capable of regulating the response of cells and (stem cells) 
at the interface. One of the central aims of this research area is to apply confined radical polymerization 
methods (such as ATRP) in order to fabricate stratified brush interfaces with graded physical and chemical 
properties (Scheme 2). Sequential surface-initiated polymerization methods will be employed in order to 
fabricate layered brush structures featuring “linear” brush layers alternated to covalently crosslinked brush 

Scheme 1 
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“hydrogels” with controlled swelling properties. In order to precisely structure layered brush films, sequential 
polymerization steps in selective solvent environments will assure confined re-initiation and avoid formation 
of mixed polymer compositions within a single layer (i.e. every interfacial layer act as resist during the 
polymerization of the next layer). These layered brush structures will be applied for the fabrication of quasi-
3D surfaces for physico-mechanical tuning of surface properties (i.e. stiffness, swelling, friction).  
 

 
 
 
 
 
 
 
 
 
 
 
 

Coatings for 3D Scaffolds  
Functional polymer brushes can act as polymeric spacers for immobilized protein signals, soluble in the 
ECM medium but still bonded to the supporting matrix. Thus brush interfaces can determine the biological 
function and the physical properties of a support used as scaffold for cell culture and tissue regeneration. 
One of the focuses of our research concentrates on the combination of polymer brush coatings with 
supports for tissue engineering in order to convey function and activity to the whole synthetic matrices. In 
order to mimic the compositional diversity of natural extra-cellular matrices (ECMs) we propose new and 
versatile methods to obtain synthetic ECMs, which are potentially directly applicable to clinical practices. 
Fabrication of three-dimensional (3D) gradients of proteins within microporous, biodegradable tissue 
engineering scaffolds is accomplished by solution wetting processes (Scheme 3). 3D regularly layered 
starting supports are manufactured by rapid prototyping (RP) of poly-ε-caprolactone (PCL). Uniform coating 
of the scaffold surfaces with “grafted-from”, poly(ethylene gycol)(PEG)-containing polymer brushes is 
employed for the covalent immobilization of proteins. The 3D gradient formation processes make use of 
surface energy and capillary forces, which administer proteins from their solutions inside the pores. 
Following these approaches multidirectional gradients of different protein species can be produced with 
precise control over the protein coverage morphology. In addition, 3D gradients of brush-supported 
fibronectin permit the controlled immobilization of human mesenchymal stem cells (hMSCs) in spatially 
determined cultures. 
PCL-POEGMA scaffolds with 3D protein gradients demonstrate to be easily reproduced also in clinics since 
they do not require any inert environment or complicated chemistry. Brush-coated scaffolds could be simply 
incubated with the required proteins and directly applied to patients in or without the presence of cell 
preparations. In this context, the versatility of this technique support the combination of multiple cues which 
could eventually trigger cell adhesion, migration or differentiation, in a single 3D porous structure. All the 
above-mentioned features make the method presented a practical and affordable strategy to synthetically 
mimic natural ECMs and their 3D multidirectional diversity. 
 

 
Scheme 3. Polymeric biodegradable scaffolds fabricated RP reproducing body parts (a); controlled 
deposition of protein gradients into “brush”-modified 3D scaffolds by controlled solution wetting (b).  
 
 
 
  

Scheme 2 
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Spatially Controlled Polymer Adlayers for Biological Applications 
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†SuSoS Ag, Lagerstrasse 14, Dübendorf, Switzerland 
 
Photochemistry is a versatile route for modifying oxide, metal and organic substrates with 
monolayer films of polymers. Employed in this work was perfluorophenyl azide (PFPA), which 
under deep-UV irradiation forms a reactive nitrene capable of non-selective insertion reactions 
into an organic molecule in close proximity, forming stable covalent adducts.1 By grafting PFPA to 
a poly (allyl amine) (PAAm) backbone, forming PAAm-g-PFPA, PFPA can be surface-anchored to 
negatively charged substrates by means of electrostatic self-assembly. The interfacial properties 
of the substrate, such as resistance to non-specific protein adsorption, electrostatic charge, and 
lubricity, can thus be tuned by careful selection of the polymer chemistry. By laterally varying the 
UV exposure dose across a substrate, the polymer density can be spatially controlled with the 
added opportunity to form two-or-more-component interfaces. In this work, two immiscible 
polymers have acted as model compounds, poly (vinylpyrrolidone) and poly (styrene), which 
formed a two-component polymer gradient with solvent-responsive properties, and bioadhesion 
regulation.2 Using the same polymer pair in combination with standard lithographic methods, a 
micropatterned platform was developed with applications in single-cell assays.3 The lithographic 
route was further explored by the use of a pseudo-grayscale mask, forming mm-to-µm gradients 
of custom geometry with potential for studying interfacial phenomena as a function of gradient 
steepness, such as cell migration and movement of water droplets. During the fabrication of these 
gradients it was found that thin-film interference had a profound influence on the kinetics, which 
put demands on the sample fabrication process in terms of reproducibility, but also opens up the 
possibility for mask-less manipulation of the polymer density on the micrometer scale.  
 

 
Time-of-flight secondary-ion mass spectrometry images of a 20-µm-diameter PS 

micropattern in a background of PVP (left), and a microscopic multilength gradient of 
PS-to-PVP (right). 
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The importance of tumor suppressor protein p53 has been well known. p53 is a transcriptional 
factor, which plays a central role in various cellular pathways. In response to genotoxic stresses 
such as UV and ionizing radiation, p53 leads to cell cycle arrest and apoptosis [1]. Tetramer 
formation of p53 is essential for its functions. This tetrameric structure of p53 is in equilibrium with 
four monomers [2]. TP53, encoding tumor suppressor protein p53, is the most frequently mutated 
gene in malignant tumors. In cases of missense heterozygous mutation of TP53, the hetero-
tetramers were formed between the wild-type (WT) and mutant (Mut) p53 (Fig.1). It has been 
described that the dominant-negative effect of p53 mutation is very strong to abolish the function 
of the WT p53 [3]. However, it is extremely difficult to analyze the structure and function of each 
hetero-oligomer species at the physiological protein level in cells. The accurate activity of each 
type of hetero-oligomer remains unclear. 
Here, we report an analysis of transcriptional activity of hetero-tetramer p53 in order to elucidate 
the threshold of p53 inactivation. We constructed a new reporter system on the basis of a 
fluorescent protein reporter system [4]. It can simultaneously monitor the protein levels of the WT 
and Mut p53, and p53 transcriptional activity by use of three fluorescent proteins (Venus, 
Cerulean, and mCherry) in living cells. We analyzed the p53 transcriptional activity at the 
physiological protein level of the WT p53 and various expression levels of Mut p53. 
Transcriptional activity decreased with the increase of the amount of Mut p53.We estimated the 
transcriptional activity of hetero-
tetramer by fitting using the model 
considering the quantitative ratio of 
WT homo, Mut homo, and hetero-
tetramers. The results revealed that 
the hetero-tetramers possess a 
substantive transcriptional activity. 
This study provides the new insight 
about the threshold of p53 
inactivation on carcinogenesis 
mechanism. 
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Fig.1 Hetero-tetramer between WT and Mut p53 
protein 
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Hydrogels are a class of soft and water containing material. Recent developments of tough 
hydrogels1 have greatly expanded the applications of this material in various fields, including soft 
actuators, artificial organs, regenerative medicine, etc. Beyond the toughness, one of the next 
challenges is how to introduce macro-scale superstructures into isotropic and amorphous 
hydrogels.  
Recently, we report a novel strategy to develop hydrogels with macro-scale superstructures 

from rigid fiber-forming molecules by playing with programmed internal stress2. When a soft 
hydrogel has a swelling mismatching in different regions, an internal stress develops. The internal 
stress can direct orientation of rigid fiber-forming molecules. In this work, we applied 
photolithographic technology to induce programmed swelling mismatching in the positively 
charged hydrogel (Fig.1) Considering a slab of hydrogel with alternative stripes of different 
swelling, the large swelling region experiences a 
compression from the less swelling region. 
Oppositely, the less swelling region experiences an 
extension from the large swelling region. If rigid rod-
like molecules are embedded in the hydrogel matrix, 
they intend to orient along the tensile direction while 
they orient perpendicular to the compressive 
direction (Fig. 2). This internal-stress-directed 
orientation of rigid molecules inside the hydrogels 
has recently been demonstrated3. When both of the 
embedded rigid macromolecules and the hydrogels 
are polyelectrolytes but carry opposite charges, the 
orientation can be “memorized” by polyion complex 
formation by the dialysis of their counter-ions3. This 
work gives a pathway to synthesize tough hydrogels 
with complex superstructure and should merit 
designing other biomimetic materials towards specific 
functions. 
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Fig.1 | Schematic illustration of synthesis 
of gel by using photolithographic 
technology.  

Fig.2 | Schematic illustration of 
superstructure formation of rigid 
molecules inside hydrogel. 
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Many proteins spontaneously self-assemble into regular, shell-like, polyhedral structures. Protein 
capsids are useful, both in nature and in the laboratory, as molecular containers for diverse cargo 
molecules, including proteins, nucleic acids, metal nanoparticles, quantum dots, and low 
molecular weight drugs.  They can consequently serve as delivery vehicles, bioimaging agents, 
reaction vessels, and templates for the controlled synthesis of novel materials.  In this lecture 
strategies for designing new protein containers and for extending their properties through 
computational design and directed evolution will be discussed.  Such efforts may provide practical 
routes to non-viral encapsulation systems for applications in the test tube and in living cells.  
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    The recent development of biotechnology has transformed microbes into useful "factories" for 
producing valuable chemicals as well as polymer materials. The tiny cells possess a great 
potential to replace petroleum with renewable biomass such as woods and grasses. The 
lignocellulosic biomass is an abundant, non-edible and sustainable feedstock, but they are also a 
complex mixture of sugars, lipids, minerals, phenolic compounds and other numerous minor 
components that normally cannot be a starting substance for chemical process. In contrast, 
microbes can specifically take their favorite carbon sources in the crude mixture into the cells, and 
subsequently, the carbon sources are used for growth and to produce metabolites. The power of 
microbes stemmed the fine recognition of molecules by enzymes/proteins that enabled the 
specific uptake, selective regulation of stereochemistry and so on. Thus, to take full advantage of 
the biological systems, engineering of enzymes/proteins for enhancing its activity and/or acquiring 
expanded capacity has been a key challenge.  
 
    Aliphatic polyester is a major class of commodity plastics that is also produced using microbial 
processes. In fact, a number of bacteria have been known to produce polyesters, so called 
polyhydroxyalkanaote (PHA), from various carbon sources. In the PHA biosynthesis, polymerases 
with a strict stereospecificity play a central role. It has been known that the enzyme only accepts 
monomers with 3-hydroxyl or 4-hydroxyl groups. However, our group has extensively worked on 
the engineering of the polymerases of PHAs to enhance and/or expand their substrate specificity, 
and for the first time, succeeded in synthesizing unusual PHAs composed of 2-hydroxyalkanoate 
(2HA) units including lactate. The position of hydroxyl group has a critical effect on the physical 
properties of the polymer. 2HA-based polymers have transparency and flexibility, so polymers will 
cover the wider range of applications.  
 
    Based on the aforementioned background, other important step is efficient utilization of 
feedstock. Lignocellulosic biomass-derived sugar is composed of glucose, xylose, and other 
minor components. We found that Escherichia coli producing a lactate-based polymer vigorously 
consumed xylose and produced a lot of polymer that currently achieves a champion data of PHA 
production from sugars. We presumed that redox level might be balanced when xylose and 
pathways for lactate polymer were combined. 
 
    Biodegradability is another important property of biological polyesters. It has been proven that 
naturally occurring PHAs are well-biodegradable, because the polymer was synthesized as a 
storage compound. So question was, how about the unusual PHAs? To answer this question, we 
screened bacteria, which degraded lactate-based polymers, and found that certain soil bacteria 
did degrade the copolymer. Currently we demonstrated that the ester bonds in the biosynthesized 
lactate polymer are enzymatically cleaved, but its biodegradability is remained to be an unsolved 
problem. 
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Introduction. Lithium(Li)-ion batteries (LIBs) remain the most prominent rechargeable, 

electrochemical energy storage technology [1],  with tremendous importance not only for portable 
electronics rapidly growing sector of environmentally-benign electrical mobility [2]. There is also a 
growing recognition that renewable energy sources require large scale-batteries located, for 
instance, next to solar cell power plants. Conceptually identical Sodium(Na)-ion batteries (SIBs) 
have recently received a revived interest as a viable alternative to LIBs due to much greater 
natural abundance and more even distribution of Na reserves as compared to Li. SIBs are 
therefore expected to replace LIBs in future large-scale energy storage facilities.  

Presently, great research efforts are focused on nanostructuring of the active anode materials, 
by producing nanowires, nanoparticles and nanocrystals (NCs), in order to mitigate the effects of 
volumetric changes and to enhance kinetics of the conversion and alloying reactions. With regard 
to SIBs, it is important to note an even greater need for efficient anode materials, because silicon 
does not reversibly store Na-ions at ambient conditions, graphite shows negligible capacities of 
30-35 mAh g-1, while other carbonaceous materials exhibit capacities of less than 300 mAh g-1 at 
rather low current rates and suffer from the low tap density. Fully contrary to the present situation 
with LIBs, there is much greater progress for cathodes than for anodes in SIBs.  

Antimony NCs as anode materials for SIBs and LIBs (Figure 1) [3]. In the elemental form, 
antimony (Sb) has long been considered as a promising anode material for high-energy density 
LiBs owing to its high theoretical capacity of 660 mAh g-1 upon full lithiation to Li3Sb. Recently, 
this material has also been demonstrated to store same amount of Na ions. We present colloidal 
synthesis of Sb NCs with mean size tunable in the 10-20 nm range and with narrow size 
distributions of 7-11%. In comparison to microcrystalline Sb, 10nm and 20nm Sb NCs exhibit 
enhanced rate-capability and higher cycling stability as anode materials in rechargeable Li-ion 
and Na-ion batteries. All three particle sizes of Sb possess high and similar Li-ion and Na-ion 
charge storage capacities of 580-640 mAh g-1 at moderate charging/discharging current densities 
of 0.5-1C (1C-rate is 660 mA g-1). At all C-rates (0.5-20C, e.g. current densities of 0.33-13.2 Ag-1), 
capacities of 20nm Sb particles are systematically better than for both 10nm and bulk Sb. At 20C-
rates, retention of charge storage capacities by 10 and 20nm Sb NCs can reach 78-85% of the 
low-rate value, indicating that rate capability of Sb nanostructures can be comparable to the best 
Li-ion intercalation anodes and is so far unprecedented for Na-ion storage. 

Tin-germanium nanorods and their Li-ion storage properties (Figure 2) [4].  We also present 
a facile colloidal synthesis of Sn-Ge heterostructures in the form of nanorods with a small aspect 
ratio of 1.5-3 and a length smaller than 50nm. In the two-step synthesis, pre-synthesized Sn 
nanoparticles act as a low-melting point catalyst for decomposing Ge precursor, 
bis[bis(trimethylsilyl)amido]Ge(II), and for crystallization of Ge via solution-liquid-solid growth 
mechanism. Creation of such Sn-Ge nanoheterodimers can serve as a well-controlled method of 
mixing these nearly immiscible chemical elements for the purpose of obtaining Sn-Ge 
nanocomposite electrodes for high-energy density Li-ion batteries. Comparable mass content of 
Sn and Ge leads to synergistic effects in electrochemical performance:  high charge storage 
capacity above 1000 mAh g-1 at a relatively high current density of 1A g-1 is due to high theoretical 
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capacity of Ge, while high rate-capability is presumably caused by the enhancement of electronic 
transport by metallic Sn. At a current density of 4A g-1, Sn-Ge nanocomposite electrodes retain up 
to 80% of the capacity obtained at a lower current density of 0.2 A g-1. Temporally separated 
lithiation of both elements, Sn and Ge, at different electrochemical potentials is proposed as a 
main factor for the overall improvement of the cycling stability.  

 

 

 
Figure 1. Rate-capability tests of Li-ion and Na-ion half-cells employing Sb anodes made from 

monodisperse colloidal Sb NCs and from microcrystalline powders. The data for 10nm Sn NCs 
are shown for comparison. All anodes had same composition of Sb(64%)/CB(21%)/CMC(15%) 
and were cycled at room-temperature under variable current rate of 0.5-20C (1C=0.66 Ah g-1, 9 
cycles at each C-rate, first cycle at 0.1C). 

 

 

Figure 2. Reversible discharge capacities for anodes containing 64wt% of Sn-Ge NRs 
(15×25nm) and, for comparison, 64wt% of Sn NCs. 
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Derivatization of M3N@C80 Metallofullerenes via Prato Reaction: a New Route for 
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Endohedral metallofullerenes (M3N@C80)1 was studied as a scaffold of non-toxic and highly 
efficient MRI-contrast agents. Efficiency was reported to be forty times higher than the FDA-
approved clinical ones.2 

In our group, we have been working on preparation of stable water-soluble 
metallofullerene derivatives using Prato reaction (1,3-dipolar cycloaddition). We investigated the 
effect of metal size and exohedral groups on the Prato cycloadducts. As results, cycloaddition 
reaction initially occurred on the [6,6]-junction to obtain the kinetic product and isomerized to the 
[5,6]-junction (thermodynamic product) through a sigmatropic rearrangement. Surprisingly, in 
cases of M = Y or Gd, this rearrangement reaction occurred reversibly and both adducts were 
existing in equilibrium.3 While the conversion rate was dependent on both the endohedral metal 
cluster size and the exohedral functional group of dipole, the metal cluster size was solely 
responsible for the thermodynamic regioisomeric ratio.4 Preparation of a water-soluble derivative 
was carried out by a conjugation with a water-soluble PEG. 

 
Currently, we are studying the Prato bis-addition reaction and found that the reaction 

proceeded in a well-controlled manner with high regioselectivity in the presence of larger metal 
clusters (M = Y, Gd). The obtained kinetic bis-adduct of Gd3N@C80 was stable under thermal 
condition, whereas the kinetic bis-adduct of Y3N@C80 rearranged to other regioisomers. 
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Microchambers and microdroplets:  
New perspectives for proteomics and single-cell analysis 
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Microfluidics is nowadays an established toolbox in bioanalytical and biological research. One of 
the huge potential of microfluidics for analytical applications lays in the possibility to create small 
liquid environments of defined and reproducible volumes so that analyses can be performed with 
unprecedented high sensitivity. We use two approaches to confine liquids in volumes ranging 
from pL to nL (see figure); (i) valve systems in multilayer microdevices made of silicone elastomer 
(PDMS) and (ii) droplet microfluidics in continuous and static modes. In this contribution, a short 
overview of these approaches will be presented. 

The first valve-based systems proved highly useful for questions in the field of single cell analysis, 
solving challenges such as single-cell trapping, cell cultivation and implementation of washing 
and incubation steps. Furthermore, in combination with powerful detection methods such as the 
ELISA (enzyme-linked immunosorbent assay), we could quantify proteins and metabolites 
present in individual cells in amol levels [1,2]. The alternative microdroplet approach is optimal for 
large throughput analysis of liquid samples, with fluorescence readout or label-free detection by 
mass spectrometry [3]. We recently developed a new method, where droplet microfluidics is used 
to interface liquid chromatography and MALDI MS. This interface conserves the separation bands 
and allows depositing fractions of the eluted bands on a high-density microarray plate, which 
serves as the target for MALDI MS. The versatility of this system is demonstrated by an 
application, where post-translational modifications of selected proteins are successfully identified 
[4,5]. 

 
 

Figure 1. High-sensitivity bioanalyses in volumes of pico- and nanoliters. (a) Microchamber 
arrays to position and analyze individual vesicles or cells, e.g. by means of immunoassays. (b) 
Generation of droplets for high throughput analysis with optical methods. (c) Deposition of 
droplets on high-density microarray plates (made for up to 26,000 droplets) facilitates label-free 
readout by MALDI mass spectrometry. 
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DROPLET-BASED MICROFLUIDICS FOR HIGH-THROUGHPUT EXPERIMENTATION 
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I will describe recent studies that are focused on exploiting the spontaneous formation of droplets 
in microfluidic systems to perform a variety of analytical processes. Specifically passive but 
functional components for droplet merging and dilution are presented, along with their application 
in high-throughput biological and chemical processing. We believe that droplet-based 
microfluidics represents a promising new analytical platform that is likely to transform the way 
researchers address large-scale quantitative experimentation in the chemical and biological 
sciences. 

Introduction 
The past 15 years have seen considerable progress in the development of microfabricated 
systems for use in the chemical and biological sciences. Interest in microfluidic technology has in 
large part been driven by concomitant advances in the areas of genomics, proteomics, drug 
discovery, high-throughput screening and diagnostics, with a clearly defined need to perform 
rapid measurements on small sample volumes. At a basic level, microfluidic activities have been 
stimulated by the fact that physical processes can be more easily controlled when instrumental 
dimensions are reduced to the micron scale [1]. 
The relevance of such technology is significant and characterized by a range of features that 
accompany system miniaturization. Such features include the ability to process small volumes of 
fluid, enhanced analytical performance, reduced instrumental footprints, low unit costs, facile 
integration of functional components within monolithic substrates and the capacity to exploit 
atypical fluid behaviour to control chemical and biological entities in both time and space. Based 
on these advantageous characteristics, microfluidic systems have been used to good effect in a 
wide variety of applications including nucleic acid separations, protein analysis, process control, 
small-molecule synthesis, DNA amplification, DNA sequencing, cell manipulations, nanomaterial 
synthesis and medical diagnostics. 
Herein I summarize recent studies that are focused on exploiting the spontaneous formation of 
droplets in microfluidic systems to perform a variety of analytical processes and the use of novel 
optical techniques for the interrogation of small volume environments. Specifically passive but 
functional components for droplet merging and dilution are presented, along with their application 
in high-throughput biological and chemical processing. 

Droplet-based fluidics 
Droplet-based microfluidic systems allow the generation and manipulation of discrete droplets 
contained within an immiscible continuous phase [2]. They leverage immiscibility to create 
discrete volumes that reside and move within a continuous flow. In the case of gas-liquid 
segmented flow microfluidics, gas is injected into a continuous stream of liquid, thus creating a 
segmented flow, consisting of liquid plugs separated by gas bubbles. Conversely, in liquid-liquid 
segmented flow microfluidics, droplets of the dispersed phase are produced as a result of the 
shear force and interfacial tension at the fluid-fluid interface. 
Droplet generation can be achieved using a variety of strategies. A co-flow microfluidic device 
generates droplets of one fluid in another immiscible fluid using two coaxial capillaries. In a T-
junction microfluidic device, two immiscible fluids intersect perpendicularly and form an interface 
at the junction where the droplets are created. Finally, in a flow-focusing microfluidic chip the two 
phases are forced in parallel through a narrow nozzle (or channel constriction) where the 
dispersed phase can be pinched off. Significantly, such segmented-flows allow for the production 
of monodisperse droplets at rates in excess of tens of KHz and independent control of each 
droplet in terms of size, position and chemical makeup. These unique features have significant 
potential in biomedical engineering. 
The use of droplets in complex chemical and biological processing relies on the ability to perform 
a range of integrated, unit operations in high-throughput. Such operations include droplet 
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generation, droplet merging/fusion, droplet sorting, droplet splitting, droplet dilution, droplet 
storage and droplet sampling. 

Droplet merging is a fundamental process allowing the combination of reagents to initiate or 
quench a chemical reaction [3]. Merging can be achieved using either passive or active 
strategies. Passive droplet merging is based on the control of the channel geometry to induce 
coalescence. Alternatively, active merging is achieved through the application of external stimuli 
such as electric forces and surface acoustic waves. Pipetting and dilution are also basic 
laboratory processes. In microfluidics such operations are equally in demand, but difficult to 
implement. To this end, we have developed a dilution module for high-throughput screening [4]. 
Briefly, a nanolitre-sized sample droplet of specified concentration is trapped within an 
asymmetric microfluidic chamber. Through a process of droplet merging, mixing and re- splitting, 
this droplet can be combined with a series of smaller buffer droplets to generate a sequence of 
daughter droplets that define a digital concentration gradient. Importantly, the formed droplets can 
be merged with other reagent droplets to enable rapid chemical and biological screens. As a 
proof of concept, we have used the dilutor to perform a high- throughput homogeneous DNA-
binding assay using only nanoliters of sample. 

We have also used droplet-based microfluidic systems to perform nanomaterial synthesis, cell-
based assays and DNA amplification [2]. All of these applications will be described.  

Figure 1 Droplet generation strategies using a co-
flow in a capillary format (top), a T-Junction in a 
planar chip format (middle) and flow focusing in a 
planar chip format (bottom). Image taken from 
reference 2. 
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In electrochemical devices such as batteries, alkaline fuel cells, and electrochemical capacitors, 

liquid electrolytes are usually used.  However, by replacing liquid electrolytes to solid electrolytes, 
leakage or flammability of electrolytes can be avoided.  In addition, fabrication of light weight or 
thin electrochemical devices and use of such devices in a wide range of temperatures are also 
expected.  Thus, development of electrochemical devices using solid electrolytes has recently 
been attracted much attention.   

For the development of all-solid-state 
electrochemical devices, development of solid 
electrolytes with high conductivity, and 
formation of good solid electrolyte/electrode 
interface are very important.  Solution 
processes are suitable for the formation of 
good interface and thin films, and also for the 
control of size and shape of electrode 
materials.   

Here, examples of the preparation of 
materials for all-solid-state electrochemical 
devices by solution processes are reported. 

Lithium ion conductive solid electrolyte in the Li2S–P2S5 system were prepared from N-
methylformamide (NMF) solution of the 80Li2S·20P2S5 (mol%) solid electrolyte [1]. By using the 
NMF solution for the solid electrolytes, Li2S–P2S5 solid electrolyte was coated on LiCoO2 particles 
to form electrode–electrolyte composite materials. The all-solid-state lithium battery using the 
LiCoO2 particles coated with the solid electrolyte showed higher charge–discharge capacity than 
the cells using uncoated LiCoO2 particles. 

Mg–Al layered double hydroxides, prepared by the co-precipitation method using Al(NO3)3 and 
Mg(NO3)2 solution, are found to function as a solid electrolyte for alkaline type direct ethanol fuel 
cells [2].  The electromotive force for the water vapor concentration cell using Mg−Al CO3

2− LDH 
showed that Mg–Al CO3

2− LDH can be a hydroxide ion conductor. The ionic conductivity of Mg-Al 
CO3

2- LDH was about 1 × 10-3 S cm-1 at room temperature under 80% relative humidity. An 
alkaline-type DEFC using Mg−Al CO3

2− LDH as the electrolyte and aqueous solution of ethanol 
and potassium hydroxide as a source of fuel exhibited excellent electrochemical performance 
from room temperature to 80°C: open circuit voltage of 0.87 V and electric power of more than 65 
mW cm−2 were obtained. 

MnO2/carbon nanotube (CNT) composite was prepared by a solution process. All-solid-state 
electrochemical capacitors (ECs) were fabricated using the MnO2/CNT composite as a positive 
electrode, activated carbon powder as a negative electrode, and phosphosilicate gel prepared by 
a sol-gel process as an electrolyte. The obtained all-solid-state ECs can be charged and 
discharged at a temperature range between -30 and 100°C. In addition, the fabricated all-solid-
state ECs exhibited excellent cycle performance for 20,000 cycles [3]. 
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Fig.1 Schematic representation of formation of 
solid electrolyte/electrode interface by using 
electrolyte precursor solution and solidification. 
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Nanocarbon materials are of great importance in electrochemical energy storage and conversion 
systems, including lithium ion batteries, electrochemical capacitors and polymer electrolyte fuel 
cells. Our research group has reported the template-assisted synthesis of carbon nanofiers by 
liquid phase carbonization of polymers [1-3]. The resultant carbon nanofibers have unique 
orientation of carbon layers, and platelet-type carbon nanofibers (p-CNFs) with carbon layers 
stacked to the fiber axis are developed. Since carbon edge plane is exposed at the most of p-
CNFs surface, we have found that p-CNFs shows high rate capability as anode for lithium ion 
batteries [4]. In this preparation method, doped carbon nanofibers are also readily formed using 
polymers containing doping elements. In fact, we demonstrated the formation of nitrogen-doped 
p-CNFs and they showed improved capacitance for electrochemical capacitors [5]. Here, we 
report the uniform deposition of Pt nanoparticles on the p-CNFs and the high activity and 
durability of the Pt/p-CNFs electrodes for oxygen reduction reaction (ORR). 
 
Porous anodic alumina films with cylindrical pores of ~50 nm pore diameter were used as 
template. The p-CNFs were prepared by heating a mixture of the template and polyvinyl chloride 
powders in high purity argon atmosphere to 600ºC. p-CNFs were further heat-treated at higher 
temperatures up to 1400ºC to control the graphitization degree. Pt deposition was carried out 
using dinitro-diamine platinum(II) and ethanol as a reductant. Pt nanoparticles were also 
deposited on commercial Ketjen black (KB) for comparison. Electrochemical measurements were 
carried out by using rotating disk electrode with normal three electrode system. Pt wire and 
Ag/AgCl was used as a counter electrode and reference electrode, respectively. The electrolyte 
used was 0.05 M sulphuric acid. 
 
The Pt nanoparticles of approximately 3 nm were very homogeneously deposited on the p-CNFs. 
The homogeneity was improved on the p-CNFs heat-treated at higher temperatures, probably 
since more reactive carbon edges were exposed after heat treatment at higher temperatures. The 
electrochemical activity per Pt surface area became higher on the Pt/p-CNFs that heat treatment 
of p-CNFs was conducted at higher temperatures. Remarkable durability enhancement was also 
found when we used the p-CNFs heat-treated at 1400ºC. After potential cycles of 200 between 
0.5 V and 1.5 V, Pt/p-CNF (1500ºC) shows only less than 10% reduction of the ORR activity, 
whereas the activity reduction was as high as ~90% for the Pt/KB. The p-CNFs are promising 
carbon support for ORR electrocatalysts with high activity and durability. 
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Introduction 

  Subnanometer-sized clusters with nuclearity of around 10 have recently attracted much interest, 
not only due to the fundamental aspects of their unique nuclearity- and structure-dependent 
optical and electronic properties but also to their potential in the development of novel 
nanomaterials and catalysts. Previously we have shown that [Au6(dppp)4]2+ (1), [Au8(dppp)4Cl2]2+ 
(3) and [Au11(dppe)6]3+ (dppp = Ph2P(CH2)3PPh2, dppe = Ph2P(CH2)2PPh2) adopt unusual 
[core+two] geometries having two exo gold 
atoms attached to the polyhedral cores, and 
demonstrated their geometry-dependent optical 
properties and electronic structures [1-3]. 
Herein, we report the first example of trivalent 
heptanuclear gold cluster [Au7(dppp)4]3+ (2) with 
a [core+one] structure and we also discussed 
it’s optical properties and relationship with 1 
and 3 [4]. 

Experiment & Result 

 2 synthesized by the growth reaction of 1 in the presence of silver ion (Fig.1). Single-crystal X-
ray structural analysis of 2 revealed that it had an edge-sharing bi-tetrahedral core with one edge-
bridging gold atom at one side of the 
exo positions. This structure can be 
viewed as a derivative of the precursor 
1, in which one of the exo gold atoms 
of 1 accommodate an extra Au(I). But 
interestingly, the growth reaction of 1 
to form 2 didn’t proceed by using gold 
ion. A similarity among the members 
of [core+exo] family was also 
observed in their optical spectra and 
electronic structures. UV-vis 
absorption spectrum of 2 showed an 
isolated absorption band, which was 
assigned to HOMO-LUMO electronic 
transition with an aid of TD-DFT 
calculations. For the three [core+exo] 
clusters (1-3), the isolated band 
showed a clear blue shift as the 
increase of the cluster size (Fig.2). In 
addition, 2 also showed an evident 
photoluminescence band at 642 nm. 
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Fig.1 Skeletal structures of cluster 1 and 2. 

Fig.2 Absorption sptectra of Au6 (1), Au7 (2) and Au8 (3) 
clusters.  
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Poly(m,p-phenylene)s bearing solubilizing side chains were shown to be tough amorphous 
materials with outstanding thermal stability and chemical resistance.1 Removing the side chains 
should lead even better mechanical properties, as a negative influence of solubilizing side chains 
for rigid backbone materials is reported.2 As a high solubility is necessary for synthesizing and 
processing the materials, a concept including cleavable silyl side chains was developed.3 By an 
AA-BB-type Suzuki-Miyaura cross-coupling polymerization, we synthesized a soluble poly(m,p-
phenylene) with a weight average molecular weight of about 150.000 g·mol-1. This material was 
then processed into fibers by hot drawing and the side chains were cleaved by acid treatment to 
result in highly insoluble threads with remarkable mechanical properties (Figure 1c). These 
results encourage us to further explore the material in terms of stability of the mechanical 
properties towards external stresses, as well as the scope of possible processing techniques. 
 
a)                                   b)                                      c) 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. a) Structure of a poly(m,p-phenylene) bearing a cleavable side chain. b) Hot drawn fiber 
of this polymer. c) Stress-strain curves of differently treated films. 
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We try to develop a new type micro mixer based on the baker’s transformation (BT) by two-
dimensional (2D) structures. BT is the best transformation for mixing fluids of laminar flow. A 
micro mixer with the BT structure has ever developed by 3D structures.1 However, we considered 
developing the BT structure by 2D, because there was difficulty in mass-producing a 3D micro 
mixer. If we suggest developing a 2D micro mixer, they are easy to produce by photolithography. 
 
We focused on a curve and effects of the centrifugal force. We expect the mixing like Fig.1-(b) by 
centrifugal force. Then, we let a channel diverge and give each channels effects of a curve again 
(Fig.1-(c)). When liquids get mixing like Fig.1-(d), we let channels join. In this way, we would like 
to make the BT structure. The problem is how we keep giving channels effects of curves that are 
same directions. In the case of S-mixer, after the second turn, the centrifugal force is exerted in 
the opposite direction, and the distorted line returns nearly to the initial vertical line.4 Thus, we 
suggested a new shape of micro mixer like Fig.2. The channel width and depth were basically set 
to 100µm, and curvature radius is 250µm. Two liquids were prepared: purified water and an 
aqueous solution of 100µmol/L fluorescein. The densities were practically the same. The two 
liquids were introduced into the micro channel through different inlets and were merged to form a 
side-by-side parallel flow in the straight channel. A Nikon Ti-E inverted microscope equipped with 
a Nikon A1Rsi spectral imaging confocal scanning system was used for confocal microscopy 
experiments. Fig.3 shows the results of experiments for 3D flow patterns of each points A, B and 
C. From results of the experiment, we consider the ideal channel based on the BT by 2D 
structures. 
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Fig.1 Interface configuration by an 
ideal mixing for BT structure 

Fig.2 New shape of micro mixer and 
results of the experiment 
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De novo enzyme design challenges our understanding of the structure-function paradigm of 
proteins and enzyme mechanism. In recent years, a variety of catalysts for a number of different 
reactions including retro-aldol reactions, Kemp eliminations and Diels-Alder cycloadditions have 
been created by computational design. However, the design programs are still in their infancy, 
leading to low enzyme activities and hit rates. 
Directed evolution, which is an iterative experimental search algorithm for exploring sequence 
space, is capable of overcoming the limitations of the computational design algorithms. As shown 
previously for a variety of examples, the activities of such catalysts can be improved significantly 
this way. 
To probe the limits of how far we can push the activities of these catalysts and whether we can 
bridge the gap to natural enzymes, we extensively optimized retro-aldolase RA95 over many 
rounds of directed evolution. This catalyst was initially designed by Baker and coworkers 
(University of Washington, Seattle) and subsequently improved more than 4000-fold using a 
conventional plate assay, analyzing 103 mutants per round. Since the success of directed 
evolution experiments strongly correlates with the number of screened variants, and highly 
beneficial and synergistic mutations are rare in sequence space, we implemented a droplet-based 
microfluidics high-throughput screening platform based on fluorescence-activated droplet sorting. 
With this platform we can screen libraries containing 106 – 107 members. So far, we have 
succeeded in increasing the catalytic proficiency of a representative catalyst to a level that is in 
the range of low activity natural aldolases.  
Ultimately, we aim to extend this strategy to a number of different designs with different active site 
geometries or within different host-scaffolds to systematically study the influence of these factors 
on enzyme evolvability. 
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A) Reaction catalyzed by designed retro-aldolases. B) Emulsified aqueous 
droplets provide a link between geno- and phenotype. C) Microfluidic assay for 
directed evolution of enzyme activity. 
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SnAP Reagents for the Synthesis of Chiral, Saturated N-Heterocycles 
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Unlike their aromatic counterparts, saturated N-heterocycles cannot be easily appended to a 
molecule by metal-catalyzed cross-coupling reactions. We have devised SnAP (stannyl Amine 
Process) reagents for the one-pot conversion of aldehydes into N-unprotected, saturated N-
heterocycles.[1,2,3] We have already developed several types of these reagents and our current 
research efforts include the design of SnAP reagents for many more N-heterocycles, including 
morpholines, thiomorpholines, piperizines, diazepanes, and diazocanes. The design of new SnAP 
reagents, the one-step synthesis of spirocyclic N-heterocycles, and progress towards catalytic, 
enantioselective variants will be discussed. 
 

 
Scheme 1. SnAP regents for the one-step synthesis of saturated N-heterocycles from aldehydes. 
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Alkenyl Ketones 
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   Borylation of multiple bonds with concomitant C–C bond formation can provide a rapid access 
to complex organoboron compounds, which are regarded as useful building blocks in organic 
synthesis. Recently, copper(I)-catalyzed borylation has emerged as a useful method for the 
synthesis of organoboron compounds. Our research group has been interested in the efficient 
synthesis of small-ring carbocyclic organoboron compounds, and reported several copper(I)-
catalyzed endo- or exo-borylative cyclization reactions of alkenes bearing a leaving group.1 
Herein, we report a copper(I)-catalyzed diastereoselective intramolecular borylative cyclization of 
γ-alkenyl ketones which provides syn-2-tert-(borylmethyl)cyclobutanol derivatives in high yield 
and diastereoselectivity.  
   The borylative cyclization of 1a with CuCl/Xantphos (5 mol %), bis(pinacolato)diboron (2) (1.2 
equiv), and K(O-t-Bu) (1.2 equiv) in dimethoxyethane (DME) afforded the corresponding syn-2-
tert-(borylmethyl)cyclobutanol syn-3a in high yield (87% NMR yield), and the diastereomeric ratio 
was also excellent, which was confirmed by 1H NMR analysis of derivatized compound syn-4a 
(syn/anti >20:1). Substrates with a range of substituents on the benzene ring and a 2-napythyl 
group afforded the corresponding products (3b–3e) in good yield and high diastereoselectivity.  

    
   In addition, the borylation of δ-alkenyl ketone 1f also afforded the corresponding five-membered 
ring product 3f.   
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Hydrodynamic frictional drag of wall turbulent boundary layer is reduced by injection of gas 
bubbles. Performance of the drag reduction depends on various parameters of multiphase 
turbulent flows, such as bubble size and flow speed. The author published a review paper 
recently to summarize historical results on bubble-originated drag reduction that has been 
achieved in the world (Murai, 2014). Now the parametric dependency of the phenomenon is 
almost being understood comprehensively. Our problem which remains for expecting practical 
uses is to seek how the drag reduction effect is more amplified. As one of the approaches, we 
have recently proposed repetitive bubble injection (RBI), which is simply realized by cyclic stops 
of air injection valves but provides curious physics in two-phase turbulent boundary layer. This 
concept is inspired from the experimental fact that wall shear stress of the two-phase turbulent 
boundary layer fluctuates in time-space domain accompanying a phase lag between the wall 
shear stress and the local void fraction. Thus, the keyword of the motivation is active use of 
unsteadiness in alternation of the internal structure of the boundary layer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Void interface (top) and shape (bottom) of bubbles produced by RBI 
 
   In the presentation, method and result of the RBI for drag reduction will be introduced, one of 
which is shown in the figure above. In particular we have found that the RBI improved average 
drag reduction in the cases of low void fraction. In such a situation, we also observed a naturally 
amplifying void waves which gives further hints in promotion of drag reduction. 
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Prediction and control of non-Newtonian fluid flow is important issue in industries such as 
biomaterial, food processing and polymer industry. In order to predict the flows of non-Newtonian 
fluids, an equation to predict stress is necessary instead of the Newton’s law of viscosity. The 
alternative equation is called constitutive equation, which is often difficult to formulate for fluids 
with complex characteristics. Thus we are developing a device to obtain constitutive equation 
experimentally. The device derives the relationship among fluid stress and other quantities, and 
thus allows to predict various flows without preliminary knowledge on rheological characteristics. 
The aim of this research is to obtain the relation among shear stress, shear rate and strain. 
Because viscosity is a relation between shear rate and shear stress, and elasticity is a relation 
between strain and shear stress, the relation among these three quantities can describe 
viscoelastic nature of fluids. Flow between concentric cylinders is measured to derive the relation 
experimentally. 

Figure 1 (a) and (b) show top view and side view of the experimental apparatus, respectively. 
The gap between the cylinders is filled with test fluid. The inner cylinder is connected to motor 
and torque sensor to record a variation of torque driving the shear flow. Velocity distribution 
between the cylinders is measured by ultrasonic velocity profiling (UVP) and particle imaging 
velocimetry (PIV). Shear rate and strain are derived from the measured velocity distribution so 
that shear stress distribution is obtained by solving momentum conservation law. Figure 1 (c) and 
(d) depict measured velocity distributions of silicone oil (KF96-1000cs, Shin-Etsu Chemical) and 
0.5wt% polyacrylamide (PAA, AP805C, DiaNitrix) solution, respectively. Both of the velocity 
distributions are obtained by PIV. The inner cylinder starts rotation at 0 s. In Fig. 1 (c), velocity 
diffuses from the inner cylinder, and reaches a steady state at around 1.0 s. In Fig. 1 (d), on the 
other hand, once velocity diffuses, it falls in almost zero except near the inner cylinder. By 
deriving the relationship among shear stress, shear rate and strain, viscoelasticity is 
characterized as a curved surface of shear stress upon the 2-D parameter domain of shear rate 
and strain. 

 

 
 
Figure 1 (a) Top view and (b) side view of the experimental apparatus, and velocity profiles of (c) 
silicone oil and (d) polyacrylamide solution 
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Twisted objects are widely applied in fluid machinery, such as blade of wind turbines, blade of 
impellers, and twisted Savonius wind turbine. It is known that twist deformation improves their 
individual performance1,2,3. However, the mechanism of these improvements, which originates 
from flow field generated around the twisted geometry, has not been cleared yet. We utilized the 
flow visualization techniques to understand the three dimensional flow field around it, focusing on 
a twisted blade and a rotating twisted Savonius wind turbine. Especially we investigated on the 
alternation of flow separation from the object since flow separation plays a primary role in the 
aerodynamic efficiency. Hence one objective of our research is to identify the twist deformation on 
the flow separation. The angle of attack(AOA) of the twisted objects changes continuously but 
largely in spanwise direction so that two different conditions coexist on single twisted objects; 
separated condition in the region of high AOA and attached condition in the region of low AOA. 
Thus, there should take switching between the two statuses in the region of medium AOA along 
the twisted blade. Therefore we study on this flow instability as the second objective of research. 

As a technique for visualizing three dimensional air flow separation around a twisted Savonius 
wind turbine, multi-layer coloring of smoke-wire technique is proposed and applied. This method 
is composed of four processes: i)The specific plane of the flow is illuminated by a sheet light to 
detect axial coordinate, z. ii) The sheet light is shifted in z direction to detect z positions of the 
other plane of the flow and this process is repeated for whole the layer of z coordinates in the 
measurement area. iii) To express z coordinates in graphical displaying, the recorded gray-scaled 
image is colored with different hue along the z coordinate. iv) The colored images are integrated 
into single full color image. In this integral color image, we can understand visually the three-
dimensional flow structure which the twisted turbine produces. As a counterpart technique for 
validation, conventional tuft visualization technique is also employed to see qualitatively the flow 
separation at medium AOA. 

According to the image visualized by the coloured smoke-wire technique, we found that in the 
convex side of the blade the separation of attached flow is suppressed in comparison with that of 
conventional straight Savonius turbine. On the concave side of the blade, with the move of the 
flow to +z direction the angle of outlet flow is increased. Thereby it was concluded that twisted 
Savonius wind turbine is inferior in the drag characteristics and superior in the lift characteristics 
to the straight types. This result suggests that the twisted Savonius turbines have advantages in 
conditions of the higher tip speed ratio, where the lift force dominates the torque acquisition.  

Moreover by means of tuft method, we have succeeded in observing an interesting 
phenomenon. In the medium angle of attack, tuft was fluctuating at a low frequency, being around 
0.02 in Strouhal number. This value is much less than that of Karman vortex that takes around 
0.2. This low frequency fluctuation suggests that the mesoscopic flow around the twisted object 
produces a switching between attached and separated conditions along the curved surface, 
which might associate to the source of low frequency noise from the blade. 
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In the present study, the problem of membrane fouling during membrane filtration will be 
addressed by the implementation of flow instabilities in the system. Optimized flow patterns help 
to continuous remove accumulations from the membrane, which leads to less frequent, harsh 
cleaning treatments. Therefore, the precise localization of such instabilities in the system is of 
high importance.  
An experimental study of flow characterization in a Taylor–Couette system [1-3] was made by 
investigating the radial velocity component by Ultrasonic Doppler Velocimetry based flow 
mapping, illustrated in Figure 1a-d (UVP-map). With the technique presented in this work, it is 
possible to measure the radial velocity components 
for variable of the axial position in a Couette cell 
within Taylor vortex flow (a, TVF), wavy vortex flow 
(b, WVF), modulated wavy vortex flow (c, mWVF) 
and spiral vortex (d, SVF) domains. The resulting r-
/z- maps for the different flow states show the 
location of vortices in the annular gap between the 
inner and outer cylinder. In the present study, 
cylindrical and conical concentrically rotating inner 
bodies were applied and the respective flow 
patterns analyzed. The method uses an additional 
stroboscopic triggering to synchronize flow 
measurements and rotational body motion. The fluctuation frequency (ƒ) of unsteady motion in 
WVF, mWVF and SVF can be obtained from the power spectrum of velocity. For this, the 
sampling time period of pulses Δt is calculated from the reciprocal rotational frequency (Δt=1/ƒ). 
The UVP transducer was preferably positioned in radial direction, normal to the surface of the 
inner rotating body for measuring the radial velocity component. At the same time, the transducer 
was moved with constant velocity vertically along the outer cylinder height. Accordingly the total 
measuring time corresponded to the ratio of cylinder height and velocity. This technique gives 
information about the local flow regime and in addition, the internal velocity of the vortices is 
possible to calculate due to “freezed motion” along the cylinder. It can be seen, that the internal 
velocity increases with increasing Ta-Number and has a change in slope at Tacrit = 105. 
Coming closer to the application of filtration, an axial through flow was superimposed to the 
vortices. UVP also gives in this case the possibility to measure the instabilities and to determine 
the flow regime occurred in the cylindrical gap. The sampling time has to be adapted to the 
oscillation frequency of wavy and modulated wavy vortices to analyze the corresponding flow 
regime.  
 
Keywords: UVP flow mapping, Taylor-Couette flow, wavy vortex flow, modulated wavy vortex 
flow, spiral vortex flow, Couette cell, conical rotor, sampling time of pulses, axial through flow 
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[2] Andereck, C.D., Liu, S.S., Swinney, H.L. (1986). “Flow regimes in a circular Couette system with 
independently rotating cylinders.” Journal of Fluid Mechanics, 164, 155-183. 
[3] Takeda, Y. (1999). “Quasi-periodic state and transition to turbulence in a rotating Couette system.” 
Journal of Fluid Mechanics, 389(1), 81–99. 

 
  

Figure 1: Vortex structure in annular gap with 
transient measurement for the localization of the 
vortices: for TVF (a) Re = 122, WVF (b) Re=149, 
mWVF (c) Re=287 and SVF (d). Blue = negative 
velocity, red = positive velocity, upper part = inner 
gap width, lower part = outer gap width. 
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Complex Fluids into Porous Media: How Does the Microstructure Change? 

Viviane Lutz Bueno, Marianne Liebi, Peter Fischer, Erich Windhab 

Scattering techniques combined with microfluidics are used to investigate the dynamic behavior 
of complex fluids. Surfactant solutions self-assemble into wormlike micelles WLMs, forming 
solutions with high viscoelasticity even at low concentrations. These systems are used as a 
model system, because of their vast applications, i.e. in oil industry where they improve well 
productivity and hydro- carbon recovery. Many problems are faced in such industries due to the 
complex rheological behavior of WLM solutions and flow-induced phase transitions, for example 
shear-thinning or strain-hardening depending on the process conditions. The flow into porous 
media leads to an even more unpredictable rheology, since the extension rates produce different 
WLM microstructures due to alignment and stretching of micelles, gelating the solution in extreme 
cases. 

A porous media could simplified into a single contraction channel (model of one pore) for initial 
studies on shear/extensional rates, micellar alignment and velocity fields on entry-, confined- and 
expansion-flow (see Fig.1). Another approach is the use of cylinder arrays and other shapes to 
make the geometry more complex and closer to porous media. The most challenging part of this 
project is to understand the influence of flow geometry on microstructure of complex fluids, in 
order to predict their macroscopic rheological behavior and assure proper processing and 
application. 

The use of microfluidics has a great potential based on the physics of micro-scale, in which the 
dimensions of the flow-channel are comparable to the molecular dimensions, leading to novel 
studies on the dynamics of complex fluids by combining microfluidics with micro-focused SAXS. 
The micro-fabrication process allows more sophisticated control and flow design, which facilitate 
the study of fundamental questions of complex fluid physics as well as important implications in 
the design and operation of micrometer-scale processes of technical applications such as 
extrusion and enhanced oil recovery. 

  

Fig.1 Comparison of techniques used to determine the anisotropy of WLM during flow through a 
contraction (3). 
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The research field of Oro-Gastro-Intestinal Structure ENGineering (OGINSENG) has been 
developed at the ETH food process engineering laboratory based on a reversed structure 
engineering concept applied for the industrial processing of functional food systems. Main focus 
for this approach is a process based understanding of the digestive disintegration of food 
structure in the context of the physiological operation characteristics of the human gastro 
intestinal tract. This denotes in further detail, the mechanical, physiological, biochemical and 
medical aspects of digestion from the mouth to the colon in order to better understand and 
optimize the metabolic responses by tailored structure processing in the industrial manufacture of 
the food. 
The functional relationships between food structure, its industrial processing and its related 
disintegration during digestion are highly non linear and transient. Exploring related mechanistic 
aspects from a structure engineering perspective has to take the characteristic length and time 
scales of food structure into account. Accordingly the processing length scales have to be 
adapted and related time scales be synchronized. Otherwise function tailoring would fail. 
A major section of the gastro intestinal human tract concerning absorption of micro and 
macronutrients is the upper small intestine, in particular the duodenum. The chyme transport from 
stomach through pylorus and duodenum is quite rapid thus giving only limited time for the 
absorption processes of valuable food components. As a consequence the stomach can be seen 
to have a major role preparing food structure for optimally efficient nutrient transfer in the 
duodenum. This has to be well considered in case of “structure-designed” fortified food system, 
supplement or carrier structures containing functional components (FC) to be best delivered in the 
duodenum.  
Depending on the nutrient and metabolic requirements for optimal or personalized nutrition 
different scenarios for optimal structure transformation of and component release from food 
matrices within the human stomach can be derived. Two extremes are: (a) fast stomach passage 
with preferred residence time less than 0.5-1 hours without significant structure breakup and FC 
release. (b) Long term (> 8-24 hours residence time in stomach with controlled structure 
disintegration and released kinetics of specific components. 

 
In order to manage such different scenarios the (i) fluid mechanical (ii) biochemical and (iii) 
structural / rheological material processing conditions within the stomach have to be quantified. In 
order to gain such quantitative knowledge in vitro experiments, fluid dynamical structure 
disintegration simulation by computational fluid dynamics (CFD) as well as in vivo experimental 
validation are coupled in the ETH-FPE GINSENG approach. This includes the development of a 
new in vitro dynamic human stomach model (IVDHSM). The respective toolbox will be 
demonstrated and results for intestinal bio-fluid dynamics given. 
 
/1/ Nahar, S., Jeelani, S. A. K. and Windhab, E. J. (2013) "Prediction of velocity profiles of shear thinning 
fluids flowing in elastic tubes" Chem. Eng. Comm., Vol. 200 (6), 820-835. 
/2/ Scheuble, N., Geue, T., Windhab, E. and Fischer, P. (2014) "Tailored Interfaces for Controlled Lipid 
Digestion" 3rd International Conference on Food Digestion, Wageningen, The Netherlands, March 11-13 
(Poster by N. Scheuble) 
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Material and methods 
Fat based systems (suspension, emulsion or foam with encapsulated solid, liquid or gas phase) 
consist of two immiscible fluids. Different food emulsions systems with varying water (deionized), 
emulsifier, and fatty acid composition prilled at varying process conditions using the spray 
freezing tower at ETH Zürich at temperatures between -40 to -10°C using an in-mix nozzle. The 
fats used are various palm fat fractions and canola oil (Florin AG, Muttenz, Switzerland). 
Polyglycerol polyricinoleate (PGPR) was used to stabilize the emulsions. 
Emulsions were produced in a continuous emulsification process using a rotor-stator 
emulsification device Megatron MT-5100 (Kinematic AG, Luzern, figure 2). The device was used 
at operating temperatures of 70°C in order to keep the fat fraction at the desired viscosities (in the 
liquid state). [3], [6], [2] 
A kneader device, a paddle mixer and a static mixer was used to mix powder into liquid oil and 
estimate the effect of the mixer shear input on the fat powder. The effect of the mixing process on 
the fat powder and the stability of the respective particles were analyzed by rheological and 
microscopic measurements. 
 
Emulsion droplet size 
The size of the emulsion droplet was measured by laser light diffraction. Emulsions were 
produced by continuous rotor-stator emulsification in order to reach a low water droplet size. 
Emulsions with 4% PGPR + 2% SPAN-20 had an average droplet size x90,3 = 2.73 µm. 
Decreasing the PGPR content (2% PGPR + 2% SPAN-20) lead to an increased x90,3 = 3.44 µm. 
If only PGPR (2% PGPR) was used in the emulsification process, the emulsion droplet size 
increased again significantly to x90,3 = 5.11 µm. 
It was shown, that emulsion droplet diameters are influenced by the spraying process [3]. Larger 
weber numbers are linked to a further droplet breakup of the sprayed emulsions. Additionally it 
was shown, that iron release kinetics depend on particle size. 
 
Fat powder particle size 
The influence of the emulsion water content on the particle size was analyzed by spraying 
emulsions with different water contents and measuring the resulting particle sizes. Increasing the 
water content of the emulsions lead to an increase of the emulsion viscosity and consequently to 
an increased particle size. 
 
Continuous fat-system morphology and rheology 
Figure 1 shows confocal microscopy pictures of fat powder mixed with the liquid fat phase. It can 
be observed, that powder mixed at lowest shear (figure 1(a)) does not adversely influence the fat 
particles and their substructure. When using a kneader device 2(b) or a paddle mixer 2(c) both at 
30 rpm, the particles were negatively influenced. 
These findings were also confirmed by rheological measurements. While the particle shape is 
retained, the fat-continuous system behaves like a concentrated suspension, where storage and 
loss moduli are constant over a large temperature range. Once the particles are deformed, the 
system does not behave like a concentrated emulsion any more, but rather like a conventional fat 
spread, showing a large temperature dependency. 
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(a) (b) (c) 

Figure 1. Confocal microcopy pictures (magnification 60x) of the produced fat-continuous system: 
(a) 70% powder dispersed in 30% oil at lowest shear; (b) 70% powder dispersed in 30% oil at 
30rpm in the kneader device; (c) 70% powder dispersed in 30% oil at 30rpm in the paddle mixer 
device. 
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Our knowledge of fluid mechanics predicts that a variety of laminar thermo-chemical plumes is 
generated from the thermal boundary layer which has compositionally dense materials (e.g. 
Davaille and Limare, 2007; Kumagai et al, 2008). For instance, the morphology of laminar 
thermo-chemical plumes shows not only a traditional “head-tail” plume but also head-less, 
stagnated, failing plumes are expected. Their morphology reflects the temporal and spatial 
variation of heat and mass flux. In fluid dynamics models, thermo-chemical plumes inherited from 
a chemical dense layer should eventually attain the neutral buoyancy and separation within the 
plume will occur (Kumagai et al., 2008). A part of thermal plume with much lower temperature 
continues to rise and the rest of hotter chemical blob sinks to the bottom. Relatively lower 
temperature plumes are generated from the upper bound of the hot denser layer if the chemical 
buoyancy is large enough. Unsteady and temporal variation of the thermo-chemical behaviour is 
also demonstrated (Kumagai et al., 2008). 

Figure 1 represents experimental demonstration of a variety of laminar plumes. For thermo-
chemical plumes, their morphology and the 
flow behaviours largely depend on time and 
the buoyancy ratio which is the ratio of the 
stabilizing chemical buoyancy to the 
destabilizing thermal buoyancy. 

The interaction of the thermo-chemical 
plumes with a density interface causes 
another variety of the plume behaviour 
(Kumagai et al., 2007). For instance, if the 
plume head has a high buoyancy ratio, the 
plume head stagnates at the density 
interface. This stagnated plume head heats 
the bottom of the upper layer, which causes 
generation of the secondary plumes in the 
upper layer. Simple scaling laws for the onset 
time of the secondary plumes in the upper 
layer is experimentally determined, which 
depends on the local characteristics of the 
thermal boundary layer developing above the 
density boundary.  
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Fig.1 Gallery of plumes in a laboratory (Nakanishi et al., 2014, in 
prep). (A) Effect of viscosity ratio e=mambient/mbuoyant 
(Kumagai, 2002). The left and the right plumes have the viscosity 
ratio of 11 and 110, respectively. (B) Interaction with a density and 
viscosity interface (Kumagai et al., 2007). The left image shows 
generation of the secondary plumes from the interface. The right is 
the penetration of a hot plume from the lower layer. (C) Spatio-
temporal variation of thermo-chemical plumes due to the initial 
buoyancy ratio B0 and (D) time (modified Fig. 2 in Kumagai et al., 
2008). 
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It is known that flows of viscoelastic fluid are likely to be turbulent even in cases that Reynolds 
number is set small1. This kind of turbulence is caused by the instability named “viscoelastic 
instability”, and has been examined historically to date. Viscoelastic instability causes vortices in 
several flow configurations such as abrupt contraction, flows through a spinneret and flows 
around a cylinder2. Because the vortices ordinarily enhance mixing, viscoelastic instability in 
these configurations are functionally utilized as mixers in fluidics3. A disk with small holes like a 
spinneret, namely a permeable disk, can mix fluids efficiently as already applied in industry. 
However, flow of viscoelastic fluid generated around a permeable disk has not been fully 
investigated yet, and thus a principle of the mixing with a permeable disk remains unclear. With 
the aim to clarify how viscoelasticity and permeability affect vortex shedding in their combination, 
velocity distributions around a permeable disk at variable permeability are measured. Ultrasonic 
velocity profiling (UVP) is employed as a velocity measurement technique to obtain periodical 
velocity fluctuation due to viscoelastic instability. 

Figure 1 (a) indicates the experimental apparatus. The apparatus consists of a fluid container, 
permeable disk and ultrasonic transducer. The fluid container is filled with 0.1wt% polyacrylamide 
(PAA) solution. A permeable disk is fixed in the PAA solution with a pole as shown in Fig. 1 (a), 
and towed from right to left of the figure. The ultrasonic transducer is fixed horizontally, and the 
measurement line is orthogonal to the towing direction of the permeable disk. One of the 
examples of the obtained velocity profiles is shown in Fig. 1 (b). Vertical and horizontal axes 
mean distance from the transducer and time, respectively. Towing velocity of the disk is 20 mm/s. 
Diameter of the permeable disk is 50 mm, and the disk has 69 holes whose diameter is 4.0 mm. 
Flow induced by the disk appears from 10 s. The symmetric velocity profile of positive and 
negative velocity from 10 s to 25 s corresponds to a potential flow field formed around a line-
symmetrical moving object. Specific phenomenon to remark here is periodic velocity variation 
measured after the disk passes. As the cause of the variation, three factors are suggested: flow 
induced by viscoelasticity, measurement characteristics of UVP and interaction of these two 
factors. In order to examine the first factor, wavelet transform is performed to the velocity profile, 
and the relationship between frequency and viscoelasticity is discussed. 

 

 
 
Figure 1 (a) Experimental apparatus, and (b) velocity profile obtained by UVP 
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In soft fluid systems, such as emulsions and foams, the interface between two phases can be 
stabilized through surfactants, particles, bacteria, and proteins. One protein of high interest to the 
food industry is β-lactoglobulin. β-lactoglobulin fibrils, formed through denaturation of β-
lactoglobulin, are linear semi-flexible fibrillar aggregates and show isotropic-nematic phase 
transitions in bulk at remarkably low concentrations. To measure the surface activity at various 
interfaces, the fibrils were measured through dilatational or by interfacial shear rheology. 
 
The dilatational response of β-lactoglobulin fibrils and native β-lactoglobulin at water-air and 
water-oil was measured using the pendant drop method (1).  
A shear rheometer with a bicone geometry set up was modified to allow subphase exchange 
without disrupting the interface, enabling the investigation of rheological properties after 
adsorption of the fibrils, as a function of time, different pH, and ionic strength conditions. It was 
shown that an increase in pH (2 to 6) leads to an increase of both the interfacial storage and loss 
moduli. By combining both methods the linear and non-linear rheological regimes were explored 
(2,3).  
 
To test the developed methods on amyloid fibrils in a biological system, biofilms formed at water-
air and water-oil interfaces were studied with interfacial rheology. By culturing a range of bacterial 
biofilms, the viscoelastic growth profile during and after biofilm formation could be observed. 
Different bacterial species had unique viscoelastic growth profiles. Additionally, biofilm formation 
could be reduced by the addition of surfactants and changes in pH, thereby altering the 
viscoelastic properties of the biofilm. To validate interfacial rheology and tensiometry 
measurements, the biofilm formation was monitored utilizing both confocal laser scanning 
microscopy and light microscopy. Using this combination of techniques, the elasticity and tension 
development over time, from the first bacterial attachment up to biofilm formation was observed 
(4,5). 
 
In summary, the construction of a subphase exchange cell in both, tensiometry and rheology, 
allowed to observe the effect of environmental factors on the interfacial elasticity and viscosity 
over time. With this toolbox, complex interfaces were accurately measured and complex 
interfaces such as protein adsorption layers and biofilm formation at water-air and water-oil 
interfaces with changing environmental conditions were understood.  
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Human lipid digestion begins at the interface of oil and water by interfacial adsorption of lipases. 
Tailoring the available surface area for lipase activity can lead to specific lipid sensing in the body, 
hence defined satiety hormone release [1, 2]. This surface area is linked with the stability of the 
lipid emulsion, and thus is mainly decreased in gastric environment [3]. As emulsion stability is 
directly influenced by the interfacial structure, we tailor the composition of interfacial active 
material to generate interfacial membranes, which vary in their gastric stability [4,5]. Such model 
layers will be scaled up to lipid emulsions and their phase separation in the human stomach 
validated by magnetic resonance imaging. 
Interfacial rheology served to investigate the dynamic layer evolution during gastric in vitro 
digestion steps and therefore allowed to manipulate the viscoelastic layer evolution under gastric 
conditions. The softening kinetics of layers formed by the well-characterized protein β-
lactoglobulin (β-lg) during temperature increase to 37°C, acidification and their hydrolysis by 
pepsin were measured. If sufficient concentrations of nanocrystalline cellulose (NCC) were added 
to an existing β-lg layer, this softening was buffered and the proteolysis delayed. The addition of 
methylated NCC to the β-lg layer formed a synergistic, composite layer. This layer thermogelled 
at body temperature and resisted hydrolysis by pepsin. Moreover, tensiometry experiments 
revealed a full protection against recombinant dog gastric lipase (rDGL). Coexistence of the two 
emulsifiers at the air/water interface was evidenced by neutron reflectometry measurements, 
where morphological information was extracted. The utilized layers and their analysis provide 
knowledge of physicochemical changes during in vitro digestion of interfaces, which promote 
functional food formulations.  
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Tempering is one of the most important steps to make chocolate, the goal is to obtain the most stable 
form of fat crystals (forms V and VI). In-line monitoring of chocolate crystallization is investigated by 
ultrasonic velocity profiles (UVP) and pressure drop (PD) techniques. The velocity profile and the 
pressure drop allow to calculate the viscosity of the fluid over several decades of the shear rate, which 
allows to characterize non-Newtonian fluids like chocolate. Moreover f o r  a Herschel-Bulkley fluid the 
yield stress is received by measuring the plug-flow radius. Two more parameters are taken into account 
to calculate the solid fat content (SFC), being the attenuation of ultrasound and the speed of sound 
inside the chocolate. However, the tempering process adds a low concentration of fat crystals (<1%), to 
the 60% of solid content in chocolate. This change might be too small to be detected by attenuation 
or variation of the sound speed in the chocolate but a more significant effect is expected on the shape of 
the velocity profile. 
The monitoring of chocolate crystallization is complex to handle because of the chocolate behavior, 
which is a transiently structuring system. During the crystallization process, the amount of fat crystals in 
the chocolate changes with time and the kinetic of the reaction is affected by different parameters, the 
most important being temperature and shear stress. Consequently it is difficult to estimate the degree of 
temper (i.e. crystallization state) of the chocolate for a given time, especially in case an off-line 
measurement technique is used. The advantage of in-line rheometry is to measure the properties of a 
fluid (e.g. chocolate) directly in a process pipe and monitor the evolution in real time. Two main issues 
have been encountered in this project. The first one is the capability to measure through the pipe wall: it 
is known that the wall has an impact on the measured velocity profile [1]. The second issue is to 
measure in a fluid with high concentration of particles [2]. To understand related disturbances, some 
trials have been realized with well-known fluids before using chocolate. First experiments have been 
done with sunflower oil at different flow rates and also different Doppler angles. From these 
measurements, the best Doppler angle has been chosen to conduct further trials. The second 
experiment was conducted to see the influence of the concentration of solid particles (≤ 40µm) in 
sunflower oil. Finally, chocolate was used at different crystallization degrees. 
The in-line rheometry is based on the analysis of the shape of the velocity  profile and the shear stress 
in a cylindrical pipe. The velocity profile along the diameter of the pipe is measured by t h e  ultrasound 
Doppler technique [3] and the shear stress is calculated from the pressure difference (PD) in the 
pipe [4]. One of the advantages of this method is to be able to measure the viscosity of the fluid 
over several decades of the shear rate simultaneously. However, it is difficult to reach a desired 
range of shear rate because it depends on the nature of the fluid (Newtonian, shear thickening or shear 
thinning), the flow rate and the diameter of the pipe. Very low shear rates and shear stresses 
(theoretically both zero in the pipe center) c a n  b e  m e a s u r e d .  T his allows to calculate the yield 
stress of the fluid by measuring the plug flow radius.  
As Ultrasound profiler a UB-lab device, UBERTONE SA, Strasbourg, France was applied. The U S -
transducers were from IMASONIC (Reference TX4- 5-8).  The a d a p t e d  f l o w  cell used included 4 
pairs of holes, able to determine the optimal Doppler angle. Moreover, the near field was 
s h i f t e d  into the PVC adapter due to a distance between the sensor and the edge of the pipe of 
13mm. The Doppler angles tested were 20°, 25°, 30° and 35°. In addition, there we used a pair of 
radial holes, with a gap of 5mm between the sensor and the pipe, for time of flight measurement. Each 
pair of holes was shifted in order to correct the refraction effects of the ultrasound beam in the fluid to 
measure the ultrasound attenuation properly. The sound velocities used to calculate these shifts were 
2250 m/s in the PVC and 1550 m/s in the fluid, from which for the given Doppler angles, 2.9 mm, 3.8 mm, 
4.7 mm and 5.7 mm were derived. 
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Evidence for Simultaneous Appearance of Gradient and Vorticity Shear Bands Using Time-
Resolved Rheo-SANS and Laser Light Transmittance Measurements 
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1ETH Zürich, Schmelzbergstr. 9, CH-8092 Zürich, Switzerland 

2Institute Laue-Langevin, 6 rue Jules Horowitz, B.P.156, F-38042 Grenoble CEDEX 9, France 
 
 

Under appropriate physical and chemical conditions surfactants self- assemble into long and 
flexible chains, which are called wormlike micelles. Such wormlike micellar salt/surfactant 
solutions (X-salicylate, cetylpyridinium chloride) are studied with respect to the applied shear 
stress, concentration, temperature and composition of the salt counter ions (X=lithium, sodium, 
potassium, magnesium, and calcium). A combination of rheological measurements, laser 
technique, video analysis, and rheo-small-angle neutron scattering allow for a detailed exploration 
of number and types of shear bands. Typical flow curves of the solutions show Newtonian, shear-
thinning, and shear-thickening flow behavior. In the shear-thickening regime, the solutions show 
vorticity and gradient shear bands simultaneously, in which vorticity shear bands dominate the 
visual effect, while gradient shear bands always coexist and predominate the rheological 
response. We show that gradient shear bands change their phases (turbid, clear) with the same 
frequency as the shear rate oscillates, whereas vorticity shear bands change their phases with 
half the frequency of the shear rate. Furthermore, we show that with increasing molecular mass of 
the counter ions the number of gradient shear bands increases, while the number of vorticity 
shear bands remains constant [1]. 
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