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1. Scientific results 2016 

This programme has had a productive year, for the most part. We are starting to see the fruits of collaborative 
research appear in peer-reviewed journals, and have seen – in addition to the programme personnel – a large 
increase in new group members, across the consortium, working on related topics. This programme, we feel, 
has been an important seed to establish the Netherlands as a center of expertise in new materials design, and 
has consolidated the national community. Several programme members are actively involved in the reshaping 
of the Dutch science landscape (NWA, Topsectors, etc), and will continue to promote designer matter as an 
important theme with the potential to align fundamental and applied (bio)materials players. As in previous 
years, and as described in the project proposal, we continue to attack these challenges from various angles and 
at different length scales. A few highlights of the past year: 
 
In Leiden, The project of Peter Dieleman has become focused on the design of origami metamaterials that have 
precisely one continuous degree of freedom, or one floppy mode. Rational design of such deformation modes 
allows to design shape shifting materials, as well as designing multistable materials, when elastic interactions 
are added to these structures. In 2016, we solved an outstanding design problem for designing so-called quad-
rilateral rigid origami, and we have now constructed several completely new, and very large classes of folding 
patterns that can easily and systematically be created. Moreover, we have devised rational design strategies for 
multishape metamaterials, by leveraging the notion that origami metamaterials often feature distinct folding 
branches, despite having only one continuous degree of freedom. Finally, we have started to venture into the 
realm of multistable origami, which adds an additional layer of functionality to these metamaterials. 
 
At AMOLF, we performed Small Angle X-ray Scattering (October/November 2016) on fibrin under shear defor-
mation. Together with a new optical tweezers setup that allows single fiber manipulation, this grants us access 
to a deeper understanding of the microstructure of the fibrin network, at different levels of deformation. The 
planned purchase of a new rheometer allows us to follow up on the influence of solvent flow in volume-chang-
ing deformations, following up on our previous work with the groups of Fred MacKintosh and Daniel Bonn (see 
publication 8). The completion of a confocal rheology setup allows for structural characterization of fibrin net-
works under strain. 
 
The Eindhoven group now understands they interplay between stress and mechanics much better, and it actu-
ally led in 2016 to the insight that the often-used mikado model for disordered materials gives a non-generic 
subset of all possible material structures. We are ready to publish the first paper on this, and also provide a 
more generic protocol for designing sample network structures for use in simulation and theory. 
 
In general, I feel that all projects are doing well. I have some concerns over the difference in output levels. 
While all groups have materials submitted at this point, there are several projects that to date have not pro-
duced refereed output while others have multiple. This can largely be ascribed to the magnitude of the effort 
prior to the programme's funding; for several groups this was a new direction and the programme member 
required some time to get things up and running. In the next programme meeting (June 2017) we will discuss 
this kind of progress with all group members, and seek collaborative strategies to profit more from the com-
plementary expertises in the group. 
 
2. Added value of the programme 

This programme is producing joint output that otherwise would not have happened. The submitted work 
between Utrecht and AMOLF is an example of this. The collaboration between Mathijs Vermeulen (TU/e), and 
AMOLF on the topic of fractal dimension, starting with Mikado networks of various densities, to better 
understand the role that the fractal dimension plays in fibrous networks (in particular in the analysis of light 
scattering measurements) is another. This was planned. Another, more serendipitous advantage has been the 
exchange of materials and techniques. I am particularly excited about the more central role that cellulose is 
assuming in the programme; along the way we are starting to see this as a promising, abundant and renewable 
base material for designer materials. Certainly, it will be exciting to see how other consortium members 
leverage its unique possibilities in their projects.  
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3. Personnel 

All positions are filled, all PhD's on track. In 2016, Fred Mackintosh left the Netherlands to take up a position in 
the US. Despite some concerns about how this would impact the programme, in practice there has been no 
effect; Fred continues to be actively involved in both his own component research, as well as collaborations 
with several other groups, and we foresee no problems in the future. At the very start of the programme, co-
applicant Leunissen left science. Her tasks have been largely taken up by the other AMOLF group (Koenderink), 
but in 2016 a specific part of her proposed work – the design of functional DNA based linkers – was taken up by 
Storm in collaboration with the Manoharan group at Harvard. Preliminary results from a Dutch MSc student who 
worked at Harvard for 6 months show the first encouraging confirmations of very non-trivial (catch bond) 
response of individual, purpose-designed DNA links. A small component of the steering budget (k€ 2) has been 
set aside to cover consumables for this project, other costs were covered separately outside of the programme. 
 
4. Publications 

12CMA01 (TU/e, Vermeulen) 
b. Presentations at (inter)national scientific conferences 
- M. Vermeulen, A. Bose, C. Storm and W.G. Ellenbroek, Stress in the mikado model, March Meeting of the 

American Physical Society, 2017.  
 
 
12CMA02 (Leiden, Dieleman) 
a. Scientific (refereed) publications 
- M.K. Jawed, P. Dieleman, B. Audoly and P.M. Reis, Untangling the Mechanics and Topology in the Frictional 

Response of Long Overhand Elastic Knots, Physical Review Letters 115, 118302, 2015.  
 
b. Presentations at (inter)national scientific conferences 
- P. Dieleman, S. Waitukaitis, M.L. van Hecke, Exponential Number of Shapes in Origami Metasheets, March 

Meeting of the American Physical Society, 2015.  
 
 
12CMA03 (Utrecht, Mohan) 
b. Presentations at (inter)national scientific conferences 
- S. Mohan, K.P. Velikov, Rheology of Cellulose Microfibril Networks, Physics@FOM Veldhoven, 2016. 
- S. Mohan, K.P. Velikov, Rheology of Cellulose Microfibril Networks, 15th Conference of the International 

Association of Colloid and Interface Scientists, Mainz, 2015. 
 
 
12CMA04 (VU, Vahabi) 
a. Scientific (refereed) publications 
- H.D. Vuijk, R. Rens, M. Vahabi, F.C. MacKintosh, A. Sharma, Driven diffusive systems with mutually 

interactive Langmuir kinetics, Phys Rev E, 91: 032143, 2015.  
- M. Vahabi, A. Sharma, A.J. Licup, A.S.G. van Oosten, P.A. Galie, P.A. Janmey, F.C. MacKintosh, Elasticity of 

fibrous networks under axial prestress Soft Matter, 12: 5050-5060, 2016.  
- J.J.B. Messelink, R. Rens, M. Vahabi, F.C. MacKintosh, A. Sharma, On-site residence time in a driven 

diffusive system: violation and recovery of mean-field, Phys Rev E, 93: 012119, 2016.  
- A.S.G. van Oosten, M. Vahabi, A.J. Licup, A. Sharma, P.A. Galie, F.C. MacKintosh, P.A. Janmey, Uncoupling 

shear and uniaxial elastic moduli of semiflexible biopolymer networks: compression-softening and stretch-
stiffening, Scientific Reports, 6:19270, 2016.  

- R. Rens, M. Vahabi, A.J. Licup, F.C. MacKintosh, A. Sharma, Nonlinear mechanics of athermal branched 
biopolymer networks J Phys Chem B, 120: 5831–5841, 2016.  

- A. Sharma, A.J. Licup, R. Rens, M. Vahabi, K.A. Jansen, G.H. Koenderink, F.C. MacKintosh, Strain-driven 
criticality underlies nonlinear mechanics of fibrous networks, Phys Rev E, 94: 042407, 2016.  

- H.C.G. de Cagny, B.E. Vos, M. Vahabi, N.A. Kurniawan, M. Doi, G.H. Koenderink, F.C. MacKintosh, D. Bonn, 
Porosity governs normal stresses in polymer gels, Phys Rev Lett, 117: 217802, 2016.   
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12CMA06 (AMOLF, Vos, Boire) 
a. Scientific (refereed) publications 
- K.A. Leonidakis, P. Bhattacharya, J. Patterson, B.E. Vos, G.H. Koenderink, J. Vermant, D. Lambrechts, 

M. Roeffaers, H. van Oosterwyck, Fibrin structural and diffusional analysis suggests that fibers are 
permeable to solute transport, Acta Biomaterialia 47, 25-39, 2017.  

- H.C.G. de Cagny, B.E. Vos, M. Vahabi, N.A. Kurniawan, M. Doi, G.H. Koenderink, F.C. MacKintosh, D. Bonn, 
Porosity governs normal stresses in polymer gels, Phys Rev Lett, 117: 217802, 2016. 

- N.A. Kurniawan, B.E. Vos, A. Biebricher, G.J.L. Wuite, E.J.G. Peterman, G.H. Koenderink, Fibrin Networks 
Support Recurring Mechanical Loads by Adapting their Structure across Multiple Scales, Biophys. J. 111, 
1026-1034, 2016.  

- F. Huber, A. Boire, M. Preciado Lopez, G.H. Koenderink, Cytoskeletal crosstalk: when three different 
personalities team up, Curr. Op. Cell. Biol. 32 39-47, 2015.  

 
5. PhD defences 

None. 
 
6. Valorisation, outreach and patents 

Demos and results from our programme was prominently featured at the AMOLF open dag, and at the 
Physics@Veldhoven meeting. 
 
7. Vacancies 

None. 
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Fact sheet as of 1 January 2017 

 FOM – 13.0226/4 
 datum: 01-01-2017 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 143. 
  
Title (code) Marginal soft matter: leveraging the mechanics of responsive 

networks (CMA) 
  
Executive organisational unit BUW 
  
Programme management Dr. C. Storm 
  
Duration 2013 – 2018 
  
Cost estimate M€ 1.7 
  
Concise programme description 

a. Objectives 

In our programme we seek to create and probe a novel class of functional soft materials, focusing on fibrous 
networks. The objective of our programme is to create, control and characterize real-life marginal soft 
materials. 
 
b. Background, relevance and implementation 

Our programme centers around three specific themes to achieve this objective: 

1) Architecture: we will establish a fundamental understanding of how network connectivity and fiber 
bending, in other words, the network architecture, affect marginality and the ensuing mechanics. 
Experimentally, we manipulate these properties in soft micro- and macroscopic networks – ranging from 
networks created by 3D printing, to microscopic fibrin networks, cellulose networks and DNA hydrogels, 
created through self-assembly. We extend the celebrated mechanical theory of Maxwell to include polymeric 
and persistent meshwork's.  

2) Thermal fluctuations: most soft matter is ruled by energies of the order of thermal energy, kT. Yet, little 
is known about the interplay between marginality and thermal fluctuations because the focus to date has 
largely been on marginality in a thermal jammed particle packings. The intrinsic softness and range of 
relevant length scales in our materials offer a unique opportunity to exploit thermal fluctuations. Our 
preliminary theoretical work shows that signature marginal properties survive thermal fluctuations - and are, 
in fact, enriched by them. We will control the extent of fluctuations by varying the rigidity in fibrin and 
cellulose gels, probe their role for the mechanical response, explore them numerically and develop the 
theory of thermal marginal networks. 

3) Driven networks: Our materials are exquisitely sensitive. To take advantage of this sensitivity, we will 
drive our architectures by internal and external forces, actively and passively generated. We will explore the 
roles of mechanical frustration, prestresses, instabilities and activity, manipulating near-marginal fibrous 
architectures to reach novel functionalities, and develop the theory of driven marginal materials. 

 
Each of these themes is addressed both theoretically and numerically. 
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Funding 

salarispeil cao tot 01-01-2016 
 

bedragen in k€ ≤ 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 874 337 337 - - - 1.548 

FOM-basisinvesteringen 135 - - - - - 135 

Doelsubsidies NWO - - - - - - - 

Doelsubsidies derden - - - - - - - 

Totaal 1.009 337 337 - - - 1.683 

 
 
Source documents and progress control 

a) Original programme proposal: FOM-12.1323 
b) Ex ante evaluation: FOM-12.1491 
c) Decision Executive Board: FOM-13.0221 
 
 
Remarks 

The final evaluation will be based on the self-evaluation report initiated by the programme leader and is 
foreseen for 2019. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 PS par. HOZB 
 
 
Subgebied: 100% FeF 
  



 
 
 

 
 
 - 8 - 
 

Overview of projects and personnel 

 
Workgroup FOM-E-10 

Leader Dr. C. Storm 

Organisation Eindhoven University of Technology 

Project (title + number) 
Two-fiber composites, thermal marginal matter andthe response to global 
driving (12CMA01) 

 

FOM employees on this project 

Name  Position Start date End date 

M.F.J. Vermeulen PhD 1 April 2014 31 March 2018 

 
 
Workgroup FOM-L-07 

Leader Dr. V. Vitelli 

Organisation Leiden University 

Project (title + number) Non linear effects in driven networks withfluctuations (12CMA05) 

 

FOM employees on this project 

Name  Position Start date End date 

D. Banerjee WP/T 1 September 2014 31 August 2016 

J.J. Paulose WP/T 1 September 2015 31 August 2016 

 
 
Workgroup FOM-L-25 

Leader Prof.dr. M.L. van Hecke 

Organisation Leiden University 

Project (title + number) 3D printed macroscopic marginal networks (12CMA02) 

 

FOM employees on this project 

Name  Position Start date End date 

P. Dieleman PhD 15 May 2014 14 May 2018 

 
 
Workgroup FOM-U-09 

Leader Prof.dr. A. van Blaaderen 

Organisation Utrecht University 

Project (title + number) Cellulose and cellulose-composites networks (12CMA03) 

 

FOM employees on this project 

Name  Position Start date End date 

S. Mohan PhD 1 May 2014 30 April 2018 
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Workgroup FOM-V-13 

Leader Prof.dr. F.C. MacKintosh 

Organisation Vrije Universiteit Amsterdam 

Project (title + number) Theory of tunable marginal networks and thermalparadox materials (12CMA04) 

 

FOM employees on this project 

Name  Position Start date End date 

M. Vahabi WP/T 1 September 2014 14 September 2016 

 
 
Group Koenderink 

Leader Dr. C. Storm 

Organisation FOM Institute AMOLF 

Project (title + number) Marginality in turnable microscopic fibrinnetworks (12CMA06) 

 

FOM employees on this project 

Name  Position Start date End date 

B.E. Vos PhD 16 October 2014 15 October 2017 

A. Aufderhorst-Roberts WP/T 1 December 2015 30 November 2017 
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