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Polyurethane foams are the leading insulation material in many applications: from appliances to 
buildings, from refrigerated transport to pipelines, they play a pivotal role in reducing energy 
dissipation in different environments, saving millions of eq. MT of CO2 each year. Albeit their wide 
diffusion, fundamentals of polyurethane foams, such as nucleation, growth, expansion, curing and 
their effect on the final foam morphology, are still not completely understood. Moreover, 
polyurethanes foams are produced by mixing two components, one of which is usually a formulation 
of different chemicals, with a blowing agent. The intricate interactions among components during the 
reaction, which occurs while the mixture is expanding and changing viscosity, are difficult to be 
disentangled and accounted singularly for their contribution.  
Tailoring the final foam morphology is the main way to impart desired characteristics, such as the 
foam thermal conductivity, a parameter of great importance in insulation science, and strictly 
correlated to the foam cell size.1  
On this regard, in collaboration with University of Naples, we have developed a new optical setup to 
observe the foam during the different stages. In particular we have focused on the effect of different 
chemical and physical blowing agents, and on the outcome of adding nucleation air, a common 
industrial technique.2 For the first time we have shown how the bubbles collapse by different 
mechanisms depending on the introduced external air in the system. One of this mechanism is the 
Ostwald Ripening (OR) and is the main process that reduces bubble density during foam expansion. 
We have proposed different formulations, where, dedicated fluorinated additives, can be used to 
reduce the OR.3 The final result of the use of such OR inhibitors are foams with reduced average cell 
size and improved insulation properties.4  
The approach we have implemented, however, can only bring small improvements in the insulation 
properties. In order to achieve larger enhancements, new paradigms need to be pursued. Dow has 
proposed in collaboration with University of Naples and CANNON AFROS SPA a novel process to 
obtain microcellular foams at macroscopic scales.5 This process is based on the innovative concept 

 the synthesis reaction with the pressure 6 Such extreme foam morphology can reduce 
the thermal conductivity of more than 30% with respect to the current state of the art materials. This 
proof of concept is the first step towards a new journey, yet to be explored.  
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Figure 1.  Bubble density in a polyurethane foam in formation: I. with external nucleation air, II. 
Without nucleation air. On the bottom a visual representation of the different stages is reported. 
Adapted from [2]
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Plasmonic Stimulation of Gold Nanorods for the Control of Living Materials
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for the controlled release of drugs that are secreted by the cells while protecting them and their 
environment. Here, we establish optical control of drug production by introducing gold nanorod 
composites (GNC) as cores inside Living Materials shells that contain engineered thermoresponsive 
Escherichia coli bacteria. Incident near-infrared light is absorbed by the GNC core, which generates 
heat that diffuses to shell layer and activates the thermoresponsive bacteria, for example inducing 
the production of Green Fluorescence Proteins (GFP) (see illustration below). Requirements for this 
enhanced Living Materials include homogenous GNC distribution and the thermal stability of GNC. 
 
In this contribution, we will introduce the colloidal and physico-chemical properties of the gold 
nanorods and their composites. The colloidal stability of the GNC was investigated by UV-VIS 
spectroscopy and cryo-TEM. The photothermal conversion efficiency (PCE) of the Living Material 
was then determined by Roper´s Method [1]. Heating from an initial 22°C to 45 °C was induced by 
illumination. Heating rates were analyzed as a function of optical power density and the 
concentration of the Gold Nanorods in the core layer. Thermography on the shell layer surface 
indicated the temperature distribution on the surface of the material sample. Finally, the GFP 
production with and without light stimulation was observed by fluorescence microscopy. 
The goal of this project is to develop stimuli-responsive Living Therapeutic Materials, that can be 
used in biomedical applications and supplement existing schemes for drug delivery (oral, injection, 
nasal, ocular). The concept profits from the wide range of engineered bacteria that can provide 
different drugs. The optical stimulus discussed here can be combined with other stimuli. 

 
Figure 1. Schematic depiction of the GNC core-shell construct. The shell layer includes bacteria 
which is externally stimulated to produce GFP. 

[1] D.K. Roper, W. Ahn, M. Hoepfner, Microscale Heat Transfer Transduced by Surface Plasmon Resonant 
Gold Nanoparticles, The Journal of Physical Chemistry C 111 (2007) 3636-3641. 
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Hematite nanospindles receive great attention due to their uncommon orientation behavior towards 
magnetic fields.   In contrast to most elongated magnetic nanoparticles that are dominated by shape 
anisotropy, weakly ferromagnetic hematite nanospindles bear a strong magnetocrystalline anisotropy 
that drives the alignment of their long axis perpendicular to an applied magnetic field [1-3]. This leads 
to interesting behavior in static and dynamic magnetic fields [4-6] and makes them relevant for 
technological applications such as nanoprobes, sensors, active matter, or directional anisotropic 
materials [7,8]. To further tune their magnetic properties and the associated orientation behavior, we 
follow the approach to structurally convert hematite nanospindles into a magnetic core-shell 
morphology.  
 
In this contribution we will present our latest results on the formation of a ferrimagnetic shell 
surrounding hematite nanospindles. The preparation is based on the seeded growth of synthesized 
nanospindles with systematically varying amounts of iron oxide. The formation of an iron oxide 
coating is confirmed by a combination of transmission electron microscopy (TEM), small-angle X-
ray scattering (SAXS), Mössbauer spectroscopy and field- and temperature dependent magnetization 
measurements. Mössbauer spectroscopy further reveals a complex magnetic morphology of the 
coated spindles. The magnetically composite structure is in line with exchange interactions observed 
by magnetization measurements. 
 
The coexistence of the two different magnetic materials and the corresponding interface promises 
tunable magnetic properties of the nanospindles, that will be further exploited towards directionally 
anisotropic materials [9].  
 
[1] H. M. Lu, X. K. Meng et al., J. Phys. Chem. C, 114 (2010), p. 21291-21295. 
[2] M. Reufer, P. Schurtenberger et al., J. Phys. Chem. B, 114 (2010), p. 4763-4769. 
[3] C. Märkert, J. Wagner et al., J. Appl. Crystallogr., 44 (2011), p. 441-447. 
[4] D. Zákutná, S. Disch et al., Nanoscale, 11 (2019), p. 7149. 
[5] C. Glinka, S. Disch et al., J. Appl. Crystallogr., 53 (2020), p. 598-604. 
[6] D. Honecker, S. Disch et al., ChemRxiv, preprint, http://dx.doi.org/10.26434/chemrxiv-2022-
c0hh4, (2022).  
[7] A. Sanson, O. Mathon et al., J. Chem. Phys., 140 (2014), p. 224504. 
[8] D. Hoffelner, S. Disch et al., Faraday Discuss., 181 (2015), p. 449-461. 
[9] The authors acknowledge funding from the DFG (DI 1788/2-1) and the UoC Key Profile Area 
Quantum Matter and Materials (QM2). 
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Lyotropic Liquid Crystal Phase Behavior of High Molar Mass Reverse 
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Poloxamers, also known as s , are amphiphilic block copolymers composed of 
poly(propylene oxide) (PPO) and poly(ethylene oxide) (PEO) with the generic structure
PEOm/2PPOnPEOm/2 (Figure 1, top). Due to their non-toxicity and their surface-active properties, these 
polymers find broad use as industrial surfactants, as additives for cosmetics or pharmaceutics and as 
structure directing agents for the production of mesoporous materials. Unsurprisingly, they have been 
subject to many fundamental scientific studies, e.g. concerning their micellization or lyotropic liquid 
crystal (LLC) phase behavior.

In contrast, little is known about the LLC properties and potential applications of their counterpart, 
the Reverse Poloxamers PPOn/2PEOmPPOn/2. To close this knowledge gap, we synthesized Reverse 
Poloxamers, with systematically varied block lengths of 
n/2 = 32 278 and m = 90 454, using a recently 
developed, metal-free polymerization approach [1]. By 
screening numerous Reverse Poloxamers, we determine 
the hydrophilic to lipophilic balance range in which 
LLC phases form and investigate them by polarizing 
optical microscopy, differential scanning calorimetry 
and small-angle X-ray scattering. Compared to the few 
commercially available Reverse Poloxamers [2, 3], we 
find that our custom-made versions with high-molar 
masses form a much broader variety of different LLC 
phases with extraordinary temperature stability (Figure 
1, bottom), which makes them excellent candidates for 
various applications. We verify the latter by subjecting 
the Reverse Poloxamers to the true liquid crystal 
templating process, producing ordered mesoporous 
silica materials with regular structure and narrow pore 
size distributions. Most impressingly, the accessible 
pore diameters range from approximately 5 to 20 nm, 
which has been unprecedented so far with the applied 
process [4].

[1] C. Vogler, S. Naumann, RSC Adv. 10 (2020), 43389.
[2] K. Mortensen, W. Brown, E. Jørgensen, Macromolecules 27 (1994), 5654.

Khan, J. Colloid Interface Sci. 2 (2004), 379.
[4] C. Vogler, S. Naumann, J. R. Bruckner, submitted (2022).
[5] Financial support by the Deutsche Forschungsgemeinschaft (DFG, German Research 
Foundation) Project-ID 358283783 SFB 1333 is gratefully acknowledged. This project is 
supported by the Ministry Of Science, Research and the Arts Baden-Württemberg.

Figure 1.  Generic structure of Reverse 
Poloxamers (top) and phase diagram of a 
Reverse Poloxamer with water (bottom).
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Defined core-shell particles as the key to complex interfacial self-assembly
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Self-assembly of colloidal particles can yield defined surface patterns over macroscopic areas. 
However, the prevalence of hexagonal symmetries limits the structural versatility of self-assembling 
monolayers. In 1998 E. A. Jagla computationally modelled core-shell particles with two interaction 
length-scales and predicted the formation of complex minimum energy configurations [1]. Despite
the elegance of this approach, its experimental realization has remained largely elusive. Here, we use 
iniferter-type controlled radical polymerization to create core-shell particles consisting of a silica core 
surface-functionalized with a non-crosslinked polymer shell (figure 1a) [2]. Upon interfacial 
compression, the resulting core-shell particles arrange in well-defined dimer, trimer and tetramer 
lattices before transitioning into complex chain and cluster phases. The experimental phase behavior 
is accurately reproduced by Monte-Carlo simulations and minimum energy calculations, suggesting 
that the interfacial assembly interacts via a pair-wise additive Jagla-type potential (figure 1b). The 
possibility to control the interaction potential via the interfacial morphology provides a framework to 
realize structural features with unprecedented complexity from a simple, one-component system [3].

[1] E. A. Jagla, Phase behavior of a system of particles with core collapse, Phys. Rev. E. Stat. Phys. 
Plasmas Fluids Relat. Interdiscip, Topics 58, (1998), p. 1478–1486. 
[2] J. Menath, J. Eatson, R. Brilmayer, A. Andrieu-Brunsen, D. M. A. Buzza, and N. Vogel, 
Defined core–shell particles as the key to complex interfacial self-assembly, PNAS, 118, (2021), 
p. 1-10
[3] The authors acknowledge funding from the DFG under Grant VO1824/6-2, the Horizon 2020 
research and innovation program under Grant Agreement 861950, Project POSEIDON. Tobias 
Salbaum is acknowledged for help with iniferter silane synthesis, Marcel Rey for helpful 
discussions, Salvatore Chiera for help with infrared spectra measurements, and Katrin Städtke for 
help with thermogravimetric analysis. 

Figure 1. Particle morphology and phase behavior. a) Core-shell particle at the air/water interface. 
b) Scanning electron micrographs of the particle lattice upon interfacial compression and 
corresponding Monte-Carlo simulations. Scale bar: 1 µm.
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Plasma membranes of procaryotes are represented by a large share of lipids such as phosphatidyl-
glycerols. In this study the role of charged lipids in the plasma membrane is investigated with re-
spect to the interaction with the antiviral saponin aescin in the membrane.  
 
Aescin is a natural surfactant which can be found in the horse chestnut and is known for its anti-
inflammatory, anti-exudative, anti-oedematous and venotonic properties.[1-3] Small unilamellar 
vesicles (SUVs) made of 1,2-dioleoyl-sn-glycero-3-phosphoglycerol (DOPG) with different 
amounts of aescin are analysed by small angle neutron and X-ray scattering (SANS/SAXS) (Fig. 1 
left). Furthermore, the chain-chain correlation distance of lipid/saponin mixtures in the SUV struc-
tures is studied by wide angle X-ray scattering (WAXS)(Fig. 1 right). Small angle scattering data 
are evaluated with the Kratky-Porod (KP) and Modified-Kratky-Porod (MKP) method as well as by 
the Guinier approximation. Afterwards the small angle scattering data is Fourier transformed with 
the software package GIFT.[4] Wide angle scattering data is analyzed by using Lorentzian fits to 
determine the chain-chain correlation distance. Complete miscibility of DOPG and aescin is found 
even at a lipid/saponin ration of 1:1. 
 

 
Figure 1.  Left: SANS and SAXS scattering curves with fits from the software package GIFT. 
Right. WAXS scattering data with Lorentzian-fits to determine qWAXS.  
 
[1] S. G. Sparg, M. E.  Light, J. van Staden., Journal of Ethnopharmacology 94 (2-3) (2004), 219
243. 
[2] C. R. Sirtori, Pharmacological research 44 (2001), 183-193. 
[3] A. Vasiliauskas, L. , D. Acta medica Litu-
anica 17 (2010), 123-132. 
[4] Bergmann, A.; Fritz, G.; Glatter, O., Journal of Applied Crystallography 33 (2000), 1212-1216. 
 



Block Copolymers in 3D Confinement: Janus Nano Cups
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Block copolymer nanoparticles with unusual morphologies and complex surface are currently 
in high demand due to their unique physical properties as non-trivial soft matter.[1] Compared 
to topologies such as spheres, cylinders and vesicles,[2] the precise formation of patchy 
polymeric cups with defined surface structure are still rare. Geometrically controlled 
anisotropic Janus nanoparticles (JNP) have gained considerable interest in the polymer science 
community. However, currently only a few controlled bottom-up synthesis routes are known 
that enable JNPs synthesis with high selectivity towards the desired geometries.[3] In the present 
work, we aim to achieve cup-shaped JNPs and the control of their size and curvature. First, 
several ABC triblock terpolymers consisting of polystyrene-b-polybutadiene-b-poly (tert-butyl 
methacrylate) (SBT) are emulsified in conjunction with high-molecular poly (methyl 
methacrylate) (PMMA) in varying blending ratios through a SPG membrane, followed by 
evaporation-induced confinement assembly (EICA) process. This led to the formation of two 
hemispherical particles, with PMMA forming a hemisphere on its own and SBT instead, 
arranging in a concentric lamella-lamella morphology. In the second step, the PB microdomain 
is crosslinked with OsO4, and the PMMA hemisphere is subsequently removed by washing with 
THF, whereby dispersed cup shaped JNPs are obtained. The curvature of the JNPs is controlled 
by the blending ratio of PMMA, as its content increases the more the curvature is decreasing, 
going from hemispheres to cups to disk like particles. The mechanical stability of the JNPs is 
controlled by the length of the PB phase through cross-linking, preventing the collapse of the 
cups. By removing the PMMA phase with THF and redispersing the SBT tulip bulb phase, it is 
possible to produce Janus nano cups in high yield. Further, the PT nanodomain is hydrolyzed, 
in order to produce negative charges, that can be paired with cationic species, e.g. Au NPs, in 
order to prove the Janus character. Due to the particular shape, the Janus nano-cups may find 
application in biotechnology and nanomedicine, as well as templating of inorganic materials 
and to perform as cargo in biotechnology and nanomedicine due to their cup-like shape.
[1] A. H. Gröschel, A. H. E. Müller, Nanoscale 2015, 7, 11841.
[2] T. I. Löbling, O. Borisov, J. S. Haataja, O. Ikkala, A. H. Gröschel, A. H. E. Müller, 

Nat. Commun. 2016, 7, 12097.
[3] X. Qiang, A. Steinhaus, C. Chen, R. Chakroun, A. H. Gröschel, Angew. Chemie - Int. 

Ed. 2019, 58, 7122.

Figure 1. Self-assembly mechanism of Janus Nano Cups.
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Chaotropic nano-ion binding as a gelation motif in cellulose ether solutions

Max Hohenschutz1, Carlos G. Lopez1 and Walter Richtering1

1Institute of Physical Chemistry, RWTH Aachen University, Landoltweg 2, 52056 Aachen, Germany

Nanometer-sized ions (nano-ions), such as the polyoxometalate SiW12O40
4- (SiW, structure in Fig.1a), 

interact strongly with non-ionic interfaces, such as polymers1 and non-ionic surfactants2, due to a 
water-mediated driving force, called the chaotropic effect.3 Due to the drastic effects that these 
interactions have on the properties of the interface, nano-ions have emerged as promising soft matter 
additives. In this study, we investigated the effects of chaotropic nano-ions on cellulose ethers, such 
as hydroxypropylcellulose (HPC, Fig.1a). Cellulose ethers are non-ionic cellulose-based polymers 
that find ample application as rheology modifiers in cosmetics, foods and drilling fluids in particular 
due to their molecular stiffness and their intrinsic tendency to aggregate in solution. We find that SiW 
binds to HPC in the millimolar range and thus induces a drastic increase in viscosity by a factor of 
100, see Fig.1b, leading to gelation at higher SiW-
effects are unprecedented in comparison to classical additives such as salts, or ionic surfactants as 
exemplified for SDS, see Fig.1b and appear presumably due to physical nano-ion crosslinking 
between polymer chains. Small Angle Neutron Scattering further revealed the emergence of a 
correlation peak at low SiW-concentrations (Fig.1c) that disappears in the presence of an electrolyte 
like NaCl or at higher SiW-concentrations. This intermittent polyelectrolyte-like behavior relates to 
the observed rheology trends. Chaotropic nano-ions thus emerge as novel gelation agents and nano-
ion/polymer complexes might serve as smart soft materials due to their UV and heat sensitivity.

Figure 1. a) Chemical structures of HPC and SiW. b) Relative viscosities r of 5% w/w HPC in water 
upon addition of SiW or the ionic surfactant SDS respectively. c) SANS-spectra of 1% HPC in D2O
at different concentrations of HSiW and with NaCl. The spectra are in absolute scale.

References:
1.   Buchecker, T.; Schmid, P.; Grillo, I.; Pr vost, S.; Drechsler, M.; Diat, O.; Pfitzner, A.; Bauduin, P., J. 
Am. Chem. Soc. 2019, 141 (17), 6890-6899.
2.   Hohenschutz, M.; Grillo, I.; Diat, O.; Bauduin, P., Angew. Chem. Int. Ed. 2020, 59 (21), 8084-8088.
3.   Assaf, K. I.; Nau, W. M. Ang. Chem. Int. Ed. 2018, 57 (43), 13968-13981.





17th Zsigmondy Colloquium 2022 of the German Colloid Society
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Stimuli-responsive surface-active molecules may alter their physicochemical characteristics upon the 
stimulation with an external trigger. Accordingly, their tendency to form micelles in solution, their 
adsorptive behavior on surfaces or the surface tension of aqueous solutions thereof can be 
manipulated by external stimulation with light, the pH value or other stimuli.[1, 2] These features 
render stimuli-responsive surfactants interesting materials for the manipulation of colloidal systems
in an aqueous environment.[1] Recently, we demonstrated the synthesis and characterization of a 
surfactant, which possesses a spiropyrane moiety in its hydrophobic backbone (Figure 1).[3] This 
molecule, being able to switch from an apolar spiropyrane (SP) form to an ionic merocyanine (MC) 
counterpart, shows an interesting dual-responsivity to the pH value and light:[4] While under acidic 
conditions, a pronounced difference of the surface-activities between both forms is found, this 
behavior is suppressed at an elevated pH level. We exploited this behavior to manipulate the integrity 
of an oil-in-water emulsion. Furthermore, we are interested to extend the utilization of the surfactant 
also to other colloids for their targeted manipulation in an aqueous medium.

[1] S. Santer, J. Phys. D: Appl. Phys. 2017, 51, 013002.
[2] E. Chevallier, A. Mamane, H. A. Stone, C. Tribet, F. Lequeux, C. Monteux, Soft Matter 2011, 7, 

7866 7874.
[3] M. Reifarth, M. Bekir, A. M. Bapolisi, E. Titov, F. Nußhardt, J. Nowaczyk, D. Grigoriev, A. 

Sharma, P. Saalfrank, S. Santer, M. Hartlieb, A. Böker, Angew. Chem. Int. Ed. 2022, 
https://doi.org/10.1002/anie.202114687

[4] R. Klajn, Chem. Soc. Rev. 2014, 43, 148 184.

Figure 1: (a) Schematic representation of the prepared surfactant. The surfactant in its spiropyrane 
form (indicated as yellow) may isomerize to form a zwitterionic merocyanine (MC) under neutral, or 
a kationic MCH+ form under acidic conditions. (b) The surfactant is used for the manipulation of an 
oil-in-water emulsion. An emulsion is stable under neutral conditions, while it can be demulsified via 
light irradiation under an acidic pH value.

Acknowledgement: The authors acknowledge financial support of the European Research Council 
(ERC) in the framework of the research project Replicoll (Project 648365) and the German 
Research Council (DFG, project number 471323994).
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Microgels are three-dimensionally crosslinked polymer networks that swell in a good solvent. They 
can change their size and internal structure in response to external stimuli such as temperature, pH or 
ionic strength. In addition, they are highly interfacial active and possess a rich phase behavior due to 
their soft and inhomogeneous structure. Based on their interfacial properties, they can be used in 
various applications, e.g., as emulsion stabilizers or surface coatings. However, there is very little 
data on the internal structure of microgels in dense layers. 
 
In this study, we used Langmuir-Blodgett type depositions to transfer microgel monolayers at 
different surface pressures onto solid substrates [1]. These monolayers were then investigated ex-situ 
by atomic force microscopy to investigate (a) their two-dimensional structure and (b) the topography 
and internal structure of the microgels within the monolayers via force volume measurements. 
 
The results of our measurements show that the confinement of microgels within dense monolayers 
has a profound impact on their internal structure. Single microgels exhibit an inhomogeneous internal 
structure at the solid-liquid interface with a stiff core in the center and a decreasing stiffness towards 
the periphery of the microgels [2]. With increasing compression of the monolayer, the microgels 
become noticeably stiffer in their core (see fig. 1) [3]. 
 
[1] S. Bochenek, A. Scotti, W. Ogieglo, M. A. Fernández-Rodríguez, M. F. Schulte, R. A. Gumerov, 
N. V. Bushuev, I. I. Potemkin, M. Wessling, L. Isa, W. Richtering, Langmuir 2019, 23, 51, 16780. 
[2] M. F. Schulte, S. Bochenek, M. Brugnoni, A. Scotti, A. Mourran, W. Richtering, Angew. Chem. 
Int. Ed. 2020, 133, 5, 2310. 
[3] The authors acknowledge funding from the Deutsche Forschungsgemeinschaft (DFG) for 

 (Project B8). 

 
 
Figure 1.  Averaged contact stiffness profile of single microgels (left) and microgels in a dense 
microgel layer (right) at 27°C at the solid-liquid interface. 
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Modification of Interfacial Block Copolymer Structures: Electrochemical 
Switching of Interfacial Tension and Interfacial Viscoelasticity 
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Block copolymers can be crucial for several industrial or pharmaceutical products due to versatile 
and adaptable properties in solution. We investigated the properties of poly(ethylene oxide)110-b-
poly{[2-(methacryloyloxy)ethyl]diisopropylmethylammonium chloride}170 in the bulk phase and at 
the interface. Potassium hexacyanoferrates (HCF), added as counterions, showed the ability to change 
the water-solubility of the polycationic block. The charge compensation  in presence of ferrocyanide 
[Fe(CN)6]4- is weaker compared to ferricyanide [Fe(CN)6]3-. Utilizing their electrochemical 
addressability, the ratio between ferro- and ferricyanide was changed, while interfacial tension was 
traced. A chemical oxidation/reduction was feasible, but also an electrochemical oxidation leads to a 
significant change in the interfacial tension. The corresponding reduction showed only a mild 
response under the same conditions. Micelles in the bulk phase were detected by dynamic light 
scattering in presence of ferricyanide ions. [1] Further, it was possible to detect a prolonged 
rearrangement of the block copolymer/ferricyanide mixture at the water/n-decane interface from 
adsorbed micelles to layers of connected unimers by interfacial shear rheology. This was discernible 

-
increased drastically and the storage modulus G´ approached the loss modulus G´´. Atomic force 
microscopy, dynamic light scattering, and small angle X-ray scattering accompanied the 
measurements. The gel formation at the interface was reversible by reducing ferricyanide ions or 
enhanced by generating Prussian Blue nanoparticles at the interface. [2, 3]  
 
[1] Prasser et al. "Electrochemical Stimulation of Water Oil Interfaces by Nonionic Cationic Block 
Copolymer Systems." Langmuir 37.3 (2020): 1073-1081.  
[2] Interfacial Rearrangements of Block Copolymer Micelles Toward Gelled Liquid-
Liquid Interfaces with Adjustable Viscoelasticity Small (2022); accepted.  
[3] The authors gratefully appreciate the German Research Foundation (Deutsche Forschungs-
gemeinschaft DFG; project PL 571/4-1 and Heisenberg Fellowship PL 571/5-1) for funding.  
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Proteins are biological macromolecules built from a sequence of amino acids with varying 
characteristics as hydrophobicity, charge and side-group that determine their biological and physical 
properties. Unfolded proteins, like intrinsically disordered proteins (IDPs), share similarities with 
polymers in structure and dynamics. For thermal unfolded Ribonuclease A or the IDP myelin basic 
protein we showed already similarities to polymer dynamics reflected by Zimm-like dynamics with 
internal friction [1-3]. Also normal mode analysis based on explicit configurations resulted in 
improved description of the dynamics. Here we explore the dynamics of polystyrene sulfonic acid 
(PSS-H) and salt (PSS-Na) as a well-known polyelectrolyte well below the overlap concentration to 
examine the single chain conformation and dynamics. The aim is to observe the influence of the 
large charged sidechain onto the chain dynamics and to find similarities to the molecular dynamics 
of IDP that deviates from standard polymer dynamic models. 
 

(Figure 1, right).  
 
[1] A.M. Stadler, L. Stingaciu, A. Radulescu, O. Holderer, M. Monkenbusch, R. Biehl, D. Richter,  
J. Am. Chem. Soc., 136 (19) (2014), p. 6987 6994.  
[2] J. Fischer, A. Radulescu, P. Falus, D. Richter, R. Biehl, J. Phys. Chem. B, 125 (3) (2021), p. 
780 788.  
[3] L.R. Stingaciu, R. Biehl, D. Changwoo, D. Richter, A.M. Stadler, J. Phys. Chem. Lett. 11 (1) 
(2020), p. 292 296.  
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Optimization and fabrication of silica-coated nanoemulsion as reservoir for 
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Amit Kumar1,2, S. K. Mehta1 and Michael Gradzielski2

1 Department of Chemistry and Centre of Advanced Studies in Chemistry, Panjab University, 
Chandigarh, 160014, India
2 Stranski-Laboratorium für Physikalische und Theoretische Chemie, Institut für Chemie, Straße des 
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Essential oil-based nanoemulsions have garnered significant attention in the past few decades in the 
field of nanomedicine, food, and agriculture) [1]. However, they suffer from major shortcomings such 
as ageing (Ostwald ripening, coalescence), leakage of the encapsulated agent over time, burst release,
or rapid degradation under harsh environmental conditions (pH and temperature change) [2]. 
Moreover, controlling the release of the encapsulated agent from the nanoemulsion matrix is a tedious 
task.

Coating the surface of the nanoemulsion droplet with some low-cost and biocompatible material like 
silica (US-FDA approved food additive) can enhance the nanoemulsion performance and can prevent 
premature degradation of the encapsulated agent. Moreover, silica-coated nanoemulsions can open 
up the window for functionalization of nanoemulsion to tune the release of encapsulated agents [3].

In this work, we fabricated eugenol nanoemulsions via the ultrasonication method using a mixed 
surfactant system of a non-ionic and cationic surfactant. Obtained nanoemulsions were stable with 
droplet size < 100 nm and zeta potential of ~-40 mV. The effect of coating the nanoemulsion surface 
with silica using different silica precursors was then studied. The effect of ageing time on the 
thickness of silica shells under different pH conditions was investigated using FESEM and SAXS. A 
comparison between non-coated and silica-coated nanoemulsions in terms of encapsulation 
efficiency, sustained-release, stability against different pH, temperature, and storage conditions was 
drawn [4]. Results obtained from the investigation may have invaluable implications for fabrication 
of such silica coated formulations in the agri-food, pharmaceutical and cosmeceutical products 

[1] A. Naseema et al., 287(2021), p.102318.
[2] S. Choi et al., 29(2020) p. 149-68.
[3] Q. Yang et al., 7(2018) p.1700816.
[4] The authors acknowledge DAAD and DST for the fellowship.

Figure 1. Schematic presentation for fabrication of silica-coated essential oil nanoemulsion
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Surface topography quantification of DNA-functionalized colloids via super 
resolution microscopy
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Microparticles have wide range of applications in materials and sensing. In a quest for 
programmable materials, DNA coated colloids are of great interest because they can self assemble 
and form crystal. However, if the DNA coatings are not synthesized correctly and/or
homogeneously the self-organization can fail. Therefore, the quantification of the details of surface 
coating is necessary to understand the mechanisms of interactions between particles and how to 
control their synthesis in our favor. The aim of this work is to characterize the colloids’ surface on a 
single particle level through single molecule microscopy and by developing quantitative analysis 
methods.

By employing STED and DNA-PAINT microscopy, we visualize the surface of DNA coated 
colloids on a nanoscale level [1]. Via DNA-PAINT and qPAINT we can quantify the amount of 
surface DNAs and correlate these numbers to bulk measurements with Flowcytometry, while STED 
microscopy enable us to identify the heterogeneity of the DNA groups, figure 1 [2,3]. These methods 
ultimately pave the path to modify synthesis protocols and produce programmable materials.

[1] Ruisheng Lin, Alexander H. Clowsley, Tobias Lutz, David Baddeley, Christian Soeller, 
Methods. 174 (2020), 56-71
[2] Jungmann, R., Avendaño, M., Dai, M. et al. Nat Methods ,13 (2016) , 439–442.
[3] Pietro Delcanale, Bernat Miret-Ontiveros, Maria Arista-Romero, Silvia Pujals, and Lorenzo 
Albertazzi, ACS Nano, 12 (2018), 7629-7637.

Figure 1.  Image A, demonstration of DNA-PAINT method for streptavidin coated micron 
particles[1]. Image B m polystyrene particle, 
imaged and analyzed with STED microscopy, scale bar: 500 nm.
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A core-shell model describing the deformation behavior of microgels in crowded 
environment 
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Microgels, cross-linked polymer networks swollen by a solvent, are a well-studied model system 
for soft deformable spheres. In response to increasing the volume fraction of microgels in a 
suspension, they start to isotropically deswell or facet. Traditionally, small deformations of elastic 
spheres are modelled through the Hertz pair potential. However, recent simulation studies revealed 
that in highly concentrated suspensions, the approximation of small deformations is no longer valid. 
Additionally, microgels are intrinsically heterogeneous, with higher numbers of cross-links near 
their core.  Thus, a more accurate description of microgel deformation was proposed in the form of 
the multi-Hertzian potential. Hertz-like terms with varying amplitudes are summed up for 
differently strong cross-linked microgel regions [1]. 
 
This study aims to additionally incorporate the free energy of swelling in that model, to enable the 
simultaneous description of deswelling and faceting of microgels in concentrated suspensions. A 
Flory-Hertz model for a homogeneous microgels is already known and will be extended to a 
heterogeneous distribution of cross-links [2]. The simple case of a concentrated system containing 
core-shell microgels  meaning two regions in a microgel  is simulated. We find that mainly 
parameters related to microgel softness influence the deformation behaviour in crowded 
environment. At medium volume fractions the interactions are mainly governed through the 
properties of the microgel shell. Less cross-linked shells are more inclined to be faceted, while vice 
versa highly cross-linked shells preferably deswell. The highest investigated volume fractions lead 
to deformations of the microgel core, depending on its size and softness. In those systems the shell 
is completely collapsed, which aligns with the experimental observations of core-shell microgels. 
 
 
[1] M. J. Bergman, N. Gnan, M. Obiols-Rabasa, J.-M. Meijer, L. Rovigatti, E. Zaccarelli, P. 
Schurtenberger, Nature communications 2018, 9, 1 11.  
[2] M. Urich, A. R. Denton, Soft matter 2016, 12, 9086 9094.  
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All-natural Pickering emulsion gels for high-fidelity direct ink-writing 
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Direct ink writing (DIW) is especially interesting for biomedical applications due to gentle 
conditions and the possibility to create customized objects on-demand. Natural abundant polymers 
arise as sustainable and biocompatible alternatives to synthetic and bio-accumulating polymers. The 
printing of pure nanocellulose suspensions has proven difficult due to low loadings and high 
shrinkage, as well as unfit rheology. At the same time, emulsion gels have gained attention for their 
favorable viscoelastic properties [1].

Our novel sulfur-free cellulose nanocrystals (CNCs) with a low degree of substitution and a low 
positive surface charge [2] enable the straightforward employment of CNCs as Pickering 
emulsifiers. We present an emulsion gel ink co-stabilized by this new type of CNCs -
cyclodextrin ( -CD) interfacial inclusion complexes, composed of entirely natural and 
biodegradable compounds. The produced inks are shear-thinning and exhibit a high storage 
modulus up to 70 kPa, allowing for the high fidelity and low shrinkage printing of even complex 
overhanging structures without requiring a support structure. A low yield stress of only 230 
270 Pa should facilitate the inclusion of cells for biomedical applications into the formulation, as it 
was shown that a high shear stress in the nozzle has a negative impact on cell viability [3]. The gel 
can be tuned to desired rheological properties and equipped with both polar and apolar compounds 
due to the biphasic system, making it a promising platform for biocompatible additive 
manufacturing.

Figure 1.  Schematic for the fabrication of an emulsion gel 3D printing ink from oil (sunflower), an 
-cyclodextrin with a picture of a support-free rotating square object 

printed with one of the inks. Scale bar: 50 µm.

[1] S. Huan, B. D. Mattos, R. Ajdary, W. Xiang, L. Bai, O. J. Rojas, Advanced Functional 
Materials 2019, 29, 1902990.
[2] E. E. Jaekel, J. A. Sirviö, M. Antonietti, S. Filonenko, Green Chemistry 2021, 23, 2317-2323.
[3] Blaeser, D. F. Duarte Campos, U. Puster, W. Richtering, M. M. Stevens and H. Fischer, Adv. 
Healthcare Mater., 2016, 5, 326-333.
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-lactoglobulin Foams in comparison to 
Silica Sphere stabilized Foam Films
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The properties of foams are of interest in many applications such as food technology, firefighting 
and in personal care products. For understanding macroscopic foam properties, it is important to 
investigate its single building blocks the so-called foam films, which separate the air bubbles 
from each other. A widely known foam- -lactoglobulin which appears 
naturally in milk and is responsible for milk froth. This protein shows an interesting pH dependent 
behavior.

Engelhardt et al. [1] found maxima of yield stress, storage modulus, dilatational storage modulus 
-lactoglobulin foams at the isoelectric point around pH 5. These 

-lactoglobulin multilayers. At pH 3 and pH 7 significant 
discrepancies in terms of dilatational storage modulus appear despite the same distance to the 
isoelectric point. To ensure the reason for the discrepancies, more insights in the foam film 
properties are needed.

Therefore, we use a camera based thin film pressure balance to study protein and particle 
stabilized foam films in terms of disjoining pressure inside the foam films, drainage kinetics, and 
foam film stability. Film thickness profiles give insights into bridging, agglomerate and network 
distributions. Comparison with hydrophobized silica nano particle stabilized foam films helps to 
distinguish between steric stabilization effects affected by the spherical shape of the particles and 
protein specific stabilization effects [2].

[1]

[2] The authors acknowledge funding from the GFP Project 54.012 09/14 and thank A. Völp for 
fruitful discussions and providing -lactoglobulin.

Figure 1. -lactoglobulin (c = 10-6 M, pH = 5.0) in natural color representation 
(left) and false color representation indicating the film thickness (right)
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Building mechanism and controlled synthesis of eumelanin particles
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The biological pigment eumelanin protects various organisms from harmful UV radiation and 
shows interesting material properties like radical scavenging, paramagnetism and broadband 
absorption combined with low fluorescence. It can be synthesized biomimetically in aqueous 
solution starting with L-Dopa and catalyzed by tyrosinase, leading to oligomeric sheets. These 
undergo a subsequent particle formation, which is not yet fully understood [1]. A 3-step self-
assembly process is suggested by previous findings. First, oligomeric sheets are formed which may 
stack to so-called protoparticles with a size of a few nm. In the second step, the protoparticles form 
type-A particles, which have a radius close to 20 nm. Finally, spherical particles with a diameter of 
200 nm are formed, denoted as type-B particles [2]. The mechanism and the controllability of this 
supramolecular buildup has been investigated by us. Time-resolved combined static and dynamic 
light scattering (SLS/DLS) made possible to follow the formation of the final type-B particles from
type-A particles under various conditions and indicated a monomer addition mechanism. The 
adjustment of the pH value enabled us to inhibit the formation of the final type-B particles at the 
level of type-A particles, characterized by SLS/DLS, scanning electron microscopy (SEM) [3] and 
Small Angle X-Ray Scattering (SAXS). Subsequent decreasing of the pH value of such type-A 
particle dispersions triggered the spontaneous formation of type-B particles even 24 h after 
completion of the formation of the type-A particles [3]. We could demonstrate that the formation of 
type-B particles is reversible during an initial period by re-inceasing the pH value. The loss of the 
reversibility with time indicates a consolidation of the type-B particles after their formation by 
aggregation of type-A particles. [5]

Figure 1: Weight averaged molar mass Mw and radius of gyration Rg of growing eumelanin 
particles followed by SLS (a) and respective correlation of Mw and Rg (b). The solid line indicates a 
slope of 1/6 which corresponds to a monomer addition mechanism [4].

[1] Angew. Chemie - Int. Ed. 
48, 3914 3921 (2009).
[2] Büngeler, A., Hämisch, B., Huber, K., Bremser, W. & Strube, O. I. Langmuir 33, 6895 6901 
(2017).
[3] Büngeler, A., Kollmann, F. Huber, K. & Strube, O. I. Targeted Synthesis of the Type-A Particle 
Substructure from Enzymatically Produced Eumelanin. Biomacromolecules (2022).
[4] Liu, J., Rieger, J. & Huber, K. Langmuir 26, 17405 17412 (2010).
[5] The authors gratefully acknowledge funding from the German Research Foundation (DFG). 
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Placing a small liquid droplet on a soft substrate deforms the substrate. The surface tension of the 
droplet rises a wetting ridge along the three-phase contact line and the Laplace pressure inside the 
droplet creates a depression (i.e., dimple) underneath the droplet [1,2] (Figure 1A). The deformation 
of the substrate is determined by the capillary and elastic energies, which is characterized by the 
softness ratio (where and are the surface tension and shear modulus of the substrate, 
respectively, and is the contact radius of the nanodroplet).

Using atomic force microscopy (AFM), we have probed the three-dimensional interfacial 
configuration of nanodroplets (with different ) and the deformed soft substrates (with different ). 
This allows measuring the ridge height and the dimple depth (Figure 1B) in a range of softness 
ratios. With increasing the softness ratio, the normalized ridge height increases and then decreases, 
while the normalized dimple depth increases and approaches to a limiting value. The substrate 
capillarity overcomes the substrate elasticity in dominating the substrate deformation when 

(Figure 1C), illustrating that a substrate becomes soft when . Our results
show a direct experimental observation of the elasticity-to-capillarity transition [3].

[1] R. Pericet-Cámara, A. Best, H.-J. Butt, E. Bonaccurso, Langmuir 24 (2008) 10565-10568.
[2] R. Pericet-Camara, G.K. Auernhammer, K. Koynov, S. Lorenzoni, R. Raiteri, E. Bonaccurso, 
Soft Matter 5 (2009) 3611-3617.
[3] B. Zhao, E. Bonaccurso, G. K. Auernhammer, L. Chen, Nano Letters 21 (2021), 10361-10367.
[4] The authors acknowledge funding from the National Natural Science Foundation of China 
(Grant No. 11802055, 11772271) and the German Research Foundation (Project-ID 265191195,
SFB 1194).

Figure 1.  (A) Schematic illustration of the substrate deformation. (B) Profiles of nanodroplet, 
wetting ridge and dimple probed by AFM. (C) Normalized ridge height versus softness ratio 
showing the elasticity-to-capillarity transition.
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Hybrid materials that can respond to multiple stimuli are promising materials with the potential to be 
employed as carrier materials in biological systems [1]. Poly(N-isopropylacrylamide) PNIPAm 
hydrogels are an excellent option to achieve such systems. Their thermo-responsive nature allows a 
reversible switch from a swollen to a shrunken state. By adding maghemite nanoparticles and pre-
programing their alignment in the matrix of those hydrogels, thermo- and magneto-responsive 
systems can be designed. 
 
Different microgel shapes with embedded maghemites were synthesized using Particle Replication 
in non-wetting template (PRINT). Their thermo-and magneto- responsivity were determined through 
swelling experiments and through the investigation of their response under rotating magnetic fields 
of different strengths. These systems were characterized by a maximum rotation speed c marking 
their transition from a synchronous to an asynchronous rotation. c showed to be strongly varying 
with the temperature (Figure 1a). 
 
When the hydrogels were additionally coated with a metal layer, the restricted swelling of the soft 
layer enabled the creation of more complex shapes [2-3]. The conformations and polarizability to the 
applied magnetic field of such shapes can be controlled with the temperature (Figure 1 b). These 
properties were further utilized to create diverse actuations combining the response to temperature, 
magnetic field, and light. Additionally, active micro-swimmers made from such system can be 
designed and their swimming can be directed when an external magnetic field is applied [4].  
 
[1] M. Vigata, C. Meinert, D. W. Hutmacher and N. Bock, Pharmaceutics 2020, 12, 1188. 
[2] H. Zhang, A. Mourran, and M. Möller, Nano Lett. 2017, 17, 2010 2014. 
[3] H. Zhang, L. Koens, E. Lauga, A. Mourran, and M. Möller, Small 2019, 15, 1903379. 
[4] A. Mourran, O. Jung, R. Vinokur and M. Möller, Eur. Phys. J. E 2021, 44:79.  
 

  
 

 
Figure 1.  Thermo-responsive and magnetic microgels a) Hybrid disks with tunable response under 
an applied rotating field b) Arc and helix bilayer structures that change their alignment to the field 
when the temperature is varied. 
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Autonomous regulation of chemical reactivity represents a fundamental ability of living organisms. 
Chemical information can be processed with high fidelity and highest substrate specificities are 
achieved as multiple individual or combinations of independent chemical equilibrium-driven non-
covalent interactions and covalent chemical transformations are translated into a specific response. 
This cross-check capability and self-regulation behavior forms the basis for the high complexity and 
specificity achieved within biological systems and is further fundamental for the complex emergent 
behavior observed in multibody systems, for instance their self-regulated ability to communicate, 
move, evolve, and self-organize into patterns or networks.  
 
An emulation of these individual capabilities within a synthetically minimal, biomimetic model 
system may help to better understand the underlying complex cascade mechanisms and pave the 
way towards artificial dynamic and self-regulatory adaptive materials that display unprecedented 
autonomous capabilities. In my group, we are interested in the bioinspired generation of artificial 
soft matter systems that exhibit chemo-intelligence in that they are capable to autonomously operate 
in response to (bio-) chemical cues. Guided by basic scientific questions we explore the creation of 
new, transformative application concepts with the goal to generate artificial chemo-intelligent 
microreactors that can ultimately rival the regulatory and motile behavior observed in Nature. Our 
complex colloidal microreactors (complex emulsions, hydrogel capsules, intricate polymer 
particles) usually comprise two or more phases, and multiple exquisitely sensitive interfaces. As a 
result, they can, for instance, selectively change morphology in response to a variety of external 
stimuli, including the presence of specific chemical and biological entities, small pH changes, light 
or high-energy irradiation, as well as an external electric or magnetic field. Such structures can also 
be designed to undergo programmed assembly or disassembly, and as a result of the density and 
refractive index contrast of the individual phases, manipulate the pathway of light. Demonstrations 
on how an associated understanding of the unique chemical-morphological-optical coupling inside 
these chemically active functionalized active soft colloids can be used in new and improved soft 
matter applications, including in biomimicry, droplet-based imaging platforms, as structural 
templates for the generation of functional precision objects, and as chemo-intelligent transducers in 
chemo- and biosensing applications will be presented. 
 
 



17th Zsigmondy Colloquium 2022 of the German Colloid Society 

Charging of dielectric surfaces in contact with aqueous electrolyte 
the influence of CO2 
 
Peter Vogel1, Nadir Möller1, Pravash Bista2, Stefan Weber2, Hans-Jürgen Butt2,  
Benno Liebchen3 and Thomas Palberg1 

 
1 Institut für Physik, Johannes Gutenberg Universität, 55128 Mainz (Germany) 
2 Max Planck Institut für Polymerforschung, 55128 Mainz (Germany) 
3 Institut für Physik kondensierter Materie, Technische Universität Darmstadt, 
3 64289 Darmstadt (Germany) 
 
 
ABSTRACT 
 
The charge state of dielectric surfaces in aqueous environments is of fundamental and technological 
importance. We use super-heterodyne light scattering in a custom-made cell to study the influence 
of dissolved CO2 on the charging of three, chemically different surfaces. We compare an ideal, 
CO2-free reference state to ambient CO2 conditions. Systems are conditioned under conductometric 
control at different low concentrations of NaCl. As expected for constant charge densities,  
-potentials drop upon increasing the salt concentration in the reference state. Presence of CO2 

leads to an overall lowering of -potentials. Moreover, for the inorganic dielectric, the salt 
dependent drop is significantly weakened, and it is inversed for the organic dielectrics. We suggest 
that at ambient conditions, the charge state of dielectric surfaces is related to dielectric charge 
regulation caused by the salt concentration dependent adsorption/desorption of CO2. 
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Experimental Evidence of a Transition from a Sponge-Like to a Foam-Like 
Nanostructure in Water-Rich L3 Phases

Philipp Menold 1, Natalie Preisig 1, Cosima Stubenrauch 1, and Reinhard Strey 2.
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Early studies [1-3] on water n-alkane ionic surfactant microemulsions provide first hints for the 
possible existence of a foam-like nanostructure, i.e. a dense packing of polyhedral nanometer-sized 
water droplets separated by a thin layer of a continuous oil phase. We chose the system 
water/NaCl hexyl methacrylate (C6MA) - dioctyl sulfosuccinate sodium salt (AOT) for two reasons. 
First, because AOT is a single, pure surfactant known to form inverse structures and, secondly, our 
ultimate goal is to polymerize the continuous oil (C6MA) phase, i.e. to synthesize genuine nanoporous 
polymer foams. Inspired by the pioneering work of Skouri et al. [4] we were able to locate an isotropic 
one-phase channel, the L3 phase, emanating from the pseudo-binary system water/NaCl - AOT at 
ambient temperature. In addition, there is an isotropic oil-in-water microemulsion found at high 
temperatures [5]. Already upon addition of small amounts of oil to the L3 Phase the conductivities 
become very low and the viscosities very high [6]. Freeze fracture electron microscopy allows us to 
actually see the anticipated foam-like nanostructure (see Fig.1). 
The structure is reminiscent of that of Wolf et al. [7] for a related system with a technical grade 
nonionic / anionic surfactant mixture. Currently, we are studying the kinetics of the oil (C6MA) 
polymerisation. Subsequently, the structural transition in the L3 channel will be investigated by small 
angle neutron scattering (SANS) and NMR self-diffusion (FTPGSE).

[1] D.F. Evans D. Fennell, D.J. Mitchell, and B.W. Ninham, J. Phys. Chem. 90 (1986), p. 2817. 
[2] W. Jahn and R. Strey, J. Phys. Chem. 92 (1988), p. 2294. 
[3] S.H. Chen, S.L. Chang, R. Strey, and P. Thiyagarajan, J. Phys.: Condens. Matter 3 (1991), F91.
[4] M. Skouri, J. Marignan, and R. May , Colloid Polym Sci. 269 (1991), p. 929.
[5] O. Lade, Charakterisierung, Modellierung und Polymerisation von Microemulsion aus 
      Alkylmethacrylaten, 2001, (Cuvillier Verlag, Göttingen, Germany).
[6] P. Menold, R. Strey, N. Preisig, and C. Stubenrauch, J. Colloid Interface Sci. 601 (2021), p. 133.
[7] L. Wolf, H. Hoffmann, W. Richter, T. Teshigawara, and T. Okamoto, J. Phys. Chem. B 115 
(2011), p. 11081. 
[8] A. M. Kraynik, Advanced Engineering Material 8 (2006), p. 900.

Figure 1. Freeze fracture electron microscopy (FFEM) image of an oil-continuous microemulsion 
H2O/NaCl C6MA 6

Scale bar = 100 nm [6]. The inset illustrates the polyhedral foam-like structure taken from [8].
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Complex global supply chains, counterfeit products or quality control demand the identification of 
arbitrary objects. Smart additives in form of (sub)micron sized particles that carry a unique code, 
provide a promising approach to overcome the drawbacks of RFID and barcode labels. [1] Going 
beyond optical signal carriers, magnetic signals can be transmitted through many materials that would 
not allow optical information to pass. The possibility to read out the magnetic signals out of a certain 
depth even when covert within dark solid objects, enables an easy incorporation of the marker during 
production of the materials and additionally protects the marker against environmental harm or easy 
reveal. Thereby, objects in different application fields could be equipped with such a smart additive 
(Fig. 1). [2] 

 
Figure 1.  A magnetic particle with a spectrally resolved magnetic code equips arbitrary objects with 
information. The readout independent of optical constraints, enables a vast variety of unexploited 
marking applications. Reprinted from [2]. 
 
In this work it is presented that nanostructured micron-sized particles (so called supraparticles [3]) 
have the potential to be spectrally encoded with more than 77 billion magnetic codes as resolved by 
magnetic particle spectroscopy (MPS). [2] Thereby, a magnetic identification taggant, that does not 
rely on the spatial arrangement of magnetic particles, is established. A chemical synthesis strategy 
was developed that enabled the control of nanoparticle-nanoparticle interactions within multi-
hierarchical supraparticles in order to obtain a large number of different magnetic codes. This 
principle will be vividly demonstrated in analogy to a musical ensemble in order to explain the readout 
technique MPS. Additionally, it is shown that a luminescent code can be united within such 
supraparticles, yielding dual-spectrally encoded supraparticles. [4] 
 
[1] S. Shikha, T. Salafi, J. Cheng, Y. Zhang. Chem. Soc. Rev. 2017, 46, 7054. 
[2] S. Müssig, J. Reichstein, J. Prieschl, S. Wintzheimer, K. Mandel. Small, 2021, 17, 2101588. 
[3] S. Wintzheimer, T. Granath, M. Oppmann, T. Kister, T. Thai, T. Kraus, N. Vogel, K. Mandel 
ACS Nano 2018, 12, 6, 5093 5120. 
[4] S. Müssig, J. Reichstein, F. Miller, K. Mandel, Small, 2022, 2107511. Acknowledgements: This 
work was financially supported by the BMBF NanoMatFutur Grant 03XP0149 and S.M.`s doctoral 
scholarship funding of the German Federal Environmental Foundation (DBU). The authors thank 
BÜCHI Labortechnik AG for providing the spray-dryer equipment. 
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Structural and optical properties of (2+1)D colloidal crystals produced by a 
layer-by-layer approach 
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In the natural world, some of the most fascinating colors  i.e. the blue wings of the Morpho 
butterflies or the brilliant white of the Cyphochilus beetle  are based on tiny layers of complex, 
hierarchical micro- and nanostructured materials [1], [2]. To mimic these materials, self-assembly 
of colloidal particles with a few hundred nanometer in size is commonly used [3]. As a result of 
interactions between the particles, so called colloidal crystals can be formed which show a color 
based on Bragg diffraction. Commonly, these materials are produced by letting a suspension of 
colloids evaporate in a controlled manner. Finally, the structures will resemble an fcc lattice, as can 
be found in metals [3]. 
 
One drawback of this technique is the limited control over the colloidal crystal, i.e. controlling the 
number of layers precisely is difficult and the internal structure is mostly uniform. In this work, we 
entrap the colloids at the air/water-interface to assemble a monolayer  or 2D colloidal crystal of 
particles and transfer it to a glass substrate via the Langmuir-Blodgett technique. By repeating this 
step, we can precisely control the number of layers. Additionally, it opens the possibility to 
incorporate absorbing or emitting species at specific positions in the crystal. One method reported 
in literature is a layer of absorbing material coated onto each particle [4]. But this also changes the 
parameters of the assembly and influences the order, which in turn has a great influence on the 
optical appearance [4].  
 
We investigated the order of a layer-by-layer colloidal crystal by calculating the pair correlation 
function for every layer and compared it to a colloidal crystal produced by evaporative assembly. 
We found that the orientation of the particles does not translate between layers and the colloidal 
crystal can be referred to as a (2+1)D colloidal crystal instead of a 3D colloidal crystal [5]. The 
layer-by-layer colloidal crystal possesses multiple small defects and partial disorder in each 
monolayer, while the conventional colloidal crystal shows large cracks as grain boundaries. The 
optical analysis shows that the layer-by-layer colloidal crystal  despite its partial disorder shows 
a higher reflection peak for a limited number of layers but the maximum achievable reflection with 
the layer-by-layer approach is limited due to the accumulation of defects.  
 
[1] P. Vukusic, J. R. Sambles, C. R. Lawrence, and R. J. Wootton, Proc. R. Soc. London. Ser. B 

Biol. Sci., vol. 266 (1999), pp. 1403. 
[2] P. Vukusic, B. Hallam, and J. Noyes, Science, vol. 315 (2007), pp. 348. 
[3] N. Vogel, S. Utech, G. T. England, T. Shirman, K. R. Philips, N. Koay, I. B. Burgess, M. 

Kolle, D. Weitz and J. Aizenberg, Proc. Natl. Acad. Sci., vol. 112 (2015), pp. 10845.
[4] A. Kawamura, M. Kohri, G. Morimoto, Y. Nannichi, T. Taniguchi, and K. Kishikawa, Sci. 

Rep, vol. 6 (2016), pp. 33984. 
[5] S. G. Romanov, M. Bardosova, M. Pemble, and C. M. Sotomayor Torres, Appl. Phys. Lett., 

vol. 89 (2006), pp. 043105. 
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Polyol-assisted synthesis of Copper microparticles and its size-dependent 
applications

Purnesh Chattopadhyay1, Veronika Magdanz2, Alexander Eychmüller1 and Juliane Simmchen1
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2 Institute for Bioengineering of Catalonia (IBEC), Barcelona, Spain

Colloidal copper particles exhibit excellent catalytic and optoelectronic characteristics, but their 
synthetic strategies are less common compared to other noble metal particles like gold, silver, or 
platinum. We proposed a simple additive-based polyol method to synthesize Cu microparticles.[1]
Phthalonitrile employed as an additive, influenced the size and properties of the resulting copper 
particles. 
Copper is known to have contraceptive properties and has been clinically used as a non-hormonal 
intrauterine contraceptive device (IUD) for decades. The spermicidal effect of copper has not been 
extensively explored and thus we studied the size, concentration, and time-dependent in vitro
inhibition of bovine spermatozoa by these synthesized copper microparticles.[2]
Additionally, these particles were partially oxidized to CuxO@Cu in low concentrations of 
peroxide. These synthesized colloids displayed outstanding photocatalytic properties and taking 
advantage of their distinct behavior we investigated the size-dependent (photo)catalytic degradation 
using rhodamine B (RhB) as a model organic pollutant. Further, followed by an asymmetrization 
step via deposition of a thin Au layer on one hemisphere, these particles demonstrated their 
applicability as a photocatalytic micromotor.[1]

[1] -Assisted 
J. Phys. Chem. C, vol. 125, no. 45, pp. 24887 24893, 2021.

[2] sperm 
25.

The authors acknowledge a Freigeist grant (No 91619) from the Volkswagen foundation. P.C 
acknowledges the free state of Saxony represented by the state parliament for Saxony Fellowship.

Figure 1.  Two different sized copper particles synthesized by assisted polyol method and its 
application as photocatalytic micromotor and as sperm inhibitor. Scale bar: 1 µm.      
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Ionization equilibria and swelling behaviour of weak polyampholyte core-shell 
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For polyampholyte microgels, their charge can be tuned by varying the pH and a charge reversal 
from a positively charged microgel at low pH to a negatively charged microgel at high pH can be 
achieved. Therefore, a swelling transition from a collapsed to a swollen state occurs when, starting 
from an average pH value and this value is increased or decreased. Experimental studies indicated 
an independent ionization of acidic and basic groups in a core-shell microgel, while in a random 
distribution, there is a mutual influence[1]. Building on our earlier work on alternating 
polyampholyte microgels, we now investigated the pH-dependent ionization and the swelling 
behaviour of polyampholyte core-shell microgels with Metropolis Monte Carlo simulations and 
using the constant-pH method in a bead-spring model[2,3]. 
 
As in our previous study on alternating microgels the width of the U-shaped transition in the 
swelling of the microgels depends on the relative dissociation constants of acid and base[2]. Due to 
the spatial separation of acid and base, the ionization is less enhanced compared to a microgel with 
an alternating distribution of the species. However, an independent ionization behaviour cannot be 
observed. Furthermore, we saw a shift of the isoelectric point towards higher pH caused by a higher 
charge distribution in the core. Added salt screens the charges within the network, and the U-shape 
transition becomes more narrow. Radial distribution functions show a clear core-shell structure at 
low and high pH and a complete interpenetration of the shell in the core at intermediate pH 
values[4]. 
 
[1] Christodoulakis, K. E., & Vamvakaki, M. (2010). 
contraphilic two-compartment colloidal particles. Langmuir, 26(2), 639-647. 
[2] Hofzumahaus, C., Strauch, C., & Schneider, S. (2021). Monte Carlo simulations of weak 
polyampholyte microgels: pH-dependence of conformation and ionization. Soft Matter, 17(24), 
6029-6043. 
[3] C.Strauch, S. Schneider, manuscript in progress. 
[4] Simulations were performed with computing resources granted by RWTH Aachen University 
under project rwth0579. 
 

 
 
Figure 1.  Degree of ionization as a function of pH and different pK K=-4: pKa =9.0, pKb=5.0; 

K=0: pKa =7.0, pKb=7.0; K=+4: pKa =5.0, pKb=9.0). Dotted lines represent the ionization of a 
system without interactions for pKa=7.0 and pKb=7.0 (left). Degree of swelling as a function of pH 
(right).  
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Reversible structure formation by magnetic nanocubes
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Superparamagnetic iron oxide nanoparticles find wide application in biomedicine [1,2] and materials 
science, including sensor technologies [3] or ferrofluids [4]. The self-organization of iron oxide 
nanocubes by evaporation-guided approaches typically leads to mesocrystals with a high structural 
diversity induced by particle size and shape [5-7]. Similar superstructure formation has been observed 
in dispersions of magnetic nanoparticles  upon application of a magnetic field [8,9]. We have recently 
observed a clear indication of a reversible, field-induced aggregate formation by the magnetization 
behavior of concentrated dispersions of iron oxide nanocubes, depending on the particle size  [10].  
 
In this contribution we will present our recent SAXS study on the field-induced structure formation 
of these iron oxide nanocubes. Two different structure factors are revealed, indicating the presence 
of elongated aggregates and highly symmetric mesocrystals. We will emphasize the field- and time-
resolved evolution of the mesocrystal structure and its orientation towards the applied magnetic 
field [11]. 

 

 

 
 

[1] Q. A. Pankhurst, J. Connolly, S. K. Jones et al. J. Phys. D: Appl. Phys. 36 (2003). 
[2] L. H. Reddy, J. L. Arias, J. Nicolas, Chem. Rev. 112, 11 (2012), 5818-5878. 
[3] T. A. P. Rocha-Santos, Trend. Anal. Chem. 62 (2014), 28-36. 
[4] I. Torres-Díaz, C. Rinaldi Soft Matter 10 (2014), 8584-8602. 
[5] S. Disch, E. Wetterskog, R. P. Hermann et al. Nano Lett. 11 (2011), 1651 1656. 
[6] S. Disch, E. Wetterskog, R. P. Hermann et al. Nanoscale 5 (2013), 3969 3975. 
[7] E. Wetterskog, A. Klapper, S. Disch et al. Nanoscale 8 (2016), 15571. 
[8] N. Nandakumaran, L. Barnsley, A. Feoktystov et al. Adv. Mater. 33, 2008683 (2021). 
[9] Z. Fu, Y. Xiao, A. Feoktystov et al. Nanoscale, 8, 18541 (2016). 
[10] R. Erkes, B.Sc. Thesis, Universität zu Köln, 2020. 
[11] The authors acknowledge the BMBF for financial support (Röntgen-Ångström Cluster project 
nPDFSAS, 05K20PKA) and MAX IV Laboratory for time on the CoSAXS beamline. 

Figure 1. Field-dependent magnetization 
behavior of highly concentrated 
nanocube dispersions. 
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In situ and ex situ characterization of self assembled colloidal monolayers at 
air-water interfaces 
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Self-assembly at interfaces is an effective and versatile strategy for the fabrication of highly ordered 
two dimensional colloidal films. Studies on the self-assembly of hard colloidal spheres are typically 
done with silica and polystyrene particles as building blocks, where the film formation is assisted by 
various techniques such as a Langmuir-Blodgett trough, spin-coating or self-assembly during solvent 
evaporation [1-2]. In general, rigid spheres tend to self-assemble into close-packed particle films due 
to capillary forces at the interface and therefore have only one length scale in interparticle distance [3]. 
In contrast to that, soft colloidal spheres such as microgels can have a range of interparticle distances 
due to their deformable nature [4]. In the past few years, core-shell hybrid microgels have received a 
lot of attentions as they possess properties from both hard and soft spheres [5-6]. However, not much 
is known about binary systems containing hard and soft spheres. Mixing both types of colloids could 
introduce controllable defects in assembled colloidal films. 
 
In this study, we investigate binary mixtures of hard and soft colloids at the air-water interface. 
Previously, we observed strong attractive interactions between both types of colloids in bulk, which 
led to clustering and gelation of the dispersion. This attraction, already reported in the literature, is a 
challenge that must be overcome [7]. We tackled this by introducing a thin polymer layer covering 
the surface of the hard sphere colloids. By means of light microscopy and Langmuir-Blodgett 
deposition the system was investigated in terms of number ratio under various surface pressures both 
in and ex situ. 
 
[1] J. Zhang, Y. Li, X. Zhang and B. Yang, Adv. Mater., 22 (2010), 4249-4269 
[2] L. Zhi-cheng, R. Wei-dong, J. Nan, R. Lu-quan, C. Qian and Z. Bing, J. Bionic. Eng., 3 (2006), 
59-62 
[3] A. D. Dinsmore, J. C. Crocker and A. G. Yodht, Curr. Opin. Colloid Interface Sci., 3 (1998), 5-
11 
[4] M. Rey, M. A. Fernandez-Rodriguez, M. Karg, L. Isa and N. Vogel, Acc. Chem. Res. 53 (2020), 

 
[5] K. Volk, F. Deißenbeck, S. Mandal, H. Löwen and M. Karg, Phys. Chem. Chem. Phys., 21 
(2019), 19153-19162 
[6] J.S.J. Tang, R.S. Bader, E.S.A. Goerlitzer, J.F. Wendisch, G.R. Bourret, M. Rey, N. Vogel, ACS 
Omega, 3 (2018), 12089 12098 
[7] C. Zhao, G. Yuan, D. Jia and C. C. Han, Soft Matter, 8 (2012), 7036 7043 
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Direct Measurement of the Forces Acting Between Colloidal Silica Particles 
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Natural colloidal dispersions have accompanied mankind in the form of blood or milk ever since. 
Besides this, artificial systems have gained a significant importance for our daily life during the last 
decades. From the production of many cosmetics or the water purification and sewage water 
treatment to the medical field, colloidal systems are widely used nowadays. 
 
For all these applications, it is of special interest to gain an understanding of which interparticle 
forces govern the stability of colloidal dispersions and how this stability can be tailored. In 
electrolyte solutions, the classical DLVO theory describes these interactions as a superposition of 
van der Waals and electrostatic double layer forces. While the simplest description based on the 
Debye-Hückel superposition approximation provides a good agreement with experimental data for 
low concentrations and 1:1 electrolytes, larger deviations appear for systems of higher valency 
[1,2]. For a detailed examination of the van der Waals and electrostatically dominated regimes, we 
directly measure the forces between a colloidal silica particle and a flat substrate in aqueous 
solutions by the colloidal probe AFM (atomic force microscopy) technique (Fig. 1 A). 
 
Varying the concentration of sodium chloride solutions allows us to demonstrate the transition from 
the double layer to the van der Waals dominated regime and the good agreement with the 
predictions of the DLVO theory for a simple 1:1 electrolyte. Similar measurements for 
phosphotungstic acid (a 1:3 system with a nanometer-sized anion of the Keggin type) can still be 
described with the DLVO theory, but reveal significant deviations between the calculated and 
measured ionic strength (Fig. 1 B). These might be attributed to the decomposition of PTA at pH 
values above 1.5 described in literature and to the large size of the Keggin ions [3]. 
 
[1] Smith, Alexander M., et al. The Journal of Physical Chemistry B 123.7 (2019): 1733-1740. 
[2] Montes Ruiz-Cabello, F. Javier, et al. Langmuir 30.16 (2014): 4551-4555. 
[3] Maksimovskaya, Raisa I., and Gennady M. Maksimov. Coordination Chemistry Reviews 385 
(2019): 81-99. 
 

Figure 1. A) Schematic depiction of the colloidal probe technique, where a reflected laser beam 
records the bending of a cantilever with a colloidal silica sphere attached to it. B) Force versus 
separation curves for phosphotungstic acid (PTA, ionic strength calculated assuming a full 
dissociation) with the corresponding fits according to the DLVO theory. 
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Magnetic nanoparticles are technologically relevant for catalysis, high density magnetic data 
storage, ferrofluids and medical applications [1-2]. A drastically reduced magnetization to the bulk 
material is commonly observed and attributed to spin disorder in magnetic nanoparticles. Such spin 
disorder is typically considered confined to the nanoparticle surface but has also been observed in 
the nanoparticle interior as a result of atomic scale structural defects [3]. Structural defects and the 
associated spin disorder in nanoparticles have recently been suggested to be beneficial for magnetic 
heating such as in intracellular magnetic hyperthermia [4]. A key challenge in magnetic 
nanoparticle research is therefore in the quantitative description and control of the nanoscale 
distribution of magnetization and spin disorder. Magnetic SANS provides the nanoscale spatial 
sensitivity to monitor the intraparticle distribution of magnetization and spin disorder [5-6].  
 
In this contribution, we will present our approach to the systematic variation of spin disorder in 
ferrite nanoparticles upon sequential growth. Our aim is to follow the surface near spin disorder in 
nanoparticles when the initial surface becomes the interior of the grown particle. Cobalt ferrite and 
manganese ferrite nanoparticles of varying growth stages are synthesized following an optimized 
thermal decomposition method involving a seeded growth technique [7]. Structural and magnetic 
characterization using electron microscopy, SAXS, and magnetization measurements confirms a 
systematic particle growth (Figure 1) that is accompanied by a significant evolution of the 
nanoparticle magnetization upon the first growth stages. In the long term, the sequential growth 
technique might contribute to the engineering of nanoparticles with a tunable surface spin disorder 
thickness [8]. 

  
Figure 1.  TEM and SAXS by sequentially grown cobalt ferrite nanoparticles.  
 
[1] N. A. Frey et al., Chem. Soc. Rev., 38 (2009), p. 2532-2542.  
[2] Q A Pankhurst et al., J. Phys. D: Appl. Phys., 36 (2003), p. R167-R181. 
[3] S. Disch et al., New J. Phys., 14 (2021), p. 01302.  
[4] A. Lak, S. Disch, P. Bender, Adv. Science, 8 (2021), p. 2002682. 
[5] S. Mühlbauer, S. Disch, A. Michels et al., Rev. Mod. Phys., 91 (2019), p. 015004.  
[6] D. Zákutná, S. Disch et al., Phys. Rev. X, 10 (2020), p. 031019. 
[7] J. Muro-Cruces et al., ACS Nano, 13 (2019), p. 7716-7728. 
[8] The authors acknowledge the DFG for financial support (DI 1788/2-1). E. Kentzinger and A. 
Qdemat are acknowledged for assistance in SAXS measurements at Forschungszentrum Jülich and 
S. Roitsch for the recording of the TEM images at the University of Cologne. 
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In this work we investigated the phenomenon of local light driven diffusioosmotic (l-LDDO) long-
range attractive[1] and repulsive[2] interactions between micro-sized objects trapped near a solid 
wall. The range of the DO flow extends several times the size of microparticles and can be adjusted 
to point towards or away of the particle by varying irradiation parameters such as intensity or 

(Figure 
1a) which can be photo-isomerized from a more hydrophobic trans-state to a rather hydrophilic cis-
state.[3] The trans-isomer tends to accumulate at the interface, while the cis-isomer prefers to stay 
in solution. In combination with a dissimilar photo-isomerization rate at the interface[4] and in bulk 
solution[5] (Figure 1b), this yields into a concentration gradient of the isomers around single 
particles resulting in generation of l-LDDO flow (Figure 1c).[6] Here we present the extended 
analysis of the l-LDDO flow as a function of irradiation parameters by introducing time dependent 
development of the concentration excess of isomers near the particle surface and bulk solution. 
With this we demonstrate that the l-LDDO can be generated at any solid/liquid interface being more 
pronounced in the case of strongly absorbing material likewise human hair and dust particles 
(Figure 1d,e). This phenomenon has plenty of potential applications since it makes any type of 
surface to act as a micropump under right illumination conditions.  
 
[1] P. Arya, D. Feldmann, A. Kopyshev, N. Lomadze, S. Santer, Soft Matter 16 (2020), p. 1148. 
[2] D. Feldmann, S.R. Maduar M. Santer, N. Lomadze, O.I. Vinogradova, S. Santer, Scient. Reports 
6 (2016), p. 36443. 
[3] S. Santer, J. Phys. D: Appl. Phys. 51 (2017) p. 013002. 
[4] M. Umlandt, D. Feldmann, E. Schneck, S. Santer, M. Bekir, Langmuir 36 (2020), p. 14009. 
[5] P. Arya, J. Jelken, N. Lomadze, S. Santer, M. Bekir, J. Chem. Phys. 152 (2020), p. 024904. 
[6] Bekir, M.; Sharma, A.; Umlandt, M.; Lomadze, N.; Santer, S. Advanced Materials Interfaces 
2102395 (2022). 

 
Figure 1. (a) Chemical structure of the photo-sensitive surfactant and the two isomers of the 
azobenzene group. (b) Cartoon of effective dynamic exchange of both isomers under illumination at 
bulk and interface, which induces a gradient and a local light driven diffusioosmotic flow illustrated 
in (c). Optical micrographs of human hair (d) and dust (e) mixed with tracer particles under 
irradiation with blue light. SEM micrographs of the corresponding surfaces are inserted. Black scale 
bar is 100 µm, white scale bar is 2 µm. 
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Microparticles can assemble into superstructures creating colloidal materials with unique properties 
arising from this structuration [1]. Surface functionalization is an appealing route to program the
assembly pathways because it provides a way to encode affinity, specificity and directionality through 
selection of suitable motifs onto the colloids. A particularly powerful surface functionalization is 
DNA. Both the affinity and selectivity of hybridization of complementary single DNA strands is 
modular and to a large extent predictable, such that it can be used to program particles to assemble 
into a wide range of superstructures [2]. It has been shown that the total coverage of DNA on the 
particles will determine if particles can roll over each other to anneal into crystalline structures or not
[3,4]. Thus, to be able to form crystalline structures and circumvent kinetic traps in assembly
pathways the DNA coverage should be maximized. Here, we studied to what extent salt 
concentration/ionic strength can be used as control parameter to modulate the density of DNA strands 
covalently attached to polymer-coated polystyrene particles through click chemistry (see cartoon 
Figure 1). We check the DNA coverage via the melting temperature (Tm), as it has been shown that 
Tm of the colloidal suspension is a good indicators of DNA coverage [2]. We find that as more salt 
is added to the click chemistry step, Tm shift to higher values (Figure 1), thus indicating that more 
DNA is grafted onto the particles and salt is a crucial parameter in controlling DNA coverage of a 
particle. 

Figure 1. Cartoon of the studied system (left) and measured Tm of colloidal suspensions 
functionalized at varied ionic strength (right).

[1] Rogers, W.B., Shih, W.M. and Manoharan, V.N., 2016. Using DNA to program the self-assembly 
of colloidal nanoparticles and microparticles. Nature Reviews Materials, 1(3), pp.1-14.
[2] Oh, J.S., Wang, Y., Pine, D.J. and Yi, G.R., 2015. High-density PEO-b-DNA brushes on polymer 
particles for colloidal superstructures. Chemistry of Materials, 27(24), pp.8337-8344. 
[3] Howes, P.D., Chandrawati, R. and Stevens, M.M., 2014. Colloidal nanoparticles as advanced 
biological sensors. Science, 346(6205), p.1247390.
[4] Wang, Y., Jenkins, I.C., McGinley, J.T., Sinno, T. and Crocker, J.C., 2017. Colloidal crystals with 
diamond symmetry at optical length scales. Nature communications, 8(1), pp.1-8.
The authors acknowledge funding from the 
programme SuperCol -Curie grant agreement No. 860914.
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57076, Germany. 
 
Due to the unique physical and chemical properties, interfacial nanobubbles (INBs) are widely used 
in minerals flotation, aquaculture oxygen enrichment, medicine delivery, etc. It is of great 
significance to understand the special physicochemical characteristics of INBs and the interaction 
with hydrophilic and hydrophobic surfaces. The morphology of INBs and the interaction between 
INBs and solid surfaces were investigated by AFM probe tips with different wettability. With 
hydrophilic probes, it is found that the distance between the first inflection point and the zero point 
of the approach force curve is equal to the vertical height of the nanobubble [1,2]. There is a 
positive correlation between the INBs vertical height and the applied force of the tip, i.e., the higher 
the position of the INBs, the greater is the applied force when reaching the bottom of the INBs. For 
instance, point a (7.4 nm) and point d (65.4 nm) require 0.7 nN and 6.5 nN, respectively (Figure 1 
(a)) [3]. The shapes of INBs are deformed by the medium hydrophobic probe in the horizontal 
direction, but seriously deformed by the strongly hydrophobic probe. Moreover, the characteristics 
of the approach force curve show that the dimensions of INBs are underestimated by the medium 
hydrophobic probe (Figure 1 (b)), however, it cannot be calculated from the force curve tested by 
the strong hydrophobic probe (Figure 1 (c)). Besides, the maximum attraction and adhesion 
obtained by the strongly hydrophobic probes are significantly higher than those obtained with the 
hydrophilic and medium hydrophobic probes. 
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Figure 1.  Interaction between INBs and AFM probes with different wettability: (a) interaction of 
an INB with the hydrophilic probe at its different positions; (b) interaction of an INB with the 
medium hydrophobic probe at its center; (c) interaction of an INB with the strong hydrophobic 
probe. 
 
 
[1] W. Walczyk, H. Schönherr, Langmuir 30 (2014) 11955-11965. 

 
[3] F. Zhang, Y. Xing, L. Sun, et al., Applied Surface Science 550 (2021) 149258. 
[4] The authors acknowledge funding from the Chinese Scholarship Council (CSC) and the 
University of Siegen. 
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Microcube Self-Assembly at the Water / Air Interface to Fabricate 
Multifunctional Microwells for Cell Studies

Mengdi Zuo1, Holger Schönherr1
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(Bio)Technology -Reichwein-Str. 2, Siegen 
57076, Germany.

Self-assembled objects have been recently identified as an important subclass of smart materials [1].
Unlike the self assembly of homogenous spherical particles, which possess only one orientation at 
e.g., the liquid/air interface, the self-assembly of anisotropic, e.g., cubic particles may lead to 
different structures of aggregates due to different particle orientations at the liquid/air interface [2-
5]. Concomitantly, the structure of the aggregates obtained by the self-assembly of cubes (Fig. 1) 
opens interesting possibility to form combinatorial 3D microwells for systematic cell-environment 
studies. In particular, the hexagonal aggregates generated by cubes possess different surface
properties in an individual microwell. Here we discuss recent progress in the assembly process and 
the engineering novel 3D microenvironments, which are rendered functional by introducing 
versatile poly(di(ethylene glycol) methyl ether methacrylate) (PDEGMA) brushes for controlling 
the interfacial functionalities. Such microenvironments are beneficial to better understand the 
interactions of individual cells and cell clusters with their surroundings in 3D.

Figure 1. a) Scanning electron microscopy (SEM) image hydrophobic cubes fabricated by the hot 
embossing technique (top surface labeled with nanopoint patterns), the cube surfaces were pre-
modified with a ~30 nm thin Au layer. b) Fluorescence microscope image of co-assembly of non-
coated PS cubes and functionalized cubes at the water/air interface (all the cubes were labelled with 
Nile red). The dark red cubes represent the functionalized cubes and the bright red cubes represent 
the non-coated polystyrene cubes. c) SEM image of PaTu 8988t cells cultured inside the 
multifunctional microwells, consisting of 25 nm thick PDEGMA brush and non-coated PS surfaces.

[1] A. C. Balazs and J. Aizenberg, Soft Matter (2014)
[2] Q. Song and H. Schönherr, Langmuir (2019), 35, 
[3] Q. Song, S. I. Druzhinin and H. Schönherr, Journal of Materials Chemistry B (2019), 7, 3560-
3568.
[4] Q. Song, M. Steuber, S. I. Druzhinin and H. Schönherr, Angewandte Chemie (2019), 58, 5246-
5250.
[5] M. Zuo, Q. Song and H. Sch nherr, Langmuir (2019), 35, 7791-7797.
[6] The authors acknowledge funding from the Chinese Scholarship Council (CSC) and the 
University of Siegen.
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Thermo- and pH-responsive Pickering-emulsions stabilized by NnPAM and 
NIPMAM core-shell-microgels 
 
Martin Bick1, Thomas Hellweg1 

 
1 Bielefeld University, Physical and Biophysical Chemistry, Bielefeld, Germany 
 
Using thermoresponsive microgels as an emulgator for Pickering-emulsions results in an emulsion 
that can be broken on demand by varying the temperature. By copolymerizing an acid-function, the 
emulsion gains an additional pH-responsiveness and can be destabilized by lowering the pH-
value.[1] Therefore, these emulsions represent an interesting medium for chemical reactions that 
involve both water and organic soluble components.[2] 
 
The stabilizing effect of microgels differs from that of rigid particles that are conventionally used to 
stabilize Pickering-emulsions. Microgels strongly deform at the liquid-liquid-interface to cover a 
wider area while they adsorb irreversibly. Therefore, the deformability of the microgel is a key 
parameter for the stabilizing effect.[3] 
 
Usually N-isopropylacrylamide (NIPAM) or N-isopropylmethacrylamide (NIPMAM) based 
microgels are used as an emulgator for these emulsions. In this work N-n-propylacrylamide 
(NnPAM) and NIPMAM based core-shell microgels copolymerized with methacrylicacid (MAA) 
containing an NnPAM-co-MAA core, an NIPMAM shell and an additional layer of non-crosslinked 
NIPMAM dangling ends were used to stabilize emulsions that can by broken by varying the pH and 
the temperature. By varying the organic phase, it was possible to stabilize both water in oil and oil 
in water emulsions. 
 

 
 

 
Figure 1.  Phase separation behavior of an microgel based Pickering-emulsion under variation of 
the temperature and the pH-Value.  
 
[1] W. Richtering, Langmuir 28 (50) (2012),17218-17229 
[2] S. Wiese et al., Angwandte Chemie (2) 125 (2013), 604-607 
[3] M. Destribats et al., Soft Matter 7 (2011), 7689-7698 
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Hierarchical Self-Assembly of Triblock Terpolymers into Water-Soluble 
Multicompartment Micelles[1]

Deniz Coban1, Olga Gridina2, Matthias Karg2 and André H- Gröschel1*

1 Institute of Physical Chemistry, Center for Soft Nanoscience (SoN), and Center for 
Nanotechnology (CeNTech), University of M nster, 48149 M nster, Germany
2 Colloids and Nanooptics, Heinrich-Heine University D sseldorf, 40225 D sseldorf, Germany

Figure 1.  (A) Assembly of triblock terpolymers to spherical Janus precursor micelles followed by 
the formation to diverse MCMs. PEO (blue), PS (black), PMA (grey).[1]

[1] D. Coban, O. Gridina, M. Karg, A. H. Gröschel, Macromolecules 2022, 55, 1354 1364.
[2] T. L. Nghiem, D. Coban, S. Tjaberings, A. H. Gröschel, Polymers (Basel). 2020, 12, 2190.
[3] Y. Sun, F. Gao, Y. Yao, H. Jin, X. Li, S. Lin, ACS Macro Lett. 2021, 10, 525 530.
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Near-infrared reflective coatings
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The sun's rays hitting the Earth's have a wide spectrum of wavelengths, from ultraviolet to 
infrared. The absorption of near-infrared (NIR) rays, which constitute 53% of the sun's total rays, is 
responsible for the heating of objects [1, 2]. The amount of NIR rays increases during the summer 
season, causing the walls and roofs of buildings to overheat. To reduce the discomfort felt in warm 
buildings, the usage of air conditioning increased. Buildings coated with a NIR reflective paint absorb 
less energy, resulting in a 20% - 40% energy savaging through reduced use of air conditioning 
systems [3, 4].  
 

In this study, different NIR reflective coatings have been prepared by sol-gel reaction of 
tetraethoxysilane, methyltrimethoxysilane, and TiO2 based inorganic NIR reflective pigments. The 
coatings morphology and spectral reflectance were investigated by SEM and UV-VIS-NIR 
spectrophotometry, respectively. NIR solar reflectance (%) performance of coatings was calculated 
to examine the effect of pigment concentration on reflectance performance. The coatings showed a 
maximum of 89% NIR solar reflectance. 
 
[1]Levinson, R., P. Berdahl, and H. Akbari, Solar spectral optical properties of pigments Part I: 
model for deriving scattering and absorption coefficients from transmittance and reflectance 
measurements. Solar Energy Materials and Solar Cells, 2005. 89(4): p. 319-349. 
[2]Kaur, B., et al., Near-infrared reflective properties of perylene derivatives. Dyes and Pigments, 
2012. 92(3): p. 1108-1113. 
[3]Parker, D.S. and S.F.B. Jr., Roof Solar Reflectance and Cooling Energy Use Field Research 
Results From Florida. Energy and Buildings, 1997. 25(2): p. 105-115. 
[4]Synnefa, A., M. Saliari, and M. Santamouris, Experimental and numerical assessment of the 
impact of increased roof reflectance on a school building in Athens. Energy and Buildings, 2012. 55: 
p. 7-15. 
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Poly (ionic liquids) templated molybdenum nitride nanoparticles

Yael Rodriguez-Ayllon1,2, Xuefeng Pan1,2, Dongjiu Xie1,2 and Yan Lu1,2*.
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Energie, Hahn-Meitner-Platz 1, Berlin 14109, Germany
2 Institute of Chemistry, University of Potsdam, Potsdam 14476, Germany

The incoming novel approach of hybrid materials has made possible to fulfill various function in a 

nanoscale range. Among them, molybdenum-based hybrid materials are highly desired for their 

tunable crystal structure, tunable composition, high temperature and pressure window usage [1-2]. 

Herein, it is reported a facile method to synthesize templated molybdenum nanoparticles (Mo-NPs) 

within poly(ionic liquids) (PILs) as main carbon source. Poly(3-n-Decyl-1-vinylimidazolium 

Bromide) was coated with polydopamine (PDA), subsequently coordinated with ammonium 

orthomolybdate ( ), followed by calcination in argon atmosphere at 600 °C. Overall, the 

morphology of PILs after calcination resembles that of porous particles formed by the absorbed Mo-

crystal, according to TEM images (Figure 1 a-b). In addition, Mo2N nanoparticles have been 

successfully obtained and confirmed by X-ray diffraction (XRD) (Figure 1 c). [3]

Figure 1.  PILs template TEM images, a) after coordination, b) after calcination, and 
c) XRD of templated Mo-NPs after calcination 

[1] Henghan Dai, Lumin Wang, Yue Zhao, Jialu Xue, Ruicong Zhou, Chenyang Yu, Jianing An, 
Jinyuan Zhou, Qiang Chen, Gengzhi Sun, Wei Huang, , Research, vol. 2021.
[2] Y. Zhong, X. Xia, F. Shi, J. Zhan, J. Tu, and H. J. Fan, Advanced Science, vol. 3, no. 5, 2016.
[3] The authors acknowledge Deutsche Forschungsgemeinschaft (DFG, German Research 
Foundation) for financial support.
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Towards rapid prototyping of graded macroporous polymer foams
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Graded polymer foams (GPFs) confer substantial mechanical stability in a lightweight form to various 
natural and technical materials. Their versatile properties are particularly sought after in applications 
such as energy absorption, insulation, or tissue engineering. For example, ideal bone mimics for tissue 
engineering recapitulate the solid skin as well as the density gradient towards its center in a way that 
allows cells and fluids to move freely within. GPFs can be produced using microfluidics (MFs), 3D 
printing or reaction injection molding. The resulting polymer foam properties can be tuned by using 
different polymers or by varying their morphology. 
Foam templating using microfluidics allows one to adjust GPF parameters like the pore size, the 
degree of polydispersity and even the window size of the interconnection between pores with ease. 
Moreover, it can be scaled to liter per hour production rates [1-3]. However, attainable bubble sizes 
remain usually limited to roughly 100  1000 µm and only spherical structures can be produced. 
Costantini et al. [4] introduced a PDMS chip to formulate gradient foams (Fig. 1 (left)) with controlled 
bubble sizes spanning one order of magnitude in real time. Conversely, additive manufacturing of 
GPFs using two-photon-polymerization (2PP) or stereolithography (SLA) offers tantalizing avenues. 
Fused filament deposition molding allowed Bates et al. [5] to create density gradient scaffolds of ~1 
cm honeycombs (Fig. 1 (right)). Improved energy absorption and damping profiles were observed for 
the graded honeycombs compared to their uniform counterparts. While freeform additive 
manufacturing usually covers extensive design space freedom, their sequential fabrication puts 
stringent limits on suitable fabrication volumes, especially for highest resolutions. 
This work seeks to establish a combined microfluidic SLA 3D-printing approach for the synthesis of 
GPFs to combine the advantages of both techniques. For this purpose, ultracompact 3D microfluidic 
engineering [6] will be tailored for rapid foam production rates, increased bubble size ranges, as well 
as precise local foam property control. The morphology and the mechanical properties of the resulting 
GPFs are studied and compared. Our approach will expand the scope of designing innovative gradient 
and graded materials for tissue engineering, energy absorption, or insulation applications in the future. 
 

 
Figure 1: (left) 3D reconstruction of graded porous material [4]. (right) Density graded honeycombs [5]. 

[1] C. Stubenrauch et al., Angew. Chem. Int. Ed. 57 (2018), 10024 -10032. [2] S. Andrieux, A. Quell, C. Stubenrauch, 
W. Drenckhan, Adv. Colloid Interf. Sci., 2018, 256, 276-290. [3] F. Dehli et al., Journal of Colloid and Interface Science 
588 (2021), 326-335. [4] M. Costantini, et al., Angew. Chem. Int. Ed. 58 (2019), 7620 -7625. [5] S. R.G. Bates et al., 
Materials and Design 162 (2019), 130-142. [6] J.L. Sanchez Noriega et al., Nat Commun 12 (2021), 5509. 
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Synthesis of Plasmonic Silver Nanowires and Their Surface Modification with 
Organic Emitters
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Hybrid inorganic-organic plasmonic nanostructures coupled to organic emitters are interesting 
building blocks for future nanophotonic devices. For example, dye-modified silver nanowires can 
be used for sub diffractional waveguides (to localise light to nanoscale and guide them to a certain 
direction) and for chiral sensing (where the organic dyes facilitate detection of the directional,
propagating plasmons) [1]. Here I show recent works on our hybrid nanostructure, which consists of 
modified perylene diimide (mPDI) embedded in a thin silica shell (~8 nm) around the colloidal 
silver nanowires. I will cover the synthesis of these nanowires and their surface modification [1]. 
Then I will briefly discuss their use as a chiral sensor and share our latest findings on the photo-
bleaching process of the embedded emitters.

Figure 1.  a) Schematic of embedding organic dyes to the silica shell of silver nanowires (NW) to 
form the metal-organic plasmon converter [1]. b) Schematic of the photobleaching experiment [2]. 
A single nanowire is excited by a 532 nm continuous wave laser on one end (green arrow). The 
energy from the laser excites the propagating plasmons (light green arrow) and is also frequency 
converted (light red arrow). The fluorescence emitted from the dyes are measured (red arrows). c) 
Simplified Jablonski diagram of the embedded mPDI dye molecules. Green arrows represent 
excitation, red arrow fluorescence, black arrows non-radiative decay and grey arrows as the 
irreversible bleaching of the mPDI.

[1] M. Rothe et al. ACS Nano 2021 15 (1), 351-361 
[2] M. Rothe et al. Optics Express 2022 submitted
[3] The authors acknowledge funding from the Deutsche Forschungsgemeinschaft (DFG), 
Sonderforschungsbereich 951 (SFB 951), Hybrid Inorganic/Organic Systems for Opto-Electronics 
(HIOS)
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Multicompartment Micelles and Cubosomes from Redispersion of Triblock 
Terpolymer Bulk Films 
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28-30, 48149 Münster, Germany. 
 
Compartmentalization is ubiquitous in nature, considering for example the working principle of 
cells and organelles. Despite nature complexity, synthetic counterparts, that could mimic their 
compartmentalized character, represent an emerging trend. ABC triblock terpolymers are the ideal 
candidates for the formation of multicompartment micelles (MCMs), due to the possibility to 
synthesize building blocks, with different chemistries, which can microphase separate in 
nanocompartments.  
In the present work, we investigate the formation of MCMs out of ABC triblock terpolymers, i.e., 
through redispersion of polymeric bulk films in selective solvents. In particular, we employ 
polystyrene-block-polybutadiene-block-poly(tert butyl methacrylate) (SBT) triblock terpolymers in 
acetone/isopropanol solvent mixtures of varying composition (). The largely different block 
compositions result in diverse morphologies, including spheres-on-spheres, -cylinders, -bilayer 
sheets and -vesicles, helix-on-cylinders, striped sheets and vesicles, as well as sheets and vesicles 
with a bicontinuous membrane. Interestingly, below a critical PT corona length (fPT = 5-7 wt%), we 
were able to identify the first reported example of a multicompartment cubosome (MCC), which in 
our case consist of a lamella-lamella membrane morphology. We modified these MCCs for 
catalytical applications by first crosslinking of the PB middle block (outer wall of the membrane) 
followed by loading with catalysts (e.g., metal nanoparticles such as Pt NPs). Hydrolysis of the PT 
corona block further converts the MCCs into water-soluble and porous catalyst scaffolds, while the 
PS inner walls maintain structural stability. Hybrid MCCs loaded with Pt NPs (MCC@Pt) were 
employed for reduction of methylene blue (MB) to leuco MB, which resulted in enhancement of 
reaction time. We foresee that such MCCs will serve as platform for catalytical applications due to 
their larger surface area, porous structure, and overall chemical and mechanical stability. 
 
GQ and AHG are grateful for financial support from the DFG through the Emmy Noether Program 
(GR5075/2-1). SA is grateful for Evonik foundation for doctoral fellowship.  

 

 
Figure 1.  Multicompartment Cubosomes (MCCs) for catalysis application. a) Schematic of 
formation of water soluble MCCs@Pt; b) S307B532T23 in acetone/isopropanol 30:70 v/v; c) MCCs 
crosslinked with S2Cl2 and loaded with Pt NPs; d) Hydrolysis and redispersion in H2O; e) Reduction 
of methylene blue to leuco methylene blue catalysed by MCC@Pt. 
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Janus particles: Challenges in the preparation process and self-thermophoretic 
propulsion 
 
Franziska Jakob1 and Regine von Klitzing1 
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Inspired by biological microswimmers (e.g., sperm or flagellated bacteria), scientists began creating 
artificial microswimmers in the early 21st century. Active colloidal particles with different 
functionalities at their opposite sides are named Janus particles - motivated by the Roman 
mythological god. The anisotropy in the particle architecture enables them to generate an out of 
equilibrium condition around the particle under the right environment, which is a precondition to 
induce self-propulsion. One possible propulsion mechanism is thermophoretic self-propulsion. 
When laser light (  = 532 nm) illuminates a gold-capped particle, a local temperature gradient is 
generated along the particle surface due to surface plasmon excitation of the gold cap. This gradient 
perturbs the equilibrium conditions of the surrounding medium and finally leads to particle self-
propulsion. 
 
This contribution focuses on various preparation processes of self-thermophoretic gold-polystyrene 
(Au-PS) microswimmers. The influence of the preparation technique on the gold cap size and the 
resulting self-thermophoretic behavior of the Janus particle will be presented. For this purpose, 
Janus particles are prepared either by metal sputtering or thermal evaporation or by a combination 
of gel trapping technique and metal sputtering. With scanning electron microscopy (SEM), the 
dimension of the gold cap was investigated. Dark-field microscopy (DFM) combined with a 
LabView program enables real-time tracking of the Janus particles. The study shows that the 
preparation method of the Janus particle has a strong effect on the size of the gold cap. 
 
[1] The SEM images were recorded in the materials department at GSI Helmholtzzentrum für 
Schwerionenforschung GmbH.  
 
 

 
  
 

Figure 1.  SEM images of Au-PS Janus particles after thermal evaporation (left) and particle 
embedding + metal sputtering (right). The scale bar represents a length of 1 µm in both images [1]. 
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Mesoporous multicompartment microparticles consisting of semi-crystalline 
polystyrene-block-polybutadiene-block-poly(L-lactide) (SBL) triblock 
terpolymers

Nicole Janoszka1, Suna Azhdari1, Christian Hils2
, Deniz Coban1, Holger Schmalz2,3, André H. 

Gröschel1
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Confinement-Assembly of block copolymers (BCPs) are a powerful tool to design a variety of 
diverse internal structures of multicompartment microparticles (MMs). In particular, mesoporous 
MMs are highly beneficial and provide promising applications in catalysis, nanomedicine, or energy 
storage [1]. Nevertheless, less knowledge is gathered about degradation of individual microdomains 
domains in order to generate mesoporous microparticles with highly complex morphology.

In this contribution, we show the formation of MMs from SBL triblock terpolymers with a semi-
crystalline and degradable PLLA block. First, SBL triblock terpolymers with different block 
compositions were synthesized by anionic vinyl and ring-opening polymerization before 
transformation into MMs via evaporation-induced confinement assembly (EICA). After EICA 
process, we dominantly achieved hexagonally-packed cylinders with a PS matrix, a PLLA core and 
a PB shell. To obtain control about particle size and narrow distribution, the MMs were fabricated 
through Shirasu Porous Glass (SPG) membrane emulsification technique. Furthermore, the 
variation of the block composition and the affect of the crystallinity exhibit influence on the inner 
morphology. Degradation studies were performed under basic conditions for selective removal of 
the PLLA domain and reveal mesoporous SBL MMs with clear surface roughness.

Figure 1. Degradation study of the smallest SBL-56 MMs ( ) under basic 
conditions in a course of 5 days. TEM overview before (A) and after (B) degradation experiment
(scale bars: 200 nm), C) TEM close-up image and D) SEM images after degradation (scale bars: 
500 nm), E) 1H-NMR and F) Raman analysis before (black) and after degradation (red) [2].

[1] C. K. Wong, X. Qiang, A.H.E. Müller, A. H. Gröschel, Prog. Polym. Sci. (2020), 1
[2] N. Janoszka, S. Azhdari, C. Hils, D. Coban, H. Schmalz, A.H. Gröschel, Polymers (2021), 4358
[3] The authors would like to thank the Imaging Centre Essen (IMCES) at the University Clinic in 
Essen, where the THE and most of the SEM data were recorded.
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Polystyrene (PS) microgel colloids can be used as model systems for hard spheres (HS). Binary 
mixtures of dispersed small (S) and large (L) PS particles with diameter ratios of S to L close to 

 = 0.8 have been widely used to investigate glass formation [1]. In purely hard sphere  = 0.8 
mixtures the crystallization was found to be kinetically suppressed around the eutectic composition 
[1,2]. In contrast, simultaneous formation of single component fcc crystals of both components could 
be enforced at a volume fraction slightly below the glass transition upon addition of a critical amount 
of free (depletion) PS polymer [3].  
 
Recent investigations of a binary PS microgel system revealed crystallization near the glass transition 
volume fraction already in case of purely repulsive interactions [4]. Hynninen et al. predicted the so 
called Laves phases in the investigated region [5]. Static light scattering revealed the crystal structure 
of the binary system to be MgZn2, a Laves phase of the type AB2, with an axial ratio consistent with 
the ideal axial ratio of c/a = 1.633. Such Laves phases are of great interest as precursors for the 
preparation of photonic band gap materials [6,7]. To investigate the crystallization behavior further, 
we varied the hardness of the PS particles via crosslinking [8]. LaCour et al. predicted that softer 
particles have a broader region for Laves phases which decreases with higher particle hardness [9]. 
We prepared and analyzed bimodal systems with different hardness of L and S. By analyzing the 
crystallization behavior of the different compositions, we found that Laves phases can only be 
observed if L is the hard and S is the soft component. 
 
[1] T. Eckert, E. Bartsch, Faraday Disc. 123 (2003), 51 
[2] N. Hunt, R. Jardine, P. Bartlett, Phys. Rev. E 62 (2000), 900 
[3] A. Kozina, D. Sagawe, P. Diaz-Leyva, E. Bartsch, T. Palberg, Soft Matter 8 (2012), 627 
[4] N. Schaertl, D. Botin, T. Palberg and E. Bartsch, Soft Matter 14 (2018), 5130 
[5] A.-P. Hynninen, L. Filion, M. Diojkstra, J. Chem. Phys. 131, 064902 (2009) 
[6] A.-P. Hynninen, J.H.J. Thijssen, E.C.M. Vermolen, M. Dijkstra, A. van Blaaderen, Nat. Mater. 
6 (2007), 202 
[7] F. Stein and Andreas Leineweber, J. Mater Sci 56 (2021), 5321 
[8] J. Schneider, M. Wiemann, A. Rabe and E. Bartsch Soft Matter 13 (2017), 445 
[9] R. A. LaCour, C. S. Adorf, J. Dshemuchadse and S. C. Glotzer, ACS Nano, 13 (2019), 13829 
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Nanocomposite materials based on inorganic inclusions inside an organic matrix are employed in 
various fields: medical technology, catalysis, materials engineering. Combining the properties of 
both material classes facilitates high versatility of mechanical, optical and chemical properties, 
while simultaneously covering obvious drawbacks, e.g. toxicity of many inorganic compounds. One 
prominent sub-class features gold nanoparticles (AuNPs) in an arbitrary organic matrix (e.g. a 
polymer brush), since gold provides a distinct set of properties: easy synthesis with variable, well-
defined size; versatile surface functionalization via gold-thiol chemistry; antimicrobial behaviour; 
display of localized surface plasmon resonance (poss. in the visible spectrum) that is sensitive to 
AuNP parameters (size, shape) and the environment (solvent, neighbouring AuNPs).  
 
To provide the wide range of applications, nanocomposite materials usually require a specific 
internal structure. Yet, the understanding of the formation of internal structure and control over 
formation process is still lacking. Therefore, the long-term goal of our project aims to provide an 
approach to manufacture nanocomposite materials with controlled structure. The model system 
utilizes salt concentration and ion-specific effects as stimulus to guide the assembly process, since 
the stimulus is variable and already proven to work [1]. Prior to structure control of the composite 
materials, the effect of the stimulus on the pure AuNP suspension is necessary. Thus, we investigate 
AuNP (citrate capping) suspensions with two particles sizes (5 nm, 13 nm) by monitoring their 
optical response to different sodium salts (anion: F-, Cl-, Br-, I-, SCN-) of different concentration 
over time. Figure 1 shows photos of AuNP (5 nm) suspensions at various parameter sets [2].  
 
[1] S. Christau et al., , DOI: 10.1021/acs.macromol.7b00866 
[2] We acknowledge funding through the Deutsche Forschungsgemeinschaft (DFG) through 
GRK2516 (Grant No. 405552959). 
 

 

 

 

 

 

 

 

 
Figure 1: AuNP (5 nm) suspensions with varying salt type and concentration: directly after mixing 
(upper) and 12 h later (lower). The samples are ordered from left to right with increasing salt 
concentration and ion size of the sodium salt (F, Cl, Br, I, SCN). 
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Influence of systematically varied aromatic additive isomers on the phase 
transition behavior of thermoresponsive Poly(N-isopropylacrylamide) microgels 
with different cross-linker content 
Daniel Schlattmann1, Monika Schönhoff1 
 
1Institute of Physical Chemistry, University of Münster, Corrensstraße 28/30, 48149 Münster, 
Germany 
 
Thermoresponsive polymers bear a large potential for drug delivery applications, however, the 
influence of small molecules on the phase transition is a critical issue. Our work investigates the 
effects of different additives such as benzene derivatives, employed as model drugs, on the phase 
transition behavior of differently crosslinked Poly(N-isopropylacrylamide)/N,N -methylenebis-
acrylamide (µ-PNiPAM/x-BIS) microgels. While the homopolymer PNiPAM already has been 
studied earlier in the presence of aromatic additives, the present work concentrates on a systematic 
variation of additive isomers and their influence on the phase transition behavior of differently 
crosslinked microgels[1]. NMR Spectroscopy, Differential Scanning Calorimetry (DSC) and 
Dynamic Light Scattering (DLS) are employed to determine the Volume Phase Transition 
Temperatures (VPTT) of polymers in absence and presence of additives. Insights into local 
dynamics and additive distribution are gained by measuring one dimensional 1H-NMR spectra and 
transversal relaxation times T2 in temperature series. 
 
All additives investigated induce a shift T of the VPTT to lower temperatures, consistently 
determined by all applied methods. It is observed that this shift is depending on the type, position 
and number of functional groups attached to the aromatic ring. In addition, the crosslinker content 
influences the sensitivity of the microgel particles towards model drugs considering the same 
additive in a crosslinker-variation series..   The VPTT depression in dependence on crosslinker 
content varies somewhat for different parameters considered, which is interpreted as the influence 
of the network structure.  
 
[1] C. Hofmann, M. Schönhoff, Colloid Polym Sci 2009, 287, 1369. 
 
 

 

  
 
 
Figure 1.  VPTT shifts T of microgels in aqueous solutions with 20 mM meta-hydroxy-
benzaldehyde (m-HBA; (a)) and 20 mM 2,4-Dihydroxybenzaldehyde (2,4-DHBA; (b)) obtained 
from different methods. 
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Solid-phase microcontact printing for the preparation of precisely 
functionalized multi-patch SiO2 particles 

Pinar Akarsu1,2, Richard Grobe1, Martin Reifarth1,2, Marcel Sperling1, Matthias Hartlieb2 and 
Alexander Böker1,2

1Fraunhofer Institute for Applied Polymer Research IAP, D-14476 Potsdam-Golm, Germany 
2Chair of Polymer Materials and Polymer Technologies, University Potsdam, D-14476 Potsdam-
Golm, Germany

We present a microcontact printing routine suitable to introduce multiple patches, which are precisely 
localized at the surface of silicon dioxide (SiO2) microparticles, and exhibit a well-defined chemical 
functionality. This method holds great potential for the attachment of functional molecules to up to 
four different faces at the particles. As a feature of this method, recently introduced solid phase 
microcontact printing, which contains polymer brush-modified polydimethylsiloxane (PDMS),[1] is 
adapted in a way to enable addressing SiO2 particles from multiple sites with certain geometries.
Implementing stamps with dimensions, which match the particle size, well-defined particle 
geometries can be obtained. The presented routine should, therefore, allow the surface modification 
of particles with the target molecules by keeping the current topography of the aforementioned 
substrate substantially constant. We anticipate that the advances might stimulate further interest in
the anisotropically functionalized particles in the field of directing self-assembly of patchy particles 
system, or other application fields.[2-4]

[1] P. Akarsu, R. Grobe, J. Nowaczyk, M. Hartlieb, S. Reinicke, A. Böker, M. Sperling, M. 
Reifarth, ACS Appl. Polym. Mater. 2021, 3, 2420.

[2] Z.-W. Li, Y.-W. Sun, Y.-H. Wang, Y.-L. Zhu, Z.-Y. Lu, Z.-Y. Sun, Nanoscale 2020, 12, 4544.
[3] A. Walther, A. H. E. Müller, Chem. Rev. 2013, 113, 5194.
[4] D. J. Kraft, R. Ni, F. Smallenburg, M. Hermes, K. Yoon, D. A. Weitz, A. van Blaaderen, J. 

Groenewold, M. Dijkstra, W. K. Kegel, Proc. Natl. Acad. Sci. 2012, 109, 10787.

Figure 1.  Schematic representation of the microcontact printing process used for the preparation of 
precisely functionalized multi-patch SiO2 particles: (a) SiO2 particles aligned inside the micro 
channels of PDMS stamp; (b) the transfer of patch material from polymer modified stamp surface to 
the contact area of the SiO2 particle; (c) multi-patch SiO2 particle after microcontact printing; (d)
fluorescence microscopy image of the multi-patch SiO2 particles

Acknowledgement: The authors acknowledge financial support of the European Research Council 
(ERC) in the framework of the research project Replicoll (Project 648365).
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Interaction of microgels with the biomimetic surface

Andrey Babenyshev1, and Walter Richtering1

1 Institute of Physical Chemistry, RWTH Aachen University, Aachen, Germany

PNIPAM and PNIPMAM microgels are promising agents for various biomedical applications. 
Though some articles studied how some physicochemical properties of microgels influence their 
interaction with cells, a detailed understanding is still needed. Important parameters for translocation 
are microgel softness and its internal structure [1]. Recently it was shown that stiffness and size of 
the microgels strongly influence their cellular uptake and impact the uptake pathway. [2]. In this 
work, we investigated how mechanical properties of microgels affect interaction with lipid bilayer.

Atomic force microscopy is a powerful method that allows investigation of mechanical properties, 
that are related to the internal structure of the material. With this technique we can determine how 
microgels deform on the interface. Moreover, Force Volume measurements allow determining the 
stiffness as a function of the three-dimensional position and could be used even for ultra-soft materials 
[3].

Previously in our group was shown the interaction of microgels with solid-air and solid-liquid 
interfaces. To continue those findings, we made a first step to the cell membrane surface. We used 
the simplistic model of the cell surface supported lipid bilayer (SLB). We prepared SLB based on 
1,2-dioleoyl-sn-glycero-3-phosphatidylcholine (DOPC) as model systems for biomimetic surfaces.
Then we quantified microgels deformation upon the adsorption to the bilayers (Fig. 1).

Figure 1. Average contact stiffness profile of microgels on glass (a) and SLB (b) in water at 27 oC

[1] X. Yi, X. Shi & H. Gao, Physical review letters, 107(9) (2011)
[2] V. Switacz et. al., Biomacromolecules, 21(11) (2020)
[3] F. Schulte, et. al., Angewandte Chemie International Edition, 60(5) (2021)





17th Zsigmondy Colloquium 2022 of the German Colloid Society 

Molecular Handedness Detection with Induced Chirality in Plasmonic Lattice 
Modes 
 
E.S.A. Goerlitzer1, M. Zapata-Herrera2, E. Ponomareva3, A. Garcia-Etxarri4,5, M. Karg3, J. 
Aizpurua2,4, N. Vogel1,*
 
1 Institute of Particle Technology, Friedrich-Alexander University Erlangen-Nürnberg, Erlangen 
2 Materials Physics Center CSIC-UPV/EHU, Donostia-San Sebastián, Spain 
3 Institut für Physikalische Chemie I, Heinrich-Heine-Universität Düsseldorf, D-40225 Germany 
4 Donostia International Physics Center (DIPC), Donostia-San Sebastián, Spain 
 
Plasmonic nanoparticles placed in lattices enable the localised plasmonic resonances (LSPR) to 
couple to Bragg modes leading to the appearance of surface lattice resonances (SLR). Such 
resonances can mitigate losses from individual structures and thus show spectrally narrower features 
(see e.g. white arrows in Figure 1, right top inset).[1]

We recently reported the first excitation of surface lattice resonances in arrays of the intrinsic chiral 
nanocrescent building blocks. These chiral SLRs show the same preference and sign of circular 
dichroism (CD) as the localised resonances of the metamolecules, while exhibiting a similar 
narrowing as non-chiral lattice modes.[2] Here, we complete the scene and extend chirality transfer 
from metamolecules (chiral nanocrescents) to an actual molecular-induced chirality transfer to lattices 
modes of arrays of achiral gold nanoparticles. We use the synthesis and self-assembly of core-shell 
gold nanoparticles (AuNPs@PNiPAm) to allow a uniform coverage of substrates over large areas (> 
cm²) with hexagonal particle monolayers that have tuneable lattice parameters. The achiral arrays of 
AuNPs are homogenously covered with randomly oriented chiral molecules of one enaniomer. 
Illumination with circularly polarized light shows that the chirality of the molecules is not only 
transferred to LSPRs[3], but also to the lattice modes of the AuNP arrays as revealed by a circular 
dichroism signal at the wavelength of the SLR (Figure 1).[4] This allows to  reveal the handedness of 
a molecule by SLRs. We extend our experiments by numerical and theoretical calculations to examine 
the underlying transfer mechanism from molecules to plasmonic lattice resonances. Chirality transfer 
to lattice modes has, to the best of our knowledge, not been observed before.[4]

 
[1] V.G. Kravets,A.V. Kabashin, W.L. Barnes, A.N. Grigorenko, Chem. Rev. 118 (2018) 5912 
[2] E.S.A. Goerlitzer, R. Mohammadi, S. Nechayev, K. Volk, M. Rey, P. Banzer, M. Karg, N. 
Vogel, Adv. Matter 32, (2020) 2001330 
[3] J.M. Slocik, A. O. Govorov, R.R. Naik, Nano letters 11 (2011) 701 
[4] Manuscript in preparation 
European Union’s Horizon 2020 grant agreement No 861950 project POSEIDON. 
 

 

Figure 1. Self-assembly of core-
shell AuNPs@PNiPAm) at the air-
water interface with a langmuir 
blodgett trough. Arrays of well-
defined AuNPs can reveal the 
handedness of chiral molecules via 
induced chirality. This transfers a 
CD signal from the molecular 
region to the lattice modes 
(arrows) of the array, allowing an 
easy detection in the visible range. 
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Grain boundary conductivity in hybrid perovskite crystallite clusters

Ilka M. Hermes1, 2, and Stefan A.L. Weber2, 3

1 Department of Polymer Interfaces, Leibniz Institute for Polymer Research, Dresden, Germany
2 Department Physics at Interfaces, Max Planck Institute for Polymer Research, Mainz, Germany 
3 Department of Physics, Johannes Gutenberg University, Mainz, Germany

Hybrid organic-inorganic perovskite semiconductors, based on the prototype compound 
methylammonium lead iodide (MAPbI3), are successfully applied as absorber materials in 
photovoltaic devices reaching power conversion efficiencies of 25.7% as of 2022 [1]. Prepared from 
solution, perovskite solar cells allow for an inexpensive, low-temperature fabrication. The 
crystallization of the polycrystalline perovskite thin films ensues from a precursor solution that is 
viewed as a colloidal dispersion. The colloid chemistry of this dispersion can affect the film 
morphology by changing the crystal size, orientation and density of the resulting perovskite layer [2].
In this study, we investigated the influence of the film morphology on the electrical transport 
properties between adjacent MAPbI3 crystallites: By contacting an interconnected crystallite cluster 
with a gold electrode, we were able to determine the current flow between crystallites via conductive 
atomic force microscopy (cAFM) and directly correlate the conductivity to the respective grain 
boundary morphology. While the contact area between adjacent crystallites appeared to have a 
negligible impact, the grain boundary morphology strongly affected its conductivity. Therefore, a 
more controlled crystallization from the precursor dispersion could minimize current losses at grain 
boundaries by increasing crystallite size, orientation and density.

[1] NREL, Best Research-Cell Efficiency Chart, https://www.nrel.gov/pv/cell-efficiency.html, 
(accessed March 3rd 2022)
[2] K. Yan, M. Long, T. Zhang, Z. Wei, H. Chen, S. Yang and J. Xu, J. Am. Chem. Soc. 137 
(2015), p. 4460

Figure 1.  a) CAFM measurement on interconnected MAPbI3 crystallite cluster in contact with gold 
electrode on the right side of the image. All crystallites are numbered according to the amount of 
grain boundaries between the gold electrode and the current detection via the conductive AFM tip. 
b) Median current measured on each of the numbered crystallites.
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Binding of biotin-functionalized and mannose-functionalized, thermosensitive 
microgels on receptor surfaces: Effect of the volume phase transition

Janita Müller1 and Stephan Schmidt1

1 Institute for Organic and Macromolecular Chemistry, Heinrich-Heine-University, Universitätsstr.1 
40225 Düsseldorf Germany

Almost all biological processes on the cellular scale are mediated by ligand-receptor interactions 
between biomolecules such as proteins and carbohydrates e.g. cell-cell communication, pathogen 
invasion, or cell development. To study and mimic these interactions, microgels can be functionalized 
with bioligands, thus binding of these ligand-presenting polymer scaffolds to receptor systems can be 
achieved in order to control biological functions. Responsive “smart” microgels could enable a more 
profound control of these functions. For example, by undergoing a phase transition upon external 
stimuli, the biomolecular interactions of the ligand-functionalized microgels can be activated and 
deactivated [1].
Thermoresponsive microgels based on poly N-isopropylacrylamide P(NIPAM) exhibit a volume 
phase transition in a biologically applicable range near the temperature of 32 °C [2]. Two different 
microgel systems were characterized in terms of their binding properties above and below the volume 
phase transition temperature (VPTT). For this purpose, mannose- and biotin-functionalized 
P(NIPAM) microgels and corresponding protein-receptor surfaces were prepared. Inhibition assays 
were performed below and above the VPTT and the binding of the microgels to the protein surfaces 
was measured at different inhibitor concentrations by detecting their presence on the receptor surfaces 
via fluorescence spectroscopy and microscopy. It was found that the biotin-functionalized microgels 
bind to the avidin surface at temperatures below the VPTT, whereas they do not bind to the surface 
at 40 °C. We assume that the hydrophobic biotin ligands are located within the polymer network 
above the VPTT and are thus not available for the specific binding to the surface. In contrast, the 
mannose-functionalized microgels bind to the ConA surfaces at temperatures above the VPTT. This 
is presumably due to a higher density of hydrophilic mannose ligands at the microgel-water interface
above the VPTT.

[1] M. Schmidt, A. Franken, D. Wilms, T. Fehm, H. J. Neubauer, S. Schmidt, ACS Applied Bio
Materials 2021, 4, 6371-6380.
[2] A. Z. Pich, Chemical design of responsive microgels, Springer, Berlin, 2010.

Figure 1.  An illustration of mannose- and biotin-functionalized microgels on receptor surfaces. The 
change in microgel adhesion upon varying the temperature below and above the VPTT is shown. The 
biotin-functionalized microgels bind to the avidin surface at temperatures below the VPTT, whereas 
they do not bind to the surface at 40 °C (right). In contrast, the mannose-functionalized microgels 
bind to the ConA surfaces at temperatures above the VPTT (left).
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Working with Nanoparticles and other Hazardous Substances: Challenges for 
Safety Products 
 
Jonas Schubert1,2 and Max Schnepf1,2  
 
1 Department of Functional Colloidal Materials, Leibniz-Institut for Polymer Research Dresden e.V.  
2 DermaPurge GmbH, Dresden. 
 
Although Nanotechnology has been used for centuries and concerns of adverse effects of 
nanoparticles on human health continue, standard work safety is still not ensured. 
In this work we will show the problems that arise from nanoparticle-skin contact and inform about 
measures that ensure work safety. 

 
Figure 1.  -B[a]P permeating 32-year-old Q human skin. The % recovery in 
the receiver solution is shown versus time for each of the four replicate Bronaugh cells. The onset 
of the 24-h skin wash with Radiac soap and water is shown. 
 
We will concentrate on the problems of the so-called wash-in effect and the ingestion via carry-over 
contamination. Here a new classification of nanoparticles is shown and how this helps to identify the 
personal risks. A solution is presented how this risk can be mitigated by modern safety equipment. 
Finally new insights in the removal of soot particles and the removal of the cancerogenic polycyclic 
aromatic hydrocarbons will be presented. Firefighters and chimney sweeps are just two groups who 
constantly work with  these hazardous substances. Thus, in the longrun, many suffer from so called 
chimney sweep cancer. A solution to this problem has long been required. It will be presented in our 
talk. 
 
[1] R. Moody et al., Journal of Dermatological Science (1995), 9, 48-58. 
[2] L. Di Cristo, et al., Nanomaterials (2021), 11, 2623. 
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Colloidal graphene-based inks for screen printed stretchable conductors

Laura S. van Hazendonk1,2, Mark Vis1, Remco Tuinier1 and Heiner Friedrich1,2

1 Laboratory of Physical Chemistry, Department of Chemical Engineering and Chemistry, 
Eindhoven University of Technology, Eindhoven, Netherlands
2 Center for Multiscale Electron Microscopy, Department of Chemical Engineering and Chemistry, 
Eindhoven University of Technology, Eindhoven, Netherlands

Screen printing presents a suitable manufacturing technique for electronic components, as it is 
flexible, scalable, cost-effective and prints thick layers, enabling relatively low resistances [1]. 
Graphene is an ideal conductive component of these inks as it is skin-compatible [2]. We have 
previously developed conductive inks containing colloidal graphene nanoplatelets (GNPs) for screen 
printing of flexible conductive tracks [1] and are currently extending their formulation to inks suitable 
for printing of stretchable, skin-compatible conductors combining high conductivity with a high 
durability over many strain cycles.

We have developed an ink based on colloidal GNPs utilizing a skin-compatible thermoplastic 
polyurethane (TPU) binder with adjustable rheology. We are currently employing small-angle X-ray 
scattering (SAXS), dynamic light scattering (DLS) and rheological measurements to gain 
fundamental insights into these complex systems and formulate colloidally stable inks suitable for 
high resolution printing. Screen printing was used to print stretchable conductors on TPU substrates 
with high conductivity and excellent feature definition down to 2 . The conductors 
tolerate strains up to at least 100% and demonstrate high fatigue resistance to cyclic strains of 20–
50%. Post-processing was employed to further reduce the resistances while preserving stretchability 
and cyclic durability. Its tunable viscosity makes the ink potentially suitable to printing techniques 
beyond screen printing. This opens a route towards the scalable production of printed sensors, heart 
rate monitors, athletic garments and artificial skin.

References
[1] K. Arapov, E. Rubingh, R. Abbel, J. Laven, G. de With and H. Friedrich, Advanced Functional 

Materials 26 (2016), p. 586–593.
[2] G. Hu et al., Chemical Society Reviews 47 (2018), p. 3265–3300.
[3] The authors acknowledge funding from the European Union's Horizon 2020 research and 
innovation programme under grant agreement No 881603 (Graphene Flagship Core 3).

Figure 1. a-b) Ink rheology; a) Flow ramp b) Peak-hold test emulating the screen printing process; 
c) Electrical resistance response of printed linear tracks submitted to 1000 cycles of 20% strain.
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Inducing defects in colloidal crystals
Max P.M. Schelling1 and Janne-Mieke Meijer1

1 Soft Matter and Biological Physics, Department of Applied Physics, and Institute for Complex 
Molecular Systems (ICMS), Eindhoven University of Technology, Eindhoven, The Netherlands

Crystal defects are imperfections that can occur in any crystalline material and can crucially 
influence the mechanical, structural, and optical properties of the material. Colloidal crystals are 
useful model systems to study defect phenomena due to their similarities with atomic/molecular 
crystal systems. Although defect structures in colloidal crystals have been addressed, little is known 
about how (point) defects interact and the mechanisms of their diffusion in 3D, due to the lack of 
experimental control over the defect formation.

The aim of this project is to develop a colloidal system in which defect formation in 3D crystals can 
be controlled in-situ. For this the aim was to embed thermo-responsive colloids in a crystal of non-
responsive particles. By heating or cooling, the defect particles can collapse or swell, which will 
induce vacancy-like defects or interstitials, respectively (Figure 1a). To realize this system, we 
synthesized thermo-responsive colloids with a poly(N-isopropyl acrylamide) microgel shell and 
non-responsive poly(2,2,2-trifluoroethyl methacrylate) (pFEMA) core [1], and non-responsive core-
shell pFEMA particles of the same size that can be refractive index matched. Using a confocal 
microscope equipped with a temperature-controlled stage, the mixed system can be visualized on a 
single particle level (Figure 1b) and the dynamical properties of the defects upon switching can be 
studied. By adopting existing particle tracking and image analysis procedures, local stress- and
strain-fields around crystal defects can be visualized [2]. Ultimately, this project will yield
fundamental insight into the formation and dynamics of defects in colloidal crystals and in
crystalline materials in general.

[1] J. Appel et al., Part. Part. Syst. Charact., 32, 764-770 (2015)
[2] N.Y.C. Lin et al., Nat. Mater., 15, 1172-1176 (2016)

(a) (b)

Figure 1.  (a) Conceptual visualization of inducing vacancy-like and interstitial defects using 
thermo-responsive particles. (b) Confocal image showing swollen thermo-responsive microgels 
(green) embedded in a crystal of non-responsive particles (red) at 20 °C.
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In-situ Investigation of Ca2+-involved Flocculation of Natural Organic Matter 
(NOM) with Modified Chitosan

Mingyu Yuan1, Heri Bustamante2, Michael Gradzielski1

1Stranski-Laboratorium für Physikalische und Theoretische Chemie, Institut für Chemie, 
Technische Universität Berlin, Straße des 17. Juni 124, Sekr. TC 7, D-10623 Berlin, Germany
2 Sydney Water, Parramatta NSW 2125, Australia

Natural organic matter (NOM) exists ubiquitously in aquatic environments and can negatively affect 
the quality of drinking water. Its removal typically proceeds via coagulation by means of adding 
hydrolysing metal cations and cationic polyelectrolytes.[1] To develop a more environmental-
friendly and effective chemical regime to remove NOM, natural origin chitosan was chemically 
modified in our lab and then studied with respect to its interaction with humic acid (HA), which was 
selected as well-defined model as it is the main component of NOM.[2, 3] In our investigation we 
concentrated on the phase behavior and the colloidal structures in the dispersed and precipitated state. 

The principal aim of our investigation is to understand the interaction of HA (as example for NOM)
under different ion conditions with modified chitosan and their formation of larger aggregates that 
ultimately results in the formation of flocs and precipitates. To gaining comprehensive knowledge 
about the structural properties. systems with various charge ratio Z, defined here as = [+] modified 

chitosan / [-] humic acid were investigated via a series of characterization techniques, such as UV-Vis, static 
and dynamic light scattering (SLS, DLS), small-angle X-ray scattering (SAXS), and confocal
microscopy. In this context we also focused on the role of Ca2+ in HA removal in our study to mimic 
the real condition (Figure 1), and it finally showed the capability to prompt and aid the precipitation 
process by forming larger/denser complexes. It is worth to mention that in-situ observation via UV-
Vis and SAXS were achieved to monitor the transformation of aggregates during the whole process 
of precipitation of humic acid. With the insights gained on the HA flocculation mechanism, this study 
is promising in optimizing parameters for NOM water treatment, based on a fundamental colloid 
chemical investigation.[4]

Figure 1. UV absorbance at 254 nm (UV 254) for HA-modified chitosan complexes with charge 
ratio ranging from 0.6 to 2.0 with the presence of 0 and 75 mg/L Ca2+, respectively.
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[1] Loganathan, P., et al., Progress, challenges, and opportunities in enhancing NOM flocculation 
using chemically modified chitosan: a review towards future development. Environmental Science: 
Water Research & Technology, 2020. 6(1): p. 45-61. 
[2] Eikebrokk, B. and T. Saltnes, NOM removal from drinking water by chitosan coagulation and 
filtration through lightweight expanded clay aggregate filters. Journal of Water Supply: Research and 
Technology AQUA, 2002. 51(6): p. 323-332. 
[3] Renault, F., et al., Chitosan for coagulation/flocculation processes an eco-friendly approach. 
European Polymer Journal, 2009. 45(5): p. 1337-1348. 
[4] The authors acknowledge funding from Deutsche Forschungsgemeinschaft (DFG) - 
Projektnummer 447828880. 
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Capillary Driven Self-Assembly of Ellipsoidal Composite Microgels at the 
Air/Water Interface

N. Hazra1, Jiarul Midya2, Andrey Babenyshev1, Andrey Rudov3,4, Steffen Bochenek1, Walter 
Richtering1, Igor Potemkin3,4, Thorsten Auth2, Gerhard Gompper2 and Jérôme J. Crassous1

1RWTH Aachen University, Institute of Physical Chemistry, Aachen, Germany
2 Theoretical Physics of Living Matter, Institute of Biological Information Processing and Institute 

for Advanced Simulation, Forschungszentrum Jülich, Jülich, Germany
3 Physics Department, Lomonosov Moscow State University, Moscow, Russian Federation

4 DWI - Leibniz-Institute for Interactive Materials, Aachen, Germany

In this study, we explored the spontaneous capillary driven self-assembly of composite prolate shaped 
microgels at air-water interface. The core-shell microgels contain a polystyrene (PS) core surrounded 
with a cross-linked fluorescently labelled poly(N-isopropylmethylacrylamide) (PNIPMAM) shell. 
The aspect ratios of the composite microgels can be finely adjusted upon uniaxial stretching the 
particles embedded into polyvinyl alcohol films [1]. The ellipsoidal particles obtain an aspect ratio 

ng from 1 to 8.8, measured from confocal laser microscopy (CLSM) in their swollen 
conformation at 20°C. Using inverted fluorescence microscopy, we investigated their spontaneous 
interfacial self-assembly at the air-water interface. Comparing with spherical

-to-side assembly into long chains transition is observed. The 
2.6 and 3.3 for which a trigonal and trigonal/side to side coexistence 

assembly are respectively identified. The influence of the microgel anisotropy and softness on their 
interfacial deformation and is further discussed supported by computer simulations.

Figure 1. Colour inverted fluorescence micrographs of spherical composite microgels (a) and 
ellipsoidal composite microgels with an aspect ratio , 2.6 (c), 3.3 (d) and 8.8 (e) 
assembled at the air-water interface at 20°C. Some of the typical assemblies are highlighted with red 
lines.

References
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Broadband light absorbers are very attractive for many applications including solar energy, 
photothermal therapy, and plasmonic nanocatalysis. Colloidal black gold works as an excellent 
example of the broadband light absorbers in the visible and near-infrared ranges; however, their 
synthesis procedure typically requires multi-step deposition and/or high temperatures [1-2]. 

In this study, we report the synthesis of black gold nanowires via a facile, one-step green method 
using commonly known precursors (chloroauric acid and sodium citrate) performed at room 
temperature. The formation of the black gold particles is driven by self-assembly of in-situ formed 
small nanoparticles (~ 5 nm) followed by a fusion step forming extensive networks of nanowires 
(Figure 1). These assemblies form intense hotspots for enhancing the electric field as well as the local 
heat. Thus, the nanowires exhibited a strong photothermal effect as well as surface-enhanced Raman 
scattering (SERS) performance. Upon NIR irradiation, a high temperature up to 47 oC was recorded 
in the colloidal solution. While the high SERS signal enhancement is used to monitor the plasmon-
driven dimerization reaction of 4-nitrothiophenol (4-NTP) in real timescale (milliseconds to seconds). 

This work presents the colloidal black gold as a promising candidate for many photo-based 
applications, as the broadband light absorption enables the use of excitation sources with different
wavelengths.

Figure 1. TEM and photo images of the as-prepared black gold showing the network-like morphology 
of the obtained gold nanowires.

[1] M. Dhiman, A. Maity, A. Das, R. Belgamwar, B. Chalke, Y. Lee, K. Sim, J. Nam and V. 
Polshettiwar, Chem. Sci., 2019, 10, 6594.
[2] D. Liu, F. Zhou, C. Li, T. Zhang, H. Zhang, W. Cai, and Y. Li, Angew. Chem. Int.Ed. 2015, 54,
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ABSTRACT: Raspberry-like poly(oligoethylene methacrylate-b-N-vinylcaprolactam)/polystyrene 
(POEGMA-b-PVCL/PS) Janus particles (JPs) and complex colloidal particle clusters (CCPCs) were 
fabricated in two-, and one-step (cascade) flow process. Surfactant-free, photo-initiated RAFT 
precipitation polymerization was used to develop internally cross-linked POEGMA-b-PVCL 
microgels with narrow size distribution. Resulting microgel particles were then used to stabilize 
styrene seed droplets in water, producing raspberry-like JPs. In the cascade process, different 
hydrophobicity between microgel and PS induced the self-assembly of the first formed raspberry 
particles that then polymerized continuously in a Pickering emulsion to form the CCPCs. The internal 
structure as well as the surface morphology of JPs and CCPCs were studied as a function of 
polymerization conditions such as flow rate/retention time (RT), temperature and the amount of used 
cross-linker. By performing Photo-PISA in tubular flow-reactor we were able to gained advantages 
over heat dissipation and homogeneous light distribution in relation to thermally-, and photo-initiated 
bulk polymerizations. Tubular reactor also enabled detailed studies over morphological evolution of 
formed particles as a function of flow rate/retention time.

Figure 1.  Resulting raspberry-like JPs and CCPCs with different surface roughness. 
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Here we report, for the first time, high yield (87.6%) robust and facile synthesis of donor-acceptor, 
water-processable, Janus nano-particles (JNP), that are of high potential for optoelectronic 
applications. The water-processable JNPs have easily controlled Janus ratios and are of excellent 
quality, that is shown by energy-filtered transmission electron microscopy (EFTEM). The JNPs 
exhibit improved charge separation and transfer properties compared to the conventional donor-
acceptor nanoparticles that is characterized via both steady-state and transient photoluminescence 
spectroscopy. The Janus character of particles allows the combination of two materials into one 
composite and programs morphology of structures, which can be formed on the basis of the 
particles. Finally, we show outstanding performance of JNP based photovoltaic cells with 53% 
improvement of efficiency.1 
 
[1] Y. Du, Y. Li, O. Aftenieva, T. Tsuda, P. Formanek, T. A. F. König, A. Synytska. High yield 
synthesis of water-processable donor:acceptor Janus nanoparticles with tuned internal morphology 
and highly efficient charge separation/transfer. Advanced Optical Materials, 2022, accepted. 
[2] The authors acknowledge Anja Caspari and Martina Priebs for electrokinetic measurements, 
Fupeng Wu for steady-state photoluminescence measurements. Y.D. acknowledges the financial 
support from the China Scholarship Council (CSC). The authors thank Benjamin Kohn for language 
polishing. This project was financially supported by the Volkswagen Foundation through a Freigeist 
Fellowship to T.A.F.K. The Deutsche Forschungsgemeinschaft (DFG, German Research 

 

 
 
Figure 1.  The internal structure of aqueous D:A nanoparticles can be well controlled through a 
facile route. This strategy is successfully applied to synthesize high-yield and high-quality 
environmentally friendly D:A Janus nanoparticles with tuned internal morphology. These obtained 
Janus nanoparticles exhibit efficient charge separation and effective charge transfer properties, that 
exhibits significant enhancement than traditional core-shell structures in photovoltaics devices. 
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Crystallization of hollow microgels assisted by regular ones
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Microgels are crosslinked polymer networks in the colloidal size domain swollen in a good solvent. 
Their swelling degree can be reversibly modified by external stimuli, such as temperature or pH. 
Advanced synthesis protocols allow for complex architectures, such as hollow microgels with a 
solvent-filled cavity in the center [1]. The soft and responsive nature of microgels, as well as the 
variety of internal architectures, makes them an excellent model system to study phase transitions 
and the behavior of complex fluids. 
 

same size. Although the former are well-known to form colloidal crystals similar to hard 
incompressible colloids, it has been recently shown that hollow microgels fail to do so [2]. The 
reason for the absence of crystals is that hollow microgels increase their configurational entropy by 
rearranging the polymer chains into the solvent-filled cavity. By systematically realizing binary 
mixtures of regular and hollow microgels, we explore the role of hollow microgels as possible 

ferent internal architecture, rather 
than size mismatch. 
 
First, we confirm the absence of size mismatch and a sufficiently low polydispersity of single 
microgels using dynamic light scattering, small angle X-ray, and small angle neutron scattering in 
diluted conditions. In the concentrated binary mixtures, we observe colloidal crystals at fractions of 
hollow microgels up to 50%, whereby the width of the crystalline region gradually decreases. Small 
angle X-ray scattering is used to verify the crystal structure of the solutions and to obtain average 
nearest-neighbor distances in them. We speculate that below this threshold value of 50%, regular 

ordered structure [3]. 
 
[1] A. Scotti, A. R. Denton, M. Brugnoni, J. E. Houston, R. Schweins, I. I. Potemkin and W. 
Richtering, Macromolecules 52 (2019), p. 3995. 
[2] A. Scotti, A. R. Denton, M. Brugnoni, R. Schweins and W. Richtering, Physical Review E 103 
(2021), p. 022612. 
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The widespread use of surfactants in tertiary oil recovery, enabling the recovery of otherwise 
unreachable oil in porous rock, requires a deeper knowledge of the properties of microemulsions 
under confinement in pores. Our approach to this problem is to study the phase behaviour of a non-
ionic surfactant L3 phase microemulsion consisting of n-decyltetraoxyethylene(C10E4), water, and 
octane in a controlled porous glass (CPG) as a model system. CPGs are isotropic porous glasses with 
a bicontinuous pore network.

The stabilising effect of confinement on the single-phase range of a binary liquid from 20°C to lower 
temperatures has been shown previously [1]. The characterisation of a more complex ternary system, 
namely the L3 phase of a C10E4/water/octane microemulsion (CE), is challenging. A theoretical 
model, together with experimental data, has shown that this system forms a lamellar layer at the solid-
liquid interface of a planar glass [2,3]. It is important to note that the thickness of the lamellar layer 
in this case is equal to the domain size d of the corresponding bulk microemulsion.

To study this system under confinement, the bicontinuous liquid is soaked in a powder of controlled 
porous glass (CPG) with variable pore diameters. Thus, the confined system can be studied by small 
angle X-ray scattering (SAXS) to determine the domain size d. Measurements were performed at
temperatures from 5°C to 55°C in CPGs with a nominal pore diameter of the CPG from 75 Å to
1000 Å. The SAXS data show a strong temperature-dependent shift in domain sizes of the confined 
microemulsion in large pore diameters while this shift is suppressed in small pore diameters. 

Figure 1.  SAXS Graphs of a confined microemulsion in CPG with nominal pore diameter of 
1000 Å on the left and 184 Å on the right side. 
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In this contribution, we present a material platform based on biphasic, anisotropic double emulsion 
droplets that can autonomously and reversibly adapt to their chemical environment through 
different supramolecular recognition events. The recognition mechanism is achieved by the 
selective assembly of synthetic crown ether surfactants on one hemisphere of the emulsion droplets.
[1] The dynamic and reversible host-guest complexation of the crown ether surfactants with 
different analytes, such as metal and ammonium ions or amino acids, leads to interfacial tension 
changes at the droplet surface, which in turn results in morphological reconfiguration of the 
complex emulsion droplets. The newly developed adaptive soft material platform has been used for 
biomimetic recognition of biomolecules, including amino acids, carbohydrates and antibodies, and 
for triggered surface-encoded release of payloads, among other applications.
By using the crown ether-functionalized droplets, we observed that different supramolecular host-
guest recognition events at the interface can lead to two opposite morphological transitions. After 
the addition of inorganic metal salts, such as potassium acetate, the droplets transitioned from their 
initial Janus configuration to an encapsulated double emulsion morphology ( = 0°). It is known 
that crown ether units form hydrophobic complexes when coordinated with suitable metal ions, 
leading to a phase transfer of the metal salts into the organic phase. The reduced effectiveness of the 
crown ether surfactants thus led to an increase in the interfacial tension between hydrocarbon and 
water. In contrast, the addition of a hydrophilic ammonium compound, was followed by a further 

> 90°, which corresponds 
to a decrease of the HC-W interfacial tension. In this scenario, complexation of the hydrophilic 
ammonium compounds led to an increase of the hydrophilic-lipophilic balance of the surfactant, 
resulting in a more effective surfactant. Horizontal imaging allowed in-situ visualization of both 
morphological transitions evoked by the different molecular recognition events.

Figure 1.  Crown ether-functionalized droplets that can undergo two opposite morphological 
transitions depending on the supramolecular host-guest recognition event at the interface of the
droplets. Attachment of hydrophilic ammonium compounds left and encapsulation of metal ions 
right.

[1] S. Djalali et al., Adv. Funct. Mater. 2021, 2107688.


