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Microbial biosurfactants, such as rhamnolipid, are considered as a greener alternative to fossil-

based surfactants because they are made from renewable resources in a biological process [1]. But 

the simple drop-in replacement of fossil-based surfactants with biosurfactants in applications leads to 

a loss of performance in most cases. Hence, new synergistic surfactant combinations with 

biosurfactants must be identified. For the optimization of such system, not only equilibrium properties 

must be studied, but also the dynamic interfacial properties are highly relevant depending on the 

typical time scale of the respective application [2].  

Therefore, we combined the biosurfactant rhamnolipid with potentially renewable ethoxylates 

and investigated their properties at different time scales. We found that efficient microemulsions 

emerge with rhamnolipids and hydrophobic ethoxylates in equilibrium. These ethoxylates however 

are slow in their adsorption to interfaces, whereas a high ratio of rhamnolipid accelerates the 

adsorption. Having understood the surfactant systems with pure substances, we then analyzed the 

technical systems. The fatty alcohol and higher ethoxylated species in technical ethoxylates lead to a 

different behavior at interfaces in equilibrium and non-equilibrium conditions.  

Figure 1. outline of the talk 
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Electrically conductive structures can be made from metal-based inks/pastes by inkjet or screen 

printing. Inkjet printing saves material and can produce structures with high precision but requires 

colloidally stable particles, which in commercial inks often carry insulating organic ligands. A post-

treatment is necessary to obtain conductive structures, which limits the choice of substrate and 

applicability. Hybrid nanoparticles with metal cores and a conductive polymer as ligand shell do not 

require sintering and are conductive after the solvent evaporation. [1,2] 

Limitations of such hybrids include weak adhesion on glass or polyethylene terephthalate and 

limited stability in water. Here, we investigate nanocomposites of hybrid nanoparticles in matrices of 

insulating polyvinyl alcohols (PVA) with different molecular weights and degrees of hydrolysis. We 

created inkjet-printable nanocomposites with large filling ratios, printed them, and characterized their 

electrical resistivity, adhesion, bendability, stretchability, and stability in water. 

The colloidal stability of the hybrid particles was not affected by the addition of PVA, and we 

were able to print nanocomposites with up to 10 vol% PVA. A fraction of 5 vol% PVA in the 

composite increased the adhesion; surprisingly, the addition of 10 vol% highly hydrolyzed PVA even 

increased the conductivity. The composites remained stable after 500 bends to 3.1 cm-1, and the 

relative resistances remained between 0.9 and 1.4 after 500 cycles to 10 % strain. The addition of 

PVA also increased the stability in water.  

We will discuss a possible phase separation due to interactions between PVA and the 

conductive polymer PEDOT:PSS that the particle carry as a ligand, which could explain increases in 

conductivities. Finally, we demonstrate that it is still possible to redisperse the particles from the 

nanocomposite and recycle them. 

 

 
Figure 1. Adhesion test of inkjet-printed nanocomposites of hybrid particles without and with 10 vol% PVA 

(Mw = 89.000 – 98.000; 99+ % hydrolyzed).  
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Aerogels are a diverse class of highly porous materials with intrinsic properties such as low 

density, high specific surface area, low thermal conductivity, low sonic velocity, ultra-low dielectric 

constant, etc., obtained by replacing liquid from the corresponding gels with air.[1] Semicrystalline 

polymers can form thermoreversible gels in organic solvents by crystallization, where tiny crystallites 

constitute the physical cross-links of the three-dimensional polymer network.[2] These 

thermoreversible organogels can be converted to aerogels by either supercritical drying or freeze-

drying. The popularization of freeze-drying in aerogel preparation has simultaneously boosted the 

use of solvent exchange strategies before solvent extraction from polymer gels. However, the 

possibility to tune the thermal, mechanical and other properties of polymer aerogels by modifying the 

crystallization and solvent exchange conditions has been least explored. 

Herein, we show facile and sustainable methods to enhance the poly(lactide) (PLA) aerogel 

properties. PLA is a commercially important biodegradable polymer that exists in two enantiomeric 

forms, poly(L-lactide) and poly(D-lactide). We devise a facile strategy for the stereocomplex (SC) 

formation between these enantiomers in the gel state in order to enhance the thermal and mechanical 

properties of PLA aerogels. A unique morphology is obtained for SC aerogel (Figure 1a).[3] By 

modifying the solvent exchange step that follows the thermoreversible gelation, bio-resourced 

molecules such as chitosan, sodium alginate, and phytic acid are assembled onto the PLA gel 

framework in a layer-over-layer (LoL) fashion, which greatly improves the flame-retardant properties 

of the aerogel (Figure 1b). 
 

 

Figure 1. Morphology of PLA aerogel after (a) the SC formation and (b) the LoL assembly. 
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The effect of both chemistry and temperature in cleaning processes is critical to the removal of 

solid and liquid fats from substrates. While liquid fats are removed by forming emulsions, solid fats 

must first be melted at high temperatures (T > 50°C) to be emulsified. [1] However, this process 

requires a considerable amount of energy to heat the cleaning liquid, which is not sustainable. 

Therefore, new ways to remove solid fats at low temperatures (T < 30°C) are needed. Lipase-

catalyzed fat hydrolysis, which is well known from literature, is used for this purpose. 

[2] This 

approach is extended by the addition of novel peptides to promote the removal of solid fats in a 

sustainable manner.  

In this work, the desorption of solid fats was studied using the quartz crystal microbalance with 

dissipation monitoring (QCM-D). It was found that the characteristic time required for solid fat 

desorption is significantly reduced when small amounts of peptides are adsorbed onto the solid fat 

prior to lipase addition. This means that the order of addition plays a crucial role in this synergistic 

effect between lipase and peptide. Furthermore, it has been shown that the desorption time of the 

lipase-peptide systems is similar or even shorter than that of conventional lipase-surfactant systems. 

As a result, bio-based peptides can be considered as a sustainable alternative to conventional 

surfactants.  
 

 
Figure 1. QCM-D measurements with plotted desorption times for both lipase and lipase-peptide systems  
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Combinations of anionic surfactants and cationic polyelectrolytes are frequently used as 

ingredients in various applications. For example, in shampoos, they help to reduce the combing force 

of the hair and provide a smooth hair feeling. Laundry and cleaning applications typically contain 

ionic surfactants or surfactant mixtures and may also include cationic polyelectrolytes, which act as 

soil release polymers and prevent re-soiling.  

The adsorption behavior of polyelectrolytes onto substrates is decisively controlled by the bulk 

interactions of mixtures of polymers and surfactants. These interactions have been extensively 

researched since the 1950s [1-3]. However, due to climate crisis, there is an urgent need to replace 

complex, well-established fossil-based systems with green and sustainable polymer-surfactant 

systems.  

Conventional systems, which contain a cationic polyelectrolyte and anionic surfactants, have 

been extensively studied [4-6]. Recent studies have mostly focused on systems containing either a 

well-described biosurfactant or a well-described biopolymer. However, there is still a lack of research 

on combinations of both biopolymers and biosurfactants.  

In this work, we investigated the interactions between a bio-based cationic derivate of 

hydroxypropyl guar and the biosurfactant rhamnolipid. To study the bulk behavior, among others, 

light scattering based techniques were used. In addition, rheological properties were accessed using 

microrheology. A quartz crystal microbalance with dissipation (QCM-D) was used to investigate the 

adsorption properties on model surfaces. Anionically modified gold surfaces were used to mimic the 

negatively charged surface of damaged hair. The bulk interaction properties were adjusted, resulting 

in a significant improvement in polymer deposition on the model surfaces compared to the pure 

polymer solution. It has been shown that there is a clear correlation between interactions in the bulk 

phase and the adsorption behavior.  

   

References  

[1] T. Isemura, A. Imanishi, J. Polym. Sci. 1958, 33, 337–352.  

[2] F. Sexsmith, H. White, J. Colloid Sci. 1959, 14, 598–618.  

[3] T. Takagi, T. Isemura, Bull. Chem. Soc. Jpn. 1960, 33, 473–471.  

[4] G. Nizzri, S. Magdassi, J. Schmidt, Y. Cohen, Y. Talmon, Langmuir, 2004, 20, 4380–4385.  

[5] F. Fernandez-Peñ, E. Guzmán, C.Fernández-Pérez, I. Barba-Nieto, F. Ortega, F. Leonforte, R. 

Rubio, G. Luengo, Polymers, 2022, 14(7), 1335.  

[6] N. Khan, B. Brettmann, Polymers, 2018, 11(1), 51.  



 
 

19TH ZSIGMONDY COLLOQUIUM 2024 
 

Using tetraPEG Hydrogels to Mimic the Properties of Mucus 
 

Robert F. Schmidt 1, Takamasa Sakai 2 and Michael Gradzielski 1 

 
1Institut für Chemie, Technische Universität Berlin, 10623, Berlin, Germany 

2 Department of Bioengineering, The University of Tokyo, Tokyo 113-8656, Japan 

Presenting author e-mail: r.schmidt.1@tu-berlin.de 

 

Keywords: mucus, hydrogel, rheology, tetraPEG, scattering 

 

Mucus is a biological hydrogel found at surfaces in the human body, which serves critical 

functions such as protecting tissues from pathogens [1]. Mucus is mainly made from highly 

glycosylated polypeptides, called mucins, that are crosslinked via disulfide bonds. Understanding the 

physicochemical properties of mucus is challenging due to its complex hierarchal structure and 

limited sample availability. Conversely, tetraPEG hydrogels, prepared from mutually reactive 4-arm 

PEG precursors, have a near-ideal network structure, and clearly defined viscoelastic properties and 

are therefore well-suited for investigations of structure-dynamics relations of hydrogels [2]. 

Starting from an ideal tetraPEG network structure (Figure 1A on the left), we systematically 

introduce 2-arm PEG segments to reduce the number of crosslinks and increase the mesh size. Using 

this procedure, we were able to design soft tetraPEG hydrogels that mimic the structure and rheology 

of mucus. These soft hydrogels were then comprehensively characterized using oscillatory shear 

rheology and scattering techniques to obtain detailed information about their structure and dynamics, 

which are also instructive about mucus. 

 
Figure 1. A) Proposed hydrogel structures obtained by introducing 2-arm segments into a tetraPEG 

hydrogel. B) At a specific composition, mucus-like rheology can be achieved. C) Dynamic light scattering 

reveals two regimes: below a critical 4-arm concentration, diffusion of single molecular fragments is seen 

while above we see the dynamics of the network. 

Acknowledgements: We thank the Deutsche Forschungsgemeinschaft for funding this work as part 

of SFB 1449. We thank the Deutscher Akademischer Austauschdienst for funding a research stay in 

the Sakai lab at the University of Tokyo, where large parts of this research were conducted. 
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Here, we report on the synthesis and investigation of novel macromolecular photoacids 

containing 1-pyrenol. The concept of photoacid is based on a significant drop of the pKa value of such 

molecules upon irradiation by light of appropriate wavelength – so-called excited-state proton transfer 

(ESPT). The pKa drop of 1-pyrenol photoacids can be achieved by visible light irradiation, making 

them appropriate for application on living tissues. 

We have formed a library of amphiphilic multi-stimuli-responsive (temperature, pH, light) 

polymers of different structures using subsequent polymerization and post-polymerization 

modification. The obtained polymers form nanoparticles in water that are able to encapsulate a 

hydrophobic drug – curcumin. The obtained results show the potential of polymeric photoacids in 

controlled drug delivery. 

  
Figure 1. Schematic representation of the drug release from the polyphotoacid micelles. 

 

Acknowledgements: L.I.K. acknowledges Alexander von Humboldt Foundation for funding. 
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Ligand-stabilized inorganic nanoparticles (AuNPs) are promising building blocks for 

materials with well-defined structures and properties. Their colloidal stability is limited, and 

uncontrolled agglomeration causes undefined microstructures that impede functionality. Previous 

work has shown that the temperature-dependent agglomeration of AuNPs is governed by the disorder-

to-order transition of the ligand shell and affected by ligand-ligand and ligand-solvent interactions 

[1]. For example, the addition of cyclohexane promotes disordered shells and improves the colloidal 

stability. Excess ligand molecules destabilize dispersions by an entropic mechanism [2]. Here, we 

study how cyclical amines and thiols stabilize the disordered state of the ligands and improve the 

colloidal stability of the dispersion.   

Small angle X-ray scattering was used to determine the agglomeration temperature, Tagglo, of 

hexadecanethiol-coated AuNP in the presence of small concentrations of pyrrolidine, azonane, 

tetrahydrothiophene and thionane. Amine-based additives lowered Tagglo by not more than 2 K, while 

sulfide-based additives lowered Tagglo up to 28 K, where smaller molecule showed a stronger 

stabilizing effect. MD simulations indicated, that physisorption cannot account for this decrease; 

chemisorption and replacement of hexadecanethiol by cyclical sulfides on AuNP surfaces was shown 

to strongly hinder ligand ordering, thereby reducing Tagglo. Surprisingly, higher additive 

concentrations increased Tagglo, possibly due to a clustering transition on the AuNP surface.  

 

 
Figure 1: Overview of the possible interaction mechanism of the additives with an AuNP and the resulting 

stabilizing effect. Left: physisorption with a weak stabilizing effect, right: chemisorption with a strong effect. 
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Achieving precise transfer of functional molecules within the micrometer dimension on diverse 

substrates poses a significant challenge. [1] A solid-phase transfer of functional molecules as ink in 

such range through direct contact between an inked stamp and the substrate is possible via 

microcontact printing (µCP). [2,3] This technique can be used to pattern various substrates. However, 

the inherent difficulty lies in the accurate patterning of substrates, attributed to the molecular diffusion 

and mobility, particularly, if reactive small molecules are used as ink. 

We, therefore, present an accurate surface patterning technique which involves grafting 

polymer-brushes directly from the stamp’s surface efficiently restricting ink diffusion. [2,3] This 

approach allows for the covalent attachment of functional ink molecules to polymer chains, ensuring 

a stable bond upon transfer to the substrate and interaction with surface-active groups. Precise 

patterning of various rough-capillary active surfaces was successfully carried out employing the 

polymer-brush assisted method showcasing its versatility and efficacy in accurate surface patterning.  

 

 

 
Figure 1 a. Schematic representation of Polymer-assisted µCP (alkoxysilane ink transfer to oxide 

surface). b. Comparison between the fluorescence microscopy images of patterned substrate using 

conventional and polymer-assisted µCP.  
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Electrogelation allows the growth of hydrogel films on a conductive surface with high temporal 

and spatial control in the formation process. Inducing a local change in pH by electrolysis of water at 

the electrode interface triggers the hydrogelation of a pH-responsive gelator molecule. In this study, 

we use gold electrodes to assemble hydrogel films of N,N′,N″-tris(4-carboxyphenylene)-1,3,5-

benzenetricarboxamide (BTA) (cf. Fig. 1a) [1] by potentiostatic control. Protonation of BTA in the 

vicinity of electrodes triggers self-assembly into supramolecular fibers, which build a hydrogel 

network (cf. Fig. 1).[2,3] We demonstrated the growth of BTA hydrogel films in the micrometer 

regime with an accuracy of a few tens of nanometers in thickness. Such films form at moderate 

potentials within a few seconds, making them interesting for biomedical coatings.  

The thickness of these hydrogel films has been determined by two atomic force microscopy-

based techniques: (a) dried films are imaged ex-situ (Fig. 1c) and (a) in-situ nanoindentation is 

employed to investigate the hydrated state (Fig. 1c). Further, we show how the gelation process 

depends on the gelation time, applied potential, and gelator concentration.[3] The here-introduced 

approach for electrogelation of BTA provides easy access to controlled hydrogel film formation in 

the low micrometer regime. Furthermore, the hydrogelation concept and analytical methods are easily 

transferable to other pH-responsive or reversibly forming hydrogel systems on a large variety of 

conductive surfaces. 

 

 
Figure 1. BTA Electrogelation: a) Molecular structure of BTA; b) Fibrous structure of a dried BTA hydrogel 

by AFM; b) In-situ thickness determination of electrogelated hydrogel films by AFM nanoindentation. 
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Manmade materials in contact with aqueous environments become rapidly colonized by living matter 

like proteins, macromolecules, bacteria, diatoms, or other fouling species. Frequently failure of 

devices and substantial maintenance costs are among the penalties associated with fouling processes. 

As the use of biocides is heavily restricted in many applications, environmentally friendly low-fouling 

materials are intensively explored [1]. While several hydrophilic and hydrophobic materials show 

promising properties, their combination into amphiphilic coatings unites the best of the two worlds 

[2]. As hydrophilic compound, zwitterionic materials with different molecular architectures were 

developed and their structure-function relationship against different fouling organisms have been 

studied [3]. Amphiphilic coatings based on zwitterionic polymers have been designed and their anti-

polyelectrolyte properties have been characterized by several methods including AFM and SPR. Their 

antifouling properties against a range of fouling species, in short term field exposures in the ocean, 

and in biomedical assays have been assessed and will be discussed [4,5,6]. Based on the obtained 

data, fundamental structure-property correlations and the implications for inert zwitterionic coatings 

will be discussed. 
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Block copolymer cubosomes are a novel and rapidly evolving class of mesoporous colloidal 

nanomaterials. They can be synthesized in a scalable manner by bottom-up self-assembly using block 

copolymers.[1] Cubosomes exhibit bicontinuous pore systems which permeate the entire structure. 

Therefore, they possess high surface areas, which is of great interest for many applications (see 

Figure 1).[2] Currently, almost all cubosomes consist of the chemically inert polystyrene (PS), which 

does not impart any function beyond mechanical stability. In this work, multiple alternatives to the 

inert PS are synthesized to yield functional polymer cubosomes: 

Firstly, poly(4-vinylpyridine) (P4VP) has an addressable nitrogen atom. It can coordinate to 

various metals such as Pt for catalysis applications. Furthermore, organic substances like drugs can 

also be loaded and released in a controlled manner by adjusting the pH. 

Secondly, mesoporous carbon is one of the most interesting materials in energy storage and 

conversion. However, most synthesis paths require hard templating, HF etching or further toxic and 

wasteful steps. Here, a direct synthesis was developed via poly(acrylonitrile) (PAN) cubosomes. 

Finally, organic batteries often suffer from poor performance due to the low porosity of the 

cathode. By utilizing poly(TEMPO methacrylate) (PTMA) – a common cathode material in organic 

batteries – a cubosome-based cathode system was developed. 

 

 
 

Figure 1. Chemically inert PS and functional polymer alternatives from this work, which can form functional 

cubosomes. The background is an example of an SEM image of a cubosome. 
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A series of customisable and portable sensors have been developed since Clark and Lyons 

developed the first oxygen biosensor in 1962 [1]. Conventional fabrication of electronic biomedical 

sensors requires multi-step fabrication processes involving thermal sintering and the use of 

environmentally harmful chemicals to achieve sufficient electrical conductivity. [2] A novel approach 

that avoids multi-step fabrication involves the use of electrically conductive, sinter-free inks for direct 

printing. The nanoparticles' surface is modified with a conductive polymer to increase conductivity 

and enable direct attachment of specific sites.[3] We study how the formation and structure of this 

shell depends on the pH-dependant dispersion state and conformation of the conductive polymer.  

We investigated the pH-dependent ligand exchange of cetyltrimethylammonium bromide 

(CTAB) on gold nanoparticles (AuNPs@CTAB) with a diameter of 74 nm by the conductive 

polythiophene poly(3-hexylthiophene-2,5-diyl) (P3KHT). The pH-dependent dispersibility of 

P3KHT in water that we find in Static Light Scattering (SLS) and UV-Vis (Figure 1A) implies 

improved dispersibility of the polymer at higher pH and coiling at lower pH. Ligand exchange at pH 

values between 8 and 12 led to hybrid nanoparticle dispersions that we characterized with Raman 

spectroscopy. Figure 1B shows that higher pH levels lead to relatively more pronounces Au-P3KHT 

bond fingerprint peaks and a decrease in Au-CTAB bonds. Both indicate a pH-dependant efficiency 

of the ligand exchange process. 

The results show that the pH value during the ligand exchange with polymers can affect its 

efficiency and affect the functionality of the dispersions. 
 

 
Figure 1. (A) Static light scattering (150°) and UV-vis absorption maxima of aqueous P3KHT solutions as a 

function of pH. The change in dispersion state affects ligand exchange of AuNPs@CTAB as visible in (B) 

Raman spectra after treatment with P3KHT solutions at different pH. 
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Emulsions are indispensable in everyday life and industrial applications, and the demand for 

emulsions’ diversity and control of properties is therefore substantial. As emulsions possess a high 

internal surface area, understanding of oil/water (o/w) interfaces on the molecular level is 

fundamental, but is often impaired by experimental limitations on the probing of internal o/w 

interfaces in emulsions in situ.  

In order to study and to tune o/w interfaces in nanoemulsions we utilize photoswitchable 

surfactants and a multi-length scale and multi-method approach. We therefore investigated the 

adsorption of an arylazopyrazole sulfonate (AAP) surfactant, which can be photoisomerized between 

E and Z isomers by visible and UV light irradiation.[1] The configurational changes cause massive 

changes in the interface tension at the extended o/w interface and a drastic shift in the surfactants’ 

critical micelle concentration, which we have applied to control both the stability and phase separation 

in macroemulsions through UV irradiation. 

Different from macroemulsions, nanoemulsions with a hydrodynamic radius of 90 nm were not 

susceptible to E/Z photoisomerization in terms of changes in the droplet size or the ζ-potential. 

However, in situ second-harmonic scattering experiments show dramatic and reversible changes in 

SHS intensity driven by E/Z isomerization, which is directly linked to surface potential at the 

nanoscopic interfaces.  

The apparent differences in ζ-potentials and surface excess provide evidence for a fixed charge 

to particle size ratio and the need for counter ion condensation to renormalize the particle charge to a 

critical charge, which is markedly different compared to the behavior of very large particles in 

macroemulsions.[2] Our results indicate that we not only can control the surface coverage of the light-

responsive AAP at extended and nanoscopic o/w interfaces but also the degree of counter ion 

condensation within the same system without further additives and exclusively by light irradiation.  

Thus, our findings may have broader implications as the electrostatic stabilization of 

nanoparticles require much lower surfactant concentrations, allowing for a more sustainable use of 

surfactants. 
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Hybrid colloids that combine polymers and plasmonic nanoparticles, e.g. gold and silver, 

gained increasing interest over the last years.[1] Gold-poly-N-isopropylacrylamide (Au-PNIPAM) 

core-shell microgels were used for periodic coatings due to the localized surface plasmon resonance 

(LSPR) of the cores leading to surface lattice resonance (SLR).[2] The position of the resonance 

strongly depends on the size of the cores.[3] Compared to other core-shell microgels, Au cores can 

be precisely overgrown in the shell in situ.[2] Although the cores grow in size, the overall 

hydrodynamic diameter of the microgels does not change. It is not known how the structure of the 

shell changes during the overgrowth. 

Here, we are analyzing Au-PNIPAM microgels with two crosslinker densities of 8 mol% and 

16.5 mol%. The cores are overgrown from 14 nm in diameter to 100 nm (see Figure 1a, 1b). We 

perform dynamic and static light scattering (DLS/SLS) and small-angle X-ray and neutron scattering 

(SAXS/SANS) to study the respective form factors (Figure 1c, 1d). SAXS provides information about 

the gold cores, LS about the shell and the cores and SANS about the shell. We investigate the changes 

at different temperatures around the volume phase transition of the PNIPAM shell. Thus, we can 

compare swollen and collapsed state of each microgel batch. Additionally, extinction spectra are 

recorded to study the optical properties. We also perform Monte Carlo simulations of the different 

microgels to get information on the internal structure of the shell and the polymer distribution. 

 
Figure 1. TEM images of Au-PNIPAM microgels with core sizes of 100 nm (a) and 14 nm (b) in diameter. 

Corresponding SAXS (c) and SANS (d) curves of the Au-PNIPAM microgels. Fits are shown in black. 

References 

[1] M. Karg, T. Hellweg, J. Mater. Chem., 2009, 19, 8714-8727 

[2] E. Ponomareva, K. Volk, P. Mulvaney, M. Karg, Langmuir, 2020, 36, 45, 13601-13612 

[3] T. Honold, K. Volk, A. Rauh, J.P.S. Fitzgerald, M. Karg, J. Mater. Chem. C, 2015, 3, 11449-

11457 



 
 

19TH ZSIGMONDY COLLOQUIUM 2024 
 

NIPMAMol: a high VPTT Microgel 
 

Jonas Runge1, Julian Oberdisse 2 and Thomas Hellweg 1  

 
1 Bielefeld University, Physical and Biophysical Chemistry, Bielefeld, Germany 

2 University of Montpellier, Laboratoire Charles Coulomb (L2C), CNRS, Montpellier, France 

Jonas.runge@uni-bielefeld.de 

 

Keywords: Microgels, Acrylamides, high VPTT 

 

Microgels are spherical, soft, colloidal particles comprising a cross-linked polymer network 

internally. Their size ranges from 100 nanometers to some micrometers. So-called smart microgels 

do undergo a change of conformation due to external stimuli such as pH and temperature. Due to their 

smart behavior, microgels are promising candidates for e.g. drug delivery or switchable filtration 

membranes. The LCST of a monomer can be tuned by the hydrophilicity of the end group.[1] 

Fuel cells are a critical part of the transformation of the energy sector and an integral part of 

e.g. the German hydrogen strategy. Low-temperature fuel cells operate around 80-90°C and a key 

component is the membrane for the charge separation. If such membrane is self-regulating the safety 

of fuel cells could be further improved.  

This work aims to utilize an alternative acrylamide monomer with a high LCST. To do that a 

terminal alcohol group is introduced to NIPMAM. The monomer N-(1-Hydroxy-2-

propyl)methacrylamide is called NIPMAMol. Copolymer microgels with the conventional 

acrylamides NNPAM, NIPAM and NIPMAM are synthesized via radical precipitation 

polymerization to demonstrate the tunability of the VPTT. The microgels are characterized by photon 

correlation spectroscopy (PCS) and turbidity measurements. The VPTT of pNIPMAMol is 

extrapolated from a series of copolymer systems with a systematic variation of the copolymer ratio.  

 
Figure 1. A) Swelling curves of microgels with a systematic variation of the NNPAM and 

NIPMAMol ratio are shown. The size of the microgels in the swollen state and the VPTT of the 

systems increases with increasing NIPMAMol content. B) The obtained VPTTs of the microgel 

systems are extrapolated linearly to obtain a VPTT for pNIPMAMol. 
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Microgels display complex phase behavior and dynamics, which are heavily influenced by their 

chemical composition and inherent softness [1]. The degree of softness determines their ability to 

deform, interpenetrate, and contract at high-volume fractions. The phase behavior of microgels 

becomes increasingly intricate when considering anisotropic colloids, owing to the presence of 

directional dependencies in their interactions and dynamics. Employing magnetic core-shell 

microgels as a model system allows to study the phase diagrams of soft colloids.  

In this study, we utilized core-shell microgels with a magnetic core comprising an anisotropic silica-

coated maghemite nanoparticle and a crosslinked polymer network shell made of poly(isopropyl 

acrylamide). Under an external magnetic field, these microgels align with their long axis to the field, 

analogous to compasses. Used as colloidal analogs of “spins,” we investigated their phase behavior 

spanning the formation of plastic crystals in the presence of long-range electrostatic repulsion under 

deionized conditions to the formation of “spin glasses” above the colloidal glass transition at higher 

concentrations. Composite microgels featuring anisotropic cores offer several advantages. The 

orientation of the core can be monitored, serving as a valuable indicator of whether the system is 

jammed. Additionally, this system can be analyzed using cross-polarized microscopy, as the core can 

polarize light. This allows for a low-effort analysis of the dynamics of concentrated microgel 

dispersions and the jamming point. As microgel concentration increases, the magnetic nanoparticles 

exhibit decreased orientation under the influence of an external magnetic field due to their jamming 

within the microgel matrix. By analyzing the jamming behavior in relation to microgel concentration, 

we can gain valuable insights into these complex systems and evaluate the use of these microgels as 

tracers for less-scattering systems, such as ultra-low crosslinked microgels.  

 

Figure 1. SAXS patterns of concentrated microgel dispersions (0.2 – 15wt%) under static magnetic fields 

(6 - 70mT). Scale bars: 5.4 ⋅ 10-4 nm-1. 
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