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Responsive polymers, such as poly(N-isopropylacrylamide) represent an exciting material 

class with a wide range of applications for example as phase-change materials, actuators and self-

healing systems. In the last decades, the behavior of thermoresponsive polymers with a lower critical 

solution temperature (LCST) has been thoroughly studied via a variety of methods including small-

angle neutron scattering (SANS).[1] For such polymers, recent works found the existence of 

polymeric micelles, when the polymers possessed hydrophobic end groups.[2] It was found that the 

internal structure of these polymeric micelles depends on the molecular weight of the polymer as well 

as on the type of end group.  

Therefore, we attempt to investigate the solution behavior and the occurrence of micelles as a 

non-dominant phase. In this work, we use RAFT polymerization to synthesize linear PNIPAM chains 

with a low dispersity that are terminated with an aliphatic dodecane chain terminus. For a direct  

comparison, we also investigate the same polymers after cleavage of the hydrophobic end groups. 

We analyze the polymers using surface tension measurements to determine the critical micelle 

concentration of the polymers (Figure 1, left). Additionally, we use dynamic light scattering in 

dependance of the polymer concentration to determine the size of potential aggregates that form 

(Figure 1, inset). To further resolve the overall dimensions, as well as to determine the volume 

fraction of these aggregates we use SANS (Figure 1, right). This also allows us to determine the 

aggregation number of these micelle-like structures in dependance of the end group and overall 

polymer concentration.  

 
Figure 1. Left: Determination of the CMC via concentration-dependent surface tension measurements. Inset: 

Hydrodynamic diameter determined from DLS as a function of polymer concentration. Right: SANS data of 

linear PNIPAM (20 kDa) at different concentrations. 
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Superparamagnetic iron oxide nanoparticles (SPIONs) and gold nanoparticles (AuNPs) are 

known for their hyperthermia capability in diagnostic imaging and cancer therapy due to their unique 

magnetic and optical properties, respectively.[1] To use their full potential, stabilizing ligands are 

necessary to prevent aggregation and enable biocompatibility. Typically, SPIONs are stabilized with 

oleic acid, a hydrophobic ligand, while AuNPs are stabilized with citric acid, which is a weak ligand 

for AuNPs.[2] For water-based applications, transition to a hydrophilic, long-term stable ligand is 

necessary. 

Here, we present versatile and stable ligands derived from dopamineacrylamide for both sys-

tems with different anchoring motifs.[3] Polydopamineacrylamide (PDAAM) ligands are synthesized 

by RAFT polymerization with thiol end groups to attach strongly to AuNP surfaces, whereas hydroxyl 

groups of the catechol are used to attach to the SPION surface. 

Successful ligand exchange is indicated by a phase transfer of particles from organic to aqueous 

phase and characterized by Fourier-transform infrared spectroscopy (FT-IR), ζ-Potential measure-

ments and small-angle X-ray scattering (SAXS), as well as transmission electron microscopy (TEM) 

to verify the uniformity of shape and size of particles.  

In addition, the thermal cleavage of acetonide protecting groups on catechols is investigated by 

irradiating AuNPs with near-infrared radiation (NIR), to regain the adhesive capabilities of dopamine 

in a fast and catalyst-free approach. 

 

 
Figure 1. Schematic illustration of the bifunctional ligand exchange with PDAAM on AuNPs (red) and  

 SPIONs (black).  
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The controlled assembly of molecules and colloids into two-dimensional structures has been a 

driving force in the advancement of surface functionalization techniques for nanocoatings and the 

development of functional materials. [1] The significance and comprehension of soft colloids have 

witnessed a notable surge in the past decade based on their characteristic soft properties and unique 

interfacial phase behavior. The Langmuir-Blodgett technique has emerged as a common method for 

investigating the assembly behavior of colloids at various interfaces, where their compression 

isotherms are systematically examined in terms of surface pressure (Π) as a function of interfacial 

area. Furthermore, structural insights regarding order and interparticle distances across different 

phases have been examined through complementary techniques such as atomic force microscopy, 

light microscopy, and small-angle x-ray/light scattering (SAXS/SALS). [2-5] 

In previous investigations, our group studied various colloidal monolayers utilizing in-situ 

SALS implemented on a Langmuir trough (LT). [5] This study provided insights into structural 

development of colloidal monolayers in real-time. In the present study, we used micron-sized hard-

core soft-shell microgels [6] and monitored the compression process and subsequent response of the 

monolayer using our in-situ setup (LT-SALS). We aim to emphasize and further discuss the outcome 

from previous investigations with a focus on compression parameters like speed and relaxation time.  

 
Figure 1. Left: compression isotherm (surface pressure Π against normalized area A/A0) of a hard-core soft-

shell microgel monolayer at the air/water interface with corresponding diffraction pattern from SALS at 

various Π. Scale bars correspond to 10 mm. Right: Connection of the radial profiles from SALS images 

(colour-coded intensity against the magnitude of the scattering vector q) with the corresponding Π. 
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Metal/polymer nanocomposites are versatile hybrid materials and find use in many fields such 

as photonics, biomedical engineering and catalysis. A promising realization of this type of hybrid 

material is the controlled self-assembly of gold nanoparticles inside the polymer brush, which induces 

color changes upon exposure to environmental changes enabling sensor applications. Therefore, we 

aim to gain insights into and control over the manufacturing process leading to more elaborate 

nanocomposite fabrication. 

The polymer brushes in our model system serve as a matrix for the immobilization of 

gold nanoparticles (AuNPs). Particle uptake into the brush matrix is affected by parameters such as 

brush thickness, particle size and the brush grafting density[1][2]. Polymer brushes are synthesized by 

Surface-Initiated Atom Transfer Radical Polymerization (SI-ATRP) directly from a silicon substrate. 

As has been shown earlier by our group, the grafting density has a strong impact on 

polymer-particle interactions (Fig. 1)[2]. Therefore, the focus of this work is to evaluate synthesized 

Poly(oligo(ethyleneglycol)methacrylate) (POEGMA) brushes with varying grafting densities. 

Determination of the grafting densities is done by cleaving the polymers off the surface using 

Tetrabutylammoniumfluoride (TBAF). Polymer analytics yield a molecular weight distribution by 

which the grafting density can be calculated. 

 

 
Figure 1. Particle number density of AuNPs in a Poly(2-(dimethylamino)ethyl methacrylate) (PDMAEMA) 

composite material. The particle number density is highest at intermediate grafting density (taken from [2]). 
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Porous silica, characterized by its large specific surface area and finely tuned nanoscale pore 

structures, presents an appealing platform for integrating peptides. This fusion results in hybrid 

materials termed peptide-nanomaterial conjugates, offering promising prospects for loading and 

releasing therapeutic agents in drug delivery and wound healing systems. Wound infections, 

particularly in burn injuries, pose a significant challenge due to the complexity of changing wound 

dressings and bacterial resistance. We investigate the design of peptide sequences in mesoporous 

silica and their effect on ion transport, facilitating subsequent release. Mesoporous silica coatings are 

synthesized via sol-gel chemistry and evaporation-induced self-assembly, achieving well-defined 

mesoporous structures. Mesoporous silica is functionalized utilizing BODIPY-N3 as a linker [1] 

which facilitates the visible light-triggered release. Peptides are attached to the BODIPY-N3 by 

grafting from and grafting onto approaches. The functionalization and ion transport were confirmed 

using ATR-IR, cyclic voltammetry, ellipsometry, and fluorescence analysis. It was observed that the 

peptide sequences affect the optical properties and fluorescence intensity of the coating as well as the 

ionic pore accessibility. We demonstrate that ion transport can be modulated by adjusting the 

sequence and charge of peptides within functional mesoporous films. The release of the peptide from 

the nanomaterial coating in wound dressing fabrics is expected to present an advancement in future 

wound treatment technologies.  

 
 

Figure 1. Schematic illustration of the synthesis of ultra-short peptides on mesoporous films and its effect on 

ion transport. 
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Liquid sensing platforms are crucial for environmental protection, product quality assurance, 

and scientific innovation. Traditional methods for detecting aqueous pollutants and ensuring water 

quality, such as HPLC and GC-MS, are often time-consuming, expensive, and laboratory-based. As 

an alternative, liquid-liquid chemo- and biosensors offer a promising on-site pre-monitoring solution, 

resembling natural recognition environments and complementing existing techniques. 

Oil-in-water emulsion droplets are useful for environmental monitoring due to the ease of 

preparation in diverse settings. Their hydrophobic-hydrophilic interfaces facilitate reactions between 

synthetic surfactants, which are often organo-soluble, and analytes in aqueous environments. These 

droplets are stabilized by surfactants and exist in dynamic, thermodynamic out-of-equilibrium states, 

with molecules continually exchanging between the droplets and surroundings. Interface-selective 

sensitization allows for programmed up and down-regulating capabilities. Dynamic interfacial host-

guest complexation can trigger morphological changes that resemble cell surface environments. 

Emulsion droplets act as messenger colloids, visualizing and reporting chemical changes with 

exceptional sensitivity, and detecting levels as low as femtomolar [1]. 

 Previous studies succeeded in analyzing individual droplet shapes but were limited in high-

throughput and multiplexing capabilities. We developed a rapid analytical tool for multiplexed high-

throughput screening, parallel prescreening, or semi-quantitative diagnostics, utilizing Janus 

emulsions containing hydrocarbon and fluorocarbon oils stabilized by two surfactants. An inert 

surfactant to maintain stability during stimulation and a stimuli-responsive surfactant that is sensitive 

to specific functional groups of analytes. These droplets have shown significant potential as liquid 

sensing materials, detecting various analytes including small molecules, metal ions, viruses, and 

bacteria [2]. The droplet morphologies were analyzed using customized sideview microscopy, 

coupled with a real-time droplet morphology monitoring system, following the addition of analytes 

to the droplet-containing environments. Key parameters for characterizing morphology, other than 

interfacial tensions, are contact angles, volume ratios, surface area ratios, and snowman angles. The 

images were processed using MATLAB algorithms to extract essential parameters and generate 

calibration curves for further analysis. The results demonstrate that the sensing machine can 

accurately differentiate between analytes in a short period of time.  

 Automated Complex Janus droplet-based sensing devices offer great potential for 

distinguishing between different aqueous samples. They have leading advantages such as low cost, 

short response times, and high accuracy, making them ideal for rapid monitoring of environmental 

pollution, diagnostic markers, and water quality. 
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 In order to reduce greenhouse gas emissions, the substitution of fossil-based resources is of 

great importance. One class of renewable resources is that of biosurfactants, such as 

mannosylerythritol lipids (MEL). Biosurfactants are microbial products with low toxicity and 

biodegradability.[1] However, the replacement of conventional surfactants by biosurfactants is 

complex.[2] Hence, systems containing biosurfactants require fundamental physico-chemical 

investigations and synergistic combinations with other sustainable surfactants must be identified.  

In the present study, the equilibrium and non-equilibrium physico-chemical properties of two 

different structures of MEL were investigated (see Figure 1, variants 1 and 2). It was found that the 

phase boundaries of the microemulsion of dodecyl tetraethylene glycol ether (C12E4) shift towards 

lower temperatures upon addition of the more hydrophobic structure, variant 1. Furthermore, low 

interfacial tensions for this MEL structure were found at equilibrium. The more hydrophilic variant 

2 on the other hand shifts the phase boundaries of the microemulsion of C12E4 to higher temperatures. 

In addition, fast adsorption on the surface/oil-water-interface was observed for this MEL variant. To 

find synergistic combinations, both lipids were combined with either sodium dodecyl sulfate (SDS) 

or sodium dihexyl sulfosuccinate (SDHS). When the MEL variant 1 was combined with SDHS, lower 

interfacial tension at equilibrium were observed. In addition, variant 2 showed a faster adsorption 

velocity when combined with one of the anionic surfactants. 

 
 

Figure 1. Structure of the different surfactants used. 
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Microgels are three-dimensionally crosslinked polymer network that can swell in a good solvent 

(usually water). They can adapt their size and internal structure in response to environmental stimuli, 

such as temperature, pH, or ionic strength. Microgels are highly interfacially active and possess a rich 

phase behavior due to their inhomogeneous soft structure. They can be used, e.g., as emulsion 

stabilizers or as surface coatings [1].  

In this study, microgel monolayers were prepared via Langmuir-Blodgett depositions at 

different interfacial concentrations [2]. The monolayers were investigated ex-situ using atomic force 

microscopy / force spectroscopy [3] to investigate the structure and topography of the monolayers as 

well as the internal structure of microgels within the monolayers at the solid-liquid interface at 

different temperatures. Force-Distance curves and their features were analyzed using custom written 

MATLAB codes to extract the contact stiffness of the microgels which is proportional to the polymer 

density within the microgels. 

 The results of our measurements show that the confinement of microgels within monolayers 

has a profound effect on the internal structure of microgels. Single microgels possess an 

inhomogeneous internal structure with a stiffer center and less stiff periphery. The compression of 

the microgels within dense monolayers has little impact on the lateral dimensions of the microgels at 

the solid-liquid interface and only a slight increase in height can be detected upon compression. 

However, the microgels become noticeably stiffer in their center at high compressions, indicating an 

increase in polymer density. 
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