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Session 1: Advanced formulations 

(Invited) A novel strategy to fabricate stable oil foams with sucrose ester surfactant 

Bernard P. Binks and Yu Liu 

University of Hull, UK 

Reports on oil foams in the literature are quite sparse despite their occurrence in several products and 
processes.[1] Recent work however has shown that crystals of surfactant or fat may adsorb at the air-oil 
surface enabling foam formation and enhancing foam stability. Typical surfactants include fatty acids or fatty 
alcohols with vegetable oils like sunflower oil. In these cases, crystals are formed in oil in the 2-phase region 
(lower temperature) and the dispersion is aerated subsequently. We describe here an alternative approach 
to yield oil foams of high stability. A sucrose ester surfactant of relatively low HLB number dissolves in olive 
oil at high temperature as a molecular solution. We discover that these solutions exhibit substantial foaming 
(over-run 170%) but foams ultimately collapse within several days. We show that surfactant molecules are 
surface-active at high temperature and that hydrogen bonds form between surfactant and oil molecules. 

Unlike all previous reports, both foamability and foam stability decrease upon lowering the aeration 
temperature into the 2-phase region containing surfactant crystals. We introduce a strategy to increase foam 
stability by rapidly cooling foam prepared at high temperature which induces surfactant crystallisation in 
situ. Cooling these foams substantially increases foam stability due to both interfacial and bulk surfactant 
crystallisation. The generic nature of our findings is demonstrated for a range of vegetable oil foams with a 
maximum over-run of 330% and the absence of drainage, coalescence and disproportionation being 
achieved.[2] 

[1] B.P. Binks and B. Vishal, Particle-stabilized oil foams, Adv. Colloid Interface Sci., 2021, 291, 
102404. 

[2]  Y. Liu and B.P. Binks, A novel strategy to fabricate stable oil foams with sucrose ester surfactant, J. 
Colloid Interface Sci., 2021, 594, 204-216.  

Glucose-responsive Pickering emulsions stabilized by microgels  

Marie Charlotte Tatry, Yating Qiu, Veronique Lapeyre, Patrick Garrigue, Léa Waldmann, Paul Galanopoulo, 
Véronique Schmitt, and Valérie Ravaine 

Université de Bordeaux, France 

Microgels are soft and deformable particles. When constituted with amphiphilic chains like poly(N-
isopropylacrylamide) (pNIPAM), they adsorb at liquid interfaces. Soft microgels were found to efficiently 
stabilize Pickering emulsions [1] or foam films [2] in good solvent conditions. These emulsions could be 
destabilized on demand upon collapse of the microgels by heating them above their volume phase 
transition. Softness is a key requirement for emulsion stability, as it controls the extent of microgel spreading 
and interfacial elasticity [3, 4]. In this work, we investigate sugar-responsive microgels as Pickering 
emulsions stabilizers. Boronate-functionnalized microgels having a sugar-dependent swelling were 
synthesized and characterized in terms of morphology, charge and swelling properties. The stability of the 
resulting emulsions was also examined both at rest and under applied stimuli. In the absence of sugar, the 
microgels were found to behave as rigid spheres. The resulting emulsions were mechanically fragile. Upon 
sugar addition, the microgels swelled and became softer, allowing highly stable emulsions. The stabilization 



 
 

mechanisms were explained in light of complementary experiments on model interfaces, regarding 
spontaneous adsorption kinetics and Langmuir film compression studies. We discuss the role of microgel 
functionalization and propose to extend the concept to formulated systems including poly(ethyleneglycol)-
based biocompatible microgels, suitable in the biomedical field [6]. 

 

 

Figure 1: Sugar-dependence of microgel swelling and consequences on the resulting emulsion stability.  

[1]  Destribats M., Lapeyre V., Wolfs M., Sellier E., Leal-Calderon F., Ravaine V., Schmitt V., Soft Matter 
7 2011, 7689 

[2]  Keal L., Lapeyre V., Ravaine V., Schmitt V., Monteux C., Soft Matter 13 2017 170 
[3]  C. Picard, P. Garrigue, M.C. Tatry, V. Lapeyre, S. Ravaine, V. Schmitt, V. Ravaine, Langmuir, 33 

2017, 7968−7981 
[4]  Tatry M.C., Laurichesse E., Perro A., Ravaine V., Schmitt V., J. Colloid Interface Sci. 548 2019, 1-11; 
[5]  Tatry M C, Qiu Y., Lapeyre V., Garrigue P., Schmitt V., Ravaine V., J. Colloid Interface Sci., 561 

(2020) 481–493 
[6] Tatry M.C. et al., J. Colloid Interface Sci., 589 (2021) 96-109 

The Design of Light-Responsive Pickering Emulsions  

Kieran D. Richards and Rachel C. Evans  

University of Cambridge, UK 

‘Pickering’ or solid-particle stabilised emulsions are being increasingly explored as a method for the 
encapsulation of a wide range of materials in applications such as drug delivery, catalysis and oil 
separation.[1,2] Such emulsions are characterised by two incompatible phases, one continuous phase and 
one dispersed phase (droplets), with solid ‘stabilising’ particles bridging the interface. Recently, a new class 
of light-responsive Pickering emulsions has emerged, which can destabilise and release active material 
stored in the dispersed phase with the application of light.[3,4] This is desirable in areas such as drug 
delivery or oil separation as it allows material to be released without making direct contact with the droplets. 
Light responsivity is achieved by grafting photoswitchable molecules to the surface of the stabilising 
particles. These photoswitches have the ability to change the hydrophobicity, and therefore the stability of 
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the interfacial particles, in response to light. A variety of photoswitches have been explored for this purpose, 
including spiropyrans3 and donor-acceptor Stenhouse adducts (DASAs),4 but there is no systematic study 
which justifies the choice of photoswitch derivative within a given class.  

In this work we present a practical guide that outlines the considerations that need to be made when 
designing light-responsive Pickering emulsions. As proof-of-concept we investigate particle stabilisers whose 
surface is grafted with azobenzene switches, which are well-known to reversibly isomerise between their trans 
and cis state with the application of UV or blue light, respectively.[5] The cis state is more hydrophilic than 
the native trans form, due to the formation of a dipole moment, and therefore the particles become more 
hydrophilic upon irradiation with UV light.[5] Three different azobenzene derivatives, each with a different 
length of spacer based on a carbon chain (Fig. 1), are investigated and grafted to fumed silica (200 nm), 
which is a well characterised Pickering emulsion stabiliser.6 Using the contact angle between the 
solidparticles and several test liquids we show that surface energy decreases with increasing grafting density 
and chain length.[6] The morphology of the resulting emulsions is characterised using optical microscopy 
and shows that an emulsion with low surface energy particles, which is unstable in its native state, can 
become more stable when irradiated with UV light, permitting emulsion formation. The results of this work 
will enable anyone with an interest in lightresponsive emulsions to rationally design systems, which are able 
to cross the threshold between stable and unstable states with the application of light, through their choice 
of photoswitch and grafting density. 

 

Figure 1: Illustration showing azobenzene grafted to the surface of fumed silica. Upon irradiation with UV light 
the wettability of the surface changes and an emulsion can be stabilised.  

[1] C. Albert, M. Beladjine, N. Tsapis, E. Fattal, F. Agnely and N. Huang, J. Control. Release, 2019, 309, 
302–332.  

[2] C. L. G. Harman, M. A. Patel, S. Guldin and G. L. Davies, Curr. Opin. Colloid Interface Sci., 2019, 39, 
173–189.  

[3] Z. Chen, L. Zhou, W. Bing, Z. Zhang, Z. Li, J. Ren and X. Qu, J. Am. Chem. Soc., 2014, 136, 7498–
7504.  

[4] Y. Chen, Z. Li, H. Wang, Y. Pei, Y. Shi and J. Wang, Langmuir, 2018, 34, 2784–2790.  
[5] H. M. D. Bandara and S. C. Burdette, Chem. Soc. Rev., 2012, 41, 1809–1825.  
[6] B. P. Binks and A. T. Tyowua, Soft Matter, 2013, 9, 834–845. 

  



 
 

Pickering Emulsions Stabilized by Carboxylated Nanodiamonds 

Zhiwei Huang1, Izabela Jurewicz1, Edgar Munoz2, Rosa Garriga3, and Joseph L. Keddie1 

1University of Surrey, UK, 2Instituto de Carboquímica ICB-CSIC, Spain, 3Universidad de Zaragoza, Spain 

In biomedical or pharmaceutical applications, surfactants in conventionalemulsions can cause tissue 
irritation or cell damage. In this work, biocompatible nanoparticles of sp3 carbon, called nanodiamond (ND), 
with a carboxylated surface, were used to prepare mono-sized Pickering emulsions of sunflower oil in water. 
Emulsification of the oil in acidic ND dispersions was achieved via two different techniques: membrane 
emulsification and probe sonication. Whereas membrane emulsification fabricated larger (about 30 µm) oil 
droplets (Figure 1), probe sonication resulted in smaller (sub-µm) droplets and higher stability for a wide 
range of pH values (acidic to alkaline). The emulsions show high stability against mechanical vibration and 
offer long-term storage up to one year. Pendant drop tensiometry confirmed that ND particles are adsorbed 
at the oil/water interface, with a greater decrease in interfacial tension found with increasing ND 
concentrations in the dispersion. ND coatings become more hydrophilic with increasing pH, according to 
three-phase contact angle analysis, because of deprotonation of the carboxylic acid groups. Destabilisation 
of the Pickering emulsion at very high pH was demonstrated in highly alkaline buffers, which is due to the 
saponification of the vegetable oil and association with cations in solution. This is the first systematic study 
of carboxylic ND-stabilized Pickering emulsions, and it indicates a very promising prospect for a range of 
applications.  

 

Figure 1: ND stabilized Pickering emulsions prepared by membrane emulsification.  
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Session 2: Bio-inspired Systems 

Self-assembly of spherical nanoparticles at the membrane interface  

Amirhoushang Bahrami 

Bilkent University, Turkey 

Many cellular and biological processes rely on the interactions between colloids/ nanoparticles and 
biological membranes. Cellular uptake of nanoparticles for drug delivery purposes, cellular internalization of 
viral particles, and cellular entry of nutrients and nanovesicles are prime examples (1-6). More recently, 
linear aggregates of colloids and nanoparticles have been used to remodel biomembranes, mimicking 
cellular processes such as cell division and membrane constriction by proteins and cytoskeletal filaments 
(6,7). It is thus crucial to understand how these nanoparticles cluster and form nanostructure at the 
membrane interface and how these aggregates can induce membrane shape transformations required for 
many cellular and biological processes. 

 

Figure 1: Tubular aggregates of nanoparticles in vesicles (b) curvature-mediated interactions between Janus 
particles (c) vesicle constriction by nanoparticle rings  

We characterize the nature of membrane-mediated interactions between nanoparticles absorbed on vesicles 
and demonstrate how repulsive and attractive interactions between these particles depend on the 
membrane elastic deformations (4). We report strongly stable tubular structures of nanoparticles (Fig. 1a) on 
a vesicle membrane which provides a pathway for storing several nanoparticle in small vesicle containers, 
useful for particle transportation and delivery in biological environment. We show that these interactions 
depend on membrane curvature (Fig. 1b) and particle wrapping (5). We then use chains of nanoparticles, 
clustered by membrane-mediated attractions, to impose vesicle constriction (Fig. 1c) and the following 
scission (6). Our findings, not only reveal how cellular processes are regulated by linear aggregates of 
nanoparticles but also suggest practical ways of designing nanostructure for bottom-up approaches in 
building a synthetic cell.  

[1] Bahrami, A. H. et. al, Advances in colloid and interface science 2014, 208, 214-224.  
[2] Bahrami, A. H., Lipowsky, R., & Weikl, T. R., Soft Matter 2016, 12(2), 581-587.  
[3] Bahrami, A. H., Soft Matter 2013, 9(36), 8642-8646.  
[4] Bahrami, A. H., Lipowsky, R., & Weikl, T. R., Phys. Rev. Lett. 2012, 109, 188102.  
[5] Amir H. Bahrami and Thomas Weikl, Nano Letters, 2018, 18, 1259-1263. 
[6] Arash Bahrami, & Amir H. Bahrami, Nanotechnology, 2019, 30(34), 345101.  
[7] J. Schoeneberg, et al., Science, 2018, 362, 1423–1428. 



 
 

Cellulosic Biofilm Formation of Acetobacter in Kombucha at Oil-Water Interfaces 

Guruprakash Subbiahdoss, Sarah Osmen, and Erik Reimhult 

University of Natural Resources and Life Sciences (BOKU) Vienna, Austria 

Bacteria forming biofilms at oil-water interfaces have diverse metabolism; they use hydrocarbons as a 
carbon and energy source1. Kombucha is a fermented drink obtained from a complex symbiotic culture of 
bacteria and yeast, where acetic acid bacteria present in kombucha use sugars as a carbon source to 
produce cellulosic biofilms2. We hypothesize that Acetobacter xylinum in kombucha can adsorb to and use 
hydrocarbon oils as an energy source to produce cellulosic biofilms. We studied the interfacial rheology of 
bacterial adsorption and cellulosic biofilm formation of Acetobacter in kombucha at the n-decane or mineral 
oil-water interface over time using a drop shape analyzer. Experiments were performed on droplets of n-
decane or mineral oil held at the tip of an inverted needle in kombucha suspension of OD600 nm 0.05 in PBS. 
The interfacial tension and elasticity were recorded every 24 h for 7 days.  

A decrease in interfacial tension caused by bacterial adsorption was observed in the presence of either n-
decane or mineral oil. A significant difference in interfacial tension between n-decane and mineral oil was 
observed at days 0 and 1 but not on later days (Fig. 1A). The viscous moduli (E’’) remained significantly 
lower than the elastic moduli (E’) at all time points. The ratio of the storage to loss moduli increased with 
time and reached its highest value (E’/E’’ >32) on day 2 for mineral oil and day 5 for n-decane (Fig. 1B). 
When the oil drop volume was reduced after day 1, the mineral oil-kombucha suspension interface showed 
an elastic membrane-like behavior while the n-decane-kombucha suspension interface fully relaxed (Fig. 1, 
inset). We conclude that Acetobacter from kombucha can produce elastic cellulosic biofilms using 
hydrocarbons from the oil interface as the sole source of carbon and energy for producing bacterial cellulose 
through remediation of hydrocarbon waste.  

 

Figure 1: A) The interfacial tension (𝛾𝛾) as a function of the number of days measured between i) n-decane 
(open box) and kombucha suspension, and ii) mineral oil (shaded box) and kombucha suspension. The 
inset represents the deformation of interfaces of suspensions in contact with oil droplets in response to large 
volume reductions on day 1, B) The ratio of elastic to viscous moduli (E’/ E’’) of the interface between oil (i) 
n-decane (open box) and ii) mineral oil (shaded box)) and kombucha suspension at every 24 h for 7 days. 
*denotes significance (p<0.05) compared to n-decane and kombucha suspension.  

[1] Niepa THR et al. Films of Bacteria at Interfaces (FBI): Remodeling of Fluid Interfaces by 
Pseudomonas aeruginosa. 2017. doi:10.1038/s41598-017-17721-3. 
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[2] May A et al. Kombucha: A novel model system for cooperation and conflict in a complex multi-
species microbial ecosystem. 2019. doi:10.7717/peerj.7565. 

Magneto-elastic composite micro-robots 

Matthew T Bryan1, Jose Garcia-Torres2, Elizabeth L Martin3, and Feodor Y Ogrin3 

1Royal Holloway, University of London, UK, 2 Universitat Politecnica de Catalunya, Spain, 3University of 
Exeter, UK 

As free-floating active particles, self-propelling magnetic micro-robots have potential to disrupt liquid 
interfaces and transport biomolecules, yielding applications in targeted drug delivery and microfluidic devices.  
However, microscale hydrodynamics prevents propagation if swimming strokes are time-reversible, requiring 
novel strategies to produce net motion.  Here, we demonstrate swimming in lithographically-defined micro-
robots composed of ferromagnetic particles connected by an elastic link.  Differences in magnetic anisotropy 
enable the particles to reverse magnetizations independently in a sinusoidal magnetic field, resulting in 
alternating attractive/repulsive dipolar interactions that facilitate breaking of time-reversal symmetry. 

Micro-robots swam at either the air or solid interfaces but were fastest (95.1 µm/s) on solid surfaces.  Speed 
was tuned using the applied field amplitude or frequency.  The mechanism of swimming also depended on 
frequency, as well as the type of interface present.  At low frequencies, the micro-robot rotated fully to align 
with the field, resulting in 2D spinning modes at the air interface (Fig. 1a) and 3D tumbling modes at the solid 
interface (Fig. 1b).  At high frequencies, the swimmer was unable to track the field direction fast enough, so 
switched to a rocking mode (Fig. 1c).  Multiple micro-robots agglomerate to form superstructures that propels 
via spinning (Fig. 1d) and rocking (Fig. 1e) modes analogous to those seen in isolated swimmers.  Micro-robot 
propulsion was driven by a combination of dipolar interactions between the ferromagnetic particles and 
rotational torque due to the applied field, combined with elastic deformation and hydrodynamic interactions 
between different parts of the structure. 
 

 
 
Figure 1: Sequential images of swimmers during motion showing: (a) spinning, (b) tumbling and (c) rocking 
modes in isolated swimmers and (d) spinning and (e) rocking modes in swimmer pairs.  The arrow indicates 
the direction of the magnetic field axis (B).  Micro-robot length = 68 µm. 



 
 

Regimes of motion of triangular magnetocapillary swimmers  

Alexander Sukhov1, Maxime Hubert2, Galien Grosjean3,4, Oleg Trosman2, Sebastian Ziegler2, Ylona Collard3, 
Nicolas Vandewalle3, Ana-Sunčcana Smith2,5, and Jens Harting1,2 

1Helmholtz Institute Erlangen-Nürnberg for Renewable Energy (IEK-11), Germany, 2Friedrich-Alexander-
Universität Erlangen-Nürnberg, Germany 3Université de Liège, Belgium 4IST Austria, Austria 5Ruder Bošković 
Institute, Croatia  

We study the dynamics of a triangular magnetocapillary swimmer using the lattice Boltzmann method. 
Performing extensive numerical simulations taking into account the coupled dynamics of the fluid-fluid 
interface (Shan-Chen model) and of magnetic particles floating on it and driven by external magnetic fields 
we extend on our previous work [1], which deals with the self-assembly and a specific type of the swimmer 
motion characterized by the swimmer’s maximum velocity centered around the particle’s inverse viscous 
time. Here [2], we identify additional regimes of motion. First, modifying the ratio of surface tension and 
magnetic forces allows to study the swimmer propagation in the regime of significantly lower frequencies 
mainly defined by the strength of the magnetocapillary potential. Second, introducing a constant magnetic 
contribution in each of the particles in addition to their magnetic moment induced by external fields leads to 
another regime characterised by strong in-plane swimmer reorientations that resemble experimental 
observations [3].  

[1]  A. Sukhov, S. Ziegler, Q. Xie, O. Trosman, J. Pande, G. Grosjean, M. Hubert, N. Vandewalle, A.-S. 
Smith and J. Harting, J. Chem. Phys. 151, 124707 (2019).  

[2]  A. Sukhov, M. Hubert, G. Grosjean, O. Trosman, S. Ziegler, N. Vandewalle, A.-S. Smith and J. 
Harting, Eur. Phys. J. E 44, 59 (2021).  

[3]  G. Grosjean, M. Hubert, N. Vandewalle, Adv. Coll. Int.Sci. 255, 84–93 (2018). 

Functionalised nanoparticles with enhanced antimicrobial action 

Ahmed F. Halbus,1,2 Tommy S. Horozov1, and Vesselin N. Paunov1,3 

1University of Hull, UK, 2College of Science, University of Babylon, Iraq, 3Nazarbayev University, Kazakhstan 

Nanoparticles have been widely used in a range of biomedical applications for medical imaging, labelling of 
cells, therapeutic drug delivery, etc. In recent years, nanoparticles have also been extensively studied for 
their potential nanotoxicity and promising antimicrobial capabilities due to their high surface area to volume 
ratio. Nanoparticles of different metal oxides such as titanium dioxide, zinc oxide, iron oxides, silver, and 
copper oxides have been investigated. 

Here we demonstrate that the surface modification of oxide particles with appropriate functional groups can 
lead to strong enhancement of their antimicrobial action. For example, we engineered copper oxide 
nanoparticles with boronic acid surface functionality which can form reversible covalent bonds with the diol 
groups of glycoproteins on the bacterial cell surface. Thus, they can strongly bind to the cells walls resulting 
in a very strong enhancement of their antibacterial action which is not based on electrostatic adhesion. The 
antibacterial effect of these particles has been tested against different microorganisms and compared to 
unmodified nanoparticles. It was found that the antibacterial impact of the functionalized copper oxide 
nanoparticles on Rhodococcus rhodochrous and Escherichia coli is 1 order of magnitude higher than that of 
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the unmodified particles. We believe that this approach could help with the development of novel and very 
efficient antimicrobial formulations.  

Session 3: Janus and Patchy particles 
(Invited) Assembly of Janus particles in soft matter: from interface stabilization to membrane application 

Sepideh Razavi 

University of Oklahoma, USA 

The amphiphilic character of Janus particles combined with their colloidal nature has opened up a path for 
engineering of novel materials with unique functions such as cargo delivery via nanomotors, biosensing and 
imaging, stimuli-responsive Pickering emulsions, and polymer blend compatibilization. In many such 
applications, Janus particles are in vicinity of solid surfaces and fluid interfaces; hence, a fundamental 
understanding on the role of Janus particle surface properties is required to control the resulting behavior. 
Furthermore, complex interfacial systems are composed of both colloidal particles and surfactant molecules; 
additionally, the interface can also be subjected to large deformations that produce compression and shear 
stresses. Therefore, elucidating the rich physical mechanisms that affect the synergism of heterogeneous 
particles and surfactants at interfaces and under an applied stress is essential. In this talk, we will focus on 
the following two factors linked to the Janus character: the Janus balance (the difference in the wettability of 
polar and apolar regions) and the nature of Janus character (chemical vs. physical modification of the 
particle surface). We will review the surface activity of these particles at the air/water interface, compared to 
their homogeneous counterparts, and discuss the impact of particle amphiphilicity on the flow behavior of 
the colloidal monolayers. We will also introduce the novel concept of Janus mixed matrix membranes 
(MMMs) in an effort to achieve highly permeable, highly selective, and defect- free materials for membrane 
applications. Our findings illustrate the influence of particle surface properties on the stability and rheology 
of interfaces decorated with Janus particles. 

Assembly of colloids in block copolymer melts: role of anisotropy and chemical inhomogeneity  

Javier Diaz1, Marco Pinna2, Andrei V. Zvelindovky2 and Ignacio Pagonabarraga1,3,4 

1CECAM-EPFL, Switzerland, 2University of Lincoln, UK, [3] Universitat de Barcelona, Spain, [4] UBICS, Spain  

Block copolymer (BCP) melts can self-assemble into ordered periodic morphologies (lamellar, BCC spheres, 
hexagonal cylinders, …), which has been exploited to control the localisation of colloidal nanoparticles 
(NPs). Additionally, BCP domains can template the alignment of NPs with orientational degrees of freedom. 
In this work we computationally study the role of shape anisotropy with a generalised model that simulates 
colloids with a variety of shapes (spheroids, rhomboids, nanorods) [1]. Simulation results are compared with 
experimental setups both in 2D and in 3D, finding good agreement and novel co-assembled structures, 
thanks to the rich phase behaviour of BCP melts and the various NP length scales [2].   

Moreover, chemically inhomogeneous nanoparticles such as Janus NPs (JNPs) are found to strongly 
segregate at BCP interfaces. At moderate JNP concentrations the interplay of the BCP morphology and the 
JNP distinct interactions allow the formation of complex co-assembled configurations. [3]   



 
 

 

Figure 1: Anisotropic prolate spheroids assemble within a BCC sphere-forming BCP, inducing a phase 
transition in its morphology. Phase coexistence between BCC spheres and hexagonal cylinders is observed. 

[1]  Diaz, J., Pinna, M., Zvelindovsky, A.V. and Pagonabarraga, I., 2019. Nonspherical Nanoparticles in 
Block Copolymer Composites: Nanosquares, Nanorods, and Diamonds. Macromolecules, 52(21) 

[2]  Diaz, J., Pinna, M., Zvelindovsky, A.V., Pagonabarraga, I. and Shenhar, R., 2020. Block Copolymer–
Nanorod Co-assembly in Thin Films: Effects of Rod–Rod Interaction and Confinement. 
Macromolecules, 53(8) 

[3]  Diaz, J., Pinna, M., Zvelindovsky, A. and Pagonabarraga, I., 2019. Co-assembly of Janus 
nanoparticles in block copolymer systems. Soft matter, 15(31)  

Patchy particles at a hard wall: orientation-dependent bonding 

Paulo Teixeira1,2 and Francesco Sciortino3 

1ISEL – Instituto Politécnico de Lisboa, Portugal, 2Faculdade de Ciências da Universidade de Lisboa,  
Portugal, 3Università di Roma “La Sapienza”, Italy 

The well-known and widely-used Wertheim thermodynamic perturbation theory (TPT) of associating fluids 
averages over the orientational dependence of the bonding interactions. For this reason, density-functional 
theories based on the otherwise very successful TPT have been unable to describe the structure of patchy 
particle fluids at hard walls, when the coupling of positional and orientational degrees of freedom becomes 
important at low temperatures [1]. As a first attempt at remedying this, we propose to introduce into the 
theory an additional, non-bonding, anisotropic interparticle potential that enforces end-to-end alignment of 
two-patch particles. Within the simplest mean-field approximation, this additional potential does not change 
the thermodynamics of the bulk system and hence preserves its phase diagram, but has the qualitatively 
correct effect on the order parameter and density profiles at a hard wall, as determined from computer 
simulation [2]. 
 
[1]  N. Gnan, D. de las Heras, J. M. Tavares, M. M. Telo da Gama and F. Sciortino, J. Chem. Phys., 137, 

084704 (2012). 
[2]  P. I. C. Teixeira and F. Sciortino, J. Chem. Phys., 151, 174903 (2019). 
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Session 4: Non-uniform shapes and interfaces 

(Invited) Shape-shifting droplets as building blocks for micro- and nano-structured dynamic materials 

Nikolai Denkov  

Sofia University, Bulgaria 

We discovered and developed a versatile method for transforming micron-sized alkane droplets into particles 
with complex regular shapes, incl. polyhedra, hexagonal, rhomboidal or trianglular platelets, rods and fibres 
[1]. This method includes a spontaneous process of drop self-shaping upon controlled cooling of oil-in-water 
emulsions. Subsequent studies [2,3] revealed that this process can be applied to a wide range of other lipid 
substances, including alkanols, alkenes, alkylcyclohexane, triglycerides, alkylmetacrylates and their 
mixtures. Next we demonstrated [3] that shaped droplets of alkyl-methacrylates could be polymerized and 
dried, thus fixing the shape of the obtained particles. Polymerization revealed that this drop self-shaping 
processes work on the nano-scale as well.  

The mechanism of drop self-shaping was related [1,2] to the ability of alkanes and many other substances 
to form intermediate plastic (rotator) phases at temperatures around their melting point, Tm. These plastic 
rotator phases are ubiquitous in nature and in several technologies, as they possess intrinsic properties 
which may ensure self-healing, super-hydrophobic and lubrication layers in various environments [4]. These 
drops may transform also into microswimmers, harvesting energy from temperature variations in the disperse 
medium (manuscript under revision). Detailed theoretical model was developed to describe the observed 
complex sequence of drop-shape transformations [5].  

When combined with micrometer latex particles, the drop self-shaping phenomenon leads to even more 
complex structures with the particles being used as templates to create protruding tentacles or being 
positioned at the edges and the tips of the shaped drops [6].   

We discovered also [7,8] that using simple cooling-heating cycles around the melting temperature of the oily 
drops, we could induce spontaneous drop fragmentation in the emulsion without any mechanical input. This 
self-emulsification phenomenon is so efficient that nanoparticles in the range of 20 to 50 nm can be 
obtained without using any homogenization device. 

These new approaches may be of high interest in several applied areas, including cosmetic, food, pharma 
and chemical industries. For example, the self-emulsified nanoparticles can be used for efficient 
emulsion/foam stabilization and as drug delivery vehicles (after proper functionalization), while the shaped 
micro- and nanoparticles are convenient T-responsive rheology modifiers. 

This presentation will make an overview of our current understanding of these fascinating phenomena with a 
focus on their possible applications and (still debated) mechanisms [9].    

Acknowledgments to my main co-authors in these studies S. Tcholakova, D. Cholakova, I. Lesov, Z. Valkova 
(all from Sofia Univ.), S. K. Smoukov (QMUL), P. Haas and R. Goldstein (both from Univ. of Cambridge).  

[1]  N. Denkov et al. Nature 528 (2015) 392. 
[2]  D. Cholakova et al. Adv. Colloid Interface Sci. 235 (2016) 90; Langmuir 33 (2017) 5696; Langmuir 

35 (2019) 5484. 
[3]  I. Lesov et al. Macromolecules 51 (2018) 7456. 
[4]  D. Cholakova & N. Denkov, Adv. Colloid Interface Sci. 269 (2019) 7. 



 
 

[5]  P. A. Haas et al. Phys. Rev. Lett. 118 (2017) 088001; Phys. Rev. Research 1 (2019) 023017. 
[6]  D. Cholakova et al. Soft Matter 16 (2020) 2480. 
[7]  D. Cholakova et al., ACS Nano 14 (2020) 8594. 
[8]  D. Cholakova et al., Langmuir 37 (2021) https://doi.org/10.1021/acs.langmuir.0c02967 
[9]  S. Guttman et al. PNAS 113 (2016) 493; Nano Lett. 19 (2019) 3161. 

Stabilizing liquid drops in nonequilibrium shapes by the interfacial crosslinking of nanoparticles.  

Mohd A. Khan and Martin F. Haase 

Utrecht University, The Netherlands 

Interfaces are energetically expensive hence a liquid drop takes up a spherical shape to minimize the 
interfacial energy. Here, we demonstrate the stabilization of nonequilibrium shapes of droplets via the 
interfacial self-assembly and crosslinking of nanoparticles. The resulting rigid nanoparticle assembly 
facilitates the formation of infinitely long liquid tubules and monodisperse cylindrical droplets. To deform the 
droplets away from spherical we employ hydrodynamic or gravitational forces. The droplet elongation is 
further facilitated via reducing the interfacial tension. The nonequilibrium shapes of the droplets are 
stabilized by a rigid nanoparticle assembly resulting from the synergistic adsorption of short chain 
amphiphiles and trivalent cations on the particles. We introduce a scaling relationship to describe the 
droplet length dependence and we estimate the rate of nanoparticle deposition on the droplets. Our 
approach potentially enables the 3D-printing of Newtonian fluids, broadening the array of material options 
for additive manufacturing techniques. 

 

  

https://doi.org/10.1021/acs.langmuir.0c02967
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Colloids at Non-Uniformly Curved Interfaces: Migrating Matter  

Jack O. Law1, Jacob M. Dean2, Halim Kusumaatmaja1, and Mark A. Miller1 

1Durham University, UK, 2University of Bath, UK 

In uniform three-dimensional space and flat two-dimensional space, the various states of matter can exist 
anywhere because of the translational and rotational invariance of space. In two dimensions, the 
introduction of uniform curvature (as on the surface of a sphere) can strongly affect structure, phase 
transitions and dynamics of particles confined to the surface [1-3], but all locations are still equivalent. In 
contrast, on non-uniformly curved surfaces, different states of matter may have structural or thermodynamic 
preferences for regions of different curvature [4], as illustrated in the figure. Hence, phase transitions may be 
accompanied by the migration of matter to a new position [5]. In this talk, I will show how specially designed 
simulations can be used to investigate this coupling of phase and location for colloidal clusters on toroidal 
and sinusoidal surfaces. The observations can be rationalised and quantified in terms of three universal, 
competing effects: cluster perimeter, stress and nearest-neighbour packing. We predict that migration at 
phase transitions could arise in any non-uniformly curved soft-matter system, including simple spherical 
colloids. The nature of the coupling is strongly influenced by the range of the attractive interactions between 
the particles [5]. 

 

Thermodynamically stable states on a torus. From left to right: a gas-like state, a liquid-like state in a region 
of negative Gaussian curvature, a condensed state at positive Gaussian curvature, and a crystal around zero 
curvature.  

[1]  G. Meng, J. Paulose, D. R. Nelson and V. N. Manoharan, Science 343 634 (2014)  
[2]  S. Paquay, H. Kusumaatmaja, D. J. Wales, R. Zandi and P. van der Schoot, Soft Matter 12 5708 

(2016)  
[3]  J. O. Law, A. G. Wong, H. Kusumaatmaja and M. A. Miller, Mol. Phys. 116 3008 (2018)  
[4]  L. R. Gomez, N. A. Garcia, V. Vitelli, J. Lorenzana and D. A. Vega, Nature Comm. 6 6856 (2015)  
[5] J. O. Law, J. M. Dean, M. A. Miller and H. Kusumaatmaja, Soft Matter 16 8069 (2020) 

  



 
 

Preparation, properties, and perspectives of non-close packed arrays of nanoparticles on planar and 
concave-structured surfaces  

Christina Graf1, Madlen Schmudde2, Christian Grunewald2, Christian Goroncy2, Patrick Diel1, and Thomas 
Risse2 

1University of Applied Sciences Darmstadt, Germany, 2Freie Universität Berlin, Germany  

Non-close packed two-dimensional arrays of colloidal particles are needed for various applications such as 
superhydrophobic surfaces, antireflection coatings or plasmonic structures. Several procedures yielding non-
close-packed colloidal arrangements have been reported. However, all of them are laborious, multi-step 
procedures. We have developed an approach for the preparation of extended and well-ordered non-close-
packed colloidal monolayers directly from dispersion.[1] In there, charged, amino-functionalized silica 
nanoparticles were self-assembling on a gold surface resulting in well-ordered non-closed packed 
arrangements. By exploiting frictional forces between the nanoparticles and the rough gold surface, 
aggregates' formation during the drying process is suppressed. The chemistry of the linkage between the 
nanoparticles and the gold is enhanced, extended well-ordered arrays result. The distance between the 
nanoparticles can be adjusted by the ionic strength or the solvent's dielectric constant.[2] The nearest 
neighbor distance distribution monotonously decreases with increasing ionic strength, which indicates an 
increased shielding of the electrostatic interaction with increasing ionic strength. The observed saturation 
coverages are well explained with an effective hard-sphere model in which the saturation coverage is limited 
by Coulomb repulsion. Effects of the valency of the salt ions on the interparticle distances are also studied.  

If not a planar but a concave-structured surface consisting of gold half-shells is used as a substrate, 
plasmonic interactions between the nanoparticles and the gold can be tuned. This is especially attractive if 
fluorescent particles are embedded in silica shells. Extended ordered arrays of gold bowls are prepared by 
using a colloidal crystal as a template. It is challenging to obtain an ordered array of silica nanoparticles in 
such a concave gold substrate, even if the nanoparticles' diameter corresponds to the dimensions of the 
gold bowls since the electrostatic interactions between the silica nanoparticles govern their interparticle 
distances and not the geometry of the gold bowls. However, the distance between the charged nanoparticles 
on the surface can be adjusted by the ionic strength of the dispersion medium and particles outside the gold 
bowls can be selectively removed by ultrasound treatment and extended ordered arrays of silica 
nanoparticles in gold bowls are obtained.  

[1] Schmudde, M.; Grunewald, C.; Goroncy, C.; Njiki Noufele, C.; Stein, B.; Risse, T.; Graf, C., 
Controlling the Interaction and Non-Close-Packed Arrangement of Nanoparticles on Large Areas. 
ACS Nano 2016, 10 (3), 3525–3535.  

[2] Schmudde, M.; Grunewald, C.; Risse, T.; Graf, C., Controlling the Interparticular Distances of 
Extended Non-Close-Packed Colloidal Monolayers. Langmuir 2020, 36 (17), 4827- 4834. 
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Session 6: Methods for structuring liquids and interfaces 

(Invited) Magnetic Field-Driven Energy Conversion through Explosive Self-Emulsification  

Xuefei Wu1,2, Robert Struebel4,2,, Peter Fischer2, and Thomas P. Russell4,2,5 

1Beijing University of Chemical Technology, China, 2Lawrence Berkeley National Laboratory, USA, 3University 
of Nebraska-Lincoln, USA, 5University of Massachusetts, USA, 6Tohoku University, Japan  

Interface phenomena are ubiquitous in nature and play a critical role in a plethora of materials engineering, 
chemical reaction, and mass transport processesthat rely on energy conversion. The interfacial energy can 
directly assist the object’s movement or be converted to mechanical energy during structural deformation or 
creation of new interfaces. These processes generally require high force to overcome the interfacial stress. 
Here, we report a low-energy method to generate a large surface area and convert magnetic potential energy 
to kinetic energy at non-equilibrium immiscible ferrofluid/oil interfaces. An external magnetic field 
oversaturates the superparamagnetic nanoparticles at the interface by enhancing the interparticle magnetic 
dipole interaction. Upon field removal, the non-equilibrium interface fluctuates due to a strong interparticle 
electrostatic repulsion and ejects excess particles from the droplet to minimize the free energy. The 
spontaneously formed ferromagnetic emulsions repel from the droplet in the form of an explosive self-
emulsification and convert the magnetic potential energy to kinetic energy with an ejection velocity governed 
by their magnetic property. This highly efficient energy conversion process mediated by the newly formed 
surface area may revolutionize micropropulsion system, e.g., thrusters for nanosatellites, as well as remotely 
controlled soft microrobotsand drug delivery systems. 

High-Tensile Strength, Composite Bijels through Microfluidic Twisting 

Shankar P. Kharal2 and Martin F. Haase1 

1Utrecht University, The Netherlands, 2Rowan University, USA 

Rope making is a millennia old technique to collectively assemble numerous weak filaments into flexible and 
high tensile strength bundles. Here, we show that fibers made of bicontinuous interfacially jammed emulsion 
gels (bijels) can be assembled into ropes via microfluidic twisting.[1] Bijels have potential applications as 
membranes, microreactors, energy and healthcare materials, but their low tensile strength make 
reinforcement strategies imperative. Microfluidic twisting allows to combine multiple bijel fibers of different 
compositions and enables the introduction of polymeric support fibers to raise the tensile strength to tens of 
megapascals. We analyze the forces controlling the bijel rope assembly and investigate different flow 
configurations for microfluidic twisting. 

[1] Kharal, S. P., Hesketh, R. P., & Haase, M. F. (2020). High‐Tensile Strength, Composite Bijels 
through Microfluidic Twisting. Advanced Functional Materials, 30(35). 

  



 
 

Microdroplet capture, self-organisation and imprinting by inkjet printing  

Ronan Daly 

University of Cambridge, UK 

We present the recent breakthrough approach of direct-writing and stabilising arrays of fluid droplets on fluid 
surfaces by inkjet printing [1], coupled with self-organization, packing and imprinting of the droplets into a 
cross-linking polymer material. We describe the controlling of droplet coalescence during printing, and the 
near-perfect droplet packing for a range of inks. This delivers a digital, scalable technique for applications 
where it is beneficial to embed, store and release functional materials from a polymer film. This study is 
inspired by the Breath Figure method, where natural rafts of condensed water droplets, originally reported by 
Rayleigh [2], are used to template polymer solutions and shape porous solid-polymer architectures. We 
show how this early work informed an understanding of the interfacial balance [3], stability of colloids during 
imprinting [4] and tuning of the microstructure [5]. While many applications of Breath Figures have been 
suggested in drug delivery, tissue engineering scaffolds, filters and sensors, the method is highly sensitive to 
local environmental conditions, extremely difficult to control, uses mostly harmful solvents and requires 
complex post-processing. Here, we show our simplified approach of direct printing of functional droplets and 
the initial quantifying of the capture and release of a fluorescent model to simulate drug release from a film 
[6]. Finally, we explore a future application, using these droplets as micro-reaction vessels for high 
throughput screening technologies and review the challenges that remain in the field. 

 

[1] Zhang, Q., Willis-Fox, N., Conboy, C., Daly, R. Direct-writing microporous polymer architectures – 
print, capture and release. Materials Horizons 2021, 8, 179-186.  

[2] Rayleigh, L. Breath Figures. Nature 1911, 86, 416−417.  
[3] Daly, R.; Sader, J. E.; Boland, J. J. Existence of Micrometer-Scale Water Droplets at Solvent/Air 

Interfaces. Langmuir 2012, 28, 13218−13223.  
[4] Daly, R.; Sader, J. E.; Boland, J. J. The Dominant Role of the Solvent/Water Interface in Water 

Droplet Templating of Polymers. Soft Matter 2013, 9, 7960−7965.  
[5] Daly, R.; Sader, J. E.; Boland, J. J. Taming Self-Organization Dynamics to Dramatically Control 

Porous Architectures. ACS Nano 2016, 10, 3087−3092.  
[6] Zhang, Q., Willis-Fox, N., Daly, R. Capturing the value in printed pharmaceuticals – A study of inkjet 

droplets released from a polymer matrix. International Journal of Pharmaceutics 2021, 599, 
120436. 
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Soft templates with designed microstructure for energy storage devices  

David J French and Job H J Thijssen  

University of Edinburgh, UK 

We create tailored soft materials (“bijels”) which can be optimised to allow both high ionic transport rates 
and high interfacial area. Such bijels could be used as templates to optimise for both power and energy 
density in novel energy applications. Bijels are a material formed of two separate but inter-penetrating liquid 
channels, both of which are continuous and fully span the sample. A jammed layer of colloidal particles at 
the liquid-liquid interface prevents further domain coarsening and makes the structure stable. The 
bicontinuous structure and large surface area of bijels makes them highly promising for use in energy 
storage devices. Generally, it would be desirable to maximise the interfacial area of such a bijel in order to 
increase the interface available for chemical reactions. However, increasing a bijel’s interfacial area also 
reduces the rate at which reactants are transported through the sample, since the channel width is reduced. 
We form bijels via spinodal decomposition of a binary fluid mixture containing colloidal particles. By setting 
up a gradient in the particle concentration prior to phase separation, the bijels are created with a gradient in 
channel width along the length of the sample, and hence should have both high interfacial area and high 
transport rates. 

 

Figure 1: Confocal microscopy images from three points in a single bijel. There is a clear gradient in channel 
width along the sample, which should allow high transport rates whilst maintaining a high interfacial area. 
The green channel is one liquid in the bijel (ethylene glycol, labelled with fluorescein) – the other liquid is 
nitromethane. The bijel is stabilised by colloidal silica particles (not shown). The scalebars are 100 µm. 

  



 
 

Session 7: Functional particle design and characterisation 

(Invited) Soft dendritic microparticles with unusual adhesion and structuring properties 

Sangchul Roh, Austin H. Williams, Rachel S. Bang, Simeon D. Stoyanov, and Orlin D. Velev 

Unilever R&D, Netherlands 

 The interplay between morphology, excluded volume and adhesivity of particles critically determines the 
physical properties of numerous soft materials and coatings. Branched particles2 or nanofibres, 
nanofibrillated cellulose or fumed silica5 can enhance the structure-building abilities of colloids, whose 
adhesion may also be increased by capillarity or binding agents. Nonetheless, alternative mechanisms of 
strong adhesion found in nature involve fibrillar mats with numerous subcontacts (contact splitting) as seen 
in the feet of gecko lizards and spider webs. Here, we describe the fabrication of hierarchically structured 
polymeric microparticles having branched nanofibre coronas with a dendritic morphology. Polymer 
precipitation in highly turbulent flow results in microparticles with fractal branching and nanofibrillar contact 
splitting that exhibit gelation at very low volume fractions, strong interparticle adhesion and binding into 
coatings and non-woven sheets. These soft dendritic particles also have potential advantages for food, 
personal care or pharmaceutical product formulations. 

 https://www.nature.com/articles/s41563-019-0508-z 

Stimuli-Responsive Behavior of PNiPAm Microgels under Interfacial Confinement  

J Harrer1, M Rey1, S Ciarella2, H Löwen2, L Janssen2, and N Vogel2 

1Friedrich-Alexander-Universität Erlangen-Nürnberg, Germany, 2Eindhoven University of Technology, 
Netherlands 

While the stimuli responsive volume phase transition of poly(N-isopropylacrylamide) microgels is very well 
understood for particles suspended in bulk, [1,2] it is still unclear how microgels react to changing 
temperatures while adsorbed to an interface. Here, we demonstrate that their behavior is drastically altered 
in interfacial confinement, as the volume phase transition is largely suppressed for the core of the particle 
and completely absent for the corona surrounding it. Additionally we observed a hysteresis in core 
morphology and interfacial tension between heating and cooling cycles, which we explain by the presence of 
a kinetically trapped state.[3] The fact that the volume phase transition does not occur as expected leads to 
the conclusion that the temperature induced destabilization of microgel-based emulsions is more complex 
than expected and requires a careful reconsideration and extension of existing models.[4–5] 

 

https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41563-019-0508-z&data=04%7C01%7Cclaire.garland%40iop.org%7C3315cca1d7c043be2a7a08d92c13b87f%7C8b8986af18bb4882a149fa5a3dd1f995%7C0%7C0%7C637589285472865853%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=2RFLZh4sQp%2FqKLM1GKVRtV5vzkj2lsrUIx0PQsl841E%3D&reserved=0
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[1] Pelton, R. Temperature-sensitive aqueous microgels. Adv. Colloid Interface Sci. 85, 1–33 (2000). 
[2] Shiraga, K., Naito, H., Suzuki, T., Kondo, N. & Ogawa, Y. Hydration and hydrogen bond network of 

water during the Coil-to-Globule transition in poly(N -isopropylacrylamide) aqueous solution at 
cloud point temperature. J. Phys. Chem. B 119, 5576–5587 (2015).  

[3] Harrer, J. et al. Stimuli-Responsive Behavior of PNiPAm Microgels under Interfacial Con fi nement. 
Langmuir 35, 10512–10521 (2019).  

[4] Ngai, T., Behrens, S. H. & Auweter, H. Novel emulsions stabilized by pH and temperature sensitive 
microgels. Chem. Commun. 331–333 (2005). doi:10.1039/b412330a  

[5] Li, Z., Richtering, W. & Ngai, T. Poly(N-isopropylacrylamide) microgels at the oil-water interface: 
Temperature effect. Soft Matter 10, 6182–6191 (2014). 

Self-Assembly of Nanocapsules towards Multi-Functional Supracapsules  

Minghan Hu1, Nico Reichholf1, Laura Alvarez Frances1, Shivaprakash Narve Ramakrishna1, Yanming Xia1,2 
Xiaobao Cao1,Shenglin Ma2, Andrew J. deMello1, and Lucio Isa1 

1ETH Zürich, Switzerland, 2Xiamen University, China  

The assembly of nanomaterials offers the possibility of fabricating functional materials for various 
applications. Compared with a single nanomaterial exhibiting a single function, the coassembly of different 
nanomaterials allows performing multiple tasks simultaneously or in sequence.[1-3] Usually, nanoparticles 
are the most commonly used building blocks in nanomaterials assembly. However, nanocapsules possess 
more functionality and versatility.[4,5] Herein, we use evaporation-guided assembly to produce controlled 
assemblies of nanocapsules, called supracapsules. We first synthesize nanocapsules with different cargos, 
including fluorescent dyes and superparamagnetic nanoparticles, by interfacial polyaddition in a water-in-oil 
miniemulsion. Subsequently, we confine the synthesized nanocapsules within monodisperse oil droplets in 
an oil-in-water emulsion obtained by microfluidics. After evaporating the oil, the nanocapsules 
spontaneously assemble into a spherical cluster, which we term supracapsule. By controlling the size of the 
droplets and the concentration of nanocapsules, the size of supracapsules can be finely tuned. After 
assembly, the resulting supracapsules preserve the functions present in the nanocapsules. In the case of the 
incorporation of magnetic nanocapsules, the magnetic properties of supracapsules are enhanced compared 
with single nanocapsules, resulting in an easily controllable motion. Interestingly, the supracapsules can be 
further disassembled on demand by applying ultrasonication. We envision that this new generation of 
assembled materials could promote the development of supraparticle-based materials for a wide range of 
applications. 



 
 

 

Figure 1: Scheme of supracapsules formation 

[1]  Nie, Z.; Petukhova, A.; Kumacheva, E. Properties and Emerging Applications of Self-Assembled 
Structures Made from Inorganic Nanoparticles. Nat. Nanotechnol. 2010, 1, 15-25.  

[2]  Wintzheimer, S.; Granath, T.; Oppmann, M.; Kister, T.; Thai, T.; Kraus, T.; Vogel, N.; Mandel, K. 
Supraparticles: Functionality from Uniform Structural Motifs. ACS Nano 2018, 6, 5093-5120.  

[3]  Ni, S.; Leemann, J.; Buttinoni, I.; Isa, L.; Wolf, H. Programmable Colloidal Molecules from Sequential 
Capillarity-Assisted Particle Assembly. Sci. Adv. 2016, 4, e1501779.  

[4]  Iyisan, B.; Landfester, K. Modular Approach for the Design of Smart Polymeric Nanocapsules. 
Macromol. Rapid Commun. 2019, 1, 1800577.  

[5]  Hu, M.; Peil, S.; Xing, Y.; Döhler, D.; da Silva, L.C.; Binder, W.H.; Kappl, M.; Bannwarth, M.B. 
Monitoring Crack Appearance and Healing in Coatings with Damage Self-reporting Nanocapsules. 
Mater. Horiz. 2018, 1, 51-58. 

Interface-induced hysteretic volume phase transition of microgels: simulation and experiment 

Jannis Kolker1 and Johannes Harrer2 

1Heinrich-Heine-Universitaet Duesseldorf, Germany, 2Friedrich-Alexander University Erlangen-Nuernberg, 
Germany 

Thermo-responsive microgel particles can exhibit a drastic volume shrinkage upon increasing the solvent 
temperature. Recently we found that the spreading of poly(N-isopropylacrylamide)(PNiPAm) microgels at a 
liquid interface under the influence of surface tension hinders the temperature-induced volume phase 
transition. In addition, we observed a hysteresis behavior upon temperature cycling, i.e. a different evolution 
in microgel size and shape depending on whether the microgel was initially adsorbed to the interface in 
expanded or collapsed state.  

Here, we model the volume phase transition of such microgels at an air/water interface by  monomer-
resolved Brownian dynamics simulations and compare the observed behavior with experiments. We 
reproduce the experimentally observed hysteresis in the microgel dimensions upon temperature variation. 
Our simulations did not observe any hysteresis for microgels dispersed in the bulk liquid, suggesting that it 
results from the distinct interfacial morphology of the microgel adsorbed at the liquid interface. An initially 
collapsed microgel brought to the interface and subjected to subsequent swelling and collapsing (resp. 
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cooling and heating) will end up in a larger size than it had in the original collapsed state. Further 
temperature cycling, however, only shows a much reduced  hysteresis, in agreement with our experimental 
observations. We attribute the hysteretic behavior to a kinetically trapped initial collapsed configuration, 
which relaxes upon expanding in the swollen state. We find a similar behavior for linear PNiPAm chains 
adsorbed to an interface. Our combined experimental - simulation investigation provides new insights into 
the volume phase transition of PNiPAm materials adsorbed to liquid interfaces. 

 

 

Session 8: Designed interfacial assembly 

(Invited) Interfacial self-assembly of non-spherical particles driven by capillary forces 

C. Anzivino, G. Soligno, J. Everts, S. Samin, M. Dijkstra, and René van Roij   

Utrecht University, The Netherlands 

Colloidal particles have a strong tendency to adsorb at fluid-fluid interfaces due to the concomitant 
reduction of the total surface area. In the case of spherical colloids and a planar interface, the force balance 
as represented by the Young-Laplace equation for the shape of the interface, allows for an undeformed 
interface. However, for non-spherical particles , e.g. cubes or dumbbells, the interface deforms and the 
orientation of the particle with respect to the interface is nontrivial. In this talk we study these capillary 
deformations and particle orientations theoretically, first for a single particle, and then also for pairs (from 
which the capillary pair interactions follow) and infinite lattices of particles (from which we construct phase 
diagrams). For a variety of contact angles that characterise the two fluids and the chemistry of the particle, 
we study the phase diagram of self-assembling cubic particles as a function of the (areal) density and a 
dimensionless combination of temperature and particle size. We find a disordered fluid phase, a phase of 
linear chains,  and several 2D lattices including hexagonal, honeycomb, and square with several particle 
orientations [1,2]. 

If time permits, we will also briefly discuss how electric double layers of hydrophobic colloidal spheres can 
be deformed and in fact even destructed in the vicinity of a planar oil-water interface due to a competitions 
between colloidal hydrophobicity,  ionic hydrophilicity, and Coulomb forces [3]. 



 
 

[1]  G. Soligno, M. Dijkstra, and R. van Roij, Phys. Rev. Lett. 116, 258001 (2016). 
[2]  C. Anzivino, G. Soligno, R. van Roij, and M. Dijkstra, Soft Matter 17, 965 (2021). 
[3]  J. Everts, S. Samin, and R. van Roij, Phys. Rev. Lett. 117, 098002 (2016).  

Anisotropic self-assembly of isotropic colloidal building blocks 

M Rey1,2, A Law3, M Buzza3 and N Vogel1 

1Friedrich-Alexander University Erlangen-Nürnberg, Germany, 2The University of Edinburgh, UK, 3The 
University of Hull, UK 

The ability to control the assembly behavior of colloidal building blocks is of fundamental importance for a 
range of scientific disciplines and applications. At an air/water interface, spherical particles generally form 
two-dimensional crystals with hexagonal symmetry. 

However, theoretical predictions have shown that even simple, isotropic colloidal building blocks can form 
complex anisotropic assemblies, if their interaction potential is described by a hard sphere potential 
modified with a soft repulsion shoulder [1]. 

In our recent work, we were able to proof these predictions experimentally [2]. We engineered the interaction 
potential of colloids by the addition of soft microgels or a grafted polymer shell. We use an in-situ approach 
to observe the phase diagram of colloids directly at the air/water interface of a Langmuir trough equipped 
with a microscope. We find a rich phase diagram including hexagonal non-close packed, chain, square and 
hexagonal close packed phases (Fig. 1). We discuss the appearance of these phases in terms of a soft 
repulsion potential induced by the presence of the amphiphiles at the air/water interface. 

Figure 1:  Phase diagram of colloids mixed with microgels observed in situ at the air/water interphase. 
Representative microscopy images taken at the air/water interface including hexagonal close packed, 
square, chain and hexagonal non-close packed phases: Scale bar: 10 µm. [2] 

[1]  Jagla E. A., Physical Review E 11 (1998) 
[2]  Rey, M., Law, A. D., Buzza, D. M. A., and Vogel, N., JACS 139 (2017) 
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Mechanisms of adsorption of graphene-oxide nanoparticle at a water-vapour interface: single particles and 
collective effects  

Simon Gravelle1 and Lorenzo Botto2 

1Queen Mary University of London, UK 2Delft University of Technology, The Netherlands  

Graphene oxide, the product of chemical oxidation and exfoliation of graphite powders, is a promising 
precursors for the bulk production of graphene-based materials. [1] The amphiphilic nature of GO 
nanosheets makes them suitable as interfacial stabiliser or for producing mesoporous materials by 
interfacial templating methods. [2] The mechanisms through which a GO particle adsorb at a fluid interface 
are not completely understood.  

This talk will discuss physical insights we have obtained by using all-atom molecular dynamics simulations 
to study the adsorption of graphene-oxide nanoparticles at the interface between water and vapour. First, the 
adsorption energy of a single graphene oxide nanoparticle with different degrees of surface oxidation was 
measured using an umbrella sampling method. The PMF results reveal the importance of both the surface 
oxygen group number and their distribution on the adsorption energy. For a fixed number of surface oxygen 
groups, particles with oxygen groups disposed as an island are more amphiphilic than particles with surface 
oxygen groups evenly spread. Second, the case of multiple particles was considered. The adsorption energy 
of graphene oxide particle was measured as a function of the number of graphene oxide particles at the fluid 
interface. Crucially, we demonstrate that above a threshold in surface group number, particle-particle 
interactions hinder the adsorption of new particle. Below this threshold, particle-particle interactions 
promote adsorption, as graphene oxide particles with low degree of oxidation favourably form clusters.  

These results highlight that GO is distinctively different from other surface-active Janus colloids, warranting 
its investigation from the point of theory, simulation and controlled experiments. 

 

Figure 1: Top(a) and side (b) view of a single graphene oxide nanosheet, with oxygen groups indicated in 
red. In (b), the empty region is water vapour.  



 
 

[1]  Cote, Laura J., et al. "Graphene oxide as surfactant sheets." Pure and Applied Chemistry 83.1 
(2010): 95-110.  

[2]  Imperiali, Luna, et al. "A simple route towards graphene oxide frameworks." Materials Horizons 1.1 
(2014): 139-145 

Capillary-Induced Motion of Particles Bridging Interfaces of a Free-Standing Thin Liquid Film 

Abhishek Yadav1, E John Hinch2, and Mahesh S. Tirumkudulu1 

1Indian Institute of Technology Bombay, India, 2University of Cambridge, UK 

We demonstrate a new form of capillary force experienced by neutrally buoyant spherical particles adsorbed 
simultaneously at both interfaces of a thin liquid film of spatially varying thickness. The force is proportional 
to the slope of the interface and the difference between the local contact angle and the equilibrium value, 
and exists even when the two bounding interfaces have zero curvature. We derive the expression for the 
force, which when balanced against the hydrodynamic drag gives the trajectory of the particle. The measured 
trajectories for spherical particles of varying diameters in thin films compare well with predictions (Phys Rev 
Lett, 122, 098001 (2019)). 

 

 

Figure 1: The images show the formation of three rings in a mixture of 3, 5, and 10 µm particles. The arrows 
indicate the direction of movement of the rings. (b) The measured thickness is fit to the predicted thickness 
profile, which confirms the quadratic variation with radial distance. The curvature of the interface is obtained 
from the fit (c) The schematic shows three particles in a free-standing liquid film with spatially varying 
thickness. Both interfaces make an angle α with the horizontal. ζ is the distance of the adsorbed particle’s 
center from the interface. Particle A is adsorbed at the top interface with the contact angle being equal to the 
equilibrium value (θe) while particle C is adsorbed at both interfaces with the condition of equilibrium 

contact angle satisfied simultaneously at both interfaces. In both cases, the particles do not experience any 
force. However, particle B touches the bottom interface while satisfying the equilibrium condition at the top. 
Since the contact angle at the bottom is different from θe, it will be pulled down (particle outline B’) and to 
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the right until the particle moves to the position of particle C.  

Posters 

In pursuit of small domain bijel fibres in water via STriPS  

Katherine A. Macmillan, M. Azeem Khan, and Martin F. Haase  

Utrecht University, The Netherlands   

Bicontinuous interfacially jammed emulsion gels (bijels) are soft materials with two interpenetrating 
continuous liquid domains stabilised by colloidal particles. Bijels have a huge potential for use in 
commercial applications due to the large surface area of the interface compared to the volume and the 
possibility of two continuous liquid domains. The bicontinuous structure of the bijel can be reliably formed 
by the interfacial jamming of particles during the phase separation of immiscible liquids via spinodal 
decomposition. We use the method of solvent transfer induced phase separation (STrIPS) to continuously 
produce bijel fibres where the removal of the solvent from a ternary mixture results in phase separation [1]. 
Fibres produced by STrIPS typically demonstrate an increase in the bijel domain size from the outside of the 
fibre to the inside of the fibre. Here we attempt to reduce the gradient in bijel domain size by careful choice 
of mixture conditions. We observe that the selection of solvent, the salt concentration, the surfactant 
concentration and the type of surfactant all play a role in determining the bicontinuity of the structure. We 
hypothesise that particle aggregation in the water phase during phase separation hinders the formation of 
uniform small domain bijel fibres.  

[1]  Haase M. F., Stebe K. J.,and Lee D., Adv. Mater., 2015, 27, 7065 – 7071 

Capillary Driven Self-Assembly of Ellipsoidal Composite Microgels at the Air/Water Interface  

Nabanita Hazra and Jérôme Crassous  

RWTH Aachen University, Institute of Physical Chemistry, 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 range ρ varying 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 particle (ρ=1) with small assembly having weak capillary forces to an 
apparently random trigonal assembly for ρ=2.1 to highly elongated particle (ρ=8.8) with a side-to-side 
assembly into long chains transition is observed. The transition occurs between ρ=2.6 and 3.3 for which a 
trigonal and trigonal/side to side coexistence assembly are respectively identified. The influence of the 
composite microgel softness and anisotropy on the assembly is discussed as well its influence on the 
interfacial tension derived from time-resolved pending drop measurements.



 
 

Figure 1: Colour inverted fluorescence micrographs of spherical composite microgels (a) and ellipsoidal 
composite microgels with an aspect ratio ρ equal to 2.1 (b), 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. 

[1] J. J. Crassous, A. M. Mihut, E. Wernersson, P. Pfleiderer, J. Vermant, P. Linse, P. Schurtenberger, 
Nat. Commun., 2014, 5, 1-7. 

Capillary assembly of rod-shaped particles at curved liquid interfaces 

Jack L. Eatson, Jacob R. Gordon, Tommy S. Horozov, and D. Martin A. Buzza 

University of Hull, UK 

The unique behavior of colloids at liquid interfaces provides exciting opportunities for engineering the 
assembly of colloidal particles into functional structures and materials. In particular, the deformable nature 
of liquid interfaces means that we can use interfacial curvature, in addition to particle properties, to control 
self-assembly. In this project, we use a finite element method (Surface Evolver) to study the self-assembly of 
rod-shaped particles adsorbed at a cylindrical liquid droplet whose interfacial curvature is particularly simple 
(see figure below). Specifically, we study the self-assembly of single and multiple rods as a function of drop 
curvature and particle properties such as shape (ellipsoid, spherocylinder, cylinder), aspect ratio and 
contact angle. We find that by tuning particle shape and contact angle, it is possible to control the 
orientation of single rods to lie parallel, perpendicular or even obliquely relative to the long axis of the liquid 
drop even when the diameter of the cylindrical drop is much greater than the length of the particle. We also 
find that for all particle shapes, interfacial curvature strongly suppresses side-to-side assembly in favour of 
tip-to-tip assembly of the rods. Finally, while cylindrical curvature leads to strong localization of particle 
orientation, it only leads to weak spatial localization of the rods perpendicular to the long axis of the 
cylinders.    
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Heteroepitaxial growth of binary colloidal crystals 

Jun Nozawa, Hiromasa Niinomi, Junpei Okada,and Satoshi Uda 

Tohoku University, Japan 

Colloidal crystals, periodic arrays of colloidal particles, have been attracting great attention due to their 
unique optical properties. In particular, binary colloidal crystals (BCCs), composed of two different sized 
particles, are highly desired for many of the applications due to their tunable material properties. However, 
complexity of the structure makes growth of BCCs much difficult than that of unary colloidal crystals. Based 
on the detailed observation of the BCCs formation process [1], we have invented novel growth technique of 
the colloidal crystals that utilizes heteroepitaxial growth; binary colloidal crystals are grown on unary 
colloidal crystals. Conventional epitaxial growth of the colloidal crystals is homoepitaxial growth, in which 
substrate with the same periodicity and spacing with a crystal is employed. We have demonstrated that the 
heteroepitaxial growth is useful for controlling nucleation and growth of the BCCs. Also, we have succeeded 
in the creation of various structure of the BCCs by tuning particle size ratio between substrate and crystals 
[2]. 

Colloidal crystallization is achieved by depletion attraction that is induced by added polymers (sodium 
polyacrylate). Large (particle A) and small particles (particle B) are mixed at various rate. A substrate is 
formed by convective assembly, in which single layer of colloidal crystals are formed by evaporation of 
solution. Various particle size combinations for crystals and substrate are explored to obtain BCCs. 

The typical heterepitaxially grown BCCs are shown in Fig. 1. The AB2 structure, number ratio of large (A: 700 
nm) and small particles (B: 500 nm) is 1:2, is formed on the substrate that compose of only particle of 700 
nm. In our previous research [1], phase A (colloidal crystals composed of A particles), phase B, and AB2 
phase appears depending on solution condition (solution composition and polymer concentration). When 
the substrate is employed, growth of only AB2 phase is preferred, in which formation of AB2 occur at much 
wider solution condition than that of without a substrate. The various structures of BCCs, including AB, AB3, 
AB6, kagome structure, are successfully created by changing particle size ratios.  



 
 

The heteroepitaxial growth are found to be useful to control of nucleation and growth of the BCCs. This 
technique is also effective to fabricate various structure of BCCs, which greatly facilitates versatile 
applications of the colloidal crystals. 
 

 

 
 
 
 
 
 
 
 
 
 

[1]  Nozawa et al., Cryst. Grow Des., 20(5), 3247 (2020). [2] Nozawa et al., submitted. 

Controlling the shape of clusters with a macroscopic field  

Francesco Boccardo and Olivier Pierre-Louis  

Institut Lumière Matière, France  

Macroscopic forces produced by electric fields or thermal gradients are often used to displace single objects, 
but also clusters of atoms [1], molecules [2], or colloids [3]. In addition, they also have the ability to alter 
the shape of the clusters. This effect is well known for example in the case of electromigration, where 
complex cluster shapes emerge from instabilities and from the coupling of the electric field direction and the 
cluster edge anisotropy [4]. This rich variety of non-equilibrium shapes results from the details of the 
physical ingredients of the systems, and are usually uncontrolled. In this work, we propose a strategy that 
allows one to control the shape of clusters undergoing thermal fluctuations with the temporal variations of a 
macroscopic field. Such a control opens novel perspectives in the design of nanostructures and colloid 
clusters, as this strategy does not require to move the atoms or particles one by one. We exemplify this 
strategy with two-dimensional clusters subject to a macroscopic force that can be switched along a fixed 
direction. For small clusters, we find that the optimal choice for the external field exhibits a discrete set of 
transitions as the temperature is varied. In addition, this optimal policy is subject to degeneracies that 
originate either from the obvious symmetries of the target state or from hidden symmetries of the dynamics. 
Our main result is the existence of a generic optimal working temperature where the control over the system 
is maximal when clusters are large enough. 

Figure 1: (a) Schematic illustration of the 
heteroepitaxial growth (b) Optical microscopy image 
of the BCC (700 and 500 nm sized particles) grown 
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Figure 1: Dynamical graph representing the states and the transitions of a trimer on a square lattice 
undergoing edge diffusion biased by an external force. 

[1]  C. Tao, W. G. Cullen, and E. D. Williams. Visualizing the electron scattering force in nanostructures. 
Science, 328(5979):736– 740, 2010.  

[2]  N. Wei, H.-Q. Wang, and J.-C. Zheng. Nanoparticle manipulation by thermal gradient. Nanoscale 
Research Letters, 7(1):154, 2012.  

[3]  L. Helden, R. Eichhorn, and C. Bechinger. Direct measurement of thermophoretic forces. Soft Matter, 
11(12):2379–2386, 2015.  
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The fate of bubbles in mixed foams 

Yuchen Si1, Tao Li, and Paul Clegg1 

1The University of Edinburgh, UK, 2Wenzhou Institute, University of Chinese Academy of Science, China 

In this study, we focus on investigating the behavior of a composite foam, which is a mixture of an oil-based 
foam and an aqueous foam. To be specific, the aqueous foam is stabilized by the hydrophobic silica 
particles in a mixture of water and propylene glycol, and the oil-based foam is stabilized by the partially 
fluorinated particles in olive oil. Their mixture shows different stabilities and morphologies by varying the 
particle concentrations, ingredients and preparation techniques. Figure 1 illustrates the microstructure 
difference of the composite foam in bulk and in thin film. In bulk, by spinning and drying the composite 
foam, the aqueous foam and the oil-based foam contact to each other intimately. Instead of coalescing, 
most of the bubbles are very stable in this system. In thin film, due to space constraint and external forces, 
which come from the two cover slips, the tortuous bubbles act as air channels across large parts of the 
samples. These self-assembled air channels are generated mainly by the coalescence of the bubbles. 
Having not being observed in single-component foams, such a phenomenon only appears when the aqueous 
foam and the oil-based foam are incorporated and dried properly. This is an alternative approach to creating 
air channels via drying emulsions [1][2].  



 
 

                           

Figure 1: The confocal micrographs of the composite foam. The aqueous foam (dyed by Nile Blue) is colored 
purple, and the oil-based foam (10 wt % fluorinated particles MP-8T/olive oil, dyed by Nile Red) is colored 
red. Left: mixture of the aqueous foam (20 mg/mL fumed silica particles R972/ mixture of water and 
propylene glycol with ratio 5:2) and the oil-based foam in bulk. Right: mixture of the aqueous foam (15 
mg/mL fumed silica particles R972/ mixture of water and propylene glycol with ratio 5:2) and the oil-based 
foam in thin film. 

[1]  Studart, André R et al., 2006. Processing Routes to Macroporous Ceramics: A Review. Journal of the 
American Ceramic Society, 89(6), pp.1771–1789. 

[2]  Akartuna, Ilke et al., 2008. Macroporous Ceramics from Particle‐stabilized Emulsions. Advanced 
materials (Weinheim), 20(24), pp.4714–4718. 

Microstructural features governing the fracture of an amorphous colloid monolayer  

Max Huisman1, Saikat Saha1, Axel Huerre2, and Valeria Garbin1,3  
1Delft University of Technology, the Netherlands 2UMR 7646 CNRS-Ecole Polytechnique, France 3Imperial 
College London, UK  

The self-assembly of colloids at interfaces has led to the development of new materials used for instance in 
food products and in biomedical applications. To improve the performance and sustainability of these 
materials, a good understanding of their response to deformation is crucial to determine material properties 
and stability limits. The response of a colloid monolayer to deformation depends on its microstructure which 
in turn is controlled by the interactions between the interface-bound colloids. In many applications, the 
interparticle interactions are attractive and self-assembly from suspension produces a disordered 
microstructure, which together result in a brittle, amorphous-solid behaviour upon deformation. In this work, 
we investigate experimentally the response of a high-density monolayer on a spherical interface where 
particles have attractive interactions.  

We obtained a densely packed monolayer of 5 µm polystyrene microspheres on the surface of a spherical air 
bubble by mechanical agitation. The electrostatic repulsion between the surface-bound colloids is 
completely screened by the addition of electrolyte. As a result, an amorphous solid-like monolayer is created 
with a high surface coverage (𝜑𝜑 = 0.72). We apply isotropic expansion on the monolayer by increasing the 
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bubble size via temperature-induced changes in gas solubility. Because the monolayer expansion is 
isotropic, no preferential initiation site and direction for fracturing are provided.  

High-resolution visualizations of the microstructure are obtained by video microscopy, from which the 
particle coordinates are tracked over time that are used to calculate microstructural indicators of the local 
environment around each particle. The structural indicators are used as input for a Machine Learning 
algorithm that calculates a parameter, which we term Weakness, identifying regions prone to fracture in this 
system. By comparing the relative importance of the structural indicators in the Weakness calculations, it is 
found that local density is a more important feature than local orientational order for determining the 
propensity to fracture.  

These results also provide a basis for fundamental investigations into the role of microstructure in the 
catastrophic failure of amorphous materials, using colloid monolayers as two-dimensional model systems. 

Understanding Interfacial Interactions in Bijels 

Rami Alhasan and Douglas R. Tree 

Brigham Young University, USA 

Most soft materials are made by processing techniques that render their final properties a function of their 
process history and not just their equilibrium structure. One example is the bicontinuous interfacially 
jammed emulsion gels (bijels), a material with numerous potential applications. Bijels are formed when solid 
particles get jammed at the interface between two immiscible liquids undergoing a phase separation, 
kinetically arresting this system. In this work, we aim to quantitatively understand the surface energy of the 
fluid-fluid-particle interface and how these forces influence jamming. Our goal is to investigate whether 
surface forces are enough to create a stable bijel. We adopt an approach that incorporates solid particles 
into a phase field model, similar to the Fluid Particle Dynamics method. This approach has many benefits, 
including transparent methods for calculating surface tension, particle-particle interactions, and 
hydrodynamic interactions in dense colloidal suspensions, and it avoids complicated and costly methods for 
tracking particle boundaries. Our preliminary results suggest that our approach would generate purely 
repulsive particles that may be stable enough at the fluid-fluid interface to jam, suggesting that attractive 
forces may not be needed for bijel stability. 

*We acknowledge the financial support from BYU Board of trustees and the resources from the Office of 
Research Computing at BYU. 

A Natural, Cellulose-Based Microgel for Water-in-Oil Emulsions  

K S Lefroy1, B S Murray1, M E Ries1, and T D Curwen2  
1University of Leeds, UK, 2Mondelēz International, UK 

Water-in-oil (W/O) emulsions are used extensively in the food, pharmaceutical, agricultural and cosmetic 
industries in order to improve shelf-life and modify rheological properties, amongst other things. However, 
there is a lack of W/O stabilizers which are considered food grade since most surfactants or particles require 
chemical modification in order to be surface active. There is a considerable need for more natural 
alternatives, not only due to consumer preference but also changing legislation and the depletion of 
resources.  

Cellulose is the most abundant biopolymer on earth and is already used extensively in food as a thickener, 
since it is non-toxic, tasteless and a good source of dietary fiber. However, it is rarely used in its native form 
due to its highly insoluble nature, arising from the high density of hydrogen bonds which form between 
polymer chains, and its relatively low surface activity. Recently, there has been more emphasis on 



 
 

functionalizing cellulose in its native form via physical modification, thanks to the development of cheaper 
and easy-to-use cellulose solvents[1]. In particular, ionic liquids (ILs) have been used extensively for small-
scale cellulose dissolution.  

In this work, a cellulose microgel (CMG) has been fabricated via IL dissolution and coagulation, in order to 
produce a W/O emulsion stabilizer[2]. The crossover (C*) and entanglement (Ce) concentrations of a 
commercial cellulose in IL were determined via rheological and NMR measurements, in order to determine 
the concentration ranges of the interactions between the cellulose molecules prior to their gelation. Cellulose 
gels were then dispersed to form CMGs, in oil, using a top-down method, and investigated as W/O emulsion 
stabilizers. Emulsions of up to 20 vol.% water were stable for at 1 month. Thus, we have demonstrated that 
via these physical modifications of native cellulose, surface activity can be imparted by forming cellulose 
microgel particles.  

Keywords: Cellulose; W/O Emulsions; Microgel Particles 

 

Figure 1: Process of fabricating cellulose microgels (CMG) via coagulation from an ionic liquid. CMGs are 
then used to form a water-in-oil (W/O) emulsion, through Pickering and network stabilisation.  

[1]  R. P. Swatloski, S. K. Spear, J. D. Holbrey and R. D. Rogers, Journal of the American Chemical 
Society, 2002, 124, 4974-4975.  

[2]  K. S. Lefroy, B. S. Murray, M. E. Ries and T. D. Curwen, Food Hydrocolloids 

Wetting behavior of a colloidal particle trapped at a composite liquid-vapor interface of a binary liquid 
mixture 

Hyojeong Kim1,2, Lothar Schimmele1,2, and S. Dietrich1,2 
1Max-Planck-Institut für Intelligente Systeme, Germany, 2Universität Stuttgart, Germany 

A partially miscible binary liquid mixture, composed of A and B particles, is considered theoretically under 
conditions for which a stable A-rich liquid phase is in thermal equilibrium with the vapor phase. The B-rich 
liquid is metastable. The liquids and the thermodynamic conditions are chosen such that the interface 
between the A-rich liquid and the vapor contains an intervening wetting film of the B-rich phase. In order to 
obtain information about the large-scale fluid structure around a colloidal particle, which is trapped at such 
a composite liquid-vapor interface, three related and linked wetting phenomena at planar liquid-vapor, wall-
liquid, and wall-vapor interfaces are studied analytically, using classical density functional theory in 
conjunction with the sharp-kink approximation for the number density profiles of the A and B particles. If in 
accordance with the so-called mixing rule the strength of the A-B interaction is given by the geometric mean 
of the strengths of the A-A and the B-B interactions, and similarly the ratio between the wall-A and the wall-B 
interaction, the scenario, in which the colloid is enclosed by a film of the B-rich liquid, can be excluded. Up 
to six distinct wetting scenarios are possible, if the above mixing rules for the fluid-wall and for the fluid-fluid 
interactions are relaxed. The way the space of system parameters is divided into domains corresponding to 
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the six scenarios, and which of the domains actually appear, depends on the signs of the deviations from the 
mixing rule prescriptions. Relevant domains, corresponding, e.g., to the scenario in which the colloid is 
enclosed by a film of the B-rich liquid, emerge, if the ratio between the strengths of the wall-A and the wall-B 
interactions is reduced as compared to the mixing rule prescription, or if the strength of the A-B interaction is 
increased to values above the one from the mixing rule prescription. The range, within which the contact 
angle may vary inside the various domains, is also studied. 

Capture of nanoparticles flowing through a magnetic granular microcolumn 

K B Reynoso-Hernandez, P E Guevara-Pantoja and G A Caballero-Robledo 

CINVESTAV Monterrey, México.  

The use of magnetic nanoparticles (MNP's) has become common in recent years in biomedicine, due to 
their many advantages [1]. However, a disadvantage of their use is that due to their size their capture in an 
aqueous medium becomes inefficient using common methods of magnetic capture. It is known that the 
ability to capture magnetic particles is directly proportional to the magnetic field gradient [2][3]. The use of 
microparticle columns as high gradient generators has been proposed in order to capture nanoparticles. The 
capture efficiency of these systems has been studied varying different parameters, but the packing density 
of the column has never been considered [4][5]. Our group previously demonstrated that the packing 
density of a microparticles column can be reversely controlled when subjected to a vibration protocol, but its 
behavior in presence of flow or a magnetic field was not investigated [6]. This work studies the relationship 
between the efficiency of capture and different packing densities of a column of microparticles used as a 
magnetic nanoparticle trap. First, we have studied the effects of the presence of flow and magnetic field on 
the compaction of a column of microparticles. We observed that the packing density diminishes in the 
presence of magnetic field and increases when a homogeneous flow pass through it. The combination of 
both effects results in an interplay between a column that compacts when the flow is initiated and expands 
when the magnetic field is present. Subsequently, using nanoparticles functionalized with a fluorescent 
molecule, we have investigated the relationship between capture of nanoparticles and compaction. Our 
results suggest that the efficiency of capture is sensitive to packing density, showing mayor number of 
nanoparticles captured when the column is in its expanded state and decreasing when it compacts to the 
maximum values.  

[1]  Y. Tai, L. Wang, G. Yan, J. Gao, H. Yu, L. Zhang, Polym Int, 2011, 60, 976-994.  
[2]  G. D. Moeser, K. A. Roach, W. H. Green, T. A. Hatton, P. E. Laibinis, AIChE J., 2004, 50, 2835.  
[3]  S. Bucak, D.A. Jones, P.E. Laibinis, T.A. Hatton, Biotecnol. Prog., 2003, 19, 477-484.  
[4]  C. Magnet, M. Akouala, P. Kuzhir, G. Bossis, A. Zubarev, N.M. Wereley, J. Appl. Phys., 2015, 117. 
[5]  B. Teste, F. Malloggi, J. M. Siaugue, A. Varenne, F. Kanoufi, S. Descroix, Lab Chip, 2011, 11, 4207-

4213.  
[6]  P. E. Guevara-Pantoja and G. A. Caballero-Robledo, RSC Adv., 2015, 5, 24635–24639. 

Surfactant-Controlled and Hierarchical Self-Assembled Nanoparticle Deposition Patterns 

Naomi Howard, Upul Wijayantha, Andrew Archer, David Sibley, and Darren Southee 

Loughborough University, UK 

Keywords: Self-assembly; self-organisation; Colloid; Nanoparticle suspension; Evaporation; Deposition 
patterns 

The self-assembly and organisation of particles within colloidal suspensions and at interfaces has been of 
interest to the scientific community for many years. Namely, to increase our understanding of the 
phenomena involved, thus enabling control of colloidal behaviour and subsequent self-assembly. An 



 
 

improved understanding of these complex mechanisms will provide a vast impact over a wide range of fields, 
from nanotechnology to targeted drug delivery. This is due to the fact it presents the potential to design and 
create specific self-assembling nanostructures.  

In this research, aqueous single and binary suspensions of carbon nanoparticles of various dimensionalities 
were prepared at a range of concentrations, with a selection of surface-active additives, to systematically 
identify key determinants of specific pattern formation and rationalise self-assembly mechanisms. 
Formulations were characterised to determine properties including viscosity, surface tension, wettability on 
various substrates, evaporation mode and contact angle hysteresis. Droplets of various volumes and 
formulations were then deposited on a range of heated and unheated substrates, this was followed by 
solvent evaporation triggering the spontaneous self-assembly of the particles into distinct deposition 
patterns. The effect of surface forces on internal flow and mass transfer were investigated and the 
characteristics and morphology of the nanostructured patterns were analysed for shape, particle density and 
spatial distribution.  

Different mechanisms were identified as dominant during specific stages of the evaporation and deposition 
process, these specific stages were linked to reduction in droplet volume. Surfactant concentration was also 
found to be a significant determinant of final pattern morphology. For specific formulations, these additives 
resulted in distinct regimes corresponding to surfactant concentrations, below, at, and above the critical 
micelle concentration. Optical microscopy showed the addition of one-dimensional nanoparticles, at 
concentrations as low as 30 %, to be capable of prohibiting patterning resulting in uniform deposits. 
However, further investigations indicated self-assembly in terms of spatial sorting from such binary 
suspensions. 

 

Figure 1: Deposition patterns from carbon nanotube colloidal suspension with increasing sodium dodecyl 
sulphate concentrations. 

Designing gastric stable Pickering emulsions using synergistic plant-based particleparticle interaction at the 
oil-water interface  

Shuning Zhang, Brent S. Murray, Nuttaporn Suriyachay, Melvin Holmes, Rammile Ettelaie, and Anwesha 
Sarkar  

University of Leeds, UK 

Gastric flocculation and often coalescence of emulsions occurs due to interfacial proteolysis of proteins or 
proteinaceous particles at the oil-water interface due to the presence of pepsin1 . In this study, we designed 
gastric stable Pickering emulsions stabilized by pea protein microgel particles (PPM, 1 wt%)2 , coated with 
cellulose nanocrystals (CNCs) (1–3 wt%)3 , latter being unresponsive to human proteolytic enzymes1 . The 
hypothesis was that a secondary layer of CNCs at the PPM-stabilized oil-water interface (O/W) could protect 
the interfacial protein gel particle layer against in vitro gastric digestion by pepsin at 37 °C. A combination 
of confocal microscopy, ζ-potential measurements, interfacial shear viscosity measurements and monolayer 
experiments suggested the presence of CNCs and PPM together at the O/W interface, owing to the 
electrostatic attraction between the complementarily charged PPM and CNCs at pH 3.0. Microstructural 
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analysis and droplet sizing revealed that the presence of CNCs increased the resistance of the interfacial 
proteinaceous microgel film to rupture by pepsin, thus inhibiting droplet coalescence in the gastric phase, 
which occurs rapidly in an emulsion stabilized by PPM alone. It appeared that there was an optimum 
concentration of CNCs at the interface for such barrier effects. In addition to adsorption of CNCs to the 
protein gel particle-coated droplets to form more rigid layers, there is also the possibility that network 
formation by the CNCs in the bulk (continuous) phase reduced the overall kinetics of proteolysis. 
Nevertheless, structuring emulsions with mixed plant-based particle-particle layers could be an effective 
strategy to tune and control interfacial barrier properties during gastric passage of emulsions and holds 
promise for designing plant-based Pickering emulsions for effective delivery of liopohillic bioactive 
compounds to intestines.  

 

[1]  Sarkar A, Zhang S, Holmes, M, Ettelaie R (2019). Colloidal aspects of digestion of Pickering 
emulsions: Experiments and theoretical models of lipid digestion kinetics. Advances in Colloid and 
Interface Science 263, 195-211.  

[2]  Zhang S, Holmes M, Ettelaie R, Sarkar A (2020). Pea protein microgel particles as Pickering 
stabilizers of oil-in-water emulsions: Responsiveness to pH and ionic strength. Food Hydrocolloids 
102, Art. No.105583. 

[3]  Sarkar A, Zhang S, Murray B, Russell J, Boxal S. 2017. Modulating in vitro gastric digestion of 
emulsions using composite whey protein-cellulose nanocrystal interfaces. Colloids and Surfaces B: 
Biointerfaces 158, 137-146 

Temperature-induced liquid crystal microdroplets and templated microparticles in a partially miscible liquid 
mixture  

Mehzabin Patel and Stefan Guldin 

University College London, UK 

Liquid-in-liquid droplets are typically generated by the partitioning of immiscible fluids, e.g. by mechanical 
shearing with macroscopic homogenisers or microfluidic flow focussing. In contrast, partially miscible liquids 
display a temperature-dependent mixing behaviour. We have investigated this phenomenon for a liquid 
mixture composed of methanol (MeOH) and the thermotropic liquid crystal 4-Cyano-4’-pentylbiphenyl (5CB). 
A temperature induced phase separation upon cooling leads to nucleation, growth and coalescence of 
mesogen-rich droplets. The number of nucleation points and size of isotropic and nematic droplets over time 
can be tuned on a microscopic scale by variation of temperature quench depth and cooling rate. Liquid 



 
 

crystal droplets in the nematic phase adopt a radial configuration, with interesting topological 
transformations.[1] 

Further, we have explored the potential of this system to be utilised for the production of polymeric 
microparticles. Non-reactive 5CB was mixed with the reactive mesogen 2-methyl-1,4-phenylene bis{4-[3-
(acryloyloxy)propoxy]benzoate} (RM257) before mixing with methanol.  Well-defined droplets were formed 
by temperature-induced phase separation with ensuing photopolymerisation via the exposure of RM257 to 
UV light. Subsequent heating of the mixture led to the diffusion of unreacted 5CB back into the methanol 
phase, separating the 5CB-MeOH liquid mixture from the formed polymer.2 The use of a reversible materials 
templating approach for an irreversible polymer product has relevance in diagnostics, optoelectronics and 
extraction processes. 

[1]  M. Patel, A. N. P. Radhakrishnan, L. Bescher, E. Hunter-Sellars, B. Schmidt-Hansberg, E. Amstad, S. 
Ibsen and S. Guldin , Soft Matter, 17, 947 – 954 (2021).  

[2]     M. Patel, A. Taylor and S. Guldin [In progress] 

Coaxial jet mixing for stable colloidal lignin microparticle production  

A C Gerrow, F Spyropoulos, and B Wolf 

University of Birmingham, UK 

The objective of this study is to investigate the formation of colloidal lignin-rich particles (CLRPs) from cocoa 
bean shell (CBS). As an existing co-product within the food industry, CBS-derived products represent an 
opportunity to employ a naturally derived, under-utilised resource within industrially relevant processes such 
as seed crystal formation. An ethanol solubilised extract of CBS underwent antisolvent precipitation using 
coaxial jet mixing (CJM) in a water anti-solvent, generating stable particles with a diameter of 0.2 – 0.5 µm. 
To achieve these values, the ratio of dispersed to continuous phase velocity in the CJM varied between 1.00 
and 0.04, moving the system from laminar towards a turbulent flow regime. The CLRPs were observed to 
aggregate in diluted systems, and as such, it is proposed that water-soluble components of the CBS extract 
contribute to the system stability.  
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