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Designing the Morphology of Separated Phases in
Multicomponent Liquid Mixtures
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Abstract: Phase separation of multicomponent liquid mixtures plays an integral part in many
processes ranging from industry to cell biology. While the physics of binary and ternary liquid
mixtures is well-understood, the thermodynamic properties of N-component mixtures with N>3
remains relatively unexplored. This makes it challenging to understand how cells control
concentrations of molecules and their interactions to navigate phase diagrams to achieve target
structures. To address this issue, we developed novel algorithms for constructing phase diagrams
and for predicting the morphology of separated phases. To determine the number of coexisting
phases and their compositions, we developed a new algorithm for constructing complete phase
diagrams, based on numerical convexification of the discretized free energy landscape.
Furthermore, we developed a graph theory approach to predict the topology of coexisting phases
from a given set of surface energies (forward problem), enumerate all topologically distinct
morphologies, and reverse engineer conditions for surface energies that produce the target
morphology (inverse problem).
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Bioinspired Colloidal Motors for Biomedical
Applications
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Abstract: Self-propelled colloidal motors have great potential in the biomedical field such as active
target delivery, detoxification, minimally invasive diagnostics, and nanosurgery, owing to their tiny
size, autonomous motion, and navigation capacities. To enter the clinic, biomedical colloidal motors
request the biodegradability of their manufacturing materials, the biocompatibility of chemical fuels
or externally-physical fields, the capability of overcoming various biological barriers. | will first
introduce the recent advances of synthetic colloidal motors based on controlled chemical
self-assembly and how such a strategy permits the realization of synthetic motors with the
engineering features, such as sizes, shapes, composition, self-propulsion, collective motion and
other functions. Next, | will talk how these chemically assembled motors could be designed to
overcome the mentioned biological barriers. The challenges and future research priorities will be
also addressed.
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Percolation transition on multiplex networks
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The structure of interconnected systems and its impact on the system dynamics is a much-studied
cross-disciplinary topic. Although various critical phenomena have been found in different models,
study of the connections between different percolation transitions (continuous and discontinuous
transitions) is still lacking. In this talk we will propose a unified framework to study the origins of the
discontinuous transitions of the percolation process on interacting networks.
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The role of hidden structural characteristics in
glass-forming liquids: Two basic elements
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Glass transition takes place when a liquid is cooled fast enough to avoid crystallization, during
which the viscosity (or structure relaxation time) increases by many orders of magnitude over a
narrow temperature window, but without obvious structural change. The possible role of structural
ordering in the drastic dynamical slowing down has been intensively discussed over the decades
but remains elusive, due to the intrinsic difficulty in the description of the complex liquid structure.
Here we tackle this fundamental problem by showing that two basic elements are essential to
identify the role of hidden structural characteristics in glass-forming, namely a proper structural
order parameter and a nonlocal scenario for the structure-dynamics correlation.

First, we introduce a new structural order parameter characterizing local packing capability and
show that the fast relaxation is controlled by the structure at local level while the slow relaxatiuon is
controlled by structural ordering at static correlation length . This result crucially establishes that the
two key relaxation modes at two characteristic time scales are the consequence of the presence of
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the two intrinsic length scales in the structure.

Then, we show quantitatively that the growth of structural order when approaching the glass
transition can be described by a linear scaling law as a function of temperatur, which leads to a
universal Vogel-Fulcher-Tammann (VFT)-like relation between the relaxation time and the
structural order parameter. More importantly, we find, based on the nonlocal scenario of
structure-dynamics correlation, that such an intriguing VFT-like relation to be valid even at a particle
level. We expect this nonlocal mechanism of structure relaxation, in addition to the hidden structural
ordering, to be two essential ingredients for a complete theoretical description of the glass transition
as a special type of thermodynamic phase transition.

BN "R

B H sl 152 52 [ B B 5

F8: BAHRSN S EZ BT REZEHR  Dynamics-Evolution  Correspondence in  Protein
Structures

s A ERoC (HABULEBISE (RIKEN) JERHEDEFE L)

H#: 2021411 H25H 10:00

Hhi i Zoom meeting ID: 82181080836 Password: 125027

TR

WE: BABMN ) FRE R SR A BB R . A1 M R 3 T
AR PHAMEE R RIREE, KM, FSURRH, BEEUER R R 2Rk R
R ek 2 MRS BRIDLPE . h T IR iX PRI sk B, RN T — AR L ELE
BORHESR, BT BRI SEILZ R RS, FRHESRE R R GSWEERELT T Rk
o TEIXAMERIAYEEEN b, WAVERE—B W Y AV REEH “DhREGURIE” fn “FEBREN” —H2Z
R R. AR, REBRORMDGEENNRBIKEMA HE, [HRRED RS 2R
STE BRI, Wi T3S DBULAN R RS mbhEa2h, PUEHRIFEDRE, miX LA E
77 R BEIL RS ERY, SR E R EIE LR X R R U AT B4
mHRGE (BRI, LML) THEE - RERRGEWRAHEKI G R,

Tang, Q. Y., & Kaneko, K. (2021). Dynamics-Evolution Correspondence in Protein Structures.
Physical Review Letters, 127(9), 098103.
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Studies of transport processes in atomic/molecular
systems: progress report

Title/@ B Studies of transport processes in atomic/molecular systems: progress report
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This talk consists of three parts:

Phonon transport: elastic materials experience internal resistance to the deformation caused by

external forces, which is characterized by a stress-strain curve. Most theories of elastic constants
are established on the linear region of the stress-strain curve. The affine elastic constants were

Page 5



2021 Soft Matter and Biophysics Seminars, ITP-CAS / Programme Saturday 05 July 2025

studied in detail in the work of Born and Huang (BH). Later, its nonaffine corrections were
developed by Lemaitre and Maloney (LM). Reviewing the BH theory, and comparing it with LM
formalism, | will show that they address the elasticity problem from two complementary angles: LM
approach works by identifying the local nonaffine forces while BH arguments are based on
optimization of local nonaffine displacements. The linear regime of the stress-strain curve is also
vital for elastic waves. In (elastic) disordered systems, depending on the scale of wavelength, the
damping coefficient of sound waves might exhibit different behaviors. | will provide analytical
results, supported by numerical evidence, of the dependence of the damping coefficient on the
wavenumber, for sound waves propagating in systems having quenched disorder. The vibrational
density of states of amorphous systems are also featured by these waves.

Electron-transfer-induced heat transport (ETIHT): electron transfer is a fundamental process that
drives many physical, chemical, and biological transformations. The semiclassical Marcus theory is
the most common approach used for understanding such phenomena. Based on the Marcus
theory, it was recently found that electron transfer between molecular sites characterized by
different local temperatures is associated with heat transfer between these sites and thus
contributes to heat conduction in such systems. However, Marcus theory is based on a high
temperature approximation that fails at low temperatures where nuclear tunneling becomes
important. | will provide, within a simple model, a unified framework that includes the deep (nuclear)
tunneling limit of electron transfer and the associated heat transfer, thereby, extending the ETIHT
theory to the low temperature limit.

Photochemical processes in the strong light-matter coupling limit: light-matter interaction in
confined geometries often shows characteristic signatures such as the Purcel effect on the decay
rate of molecular excitations and Rabi splitting of optical transitions. Such phenomena are analyzed
for systems comprising 2-level atoms by the Tavis-Cummings model. To describe behavior of
molecules in such situations an extended model is needed that includes the effect of nuclear
motion. | will describe our current work to investigate the interplay between the many-molecule
optical response and the local (single molecule) nuclear dynamics with possible consequences to
molecular photochemistry.

Page 6



