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Soft-matter-based thermal metamaterials: New effects and methods
P
HH RV AR

Abstract: Because heat can transfer due to diffusion, it is usually difficult to control heat flow. Accordingly
this fact limits potential applications of heat, say, in solar cells. On the other hand, heat is often considered as
waste energy in most cases like chip cooling; how to guide heat to leave efficiently is of great value for chip
cooling. Therefore, it becomes particularly important to study how to control heat flow at will.

Unfortunately, solid-solid interfaces always have an additional non-zero thermal contact resistance. In
contrast, liquid-solid interfaces may have a (near-)zero thermal contact resistance. In this direction, for
controlling heat flow at will, we propose an attempt: by using soft-matter-based thermal metamaterials, which
can be easily designed according to theoretical equations because of the zero thermal contact resistance
between interfaces. As a result, it is shown that heat flow can be controlled similarly to light propagation, thus
achieving controlled heat flow. These thermal metamaterials exhibit thermal properties that cannot be found in
naturally occurring materials or chemical compounds, and they can be used to control the flow of heat almost
at will, for example, guiding heat around an object as if the object does not exist (thermal cloak). The method
to design such thermal metamaterials is transformation thermotics that is based on the method of coordinate
transformation.

This talk will present the research progress in both theoretical and experimental research on the above
mentioned novel thermal properties of soft-matter-based thermal metamaterials designed or realized according
to transformation thermotics. In the meantime, some relevant extensions are also mentioned, say,
concentrating heat into a particular region (thermal concentrator), apparently reversing the flow of heat from
low temperature to high temperature (thermal inverter), and rotating heat flow (thermal rotator).

Key Words: soft matter, thermal metamaterials, heat flow
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From colloidal phoresis to diffusive flow-driven microturbine
Mingcheng Yang
Beijing National Laboratory for Condensed Matter Physics and Key Laboratory of Soft Matter Physics,
Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China
Email: mcyang@iphy.ac.cn
Abstract: Colloidal phoresis refers to the directional drift motion of colloidal particles in externally applied
gradient fields [1], such as concentration gradient of solute molecule (diffusiophoresis) or temperature
gradient (thermophoresis). The phoretic driving forces arise from the interactions between particle and the
surrounding inhomogeneous fluid environment induced by gradient fields [2,3]. Here, we show that the
external gradient fields can even generate a mechanical torque on an anisotropic microscale object and rotate
it. In light of this finding, we propose theoretically prototype microturbines driven purely by diffusive flows,
including diffusive energy flux-driven microturbine [4] and diffusive mass flux-driven microturbine [5]. The
proposed turbines are in significant contrast to conventional turbines (e.g., water turbine), which are driven by
convective particle flow. The rotational velocity of the turbines is expected to depend on the external gradient
fields, the geometry and the phoretic properties of the turbine. This scenario is validated by performing

state-of-the-art computer simulations.
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Spatiotemporal chaotic unjamming and jamming in granular avalanches
Ziwei Wang1 and Jie Zhang2,3
1Zhiyuan College, 2Department of Physics & Astronomy and 3lnstitute of Natural Sciences,
Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: The unjamming transition is of crucial importance in studying natural disasters such as snow
avalanches, landslides and earthquakes. Here we provides a new perspective to understand such transitions
from the dynamical systems theory and show that in a novel toy-model system -- a rotating drum partially
filled with bidisperse disks to create avalanches, the dynamical variable -- the first Lyapunov vector can be
well defined and measured. We observed a strong spatial correlation between the modulus of the first
Lyapunov vector and velocity field, and linear correlations between the global Lyapunov vector, its growth
rate and the total velocity temporally. The anatomy of the velocity of each particle and the number of moving
particles leads to a mean-field model, where both the spatial and temporal correlations between such
guantities can be understood. What's more, we have investigated the fluctuations of particle motions, i.e. the
non-affine motions, during the avalanche process, revealing an intrinsic disorder characteristic of the
avalanche at the particle levels and the temporal correlations among geometrical and mechanical quantities at

the macroscopic levels.

Key Words: Unjamming, Granular materials, Avalanche, Lyapunov vector
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The Preparation of Polystyrene Template and Rare Earth Doped TiO2 Hollow
Microspheres
Xiaopeng Zhao, Fengxia Zheng
Smart Materials Laboratory, Northwestern Polytechnical University, Xi’ an 710129

E-mail: xpzhao@nwpu.edu.cn
Abstract:Electrorheological (ER) fluid is a suspension made of high dielectric constant particles dispersed in
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low dielectric constant of insulating oils. Under electric field, ER fluid can realize rapid and reversible
liquid-solid transformation, showing the characteristics of controllable. However, the bad performance of
materials, such as poor temperature stability, ease of sedimentation, severely restricts the industrialization
development of ER technology. TiO, has drawn attention as a typical ER material, and rare earth doping can
obviously improve the ER activity. Inorganic particles exhibit significant sedimentation stability because of
their large density which affect its ER activity. Polystyrene (PS) microspheres are good macroporous materials
template agent due to its characteristic of good dispersibility. In order to improve the suspension stability, we
synthesized monodisperse PS template particles by emulsifier-free polymerization and rare earth doped TiO,
hollow spheres using PS as the template via a simple controlled hydrolysis method. SEM, XRD analysis,
particle size analysis, tap density had been used to characterize the structure of the samples. And we
investigated the mechanical properties and sedimentation stability of rare earth Ce-doped TiO, hollow
spheres.The results show that the PS spheres have a narrow particle size distribution and good uniformity by
emulsifier-free polymerization.The dynamic shear stress of the ER fluids prepared by rare earth Ce-doped
TiO2 hollow spheres is 1.4kPa in a 4 kV/mm electric field (DC) at a 15% volume fraction and 29 <C, which is
almost four times of the pure TiO, under the same conditions.The sedimentation ratio of the Ce-doped TiO,
hollow particle suspension is approximately 2.5 times of the Ce-doped TiO, solid particle suspension at a
3% volume fraction and room temperature This result shows that the existence of the hollow structure causes

the increasing suspension stability.

Keyword: ER fluid, rare earth Ce-doped, emulsifier-free polymerization hollow spheres
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Hydrodynamic Theory of Polar Active Smectics
Leiming Chen
College of Sciences, China University of Mining and Technology, Xuzhou, Jiangsu, 221116
John Toner
Physics Department, Univeristy of Oregon, Eugene, OR, 97402, U.S.A
Abstract: We present a hydrodynamic theory of moving stripes (polar active smectics), with no number
conservation.It is described by a compact anisotropic Kardar-Parisi-Zhang equation,which predicts that the
polar active smectic phase has quasi long range and long range translational order in d=2 and in
d=3,respectively. In contrast, the equilibrium smectic phase is unstable in d=2 and only has quasi long range
translational order in d=3. In d=2 the polar active smectic phase enters into the disordered phase (i.e., “active
ferromagnetic phase”) via a Kosterlitz-Thouless transition, which can be driven by either increasing the noise

or varying certain nonlinearities of the anisotropic Kardar-Parisi-Zhang equation.

Key Words: active matter, smectics,
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Dynamic X-ray tomography imaging application for the study of granular materials
Yujie Wang
Department of Physics and Astronomy, Shanghai Jiao Tong University

Abstract: It’s important to understand both static and dynamic properties of a granular system which is an
important soft matter system. Studying granular systems with x-ray imaging technology, including x-ray
computed tomography (CT) and ultrafast x-ray projection imaging, has great superiority. Due to the
penetrating properties of x-ray, internal structures of a granular system could be obtained. Using x-ray CT
technology, we studied packing problems with various granular systems, such as mono-dispersed hard spheres,
wet spheres, rods, poly-dispersed foams, etc. At the same time, ultrafast x-ray phase contrast imaging
technology based on synchrotron radiation provides a projective realization of evolving systems, which is one
of the few experimental methods that can probe dynamic properties of granular systems. These experimental
works will contribute to revealing some important properties of granular systems. We also suggest that with
the rapid development of x-ray tomography technique especially with the high-spatial and temporal resolution,
it shows great promises for the study of soft matter systems including foam, emulsion, and colloids whose

study have been previously dominated by scattering techniques.
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FE: AR IT AN b 7= AR KB A ORI 75 AL . B B @ T A SR
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MK FHHAT ARHE RIS, S AR BRSO R AN A o A SCLABRAARA S . SIOFF . 1\
S ERH BRSO RIE RS IR 1 B A FE LIS LR FLEE Alicaligenes sp. S-XJ-1 JWTFIX R, WA 1
PRI A A e SR R RSB K P S I TN R AR A T K SR B . BRAR IR, ol )
712 ¢ XDLVO fi#: 7 HALEE . [FIEF, R A 2 858 5 6 1% 5~ (Multi Speckle Diffusing Wave
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Hh VR PR I 70 R 30 BT AR 3 T M o 10 22 5 T 3 L AE AR LI R vh VRO SRR . BRI AN B S & By
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R IR I i, A R AR R P R
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Jamming A2 O TR B K. RARNMBR B E AR IR R, 2 H TR AR A
(B ATIRAESL . 7E jamming AR &I, JoBESURL A R (1) Jamming #4748 47 7E — /NI TR 72 80 (4
29 0.84, =4k 0.64) N RS54 jamming XA unjamming X35, FiE AT 7R, 7EBIUIME
IR &AM AR 0 B DR D RS KO S T BARARR, (ELR 5% TR0 1R R AR 5 0] s AR 23 B 5
EIFATERE . AL EEHIFL 7RI N B R 5 R 4 & ) Jamming A . FATKIL, 7ETCH
SR 2 5E L unjamming XIRA,  F7AE 53 40N I SHARL 340 K unjamming X gy BT D15 5
(1 jamming [X, FEtkXAIBTUE SEUR IX =DM FR X . FN, AT 8778, 456 245
BB A8 ) S, = AN DXCIGEAT T M B o s JF BRI IR B BIAER B8, @i A AR X
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FEANEEH, AN [ IR A SRR SRS (B UK B el PN RORL AL R 30 38 (JE D) R R
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Drying of Colloidal Suspensions by dip-coating
Tingting Liu, Guangyin Jing

School of Physics, Northwest University, Xi'an, 710069, China
Abstract : Dip coating process is widely used in industry to produce films by taking advantage of
dynamical wetting. Landau, Levich, and Derjaguin has investigated the hydrodynamic behavior of the deposit
film depending on the moving velocity of the substrate plate, where an called LLD model on the relation
between the deposit thickness h  and capillary number C, as h ~ kdCa?® with C.=nV/%, k, d, ¥, 5 and y of the
prefactor, dimension of the meniscus, moving velocity, viscosity and surface tension of the liquid,
respectively™. However, in the LLD regime, the non-volatile liquid is considered, that is to say, the
evaporation is neglected for the dynamical wetting on the plate. Here, by moving the contact line of the silica
suspension (diameter of 22nm), the deposition thickness shows a new scaling on the moving velocity, defined
as h ~dggVevo/V With the initial concentration ¢o of the suspension, evaporation rate Veys.

On the other hand, the drying continues after the deposit film forms by dip-coating, which inevitably
results in the stress during the shrinkage of the deposition restricted by the rigid substrate. This accumulated
stress as a consequence cracks the particle film into the unique crack pattern. We find three types of crack
pattern in the deposit films: network, parallel array and the combination, by varying the contact line moving
velocity. Moreover, the crack pattern displays a transition from the network-like to a parallel array at a critical
velocity. Below this critical velocity (~1 um/s), the film present the well-ordered parallel cracks, but a network
pattern above this velocity and the combination in between. As revealed in the evaporation regime!?, the
deposit thickness is reversely proportional to the velocity, and an analytical model has also been developed to
predict the crack spacing is proportional to the deposit thicknesst!, therefore, the parallel cracks present the
reverse proportional to the velocity is reasonable. However, we have to point out that the physical origin of
this pattern transition is still missing.

Key Words: Drying, dip-coating, colloidal suspension, crack pattern
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Phase transitions and defect dynamics in active colloids system
Fu Cheng', Xia-qing Shi', Yu-giang Ma?*
1Center for Soft Condensed Matter Physics and Interdisciplinary Research, Soochow University, PR China,
2National Laboratory of Solid State Microstructure and department of Physics, Nanjing University, PR China.
Abstract: We propose a toy model of self-propelled Brownian particles with both local alignment interaction
and soft pair-wise repulsive interaction among particles to simulate active colloids in 2D. We observe both the
transitions from liquid to solid phases and from isotropic to polar orders. In high density regime, with the
increase of local alignment strength, the system first shows hexagonal crystal phase in very low alignment
strength and then enters into a phase-separated liquid phase. Further increasing the local alignment pushes the
system into deep polar order, and in such condition we find collectively moving hexagonal crystal phase. We

further characterize the defects dynamics in such reentrant transition.

Key Words: active matter, living crystal, Brownian particles, defect dynamics
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Bottom Stresses of Static Packing of Granular Chains
PingPing Wen*, Ning Zheng**, Qingfan Shi***
School of Physics, Beijing Institute of Technology, Beijing 100081, China
Email* wenpingpingys@163.com, **ningzheng@bit.edu.cn,*** gfshil23@bit.edu.cn
Abstract: The static packing of granular materials has been one of long-lasting issues due to its practical
importance in many fields including civil engineering, soil science, and storage and processing of raw
materials, while the unity of basic physics remains unsolved [1]. In last several decades, researches on the
packing properties have been nearly all focused on individual grains until recently granular chains began to
draw more attention in the researches on the packing properties. However, the investigation on the mechanical
properties of confined granular chains with a rigid lateral boundary appears to be still scarce. In this paper, we
accurately measure the average mass at the bottom of a granular chain column confined in a rigid Plexiglas
cylinder, with an inner diameter of 45 mm and a height of 700 mm. The average mass is obtained with the
measurement method proposed by Vanel et al [2]. The chains used in the experiment with free ends used in
our experiment are composed of hollow, steel beads of a diameter 3.0240.1 mm and links with the same
material. The link between two neighboring beads can stretch out and draw back freely, the maximum length
of which is about 1.240.1 mm. In the measurement, eleven different chains, with the chain length N spanning
three orders of magnitude from N=2 to 2048, are used to measure the average mass at the bottom of the chains
column as a function of the granular chains filling mass, respectively. The relation between them is in a good
agreement with the description of the Janssen model [3]. We thus apply the Janssen model to fit the
experimental curves, and then extract the saturation masses for all chains. The saturation mass is displayed as
a non-monotonic function of the chain length, where a distinguishing transition of the saturation mass is found
at the persistence length of the granular chain which is N=8. We repeat the measurement with another
measuring methodology [4] and a silo with different size, respectively, the position of the peak maintains
robust. In order to understand the transition of the saturation mass, the friction coefficient and the volume
fraction of granular chains are also measured, from which Janssen parameter can be calculated. Finally, we
preliminarily measure the bottom stress for two distinct packing structures of long chains, find the effect of
the entanglements on the bottom stress, and argue that the entanglements might be responsible for the

transition of the saturation mass.
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Self-consistent field model for electrostatic correlations and inhomogeneous dielectric media
Manman Ma and Zhenli Xu
Department of Mathematics, and Institute of Natural Sciences, Shanghai Jiao Tong University, 800
Dongchuan Rd., Shanghai 200240, China

Abstract: Electrostatic correlations and variable permittivity of electrolytes are essential for exploring many
chemical and physical properties of interfaces in aqueous solutions. We propose a continuum electrostatic
model for the treatment of these effects in the framework of the self-consistent field theory. The model
incorporates a space-dependent dielectric permittivity and an excluded ion-size effect for the correlation
energy. This results in a self-energy modified Poisson-Nernst-Planck or Poisson-Boltzmann equation together
with state equations for the self energy and the dielectric function. We show that the ion size is of significant
importance in predicting a finite self energy for an ion in an inhomogeneous medium. Asymptotic
approximation is used to a generalized Debye-HUckel equation for effectively obtaining the self energy which
has been shown to capture the ionic correlation and dielectric self energy. The model is shown to agree with
particle-based Monte Carlo simulations. Numerical results for symmetric and asymmetric electrolytes
demonstrate that the model predicts the charge inversion at high correlation regime in the presence of
multivalent interfacial ions which is beyond the mean-field theory, and also show strong effect to double layer
structure due to the space- or field-dependent dielectric permittivity.

Key Words: Electrostatic correlation, continuum theory, electric double layer, charge inversion
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Figure 1. Design principle of multiblock terpolymers for binary soft mesocrystals. (a) AMASs self-assembled
by linear ABC triblock terpolymers pack into the CsCl crystal lattice. (b) AMAs formed by multiblock
terpolymers can be programmed to assemble into a variety of crystallographic arrangements by tailoring the
polymer architectures.
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Equilibrium and Non-equilibrium Ensemble Dynamics Simulations and Metastable States

Analysis

Xin Zhou

Xin Zhou, School of Physics, University of Chinese Academy of Sciences, Beijing 100049

Abstract: Traditional single atomistical molecular dynamics simulation in biological polymers are usually
limited in sub-microsecond time scale, thus difficult to study many experimental interesting behaviors of
systems. Ensemble dynamics simulation, which generated independent multiple short trajectories started from
different initial conformations, has some advantages in comparison with the single long trajectory simulation.
We presented a methodology to analyze the short trajectories to identify metastable states and to form a
Kinetic transition network among these states hierarchically, and to reproduce equilibrium distribution of
system in whole the conformational space even each trajectory is very short in comparison with the required
equilibrium time. We apply non-equilibrium simulations to further overcome higher free energy barriers to
enhance the efficiently of sampling by extending Jarzynsky equality in more general cases where the initial
equilibrium does not reach. We illustrate the application of the methodology in Lennard-Jones fluids, and

polypeptides.

Key Words: Ensemble dynamics simulation, Metastable state analysis, Non-equilibrium Simulations
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A numerical study of spherical polyelectrolyte brushes
Chaohui Tong", Guangyang Quan, Meiling Wang

Department of Physics, Ningbo University, 818 Fenghua Road, Ningbo, 315211

Abstract: The self-consistent field theory (SCFT) is employed to numerically study the scaling laws of brush
height and the amount of counter-ions trapped inside a spherical polyelectrolyte (PE) brush immersed in a
good solvent with no added salt ions. In particular, the curvature effect of the grafting substrate on the brush
height and the amount of counter-ions trapped inside the PE brush is carefully examined. It is found that the
brush height shows a non-trivial dependence on the radius of the grafting substrate. This non-trivial
dependence stems from two competing and counteracting mechanisms. The first mechanism is the entropic
effect of the curved grafting substrate on the chain conformation of the grafted chains, i.e., the entropic
penalty of a curve surface. The second mechanism is the reduced electrostatic repulsion among charged
monomers due to the increase in the degree of local charge neutrality resulting from the increase of fraction of
counter-ions trapped inside the PE brush with increasing radius of the grafting substrate. The numerical result
reveals that the brush height scales linearly with respect to the grafting density and the average degree of
ionization of PE chains in the planar surface limit, but not in the opposite limit. The sub-linear dependence of
the brush height on the average degree of ionization and grafting density in the large curvature limit, i.e., the
radius of the grafting substrate is much smaller than the brush height, is due to the increase of fraction of
counter-ions trapped inside the PE brush with increasing average degree of ionization and grafting density.
Such an increasing trend leads to a higher degree of local charge neutrality inside the PE brush and tends to
decrease the brush height. The numerical results show that the brush height scales linearly with the chain
length irrespective of the radius of the grafting substrate. Such a linear scaling law independent of the
curvature of the grafting substrate is due to the fact that the size of PE chains is a linear function of the chain
length for the Gaussian chain like conformation adopted in SCFT. It is found from the numerical study that, in
a salt-free solution, about of the counter-ions are trapped within the range of extension of grafted PE chains
in the planar surface limit, irrespective of other system parameters. On the contrary, for the grafting substrate
with high curvature, the amount of counter-ions trapped inside the PE brush approaches zero in the large

system size limit.

Key Words: polyelectrolyte brushes, curvature effect, self-consistent field theory
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Multi-scale properties in structure factor of Wormlike chain model
Xinghua Zhang
School of Science, Beijing Jiaotong University, Beijing 100044
Abstract: According to central limit theorem the conformation of polymer in mesoscale is analogous to the
random walk in 3-d space. This behavior can be well described by Gaussian chain model which is easy to
solve and serves as the most important tool for theoretical research of polymer physics. However, Gaussian
chain is a coarse grain model. It fails in microscale. Wormlike chain model is a general model. For long chain
case, it can recover the Gaussian model in mesoscale, and keep the nature of linear linking structure of chain
in microscale. Moreover, the wormlike chain model can also describe the flexibility of the chain with finite
length. In present work, an efficient numerical method was developed to compute the structure factor of
wormlike chain in any external field. By virtue of random phase approximation, these numerical structure
factors of wormlike chain in external field can be used to investigate the stability of ordered structure. Three
example systems, diblock copolymer, nematic liquid crystal and polyelectrolyets system were demonstrated to
show the multi-scale properties of wormlike chain model.

Key Words: semiflexible chain, wormlike chain model, structure factor
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Free energy calculation through non-equilibrium interstate trajectories
Biao Wan, Cheng Yang, Yanting Wang and Xin Zhou
School of Physics,University of Chinese Academy of Science, Beijing 100049,China.
Abstract: The fluctuation theorems in non-equilibrium statistical physics are of important fields in recent
years. For application, the Crooks' fluctuation theorem and its relevance, Jarzynski’s equality [1], which
related the distribution of irreversible work of a non-equilibrium process to the free energy difference between
initial and final systems, are new tools to estimate the free energy difference of biological molecules. By
applying the Crooks fluctuation theorem, Maragakis et al [2] have drive a relation to calculate the free energy
difference between sub-states, and similarly another one, Ivan Junier et al [3] have derived a fluctuation
relation under partial equilibrium conditions to estimate the free energy branches in single molecule
experiments. We derive a equation to recover the free energy difference between meta-states without Crooks
fluctuation relation. Instead of requiring global, we require local equilibrium of a subset of the meta-stable
states. Then a new method to overcome energy barriers by combing the non-equilibrium work of single
trajectory and the re-weighting idea of weighted ensemble dynamics simulations (RWED) [4] method are
proposed. The central idea of the method reflects the microscopic principle of Jarzynski’s equality (JE). For
multiple states systems, the partition function can be written as a summation of all local partition functions.
Changing the Hamiltonian from the initial form to final form, we have a simple relation, interstates
Jarzynski’s equality (ISJE), to estimate the final equilibrium distribution from initial distribution. If the initial
system is identical to the final system, then ISJE reduce to a matrix equation. Only estimating the elements of
the matrix we could obtain the equilibrium relation between interstates,i.e, the global equilibrium. In
particular this matrix equation reduce to the detailed equilibrium conditions in equilibrium. This method can
estimate the free energy landscape of complex systems, and also the free energy difference (the ratio of local
partition function) of meta-stable states from interstate non-equilibrium transitions. The method can be
shortly summarized as four steps, (i)The local meta-stable states have been known, and then prepare a proper
allocation of sampling and a short time local equilibrium on all states;(ii)use a non-equilibrium dynamics to
enhance the trajectories transition among meta-stable states,(iii)estimate all elements and then get the
eigenvalue (lambda); (iv) if the eigenvalue approximately equal to 1,the equilibrium probability
distributions(or ratio of local partition functions) of multiple states could be estimated. Once we estimate the
global equilibrium distributions, the free energy landscape of complex system which consists of multiple

states can be fast estimated from non-equilibrium simulations. Three models will be applied to test the method.
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The first model is one-dimension multiple-well potential the second a Lennard-Jones fluid and the third a
molecule chain model. By applying the method, the estimators of interstates free energies of three models are
consistent with their global equilibrium distribution.

Key Words: Jarzynski’s equality, non-equilibrium, RWED, local equilibrium, partition function.
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The effect of chain rigidity on phase separation in a polyelectrolyte solution
Bing Miao®, Xinghua Zhang", Ying Jiang"
a. College of Materials Science and Opto-Electronic Technology, University of Chinese Academy of Sciences,
Beijing 100049, China
b. School of Science, Beijing Jiaotong University, Beijing 100044, China
c. School of Chemistry and Environment, BeiHang University, Beijing 100191, China

Abstract: Coulomb interaction between charges in a polyelectrolyte solution provides the long range
stabilizing factor for phase separation, which leads to a microphase separation between polyions and poor
solvents due to an instability mode of finite wavelength. On the other hand, the long range Coulomb
interaction can be screened to a Yukawa potential with a short decay length with increasing the ions strength.
This screening transforms microphase separation into macrophase separation due to the absence of a long
range stabilizer. This fact renders the polyelectrolyte solution an interesting model system to study phase
separations, which admits behaviors of both the Ising Universality and the Brazovskii universality. To study
phase separation of a polyelectrolyte system, one has to take into account the fact that a polyelectrolyte chain
is usually with a finite bending rigidity due to electrostatic repulsions between monomers. The chain rigidity
plays an important role in many phase behaviors of a polyelectrolyte system. In this work, we study the phase
separations of a polyelectrolyte solution in poor solvents theoretically. The statistics of a polyelectrolyte chain
is formulated within the wormlike chain model, within which the chain rigidity is controlled by the
persistence length of the chain. The propagator determining chain statistics is obtained by solving the
corresponding modified diffusion equation numerically. It is then built into the calculation of the structure
factor of density fluctuations within a Gaussian field theory. Our results show a microphase separation can be
induced by enhancing the chain rigidity. Therefore, nanoscale structures can be formed in a polyelectrolyte
solution by using more rigid polyelectrolyte chains, given other parameters. By solving the Lifshitz line
exactly, we plot a phase diagram in terms of the chain rigidity and the solution concentration for a salt-free
system. The flexible limit returns the previous result based on the Gaussian chain model, while the rigid limit
admits no macrophase separation for a salt-free system. We also construct the spinocal line for a
polyelectrolyte solution with different chain rigidities. While the rigidness of a chain induces microstructures
with shorter periods, the spinodal point of the Flory-Huggins parameter is increased by the rigidity compared
to that of the Gaussian chain model. These findings can be explained clearly in our model.

Key Words: polyelectrolyte, phase separation, wormlike chain model, Lifshitz line
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Neutral Dielectric Colloids in Symmetric and Asymmetric Electrolytes
Zecheng Gan, Xiangjun Xing and Zhenli Xu
Institute of Natural Sciences, Shanghai Jiao Tong University, 800 Dongchuan Rd., Shanghai 200240, China
Abstract: The solution of the Poisson's equation with varying coefficients has been a bottleneck for
simulating charged soft matter systems with dielectric inhomogeneity. We present our recent work on a
reflected image charge method for fast computing the polarization force (potential) for several dielectric
colloidal particles immersed in electrolytes. This is based on a multiple-image charge method we presented
earlier. Coupled with a recently developed Octree module for molecular simulations, the algorithm is used to
determine the effect of dielectric inhomogeneity, or now we can call it the “image charge effects”, on the
Like-charge attraction phenomenon, which is widely observed in charged soft matter systems and remains
subtle. The results show that the image charges have a strong impact on the mean force, and as a result the
like-charge attraction phenomenon, between two dielectric colloidal particles in the weak coupling regime,

moreover, for symmetric and asymmetric electrolyte, we find the mean force shows quite different behaviors.

Key Words: dielectric colloid, asymmetric salt, image charge
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Equilibrium sampling by weighting non-equilibrium simulation trajectories
Yang Cheng, Shun Xu, Wan Biao and Xin Zhou
School of Physics, University of Chinese Academy of Sciences, Beijing 100049, China
Abstract:Molecular dynamics simulation is an important tool to detect dynamics and thermodynamics of
physical systems with complex potential energy surface, and the free energy surface (FES) in some key
collective physical quantities space provides direct understanding of the systems. However when the FES is
too complex, the simulation trajectory generated by standard molecular dynamics is usually trapped in free
energy basins due to the high free energy barriers. It will cost too much time to calculate the FES in entire
space. Many enhance sampling methods are invented to circumstance that problem. Here we will focus on the
Re-weighted Ensemble Dynamics (RWED) which was reported in 2009 [1]. It is used to reconstruct the FES
via collecting information from an ensemble which is composed of many short-time parallel trajectories. The
trajectories are generated by standard molecular dynamics or Monte Carlo simulation methods in the same
simulation condition but from different initial conformations. Though this ensemble can reach local
equilibrium in each meta-stable state, but the simulation time is too short to allow sufficient trajectories transit
between meta-stable conformational regions. The RWED method can extract information from such an
ensemble to establish a matrix function systematically. The non-degenerate ground state of that matrix
provides the weights of trajectories. All the short and weighted trajectories could be combined to reconstruct
global equilibrium distribution as well as FES. However, if the number of transition trajectories is too small or
even zero, RWED method can’t correctly reconstruct global equilibrium properties. The non-equilibrium
trajectory, whose Hamiltonian changed over time, can escape from the free energy minima more easily. If we
can weight such trajectories correctly we would overcome the difficulty mentioned above. In this paper we
improve RWED with the help of Jarzynski Equality (JE) [2] which is employed to calculate the free energy
difference between two equilibrium states successfully via a non-equilibrium process. The JE was proposed in
1997 firstly and proved to be valid no matter how fast or slow the non-equilibrium process is. The
non-equilibrium trajectory can cross the barriers between meta-stable states easily when the process is
appropriate, so we can design a non-equilibrium process to accelerate the transition between some meta-stable
conformational spaces and then weight the non-equilibrium trajectories (WNT) to reconstruct global
equilibrium distribution. We perform this new method on two particular examples, one is one-dimension
potential system and the other one is Lennard-Jones potential system. In both cases, we reconstruct their

global equilibrium distribution and FES correctly.
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Abstract:Using dynamic mechanical analysis (DMA) and X-ray diffraction (XRD), we investigated the
“dynamic creep” behavior and the crystal transformation on isothermal crystallization of isotactic
polypropylene (iPP) under continuous oscillatory shear at 130°C. The fatigue behavior of storage modulus
occurring when the crystallization is almost completed can be explained well by the dynamic creep theory.
Otherwise, we found that the continuous oscillatory shear can introduce the formation of B-type iPP. It is
observed that a phase transformation of Bto atype crystal is associated with the fatigue behavior. Our research

is helpful to understand the effect of oscillatory shear on the crystallization of polymer materials.
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PE: RS R D 7T T 1 R M BB AnBn EZR T _E IR A R AT FE2R
Porfr AL B MRS RTIE SR EIOARR, Bk A 5RIEMAAERGRNNSIER, #4k B 5%
PRAMAFAE 59 51 /E R B R SIE . BT SR SR . BEBL A RIBERL B OBRRT TR S, K
DUBER: A FIEEBL B M RIESAFAEAR R 225, SR W 201K GG I T ARAN S ok T8 AR e J 1k
i B 5B RIS (A B B 3 AHC . SR P B SR 1) R A P8 D) e BT A £ B A4
FrohsE, TS5 EBm AN B R RA K. BATEL A RS AREETRE DT T iR Bl 7> T5E Al B T
BB T M SRR N IR T BIRR, R SR 5 T FISE XA H g S5 35 AR A o
RAEHEB B 2D EEBL A (ERIRIAOHEAD,  BRAR T A BRAC L 0 0 T BE A SR R ELBE , R T i o B B
A KRERIHIIN, BB B Xl SR PR RO R g, PR TE BRACHE ) e SR MR 5 B SR B R . R
Jai s FRAT5r 5 IR BB T H . K BNTAR R 5~ 55 07 T AT 70 A R ER A, AR 17 JE RS 7 ik B G 2R A
AnBr 5 BTHE An ELA A [R] SR B A S A

REW: WIRBOLRY), W%, TRRE T, ISR

A TAESZ EF HARBLE I 4 % By (11304231 1 11474222) FIHGVT4E H 48B4 54 % B (LY 14B040004) .
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FE: AE NG THHE B RTINS —, MU IR IR G548 |2 A48 T AW 1) DNA FIEE (1 i
JEEAESN R R R A FEE MM RAT N EARE S, AR 73 1% 0580 o iR E R 4y
TR R AR AT 7RI, 2 WA 22 B 22 A R R T 8 7 BRI AR S R, Kk
MM R GERE . B0 D B R LR AMINRL YA G, iR O BKE IR T 1Y
helix-to-coil AHFEARIN G . WA IR L3I0, R s i) S AR B iR iR B L A BB 3k, a1
BER IR e & B DA SOR I R IZ T A, RS R A AR B DU R M B G e A 4l Ak R 58 SR AR g iy
Z, TR HEERA R, IR R A TG A . @R )i T T helix-to-rod #HE: 22 LA
SRR R PR AR AN AT B ILR . TREBURN,  BEAE MR AT N, R e 2T
BRI FPZ R BT helix-to-rod BrBBUANESAR AR, 024407 LU [R] B 280N 22, R 5 1
D THECE A B YIRIR Y R, BV VAR AT LG, IR, N HIAR R AR AN
BAR NS, PRI AT R AR AR R AR e A IR T AR BRI B, AR AR
Ky NAF R E TR R IO A BAEAT . FRATIA T 2 A B2 10 2 [R) A7 BH DA K% e 28 0% %o A
EHISET TR SIEN . OFFERIREE T coil-helix-rod FIEAEHLG: ERERE T, HEB/NMASH
INEL /3153 T coil-to-helix #5223 7%, BB T2 158 SCIRBE L5/ IR &, T b Jm BOR AN /1% 5
T helix-to-rod FHEE AL, R4 ) OSBRI IE TR G i) = R R 3R, FRATAH Gl i) M BEX I — I g
IS 3 B 473 R OUE A AT T IR RS o AT R B S 7 e R AT AR I A T AR LI
BT DR G R 22 2 AR S R o

REEE. IRbERE, b AEEE

S35 R
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WE: &0 7 EEE PR E E RIS A e s AR, T H AR AR B2 A
AIBFERINH], BT ARZ IR 5] 1T R AR AL A A Y S5 et 72 35 1) ki . fEfnis it
e, mo TS EE KR AR . BEFRERY, &5 S8 R AH LA T 5RE DA
Fe AR EAE AR T 5 1 Bl S gt AR . O ZEAR T, BRATBLLLET 72
T WHREBL R THE (AnaBre) AN 1IKE) T H cis 2B 5 A B E I trans EA0HEd R, HhE
G TE BRI cis —MMKER LMol FIEEIE trans — N LRl k. @ THE S5 1E
oy L MAFAESRR SIE R, T 5 HA 3R 7 Z A AE2iHE AR o FEMUAH ELAEBE S, A BEBUEHEN
FERMRET KT B BB HEARIME, BT R 18 A SEBSe#E Al EIE s . A
WEEREH], His i [FBE Lo A3 AAAAE P B (AR, X 1 B ia i AR B 2 K T Lo 2T R
KIE, BATENE T LR Py ANy BB R R . 55— MERT AL E S A IRBUIRIKCEE Na BR, 1%
FES A RBOREHHENEERT B B REH IR A E — 8. 58 MEMALE HINAE Nab &b (b A
FEETETT A BRI DD | I R BE T A B 58 B ol 0K TR AR ELUL ARG . 451
R UL 2 A TE R RS DU IR B 20 1 BE A iz I 1)

REEE . BRI THE fis, REEIE; B
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