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@ Design Challenges

C Integrate interactions among all species

F Micron and millimetersized
soft elements

F Nanoparticles
F Fluids

C Capture dynamic behavior of all species
F Motion of microscopic compliant object:

F Diffusion of submicron species 50
F Fluid flow <30

C Provide useful guidelines for experiments

F Determining ideal materials to observe =
predicted behavior




@eExampl e 1: Design nNnLeukocyt e

C Create synthetic cells with similar features
F Can sense & respond to damage |
F Extend lifetime & sustainability of system|

cfnCel | 0: n-élladomicecapsule | e:=-

C Drive capsules to move along
damaged surface

F Contains nanoor micro-crack

C Localize at crack
C Trigger release of particles

C Move on to next crack

FCreate Nrepair




@Design Synthetic fnCell so wi

¢ Cells utilize complex biochemical machinery
F Multiple, interacting components R

¢ Goal: achieve biomimetic functionality =
using purely synthetic components

C Focus on microcapsules
F Same size as cells

C Can encapsulate various species

F Species diffuse out of porous capsule
F Set up communication with exterior

C Can functionalize outer surface of capsule
FCapsules can nsens

CFunction of 1 nterest




@ Model: Hybrid Computational Approach

C Microcapsule: fluid-filled elastic shell
C Serves as model for

F Biological cells (leukocytes)

F Polymeric microcapsules

C Encapsulates nanoparticles

C Develop hybrid approach for capturing following interactions:
F Capsulesubstrate

. _ °
F Lattice Spring model o LSM node
: AFl ui do L
F ShelHluid (encapsulated & external ® colids L

F Lattice Boltzmann model

— |nterface

F Particlefluid & particle-solid @  (SMnode

F Tracer particles -~
" Brownian dynamics W




@ Model for Elastic Shell in Fluid

C Lattice Boltzmann model (LBM) T solver for Navier-Stokes equations

F Fluid particles move along lattice %

F Collisions allow particles to reaclyalibrium ?z«;\PIopagation

F Hydrodynamic fields obtained from velocity A e & o

moments of the distribution function 5 ° éié ®

"o 6 & o 0 0

C Lattice spring model (LSM) 1 solver for “® ® &= (ollisions
continuum elasticity equations Pallh S

F Network of harmonic springs connecting mass point

F 3D: 18 springs connecting nodes on a regular latic K
F Integrate Newton equation of motion: Verlet algorith M
¢ Coupling of LB and LSM Poisson ratio = 1/4

F At the fluid-solid boundaries

Youngds5k | | soid , - _M

A. Alexeevet al, Macro. 38, 10244 (2005) modulus = ~ 5p, |_| density ° (Dx)’




@ Repair-and-Go System

C Amphiphilic microcapsules
F Hydrophilic exterior
F Hydrophobic interior

C Adhesion between capsule and substrate
F Modeled via Morse potential

2
a a r-agd
U(r)=e,8- expee 0§
g g r -

C Capsules encase hydrophobic nanoparticles

F Dispersed in oil phase T~ |/

N = 2 layersc 122
D=10Dx, Dx©° 1.5
r*=D/10

C Interior surface of crack hydrophobic Crack width=D

C Capsule driven by imposed shear flow
F Move over hydrophilic, cracked surface




@ Nanoparticle Dynamics

C Dynamics within capsule
dr = udt + V2D dW (1)

F Equivalent to convectien
diffusion for NP density
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F Becomes stuck at crack walls
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@ Motion of Capsules

C Effect of imposed shear flow
C Low shear:
F Captured in cradk (1)
C Moderate sheatr:
F Move along substrade (2)
C High shear:
F Fly away due to lift forcé (3)




@ Phase Map for Capsule Motion

C Dimensionless capsule
surface adhesion strength
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x-coordinate

attraction strength e N .
F = =0 45 | rd
capsule stiffness  ERr *° 10% 5
0 200 t4(')0 600
FEiYoungds mod
R | di 3104 5|0 © @
F | capsule radius ’Y oo o .
F e,1 capsulesurface
. . 2100 © 0 0 ¢ oo
Interaction <><I\>/Io<\>/|r<1>g
. . 1 0 © ® O
F r* T interaction cuboff
length 1{00 ¢ @ @ @ ® ®
F NT number of gel nodes 0 ‘.: : : : : :Afre§te:d:
G. Kolmakov et al 0 5 10 15 20 25
ACS Nano4 (2010) 11151123 b




@ Deposition of Nanoparticles

Capsule releases NPs on 1
crack surface

At low shears and strong
adhesion:

F Arrested capsule

F Virtually full coverage of
crack surface by NPs

Qiinat = Nip/Nyp ™~ 1
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At high shear and weak
adhesion:

F Moving capsule

F Partial coverage
innal ~0.1
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@ Arrested Capsule

C Deposition of NPs on crack surface

1000
N (capS) (t) — N (caps) (O) exp (_t/l«. ) 750+
500

F t41 characteristic deposition tlmé
Z

F Coverageat t> >r, 250

1000 2000 3000

Q=1-exp(-t/t,)- 1 Time
¢ Value oft,depends on cluid flow
F Adhesion strength 1250-_% =
r Deform capsule by adhesion 1000, " ~~ _
F Shear rate at weak adhesion S TE _
F Deform capsule by fluid flow 500_- o =01 S R
¢ But want repair and go | ¥=0.5 y

F Need capsule to leave crack 0 10 q) 20




@ Possible Solution: Capsule in Pulsatile Flow

C Motion of capsule 1
F Arrested at low shear period
F Releases NPs g
F Leaves crack at high shear g 0.5
period <
 Moves toward next crack 3 ;

C Resultant coverageQ~1
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