Thislpaperidescribeslobiectiveftechnicallresultslandlanalysis JAnvisubiectivelviewsjorfopinionsithatimightibefexpressed

Sandia National Laboratories

Andrew P Santos and Amalie Frischknecht
CINT, Sandia National Laboratories, Albbuquerque, NM 87185, USA

asanto(@sandia.gov

Motivation oo f d I
O mer— ra te nano artlc €S
Composites of polymers and nanoparticles aim to form H OmOPOIYmer blend y = , —
materials that combine the desirable mechanical, electrical, e L B e B B % | Ex.
magnetic or other properties from each component. — - PMMA/SAN FH config.
0.25 O PMMA/SAN TILD
Successful property combination depends on the overall i
morphology of the system and the polymer brush grafted (),2%})
to the the nanoparticle. The phase behavior, as a function L
of graft length, nanoparticle size and solvent, is a promising 0.15 :—\gp
equilibrium control on morphology. -\
- N\
R O01F \®
SAN, PMMA PMMA.-g-NP . Newmoy o
" System? & a0st R L
_on i .
S|02 B _
n 0 | —_
System property TILD sims. i ’
NP radius (SiO,) 7.5 nm 33b 0.05 i -
Grafting density 0.7 chains/nm? 3.7 chains/b? TR .
PMMA mOI.We|ght (gl"aft, matI‘IX) |9 kDa |7 beadS I T I TR TR (TN T T N S T S S B k | | | | 1 1 T | 1 1 | | T | | | T T T
SAN mol. weight (33% AN) 18 kDa 123 beads 0 02 0(})4 06 08 1 0.1F o o PMMA-¢-NP/SAN Pee
PMMA-m | PMMA-g-NP/SAN/PMMA ¢, =0.05 [ 1]
Theoretically-Informed Langevin Dynamics PMMA/SAN phase diagram y(¢) | -+ PMMA-gNPSAN/PMMA g, = 0.1
(TILD) #
Discussion =
* Our method equilibrates long polymers in tractable times 2 phase
. * Polymer-grafted NPs drastically change the critical point P
Particle-to-mesh scheme * Homopolymer blend behavior controls ternary component 0.056
Procedure * Adding ternary component increases miscibility '
* Molecular Dynamics evolves simulation of soft, point-based particles é
* T is controlled with Langevin thermostat R e T
* Force on particle is calculated from a field-based interaction 0 02 04 0.6 0.8 |
Benefits and losses References 1
* Fast for particle-based method - _ PMMA-g-NP
* Takes of advantage of previous MD developments AI://Iagwre,lS. I\;I" K;Z(();)' I\|7.9I\7/I.,8I;Lilshreshtha, A. etal. (2021).
* Thermal fluctuations acromolecuies, SECA | ' : :
. | nteraction parameter—yvol. fraction phase diagram
+ No easy accesses to free energy +Chao, H., Koski, J., & Riggleman, R.A. (2017). Soft Matter, 13(1), 239-249. P P 8 X((p)
QERERGY o @ Sandia
—~o Itd natio fon ||t DEfNAtOhOO;JSSZ.SD par rtment of Ene ergy’s National Nuclear Sec tyAdmlnlstratlon National _
A ey | Laboratories

SandialNational Lboratories islalmultimissionllaboratorvimanagediand oerated byINationallTechnologvl&lEngineeringlSolutionsjofiSandia.lLLC Jalwhollylowned



Sandia National Laboratories
Andrew P Santos and Amalie Frischknecht

asanto@sandia.gov CINT, Sandia National Laboratories, Albbuquerque, NM 87185, USA

Phase Behavior of Polymer-Grafted Nanoparticles in a Polymer Melt

Motivation | System PMMA
Composites of polymers and nanoparticles O_ _O |
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SAN mol. weight (33% AN) 118 kDa 123 beads

* other properties
from each component.

Theoretically-Informed Langevin Dynamics (TILD) #

Successful property combination depends
on the overall mOl‘Ph0|08)’ of the system Density-calculated forces apply to particles Procedure
and the polymer brush grafted to the the * Molecular Dynamics evolves simulation

nanoparticle. The phase behavior, as a of soft, point-based particles

function of: * T is controlled with Langevin thermostat
» graft length, * Force on particle is calculated from a

° nanoparticle Size and ﬁeld'based Interaction
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is a promising equilibrium control on BeI\eflts and losses
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' ) * Takes of advantage of previous MD
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Homopolymer blend Polymer-grafted nanoparticles
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Discussion
* Our method equilibrates long polymers in tractable times
* Polymer-grafted NPs drastically change the critical point
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* Homopolymer blend behavior controls ternary component 0 07 04 0.6 08 1
* Adding ternary component increases miscibility z/L
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