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Molecular Interactions of Polydimethylsiloxane and Ni-Mn-Ga

Abstract

With the recent advent of magnetic shape memory alloys (MSMA), such as martensitic Ni-Mn-Ga,
researchers focused studies about these materials on properties such as magnetic-field-induced
deformation. Currently, some of the properties of interest include, but are not limited to: twin boundary
deformation, strain, stress, magnetic and thermal activation, operating temperatures, magnetic
permeability, and electric resistivity. Given some of these properties, materials such as Ni-Mn-Ga have
been used as actuators, channels, and membranes in pumps. While these pumps are currently at the
stage of sub-microliter medical application, they have also been shown to possess great accuracy in
delivery as well as strength in pumping against relatively high back pressures. In this system, given the
small size of the pump, a typical O-ring cannot provide the same effective seal as it would in a regular
impeller pump. However, using a Polydimethylsiloxane (PDMS) gel has proven to be a useful sealant for
these MSMA pumps. The interaction of the sealant against the Ni-Mn-Ga itself, in particular adhesion and
detachment, take on a critical role in the pumping process. That is to say that as the "channel’, created by
the twin boundary shift, moves, the PDMS must adhere to the alloy up to a specific limit and then detach.
This adhesion-detachment must be controlled and repeatable. This simulation study aims to quantify the
interaction of PDMS and Ni-Mn-Ga, as it pertains to the adhesivity of the former to the latter, in order to
better determine how best to cure PDMS for optimal adhesion and separation. In order to study these
PDMS-MSMA surfaces, GPUs in the XK nodes of the Blue Waters Supercomputer, at the University of
lllinois, Urbana-Champaign, were used in conjunction with the HOOMD-blue particle simulation kit to
render them and study the molecular dynamics between these two materials. The PDMS models for this

simulation were based on a united atom (UA), Lennard-Jones potential modified from previous studies(" ,
utilizing 20-mer chains. While the Ni-Mn-Ga surface was based on an M1 matrix developed at Boise State.
The MSMA surface his modeled as a rigid lattice structure without twin boundary movement, the motion
is instead replaced by simulating a pulling force on the PDMS surface up to where it detaches from the
MSM surface. By utilizing these constraints we can begin to study the effects that the curing time of
PDMS has on this interaction with Ni-Mn-Ga, how the MSMA's lattice structure reacts in this scenario, and
how best to continue incorporating further constraints into these simulation studies, such as simulated
twin boundary movement.
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|. Introduction lIl. Results

* Ni-Mn-Ga can deform in the presence of a magnetic field, and still ; e for o . on f _ .
return to its original state Parameters and potentials for interatomic interactions were taken from previous

e Due to its deformation properties Ni-Mn-Ga has been used to simulations of PDMS?, and from other lists of potent|§ls |
make micropumps here at Boise State University o P[?IVIS was Cf)nstructed tc? be of cha.ms twenty repea.tmg c.eIIs Iong (i.e. a ZO-mer),
» Since the Ni-Mn-Ga plays all the roles needed for the micropump W.Ith the main volume being cpmprlsed of th.es..e chfauns belr\g replicated 80 jclm.es
to function, typical O-rings can’t be used to provide a seal to o Nl-Mn-.Ga was co.nstru.cted using its Mar’Fensmc .unlt cell (Figure 5) and replicating
maintain proper pressure the unlt. cell ten times in !ooth X ahd Y, with a height, Z, c?f 5 Angstroms
e Polydimethylsiloxane (PDMS), has been found to be a good * Simulations of the materials required the use of the National Center for
sealant solution Supercomputing Applications’ Blue Waters supercomputer
e Understanding how the polymer/metal interface sticks and e HOOMD-blue, a molecular simulation toolkit, was utilized to equilibrate the

delaminates is central for engineering better pumps. We use mlfter.lals as well a§ o ott))ser\(e el e e e
simulations here to improve this understanding All scripts were written by Jaime Guevara

The PDMS particles at room temperature seem to attract each other to

contract into a tighter version of our unit

e Makes sense that a hardening gel would contract

By examining the outputs, and graphs (Figure 6), there is an initial peak
(not shown) that indicates a drastic increase in energy, which comes
from needing an initial surge of energy

e The volume of PDMS was simulated at 294.7 K, 884.15 K, and 1768.2 K

 Next steps will be to run the PDMS side-by-side with the alloy

o Efficiency of the system is ~¥3500 TPS (time-steps per second) which

equilibrates in 45 minutes of run-time
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