Nanoparticles as Universal Adhesives
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Abstract Nanoparticle — Substrate Equilibrium Contact Potential of Mean Force
Nanoparticles are shown to be able to act as effective adhesives capable of binding two ((531:_ %%gé 1;51//69; (soi;t, wett_irllg) . <_510=201-§?<2#<?T£a "’)I(crgnssove'_r)I glf 8;%?2 Ilzgyaj(h?rd_, adhes_i\ie)
soft materials together. We performed coarse-grained molecular dynamics simulations SR (G By G 40 = ) — ) p7 023 KeTlo (ot particle p™ D214 kel o "(elastic parficle) p™ 0214 Kol " (Flastic particle
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to study contact mechanlcs_ of hal_’d and soft nanoparticles at the mterface_s between AF = { (A-7a?)y, + n(a2+(2R -Ah)))y, +n(a2+Ah?)y, }- {Ag, + 4zR 2y}
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two elastic surfaces. Our simulations have demonstrated that a nanoparticle at the 0
interface between two elastic substrates could be in a bridging or Pickering state. The AF = -272R WAh + zAh?y,  Work of adhesion: W = y;+ y, =y, K ~0.2
degree of penetration of a nanoparticle into a substrate is shown to be determined by e - RW £ -0.6 0.3
: . : : . : Equilibrium indentation: Ah= —
nanoparticle size, strength of nanoparticle-substrate interactions, and nanoparticle Y. > 038 0.4
and substrate elastic properties. Using the Weighted Histogram Analysis Method, we — e — — — — — — ——— — — — —— — — — — 1.0 05
calculated the potential of mean force for separation of two substrates which interface Elasticlenergyiof contact AU, <GAh%a 12 R oy v N~
was reinforced by deformable nanoparticles. These simulations show that interface 40 30 =20 10 T30 20 10 40 30 =20 1o
reinforcement is a function of nanoparticle size and elastic modulus. In particular, we Adhesion energy of contact: AU, 4pe = -27R ANW z|o] zlo] z|o]
have shown that the softest nanoparticles are most effective in interface reinforcement Pickering State Metastable State Bridging State
: : : . : : System free energy change: AF =-2aR WAh + CGR_12Ah%?2
demonstrating about eight times increase in the work of adhesion. T P P
Equilibrium indentation: Aho —2— Small deformations: a~ /R Ah
P
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Gel 2 Solid Nanoparticles | Soft Nanoparticles COﬂClUSIOﬂ
Xe =R,/R" | A shape of contact between a nanoparticle and substrates is a result of a fine interplay between
y, =Ah/Ah" | elastic and capillary forces.
The Pickering state is more favorable for smaller and softer nanoparticles while the bridging
10" state i1s more favorable for larger rigid nanoparticles.
2 Sy In a crossover between Pickering and bridging states, the bridging state is a metastable state.
Go 3/kgT 0.072 0.072 0.162 220 /.80 _ - A universal behavior describing soft and rigid nanoparticle confinement is characterized by the
Wett'ngé"v”\‘/'t' ratio of nanoparticle size to elastocapillary length of nanoparticle/substrate interface.
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