z
&~

UNIV=RSIT= D= LYON
\\“-.

Thermal transport at solid-liquid
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Motivations

Thermat imaging equip Laser Hluménator

Specimen table

Biomaterial 34 {2013) 5584

Plasmonic nanoparticles show some promise for photothermal cancer therapies

In pulsed laser conditions local levels of heating depend on the interface
thermal conductance at the nanoparticle-water interface
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Kapitza conductance
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S. Merabia, L. Lewis, P. Keblinski and J.-L. Barrat, Phys. Rev. E (2009)

How does the Kapitza conductance depend on the nanoparticle size ?

What happens for very strong heating ?



Size dependent thermal conductance
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The interface thermal conductance increases with the nanoparticle curvature

O. Gutiérrez, S. Merabia and R. Santamaria, J. Chem. Phys. (2022)
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The interface thermal conductance increases with the nanoparticle curvature

O. Gutiérrez, S. Merabia and R. Santamaria, J. Chem. Phys. (2022



Generalized acoustic mismatch model

Acoustic mismatch model
Thermal conductance

Based on continuum acoustics,
no scattering

Gy = f l(ﬂmk w w)T dw (m) (9)
k ; . Bgp (@) vp(w)1p(w) N :

Zm = PmVim Zg = ngIg
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R. Prasher, Appl. Phys. Lett. (2009)
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Effect of the curvature
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Effect of the curvature
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Effect of the curvature
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Area of interaction for a planar surface

Molecular footprint

SRyy—oo (d) = n(r: -

Surface density

0(Rap) = 1/sr,,(8) = 0(Rap = 00)(1 + &/Rup)

Phonon transmission

Tp(w) =~ Kz(Rnp)/a’z o< (l/wz)(l + S/Rnp)z-

dz)- SR,, (d) =7

Area of interaction for a spherical surface

(r¢ - d*)
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Interface bonding
K(Rnp) = K(Rnp = 00)(1 +8/Rnp)

Thermal conductance
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Size dependent thermal conductance
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The quadratic model describes well the nanoparticle curvature dependence

O. Gutiérrez, S. Merabia and R. Santamaria, J. Chem. Phys. (2022]
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Thermal transport at
nanostructured interfaces




Motivations
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AIP Conference Proceedings 1745,020020 (2016)

How to increase Kapitza resistance at solid-liquid interfaces ?



Minimizing heat transfer at solid-liquid interfaces

The objective: realizing a Cassie state

Casssie Wenzel states

Wenzel state Cassie state

¢) Cassie regime d) Wenzel regime
E! e z!

xIr I

Donatas, Ohara, J. Chem. Phys. 2019 ‘
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Minimizing heat transfer at solid-liquid interfaces

Casssie Wenzel states

gold

water
Wenzel state Cassie state
¢) Cassie regime d) Wenzel regime graphene
BinE s ERh gold

(a) Front view

Donatas, Ohara, J. Chem. Phys. 2019 Herrero, Joly, Merabia, Appl. Phys. Lett. 4‘{,_‘:




Heat trans

C. Herrero

resistance Ruw-au= Ru—-c +

nort on nanostructured graphene
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The Kapitza conductance increases linearly with the pillar
effective surface fraction

Herrero, Joly, Merabia, Appl. Phys. Lett. 120 (2022) 17‘1650



Effect of the number of graphene layers

330+

320+

310
% 300-
B8

290+

G [MW/K m?]

280+

2704 \|

Effective resistance

N—-1 R
Ci—Au
Ry—au = RW—CN + Z RCi—i—l_Gi Ry —au = RC:—CH + :
i>1 Ds eff
Rc,—a {
+ RCQ—Cl —I_ l—u. e ] \
qés,eff -

Herrero, Joly, Merabia, Joly, Appl. Phys. Lett. 120 (2022) -
171620



Conclusions

The thermal conductance of nanoparticle/water
interfaces increases with the nanoparticle curvature as
explained by generalised acoustic models

Intercalating graphene sheets between nanostructure

gold and water help increase spectacularly the Kapitza
resistance

Gutiérrez, Merabia, Santamaria, J. Chem. Phys., 157 (2022) 084702
Gutiérrez, Lombard, Biben, Santamaria, Merabia, arxiv 2209.07900
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Methodology
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Non equilibrium molecular dynamics simulations

TIP4P2005 flexible for water; Heinz potential for gold

Nanoparticle of tunable wettability

O. Gutiérrez-Varela



Number of neighbors per atom
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Size dependent thermal conductance
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Vibrational properties of the nanoparticles
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Flexural phonons and thermal transport in graphene
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