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Why multiscale modelling? 

Multiscale modelling



Content

Empirical-based multiscale modeling.

 Machine learning interatomic potentials and first-principles multiscale modeling. 
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Empirical-based multiscale modeling

Example: Graphene or h-BN laminates:4

Experiments on graphene laminates 

B Mortazavi and T Rabczuk. Carbon 85(2015), 1-7

Nano Letters 14 (2014), 5155–5161

Finite element modeling
NEMD molding

Effective thermal conductivity



Empirical-based multiscale modeling

Example: Graphene laminates:5

Experiment 
MD modeling

Finite element modeling

Advanced Functional Materials 28 (2018), 1706954



Content
 Empirical-based multiscale modeling.

Machine learning interatomic potentials and first-principles 

multiscale modeling.

6



First-principles multiscale modeling

Concept:
 For the so-far presented studies, we were completely dependent on the empirical 

information and therefore for novel materials, compositions and structures the modeling 

becomes very restricted.

 Machine learning interatomic potentials (MLIPs) enable first-principles multiscale 

modeling and bridging the quantum mechanics to the continuum scale. 
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Machine learning for defining atomic interactions

 Data-driven and multidimensional.

 Problem: Given 𝐸qm(𝒙), interpolate it with a (machine-learning) model 𝐸(𝒙) (𝒙 is an 

atomic configuration)

 We want to minimize 𝐸 − 𝐸qm .

 We, Generate data: 𝒙 1 , 𝒙 2 , …; 𝐸qm 𝒙 1 , 𝐸qm 𝒙 2 ,…, 𝒇qm 𝒙 1 , …

 Minimize on data: σ𝑖 𝐸 𝑥 𝑖 − 𝐸qm 𝑥 𝑖 2
+ (forces)+…
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Why Moment Tensor Potentials (MTPs)9

J. Phys. Chem. A 2020, 124, 4, 731–745



B Mortazavi, et al. Materials Horizons 7 (2020), 2359-2367

First-principles multiscale modeling

Thermal transport10



B Mortazavi, et al. Materials Horizons 7 (2020), 2359-2367
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First-principles multiscale modeling

Thermal transport

http://dx.doi.org/10.17632/pbgscy3ptg.1



B Mortazavi, et al. Materials Horizons 7 (2020), 2359-2367
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First-principles multiscale modeling

Thermal transport



B Mortazavi, et al. Advanced Materials 33(2021), 2102807
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First-principles multiscale modeling

Mechanical properties
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First-principles multiscale modeling

Mechanical properties https://doi.org/10.17632/yrn7p7w37f.1



B Mortazavi, et al. Advanced Materials 33(2021), 2102807
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First-principles multiscale modeling

Mechanical properties



B Mortazavi, et al. Advanced Materials 33(2021), 2102807
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First-principles multiscale modeling

Mechanical properties



B Mortazavi, et al. Advanced Materials 33 (2021), 2102807
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First-principles multiscale modeling

Mechanical properties

http://dx.doi.org/10.17632/pbgscy3ptg.1



First-principles multiscale modeling

Misguiding of  empirical interatomic potentials
Considering novel 2D systems
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Comparison with empirical interatomic potentials

First-principles multiscale modeling

Misguiding of  empirical interatomic potentials

B Mortazavi, et al. Carbon 200 (2022), 500-509

MLIP-NEMD Tersoff (LB)-NEMD Tersoff (K)-NEMD

Lindsay and Broido, 

Phys. Rev. B 82 (2010), 205441
KInacI et al. 

Phys. Rev. B 86 (2010), 115410
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Thanks a lot 
for your 

attentions
Questions?
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