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1. MD simulation details

Non-equilibrium molecular dynamics (NEMD) simulation is performed to study 

the thermal transport at the cross-interface. The optimized Tersoff potential is applied 

to describe covalent bonding in BN nanoribbon. The interactions between BN 

nanoribbons are van der Waals forces modeled by the Lennard-Jones potential. The 

parameters for the potentials used in the work are shown in Table S1. Firstly, an energy 

minimization of the system is performed and the simulation box is also relaxed. 

Secondly, BN nanoribbons are relaxed in the canonical ensemble (NVT) and 

microcanonical ensemble (NVE) respectively for 0.25ns and 0.1ns at 300K. Then, the 

heat source and heat sink are applied. And the system are run for 2.5 ns to reach a steady 

state. The following 25ns is used to get the temperature and the heat flux in the system.

Table S1. MD simulation details and parameters [1].

Method Non-Equilibrium Molecular Dynamics (Direct method)
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  Parameters
Elements m 𝜒 c d 𝑐𝑜𝑠𝜃 n β 𝜆Ⅱ B R S 𝜆Ⅰ A

Units 1 1 1 1 1 1 1 1/Å eV Å Å 1/Å eV
NBB 3 1 25000 4.348 -0.89 0.728 1.257e-7 2.199 340 1.95 0.05 3.568 1380

NBN 3 1 25000 4.348 -0.89 0.728 1.257e-7 2.199 340 1.95 0.05 3.568 1380

BNB 3 1 25000 4.348 -0.89 0.728 1.257e-7 2.199 340 1.95 0.05 3.568 1380

BNN 3 1 25000 4.348 -0.89 0.728 1.257e-7 2.199 340 1.95 0.05 3.568 1380

NNB 3 1 17.796 5.948 0 0.618 0.0193 2.627 138.779 2 0.1 2.829 128.869

NNN 3 1 17.796 5.948 0 0.618 0.0193 2.627 138.779 2 0.1 2.829 128.869

BBB 3 1 0.526 0.00159 0.5 3.993 1.6e-6 2.077 43.132 2 0.1 2.237 40.052

BBN 3 1 0.526 0.00159 0.5 3.993 1.6e-6 2.077 43.132 2 0.1 2.237 40.052

Function
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 Parameters

Elements 𝜎(Å) 𝜀 (𝑒𝑉) 
NN 3.261 0.002992

NB 3.449 0.004833

BB 3.638 0.007806

Simulation process

Timestep 0.25fs

Boundary 
Conditioon

X, Y, Z:
free, free, periodic

Ensemble Setting Purpose
Runtime (ns) 0.25ns

NVT
Temperature (K) 300

Runtime (ns) 0.1ns
NVE

Temperature (K) 300

Relax
Structure

Runtime (ns) 2.5ns
Heat source 320K

Thermostat
Heat sink 280K

Reach
Steady-State

Runtime (ns) 25ns
Heat source 320K

NVE

Thermostat
Heat sink 280K
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2. Adhesion energy 

Figure S1 Adhesion energy calculated as a function of the (a) total vacancy 

concentration 𝜌
total

 and (b) vacancy concentration ratio between two nanoribbons 

𝜌
top

/𝜌
bottom

.

To explore the reasons for the increased interfacial thermal resistance (Rinter) with 

total vacancy concentration 𝜌
total

 and unchanged Rinter with vacancy ratio 𝜌
top

/𝜌
bottom

, 

the adhesion energy between two BN nanoribbons is calculated. It has been investigated 

before that the reduced adhesion energy would lead to the increase of the interfacial 

thermal resistance [2-4]. And as shown in Fig. S1, adhesion energy decrease obviously 

with vacancy concentration while stay unchanged with vacancy ratio. Therefore, the 

reasons for the trend of Rinter with vacancy concentration and ratio is explained.

3. Structure of the boron nitride nanoribbons after relaxation 

The structure of the system after relaxation is shown in Figure S2. There are still 

some observable fluctuations in the system, which is acceptable in MD simulations of 

two-dimensional system [5, 6]. But it is notable that fluctuations are not the bending 

that caused by the unrelaxed stress, because fluctuations only exist in the boundary as 



shown in Figure S2(b). If the atoms at the boundary are removed in Figure S2(c, d), 

there are less fluctuations in the structure.

Figure S2. Schematic of the BN nanoribbon after relaxation in (a) front view and (b) 

side view. Schematic of the BN nanoribbon without boundary atoms after relaxation in 

(c) front view and (d) side view.

4. Comparison of thermal conductivity with literature 

In order to verify the reliability of the simulation results, the values of thermal 

conductivity of pristine BNNRs are calculated and compared with the previous 

literature, as shown in Figure S3 [7]. The results are in good agreement with previous 

results, which shows that simulations are reliable.

Figure S3. Comparing the thermal conductivity of pristine BNNR with the results 

in Ref. [7].
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