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Tersoff potential

The Tersoff potential used in this paper takes the form 
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where is a repulsive two-body term while is an attractive three-body term managed by the𝑓𝑅 𝑓𝐴 

bond function. The details of each component are 𝑏𝑖𝑗 
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Table S1: The Tersoff potential parameters used in the current work (from Matsunaga, Fisher; 

2000).
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Elements B N

A (eV) 2.7702 × 102 1.1000 × 104

B (eV) 1.8349 × 102 2.1945 × 102

λ (Å−1 ) 1.9922 5.7708

µ (Å−1 ) 1.5856 2.5115

β 1.6000 × 10−6 1.0562 × 10−1

n 3.9929 12.4498

c 5.2629 × 10−1 7.9934 × 104

d 1.5870 × 10−3 1.3432 × 102

h 0.5000 −0.9973

R (Å) 1.8 2.0

S (Å) 2.1 2.3

Effects of pulling speed and grain orientation
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Figure S1: Effects of pulling speeds on stress-strain relationship: (a) Pristine BN; (b) 4 nm grain 
PBN.

(b)



10-1 100 101 102 103
155

160

165

170

175

180

185

Pulling Speed (nm/ns)

Yo
un

g'
s 

M
od

ul
us

 (G
Pa

)

 

 

 

(a)



10-1 100 101 102 103
34

36

38

40

42

44

46

48

Pulling Speed (nm/ns)

Te
ns

ile
 S

tr
en

gt
h 

(G
Pa

)

 

 

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

Fa
ilu

re
 S

tr
ai

n

Tensile Strength
Failure Strain

 

(b)



10-1 100 101 102 103
2.5

3

3.5

4

4.5

5

5.5

6

6.5

Pulling Speed (nm/ns)

To
ug

hn
es

s 
(G

J/
m

3 )

 

 

 

Figure S2: Effects of pulling speed on the mechanical properties of PBN with 4 nm sized grains: 
(a) Young’s Modulus, (b) failure stress/strain, and (c) toughness. 
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Figure S3: Effect of grain orientations on stress-strain relationship of PBN with 4 nm sized 
grains. Here four different grain orientations are considered. A comparison of several differently 
oriented grain structures for 4 nm grain size PBN. Note the similarity for each.
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Figure S4: A representation of the randomly oriented grains for 2 cases of 4 nm PBN (cases ‘a’ 
and ‘b’), with only the atoms in the grain boundaries shown for clarity. The grains are given an 
orientation randomly chosen between 0° and 60°, as BN has hexagonal rotational symmetry. The 
first (bottom left) grain is always oriented in the ‘armchair’ direction (0°). In this case 30° would 
be the ‘zigzag’ direction.
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