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0o orientation crosslinked models 
 
Figure S1 shows snapshots of representative MD models of relaxed crosslinked flCNTs having a 
0o orientation with increasing levels of crosslinking. 
 

 
Figure S1: Images of relaxed crosslinked structures having a 0o orientation with (a) 1% crosslinks, (b) 3% 

crosslinks, (c) 5% crosslinks, (d) 10% crosslinks, (e) 20% crosslinks. 
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90o orientation crosslinked models 
 
Figure S2 shows snapshots of representative MD models of relaxed crosslinked flCNTs having a 
90o orientation with increasing levels of crosslinking. 
 
 

 
 

Figure S2: Images of relaxed crosslinked structures having a 90o orientation with (a) 1% crosslinks, (b) 3% 
crosslinks, (c) 5% crosslinks, (d) 10% crosslinks, (e) 20% crosslinks. 

 
 
Evolution of bonding as function of crosslinking 
 
Figures S3a and S3b show the evolution of the chemical bonding of the flCNT sheets for 
increasing levels of crosslinking for the 0o and 90o orientations, respectively. For the 0% 
crosslinked system, content of 6-membered rings and sp2 hybridization are 100% (aromatic 
carbon atoms), as the structure is pristine (without any defects). As the level of crosslinking 
increases, a decline in the relative content of 6-membered rings and sp2 hybridization is 
observed. This decline is due to the increasing disruption of the aromatic structure with 
increasing crosslinking. 
 

(a)

(b) (c)

(d) (e)

z

x



 
Figure S3: Evolution of flCNT model as a function of crosslinks for (a) 0o orientation, (b) 90o orientation. 

 
Pull-out Simulations 
 
Figure S4a shows a representative initial structure before any pull-out force is applied on the 
flCNT sheet. When the pull-out force is incrementally increased, the crosslinks are stretched in 
the direction of pull (Figure S4b). The breaking of all crosslinks is observed at a pull-force of 
2.046 kcal/mol- Å for the model having 1% crosslinks within and between the two flCNT sheets 
(Figure S4c). 
 

 
 

Figure S4: Snapshots of the 0o orientation model having 1% crosslinks undergoing a simulated pull-out of the 
flCNTs. (a) Pull-out force = 0 kcal/mol-Å, (b) Pull-out force = 1.027 kcal/mol-Å, (c) Pull-out force = 2.046 

kcal/mol-Å. 
 
 
 

Pulling along armchair and Zigzag direction 
 
Figure S5 shows the armchair and zigzag directions of the flCNT sheets. Figures S6a and S6b 
show the initiation and propagation of failure while pulling the flCNT sheets along the armchair 
and zigzag directions, respectively for the 3% crosslinked model. The failure initiates locally at a 
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cluster of crosslinking sites, and propagates by connecting the defect sites along its path, which 
results in the total failure of the structure. 

 
 

Figure S5: Armchair and zigzag directions of flCNT sheets. 
 
 
 
 

 
 

Figure S6 : Snapshots of crack initiation and propagation for the 3% crosslinked model during applied tension along 
the (a) armchair and (b) zigzag directions. The red-colored atoms highlight the defect sites from where the crack 

initiates and propagates. Three layers of graphene sheets are deleted for visual clarity. 
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