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Figure S1: Before cross-linking (a) the decay of the end-to-end vector ( ) (0)u t u    

of system I as a function of 

MD steps; after 71.5 10  MD steps of equilibration (b) the change of the potential energy of system I and II and (c) 

the variation of the mean square end-to-end distance 
2

eedR  and radius of gyration 
2

gR  of system I.  
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Figure S2: After cross-linking (a) the change of the potential energy and (b) the variation of the number density of 

beads for both systems I and II. 
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Figure S3: The TEM observation of carbon nanosprings, it is noted that in order for clear observation we have used 

carbon nanosprings with large diameter and aspect ratio. 

 

 

 

Figure S4: The microscopic deformation of the carbon nanosprings in the elastomer matrix during the tension and 

recovery process. 
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Figure S5: For nanosprings filled cross-linked polymer system (system I) without interfacial coupling, comparison 

between tension-recovery curves in the x and y directions. For clarity the stress-strain in the z direction is not shown, 

but almost the same as those in the x and y directions. For better comparison, the pure system is as well added. The 

volume fraction of the nanosprings is 14%   and the spring constant is * / 500K K   . 
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Figure S6: For nanosprings filled cross-linked polymer system (system II) and for the spring constant * 500K  , (a) 

comparison of tension-recovery curves in the x, y and z directions; (b) the change of the elastic energy during the 

tension and recovery process. The volume fraction of the nanosprings 14%  , and the dimensionless spring 

constant * /K K  . 
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Figure S7: For nanosprings filled cross-linked polymer system (system II) and for the spring constant * 0.05K  , (a) 

comparison of the tension-recovery curves in the x, y and z directions. (b) the change of the elastic energy during the 

tension and recovery process. The volume fraction of the nanosprings 14%  , and the dimensionless spring 

constant * /K K  . 

 


