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ABSTRACT‌ ‌ 
‌ 

During‌‌the‌‌last‌‌years,‌‌copper‌‌nanoparticles‌‌(Cu‌‌NPs)‌‌have‌‌attracted‌‌wide‌‌attention‌‌due‌‌to‌‌                           
their‌ ‌many‌ ‌exploitable‌ ‌properties.‌ ‌One‌ ‌of‌ ‌the‌ ‌most‌ ‌outstanding‌ ‌is‌ ‌their‌ ‌strong‌ ‌biological‌‌                         

activity,‌ ‌whichhase‌ ‌conferred‌ ‌multifaceted‌ ‌applications‌ ‌in‌ ‌biomedical‌ ‌and‌ ‌industrial‌ ‌fields‌‌                   

including‌ ‌diagnostic,‌ ‌genetic‌ ‌engineering,‌ ‌pharmacology,‌ ‌agriculture‌ ‌and‌ ‌others.‌‌ ‌  
‌ ‌  

Different‌ ‌investigations‌ ‌have‌ ‌demonstrated‌ ‌that‌ ‌when‌ ‌the‌ ‌size‌‌of‌‌the‌‌Cu‌‌NPs‌‌decreases,‌‌                         
their‌ ‌biological‌ ‌activity‌ ‌is‌ ‌enhanced.‌ ‌However,‌ ‌this‌ ‌reduction‌‌in‌‌size‌‌also‌‌implies‌‌a‌‌higher‌‌                           

superficial‌‌activity‌‌that‌‌favors‌‌phenomena‌‌such‌‌as‌‌oxidation‌‌and‌‌aggregation,‌‌changing‌‌or‌‌                       

leading‌ ‌them‌ ‌to‌ ‌lose‌ ‌their‌ ‌properties.‌ ‌For‌ ‌these‌ ‌reasons,‌ ‌proper‌ ‌ways‌ ‌to‌ ‌prevent‌ ‌these‌‌                           
phenomena‌ ‌and‌ ‌to‌ ‌manage‌ ‌the‌ ‌events‌ ‌occurring‌ ‌on‌ ‌their‌ ‌surface‌ ‌have‌ ‌been‌ ‌investigated.‌‌ ‌  

‌ 
Recently,‌ ‌copper‌ ‌nanoparticles‌ ‌capped‌ ‌by‌ ‌graphene‌ ‌(Cu@G‌ ‌NPs)‌ ‌have‌ ‌also‌ ‌attracted‌‌                     

interest‌‌because‌‌graphene‌‌can‌‌serve‌‌as‌‌a‌‌shield‌‌to‌‌protect‌‌the‌‌Cu‌‌NPs‌‌from‌‌oxidation‌‌and‌‌                               

corrosion‌‌and‌‌to‌‌improve‌‌their‌‌properties.‌‌Furthermore,‌‌graphene‌‌is‌‌an‌‌ideal‌‌candidate‌‌for‌‌                         
coating‌ ‌Cu‌ ‌NPs‌ ‌due‌ ‌to‌ ‌its‌ ‌many‌ ‌advantages‌ ‌for‌ ‌biological‌ ‌applications,‌‌highlighting‌‌their‌‌                         

remarkable‌ ‌biocidal‌ ‌activity‌ ‌with‌ ‌good‌ ‌biocompatibility‌ ‌and‌ ‌their‌ ‌sensitivity‌ ‌to‌ ‌the‌‌                     
biochemical‌ ‌environment‌ ‌that‌ ‌allows‌ ‌the‌ ‌biofunctionalization‌‌by‌‌chemical‌‌species‌‌binding‌‌                   

on‌ ‌their‌ ‌surface.‌‌ ‌  

‌ 
To‌ ‌date,‌ ‌many‌ ‌efforts‌ ‌have‌ ‌been‌ ‌made‌ ‌to‌ ‌understand‌ ‌the‌ ‌stability‌ ‌of‌ ‌small-size‌ ‌Cu‌ ‌NPs‌‌                             

and‌ ‌Cu@G‌ ‌NPs.‌ ‌In‌ ‌addition‌ ‌to‌ ‌experimental‌ ‌techniques,‌ ‌high-performance‌ ‌computing‌‌                   
assisted‌‌materials‌‌design‌‌has‌‌proved‌‌to‌‌be‌‌a‌‌powerful‌‌tool‌‌to‌‌gather‌‌physical‌‌insight‌‌from‌‌                             
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different‌‌scales‌‌phenomena.‌‌It‌‌represents‌‌a‌‌powerful‌‌way‌‌to‌‌predict‌‌the‌‌feasibility‌‌and‌‌the‌‌                           
properties‌ ‌of‌ ‌a‌ ‌system‌ ‌that‌ ‌can‌ ‌not‌ ‌be‌ ‌accessed‌ ‌in‌ ‌other‌ ‌ways,‌ ‌saving‌ ‌time,‌ ‌effort,‌ ‌and‌‌                               

costs‌ ‌to‌ ‌the‌ ‌manufacturer.‌ ‌ 
‌ 

In‌ ‌this‌ ‌work,‌‌we‌‌reported‌‌a‌‌novel‌‌Morse‌‌potential‌‌to‌‌study‌‌the‌‌stability‌‌of‌‌graphene‌‌flakes‌‌                               

adsorbed‌‌on‌‌Cu‌‌NPs‌‌as‌‌a‌‌potential‌‌stabilizing‌‌agent‌‌against‌‌oxidation‌‌and‌‌corrosion.‌‌The‌‌                           
fitting‌‌for‌‌Cu,‌‌C‌‌and‌‌H‌‌atoms‌‌was‌‌based‌‌on‌‌Density‌‌Functional‌‌Theory‌‌(DFT)‌‌calculations‌‌                             

performed‌ ‌through‌ ‌Quantum‌‌Espresso/PWSCF,‌‌meanwhile‌‌the‌‌PBE‌‌generalized‌‌gradient‌‌                 
approximation‌ ‌functional‌ ‌for‌ ‌the‌ ‌exchange-correlation‌ ‌term‌ ‌was‌ ‌adopted‌ ‌using‌ ‌the‌‌                   

high-throughput‌ ‌GBRV‌ ‌pseudopotentials.‌‌ ‌  

‌ 
Morse‌‌potential‌‌parameters‌‌for‌‌atomic‌‌pairs‌‌involved‌‌in‌‌the‌‌flake-NP‌‌interaction‌‌were‌‌fitted‌‌                         

taking‌ ‌DFT‌ ‌single‌ ‌point‌ ‌energies‌ ‌as‌ ‌a‌ ‌reference.‌ ‌Starting‌‌from‌‌a‌‌1.5‌‌nm‌‌Cu‌‌NP,‌‌only‌‌the‌‌                                 
first‌‌three‌‌layers‌‌of‌‌a‌‌(100)‌‌face‌‌and‌‌a‌‌(111)‌‌face‌‌were‌‌considered.‌‌On‌‌top‌‌of‌‌each‌‌face‌‌we‌‌                                     

added‌‌a‌‌planar‌‌and‌‌a‌‌pre-relaxed‌‌graphene‌‌flake‌‌large‌‌enough‌‌to‌‌cover‌‌them‌‌completely.‌‌                           

Several‌ ‌single‌ ‌point‌ ‌energies‌ ‌were‌ ‌calculated,‌ ‌corresponding‌ ‌to‌ ‌different‌ ‌heights‌ ‌and‌‌                     
lateral‌ ‌displacement‌ ‌of‌ ‌the‌ ‌flakes‌ ‌with‌ ‌respect‌ ‌to‌ ‌the‌ ‌surfaces.‌‌ ‌  

‌ 
Single‌‌point‌‌energies‌‌were‌‌also‌‌calculated‌‌using‌‌the‌‌resulting‌‌Morse‌‌potentials,‌‌with‌‌a‌‌very‌‌                           

good‌ ‌agreement‌ ‌with‌ ‌the‌ ‌previously‌ ‌calculated‌ ‌DFT‌ ‌values.‌ ‌Additionally,‌ ‌molecular‌‌                   

dynamics‌ ‌simulations‌ ‌were‌ ‌performed‌ ‌to‌ ‌evaluate‌ ‌the‌ ‌stability‌ ‌of‌ ‌the‌ ‌Cu@G‌ ‌NPs‌ ‌of‌‌                         
different‌‌sizes.‌‌The‌‌obtained‌‌results‌‌were‌‌as‌‌was‌‌expected‌‌for‌‌this‌‌advanced‌‌nanomaterial‌‌                         

taking‌ ‌into‌ ‌account‌ ‌the‌ ‌reported‌ ‌isolated‌ ‌properties‌ ‌of‌ ‌Cu‌ ‌NPs‌ ‌and‌ ‌graphene‌ ‌and‌ ‌from‌‌                           
experimental‌ ‌stability‌ ‌studies‌ ‌of‌ ‌graphene‌ ‌adsorbed‌ ‌on‌ ‌Cu.‌ ‌ 
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