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 In this paper, efficiency of defected graphene nano ribbon incorporated with additional nanoparticles on 
mass detection operations is studied via the Reverse Non Equilibrium Molecular Dynamics (RNEMD) 
method.  Thermal conductivity management of this structure is challenging because of imposed losses 
in electrical conductivity and any procedure that could manage the thermal conductivity of graphene 
will be useful. In this paper it is observed that on the mass detection operation, due to the porosity 
generation in the nano ribbon surface or even creation of external nanoparticles, thermal properties of 
graphene change considerably. This should be noted in calibration of graphene based mass sensors.  In 
summary, Results show that the graphene’s thermal conductivity would reduce by increasing the 
concentration of nanoparticles and thermal conductivity of graphene is higher when porosities and 
impurities are at the edges. This indicates that the location of vacancies and nanoparticles influences the 
thermal conductivity. For a better thermal management with the help of nanoparticles, with respect to 
the porosities, addition of nanoparticles decreases the thermal conductivity more and more. By 
increasing the cavity’s diameter from 0.5nm to 4.4nm in a specific single layer graphene, thermal 
conductivity was reduced from 67 W/mK to 1.43 W/mK.. 
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Fig. 1  Single layer graphene that is known as a mass detector. 
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Fig. 2  An iron nano cluster on the top of a defected single layer graphene 
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1- Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS) 
2- Adaptive Intermolecular Reactive Empirical Bond Order (AIREBO) 
3- Embedded atom method  (EAM) 
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Table 1 Interfacial parameters of equivalent Lenard-Jones potential 

  ) (eV) 
Fe-Fe[14] 2. 517 0. 70033 
C-C  ]11[  3. 41  0. 00239 

4- Atomic electron density 
5- Lennard-Jones potential (LJ) 
6- Lorentz-Berthelot (L-B) mixing rule 
7- Velocity-Verlet integrator 
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Fig. 3  The first and the last slabs are considered as cold and hot regions, respectively. After applying heat flux onto the hot region and subtracting 
that heat exactly from cold region, temperature profile of middle regions (slabs 2 to 19) are calculated 
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Fig. 4  Effect of length of nano ribbon on the temperature gradient of 
suspended graphene  

 4.  

  
Fig. 5  Comparison of thermal conductivity of non-defected zigzag 
graphene nano ribbon 
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Fig. 6  Effect of defect location on the temperature gradient of 
suspended graphene nano ribbon 
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Fig. 7  Effect of defect location on the thermal conductivity of 
suspended graphene nano ribbon 
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Fig. 8  Effect of metallic nano particle concentration on the thermal 
conductivity of suspended graphene nano ribbon 
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Fig. 9  Thermal conductivity of suspended graphene nano ribbon 
when there are metallic nanoparticle and also when defects are placed 
with them 
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Fig. 10  Thermal conductivity with respect to the various diameters of 
defects on the middle of suspended graphene nano ribbon (alone defect 
and simultaneous nanoparticles and defects) 
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Fig. 11  Comparison of heat path directions (passage channel) of two thermal lines on the top and bottom of middle line of graphene sheet for defects 
with diameters as size as 2.1 and 3.6 nm and 5 nm wide 
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