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ABSTRACT-Young’s modulus of graphene and its derivatives is estimated for loadings when 

force is applied along the armchair direction and when it is applied along the zigzag direction. 

For young’s modulus, elastic constants are used which depends on sample length, width and 

thickness. So Young’s modulus-length graphs are plotted in both the loading cases for 

graphene and its derivatives. It is found that young’s modulus increases with length at constant 

width and Young’s modulus of single layer is greater than double layer. In the case of twisted 

double layer graphene, Young’s modulus decreases with twisting angle. 
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INTRODUCTION - Graphene sheet is a two dimensional plate of carbon atoms organized in 

a honeycomb structure. It is tightly bound in a hexagonal honeycomb lattice. 

 

                        

 

 

 

 

 

 

 

 

 

 

 

 

                                    Fig. 1 Schematic structure of a graphene sheet. 

In general, the hexagonal structures have five independent elastic constants. These are as 

follows; C11, C12, C13, C33 and C44. C11 and C12 are more responsible for elasticity. So,  
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Bulk modulus, 𝐾 =
𝐶11+2𝐶12

3
                                                                                      (1.1) 

Young’s  modulus,  𝑌 =
𝐶11

2 −𝐶12
2

𝐶11
                                                                                (1.2) 

 

Now, we can relate the elastic constant and force constant with each other. 

 

Elastic constant,   𝐶𝑖𝑗 =
𝐿𝑆𝑖𝑗

𝑊𝑡
                                                                                        (1.3)    

where, A=Wt ,W=width, L=length,t=thickness.  

Cij =elastic constant,  Sij =force constant.  

   

Hence, Young’s modulus,  Y = 
(𝑆11

2 −𝑆12
2 )𝐿

𝑆11 𝑊𝑡
                                                          (1.4)  

 

Where, S11=133.8391 N/M , S12=8.6127 N/M are force constant for armchair direction. 

S11=161.481N/M, S12=14.041 N/M are force constant for zigzag direction. Hence, we can 

calculate young’s modulus for different length, width and thickness in different direction.  

 

METHODOLOGY-To analyse the Young’s modulus of graphene and its derivatives. We 

need elastic constants for different length, width and thickness. We have choosen various 

lengths and widths as well as thickness of different samples. To analyze the effect of shape 

and size of graphene and its derivatives on Young’s modulus, two cases have been taken. 

Hence,pictorial representation is shown in figure as follow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1 Pictorial representation of loading in which load applied along the armchair direction. 
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Fig. 2.2 Pictorial representation of loading in which load applied along the zigzag direction.            

 

 

 

Now, We have to consider graphene for two cases of loading. 1.47Å thickness of graphene 

sheet is used. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Now, we have to consider armchair and zigzag direction values for same length. 
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Again, We have to consider double layer graphene for two cases of loading. 3.4Å thickness of 

double layer graphene is used. 
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If we have to consider twisted double layer graphene in which number of ring is equal to ten 

in armchair direction. When laod is applied along zigzag direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
If we have to consider SWNT for two cases of loading. 17.054Å,38.369Å and 22.140Å 

circumference of tube are used. 
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RESULT DISCUSSION  - In the present work, Young’s modulus of single layer graphene 

sheet and its derivatives is calculated using equation (1.2) and equation (1.3) for different 

width and length of the sheet. The graph is plotted in fig. 3.1,fig. 3.2,fig. 3.3,fig 3.4,fig 3.5 

and fig. 3.6  between young’s modulus verses length for graphene and its derivatives. It is 

found from figure that as length increases keeping width constant young’s modulus increases. 

The fig. 3.4(a), fig. 3.4(b) and fig. 3.4(c) show curve for twisted double layer graphene. It is 

found from figure that as twisting angle increases keeping width constant young’s modulus 

decreases. The fig. 3.2(a) show curve between young’s modulus verses length for loading in 

armchair and zigzag direction, It is found from figure that young’s modulus along the zigzag 

direction is larger than armchair direction. Which is as follow: 
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Hence, Young’s modulus of single layer graphene sheet and its derivatives is calculated using 

equation (1.2) and equation (1.3) for different width and length of the sheet. Firstly a graphene 

sheet of width W=19.894Å and W=41209Å  are taken and load is applied along armchair 

direction for different length(50Å-300Å).Young’s modulus is calculated. The result is plotted 

in fig. 3.1.From the curve it is clear that young’s modulus increases with length of graphene 

sheet and is in agreement of result of ref.(lengvarsky and bocko,2015). Secondly, graphene 

sheet of width W=24.612Å is taken and load is applied along zigzag direction for different 

length (50Å-300Å) of graphene sheet. Young’s modulus is calculated. The result is plotted in 

fig. 3.2. From the curve it is clear that young’s modulus increases with length of graphene 

sheet. 

 

Similarly, we get result for graphene derivatives. Hence, at constant width, Young’s modulus 

increases with length for graphene derivatives. It is clear that young’s modulus of single layer 

of graphene is larger than double layer of graphene. Young’s modulus of zigzag direction is 

larger than armchair direction. In the case of twisting of double layer, we get linearly decrease 

in young’s modulus with twisting angle. 

 

 

 

 

http://www.ijrti.org/


           © 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | IJNRD.ORG 
 

 

IJNRD2411175 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

b786 

c786 

CONCLUSION -  At  nano scale, we see that young’s modulus of graphene and its derivatives 

depends on physical structure of material. We get different values for different length for 

particular width and thickness. In present work, expression of young’s modulus for nano scale 

graphene sheet is derived using the fact that it depends on elastic constant. This seems 

reasonable as when length is increased keeping width constant, young’s modulus increases as 

length of the graphene and its derivatives increases. Young’s modulus of single layer of 

graphene is larger than double layer of graphene. Young’s modulus of zigzag direction is 

larger than armchair direction. In the case of twisting of double layer, we get linearly decrease 

in young’s modulus with twisting angle. 

Hence, We can say that work performed in this paper may be very fruitful in the area of nano 

material and nano science. Equation deduced in this paper as equation (1.4) can open new path 

to mechanical analysis of nano materials. 
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