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Fig. S1. (a) Plain-view FESEM image of GTNs. (b) Schematic representation of the FESEM plot profile, (c-e) 

different surface area plot analysis (ImageJ Software) of GTNs. 

Quantitative image analysis (ImageJ software) was employed to estimate surface area by 

incorporating surface roughness and morphological features. Extract line profiles from the FESEM images 

to calculate roughness values along specific lines [60]. Surface roughness is usually characterized by one of 

the two statistical height descriptors advocated by the American National Standards Institute (ANSI) and 

the International Standardization Organization (ISO) [61].  

For a digitized profile of length with heights zi, i = 1 to N, 

where N represents the number of measurements, average height parameters are given as 

𝑅𝑎 =
1

𝑁
 ∑ |𝑧𝑖 −𝑁

𝑖=1 𝑧̅|    (1) 

 𝑧𝑖 is the height at each data point. 

 𝑧̅ is the mean height over the profile length [62]. A center-line is defined as the line equidistant from the 

profile such that the area above and below it is equal. Ra, CLA (center-line average) represents the 

arithmetic mean of the absolute vertical deviations from this center-line. 

Figure S1 a) presents the schematic representation of the FESEM of GTNs was used to analyse 

Specific Surface Area (SSA) [21]. Figure S1 b) represents the FESEM plot profile to calculate the roughness 



factor (Ra). Figure S1 (c-e) shows different surface area plots were taken to determine the Ra, to calculate 

the SSA of GTNs. The specific surface area of GTNs considering surface roughness, can be determined 

using the following equations.  

Calculate the geometric surface area for a square thin film with side length L: 

Aprojected = 2×L2  (2) 

Adjust for Surface Roughness 

Aactual=Aprojected ×R  (3) 

Calculate Volume and Mass: 

Volume (V) = L2×T  (4) 

Mass (m) = Density (ρ)×Volume (V)   (5) 

Specific Surface Area 

SSA = Aactual/m =
2×L2×R

ρ×L2×𝑇
  (6) 

 

Calculations were done by using the given parameters of GTNs, 

Sample length (L) = 2 cm 

Thickness (T) = 8.4 µm = 0.00084 cm (since 1 µm = 0.0001 cm) 

Density (ρ) = 4.13 g/cm³ 

Roughness factor (R) = 32 (R was Obtained from Figure S1. (a-e)) 

Substitute the values in equation (2) 

SSA= 
4 cm2×32

4.13 
𝑔

𝑐𝑚3×22×0.00084 cm3
 

= 
128 cm2

0.013876 g
 

SSA = 9211.5 cm2/g = 0.921 m2/g. 
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