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Fig. S1 (a), (b) XPS spectra of a room temperature grown BN film show the characteristic B-N 

bonding as well as the -Plasmon and bulk Plasmon peaks of h-BN. (c) Valence band spectra 

(VBS) shows the characteristics feature of h-BN. 
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Fig. S2 (a) AFM morphology of h-BN distribution over alumina surface over an area of 33 m2, 

and (b) its corresponding frictional force map. (c) The topography-based histogram shows the 

height distribution of h-BN sheets of different thicknesses varying from 1 to 11 nm, where a 

majority of the thickness lies in the range of ~3-4 nm. The negative values of the histogram belong 

to the rough substrate (comprised of roughness, cracks, pit-holes and shallow depression). (d) The 

grain analysis shows the mean sheet length (assuming round shapes of h-BN sheets) and coverage 

area. (e) Line profile of the height and the friction at the dotted line in panel (a) and (b). (f) 

Frictional force of the same region with different loading. 
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Fig. S3 (a)-(c) Low and high magnification TEM images of deposited flakes on holy Cu-grid at 

room temperatures. Right panel shows corresponding diffraction patterns and d spacing values. 
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Fig. S4 (a)-(c) FESEM and grazing incident angle XRD (with a low incident angle of 0.1) of bulk 

h-BN polycrystalline target (before ablation and after the 10000 shots laser ablation). FESEM were 

performed by scratching BN powder from the center of the disks and sputtering 10 nm gold on it. 
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Fig. S5 Thickness dependent measurement of h-BN nanosheets. (a) Topography of h-BN sheets 

distributed our alumina surface of different thicknesses. (b) Adhesion force (nN) map towards the 

diamond-like carbon (DLC) tip showing lower adhesion force at thicker h-BN sheets (dark brown 

region). (c) The stiffness (N/m) map of h-BN sheet over alumina surface. The colour contrast 

reveals the distribution of h-BN sheet thickness, which is lower at thicker region. (d) line profile 

corresponding panel (a, b, c) showing the height of the h-BN sheet up to 2.5 nm. The adhesion 

force values and the stiffness decreases with the thickness (dashed region). The broader tip radii 

(around 200 nm) of the DLC tip lead to lower resolution in the imaging map.  

 



 

7 
 

 

Fig. S6 Force-distance (F-D) spectroscopy carried out by DLC coated probe over BN and alumina 

surface. The BN is showing the lower pullout force (adhesion force) as compared to alumina.   
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Fig. S7 Characterizations of BN thin films grown on Si (100). (a), (b) XPS elemental B 1s and N 

1s core scans confirms the presence of characteristics B-N bonds. (c) Raman spectra shows the 

peak at 1359 cm-1, further confirming the growth of h-BN. 
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Fig. S8 (a)-(c) Fitting result comparison of different multilayer models used in h-BN film refractive 

index measurement. (a) Result of a three-layer model consisting of an effective approximation 

(EMA) layer on the two-layer reference model. (b) Result of a three-layer model consisting of the 

pure h-BN layer on the two-layer reference model. The h-BN with voids model provide a better 

fit with a much lower mean square error (MSE) of ~22.525 than for pure h-BN of ~685.652. (c) 

Obtained RI with two different models. (d) Real part refractive index of Si substrate.  

 


