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  Abstract  

In this work we report a combined experimental and theoretical study of boron nitride (BN) 

nanostructures synthesized by ball milling methodology. The BN nanostructures were 

obtained using h-BN powder under low vacuum conditions and steel balls of different sizes. 

The HRTEM images of our samples show the formation of spheroidal BN nanoparticles 

with diameters as small as ~7 nm which self-assemble into different hierarchical 

nanostructures such as two-dimensional layered materials, spheroidal configurations, and 

one-dimensional solid BN chains. The Raman spectra reveals an intense absorption band in 

the 300—600 cm-1 region, which is absent in the spectra of BN nanotubes, previously 

synthesized BN nanoparticles, as well as in all bulk boron-nitride polymorphs. Density 

functional theory calculations show that the Raman spectra is consistent with the formation 

of fullerene-like BN particles which also exhibit an intense absorption band in the 200—

800 cm-1 range dominated by a complex mixture of tangential, stretching, and radial 

breathing modes. Finally, by means of electron-beam irradiation experiments additional 

structural transformations can be induce on our hierarchical BN particles consisting in the 
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formation of nano-holes of the order of 5 nm. Our here-reported BN nanostructures might 

lead to a wide range of potential applications. 

 

Keywords: boron nitride, ball milling, density functional theory 
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Introduction 

One of the most studied bulk layered materials in the last years is boron nitride in its 

hexagonal form due to its properties suitable for a wide range of applications1-4. The 

hexagonal h-BN structure is the most stable among BN polymorphs (when compared to the 

cubic and wurtzite BN) and, within each layer, boron and nitrogen atoms are strongly 

bonded whereas the layers are held together by weak van der Waals forces similar to 

graphite. Consequently, h-BN is employed as a lubricant (at both low and high 

temperatures)5 as well as protective and optical coatings6. Boron nitride ceramics are also 

typically used as parts of high-temperature equipment7 and, in the electronics industry, as 

substrates for semiconductors as well as a structural material for seals8.  

Other forms of boron nitride have been reported in the literature motivated by the 

increasing efforts intended to achieve the nanostructuration of BN. Boron nitride nanotubes 

were predicted in 19949 and experimentally synthesized in 199510. The properties of BN 

nanotubes were found to be different from those obtained for carbon nanotubes. While the 

laters can be metallic or semiconducting depending on the rolling direction and radius, the 

formers are defined by an insulating behavior with a wide bandgap of ~5.5 eV, being 

independent of tube diameter, helicity, length, and number of walls11. Boron-nitride 

nanotubes are characterized by a high thermal and chemical stability which defines them 

also as promising materials to be used in in hazardous and high temperature 

environments12. 

Spheroidal BN nanoparticles have also attracted the interest of the scientific community 

since they exhibit a higher surface area than nanomaterials with other morphologies. In 

addition, the production of BN particles with reduced diameters will allow its effective 
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inclusion in different types of matrices forming various kinds of composite materials. The 

elaboration of BN nanoparticles has been undertaken by two main approaches: bottom-up 

and top-down methodologies. The former procedure involves the synthesis of BN 

nanostructures from boron- and nitrogen-containing molecular precursors using the 

chemical vapor deposition (CVD) method 13. In the later, mechanical cleavage, sonication-

assisted exfoliation, and BN nanotube unzipping are the most employed approaches. With 

the use of the previous methodologies a large variety of BN nanoparticles with different 

sizes and morphologies have been produced and interesting trends have been revealed. For 

example, Tang et al.14 synthesized spherical boron nitride nanoparticles by the chemical 

vapor deposition reaction of trimethoxyborane [B(OMe)3] with ammonia, followed by high 

temperature annealing. The as-synthesized BN spheres had diameters varying from 50 to 

400 nm and contained O and C impurities. The presence of oxygen impurities was found to 

play a fundamental role in defining the size and the spherical morphology of BN 

nanostructures. High oxygen-containing BN spheres (~6.3 wt %) had diameters of ~90 nm 

while low oxygen-containing BN structures (<1 wt %) were characterized by particle 

diameters of ~30 nm. Interestingly, the spherical morphology is fully collapsed after 

annealing the samples at 1800 °C when all oxygen species are removed under a high-

temperature ammonothermal reaction. 

Salles and co-workers15 prepared ultrafine boron nitride powders by the spray-pyrolysis of 

borazine. The as-synthesized samples were formed by elementary blocks containing 

slightly agglomerated and round-shape BN nanoparticles with sizes ranging from 55 to 120 

nm and a Brunauer-Emmett-Teller (BET)-specific surface area of 34.6 m2 g-1. They showed 

that these ultrafine powders could be employed to fabricate microstructured disk-shaped 
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Figure 5. HRTEM image of an isolated BN hierarchical nanosphere of ~300 nm in diameter 

which was subjected to an incident electron beam of 300 KeV for 2 min. 
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Figure 6. XPS spectra of the BN products prepared at different milling hours. 
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Figure 7. Deconvolution with symmetrical Gaussian-Lorentzian curve fitting of the (a) B 1s 

and (b) N 1s XPS spectra for a BN sample synthesized after 100 h of milling and heated at 

1000 °C for 16 h.  
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Figure 8. FTIR spectra of the BN products prepared at different milling hours. 
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Figure 9. Raman spectra of the BN products prepared at different milling hours. We include 

the Raman spectra of bulk h-BN (black line) for comparison. 
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Figure 10. Simulated infrared spectra of our model (a) B12N12, (b) B48N48, and (c) 

B12N12@B48N48 particles. 
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Figure 11. Calculated DOS for our model (a) B12N12, (b) B48N48, and (c) B12N12@B48N48 

particles. 
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Figure 12. Simulated Raman spectra of our model (a) B12N12, (b) B48N48, and (c) 

B12N12@B48N48 particles. 
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Figure 13. Simulated Raman spectra of a model B12N12@B48N48−B12N12@B48N48 dimer. 
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Figure 14. Simulated infrared spectra of our model oxygen-containing (a) 

B12N12@B48N48O3 and (b) B12N12O3@B48N48 particles. 
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