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Nanodiamond is a promising material for optical imaging and biomedical applications [1]⁠. Its structure and electron properties are not yet completely understood. Nanodiamonds show unusual paramagnetic invariant behavior in ESR experiments unrelated to dangling bonds or impurities [2]⁠. Unpaired spins in nanodiamond are localized in the subsurface area according to the NMR study [3]⁠. Electron spectroscopy of nanodiamond (PEELS, Auger) indicates presence of “special” carbons [4]⁠. Compression pulls several bonding MOs to the subsurface region[5]⁠. The purpose of this work is to illustrate how geometry optimization of nanodiamond spherical particles yields compression.

Initial structures where generated using DiaBall software (available at http://www.molpit.com/?page=34), then hydrogenated with OpenBabel and optimized using MMFF94 force field. Obtained molecules where optimized in the GAMESS-US [6]⁠ package using RM1 semiempirical MO method in order to estimate size dependence of the compression. In order to do that, we calculate mean displacement of atoms from their initial (unoptimized) positions in spherical segments.

Figure 1a shows magnitude (scaled by factor of 5) and direction of the displacement vectors of carbon atoms in C378 nanodiamond cluster. It's clear that displacement points towards the center of molecule and decays from the surface to the core. Scatter plot of the mean displacement vs the distance from the center is shown at Figure 1b. Mean displacement is computed for nanodiamonds in the size range from C5 to C378. 

We conclude from Figure 1b that (1) displacement is not limited to thin surface layer and decays almost linearly down to the core, (2) it's purely quantum-mechanical effect which cannot be obtained from molecular force field methods and (3) subsurface electron states could arise naturally in the spherical nanoparticles.
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Figure 1 – (a) displacement vector field of C378 nanodiamond cluster; (b) scatter plot of mean displacement vs distance from the center for series of nanodiamond clusters from C5 to C378
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