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While it has been known for some time that diamond nanoparticles contain unintentiona
impurities resulting from synthes's, the deliberate (controlled) doping of diamond nanoparticles is
expected to be important for the development of nanodevices in the near future. The success and
religbility of such devices will be largely dependent upon the postions of the dopants within the
particles, and the nature of the bonding of the dopant atoms to the surrounding carbon atoms.
Therefore, it is highly desrable to know whether dopants, such as nitrogen, will be preferentidly
located within the core or at the surface of diamond nanoparticles;, or possibly a edges or
corners. Theissueis further complicated by the existence of bucky-diamond particles, which offer
dternative subgtitution stes with naturdly reduced coordination in the outer shdlls.

Experimentdly, both as-grown and annedled samples of UDD have exhibited XPS spectra
with peaks consistent with both N-sp® and N-sp? bonds, but a comparison of the N/O ratio in the
samples indicated that nitrogen-oxygen groups desorbed during anneding [1]. These results
suggest that N is pogitioned preferentidly at the surface of UDD. However, other studies have
found evidence of nitrogen being imbedded within the core of nanodiamonds [2,3], supported by
two-phonon-excited luminescence spectra (showing peaks indicative of N2 and N3 defects)[4]
and eectron fidd emission sudies [5], respectively. In generd, these seemingly contradictory
results make the theoreticd study of the configuration of nitrogen in nanodiamond of greet interest.

Presented here are results of densty functiond tight binding (DFTB) smulations examining
the configuration and potentia energy surface (PES) of subdtitutional N in isolated nanodiamond
and bucky-diamond particles containing 881 and 837 carbon atoms, respectively. The
nanoparticles measure ~2.2 nm in diameter, a Size that occupies the boundary of stability for
bucky-diamond and dehydrogenated nanodiamond [4]. The morphology of the nanoparticles
have been sdected so as to offer combinations of {100}, {110} and {111} surfaces,
{100} /{ 110}, {100} /{ 111}, {110} /{ 110} and {111}/{111} edges, and {100} /{110}/{ 110}
and {100} {111} /{111} corners. The PES for N substitution adong paths from the nanoparticle
centre to each of these termini predict that N is unlikdly to be postioned in the core these
nanoparticles[5]. Further results on smaler ~1.3 nm particles, and hydrogenated versions of each
sructure indicated that the particular (energeticaly preferred) postion wil be senstive to the
specific size, shape and degree of surface passivation.

[1]  V.Yu. Dolmatov, Russ. Chem. Rev., 70, 607 (2001).

[2] SN.Mikov, AV.Igo, V.S Gordik, Phys. Solid State, 41, 1012 (1999).

[3] A.V.Kvit, V.V. Zhirnov, T.Tyler, JJ. Hren, Composites. Part B, 35, 163 (2004).

[4 A.S Banad, Pat 2. Stability of Nanodiamond, in UltraNanocrystdline Diamond:
Syntheses, Properties and Applications, Ed. O.A. Shenderova, D.M. Gruen, William
Andrews Publishing, 2006.

[5] A.S. Barnard, M. Sternberg, J. Phys. Chem. B, 109, 17107-1711 (2005).

16





