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Nikkel defects in diamond nanocrystals

The motivation of my TDK study is the search of nanoparticle color centers in nanoparticles. These may act as biomarkers that can be detected optically (eg, photoluminescence) when introduced to organisms. The carbon-based nano-diamond crystals appear to be biologically compatible and are suitable for in vivo studies. If color centers are introduced to them, which are optically active in the visible or near-infrared range, then they form fluorescent in vivo biomarkers  [1]. Nitrogen-vacancy color centers in nanodiamond have being used for this purpose, which gives a very broad luminescence spectrum in the wavelength range 650-750 nm at room temperature. In my study, I seeked for alternative fluorescent color centers in nanodiamonds, particularly I focused on nickel related defects.
Pristine diamond nanocrystals are already commercially available, a diameter of 5 nm diamond nanocrystals can be created with the blasting method [2]. However, they do not have luminescence in the required energy range. Nickel related optically active defects have already detected experimentally in bulk diamond [3] showing magnetic properties [4]. If the nickel atoms could be injected into the diamond nanoparticles then we could produce biomarkers similar to the nitrogen-vacancy based nanodiamonds. In my study I investigated the optical properties of nickel containing nanodiamonds, in which the quantum confinement and the surface effects on the optical properties can be studied. I have determined the excitation with time-dependent density functional (TDDFT) method.
Most of my examined nanocrystals consists ~450 carbon atoms, which ~1.7 nm diameter, but the majority have been done with ~150 or less carbon (~ 1.1 nm in diameter). The surface of the particles have been termineted with hydrogen atoms. I have obtained the excitation energies with TDDFT method, and also the nature of each excitation. I was able to examine which states are involved in each excitation. I found that nickel contained nanoparticles are optically active in the wavelength of 400-700 nm, thus with nickel based nanodiamonds serve as alternative color fluorescent bioimaging agents.
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