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Carbon nanomaterials have unique properties that are attracting attention in various fields of research. Among the 

perspective nanomaterials are nanodiamonds (NDs). They possess exceptional mechanical, thermal, and optical properties 

that are inherited from a pure diamond. NDs are biocompatible, easily penetrate living cells and exhibit a low level of 

toxicity. This allows using them for biomedical purposes as fluorescent labels for bioimaging, or optical sensors on 

chemical reactions [1]. Despite numerous studies of optical properties of NDs, the data obtained evidence their difference 

for NDs produced by different methods.  

In the present work, high-purity and high-homogeneity solutions of NDs (RayND-M, Ray Techniques Ltd) were 

investigated. These NDs were produced by laser synthesis [2] followed by an undisclosed surface modification process 

intended to impart them magnetic and fluorescent properties and colloidal stability. Water-based nanofluids were prepared 

by dispersing NDs in triple distilled water using ultrasound. These nanoparticles have a cubic diamond lattice in the core 

and chemically active hybrid graphene-like structures on their surface. The average size of NDs is about 5.0 nm. NDs 

were investigated by means of UV-vis, steady-state and time-resolved fluorescence spectroscopies. 

The absorption spectra of NDs (Fig. 1a) have two maxima. The first absorption peak, at 276 nm, is probably related 

to the π–π* transition of sp2 carbon atoms on the ND surface and originates from the quantum confinement effect. The 

second one, less pronounced, around 390 nm, is more likely associated with the presence of oxygen functional groups 

(C=O/COOH) on hybrid graphene-like structures on the ND surface or related to lattice defects and impurities like in 

natural and synthetic diamonds [3].  

There is a dominating contribution of Rayleigh scattering at high concentrations of NDs (0.01% – 0.04%) in 

absorption spectra which is proved by the correspondence of their shape to the λ-4 function. As the concentration decreases, 

the spectra shape becomes close to the λ-2 function which could be due to the absorption of light by the sp2 conducting 

layer on the surface of NDs [4].  

Fluorescence in nanodiamonds is more often caused by the presence of impurities, defects, etc. either in the lattice 

or on the surface. The NDs are characterized by excitation-dependent fluorescence in the visible region (Fig. 1b). The 

dependence of fluorescence maxima position on the excitation wavelength is due to the different contributions of oxygen-

containing groups (such as OH, ketone C═O, and ester C═O) on the surface of NDs in absorption. 

Thus, investigated NDs are unique multifunctional nanoobjects, which combine magnetic and specific fluorescent 

properties and can be successfully applied for, e.g., image-guided magnetic separation of living cells [5].  

 

                         
Fig. 1. a) The absorption spectra of ND solutions with different concentrations; b) The fluorescence spectra of 

0.01% ND solution recorded with excitation wavelengths from 270 nm to 470 nm, in 20-nm increments. 
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