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STSM purpose:  

 

 This STSM is focused on the establishment of a long-term collaboration between 

biophotonics and material science research groups from the Department of Metrology and 

Optoelectronics, Gdańsk University of Technology (Poland) and the Research-Educational 

Institute of Optics and Biophotonics, Saratov State University (Russia), as well as the 

development and characterization of new carbon-based nanoparticles for application in skin 

disease laser diagnostics. 

 

Description of the work carried out during the STSM:  

 

 Research conducted during this STSM was focused on studying the optical  properties 

of nanodiamond particles for application in skin disease laser diagnostics. Nanodiamonds are 

relatively a new class of carbon nanomaterials. Nanodiamond are very well known from their 

specific properties, including their mechanical and optical characteristics, as well as modifiable 

surfaces, make them an interesting novel material. Recent studies suggest that nanodiamonds, 

in general, are more biocompatible than other carbon materials. Research in this area is crucial 

for better understanding of the phenomena related to nanodiamond-blood interactions, 

specifically is the case of skin laser diagnostics and therapy.  

 Furthermore, this STSM allowed to establish a long-term collaboration on shared 

scientific goals carried out in parts in both the Home and Host institution; a first so far  

collaborative effort between COST members and Near Neighbor. 

 

 



 

Description of the main results obtained: 

 Nanodiamond particles synthesized by explosive detonation have a mean size 

distribution of 4-5 nm, and this detonation diamond drew considerable attention for many years. 

It is interesting that natural diamonds are hydrophobic, but nanodiamonds are usually 

hydrophilic, owing to their high surface to-volume ratio and nonzero surface charge. Physical 

and chemical properties of nanodiamonds synthesized by detonation (for example: chemically 

active surface area) provide a basis for predicting their possible applications in biology and in 

medicine. Detonation nanodiamond particles can be used as an adsorptive material to fulfill 

practical biochemical tasks such as extraction and purification of proteins from recombinant 

sources (for example: E.coli bacterial cells) and natural object. Nanodiamonds can be used in 

protein chemistry as a new adsorbent for effective extraction and purification of proteins [1]. 

Diamond nanoparticles were produced by the method described by Danilenko with 

modification of ampoule-free synthesis in the explosion chamber instead of ampoule synthesis. 

Graphite was placed directly into a cylindrical charge consisting of a TNT-hexogen mixture 

TG40. The charge was enveloped in a water jacket to suppress graphitizationand reduce the 

unloading rate of the synthesized diamond [2,3]. Diamond powders are modified by chemical 

methods, mechanical, or plasma methods [4-10]. 

Chemical modification: 

 Chemical pre-treatment of the nanodiamond particles is apply to obtain oxygen-

terminated surface and etch sp2 phase impurities. Metallic impurities were dissolved in hot 

“piranha” solution (H2O2: H2SO4/1:3) at 200 °C. The process continue for about 60 min, then 

rinse with water and methanol, and dried in a stream of nitrogen. 

Plasma chemical modification: 

Plasma pre-treatment of the nanodiamond particles is apply to obtain hydrogen-terminated 

surface and etch sp2 phase impurities, as reported elsewhere[52–54]. The diamond surface was 

cleaned with acids and hydrogen plasma. The nanodiamond particle are initially cleaned by 

immersion in “piranha” solution for about 15 min, then rinse with water and methanol, and 

dried in a stream of nitrogen. Microwave hydrogen plasma treatment was performed using 

microwave plasma-assisted chemical vapour deposition (MW PACVD) system (Seki 

Technotron AX5400S, Japan). The optimized power of microwave plasma for diamond 

synthesis was kept at 1300 W. Excited plasma was ignited by microwave radiation (2.45 GHz). 

The total gas flow of hydrogen is kept at 300 sccm for 10 min. Thus, the resulting nanodiamond 

surface is predominantly hydrogen-terminated.  



Interaction of nanodiamond particles with whole blood are presented on Figure.1. 

Formula for nanodiamond suspension used in measurements is as follows: 1 milligram of 

nanodiamond   powder was dissolved in 1 milliliter deionized water. The suspensions of 

nanodiamonds were added to samples of human blood collected on citrate in amounts:20 ul to 

500 ul human blood. 

 

Figure 1. Optical microscope image of interaction of nanodiamond particles with blood. 



Absorbance of nanodiamond in water was measured (Figure.2). The spectrophotometer is 

efficient, accurate and flexible, and is designed to meet both current and future measurement 

needs. The proven, robust design of the comprises a double beam, Czerny-Turner 

monochromator, 190–1100 nm wavelength range, 1.5 nm fixed spectral bandwidth, full 

spectrum Xenon pulse lamp single source with exceptionally long life, dual silicon diode 

detectors, quartz overcoated optics, scan rates up to 24,000 nm/min, 80 data points/sec 

maximum measurement rate, nonmeasurement phase stepping wavelength drive, room light 

immunity, and central is controlled by PC. 

 

Figure 2. Absorbance of nanodiamond in water. 

 

 

 

Mutual benefits for the Home and Host institutions: 

 This STSM mission allowed for the completion of a step in the ongoing research 

collaboration between the biophotonics groups from Gdańsk University of Technology and 

Saratov State University on carbon-based nanoparticles for application in skin disease laser 

diagnostics. 

 



Future collaboration with the Host institution (if applicable): 

 Several areas for future collaboration Host and Home institution were conceived. Both 

institutions are interested in continuing tests about interactions between carbon-based 

nanoparticles and biological tissues. 

 

Foreseen journal publications or conference presentation expected to result from the 

STSM:  

The results of this STSM are planned to be presented at Photonics West Conference, Nanoscale 

Imaging, Sensing, and Actuation for Biomedical Applications XIII, Feb 13 - 18, 2016. Later 

we plan to publish a full paper. 
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