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V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTHYHHUX PYOPHK: 62.13.02

Tema gucepranii:

1. Hosi HaHOBYyTJ1e1eBi (pryopodopu: CUHTE3, ONITUYHI BIACTUBOCTI Ta iX B3a€EMOIis 3 KIIITUHAMU.

2. New nanocarbon fluorophores: synthesis, optical properties and their interactions with cells.

Pedepar:

1. Incepraniiina po60Ta IpUCBIY€Ha JOCIiIKEHHIO HOBOTO TUITY (JIyOpECLIEHTHUX BYIJIelleBUX HAaHOMaTepiaiB -
ByrJienieBUX TO4OK (CNDs). Y po60Ti IpoAeMOHCTPOBAHO Pi3Hi MiAX04Y [0 iX CUHTE3Yy, BUBYEHHS CTPYKTYPHHUX Ta
ONTUYHUX OCOBGIUBOCTEN, OOIPYHTOBAHO JOLIBHICTD iX 3aCTOCYBaHHS y (JIyOpeCLeHTHil Mikpockomii. Byrienesi
HAaHOYaCTKM 6YJI0 CUHTE30BaHO 3 Pi3HOMaHITHUX OPraHiYHUX CIIOJIYK METOAOM rifpoTepMiuHoi 06pobku. OTprmaHi
(JIyOopeCLeHTHI CTPYKTYPU JI€MOHCTPYIOTb CTa0i/IbHICTD Ta SICKPaBY €MICil0 y BUIMUMOMY Jlialla30Hi CIIEKTPY,
PO34YMHHICTb y OPTaHiYHUX PO3UYMHHYKAX, CTA0LIBHICTD 3a Bapialii Temneparypu ta pH cepenosuma. Bnepe
IeTalbHO OCJIIKEHO CIIEKTPaJbHI BIACTUBOCTI LIMX HAHOCTPYKTYP Ha PiBHi MOOJMHOKUX YaCTOK. 3a NOIIOMOTOI0
Cy4yaCHHUX METOJiB Mikpockorlii 6ysiu 3po6JieHi 3HiMKU (ayopecueHlii okpemux CNDs 3a 30y/1>)KEHHSIM a3UMyTajlbHO
MOJISIPU30BAHUM JIA3€PHMM ITPOMEHEM. BCTaHOBJIEHO, 1[0 HA MOBEPXHI LUX ByrieLeBux (GyopodopiB 3HAXOOUTbCS
JIMIIE OJVH €MICIMHMN LeHTP. 3HAYEHHS 4aCiB KUTTS €MicCil OXOIUIIOITh BiJHOCHO IKUPOKUM Aiana3oH Big 0,8 1o 6

HC. 3aJIe>KHOCTI MiXK LIUM ITapaMeTPOM Ta IHTEHCHBHICTIO CBiY€HHS IIOOJMHOYHMX YACTOUYOK He OyJI0 BCTAHOBJIEHO.



3aBAsIKM MaJIOMY po3Mipy Ta rizpodinbHiit noBepxHi CNDs j1erko IPOHUKAIOTh y CEPEUHY KIITUHU 6€3 OYIb SKUX
IOJATKOBUX IpoLenyp Ta Monudikaliiii nosepxHi. BcTaHOBIEHO, 110 ByTJyIeleBi TOYKM MOXKYTb OyTH 3aCTOCOBaHi
I MiY€HHS JII30COM Ta fiIpa y CepeNyHi KIiTUHU. [[pOI€MOHCTPOBAHO METOZ, 1714 IEeTEKLii allONTOTUYHUX KIIiTUH
y KJIITUHHIN KyJIBTYPi 3a HOMOMOTroI0 Bisyasidauii Kinitud CNDs. byso BigMi4€eHO, 0 allONTOTUYHI KIIITUHU CXUJIbHI
10 HAaKOIIMYEHHS BYIJIEL€BUX TOYOK Y OUIBIIIN KijIbKOCTi, HDK HaTUBHI KJIiTMHU. Bazylounch Ha IboMy (GEHOMEHI,
KJIITHMHY, 110 Tpo¢apOoBaHi 3a3Ha4€HUMHU HAHOCTPYKTYPaMU, MOKYTh OyTHU AOCIIIPKeH] pisHUMU
(JIyOpeClieHTHMU METOJIAMU, TAKMMHU SIK CIIEKTPOPIIyOPOMETPIsl, IPOTOKOBA LIUTOMETPIs Ta MiKPOCKOTIisl.
[Tokaszano, mo CNDs, 3aBAsKU CIIEKTPOCKOIIIYHIN BIACTUBOCTI IIEPEMUKAHHS BKIIOYEHUX TA BUKJIIOUEHUX CTaHIB

eMicii, € IepCrIeKTUBHUMU JJ1s1 BAKOPUCTYBaHHS y MIKpOCKOIIii BUCOKOi po3zinbHoi 3gaTHOCTi COPI.

2. The thesis is devoted to research of the new type of fluorescent carbon nanomaterials - carbon dots (CNDs). We
have demonstrated different approaches to their synthesis and have studied the structural and optical features.
Moreover, potential ways for their application in fluorescence microscopy were proposed. The carbon
nanoparticles were prepared from alanine, citric acid, urea, etc. by hydrothermal treatment. As the fluorescent
materials, the obtained structures are brightly fluorescent in the visible region, soluble in various organic solvents,
stable at different pH and are non-toxic for cell cultures. The CNDs demonstrate the presence of distribution of
fluorescence properties of individual fluorophores that behave as individual emitters and do not exchange their
excited-state energies via homo-FRET. The time-resolved studies demonstrate heterogeneity of fluorescence
decays occurring in nanosecond time range. Besides, it was found that carbon dots represent the assemblies of
individual emitters possessing variable fluorescent properties including optical anisotropy, limited rotational
mobility and high accessibility to ionic quenchers. We present new results on a comprehensive photoluminescence
study of single carbon dots nanoparticles with high resolution transmission electron microscopy and atomic force
microscopy measurements. The power law character of CND blinking along with their multistate time traces
suggests that the charge trapping and its redistribution on the surface of the particles triggers their transitions
between emissive and dark states. Thus, CNDs possess a unique hybrid combination of fluorescence properties,
exhibiting characteristics of both dye molecules and semiconductor nanocrystals. The selective cell labeling with
CNDs was demonstrated. With these tools we demonstrate that both native and apoptotic cells can be easily
visualized. The CNDs uptake occurs probably by endocytosis, which allows for much larger their number to
accumulate in apoptotic cells. Using different methods of sample preparation, the ability for labeling various
structural compartments of the cell was shown. For living cells there are the intracellular vesicles and lysosomes.
In contrast, in fixed cells the nucleus is labeled preferentially. The fact that apoptotic cells accumulate strongly
increased amount of CNDs can be efficiently used in flow cytometry for characterizing the cell populations
regarding the relative amount of apoptotic cells in different experimental conditions. The application of such
cheap and easily accessible nanoparticles provides more opportunities to simplify the popular methods of cell
labeling and detection. Moreover, our studies showed the possibility of using these nanoscale fluorophores for
superresolution method SOFI. The technique is conceptually di?erent from localization based methods and has a
number of advantages. The primary ones are relaxed blinking requirements and inherent background elimination.
This allowed us to use the method without any additional modi?cation of the as-synthesized CNDs.This approach
improves the detailization of fluorescent images by 30 percent.
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