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ConepxaHue

Kak Mbl MOXeM ucnofnb3oBaTb nomuHecumpyoume HY B @ @
OMoMEeaNLMHCKUX MPUNOXKEHUSIX.

JMiomunHecumpyrowme HY M MOMEKysbl: HACKOSIbKO OT/IMYAeTCa WX
NOMUHecLeHUmnsa?

[MonynpoBOAHMKOBLIE HaHOKpUCTanmbl: BIMSAHME doopMbil,
XUMUYECKOrO COCTaBa, apXUTEKTypbl Ha MX ONTUYECKMEe W
doTodmnanyeckne CBOMCTBA.

CeHcopvka Ha  OCHOBE  HaHo4yacTul:.  JIIOMUHECLEHTHblE U
dOTO3NEKTPOXMMUYECKNE CEHCOPbl HAa OCHOBE KBAHTOBbLIX HaHO
KpuUcTannos

CeHcunbunumsaTtopbl akTMBHbIX doopMm Kucropogda (A®K) Ha ocHose
KBAHTOBbIX HAHOKpUCTaNMoB: 0CoO6eHHOCTM reHepauunm ADK n Kak Mol
NX MOXXEM NPUMEHUTL

3aknto4yeHune




JlromuHodopblI ana uonorum 1 MeaAULMHbLI

® 3arpAsHUTENU
e OnacHble rasbl

CeHcopuka
* TepmomeTpuA
* bromapkepbl

e Busyanusauuna KneTok
® Busyanumsauma TkaHewn

Busyanusauma
* Busyanusaumsa

TapreTMpoBaHus

o PoTogmMHammnyecKkasn
Tepanua

TepaHocTMKa e doTOoTEpMUYECKan
Tepanus

¢ Sonodynamic Therapy

A Water-Soluble Warped Nanographene: Synthesis and Applications for Photoinduced Cell Quantum dots in imaging, drug delivery and sensor applications.
Death. DOI: 10.1002/anie.201713387 DOI: 10.2147/1JN.S138624



TMomuHecumpytowme HY ViTMIO

NMonynpoBoAHUKOBbIE HAHOKPUCTANNDI.
KBaHTOBbIe TOUKHK, CTepXHU, HaHONNACTUHDI,
TeTpanoabl
JliomuHecuMpylowmunu HaHoyrnepoa.
HaHoanmasbl, lpadeHoBble KBAHTOBbIE TOUKM,
YrnepogHble TOUYKU

NMNepoBCKUTDI

HaHouacTuubl, gonnpoBaHHble UOHamu P33

MeTannoopraHnyeckue KapKacbl




JliommHecumpytowme HY 1 monekynbl ViTIVIO
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Excited-State Dynamics in Colloidal Semiconductor
Nanocrystals DOI: 10.1007/s41061-016-0060-0
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I'Ionyn POBOAHUKOBbLIE KBAHTOBbLIE

HaHOKpUcCTannbl.
doTohun3anyeckme CBOUCTBA.




MonynpoBoAHUKOBbIE HAHOKPUCTaNSbI /ITMIO

*Buanmbin cnektpanbHbin anana3oH: CdTe, CdSe, CdS,
InP, ZnSe, CIS, AIS, ZnS:Mn KT

« OnTnyeckne cBOMCTBa onpeaensarnTcsd XMMUYECKUM
COCTaBOM, pa3MepoM, apXUTEKTypoun

* MpoTsAXXeHHbIN CNEeKTP NOrnoweHuns

* BbICOKMIW KBAaHTOBbIN BbIXo4 NOMUHecLeHUnM (8o 95%)

* BbICOKasi XuMmn4yeckasa n ¢poroctabunbHOCTb

* noBepxHocTb KT nerko moauduumupyetcs

4 (a) Binary QDs () Ternary QDs

T T T T

Absorption and PL spectra of InP QDs (2-6 nm)
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\ states
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7 Surface
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Santos J. et al. Handbook of Smart Materials in Analytical Chemistry. — Wiley, Chichester, UK, 2019.



MonynpoBOoAHMKOBbIE KBAHTOBbIE TOYKU V/iT\MIO

Type | Type Il Quasi-Type Il Inverse Type |

CdSe/zZnS CdTe/CdSe CdS/ZnSe CdSe/CdS ZnSe/CdSe

EA
s cB 5
8 T cds CdSe 3
[} 1.7eV 2.7eV S
JeV
2.6eV
E (core)<E(shell) E (core)~E(shell) E (core)<E(shell) Eg(core)>E(shell)
"~ staggered '
(A) (B) (C) (D) (E)

(A) Type I: both carriers in the core. (B) Type ll: electron in the shell. (C) Type II: hole in the shell. (D)
Quasi-Type llI: electron both in the core and in the shell. (E) Inverse-Type I: both carriers in the shell

E. Petryayeva, W. R. Alaar, I. L. Medintz. Quantum Dots in Bioanalysis: A Review of Applications across Various Platforms for Fluorescence Spectroscopy and
Imaging Applied Spectroscopy, Volume 67 issue 3, pages 215-252 DOI: 10.1366/12-06948



[ ]
KBazu-tun Il KT: 3aBUCUMOCTb NIOMUHECLEHLUWN OT TONLMHbI OO0O0NOYKU |I|TMO

Diameter 2.8+0.4 3.7+0.4 4.1+0.4 4.5+0.5 4.9+0.6 5.2+0.8
Shell thickness 0 0.45 0.65 0.85 1.05 1.2

CICTC

S$1 S2 S3 S4 S5

Impact of Shell Thickness on Photoluminescence and Optical Activity in Chiral CdSe/CdS Core/Shell Quantum Dots @
DOI: 10.1021/acsnano.7b04199



Ksa3u-tun Il KT: 3aBucMmMocCTb NIOMMHECLEHLUMU OT TOMNLWUHbI O0O0NOYKHN

ViTMO

Absorbance

300 400 500
Wavelength, nm
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Impact of Shell Thickness on Photoluminescence and Optical Activity in Chiral CdSe/CdS Core/Shell Quantum Dots

DOI: 10.1021/acsnano.7b04199



Biansinne marepuajia M TOJMMHBI 000JI09YKH HA ONITHYECKHE
CBOMCTBA MOJYNPOBOJHUKOBBIX KBAHTOBBIX TOYEK THUIIA
siApo/00o010uKka (core-shell)
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'Knaccuueckue KT: BAvHKUHT IIiTMO

CdTe, CdSe, CdS, CdSe/ZnS, CdSe/Cds, ZnSe/ZnS, InP/ZnS

X° "~ . .
5 (3 - A E Exhibit PL intermittency (blinking)
£ ON 'y
Tons T gy \ « Excitonic PL is characterized with

multiexponential decay

* Could demonstrate delayed PL
signals

- N

Two types of luminescence blinking revealed by spectroelectrochemistry of single quantum dots.

Nature 479, 203—207 (10 November 2011) V.1. Klimov, Han Htoon et al. DOI:10.1038/nature10569

Delayed Exciton Emission and lts Relation to Blinking in CdSe Quantum Dots.

F.T. Rabouw et al. Nano Letters (2015) 15 (11), 7718-7725 DOI: 10.1021/acs.nanolett.5b03818 @



KT HoBoro Tuna |[iTMO

KT ¢ ruraHTcKkon 000104MKOU
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*Compact high-quality CdSe—CdS core—shell nanocrystals with narrow emission linewidths and suppressed blinking. Ou Chen et al.
Nature Materials (2013) 12, 445-451

**Biexciton Auger Recombination in CdSe/CdS Core/Shell Semiconductor Nanocrystals. R. Vaxenburg, A. Rodina, E. Lifshitz, and A.L.Efros.
Nano Letters (2016) 16 (4), 2503-2511 @



KT HoBoro tuna |IiTMO

AnnovaHbie KT

Potential energy functions of QDs

CdSe
Core-shell type | Alloyed QDs
d, . Z
QDS 6 cd,, ., Zn,Se
Ry o
: ~ ZnSe
=
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Compact and Blinking-Suppressed Quantum Dots for Single-Particle Tracking in Live Cells. DOI:10.1021/jp5064325
L.A. Lane, A.M. Smith, Tianquan Lian, and Shuming Nie. The Journal of Physical Chemistry B (2014) 118 (49), 14140-14147 @



KT, aonnpoBaHHbie MoHamu /ITMIO

CdSe/Zns QDs energy levels diagram ZnS:Mn/Zns QDs energy levels diagram
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ITromunHecuupyrownmn
HAaHOCTPYKTYpPUPOBaAHHbLIU yrnepoA.

YrnepogHble TOYKU U rpacdheHOBbIe KBAaHTOBbIE
TOUKM.




YrnepopHbie TOYKU U rpacheHOBbIe KBAHTOBbIE TOUYKU

V/ITMO
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(a) Absorption spectra, (b) photoluminescence spectra of carbon dots A, B, and C, corresponds to synthesized
reaction temperatureat120,100 and 80-C, respectively, and (c) relationship between the energy gap and the size of

GQDs

Graphene Quantum Dots Derived from Carbon Fiber Nano Lett. 2012, 12, 2, 844-849 Publication
Date:January 4, 2012, https://doi.org/10.1021/nl2038979



https://doi.org/10.1021/nl2038979

YrnepopHbie TOYKU U rpacheHOBbIe KBAHTOBbIE TOUYKU
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Revealing the tunable photoluminescence properties of graphene quantum dots A Mater. Chem. C 2014,2, 6954-
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YrnepoaHble TOYKU U rpacheHOBbIe KBAHTOBbIE TOUYKU |[iTMO

3aBUCMMOCTb NIOMUHECLLEHTHbIX CBOWCTB yrnepoaHblX TO4EK OT KOHUEHTPaUMUM aTOMOB a30T4a

Graphitic Nitrogen Triggers Red Fluorescence in Carbon Dots ACS Nano 2017, 11, 12, 12402-12410
https://doi.org/10.1021/acsnano.7b06399 @



YrnepoaHble TOYKU U rpacpeHOBbLIE KBAHTOBbIE TOUYKMU I/ITMIO
Amino-less L-CDs Amino-rich L-CDs

A Surface states

N | | mbita
W \W

Energy

A 4 A A

Excitation dependent Excitation independent

3aBUCUMOCTb JIIOMUHECLEHTHbIX CBOMCTB YINIEPOAHbIX TOYEK MOBEPXHOCTHOMN KOHLEHTPALMKU aMUHOTPYNM

Li, X., Zhang, S., Kulinich, S. et al. Engineering surface states of carbon dots to achieve controllable luminescence for
solid-luminescent composites and sensitive Be?* detection. Sci Rep 4, 4976 (2014) @
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HaHo4yacTuubl, AgonupoBaHHblIe OHamMu P33

e




'HaHouvacTuubl, gonupoBaHHbIe MOHaMu P33 IIiTMO

F1

[ Upconversion
| Quantum dots l ano-particle

\ ¥4 W

468 nm excitation

980 nm excitation

Y.

CpaBHeHME MexaHM3Ma BO3OYyKaeHus ntomnHecueHuMmn KT 1 ANKOHBEPCMOHHbIX YacTuL,



'HaHouvacTuubl, gonupoBaHHbIe MOHaMu P33 IIiTMO

(a) (b)
T— |2> 1.0 1
ESA
+— 11> 0.54
GSA GSA/ESA
_|_V_ [0> 0 | : : |
Time [arb. units]
© (d)
— &[> 107
yy ET i+ 11> 05 GSA/ETU
v Y o> 0 | | : .

Time [arb. units]

(a), (c) — cxemaTHUHOE MpEICTAaBIICHUE HAMOOJIee BEPOSTHBIX MEXaHU3MOB UP-KOHBEPCHH;

(b), (d) — 3aTyxaHue up-KOHBEPCUOHHOW JTIOMUHECIICHIINH MTOCIIE KOPOTKOTO BO30YkIAIOIIETO UMITYIIbCA.

GSA — nornonieHue ¢ OCHOBHOI'O COCTOSIHUS,

ESA — norsomienne ¢ Bo30yX1€HHOTO COCTOSIHUS;

ET — nepeHoc snepruu @
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CeHcoOpuKa Ha OCHOBe HaHoO4YacTuL;:

NIIOMUHECLUEeHTHbIe U
hbOTOINNEeKTPOXNMUYECKNE CEeHCOPbI Ha
OCHOBEe KBaHTOBbIX HAHOKpUCTAarnsnos




CeHcopbl Ha ocHoBe KT: npuHuMn pa6oTbl ViTIVIO

Pe3oHaHCHbIN nepeHOC 3Heprum D OTOMHAYLIMPOBAHHBIA NePeHOC
FRET sapsiga
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JTroMMHeCcUeHTHbIe CeHCOopbI

SEM and a sketch of Poly(ethylene terephthalate) track pore membranes

(PET TM) NANOTECHNOLOGY

m QDs .
Loosened wall layer
with QD’s

CdSe/ZnS QDs

@’m —_ @ @W\ nt

Fluorescence energy transfer in quantum dot/azo dye complexes in polymer track membranes

DOI: 10.1186/1556-276X-8-452 Track membranes with embedded semiconductor nanocrystals: structural and optical examinations

Dissociative CdSe/ZnS quantum dot-molecule complex for luminescent sensing of metal ions in DOI 10.1088/0957-4484/22/45/455201

aqueous solutions DOI: 10.1063/1.3490218



JlromnHecueHTHbIe CeHCopbI

Interaction of QDs with ammonia vapor

CdSe/ZnS QDs in TM

T v T T Y T
10 PL Decay time
A 08}
o
v
X 0,6 |
v
T
o
S -
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0,0 1 N 1 N 1 N 1 1 1
0 5 10 15 20 25
Time, min

Reversible photoluminescence quenching of CdSe/ZnS quantum dots embedded in porous glass by ammonia vapor
DOI: 10.1088/0957-4484/24/33/335701
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CdSe/ZnS QDs in Porous Glass
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C ammonia ~ 1.7x103 mol/L



¢0T03.I19KTPOXI/I MNYyeCKune CeHCOophLI

V/ITMO

SEM of Graphene nanobelts
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Photoinduced electrical response in quantum dots/graphene hybrid structure
DOI 10.1063/1.4929970
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https://doi.org/10.1063/1.4929970
https://doi.org/10.1063/1.4929970
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CeHcunounusatopbl A®K Ha ocHoBe KT




_AkTnBHbIe hopmbi kucnopoaa (APK) V/iTIVIO

Bacteria

Superoxide anion P —

Hydroxyl radical
Singlet Oxygen
lVirus treatment|

‘ Singlet Oxygen Tumor treatment

Tuning the Toxicity of Reactive Oxygen Species into Advanced Tumor Therapy
An Xie, He Li, Yumei Hao & Yujia Zhang
Nanoscale Research Letters volume 16, Article number: 142 (2021) DOI: 10.1186/s11671-021-03599-8



MonekynsipHble U HAHOCTPYKTYpUpPOBaHHble ceHcubunusatopbl APK |[iTMO

® TeTpanMppoanble MOJieKyJibl U UX arperaTtbl

e MuKpo- 1 HaHOpa3MepHbIe YacTULlbl OKCUAOB
meTtannosB (ZnO, TiO,, u T.4.)

e AIS, ZAIS, AISZnS KT
e [UOpUAHBLIE CTPYKTYPbI

Bacteria Fung

Jablonski diagram } ‘ 4\ & \W
Typel z:‘diuls,
- /
T e ll
1 T — P

Tumor cells
A IpS ps/
\‘\
N - Tumor e
Nanoparticle PS \ A
Nanotechnology for photodynamic therapy: a perspective from the Laboratory of Dr. Photocatalytic activity of AginS2 quantum dots upon visible light irradiation for

Michael R. Hamblin in the Wellman Center for Photomedicine at Massachusetts General melatonin determination through its reactive oxygen species scavenging effect
Hospital and Harvard Medical School DOI: 10.1515/ntrev-2015-0027 DOI: 10.1016/j.microc.2020.104728


https://doi.org/10.1515/ntrev-2015-0027

CeHcubunuzatopbl A®K Ha ocHoBe KT ViTMO

ET efficiency
Ky T,
QET kr +knr +kET TgL

Bactericidal Activity of Multilayered Hybrid Structures Comprising Titania Nanoparticles and CdSe Quantum Dots under Visible Light
DOI: 10.3390/nano011123331

Photoinduced charge transfer in hybrid structures based on titanium dioxide NPs with multicomponent qd exciton luminescence decay ' 02

Superoxide anion

DOI: 10.1021/acs.jpcc.9b02481
Photoinduced electron transport in QDs-based hybrid structures with TiO2 nanoparticles DOI: 10.1088/1742-6596/1092/1/012057 @



CeHcubunuzatopbl A®K Ha ocHoBe KT ViTMO

Estimation of ET efficiency by ROS generation and PL kinetics of QDs

.ROS
Ot

0 20 40 60 80 100

5.5 nm ET efficiency, %

Bactericidal Activity of Multilayered Hybrid Structures Comprising Titania Nanoparticles and CdSe Quantum Dots under Visible Light DOI: 10.3390/nano11123331
Photoinduced charge transfer in hybrid structures based on titanium dioxide NPs with multicomponent qd exciton luminescence decay DOI: 10.1021/acs.jpcc.9b02481
Photoinduced electron transport in QDs-based hybrid structures with TiO2 nanoparticles DOI: 10.1088/1742-6596/1092/1/012057

®



CeHcubunusatopbl A®OK Ha ocHoBe KT ViTMO

Mycobacterium smegmatis as a model for Mycobacterium Tuberculosis

QDs  TiO2 NPs
333ii-
PII333+*
— | @DI333+°
visible light JJJ j 3 3 ®
99333 °
T1 T2 Tav
i | . -
p— T T ; : g PL QY nonradiative rate electron transfer rate 100 pr T T T
1 10° g PLy
o Lu

10° 10° 107 10°
Colony Forming Unit

Bacteria grow efficacy

Dependence of bactericidal properties of
Bactericidal Activity of Multilayered Hybrid Structures Comprising Titania Nanoparticles and the st t CFU
CdSe Quantum Dots under Visible Light DOI: 10.3390/nano11123331 e structures on



CeHcubunusatopbl A®K Ha ocHoBe KT |[iTMO

Electrostatic interaction

(A)
C monomers only:
1 n= a enhanced acceptor PL:
C 1,>0
ODs
[24
B
2 P(m) i
- monomers and aggregates:
Eh (}’l, Ot) - Eob.v m°° ( —Jp non-radiative energy dissipation
CdSe/znS 2. P(m) g
,=0
m=1 3
QD \_
" o
C
QD solubilizer > P(m ©
4 dif .
DMAET molecules q’at;)ec( n,o ) ~Qy— m;A - f v aggregates only:
ZP (m)a + f/’ ( n— ZP (m)OC) U O B non-radiative energy dissipation
m=1 €, m=1 8

=0

Stabilizer FRET efficiency, E,, % PLQY of Ps, @, %
ZnS:Mn/ZnS Cysteamine 0.38+0.2 4.5+2.0
CdSe/znS | Cysteamine | 0.5+0.05 | 6.0+0.01
ZnSe/ZnS | Cysteamine | 0.5+0.2 | 8.0+0.01
CdSe/ZnS | Cystein | QISS0E> | S0)

The influence of phthalocyanine aggregation in complexes with CdSe/ZnS quantum dots on the photophysical properties of the complexes
DOI: 10.3762/bjnano.7.94



CeHcubunuzatopbl A®K Ha ocHoBe KT ViTMO

Quenching of FRET Coordination binding
QDs PL, % efficiency, %

Storage conditions

Ten minutes storage 24 70 I
A week storage at +4° C 21 90
A month storage at +4° C 21 90

CdTe

Quantum dot

160

120

Free
Phthalocyanine

80
SO,H

40

Phthalocyanine PL intensity

20 30 40
n= CPC/ CQD

SO,H
Orlova A.O., Martynenko I.V., Maslov V.G., Fedorov A.V., Gun’ko Y.K., Baranov A.V. “Investigation of complexes of CdTe quantum dots
with the AIOH-sulphophthalocyanine molecules in aqueous media” The Journal of Physical Chemistry C. — 2013 DOI: 10.1021/jp408802u



CeHcubunuzatopbl A®K Ha ocHoBe KT ViTMO

AgInS,/ZnS QDs-TPP in

; TPP in CCI
AgInS,/ZnS QDs Chitosan 4 chitosan

Y, 7471 s§ ,§ . HO
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Chitosan nanocomposites with CdSe/ZnS quantum dots and porphyrin DOI: 10.1039/D1RA08148A
Singlet oxygen generation by hybrid structures based on CdSe/ZnS quantum dots and
tetraphenylporphyrin in organic medium DOI: 10.1016/j.cplett.2020.138303

Chlorin e6—CdSe/ZnS Quantum Dots Nanocomposites as Efficient Singlet Oxygen Generator e ]
DOI: 10.1134/50030400X19120233



CeHcunounusartopbl ADK Ha ocHoBe KT

V/ITMO
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PDT effect on ACE cells

Transmitted light microscopy images of trypan blue stained EAC cells incubated
with QDs (c, d), Ce6 (e, f) or QD-Ce6 (g, h) with and without laser irradiation
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BuiBoAbI

KBaHTOBbIE HAHOKPUCTaNSbl — KNacc
HAHOCTPYKTYPUPOBAHHbIX NMIOMUHOGOPOB, ¥ KOTOPbIX MOXET
HabngaTbCA NIOMMHECLIEHLIUA, MO CBOMM CBOWCTBaM
cxoXkasi ¢ MIOMUHecCLeHUMen aToMOB UMM MHOTOATOMHbIX
MOJIEKY.

OHu obnagatoT OonbLWKUM NOTEHLMANOM B BuoMmeanLMHCKMNX
NPUNOXXEHUN B KA4YECTBE METOK, CEHCOPHbIX CUCTEM U
cpeacTB Angd Tepanuu 3aboneBaHum




ViTMO
Ve
v a

m 2
- :
' €%
HVBRID NANOSTRUCTURES INTERNATIONAL RESEARCH
FOR BIOMEDICINE - AND EDUCATION CENTRE FOR
N/ Prof. Andrey PHYSICS OF NANOSTRUCTURES
Dr. Petr - Veniaminov
Parfenov Prof. Vladimir Dr. Vikt Dr. Ali Abassi
Maslov r. Viktor |
Zakharov

A

Dr.Rer.Nat. Aliaksei

LyuboV’ Borodina Anastasia Dubavik Arina Efimova,
Antonina . : : MsS
Dadadzhanova PhD student Ilia Vovk, Maxim Rider Bulgakova,
PhD student Prof. Anna Orlova PhD Student Researcher
PhD student .

Ekaterina Smirnova, i X " Anna Pestereva,
MS Aleksei Boltenko, Konstantin Tatiana Oskolkova, Vera Ramazanova, BS Mariia Kovova, Sergey Kabanov,
MS Baranoy, BS MS MS Researcher
MS




.
bonblioe cnacnbo 3a
BHUMaHue!

o

IT:MO.. fér
- UNIVERS

D.orlova@itmo.ru




