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HanpaBneHus Hay4yHOM NporpamMmmbli

« Atomic and Magnetic Structures
« Lattice and Molecular Dynamics
« Nanosystems and Soft Matter

» Life Science

* Nuclear Physics



HanpaBneHus

 Nanosystems and Soft Matter

O6cyxaeHue HayvyHOU NpPorpaMmmbl UCCNEn0BaAHUIA
Ha peakrope HEMNTYH (2040-... rr.)



HaHocuctembl n Msirkoe KOHA4eHCUPOBaHHOE BeLecTBO

Nanosystems and soft matter

HaHocucTeMbl - CUCTEMbI, codepXxaljme CTPYKTYPHbIe 3aneMeHTbl pa3mepom oT 1 ao
100 HM, onpegenatoLwine nx OCHOBHbLIE CBOMUCTBA U XapaKTEepPUCTUKU B LIENOM.

Markoe koHaeHcupoBaHHOe BeuwlectBOo (soft condensed matter) — TepMuH AN
onpeneneHuss CUCTeEM B COCTOAHUSX, HE OTHOCALLUMXCA K «NPOCTOMY» XWUOKOMY UMK
KpUCTanM4eCcKkoMy COCTOAHUAM, U3y4HaeMbiM B Apyrux obnactax (usuku TBepaoro

Tena.



NMpumepbl Knaccugukauum

[1To maTepuany: [1lo «pasmMepHOCTUY:
° anepo.ql-lble HaHOMaTepuanbl; e OObeMHble HaHOCTPYKTYpUpOBaHHbIE
(dbynnepeHbl, yrnepoaHble HaHOTPYOKM, HAHOBOIOKHA, HAHOMYKOBULbI, mMartepuarnsi;
TEXHUHECKUA YTIIEPOA, TPAEH, ...) (MeTannbl ¥ cnnaBbl C  YNETPAMUKPO3EPHUCTON  CTPYKTYPOMH,
. HEOpraHW*leCKVle HaHOMaTepuarbl, CNVHOAAnbHbIA pacnaj CTeknoobpasylLlumMx maTepuanos, TBEpPAbIX
(Au/Ag HaHovacTtuubl; HY okenpos metannos TiO,, Zn0O,..; pacTBOpOB, ...)
nonynpoBogHukoBblie HY, Si, kepamudeckume) o HaHOCprKTypI/IpOBaHHbIe nnaHapHble (2[))
HaHOMaTepuarbl, MaTepuarnsl;
(oeHapvMepbl, MULENIbI, NMMMNOCOMBI, NonMmepHbie HY, ...) (TOHKIE 11 TONCThIE I,'IJ'IeHKVI M NOKpBLITHS, ...)
* KomnosuTtHble HaHOMaTepuarns.. « HaHOCTPYKTYpUPOBaHHbIE
. HaHOMaTepuanbl;
o NPOUCXOKAEHMIO. (HaHOTPYOKK, HAHOBOJOKHA, HaHOarperaTbl, HAaHOMPOBOJIOKM)
* CuHTeTuveckue; « HaHogucnepcHble (0D) maTtepuansl;
. HaTypaanble. (HaHONOPOLLUKX, HAHOKPUCTANbl, KBAHTOBbIE TOYKW, HAHOKIACTEPbI)

« HaHOKOMMNO3UTHI;

KOJ‘IJ‘IOI/I,EI,bI nonumepsi MNAB KOMMNEKCHble (me3sonopuctas matpuua ¢ 1D/2D cnosmu, 3anofHEeHHLIMU HaHOha3on,;
’ ’ ’ H4, HT, HaHOBUCKEPbI B NONMMEPHON, METANNUYECKOW, KEPAMUYECKON

CUCTEMbI, HQHOKOMMO3UTbI, XXUOKUE KpucTannsl, ... matpuue)
« CynpamonekynspHble maTepuansl;

Tpetbsixos, ['ymuun / YX 2009; Nagel // Rev Mod Phys 2017; Mageswari, et al // 2016; Jeevanandam et al // 2018.



AKTyanbHble 3apa4u

* NMony4yeHue aKktyanbHbiXx HaHOMaTepuanoB / MKC:

* HCCJIEI0BaHHUE MIPOIECCOB CHHTE3a;
* HCCICAOBAaHUE CaMOCOOPKH, CaMOOpraHu3alluy, ...;
* MOHMCK HOBBIX MaTe€pHAIOB, XapaKTepH3allis U CpaBHCHHUE.

* MpumeHeHna HaHomaTepuanoB / MKC:
* Insitu, in operando, ... ucciemoBaHus;

* MCCIIEAOBAaHUS YCTOUYUBOCTH. * «JKOMornvHole», buopasnaraemole
] matepuarnsl
* ®yHAaMeHTanbHble 3HaHUA: * [loHUMaHue pyHOamMeHTanbHbIX
* (PU3UKO-XMMHUYECKHNE OCOOEHHOCTH HAHOCUCTEM; npoueccos, ynpaeneHue

* B3aUMOCHCTBHUS B aHCAMOJISIX HAHOOOBEKTOB;
* HeoOpaTHMBIE IIPOLIECCHl B HAHOCUCTEMAX.

 MopenupoBaHue:

* MOJICIUPOBAHUE HAHOCUCTEM,;
* MOJIECJIUPOBAHUE ITPOLIECCOB CUHTERA,
* MOJECIHPOBAHKE IS (PyHIAMEHTAIBHBIX UCCJICIOBAaHUM.



UccnepoBaHuAa nonumepoB, TOHKUX MMEHOK, MNAB, ...

PS-dPS thin film — neutron

reflectometry
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CoBpemMeHHble uccrnegoBaHus

3-Arm Polystyrene Star-Polymer
Each arm has end-block of deuterated monomers

M,,/arm = 101.7kg/mol
M, (PSd)/arm = 7.7kg/mol

K. Mortensen et al., // 2018-. ..
Huang et al., // 2016
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Under flow: fully aligned, slightly extended three-armed tube,
After flow: relaxation constitutes three regimes with distinct and different characteristics.



Muuennbl MAB — komnnemeHTapHble nccriegoBaHus

Complementarity in SAS-cryoTEM research of complex micelle structures: worm-like micelles.
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Current Opinion in Colloid & Interface Science

Y. Fan, Applications of small-angle X-ray scattering/small-angle neutron scattering and cryogenic transmission electron microscopy to understand self-assembly of surfactants, 2019.
Chen, Effects of Length and Hydrophilicity/Hydrophobicity of Diamines on Self-assembly of Diamine/SDS Gemini-like Surfactants, 2017.



RheoSANS: peonorma n HAHOCTPYKTYPbI KOMMJIEKCHbIX XXUOKOCTEN
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In situ structural measurements of SM
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MarHnTHble HaHOYacTULUbI - UCcriegoBaHuUsA

Reflectivity data
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Avdeev, Aksenov // 2010: applied magnetic field can be used to control the structures of these layers

Theis-Brohl, et al // 2018-...; Kubovcikova // 2017.
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b of small nuclei, coalescence of the nuclei into bigger particles, slow growth of particles
0.01

sustained by ongoing reduction of gold precursor, and subsequent fast reduction ending
with the complete consumption of the precursor species. The coalescence of small nuclei
into monodisperse particles plays a vital role throughout the synthesis reaction and
determines the polydispersity of the formed colloid.

Jorg Polte, 2010,... / Formation Mechanism of Colloidal Gold / Silver Nanoparticles: Analogies and Differences



Me3OI'IOpVICTbIe HaHO4YaCTUubl KPpeMHUA

Time-resolved small-angle neutron scattering (tr-SANS) is applied to study the complete formation of mesoporous silica NPs.

, SANS
| t=840s

(Q)/cm™

‘m“\\“\“\\\\\\\\.\\\\\\

-

10 =
' N
E R
[ iy
= 1=
g
“see”surfactant
0.1 =
o/ Case A
* CaseB PR s
0014 -~ Case C R e 168 S,
1 “see”silica ° o b, way -1.40
* ] - - log 112
01 q/A 0(Q) 084

Cxema pocta HY
Das S T
@%@ ooy A
th? [iY —h—@;@
R O
B %% .

55

' [
tr-SANS [
=— 10
-
=
MLV :
MYV VA =
A AR e,
A\
(]
=5 P
= —
= O
= ~—~
| BX y—
-
‘ —.
= 0.1
=
=
1 o
-~
K P~
400 _ _|s
200 Time

After hydrolysis and initial condensation, small silica oligomers adsorb to the CTAB micelle surface,
leading to the clustering of micelle aggregates that form the basis of the growing mesoporous structure.
The rate of silica structure growth is found to be slower than that of micelle aggregation, and the final

silica particle typically has a smaller radius than do the surfactant aggregates.

Hollamby 2012, Growth of Mesoporous Silica Nanoparticles Monitored by Time-Resolved Small-Angle Neutron Scattering



CTpyKkTypa n AMHaAMMKA NOSIMMEpPOB

Labeling (H/D contrast)

(Q)

chaln

Synergetic combination of two techniques: neutron scattering
(NS) and fully atomistic molecular dynamics (MD) simulations
for studying structure and dynamics of polymers.

Colmenero et al. 2010-2020...
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CTpyKkTypa n AMHaAMMKA NOSIMMEpPOB

Synergetic combination of two techniques: neutron scattering (NS) and fully atomistic molecular dynamics (MD) simulations for
studying structure and dynamics of polymers.
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PIB,...) — Localized motions, structural
relaxation, chain dynamics, ...

Studies of dynamics (NSE) accompanied by
modeling to depict specific processes of
relaxation.

Other effect: nanosegregation by MD, ....
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Colmenero et al. 2010-2020...



OnHamMmuka nonumepoB: CTeKnoBaHue

Propylene glycol
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Chua et al. 2017-2022...

Combined NSE and DSC investigation of glass transition dynamics and sizes of
cooperatively rearranging regions of polystyrene and PEG.

PEG relaxation map
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Investigations of directly inaccessible information characterizing the
dynamic glass transition.




A.D,COpGU,VIOHHble CJiIOn MaKpOMOIJieKyJ1 Ha rpaHumue Boaoa-Bo3ayx
The adsorption kinetics I'(t) of BLG layers at the water/air interface as Structural investigation of Cg,-polymer and C,,-BSA

a function of protein concentration Cg, 5 and pH. layers at air-water interface (GRAINS).
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Campbell, Noskov, Gochev // 2014 - ... q A




Aacop6bumoHHblie criou nonumep-NAB Ha rpaHuue XUAOKOCTb-BO34YX
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NMNepoBckuTHblIe Cb — CKpbITbIEe crnowu
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I'Ionumeprle HaAaHOKOMMNO3UTbI C MeTaJlJIn4HeCKUMUN HaHOYaCTUUuaMMn

] T =] Optical nanocomposites
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—  S—Sesea fluorescent stains. The samples were incubated with 107
TEM micrograph of Nylon/Ag nanocomposites of about 60 = ey bacteria/mL in 24 well tissue culture plates.
. o avelength [nm
nm thickness at metal filling factors of (a) 4.4%, (b) 14%, (c)
21%, and (d) 41.5%. Tuning of the plasmon resonance in

Ag-Au particles. The numbers

. _ indicate the atomic ratio of Au/Ag.
Above the critical threshold, the growth of the metal particles

normal to the substrate is too fast to embed them into the growing Applications range from cases where es_sentially the_very !arge effective §urface
polymer matrix. area and other surface effects are exploited, such as in antimicrobial coatings, to

optical and magnetic materials, where surface plasmon are taken advantage of.

F. Faupel, Metal-Polymer Nanocomposites for Functional Applications 2020



CoBpeMeHHble UccreagoBaHUA: LULMPOKUM CNEKTP HOBbIX CUCTEM

Step-growth polymerizations Chain-growth polymerizations Multistep-growth synthesis
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Bifunctional | | Multicomponent || Living step-growth || Living (controlled) Uncontrolled Linear iterative synthesis Dendrimers
Conventional Others lonic Radical ROMP | | ROP Liquid phase Solid phase
Ester || Amide || Urethane || ADMET || CuAAC Anionic | | Cationic | | NMP | | ATRP RAFT Single insertion Convergent Divergent
ARGET | | SARA ICAR Protected Orthogonal

OcCHOBHble NOAXoabl B CUHTE3€E MOSIMMEPOB:

Polymer synthesis routes comprise several different approaches, with step-growth and chain-growth being the
conventional ones. Their general drawback — high polydispersity. The “upgrades” of conventional methods improve the
outcome. Multistep-growth synthesis — novel method for obtaining monodisperse macromolecules.



[Monumepbl — cOBpeMeHHble CUCTEeMbI

Tpubnok-cononumepsbl CamMoCOOopKuU

nepapxmvecknx CTpykKTyp.

ansa

» YposeHb 0: Triblock copolymers of PS-b-PB-b-PMMA
(SBM) or PS-b-PBDS-b-PMMA (SDM);

« YposeHb 1: individual self-assembly (level 1) in a non-
solvent for the central block (B or D), resulting in
patchy particles with S—M segregated coronas
containing either monovalent or divalent sticky S
patches.

* YposeHb 2: the SBM and SDM patchy particles can

be coassembled together into complex
compartmented worm-like morphologies.
TpeboBaHue: nccnegoBaHue KOMMJTEKCHbIX
ME30CKOMUYECKNX  CTPYKTYP M OUHAMUKK NX
obpasoBaHu4.

Groschel, A.H. et al. Guided hierarchical co-assembly of soft patchy nanoparticles.
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3aKrno4yeHne: nepcrneKkTuBLI

YCNoXHEHUe CTPYKTYPbl CUCTEM — KOMMMNEKCHOCTb, HEOO4HOPOAHOCTb,
nepapxm4HOCTb.

YcnoxHeHne [OUHaMUKM CUCTEM — HepaBHOBECHble MNpPOLECCHI,
KOMMIIEKCHbIE NEPECTPOEHUA CTPYKTYPbl, [AWHAMUKA B MNOTOKaX,
nepapxus BpeMeH.

BaxHoe HanpaBneHue —  (tbyHaameHTanbHble) UCCNeOoBaHUA
MOAENbHbIX HAHO-, MATKUX CUCTEM ANA pPa3sBUTUA NPenCTaBMNeHUA B
NMPUNOXEHUM KO CNOXHBLIM CUCTEMAM.

AKTyaJ'IbeIe nccenenoBaHUA CTpyktypbel 1 AMHaMUKU CUCTEM B CWUITIBHO
HEPABHOBECHbIX COCTOAHUAX.



3aKrno4yeHne: nepcrneKkTuBLI

Msarkoe KOHOEHCUPOBAHHOE BELLECTBO, HAHOCUCTEMbI — 3aJadva Xapakrepusauuu
CTPYKTYPbI U AMHAMUKK Ha MacwiTabax oT ~1 HM g0 ~10 MKM.

KntoyeBble meToabl AN 3TUX 3a4av:

* MalnoyrnoBsoe paccedaHue,

(trSANS — BpemeHHoe paspelueHne ~munnmcekyHabl, USANS+SANS, SANS+SAXS,...)
e pednekToMeTpus,

(R 0o 10, Hn3kmn poH, TOF-GISANS pexnm)
« Heynpyroe paccesHue (NSE, QENS, INS),

(T 4O MUNSINCEKYHA)
e simulation-assisted HEUTPOHHbIE UccneaoBaHuUS.

Pa3Buntne nccrnegoBaHMn HAHOCUCTEM N MATKUX KOHOEHCUPOBAHHbLIX cped HanpaBreHo
«BWMPpby (bonbLOe 4ucro rmMbpuaHbiX MaTepuanoB, CMOXHbIX CUCTEM Ha OCHOBE
CYLLECTBYWOLWMX MaTepuanoB). 3OTa TeHAeHUUsa OyOeT COXPaHATbCHA, HEeU3beXxHOo
co3gaHue «bmnbnunoTtek» ansg asTomatusaunm paspaboTkn HOBbIX MaTepuanos.



