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Puc. 6.1. Makpomosieky/ibl pa3/iHuHOH CTPYKTYphl: @ — JiHHeHHble, 6 — rpebHeolpasHbie, 8 —
ceTyarthble, 2 — MaKpOLUHKAHYeCKHe, 0 — JIeCTHHYHbLIE, € — UMKJOLeNHble, ¥ — AeHApPHMepHble, 3 —
KaTeHaHoBble (3alelJieHHble LHKJbI)
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Puc. 7.2. Crynex4arslift CHHTe3 NeHPHMEPOB N0 AHBepreHTHOH (a) M KOHBepreHTHo#H (6) cxemam
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Puc. 7.3. HauGosee pacnpocTpaHeHHNe THNbL JeHAPHMEPOB: @ — NOAHAMHMAOHMHHEL, 6 — NOAHNpO-
NHAEHHMMHB, & — 2pPOMaTHYeCKHe H 2 — anudarTH4YecKHe NOAHI(HpH, 0 — noaHkapbocHAaHb H
€ — NoJAH3pHpaMHAK







CrpyKrypa nojiumMepoB

Puc. 6.2. TlonuMeprl pasqHYHOA CTPYKTYphH: @ — rOMOMNOJHMEp, 6 — CTaTHCTHYECKHH COMOJHMEp,
6 — RHOJOK-CONOJNHMep, & — TpaflHeHTHLIA COMOJHMep
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Puc. 6.12. MoaekynspHele «CTPOHTeNbHEE GNOKH» CHHTETHYECKHX JHHeHHBIX MECTKOUEMHHX mMo-
JTHMEpOB
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CpaBHeHHe

OGpazonande H POCT sapoabimeil

CnunopaneHufl pacnan

Cocras sropoii dasu npu nocTosannol
TeMAEpaType HC MCHACTCA CO  BpeMme-
HeM

Memxny apymsa ¢aszamu BCerja CyuiecT-
BYIOT Pe3KHC TpaHHIlLl

Hactuus BTOPOH (asiul, Kak npasuio,
pasnelx pasMepos

Hactuunl BTOpOi hasul, Kak NpaBHJO,
npeiacrasanior coboi cdepuueckne Kan-
JiH, HEe CBHA3aHHBIE JApPYr ¢ JApPYrom

Cocrap obcnx ¢as MeHAeTCA cO Bpe-
MeHeM, noka He Oyjacrt  JOCTHCHYTO

paBHOBECHE

pannusl Memxay Jjasyms ¢asami cHa-
yasia pasMbiTh, 1O CO BpeMeleMm crTa-
HOBATCA JOCTATOMHO PC3KHMH

Bropas ¢paza xapakTepHsyeTci pery-
JNAPHLIM  pacnpefesicHHeM vacTHil no
pasMmepy, KOTOpHe onpeacieHlblM cno-
cofoM pacnonoxens B obpasue

Bropaa d¢paza, kak npaeuno, npei-
cragiasier cobol coeamnenusle ApYr ¢
apyrom Hecepuueckne obaacTti
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IoauMepbl U CTPYKTYPHI
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Increasing A length / Decreasing B length
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Typical self-assembly behavior of linear block copolymers.

A schematic illustration of anionic living polymerization, one of several living

polymerization methods.
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Puc 6.17. JlsymepHue MHAKOKPHCTANAHYECKHE MHKPOCTPYKTYPH W3 COMOJNHMEPOB C AAHHHLIMH
MECTKHMH H HOPOTKHMH THOKMMH QparMeHTaMmH: g — B3aHMONMpoHHKawiHe W 6 — OGucnofHbe

NameNspHEe CTPYKTYPH, 8 TAKMKE & H 2 — IUeBPOHHLE MONEKYAAPHLE COH AHANOMHYHOR apXMTex-
Typhl. Cxema agantvposana u3 [15] ¢ paspewenns American Chemical Society
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J]HMC-TIPIIH:FI Proposed model for a “living PFS-b-PI block copolymer micelle cylinder
LAM growth process’” in which cylinders elongate in a linear fashion with the
( ] amount of PFS-b-PI fed to the system. When a different PFS-b-P block
copolymer is added to the system the cylindrical micelles again elongate to
create a “barcode’’ block copolymer cylindrical micelle denoted [ PFS-b-PJ+
-||:""'I [ PFS-b-PI]-[ PFS-b-P].
LN - | Cipeprrieckan
Haorponuuifi pacminas
r r . T "P““"‘“"'“TE
00 02 04 _ 06 08 1,0 (FCC)

P4

Puc. 6.3. Ofobulennas $a30opas AHarpaMMa pacniapos AHGNOK-CONOAHMEDOE B KOOPOHHATAX COCTaE
cononiMepa (a)—crenens HecosmecTHmoctH Gnownos (yN). H3 paboru [B] ¢ paspewenus Wiley-
VCH Verlag GmbH&Co. KGaA
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Puc. 6.7, Jlurefdue d pajpeTeneHHsle GROK-CONOMHMEDE H HAHOCTPYKTYPLl HA HX OCHORE: 4 —

Tprlnok-conoarmep, obpa3yolni Gasy «CnNHpand Ha UMAHHOpaxs, 6§ — 3sesgoofpasHblfl conoaH-

Mep, nawliui yepieobpasHue CTPYKTYPL, & — CMECh OH- H TpHOGMOK-CONOAKMEPOB, GOPMHDYIOILAR

AAMEARPHYI MEIO(asy ¢ XHMHYECKH NPOrpaMMHPYeMol NOCACAOBATEABHOCTbI) ChoeB. PucyHox
apantHpoead us 7] ¢ paspewennn Macmillan Publishers Ltd.
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Puc. 6.16. [ephopuposannan namenspHan cTPyKTypa, ofipasosanHas TpHAAOK-cONOAHMMEpDaMH cTep-
0 T 1 T T ) meHb—gayGox. Ha paboru [15] ¢ paspewenns American Chemical Society
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Puc. 6.14. @asopas oHarpaMma COMOJHMEDOB CTEPMEHb—KAYGOK: A = @ /ie, TE Py, P —

O0BEMHE OOAH FHOKHX H CTPeXHe0HpasHeX (IPArMEeHTOR COOTBETCTBEHHO, ¥ = ﬂ!Nn)' (L?A]. roe

@ — pasMep 38eHa THOKOR wenH, Ny — YHCAO COCTABARIOUWIMX ero 3seHbes, L — AAHHA MECTHOTO

tdparmenta, ¥ — napamerp Paopu—Xarruuca. Ilokasanu dasu: g — OGHCAOAHEIX aametedt, 6 —

OfHOCAONHBX Aamenedl, 8 — GHCAOHHEX MHLEAT, & — OAHOCAOAHHX MHUeAN, d — HEeMAOTHBIX

OHOCAOHHKIX NAMeneR C YACTHYHD NEpEMEeAHHBIMH MHOKHMH H MECTKHMH GparMenTaMy. PHCyHOK
aganThpoBaH M3 [15]

Puc. 6.15. MukponoMesnbe cTPYKTYPH, HalnonaeMpe NPH PAIHYHBE COOTHOWEHHAX MNAHH rHb-
KHX H mecTKHX Gaoxop. Mopdoaoriu: @ — rexcaroHanbHas cyneppelleTa WadboBHAHNX MHUEAT,
§ — rexkcaroHajibHas UMAHHOpHYecKana me3odasza, # — KyOHueckan OMKOHTHHyaAbHas mesodasa,
2 — cmekTHK THna A. Pucynox ananthposa w3 [15] ¢ paspemenns American Chemical Society



Annealed with Anneaie‘d
Electric Field without Field

500 nm
LTI TR

TEM micrographs of block copolymer films annealed in the presence of an
electric field and without a field, highlighting the electric field alignment near
the electrode seen in the bottom left parts of the images.

pm

A microphase-separated block copolymer film ordered by controlled solvent
evaporation.



Nanopatterned Substrate

& \

Commensurate Non-commensurate
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A silicon wafer can be inscribed with a chemical line pattern by high-
resolution electron lithography, above. If the line pattern has the same
spacing as the block copolymer (is commensurate) the order is perfect, but if
the spacing is incommensurate the block copolymer domains appear random.



Hepapxudeckas opraHu3amusi

Taper shape Cone shape

®p: p6mMm Cub: Pm3n

Hierarchical assembly involving polymer attached taper and cone-shaped
dendrons that self-assemble into supramolecular architectures like spheres
and cylinders, which further assemble into periodic suprastructures.
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Hierarchical self-assembly of a low molecular weight PS-PI-TBE tri-block
copolymer into nanomushrooms that further assemble into sheets composed
of parallel-aligned nanomushrooms, which themselves assemble into a
layered supramolecular nanoarchitecture.
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Puc. 6.10. CtpykTypa yoaponpo4yHOro NoJHCTHpoOJA



«bgokcomoaumMepHas JUTOrpapusi
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Puc. 6.11. CoanaHHe MaccHBa MarHHWTHBIX KOOAaNbTOBRIX HAHOMACTHL, MeTOAOM GJIOK-CONOMHMEpHOH
autorpapHH [9]. B KayecTBe MackH HCNOJMB3YETCA MOJHCTHPOA-GA0K-NONH(EPPOLEHH/IHMETHIICH-
nau (MC/TIPC), obpaloTka — MeTOAOM peakTHBHOrO HoHHoro Tpasnenus (PHUT)
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Puc. 6.20. CxeMa nosfyyeHHs NONHMEpPHO-HeOPraHHYECKHX HAHOKOMIMO3HTOB (Ha NpHMepe MHUeJ-
NADHEIX CHCTeM)



? _ 2007
As deposited Annealed Repeated deposition
and annealing

200nm

Silver Evaporation

Large area

Close-up

Nanoscale decoration of phase-separated PS-b-PMM A block copolymer film
on a silicon nitride substrate by selective wetting and accretion of a vapor
deposited metals like gold and silver selectively in the PS phase.

Directed evaporation-induced self-assembly of capped CdSe nanocrystals
within nanoscale surface relief patterns created in a phase-separated PS-
b-PMM A block copolymer by UV-induced cross-linking of the PS domains
and removal of the PMMA domains.



IoiMMepHBbIE IETKHU

MuxporoHTaKTHAA IEIaTE _
anxunriHona HS-C, -H,y g™

Au (100 1M) —
Cr (5 nm) —

Puc. 7.7. Cxema nosyyeHHs HaHO-NATTEPHHPOBAHHLIX NOJHMEPHBIX LETOK METONOM MHKDOKOHTaKT-
HOH nedaTtH. Prcynok agantuposan w3 [10]
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Puc. 7.9. TunuyHble noJiHMepsl, NPHBHBAEMbIE K NOBEPXHOCTAM



«HaHOBOJHBD)

PacreopuTems 2

."'n, "_"'__l'-n

"1-...!'!’ 4..,-1.-

plfﬁl;r 7 JI’&{F i‘-‘[h‘ ,-‘J‘Hf
._ , ’ % FEn

A pp\- --"
_*'.-"I-:' 5
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pH responsive capsules
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l[' "' ' The ionic strength of an aqueous solution controls the extent of swelling and
‘ . shrinking of a Bragg mirror comprised of a block copolymer lamellar phase
. . ‘ & comprised of alternating hydrophobic polystyrene layers and hydrophilic
quaternized poly(2-vinyl pyridine) polyelectrolyte gel layers.

- --CH)N, T = -CH)N, e '-" v

pH controlled self-assembly and disassembly of spherical micr ocapsules |
comprised of block co-po[ ypepndes
(Reproduced with permission from Ref. 24)

|



IoiMMepHbIC HAHOPEAKTOPBI

| |<

An electric field aligns ordered cylindrical domains in a PS-b-PMM A block
copolymer film, encased between two parallel-aligned electrodes, in a direc-
tion orthogonal to the electrode surfaces. Subsequent cross-linking of the PS
and removal of the PMMA creates an ordered nanochannel membrane that
can direct the electrodeposition of a metal in the pores to generate a high-
density periodic nanowire array.



«... 80py2 MUMO Hez20 rpom4yaricsi 8
oonuHy mabyH Oukux KoHelu. Ho,
npuansadeswucs rnpucmaribHee,
[epakn ysudern, 4ymo amo O6binu He
KoHU. Crio8HO rnonyerioeeka cpocriochb
C rosioguHoU rnowadu - Ha KOHCKOM
Kpyre 4eriogeqdeckoe myriosuuie ¢
20/1080U U pyKamu...»

Mudpbi LpesHeu peyuu
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* BHOKCOHOHI/IMCPBI ITO3BOJIAIOT 34 CUcT «XHUMHNYCCKOI'O

AW3aliHa» CO3/1aBaTh TI'OTOBBIC «CTPOMUTEIBLHBIC OJIOKH» JIJIS
OIIPEACIICHHBIX 1ICJIEU

CamocOoOpka H  caMoopraHu3anus  OJIOKCOIOJHUMEPOB
MO3BOJISIIOT  MOAy4YaTh HAHOCTPYKTYYPHUPOBAaHHBIE CpEHbI,
MMIICIIBI, INICHKH

Hcnons3oBaHue OJIOKCOIIOJMMEPOB Pa3HOOOpa3HO — OT
CO3/IaHHUSl HAHOPEAKTOPOB [0 HAHOJUTOrpauu MU «YMHOW»
MOJHU(UKALIMNA TTIOBEPXHOCTHU



