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INeKTpoCTaTUYeCKne K My1bTUCIOUN»

Schematic diagram showing the buildup of electrostatic multilayers of soluble
polyelectrolytes (above) as well as the generalization of the procedure to
charged objects such as clusters, sheets and rods (below ).
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Synthesis of water-soluble polyferrocenylsilanes.

Direct visualization of electrostatic multilayers of 5, 10, 20 and 30 bilayers of
PFS-PSS.



Cnouv nonnaneKTponnToB

Schematic of electron hopping between polyviologen layers in an LbL film.



NMonncnoum KBaHTOBbLIX TOUYEK

Confocal microscope image of a cross-section of an LbL film made of green,
yellow, orange and red CdTe quantum dots. On the right is shown the
diameter-dependent band gap in these dots, which leads to the different
fluorescence colors.

(Reproduced with permission from Ref. 68)
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Optical performance for PEDOT:PSS-PXV multilayers of 40 and 60 bilayers
at different potential.
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MAarduTHble NOJIHOKCOMETAJIATHI
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Fig. 2. Top: Magnetic polyvoxometalates used in the construction of the
organiclinorganic LB films. a) [CoW =047, b [Cog(Ha Ok (PW 05 0] €)
[Congl Ha Q) PaW 100)5] ", d) [Mal OH)s{H20 el HPO ) PWo Oy bs] ™ (M
= Co, Ni). Dark sites contain the magnetic centers. Boltom: The surfactant
cation DODA,
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MoHocnoeBble gucnepcuu

Exfoliation of anionic lavered materials with bulky tetrabutylammonium
cations leads to a stable colloidal suspension, which can be layered onto
positively charged substrates and built into multilayers.



LleoNAUTHbIE NNEHKU

Functionalization of zeolite nanocrystal and glass surfaces (above ). Organic
polyelectrolytes used in this work (middle). A sample of possible stacking
designs for zeolite—polyelectrolyte composites (bottom).



MUKpPOCTPYKTYpPA N/1€HOK LeosnTa

Top view, above and side view, below, of zeolite—polyelectrolyte multilayers
with 1, 2 and 3 zeolite crvstal layers.



CwuBKa

Before Cross-linking After Cross-linking
EUNTR AT | DR R e S R e

- NG = = OHC CHO

or OCN ™ "-NCO

Schematic depicting the crosslinking of amine-terminated zeolite crystals by
dialdehvdes or diisocvanates.

Optical microscopy images of chemically crosslinked and non-crosslinked
zeolite monolayers after sonication for the given periods of time in toluene.



MynbTUCIOM € KNnacTepamu cepebpa

T'EM of a graded composition LbL multilayer where the dark lines correspond
to layers permeated with silver clusters.



MarHmnTHbIN KaHTUNEBEP

Freestanding
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Top, steps in the fabrication of magnetic cantilevers: first a channel is created
in a coating of photo-resist, then the whole substrate is exposed by UV light,
except for a perpendicular line which remains insoluble. Next, the LbL process
is carried out over the whole sample, and the undeveloped photoresist dis-
solved. Finally, acetone is used to dissolve the exposed resist, liberating the
cantilever. Bottom left, structure of the LbL magnetic cantilevers. Bottom
right, optical images of the cantilever before and after applying a magnetic
field.



Poxoncun

light

H+ purple membrane = two-dimensional
crystalline bacteriorhodopsin lattice

sensor rhodopsins
SRIand SR 11

H*

Nekuuna 5. NneHKun

Figure 13. Bacteriorhodopsin film with large aperture.
These films have free aperatures of 90 mm = 90 mm, their
outer dimensions are 120 mm x 120 mm. They are tuned
to maximal light sensitivity because their primary use is
in holographic interferometry.

Table 8. Optical and Holographic Properties of ER

Films

spectral range

400=700 nm possible

transient recording

E—M
M—B

520 nm—G640 nm
400 nm—430 nm

long-term recording

o—Pp
P—B

resolution {optical)
optical density (570 nm)
maximal bleaching ratio
index of refraction
refraction index change
diffraction efficiency
light sensitivity
polarization recording
reversibility

shelf life

film thickness

rise and decay times
aperture

630 nm—700 nm
430 nm— 530 nm

= 5000 lines/mm

1_ S (j])-:-,',r(]

05%

1.47

0.001-0.01 {depends on OD)
1—-3%, max 7%

0.1-20 mJ/cm?

possible

= 108 cycles

Vears

10—500 gm, typ 20—40 gm
ms—s

unlimited
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Hybrid Multilayer
Buildup

1. Cross-linking
2. Si0, NP removal

LbL ESA process for creating a nanoporous PAA-PAH polyelectrolyte film
using co-assembled sacrificial silica nanoparticles.



IOcTupoBKa cBOUCTB GPOTOHHbIX KPUCTANNIOB

Procedure for the coating of preformed colloidal crystal films with LbL
polyelectrolyte electrostatic superlattices, and the gradual shift in the optical
properties observed.
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Hlustration of the self-assembly synthesis of polyelectrolyte stabilized air
microbubbles.



MHOrocnouHble CTPYKTYpbI
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SEM image of a cleaved cross-section of a representative (ncSiO>-ncTiOs)y
five-layer Bragg stack (top) and the reflectance spectra (middle) and color
imagery for three Bragg stacks with different layer thicknesses and numbers of
bilayers (bottom).



CBoboaHble NNeHKu

T a

How to make free-standing thin-film 2D LbL microstructures that generate
structural color through diffraction of light. Steps a-f show how the master
micromold imprints the desired pattern in a sacrificial polystyrene substrate
upon which the LbL is deposited and lifted off by dissolving the substrate. An
SEM image (g) of a sculpted LbL thin-film is shown at middle left. Images
of angle dependent structural color obtained from white light reflected from
the 2D LbL film are shown at the bottom.



JIlOMUHeCLUeHTHble MaTepuanibl
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EG (PAH/Ru),, COOH (PDAC/PPP(),

Blue Filter Red Filter

Side-by-side LbL assembly of red and blue fluorescent materials. Fluores-
cence images using a blue or red filter clearly displays the formed patterns.



Hanomenuunuua:

nPUMeEHEHNE MAKPOMOSEKY/ZT U HAHOYACTUL, AnAad ANarHOCTUKU U 1e4eHUA

HbonesHen, a TakKe penapauum nospexaeHHbix TkKaHen (National Institutes of
Health, USA)

1012 m 10 m 103 m 1m
(pm) ‘ (um) |(mm) |
(0,1-0,5nm) Benku, AHK (0,1-10 um) MHOroKNeToYHbIe
PHK, aHTuTena, (10 um) opraHuambl (1 mm >)
BMPYCbI (100 1)
(100 nm) (1 pm) (1 sm)

(0,1-10 nm)
(10 pm)
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JlocTaBka JiekapcTB

HaHDSCTAL R C OEHODOAMNB, DAONPERENEHWEM  Hanoruwhc T ¢ O RO SECRIE 3 KT vl b ik
GeaONOrWMECRH AKTHEHONS BEUECTES B ELTC TR Hd M D C T

HAHOYFCTHLE C OOHOPOME DACNPERENEHnEM
(CNOryecus AKTHEHOID BELIECTRA HaroKANCY Mt
W MO LAPORAHHON NOBERXHOCTEG

IIpeMyniecTBa HAHOCUCTEM:
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» /In3aiiH KHMHETHKH BbIX0Ja
AKTHBHOI'0 KOMIIOHEHTA



[lycToTenble Kancynbl

Process used for making hollow capsules by LbL. Bottom left shows a TEM
image of hollow PFS—PSS spheres made using this process.



KoHTponupyemoe BbiCBO6OXKAeHME NeKapCTB
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Top left laser scanning confocal microscopy image of (PLL/AAS)4PAH-
RITC coated insulin microcrystals, top right fluorescence microscopy image
of hollow (PLL/AAS)4PAH-RITC capsules after dissolving the insulin and
bottom time release profiles of insulin microcrystals coated with 5, 10, 15
layers of PLL[ASS in pH 7.4 aqueous solution.
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komnnekc OHK/ o
MONMKATUOH NONMMAaHNOH yHaKOBKa TCPAIICBTHUYCCKUX TICHOB B HAHOYACTHIIHI,
HUMUTHPYIOIIUE CTPYKTYPY BUPYCOB, UL JOCTaBKH ITUX
——

TE€HOB BHYTPb KJIETOK

= KoHTposmpyeMbI€ pa3sMepPhI U CTPYKTypa ﬁ
JCHAPUMEPOB
= BpICOKas IIIOTHOCTh TOBEPXHOCTHBIX TPYIII

* Hanmnuue KaHAJIOB U MOP IS KarCyJIUPOBAHUS

komnnekc OHK/
nonnkaTMoH/NonnMaHmnoH

«TOCTEN ¥  Attached Drug @ Solubilizing group
. Encapsulated Drug % Targeting moiety
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Scheme 2. Schematic of the preparation of Janus nanoparticles based on
the Langmuir technique.



Scheme of the synthesis of bicomponent Janus particles by “grafting from” and “grafting to”
approaches. The bare silica particles are coated by APS, assembled around wax colloidosomes
and selectively modified by ATRP initiator at one side (upper panel). The first polymer (PtBA or
PNIPAAm) is grafted by surface-initiated ATRP. The carboxyl-terminated second polymer (P2VP)
is grafted to free amino groups on silica particles by the “grafting to” approach.



CamMocOOpKa post YacTHIL

Hyldrnphnhic
i

Hydrophilic
head group

-+

/

- - DDAB

Silica
particle

oil DDAB concentration increases

- u
+ -’
&

N (d) (@ ®

Lt s T il
Water U U \k\'/ :

Contact angle increases Contact angh‘a > 90
» Phase Inversion

(2) (h) (i)



CamMmocO0pKa MOHOCJI0M HA
MHUKPOYACTHIIE

(d)

HS-(CH2)3-CH3 HS-(CH,),,-COOH

HS-(CH,),-CH, HS-(CH,), -CH,
o 103 g3 42 _

(i) E 1.6 118 L 8{5 \J ‘L‘ 1 E ~

é% 1.4 \_ °” ®, = E

2% o | 1083 3

ER 12 | ® simulation o Q

®E o ® ) experiment || £ 3

-0 _A2:11 5~

] = tethodid 0.6
HS-(CH,),-COOH Ve e

HS-(CH,),-CH, long surfactant length (no. of carbons)



MukpoxkanuUIIpHbIC YAIbI

How Does One Successfully Build a Lab-on-a-Chip?

What is the optimal
channel dimension?

What is the optimal
voltage forinjection?

Is “sample stacking”

What is the e

optimal flow
rate?

How to enable

muliplexing? How to

enhance signal
to noise ratio?

How to minimize
dispersion?

Is Joule heating
critical?
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OcHOBHOE conep:KaHue

[MochonHaAa cbopKka YHMBEpPCaZibHA W  NO3BOAAET
cOo34aBaTb KaK  MHOFOC/IOMHbIE MOJIEKYNAPHbIE
CTPYKTYPbl, TaK U YNOPSAAOYEHHbIE MUKPOCTPYKTYpPbI
(camocbopKa MMKPOOHBEKTOB)

[MocnonHaa  cbopKa  wurpaer  BaxKHYO  PYHKUUIO
XUMUNYECKON N PU3NYecKkon moamduKaLumum NOBEPXHOCTH

[MocnonHaa cbopKa mMmoXeT OblTb aBTOMATM3UPOBAHA M
MCNO/Ib30BaHa HAHOYCTPOMUCTB C HOBbIMMU OMTUYECKMMMN,
SNEKTPUYECKUMU, MArHUTHbIMM U OUONOTNYECKUMMU
GYHKUMAMMU



