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Figure 14. Molecular brushes with polvin-butyl acrylate) side chains of different degrees of polymerization: (a) n= 52
and (b} m= 10.



Dendrimers can be considered the most versatile,
compositionally & structurally controlled synthetic

nanoscale building blocks available today
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Divergent scheme of carbosilane dendrimers synthesis
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Synthesis of functional and non-functional
derivatives of carbosilane dendrimers
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Fluorocarbon Derivatives of Carbosilane Dendrimers of High Generation

i™\"si

Doklady of Chemistry RAS 2005.V0l.403.Ne5
N.A.Shumilkina, V.D.Miakouchev, E.A.Tatarinova, M.O.Galyamov, A.R.Khokhlov, A.M.Muzafarov



Surface pressure, , mN/m

Surface pressure, , mN/m

10 - first cycle
77 F—HPC S —— second cycle
i ] ‘ v=50cm’/min
6] 8
] E
5 2
) £ 6-
4 g 4 |
37 o
] o
o
27 g 24
J =
1 7]
1 | 04
0 T T g T g T g T v T z T ' U ' U ' U ' U ' U ' U '
0 500 1000 1500 2000 2500 3000 3500 200 400 600 800 1000 1200
Area per molecule, A Area per molecule, A’

- ) F{E‘s F F;F}:é;hw‘ 77,
20_~ 26 -. qgif;é')l Si S%/FJT’F.{
18- s 128 f O-Si 247] 256 3

] Si,!23F, (Si-O-Si) o o S15,5°(F)
16 Z 20
14- g 18
127 gﬂ 16

J o= .
10 2 147

1 % 12

8__ O 10 '

6 qct_% 8
] = ]

X 3 o

2- A
d 2 _.

O T T T T T T T T T T T T | 0
0 1000 2000 3000 4000 5000 6000 7000

1 ' 1 ' 1 " 1 '
Py looule. A2 1000 2000 3000 4000 5000 60082 7000
fea per motecuie, @ Area per molecule, A2



CH;

CH2)3—§|i—'

CH;

20 -
18
16
144

12

10

Surface pressure, mN/m

I\' T ! I L

— T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500

2
Area per molecule, A

23



1 &

: hl\/\’S' o ‘ . Si—o
Un |\’\/\1/_/|Vu 2 Mo MF\\\ Mes_ /

i Me R § i

z / i~ Mes
Ve
el

S
, Ve
N Me SI'I Me Me 2 sl| M;I ,Sr/- —Si /r
S, Me 5 s We it
e Sixme w

Si
-MSi\ i-Me Me i ‘
Me L\\ Me- JJ Me/SI’\/\S' Sie,
] , SIAASin i ME> N g
= B ., Me IJ’ Me Me Mewe: S
~:Sij S SSim g~
7l Si— Me Me  Me-sig~Sis™ Y
}SI?S|¢M9 Si \—\ /Sif
s Me [ me Me Me  Me Me =S &=
e SiWSI IS 1 Ra: Me \\ I
g Si=P N7 Si : Si N R
':r i Me Si I \_gi Sics
. ] /. Me S'\/\_ 'T
15 I~z si-"e si—/" Mﬂ)\*\-sl Me‘\ \L\ ‘SIL:
TsSi He Me {_me 's 1Y
W o T R ~
M

Si138,G-5

24



\‘\ Si N\ gi Si
is_/\/\SifMJ\ e & mE S
! I\Me Me Me /SI—L\

N SiWSI . Me .
= e e N
x5|</\,5|’ME M Me)) S|W8if
)7 e N e Y
z SlWS| <si S

Yhe I Y iy

//( ) 4 Me Me AN

i~ |
—
e
Me Me Si” =
Sisme \ /Si/_-/n:é
N Me )//
o } Me ~sie_

Free space : 30 - 40%

A. Kulkin, G. Ignat'eva, L. Ozerina, A. Islamoy,
R. Muhamedzyanov, N. Shumilkina, V. Myakushey,

E' Sharipov, A. Muzafarov, A. Ozerin,

Polymer Science, 2002 series A, v. 44, Ne 12, 1273

1- SAXS plot G-7 (polyallylcarbosilane dendrimer)
2- theoretical scattering curve of sphere like particle with Rg= 2.3 nm

25



Lvy
i

pog N e,
PSR S S

N

f\"\/\s.
}:i;\ NS e n'n:L\Frn'nIe M:,r?i/\ﬁsv‘;ﬁ;:

S SSsi-me N A "
}SK\ \-\‘Si/‘/‘SI-Me Me’g Me-Si MWSIV”S\I{‘
?s\i"’—skﬂf N Me. Me'Si—\’TSiJ"'Si{‘
e Simm g Me S| SinSi e SNl
=1 i,_/‘ \xSi,Me ,J' Me Me\. ME\Si__/\_.‘Sif
NSi- Me o Me-si\/\/5|\—/: \\/Si

.
Si~= s Me
Si~ Si .
Me Me =Sig~=§;
Jsi_ Me

Solvent quality




g 9
oY a%o”
O O N (D,
O X O LR A
Y U N
& Cx 4NQoY
‘ O NN
G QUL ¥ I
,;l‘\‘ O & )
’_ “’ \“
N ® ‘ J N
_" ) ““. ol
S P ¢ S 2
‘\ S ® " # ’\‘ ;
I 3 ‘ Oy, O N
[ ALV
mpemse ‘1"
ncfl(oneHue I ". .
O C 10
..’. ® “
oo Y oL S
“ O J 3 ¥
o § qJeg®
op O
QOO S
YOYs <
AV N
7 5309030 (0800 - Tg>T paan.
= \ Y Ql ) Qii
O~ O _‘ ® { 0O
S0 1o 50 O L0
¥ > .‘ G O
‘O‘\‘ Ln J >
“Q ® ‘O QP
T -
O N > Y N ‘
> e > - SONe
o LS &0 QN F~0 LN O 0
09U IO 5O Yo
08 O
Ao O O -
yemeepmoe .. ‘.
MOKoOJ1IeHuUe ‘

27



\\‘1\\‘ :&é{""e M%\im M‘;i//f/ 1 - \\&}éﬁl?\”msg;om“e H;"f{

. Me\z Me i( S| , o
-\:}\'\\Q: \ H Sie HOOH e \_\_S S;V Isle?l Sl |vl| Me /JJ_/-"/
7\ 4 OH N\ e i \ € \gj
si_ Me HO st - -\\Q:‘-\\_ SitMe yi, W& s Me g B
i ,«"rj:’ Sic Me Si ! ] /_/J"JJ

Me - -Si- o
\"'s\\?\f’H me ~:‘Si Me HoZ-Me i HO_ Mt;\-\'Si e Me N Me e’ Irll:llhéléSi
TS Sime Ay Mossio S S e . 2~ HOSY e MY g sl SZSEBY
Mg HO OH :_‘;SIW Si wS|\_\_ HO S'Nww S|V~I\rnew Ny & Mes "JMe Me Me
Me <o?_r/Si Me Me =Si ki~ '("Ww Mmé Me Slw ~~ |\_\_ Me MENSM
Me Si - v Mé Six M M s il [PRNSO
N Q; Me Me L‘;SI Me G HO—SiWSI I\M Me 1M9 SI\"’Sl‘\—\SI’c"'I
O MeSI"OH Mg rf 7 HO M\ g, HO siZMe ._M 2l Me \ °"'
HO SI\ OH Me \’\’\'\'\—\— Me pi=Me Me ( ‘1 Me hﬁ\’&
M-S / g st Me HO’é' j i i Me \'\—\_\_\_\_
/> OH SSi
7 med e \\i\_ /J’:f—? \_I’} Si’ Me Si
-Si Me Me
Me : Si Si o7 e Si
Si Me HOP'Sine 3 Med XS oo
~Me OH M\eSiSi\ \S;i Si MeOH
HOI,-|| Me 7,
04} HOOH
6 r
i v
3 4 Vg, ml 3 4 Vg, mi

Polymer Science, 2000, ser. A, Vol. 42, Ne6, p.610-619 28



Kabanov V.A., Zezin A.B., Rogacheva V.B., Gulyaeva Zh.G.,

Zansochova M.F., Joosten J.G.H., Brackman J. Interaction of Astramol
poly(propyleneimine) dendrimers with linear polyanions//Macromolecules,
1999, v. 32, Ne 6, p.1904-19009.



Internal
voids and channels

Figure 6. Schematic representation of pyrene encapsulation in PPI-core:PAMA M-shell dendrimers at acidic and basic pH.



Scheme of step by step nanoclusters formation within
dendrimer molecule
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Bimetallic

Nanoparticle 353777700
D... ...o
C_D.. ® I® g o
5 O [ .. 0 BH4
: o ® - >
’ N8
e e 2
% .' ..o A\ ° Pt+
DO ® YL .o. 2

Synthesis, characterization, and catalytic activity of bimetallic palladium-platinum dendrimer-
encapsulated catalysts (DECs). These materials are prepared by co-complexation of different
ratios of palladium and platinum salts to the interior tertiary amines of fourth-generation,
hydroxyl-terminated poly(amidoamine) (PAMAM) dendrimers. Chemical reduction of these
composites yields stable, fairly monodisperse, water-soluble bimetallic DECs having sizes on
the order of 1.9 £ 0.4 nm. Evidence that these nanoparticles are bimetallic comes from
single-particle X-ray energy dispersive spectroscopy (EDS) and catalysis experiments. The
latter indicate that the hydrogenation rate of allyl alcohol is enhanced in the presence of the
bimetallic nanoparticles compared to DECs containing only platinum or only palladium
nanoparticles. EDS results indicate that the percentage composition of the bimetallics is
reflected by the percentage of metal salts initially complexed with the dendrimer.

J. Am. Chem. Soc., 2003, 125 (13), pp 3708-3709
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The synthesis and magnetic properties of Ni nanoparticles containing <150 atoms
are described. These materials are prepared in an organic solvent using
hydrophobic dendrimers as templates, which results in a high degree of size
monodispersity. The dendrimer-encapsulated nanoparticles were characterized
by UV-vis spectroscopy, transmission electron microscopy, and energy
dispersive spectroscopy. Magnetic (SQUID) studies indicate that the particles are
ferromagnetic at 5 K with magnetic saturations that vary depending upon the
particle size.

Chem. Mater., 2006, 18 (21), pp 5039-5044



Model of dendrimer matrix with active inner sphere

Core

Functional layer

Shell

Merits:

Dendritic clasters are monodispersed
Clasters are stabilized by dendritic structure
Possibility of claster localization inside molecule
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Scanning force photomicrograph of silica-sol on mica
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I'mppoamHaMuYeCKHME CBOMCTBA HAHOYACTHII.

HanouacTuiisl Ha 0OCHOBE IIOAMITOKCUCHUAOKCAHA (II€PBBIM METOA CHHTE34).

f(R)
" ¢dpakums 1-1 f(Rh) 1

1,0 dpakums I-2 1,0
1 — chpakuymsa 1-3 |
0,8 - — cpakums 1-4 0,8
1 —— cbpakuusa 1-5 |
0,6- — dbpakumsa 1-6 0.6-
] dpakums 1-7 ’
0,44 0,4-
0,2 0,2-
0,0{ BBV A o= 0,0-

LA L/ B bR L) B B S R L) B Sl ALl e e an m n ) |

¢dpakuus I-1
¢pakuus 1-2
— ¢pakuus 1-3
— c¢pakuus 1-4
— cbpakumsa 1-5

T T T e a0 iy T e e o
Rh’ HM Rh, HM
Oopa3sen M, R, um R, am R, am N(Toayoa), | n(MTBD),
YHHBepcaJIbHas (r'mx) (ace) (ace) aalr anlr

Ne KaJaIu0poBKa Tonyon+2 Toayou MTB3

$ppaxunn %TT @
-1 152000+15000 4,5%0,5 4,1%0,2 5,3%0,3 | 0,040+0,002( 0,061+0,003
1-2 593006000 3,0£0,3 2,7%0,2 3,5%0,2 | 0,033%0,002( 0,043+0,002
-3 347003500 2,3%0,2 2,0x0,1 2,2+0,2 |0,025%0,001| 0,030£0,002
1-4 21500%2000 1,8%0,2 1,710,1 2,00,1 |0,020+0,001| 0,028+0,001
I-5 12600+1500 1,4%0,2 1,0%0,1 1,3%0,1 ( 0,017%0,001| 0,021+0,001
1-6 6650£1200 1,0+0,2 <1 <1 0,013%0,001| 0,019£0,001
I-7 4500800 0,8 <1 <1 0,010%0,001| 0,014+0,001




HanogyacTunpel Ha OCHOBE CHUAMKA30AA (BTOPOM METOA CHUHTE3Q).

f(R)
f(R —— ®pakuus 11-1 h
A — Spanumi2 | —cl
1,0 —— ®pakuus 11-3 1,0 — Opakums 113
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Ne ppaxuuu KaJIu0poBKa e Tonyon MTBD
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HanouyacTunel Ha OCHOBE TETPA3TOKCUCHAAHA (TPETHUM METOA CHUHTE3Q).
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OHPCACACHKC TeMHePaTXPH CTEKAOBAHMA.

Hacmuuybl Ha OCHOB€e NMosIU3MOKCUCUJIOKCaHa
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H30TepMBI MOHOCAOEB MOAHGDHIHPOBAHHBIX KPEMHE3€MHBIX YaCTHIL HAa OCHOBE
TeTPad3TOKCHCHAAHA
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W30TepMbl TOBEPXHOCTHOTO JaBiacHHS (pakiuii KpemHe3eMoB a)2-3; 6)2-2; B)2-1; r)3-1



MoaAeAr MaKpPOMOAEKYABI M YaCTHUIIBI.

MakpomoJieky.Jia

-MOJIEKYJISIpHASI CTPYKTYypa
o0Js1aiaeT onpeaeIeHHOM
noaABUKHOCTHIO (Tet. <Tpa3si.)

- OJTHOCTHIO COJIbBATHPYETCS
PaACTBOPHUTEIEM

Yacruuma

- COJIbBATHPYeETCHA TOJIBKO\
MOBEPXHOCTHBIN CJI0M

- SIAPO KeCcTKasl —
YacTOCHIMTAS CEeTKA

\_ (Tcr.>Tpa3za.) )
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PentrenoBckan audpaxima B ob6ractu 6oabmmx yraos
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«IToAM3TOKCHCHAOKCAHOBOE» AAPO — TPUMCECTHUACUAUABHAA 000AOUKa
(o6pa3nbl mo meToAy 1)
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AApO M3 «TETPAITOKCHCHAAHA» — TPHMETHACHAUABHAA 000A0UKA.
(0O6pa3nkl o MeTOAY 3)
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CrolicTBa rHOpPHAHBIX HAHOYACTHIL,

U3 nonnatokcucunokcaHa (nepBbi MeTo4 CUHTE3a)
Ne COCTOSIHME M.M R, nm Ter, C
[-1-1-3 Y 34700-152000 2-5,3 Tcr>Tpasn
-4 M-Y 21500 1,7-2 Ter>Tpasn
-5 M 12600 1-1,4 160
|-6 M 6650 1 )
|-7 M 4500 <1 -60
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”'1 = l"I 25000' 2,4'1 0,2 TCT>Tpa3J'| ”I'1 = L‘I 26800' 2, 1 '5,8 TCT>Tpa3n
11-5 512000 11-3 116100
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-8 2400 <1 0 111-6 7300 1-1,3 150
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Cunre3 kpemHe3eMa C 2-(hEeHHAITHABHBIMM IPYIIIIAMHA AAA
CO3A2HHA HAHOKOMIIO3MTOB H2 OCHOBE IIOAMCTHPOAA.
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I‘Ionyqume HaHOKOMIMO3NTOB Ha OCHOBE MNOJINCTUPOIJIAa.

2
s

KpEeMHE3eM, MOJIUPUIIUPOBAHHBIIMI
2-heHUIIPTUIILHBIMU TPYIIITaMH
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D Gao, Z Zhang, M Wu, C Xie G Guan, and D Wang A Surface Functional Monomer-Directing Strategy for Highly
Dense Imprinting of TNT at Surface of Silica Nanoparticles. // J. Am. Chem. Soc. 2007, 129, 7859-7866
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Synthesis of Polylithium initiators
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Multi-arms Stars of Different Chemical Nature
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Molecular Membrane Effeél
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SFM micrographs of monolayers of pnBA brushes (sample A in Table 5)
transferred on mica at different degrees of compression: (a) 30 A2, (b) 23 A2,
(c) 21 A2, (d) 17 A2, (e) 13 A2, (f) 30 A2 (after expansion).
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55 Sheko ef al [/ Progress in Polymer Science 33 (2008) 79 -785

Fig. 16. Brush molecules change from (a) flexible to (b) rod-like conformation with increasing
degree of polymerization of side chains n.
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Adsorption-induced degradation of macromolecules. a, The molecular degradation of brush-like macromolecules with
long side chains (n 72 140) on mica was monitored using AFM height imaging after each

sample was exposed for different time periods (as indicated in the images) to a water/propanol (99.8/0.2wt/wt%)
substrate.



3aKJII0OYeHHE

* COBOKYNHOCTb MOJICKYJSAPHBIX HAHOOBEKTOB MOKHO
paccMaTpuBaTh KaK CBOCOOPa3HbIA KOHCTPYKTOP /Jsd
CO3/IaHMA HAHOMATEPHAJIOB M HAHOYCTPOWCTB.

* IloreHUHAT NMPAKTUYECKOr0 NMPUMEHEHUSA MOJICKYJISAPHbIX
HAHOOOBEKTOB CaMbIM HENOCPEACTBEHHBIM 00pa3oM
3aBHCHUT OT IJIYOMHBbI HAIEr0 NMOHUMAHMS B3aMMOCBA3H
CTPYKTypa - CBOMWCTBA [JI KaKIAOI0 M3 THUIIOB
HAHOOBEKTOB, KOTOPOE, B CBOK O4Yepelb, MOoApasyMeBaeT
OrPOMHYI0 PadoOTy M0 CHHTE3Y HOBBIX OObLEKTOB U
MOCJIeA0BATECJILHOMY U3YYCHUIO UX CBOUCTB
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