CaMmoopranusyrouuecs
MonocJsou (COM)
Ha TBEPABIX IOBEPXHOCTAX
(self-assembled monolayers, SAM)
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MexaHu3m obpazoBaHusa COM
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CTpykTypa
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OnpegeneHne MOHOCOS

“CamoopeaHu3yrouuecss MOHOCII0U — Yriopsi00YEHHbIE MOJIEKYIISIPHbIE

cmpykmypbl, obpa3syrowuecs rpu adcopbuyuu akmueHbIX
cypgakmaHmos Ha meepoou rnosepxHocmu (unu Opyaoul rnogepxHocmu,

Haripumep, rnogepxHocmu xxuokocmu)“

Abraham Ulman, Chem. Rev. 1996, 96, 1533-1554
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[Tony4yeHne MmoHocnoeB

e Langmuir Films ;j-"‘j.’{.’f.’f.’{
amphiphilic molecules - —
at liquid/gas interface _—

e Langmuir-Blodgett Films

Langmuir films
transferred onto solid substrate e

e Self-Assembled Monolayers ~ I Y, e
grown from solution - g -

02.04.10



L3

) Elpla membrane

Polar Medium

RAVVRRVAVRRY

A0

.“'
LXK

Polar Medium

Dipalmitoylphosphatidyl

Model of lipid membrane .o lipid membrane



CaMoopraHu3anusi — MpoIece YIIOPSI0UYSHHS B CUCTEME 3a CUET BHYTPEHHUX
(bakTOpoB, O€3 BHEIIHETO CEHIU(UIECKOT0 BO3ACHCTBHUSL.

Onpenenenne, nanHoe I'. Xakenom B 1980-¢ 1T. B
«Camoopranmzaiys — IpoIecc yIopsa0ueHUs
(TpOCTPaHCTBEHHOTO, BPEMEHHOT'O UJIM ITPOCTPAHCTBEHHO-
BPEMEHHOT'0) B OTKPBITOI CUCTEME, 32 CUET COrIACOBAHHOIO
B3aUMO/IeliCTBMSI MHOKECTBA 3JIEMEHTOB €é
COCTABJISIIOIIMNX).

XapaKTEPUCTUKUA CUCTEMBI:

- OTKpBITas (HAIM4ue 0OMeHa YHEPIrueil/BeIecTBOM C
OKpY>KaloIeH cpe1oi)

- COJICPKUT HEOTPAaHUUYEHHO OOJIBIIIOE YHUCIIO JIEMEHTOB
(moacucrtem)

- UMEETCA CTAlMOHAPHBIN YCTONYMBBIA PEKUM CUCTEMBI, B
KOTOPOM 3JIEMEHTHI B3aUMOJEHUCTBYIOT.



OyHAAMEHTAIbHBIM TPUHIIAIIOM CAMOOPTaHU3AIMHU CIYKAT BOSHUKHOBEHUE HOBOTO
MOPSAJIKA U YCIO0KHEHUE CUCTEM Yepe3 (piiykTyainu (ClaydalHble OTKJIOHEHMS) COCTOSTHUI
UX DJIEMEHTOB Y MOJACHUCTEM.

CamoopranuzaiysaMoKeT IPOU30MTH JUIIh B CUCTEMAaxX JOCTATOYHOTO YPOBHS
CJIO’KHOCTH, 00JIaJa0IINX ONPEEIEHHBIM KOJIMYECTBOM B3aUMOICUCTBYIOIINX MEXTY
co0oii 31eMeHTOB. B nmpoTuBHOM citydae 3QheKThl OT B3aUMOACHCTBUS Oy Iy T
HEJIOCTATOYHBI /7151 MOABJICHUS KOJUJIEKTUBHOTO MTOBEJICHUS AJIEMEHTOB CUCTEMBI U TEM
caMbIM BO3HUKHOBEHMSI cCaMOOpraHu3aiuu. HerocTaTouHo ClI0KHbIE CUCTEMBI HE
CIIOCOOHBI K CIIOHTAHHOW OpraHu3alyu, U MpHY MOJTYyYeHUU U3BHE YPE3MEPHOTO
KOJIMYECTBA SHEPTUH TEPAIOT CBOIO CTPYKTYPY U HEOOPATUMO pa3pylIatOTCs.
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CamoopraHmsaums n camocbopka

= B oTnnyme ot noctagumHbIX METO40B
opraHmsauum cuctemMbl, JaHHOe Bo3gencTBue
HanpaBJieHO He HAa KOHKPEeTHYI YacTuLy, a Ha
Bce cpa3y. He HyXHO BbicTpauBaTb Tpebyemyto
CTPYKTYPY BPY4HYI0, MOMeLLaA HAHOOObEKThbI B
TpebyeMble TOYKU NPOCTPaAHCTBA OAMH 3a
APYrMM - co3faBaeMble YCIIOBUSA TaKOBbI, YTO
HaHOOOBLEKTbl AenalT 3TO caMU U
O4HOBpPEMEHHO.



CamMoopraHu3yroumuecss MOHOCJIOH
Ha IMMOBECPXHOCTH TBeleOﬁ MNOAJIOKKH

— N

Cinion JIanrmropa-bropxerTt COM cepocoaepKaimx COeIMHEHUN
Ha IOBEPXHOCTH Au

MoHocion Ha IMOBCPXHOCTHU CTCKIJIA,
OKCHIAOB KPCMHUA U AJIFOMHUHUA U T.II.

m  Cnowu Jlanrmiopa-brnogxkett (Langmuir-Blodgett film) — moHo- nnu
NONNCNON OpraHNYeCKNX CoeaUHEHNIN, NEePEHECEHHbIE C MOBEPXHOCTU
XMOKOCTU Ha TBepAyto noanoXxky. MoHocnon obbI4HO COCTOAT U3
aMPNPUNBHbIX MONEKYN C MTMAPOMPUNBHON «rOfTOBKOM» U MAPOdMOOHbLIM
«XBOCTOM»



Monpolar tail

Polar head
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Stages of Langmuir
monolayer formation

a) two-dimensional gaseous state

b) two-dimensional liquid state

c) two-dimensional solid state

d) collapse of the monolayer
Transition from one state to another
is determirned by compression of
amphiphilic molecules on the surface
(interphase). LB film is stage c).

Further compression leads to
“monolayer collapse”.

Nobel prize; 1932



HaHeceHune LB film Ha noanoxky

[IepeHOC MOHOCIIOS Ha TBEPAYIO MOJI0KKY BEPTUKAIBHBIM (2) U

rOpU30HTAIBHBIM (0) TudTOM
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"
Cbopka bun- 1 NONMCNONHBLIX
CUCTEM

A

LB Multilayer Inorganic
LB-Like Film
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Layer-by-Layer Deposition of
Polyelectrolytes
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L aner-By-‘ayer

electrostatic deposition




Palyeations Polvanions
Poly(allyaming) Poly(sterenesulphonare) !
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Incorporation of charged molecules

and molecular aggregates into
electrostatic multilayer films




"
Incorporation of biomolecules into
electrostatic multilayer films




LleonnTHbLIE MOHOCIION Ha CTEKIE

NH,
H H H .
|
-OH MeQ”" ] OMe H
HOlHo HO | 2o j)wle e
HO/ i H toluene
HOJHO HO |2 110°C, 1
OH
dH .d}H toluene,
zeolite 110°C, 1d
(8]

H OH OH -
MeO™"OMe
H bH OH OMe
—b.-

toluene,
110°C, 1h

glass
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ObpaszoBaHMe LEeONUTHLIX MOHOCIOEB KOBANIEHTHbIM
NPUBSI3bIBAHUEM K NOANOXKE

Zeolite Zeclite Zeolto
,A el C'L
CHO it MH;
Zeolte A ok Zeolite
| Zeolte -
| Y Swbe [ ==
NH, CHO NH, OH NHy O
[ N S R O
Glass Glass Glags Glass Glass Glass Glass
nereNH; = CHLCH,CH,NH, weNCO = CHSCH.CH,NCO

0
vmﬂ(:_i = CH-CHCHOCHACHCHA0) e X = CHAHACHSX (X = CL, Br, 1)



SEM Images
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CamoopraHusytoLmeca MOHOCIION
cepocoepxalimnx coeanHeHnn Ha
NOBEPXHOCTU 30J10Ta
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CamoopraHu13yloLmMecsi MOHOCIION CepoCcoAepKaLmX
coegMHEeHMIn Ha NOBEPXHOCTM 30510Ta

s AU on S{100)
. .

|
r"" /e -1. 'i"‘" 7JT““D' solution  RSH+ AW —» RS™Au*- AU+ H,
— -

0 - + 0
Immmﬁm RSSR + Au® - RS  Au™ - Au
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Crrganization
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CamoopraHusaumsa cepocoaepxalmux coeanHeHNN
Ha NOBEepPXHOCTU 30M0Ta

W
R SH

<: ;FSH
S R
W
e

Chem. Rev., 2005, 105, 1103-1169



Some frequently

used monolayers

CH,

(9) 45

F. Schreiber, Progress in Surface Science 2000, 65, 151-256



MexaHn3m obpasoBaHNs CaMOOPraHM3yLLIMXCSA CIOEB
(COM) Tnonos n gucynbdunaosB Ha NOBEPXHOCTU 30510Ta

R-S-H+ Au’ R—S™ Au® Au’+ 1/2H,
R—S—S—R +Au’® — > RSAu’ " Av

COM obpasyromcs 3a cyem PP e S e
KoeasieHmHou c¢esi3u cepa-30/10mo .
u BaH-Oep-Baarnbcosbix 85
g3aumodelcmautl coceOHUX

ya5r1e8000pO0HbIX ueriel Augity
Tun cBA3u AHeprusa cBA3MU,
KKan/monb
Au-Ttuonart 40-45
Au - amunH 20-27
02.04.10 Au - hochuH 20-30




TTpumep mporecca moMy4eHHs] HAHOCTPYKTYPBI METOJOM «CBEPXY-BHH3>,
KOrJla HUKaKuX TPYJAHOCTEH MpeomposieBaTb He HAJA0 - UX OOpa3oBaHUE
MPOUCXOAUT JIOCTATOYHO I(PPEKTUBHO MPOCTO TPU KOHTAKTE JABYX
BEILIECTB — METAJUIA U CEPOCOAEPKALIETO OPTaHUYECKOTO COETUHEHUA.
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B3anmopgencTBme TMosa ¢ NoOBepPXHOCTbLIO 3010Ta

4 \

RSH + Au_ 1> RSH-Au, ' RS-Au_+ 0.5H,

1\ J

9 © | aTan. Baanmoaencteue c

coxpaHeHnem S-H csasun
W «

- $ X Il aTan. Pa3pbiB S-H cBasm ¢

. _ obpasoBaHMemM Bogopoaa

~J) ¢
o ﬁ /‘hc\ T
x v

TTTTTTTTTTTITTITTTTTT7777 A C™ sV,

*Maksymovych, P.; Sorescu, D. C.; Yates, J. T. J.
Phys §eim. B 2006,110, 21161-21167.
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Schematic of monolayers

— endgroup .
free molecule
- b&ﬂkbﬂne E physisorption o'rrrr
———— headgroup ‘Ei’ S 2 S
substrate 8 S
@ >
a} _E \ distance
from surface
AE;, el
= Eps \J/\ I E
AE _
B Eﬂ'rn """"""
AE
_L W [ o Schematic of interaction potential
AE between decanethiol and bare Au (1 1
T 1) surface as function of distance
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YTOYHEHHbIN MexXaHU3mM?

CH,SH + Au,, - CH,SH-Au,, — CH,S-Au,, + 0.5H,

CoryiacHO pacCUMTaHHBIM 3HAYEHUSM MOIHOHU dHeprun uzomepoB CH,SH-Au,, pasnuuaromuxcs pacnonoxennem CH,SH,
AKTHBHBIMH IIEHTPAMU CBA3BIBAHMS MOJICKYJIBI SBJISIOTCS aTOMBI 30J10Ta, 00pasyolye BEPIIMHbL AU, . BbICOKHMii oHEpreTHIecKuit
Oapbep nanbHeliero paspeiBa S—H cBsi3u, paBublii 100 k/[k/M0Ib, MPOTUBOPEUUT YCTaHOBIEHHOMY (pakTy nuccouumarmu S—H
CBSI3M B OPraHUYECKHX THOJaX MPU KOMHATHOW Temneparype [26].

Cuwxenune sHepruu aktuBanuu 10 50 k/x/Mosb BO3MOKHO 1pu coancopbuun apyx monexyn CH,SH na oqnom nenrtpe u
peanusanun «3CcTapeTHOr0» MEXaHN3Ma, 3aKJII0YAOIIEroCs B IIEpeHoce Bogopoaa mexay cocennumu CH,SH | ¢ mocienyrommm
paspeiBoM S—H cBsi3u (puc. 7).

(anc)

Puc. 7. Ctpoenue IIC u 3Heprernyeckasi imarpaMma, HJLIIOCTPUPYIOIIAS JUCCOUMALMEO
S—H cBsi3u B CH,SH Ha Au,; no 3cragerHOMy MeXaHU3MY.

02.04.10
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Figure 9. Hexagonal coverage scheme for alkanethiolates
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H
NEllcop6u,Mﬂ TUa30NMONHOB: HaNn4ne TMOSIbHON

rpynmnbl «B SBHOM BMAe» He 06s3aTenbHO!

R, R,

O
H + Rz—(,/\/ C,HsOH / <

HN- 5 » S NH
H

R,
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Afgcopbumst TMIOrMaaHTOMHOB: HaNn4ne
TUONBHOW rPYynnbl «B ABHOM BUOE» HE
obga3aTtenbHO

R o R 0 R, 0
V4 7 J
R, Ry
| N -~ N N_p N N
O_N_8 L O AT a D Yy R
w - // —_— S S g
N N | | |
R, H R; '
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KoHKypeHTHas agcopbuuns He-cepocoaepkaLlmx
rpynnuMpoBOK

S-Bu

02.04.10
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Chain tilting in SAMs of thiolates on Au(111)

26-28° from the surface
normal {or 11-147)

Figure 11. A view of the tlt in a nine-molecile section of a fully covered 5CgHan monolaver on Auil 1 1] mindmized with
a modified MM2 force feld inclading the spd chemisorprion parameters {lefr. calkulated stabilization energy —23.29 kezl
mol™| and with th: sp chemisorption paramoters right, calculated stabilzation onergy —22.25 keal mol™1), The gold atomes
are shown in Hght gray having thelr full van der Waals radil, The sultur atoms are shown in dark gray and are not drawn

i srale.

= This tilt is a result of the chains reestablishing VDW contact in an assembly with 5 A S s« S distance,
larger than the distance of 4.6 A, usually quoted for perpendicular alkyl chains in a close packed layer.

02.04.10



" N

\\ SRRt
<Zogfoc®oo" o _ o o 0o o 0O

AgD Al
A schematic description of fatty acid monolavers on Ago and on AlzOs.
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'Iv|ono‘ayers WI!H Bl*ferent

End Groups

CHO SO,H

Hal
HOOC‘EEE\ |/iii,CF3
HetAr—< '.
end group OH

Ar Si(OCH,),

COOR

. head group
substrate
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Monolayers with Anionic End Groups:

Sorption of Metal lons

® @

%

ik

}

;‘5
.,

Size and separation of patches, chemical nature of end
groups and their charge determined the pattern and rate of
diffusion of salt to patches, and, as a result, rate of
nucleation and crystal growth, form of crystals and their size

02.04.10



a ® b
-
. Q0 - -
) o)
e~ [~ Models of the orientation of (a)
[ ‘ ® o ‘ ® 1-pentanethiol (an

a .ﬁ odd thiol) and (b) 1-butanethiol
(an even thiol) on a Au surface.

"'" P‘ The orientation of the end

[ @ methyl group depends on

e e whether

the alkanethiol 1s odd or even in
chain length.

Au Substrate

OnTumanbHaa gnvHa uenun — 6-14 atomoB yrnepoaal




OOOOO

/fﬁf %@h /ﬁﬁﬁ%

e




" N

Formation of peptide monolayer on Au surface
r r r }{5
\» e x g
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HOOC

HetAr—=<

COOR

\\
7 ?
Si(OCH,),

Terminal
Functional
Group

Organic Interface:

— Determines surface properties
— Presents chemical functional groups

|
I l

Spacer
(Alkane Chain)

Ligand
or Head Group

Metal
Substrate

Organic Interphase (1-3 nm}:
- Provides well-defined thickness
- Acts as a physical barrier
— Alters electronic conductivity
and local optical properties

Metal-Sulfur Interface:
— Stabilizes surface atoms
— Modifies electronic states




[ | Quasi-crystalline
hefical structure ||
adopted by OEG

inair and vacuum

Amorphous structure |
adopted by OEG in warer

Schematic illustration of
the order-disorder
transition evidenced by
SAMs of alkanethiolates
terminated

with triethylene glycol.
The EG3 group loses
conformational

ordering upon solvation in
water.



Schematic diagram illustrating the effects
that large terminal groups have on the
packing density and organization of
SAMs.

(a) Small terminal groups
such as -CH3, -CN, etc., do not distort
the secondary organizationof the organic
layer and have no effect on the sulfur
arrangement.

(b) Slightly larger groups (like
the branched amide shown here) begin to
distort the organization of the organic
layer, but the strongly favorable
energetics of metal-sulfur binding drive a
highly dense arrangement of adsorbates.

(c) Large terminal groups
(peptides, proteins, antibodies) sterically
are unable to adopt a secondary
organization similar to that for
alkanethiols with small
terminal groups. The resulting structures
probably are more disordered and less
dense than those formed with the types of
molecules in a and b.
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YaoaneHue cepocoaepxatiero COM c
30/10TOU MOBEPXHOCTW

Tepmuueckast JeCTPyKIUs

XUMUYECKOE OKUCIICHHE U BoccTaHOBIIeHHE (“piranha” solutions - H,0,:H,SO,)
OxucnurenbHas ¥ BOCCTAHOBUTEIIbHAS DIIEKTPOXUMUYECKAs 1eCOpOLMs
BeITeCHEHUE IPYyTHUM JIMTaHIOM

i\
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BKI/ICJ'I UTeJibHad N BOCCTaHOBUTEJIbHAA

9NEeKTpoOXmMmMmnyeckasi gecopoums
agcopbupoBaHHOro nuraHga

= I Z | = | N/ |
— X
=N N=—
Au H
Q Q chemosorption H H - H
S—S
l

e A A

(A) (B)

- 2e
= | = | = | = |
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®
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[TpumeHeHne COM

m 3aliMTa NOBEPXHOCTN OT pas3pyLLUEHUs

m [naopodunmsaumnsa v rmagpodobmnsauus
NOBEPXHOCTU

m [lepeHoC aneKkTpoHOB (NpoBoasLLme Cron) u
BbnoknpoBaHmMe rnepeHoca 3nNeKTPOHOB

MornekynsipHasi 3yIEKTPOHMKa
KaTtanus

bunoxumunsa n nonorus
doToXmMmmnyeckass akTMUBHOCTb

[pyroe



MornekynsipHoe pacno3HaBaHMe pPeLenTopomMm,
BCTPOEHHbLIM B BUCNONHYI0 MeMbpaHy




Crnoun-peuenTtopsl

JInrang

— Penentop

—— MoHoOCIOH
( )

[Ipumep MOHOCHOST € PEUENTOPHBIM

JIECTBUEM. Cepocoaepxariiee
COCIMHEHHE, O00pa3yloniee MOHOCIOH,
COJCPKUT  KOHLEBYID  TIPYNIUPOBKY,
U30UPATENIbHO CBS3BIBAIOIICECS TOJBKO C
KaKHM-TO OTIpEeICICHHBIM THIIOM
MOJICKYII. Taxkum obOpazom,

MoAu(UIIMPOBAHHAS JAHHBIM MOHOCJIOEM
MJIACTUHKA CITOCOOHA «BBIOUPATHY» TOIBKO
MOJICKYJIbI JIAaHHOTO CTPYKTYPHOTO THIIA
U3 pacTBOpa, COICPIKAIIETO MOJICKYJIBI
COTHHM JIPYTUX BEIICCTB.
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NH, NH,
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0 2

OO6pa3zoBaHue AUMEpPa «aJleHUH — YPANJD)
Ha [MOBEPXHOCTHU — MOJIyYEHHE aHAJIOTOB

OMOJIOrMYECKNX MEMOpaH
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«MeTannokomMmnneKkcHble
NOBEPXHOCTU»
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[1Ba nogxoda K nony4vyeHuo
«MEeTansnoKOMMNNEKCHbIX MNOBEPXHOCTENY
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KaHTuneBepHble CEHCOPLI

M3MmepeHne cTaTH4eCKOro n3runoa

i ‘

Photodiode

\ Micromechanical cantilever




PhotoDetector

* Unstacked Lying-Down
Au
Stacked Lying-Down
Au

Standing-Up




Xenamupyrowuu gppazmMeHm — UMUHOMNUPUHOBasi

gpynnuposka; oucyrbguoHas apyrnna 0oris
«npuesibieaHusi» K Au.

Py y=oa—, -, y—nupnann
2

or + ‘ CeHs, CsH1¢N - @S
>
\N CHO O, (air) / \N

1, 47-52%



1+ MX5nH,O

M=Co,n=6
M=Ni,n=6
M=Cu,n=4

X= BF4 or C|O4

EtOH/CH,Cl,

>

/| =
N N
X \M/\
\N/\/
S S

2+

2X

2, M = Co, X = BF,
3, M = Co, X= ClO,
4, M = Ni, X= BF,

5, M = Ni, X= ClO,
6, M = Cu, X= BF,
7, M = Cu, X= ClO,



KnHetuka xemocopbuum 1 Ha NOBEPXHOCTU MUKpoOKaTunesepa *

4000 -
>
S
72000 -
]
>
2
T Deformation of the cantilever O
8 C— S
£ \
452000 7N
S J—
$4000 2
(=
O]
® 1
-6000
-8000 ! | | | | ! | | |

Time, hours

* [laHHasi yacmb paboma ebirosiHeHa coeMecmHo ¢ Qu3uvecKuM ¢bakyrnbmemom
MI'Y u Mockoeckou Akademueli buoceHcopos



"  <ESREREcopomi (1) u necop6uuu (I1) nonos Co®*

HA TTOBEPXHOCTH KaHTHUJICBEPa, MOIU(DUIIMPOBAHHOIO JTUTaHI0M 1

7000

A
2y

6000

)]
o
o
?

4000+
3000+

2000+

Deflection of cantilever, mV

———————T—— T —
0,0 0,2 04 060810121416 18 202224 26 2,8 3,0
Time, hours

HCI
solutior/

CxeMaTn4eckoe NpeACTaBICHUE OTKIIOHEHHSI KAaHTUJIEBEPA B IMPOLIECCE XEMOCOPOLINU
1 necopoumn nonoB CO2* Ha MOBEPXHOCTH, MOAU(PHUIIMPOBAHHOM JTUranzoMm 1.



" N
Apcopbumsa TMOTUAAGHTOUHOBBIX NIUFAHAOB U UX
KOMMNJIEKCOB Ha 30510TOU NOBEPXHOCTU

NH> NH, NH,
[HZNwS} Au Au - Au s s s 10wm11
2 Au Au Au

12
A 3\ /‘)\o

M2*
— KOMMOIeKcC
—_—>
- COO




IANeKTpoxXxnmm4yeckoe nccnenosaHue nuradHga (12) v
komnsiekca (12a) (CVY snexrpon, IM®DA, koHIIEHTpaIus

103 M, 0.1 M Bu,NCIO,)

S S

C(NH H

&

l’ /
¥
- |
S/ \S 1.0 0 -1.0 2.0

Q \Cu,f‘” @ [uxnuaeckue BosbTammeporpammsl qurabiaa (12) (CY —
NN 3JEKTPOA) (MYHKTUPHAS JIMHUS) 1 MOHOCJION KOMILIEKCa
o 0 (12a) Ha mnoBepxHOCTH Au-3/eKTpoaa (CIUIOIIHAS
JIMVHUS)
) cum — cu(n)|
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" B
[lpenmyLlecTBa KaTanm3aTopoB Ha
ocHoBe COM

m JlerkocTb oTaeneHnsa Kkatanusartopa
m JlerkocTb pereHepauymm

m BO3MOXHOCTb HEOQHOKPATHOIo
MCNONb30BaHUA

m Bonbluas nnowanb NOBEPXHOCTH



Mpn okncneHuns komnnekcos meam (1), agcopbupoBaHHbIX Ha NOBEPXHOCTU Au, obpa3sytoTcs Buc-(u-oKco)-Kkomnmekc

meaum (I11), cTpykTypa KOTOpbIX aHanornyHa Komnnekcam, obpasyowmmca B pacTBope.

\N N\
TSy
o
O
1) ligand
Au Au Au| ) ligan > <>5

2) Cul(CH;CN),ClO,

02.04.10

0 »—N

(), \ /7
i i
Au Au Au

HO

0,
OH 0
,All-45/CH3CN/H20

OH



ObpazoBanue KoMIUIeKCHOTO coenuHenus namwaaus (11) ¢ tpuapundochuHOBBIM TUraHAOM Ha

MMOBEPXHOCTH 30JI0TOTO AJIEKTPOAa, MOJUPUIIUPOBAHHOTO au(11-ruapokcuyHaennn)mcyibGumom.

’ T 5 8
|
1 2 | | |
Au Au Au
2
PPh, PPh, PPh;
PdCl,
> CHCN ~
(o
S S S
]
Au Au Au
3

UZ.u4. 1V

o
\>_Qpph2 + 2e (31eKTpon)
HO

—
>

DCC, DMAP wp g2t ol
CH;CN
CeHs-CeHs 2 CeHs + 210 2CqHsl
"Pd**" = Au--[S-(CH2)11-02CeHsPPh,], PACI

KOMIUIEKCHOE COeTMHEHHUE
Pd(II) e moBepxHOCTH
AIIEKTpOJA

4



PerynnpoBaHne NOBEPXHOCTHbLIX CBOUCTB

anionic
precursol end group Lr‘;_iﬂ*1
[Nt _
b / hydrophobic
%‘; [ i = i
! [ f / alkyl chain
1 i 1l b % " r —-a ";-:Fr bk | 11}’(:1’I]P11ili{‘
' e g N end group
: Fﬁ Lﬂf_ ."‘ F I|I-:|'Ll'"-4
= +e a7 E} sulfur
precursor S Si Then g _ old
monolayer Rydroiysis hydrophylic hvdrophobic lg 2
: monolayer monolayer  ° ectrode

ObpaTtumoe perynmpoBaHme CMa4mMBaeMOCTU
«nepesapsakon» NOBEPXHOCTU



A new photocurrent-generation system based on
Ru(bpy)32+ (bpy = 2,2'-bipyridine) tethered on
phospholipid/alkanethiol hybrid bilayers in aqueous
media is reported. The construction of such a system
1s straightforward. First, a self-assembled monolayer
(SAM) of alkanethiol is formed on gold, and
separately, liposomes containing Ru(bpy)32+-
conjugated dioleoylphosphoethanolamine (DOPE)
are prepared by extrusion. Subsequent exposure of

| olls the Ru(bpy)32+-containing liposome solution to the
MR ANIY preformed SAM induces the addition of a monolayer
LI of phospholipids on top of the SAM and thereby the
immobilization of a Ru(bpy)32+ layer on the gold
electrode. Either anodic or cathodic photocurrent
generation can be obtained, when ascorbate (anodic)
or methyl violgen/oxygen (cathodic) is used as a
sacrificial electron donor/acceptor, respectively.
Light conversion quantum efficiencies of 0.84%
(anodic) and 0.21% (cathodic) were obtained under
blue light (A = 470 £+ 20 nm) irradiation.

<%
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N2
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aHonmMTorpadus

(nuTorpadpus - nfiockad neyatb)

Ethanol and ODT

PDME!

Ethanol

ODT
\

PDMS !

"Inking" a stamp. PDMS ODT from the solution settles
stamp with pattern is down onto the PDMS stamp.
placed in Ethanol and Stamp now has ODT attached to
ODT solution it which acts as the ink.

oDT

The PDMS stamp with the ODT is
placed on the gold substrate. When the
stamp is removed, the ODT in contact
with the gold stays stuck to the gold.
Thus the pattern from the stamp is
transferred to the gold via the ODT
Hink. "

Polydimethylsiloxane (PDMS)

| | |
~giClsiOtsi”

n
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Vapor
Transport

Metallic Grains

of Substrate N L._ 50 nm
— e e
— = S
T -~
— il h.-' —
b) Dense,
Well-Ordered Disordered Striped
Structures Structures Phases

(a) Schematic illustration
depicting the application

of a PDMS
(polydimethylsiloxane) stamp
containing thiols to a
polycrystalline

metal film. The primary
mechanisms of mass

transport from the stamp to the
surface are shown. The
grayscale gradient approximates
the concentration of thiols
adsorbed in the stamp itself. (b)
Magnified schematic view

that illustrates the variety of
structural arrangements

found in SAMs prepared by iCP
when the stamp is wetted

with a 1-10 mM solution
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Nanolithoaraphv in action
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PoTonepeKIIroYacMble YCTPONCTBA

“n
A 365 nm
“
N’ N /)irﬁ

A 439 nm



" A
MeToabl uccneaoBaHMss MOHOCIOEB

U3meHeHne KOHTaKTHOro yrrna HaTeKkaHus

AnnuncomMmeTpus

KBapueBoe MnkpoBsBeLuMBaHue

Macc-cnekTpockonus

UK-cnekTpockonus

AnekTpoxnmmnyeckue metoabl (LUBA, B[9)

Mukpockonus

lna3moHHas cnekmpockonus (0s151 HaHo4Yacmuy Memarijios)

v
Y :
% W%
+ + + % + +
+ S + + + S + +

OcHoBHaga npobnema: @ (b
Marnoe Konum4ecTtBo
uccnegyemoro BeujectBal

| A




"  SEEESSXINMIYeckoe nccnegoBaHme agcopoummn Ha

noBepxHOCTU AU aneKTpoAaa.
C[SBanS SBnBnS sl 5'
pfd (L s@he
NH H

0] (0] ()=: (0]
Mé o Meo t

5 A faepriss st

I 2 A copedie e S

o
EV -’rﬁ"J Ev
1 1 1 1 L 1 | | 1
2.0 1.0 0 -1.0 2.0 1.0 0 -1.0 -2.0
[uknuueckue BoJibTaMmeporpammsbl juranga (10) IMKI9ecKie  BOJIBTAMIICPOIPAMMBI  JIMTaH/IA
Ha CVY osnekrpone (BEepXHsisi JIMHUS) U MOHOCIOU (13) na CV onextpoje (Bepxmid JMHMA) H

MoHocsion suraiga (13) Ha Au-3nekTpone

WY 3 (10) Ha Au-o7eKTpOoze (HIDKHSISL JINHKS). (HIDKHAS THHA)
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HBMepeHI/IC KOHTAKTHOT'O yIJila CMa4YMBAHUS

| ] poor wetting

157 ——
I good wetting

ﬂ Le]
' | complete wetting

A sketch of three degrees of wetting and the
corresponding contact angles.

02.04.10



"
3aBUCHUMOCTH YTIJIOB HATCKAHHA Ga JJIs1 KaII€JIb BOJbI HA ITIOBCPXHOCTHU

MOJU(PUIIUPOBAHHBIX 30JI0THIX IJIACTUH OT BPEMEHU aicopOnuu t

¢ 25
25 (fit)
Q15
— 15(fit) NN
@ 16 {Q\/\/\/\/\/\/\/S}
16 (fit)
O 18 15
18 (fit)
M 31 o

31(fit) H
N
O st | < .
51 (flt) Z S N\ / A
2
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l BoHANPYHILLAA AHEMMIVPY e ML 3J1JII/IHCOM6Tp 505 |
nu=af=0 IMNWATHYSC KM
NOAAPS0S 2 HHBIN NONARKS0S 2HHGIA

oser ceeT )L\ M Hl"

?.-'

Mo pXHa S THRIV

/ cnon

~-

PUCYHOK 1 | Cxema, noscHAmowwLas NpMHLUMN 3NTHACGMETPHYECKHX
vamepeHdi. [logaowmi nuHeRHo NONAPM 30BAHHEM CBET NOCNE OTPAKEHHA
oT 0BpPa3La CTOHOBMTCA MNHNTHYECK M NONARM I0BOHHbIM

[1Nsi TOHKNX NNEHOK TOSLLNHON
nopsigka ot 10 HM 0O eanHUL
MUKPOHOB 311 IMNCOMETPUS
Nno3BOSIIET OAHOBPEMEHHO
onpenenatb TOSIWMHY U
nokasatenb npenomneHus (8
obLem cnyyae KOMMNNEKCHbIN), a
Takke Hannyne HeogHOPOAHOCTU
nokasatens npefioMneHns no
TOSIWLMHE BOONb HanpasneHus
HOpMarsnm K NOBEPXHOCTH.

PUCYHOK 2 | BuewHui By cnexTpansHom snuncoMeTpa; o COCTONT H3 BRoRa SCBETHTENA W HIMEPHTEMEHOND BNoKa, COBLHHE HHELS ONTORONGKHOM



" A
KBapueBoe MMKpoB3BelLUBaHUe

KBapueBoe MMKpOB3BeLUMBaAHUE - METO N3MEPEHNN, OCHOBAHHbLIN Ha
NPUMEHEHUN MacCC-4yBCTBUTENbHbIX Nbe30PEe30HaTOPOB.

KBapueBble MUKPOBEChI — U3MepUTenbHble NPUOOPLI, NpeAHa3HaYeHHble
Ans npeobpas3oBaHUsA N3MEHEHWIA Macchl, MPUCOEAMHEHHOM K NOBEPXHOCTH
KBapLIEBOro Nbe3ope3oHaTopa, B NpupaLLleHNs BbIXOQHOW YacToThkl (pexe
aMnnuTyabl) aBToreHeparopa.

OCHOBHblE BOCTOMHCTBA KBapLIEBLIX MUKPOBECOB crieayoLlme:
1) BblCOKasa Y4yBCTBUTESNbHOCTD.
2) yHnBepcanbHOCTb.

3) manble rabapuTHble pa3Mepbl, BbICOKasi YyCTOMYMBOCTb K yaapam,

BUBpaumam, 6onbLiasg xmummyeckas u pagnaumMoHHast CTOMKOCTb.
OcHoBy KBapLEeBbIX MUKPOBECOB
COCTaBIsIET KBapLeBasi nnactnHa. Ceepxy u
CHM3Yy 3TOM NNacTUHbl HAHEeCeHbl 30M0Tble
anektpoabl. [lpyM NOAKMIOYEHUN K STUM
anekTpogamMm MNepeMeHHOro  HanpshKeHus
nnacTtuHa HayMHaeT konebaTtbCcA 3a cyeT
sBNeHns obpaTHOro . [pwn
OCa)XXdeHuM BellecTBa Ha MNOBEPXHOCTU
3TOro YCTPOWCTBA MNPOUCXOOUT U3MEHEHUE
PE30HAHCHOM  4acTOTbl  MMACTUHbI, Ha
OCHOBaHMN  KOTOPOr0  PacCYUTbIBAETCS
02.04.10 Macca ocakAeHHOro BeLlecTBa.




Cnexkrpockonua UK u KP

UK n KP — pa3zenbl CHEKTPOCKONNM, OXBATHIBAIOIINEC
JJIMHHOBOJIHOBYIO 00J1acTh criekTpa (>730 HMm, 3a
KpPacCHOM I'paHMIIEH BUJIMMOIO CBETA).



OCHOBHbIE BUAbl KOnedaHuu

BanenTHOE
CUMMETPUYHOE

g

MasgTHUKOBOE

(«xavayka)
02.04.10

BaneHTHOE

ACUMMETPUYHOE Hedopmanonnoe
BeepHoe KpyTuibHoe
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ObnacTtun KkonebaHum cea3en
Pa3NMYHOro Tuna

cC=cC CC_:DN
C—N C—C
4000 N H O H 3200 2800 2300 2100 1800 1500 Finger print
TER T =
1 B L e | L I
2,380 460. 1380 5
4000 3000 o, 2000 aujol 1000° "
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CxeMma npocreiiiuero npudopa s

perucrpanuu UK-cnekrpos

2 7 2 Sample - '|\\

IR —
source |4 -5, S
. ,—(
'x_H !_,-"'
L - Ref. m—t
h"\ __."

Splitter

Detector |

Processor

Printout

02.04.10




" N

BapMaHTbI 3alnMnCun CNeKTpoB

[Iponyckanue OtpaxeHnue

— T

BHemnee BuyTpenHee

e . / \,
3epKabHOE Huddysznoe HIIBO

HIIBO = «HapymenHoe
MOJTHOE€ BHYTPEHHEE OTPAKECHUE

MHIIBO = «MHOroKpaTHO€ HapyII€HHOE
IIOJIHO€ BHYTPEHHEE OTPAKCHUEC)

02.04.10



" BN

MK cnekTpocKkonmsa oTpaXXeHud

Jlyumn nazaroT u3 30HbI 00J1ee MJIOTHOM Cpeibl
(o603HaueHa 60J1ee TEMHBIM roJIyObIM IIBETOM) C Ha
TPaHUIly C MeHee naomHou cpenoit (06o3HaueHa
ceem10-2071yobim 11BeTOM). KpacHblii Jiy4 nagaet noa
yTJIOM, MEHBIIIUM KPUTHIECKOTO, ¥ Ha TPAHUIIC CPEJl OH
pa3iBalBaETCs — YACTUYHO MPEJOMIISIETCS U YACTUYHO
OTpa)KaeTcsl.

3eJiéHblil J1y4 MafaeT U HOJHOCThIO

oTpa)kaercs

02.04.10

Mo Mepe yBenmMyeHns OTKIOHEHMS YA NageHus oT
HOpManu yron npenomnenns 6yaet yBenmunmBaTbCs
'onepexaroLwmMmn TeMNaMu', Noka, HakoHeL,, He CTaHeT
paBeH 90° K neprneHAnKynspy - To eCTb, NOMaB Ha
NOBEPXHOCTb, SIy4 B 3TOM C/lydae He NpoMaeT CKBO3b Hee,
a NpenoMUTCS CTPOro BAOMb FPaHNULbI.

Yron npenomneHus 6onee 90° 03Ha4YaeT, YTO /1y4 He
BbIMAET 3a npeaenbl 6onee NNOTHOM Cpeabl U OCTaHETCS
BHYTPW Hee, - TO €CTb, OH HE NPENIOMUTCS, @ OTPA3UTCH
OT rpaHu1Lbl CTEKSIA C BO3AYXOM. DTO sIBIeHne
Ha3bIBAETCS MOJIHbIM BHYTPEHHUM OTPAXXEHMEM.




|
_OHHOQ BHYTPEHHEEe OTpaXeHune

BHYTpEHHEE OTPaXEHME — SBIEHUe OTPaXEHWS BOSH OT rpaHuULibl pasaena ABYyX cpen NPy YCrOBUM, YTO
BOJIHa NagaeT U3 cpeAbl, rAe CKOPOCTb €e pacnpoCTpPaHeHUs MeHblle (B cllydyae CBETOBbIX Ny4yen 3To
COOTBETCTBYeT GonblueMy NoKa3aTento NperioMneHus).

[TonHOE BHYTpEHHEE OTPAKEHHE CBETA

6

The larger the angle to the normal, the smaller &
iz the fraction of light transmitted, urtil the angle
when total internal reflection (hiue line) occurs.
(The color of the ravs iz 1o help digtinguizh the
ravz, and iz not meant to indicate any color
dependence.)

[TonHOE BHYTpEeHHEE OTpaKeHHE B OJIOKE
[IMMA

NMonHge@HYTPEHHEEe OTpaXeHMe — BHYTPEHHee OoTpaxeHue, Npu yCoBUN, YTO Yros nageHus npeBocxoauT
HEeKOTODbIN KDUTUYECKUN VIron.



Hewilt, Conceptual Physics, Minth Edition.
Copyrght © 2002 Pearson Education, Inc., publishing as Addison Wasley. All righls raserved .

IInoBbl B «okHe CHEJISY, BU U3-T10J BOJHI,
3a OJJHUM U3 HUX BUJICH SIPKUH CBET COJIHIIA.

02.04.10



[TonHoe BHYTpeHHee oTpaxeHue (Npumepsbl)

OTtpaxkeHne prIOKU HU3-TI0]
BOJIBI, OT IOBEPXHOCTH

paszena BoJa-BO3IyX.

02.04.10



|
HapyLueHHoe nonHoe BHyTPeHHee oTpaXxeHue

(HNBO)

Pue. 2.
2 fa.g

|
> ,-;f}:f,-r?;;/-‘// A
7

TepmunH HINBO oxBaTtbIiBaeT LUMPOKNIN KPYT ABMIEHUI, CBA3AHHbIX C
pacnpocTpaHeHueM cBeTa BO BTOPYHO cpeny, NPUMbIKAIOLLYIO K rpaHmue, Ha
KOTOPOW NPOMUCXOAUT BHYTPEHHEE OTpaXeHne B NepBon, oNTU4eckn donee
NIOTHOWU cpeae.

BHyTpeHHee oTpakeHne Ha3blBaeTCA NOMHbIM, €CNM BECb CBETOBOW MNOTOK 6€3
NOTEPb OTpaXaeTca OT rpaHuLbl.

[TonHOEe BHYTPEHHEE OTpaXXeHne Ha3blBaeTCs HapPYLWEeHHbIM, ECINU OTPaXXEHHbIN
NOTOK MeHbLUe nagatouiero nnMbo 3a cyeT nornowieHus, Nnbo 3a cyeTt
pacnpocTpaHeHMa YacTu NOTOKa BO BTOPYHO cpeay.

NosBnsaeTca AonAa 3HavYeHUN yrna nageHusa Mmexay KpuTu4eckum

N CKONMb3ALMNM.

02.04.10



JJIHHA BOJIHBI (u )
25 3 4 5

100

R%

50

4000 3500 3000 : 2500 2000
BoJIHOBOC yucio (em-!)

Cnekrp HIIBO nneHkn noimmponuieHa npyu pa3HoM JTaBICHUNA NPUKATHUS
wieHku K dneMenty HIIBO u3 KPC-5. Yucna, ykazaHHbIC HA PUCYHKE,
XAPAKTEPUIYIOT BEIIMUMHY ITPUIIOKEHHOTO JABJICHUS.

02.04.10
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HIIBO-coexrp, =257, spucranmegecked KERS-5 ) 8- coesTp oTpasenny, §=35°
Parc 2 4 Cnepa HITBO-cesTpal DOAHFTHISER OPHE paEen: vonax B Epecrany BERS-5.

N B0

cree 1

MHIIBO

Mponyckaxue BuyTpenHee orpaxenune (MHMBO)
OnuHa npobera . Feauuuaﬂuan cMeck
I 12 MEM ) 1O X : .

G

02.04.10

Cencop MHIIBO u3 xumuuecku

YCTOMYMBOI'O Marepuasa, BHyTpU

KOTOPOTO NMPOUCXOJIUT MPOIIECC MHOTOKPATHOTO
OTpakeHUs

UK-u3nyuyenus. B kauecTBe ceHcopa,

B 3aBHCHMOCTH OT HCCII€JJOBATEIbCKOMN

3a71a4M, MOTYT UCIIOJIb30BaThCS JJIEMEHTHI,
M3TOTABIMBAEMBIE U3 aJIMa3a, KPEMHHUS U
LHAPKOHMUS.

CeHcop MHIMNBO

DoKycupy LKA
aneMeHT u3 ZnSe

MexaHudyeckan
onopa

WK nyy 3



"
Onruyeckasi IPUCTABKA IS PErHCTPALMHM CIIEKTPOB MHOTOKPATHOT0 HAPYIIIEHHOT 0
MOJIHOTO BHyTpeHHero orpaxkenusi (MHIIBO)

B xauectBe snementa HIIBO HCIIOJIB3YCTCA NMPpU3Ma, BBIMIOJIHCHHASA U3 ZnSe. MHOI‘OKpaTHOC OTPAKCHUC
MO3BOJICT MOJYYUTHb CICKTPBI C XOPOIIO BbIPAXKCHHBIMU IIOJIOCAMU  TIOTJIOLICHUS . HpI/ICTaBKa
npe€aHasHauc€Ha IJId SKCIIPECC-aHaIM3a pPa3jIMYHBIX TUIIOB TBEPABIX M XHUIAKHUX o6pa3u013, B TOM YHUCJIC

MOJTMMEPHBIX UICHOK, MOPOIIKOOOPa3HBIX BEIIIECTB, rOPIOYE-CMa30YHbIX MaTepHaoB.
. KomuuectBo OTpaKCHHI - 3
. Marepuan MIPHU3MBI - ZnSe
. Pazmep paboueii obnactu MIPU3MBI - 25 X 4 MM

* IIpucraBka mo3BoiyisieT paboTarh 0e3 MPOOONOATrOTOBKM, OOECHEUMBACT IUIABHYIO PETYIHUPOBKY YCHIIUS
OpWXUMa, OBICTPYI0O M yHOOHYI0O CMEHYy 00pa3loB M OUYHCTKY IIOBEPXHOCTHM  KpHUCTaJLIa
* Meton o0ecrieuuBaeT BBICOKOE KaueCTBO M MOBTOPSEMOCTh PE3Y/IbTaTOB OJaroaps OTCYTCTBUIO BIMSHUS
TONIIMHBI €O  BemectBa Ha  (opMy CHeKTpa M HMHTEHCHMBHOCTb  IIOJIOC  IOTJIOIIEHUS
. OrpaHnyeHHoe IpUMEHEHHE! npu UCCIIEZIOBAaHUH MaJIbIX KOJINYECTB BEILIECTB

02.04.10 <



"
SERS (Surface enhanced Raman spectroscopy (scattering)) —

«NOoBEepPXHOCTHOE ycurneHue KOMOWHaLUMOHHOro pacceaAHUsA»
SERS-3¢dexT - 3HaunTeapH0E yBEIMUECHHE KOMOK-
HAIIMOHHOT'O PacCestHUs MOJIEKyJIaMu, aIcOPOUPOBAHHBIMU
Ha MOBEPXHOCTU MeTasuia (00bEMHOT0 UM HAHOYACTHII).
B HekoTopeix cnydasx ycunenue gocruraer 1010 — 1011
pa3, T.Cc. MOKHO ACTCKTHUPOBATL OTAC/JIbHDBIC

MOJIEKYJIbI !

Roughened Gold Surface /
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«SERS — apdeKkT Tak Benuk, NOCKOMNbKY yCurneHne curHana nponcxoanT asaxabl.
BHa4vane, anekTpomMarHMTHOE none ycunmBaeT MHTEHCUBHOCTb U3NydeHus,
Bbl3blBatoLLEero konebaHus. 3atem, ycmnmBaeTtca cam PamaHoBckumr curHan. Ha
Ka)KOon cTagun aneKTpoOMarHMTHOeE rnosie yCunmBaeTca Kak MUHUMYM MO 3aKoHy E2,

CyMMapHO aaBasi ycuneHme He meHee vyem E4”. - Moskovits, M., Surface-Enhanced
Raman Spectroscopy: a Brief Perspective. In Surface-Enhanced Raman Scattering —
Physics and Applications, 2006; pp 1-18

[na Bo3dyxaeHust ncnonbsyetcs sudumoe nnn NMK-nanyyeHue.

IOBa npeanonaraembix mexaHuama SERS-ahdekTa:
1) anekmpomacHUMHAkIG

2) xumudeckuu (nepeHoc 3apsda)

Sde)eKT YYBCTBUTEJIEH K XapaKTepy NnoBepxXHOCTHU (SJ'IeKTpOXI/IMI/I‘—IeCKOe ocaxageHune nnun
NOKPbITNE CJ1I0EM HaHO‘—IaCTI/ILI,)
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