Vrstvy Langmuirovy-Blodgettové



ProC LB vrstvy

* Vyuziti v molekularni elektronice
* Snadna priprava — tedy principialné
* Pouzivano cca od roku 1930



Vrstvy Langmuirovy-Blodgettové

» Vrstvy Langmuirovy-Blodgettove jsou
tvoreny vrstvou molekul surfaktantu na
tuhém podkladu, vytvorena prenesenim
nerozpustného monomolekularniho
filmu (povrchovy film nerozpustné latky na
kapaliné) z hladiny kapaliny na tuhou podlozku.

* Monomolekularni film je adsorbovan homogenné
pri kazdém ponoreni a vynoreni podlozky, takze
tloustky vrstev jsou presné udany.



http://vydavatelstvi.vscht.cz/knihy/uid_es-001/hesla/surfaktant.html
http://vydavatelstvi.vscht.cz/knihy/uid_es-001/hesla/povrchovy_film_nerozpustne_latky_na_kapaline.html
http://vydavatelstvi.vscht.cz/knihy/uid_es-001/hesla/povrchovy_film_nerozpustne_latky_na_kapaline.html

Vrstvy Langmuirovy-Blodgettové

* Tloustka je presna protoze tloustka kazdé
monovrstvy je zndma a celkova tloustka je
souctem tlousték dil€ich vrstev. Vrstvy jsou
usporadany vertikalné a jsou obvykle tvoreny
amfifilnimi molekulami s hydrofilni hlavou a
hydrofobnim ,,ocaskem®.

* Vrstvy Langmuirovy-Blodgettové jsou
zarazovany mezi vrstvy vykazujici
samousporadani.
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Zakladni stavebni prvek

* surfaktanty nebo omfifile - jeden konec
hydrofobni a druhy hydrofilni - zajisti orientaci
molekuly na rozhrani voda - vzduch

* musi byt vodou nerozpustné

Hydrophobic talil air
(ex. alkyl chain) j

Polar headgroup water
(ex. OH, COQOH, ...)



P¥iklady



Funkce povrchového napéti

* diky nerovnovaze sil na rozhrani vznika
povrchové napeéeti

alr

(vo=72.0 mN/m @ 25°C)

water (vy)

Surface pressure () =y, — vy




Prevod plynu na pevnou latka
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Jak funguje meéreni pomoci W.b.

A (Archimedes push)

platinum plate // f
7

W (mass) o

/ t (thickness)

F=W+2y(l+t)cosb-A where <</
f6=0,cosf=Tand F=W+2y/-A
AF = 2l(Ysoution = Ywater) = -2l and  x = -AF/2]

misto tenkeho platku platiny muzZe byt pouZito sklo, slida, atd.



Fyzikalni

- nestlacitelna vrstva

b - Castecne stlacitelna

C -, porézni“ snadno
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Surface pressure, dynes/cm
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Jak prenést vrstvu

* vhodné jsou sklo, slida, kovy, Si, ...
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Metody prenosu

* kolmym vytazenim desticky z tuhého materialu
z kapaliny pokryté filmem — metoda ponorovaci;
pochod muze byt opakovan za vzniku dalsich
vrstev

* prenosem na vlhkou podlozku dotykajici se
jednou hranou kapaliny pod fazovym rozhranim
(metoda dotykova),

* prenosem na hydrofilni podlozku orientovanou
paralelné k fazovému rozhrani (metoda
vytahovaci).
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2D krystaly

Crystallization of Ca,(PO,),
HOAAAAAA A A AA at Langmuir monolayers of
dipalmitoylphosphatidylcholine
(DPPC), arachidic acid (AA),

W and octadecylamine (ODA)
O

DPPC

Langmuir 2004, 20, 2243-2249

(Oerystalline calcium phosphate



Vlastnosti

precizni kontrola na urovni monovrstev
homogenni pokryti na plochach az jednotky cm?2
|ze pripravit multivrstvy (az stovky vrstev)
riditelné slozeni (dva surfaktanty)

pouzitelné na ruzné substratu

jen na ,,dokolale” ploché a rovné a Cisté povrchy
mala homogenni plocha
citlivé na vnéjsi vlivy (teplota, pH, ...)



Analyza LB

* na povrchu kapaliny
— Kelvinova sonda
— Epifluorescencni mikroskopie
— Brewstrova mikroskopie / ellipsometrie
— XRD lépe grazing incidence

* na pevne latce
— elipsometrie
— AFM



Priklady pouziti

* Biosenzory
* fotodioda



Biosenzor

< Langmuir-Blodgett films . Sialic acid
mimicking cell membranes . 5. == Roceptorbinding »
and incorporating polymers ~,_t£;17k,k,,é Wd Molecular recognition
presenting optical §
properties can be prepared 10
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< The binding of bacterial Yy v
toxins or viruses on surface 2 Y Fe—— |
receptors trigger |1 ' [ Goment Signal transduction

conformational and
electronic shifts of the
polydiacetylene assembly
that result in a color
transition.

<+ The color of the bioactive
membrane shifts from blue
to red following binding of
the pathogenic agents.

D.H. Charych et al., Science 1993, 267, 585-588 32



Reakce na stimulant
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Fotodioda

« SmiSenim amfifilni latky a kyseliny
arachoveé na vodni hladineé a prenosem na
kovovou podlozku Ize vytvorit fotodiodu.
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Dioda - usmeérnovac

 Langmuir—Blodgett films were prepared and
used in the fabrication and electrical studies

of junction devices.

* One dyad showed the asymmetric current—
voltage (/-V) curve characteristic for

rectification,

10.1002/chem.201505216
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Vliiv stavu
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Transparent and conductive films from
liquid phase exfoliated graphene

(a) (b) LBA GS film
‘ NMP + GS on substrate

N-Methyl-2-pyrrolidone (NMP),

10.1007/s11082-016-0591-1



AFM na LB filmu

(b)
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3.5 | substrate Pramérné 10 vrstev

3.3nm=10x0.33 nm
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For GS films formed by evaporation of a high boiling point solvent, one of the biggest

problems is that graphene flakes aggregate during evaporation
LB, which allows reliable and reproducible thickness control and prevents further

agglomeration of graphene flakes during drying



SEM images of: a singly deposited LB film on a glass substrate, b the same film after
annealing, ¢ two LB depositions with an annealing step in between



Transmittance (%)
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The memory device
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Popis

a) Three-dimensional schematic diagram of the memory device.

b) Photograph of the fabricated flexible organic memory device
with the device size 3 x 3 cm?.

c) Transfer curve of the memory device at initial state, programmed
state and erased state. The Program/erase operation is application
of —90V/+90 V for 1 s.

d) Program/erase speeds of the memory device.

e) Endurance characteristics of flexible organic memory devices
with respect to the number of program/erase operations.

f) Data retention capability of the memory device.

g) Mechanical stability test of the flexible organic memory device
that was carried out by repeatedly bending the device with the
bending radius of 20 mm.
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Popis

a) Schematic illustration of the process for forming a NPs array: (Step 1)
Softly contact the PDMS pad with a NPs monolayer floating on a water
surface; (Step 2) Lift up the NPs array from water surface by PDMS; (Step
3) Bring the PDMS stamp pad into conformal contact with a flexible
substrate for ~10 s; (Step 4) Au NPs array on the desire substrate.

b) Optical photograph of fabricated flexible memory device.

c) Data retention capability of LCP device as function of elapsed time. The
inset image is the test pulse sequence for the measurement.

d) Endurance property of uCP device with respect to the number of
program/erase cycles. The inset image is the test pulse sequence for the
measurement.

e) Retention capabilities of three samples (at 10° s and 10~ s).

f) Mechanical stability test of the uCP device that was carried out by
repeatedly bending the memory devices with a bending radius of 10 mm.
The programmed/erasedV,, was measured after a certain number of
bending cycles.
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