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Introduction

Langmuir-Blodgett-Films
Experiment

Quote by Benjamin Franklin (1774)

...l fetched out a cruet of oil, and dropped a little of it on the
water. | saw it spread itself with surprising swiftness upon the
surface...the oil, though not more than a teaspoonful, produced
an instant calm over a space several yards square,which spread
amazingly and extended itself gradually until it reached the
leeside.
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Langmuir-Blodgett-Films
Experiment

Spreading of a drop
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For |o12| > |o13| + |023| spreading of the drop to a monolayer arises.
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Langmuir-Blodgett-Films

@ built up from monolayer, which are spread at air-water interface

@ mostly amphiphilic substances (which consist of a hydrophilic
headgroup and hydrophobic hydrocarbon chains) are used to be
spread

Air

Water

Figure: Schematic illustration of a spread monolayer

@ to superimpose the organic molecules on the water interface, often
water insoluble surfactants are needed (e.g. DPPC in chloroform)
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Experiment

Experiment

Experimental setup

@ barriers are used to maintain the
lateral pressure and to adjust
different phases of the monolayer

@ deposition of monolayer on solid

ﬁ substrate by dlpplng the substrate
up

Figure: Experimental setup [1]
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Phases according to lateral pressure

Domanenbidung

Lateraler Druck

Flache pro Molekill
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Introduction

Langmuir-Blodgett-Films

Experiment

One could assume the monolayer to be deposed homogenously on the
substrate but under circumstances (e.g. decomposition is carried out in
liquid-expanded phase regime) stripe pattern can be observed.

Mica

Transfer
Direction

Langmuir mixed monolayer
at LE phase

Figure: Stripe pattern [2]
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Thin liquid films
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Thin liquid films

Thin liquid films

Navier-Stokes equation

0(0:V + (VV)¥) — uAV = —Vp + F

o F is conservative force (F = —V¢)
@ fluid assumed to be incompressible (Vv = 0)
o V= (uw)=(vx,v;)

with generalized pressure P = p + ¢:

0(8,7 + (VV)7) — AT = —VP
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Thin liquid films

z hix(t),t)

d !
Eh(x(t), t) = vz|n

< Oth = vy |ph — ve|nOxch

Integrating the continuity equation with respect to z and using boundary
condition v,(z = 0) = 0 leads to:

h(x,t)
Oth = —0 / vidz
0
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Thin liquid films

Lubrication approximation

Consider cases where the length-scales (\) of the emerging patterns are
large compared to the film mean thickness (hg). After

@ introducing a small parameter £ = hy/A and

@ scaling
one obtains:
2= hio)"( z 0Z t=rt
Uo—% u %"X w:%a"z P= 4P
Dropping the "~" yields:
eRe(Ou + udyu+ wd,u) = —0P +e°0%u+ d%u
o Re(Osw + udyw + wo,w) = —0,P+ 52(528§w 4= 8§w)
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Dropping the "~" yields:

eRe(Ou + udyu+ wd,u) = —0P +e20%u+ d%u
S Re(Orw + udew + wd,w) = —0,P+%(20’w + O%w)
lim :
e—0
('93u = —0.P
0 = 0,P

= P independent of z

= u(x,z) = f(x)z + %(&(P(x))z2

@ Estimation of f(x) by boundary conditions (e.g. ud,ulp = 0x7)
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Thin liquid films

v(x,2) = u(x,z) = f(x)z+ %(@P(x))z2
h(x,t)
Oth = —0, / vy dz

0
h(x,t)

= 0:h = —0x / (f(x)z + %(&(P(x))zz)dz
0

Evolution equation for thin liquid films:
Orh = —(9X(%f(x)h2 + %h38X(P(x))
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Surface tension
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Surface tension Additional surface tension

Surface tension

_ AW
OJ——AA

@ at the interface of a fluid the difference between the stresses is
balanced by surface tension

. B (x, . .
(I = I = o trqage ayepre7 = 0w

o fl ov; dv;
with: Lu =—P5; + onla + 8x,-]

h" (x,t)
(1+(h' (x,1))2)3/2
@ neglecting stress due to viscous forces:

—Pf 4 P2 =gk

K= is the local curvature
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Surface tension Additional surface tension

Surface tension

F(h(x)) = a/dA—p/dV+g/de

F(h(x)) = J/\/mdx—p/dx/hdz-i—g/dx/hzdz

Variation of functional F(h(x)) = [ f(x, h(x), h'(x))dx (see analytical
mechanics)
h// X) |
5F = /dx TRegpr ~ P Hahsh=o J
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Surface tension Additional surface tension

Additional surface tension

Motivation:

@ Similarity to deflection of a thin beam (see membrane-physics)
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Surface tension Additional surface tension

F(h(x)) :a,/dA+a”//$2dA—p/dV+g/de

Variation of F(h(x)) leads to:

B h//(X)

& Car e s nepy) 0

additional pressure
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Theoretical model for Langmuir-Blodgett transfer systems

Figure: Initial situation
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Theoretical model for Langmuir-Blodgett transfer systems

h(x,t)

Figure: Coordinate system rotated clockwise by ¢
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Theoretical model for Langmuir-Blodgett transfer systems

|

h(xt)

0(0:V + (VV)¥) — AV = —Vp + F
F = —Vo¢, ¢ = —pgsinpx + pg cos pz

V=(uw)= (v, vz)

@ Fluid is assumed to be incompressible: = 0,u + d,w =0
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Theoretical model for Langmuir-Blodgett transfer systems

| 0(8:7 + (VV)V) — AV = —VP J
z=0, u=—-vw, w=0
z=h, % =ul,_pOxh+ Oth = w

I =Ko 1 + Jlldi)'((z(l +h,;I//2)5/2 - (1 _t/::)nQ)ﬁ

801_, (90'”_, =
—t —t+f
+ ds ta Js + )

f = i + 7t prescribed force at the interface

k: local curvature
T: tension tensor of the fluid
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Theoretical model for Langmuir-Blodgett transfer systems

@ Navier-Stokes equation and boundary conditions are scaled and

lubrication approximation is performed (analogous to thin liquid
films).

Scaled equations in lubrication approximation

RU = —o.P
0 = 0.P

H
OH = 4M/U¢)

Boundary conditions provide an expression for P and 9,U, thus the
evolution equation can be obtained.
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Theoretical model for Langmuir-Blodgett transfer systems

Evolution equation

Rescaled evolution equation

1
pOsh = —0,[ — §h38X{—7r — 010%h — 20 0% h + ¢|,—n}

1
I 5(8x{01 +aoy} + 7)h* — pvoh)
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Newton-Kantorovich

Numerical method

Consider equations of type: h, + F(h) = 0, with F(h) = V{(h)
(conservative form).
Time discretization by backward Euler method:

A" — A" = —At- F(h"TY), h" = h(nAt)
Introducing 6 = h™1 — A" yields:
=§=—At-F(0+ h")
Linearizing the right-hand side:
= § = —At- (F(h") + Fa(h™)5 + 0(6?))

d+ At - Fp(h")d = —At- F(h")
=d6=>h"1=h"+6
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Newton-Kantorovich
Numerical method

BMHh?
h = 3 [(—Boh® + =————=)0h] + 0, [h*h
Och = D[~ Boh + 5= =gz )0ch] + O.[WOZH]
. -
L=10, By=0.1, B=0.1, M=250 At=0.001
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Newton-Kantorovich
Numerical method

BMHh?
h = 3 [(—Boh® + =————=)0h] + 0, [h*h
Och = D[~ Boh + 5= =gz )0ch] + O.[WOZH]
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Newton-Kantorovich
Numerical method

BMHh?
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L=10, By=0.1, B=01, M=250At=0.001
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Newton-Kantorovich
Numerical method
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