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Capillary Waves
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Surface X-Ray Scattering
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Correlation functions of surface fluctuations

Homodyne detection scheme
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Surface Dynamics of water

correlation functions of a water
surface at T=5°C as a function of q

correlation function
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carrelation funclion

Il damped cosine behavior !!
Intrinsic heterodyne mixing
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Dispersion relation of capillary waves




Damping constants of capillary waves
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Surface Dynamics of Hexane
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Surface Dynamics of Hexane
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Homodyn-Heterodyn Transition in Water-Ethanol Mixtures
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Rigorous theory
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* Huygens-Fresnel
« MCF
* Aperture Integration
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Transition Homodyn-Heterodyn (i)
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Transition Homodyn-Heterodyn (ii)

water, Avglg=0
— water, agfg=0.1, v= 0.07
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3. Confined liquids




Surface of Liquid Thin Hexane Films
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Static and Dynamic Scattering Amplitudes
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JIncoherent’ Scattering
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Static speckle pattern from slowly

grown liquid thin films
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Static speckle pattern from
quickly grown liquid thin films
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CCD Image - 300 A thick film




Comparison scattering intensity
empty wafer — 600 A hexane film

=
=
'
=

I
z
=




Thin Vapor Deposited Hexane Films

« surface dynamics basically arrested

* no capillary waves

« conformal roughness for low deposition rates
e surface roughness due to static disorder
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4. Glass

Transition




at T=180 K




Surface fluctuations close to the glass transition

Frequency dependent viscosity

Relaxation time

Jaeckle and Kawasaki, J. Phys. : Cond. Matter 7 (1995) 4351
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Shear Modulus G(Y] ) at the Surface
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Summary & Conclusions

* Dynamics of Bulk liquids
* Morphology of Confined Liquids
« Surface Glass Transition

Outlook

« Dynamics of buried interfaces (e.g. Polymer-Polymer)
» Magnetic interfaces
* Bio-Systems

Development of fast 2d detectors !!



Surfaces - Static and Dynamics

Static z(x,y)
determined by free enegry F
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Dynamic z(x,y,t) — determined by hydrodynamics
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X-Ray Diffraction - Revisited

Fraunhofer vs. Fresnel

O_z
Fraunhofer-Condition
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Calculation of correlation functions
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homodyne detection —
no reference beam

9(a,7) =

YORICK (APS, MIT)
MatLab (SanDiego, APS, Dortmund)

heterodyne detection
mixing with reference beam
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Surface Spectra of Thin Liquid Films

10° 0

film thickness d [A]

Substrat

Extra boundary condition at the
substrate

Jaeckle, J. Phys. : Cond. Matter 10 (1998) 7121



Detector

P
X-ray beam b X/f
S

Pinhole

Surface Auto Correlator

Polystyrene Film
Si Substrate

CCD Camera




2. Bulk Liquids




related wavevectors

specular beam
Ge=3.9456+107% [A°1]
Gx=5.4663+107 [471]
q,=7.0897+107% [A 1]
Gx=9.7175+107 [471]
G=11.5978+10 % [A 1]
Gx=15.6666+1075 [A1]
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