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Summary y 

Inn this thesis, we investigate the interaction of hydro dynamic modes of a 
molecularr fluid with charged colloidal particles dispersed in it. To this end, 
wee employ light- and x-ray scattering techniques to measure the static and 
dynamicc structure factors of dense colloidal silica suspensions. 

Dynamicc light scattering experiments on charged colloidal suspensions at 
highh densities have been hampered by the problem of multiple scattering in 
thee past. Dynamic light scattering, or photon correlation spectroscopy, mea-
suress the temporal decay of the intensity correlation function of light that 
iss scattered by the sample. From the decay rate of the intensity correlation 
function,, the wave-vector dependent diffusion coefficient of the colloids can be 
obtained.. Multiple light scattering occurs if the mean distance between two 
scatteringg events, the scattering mean free path, is substantially smaller than 
thee sample size. In the case of multiple scattering, no wave-vector dependent 
informationn can be extracted from dynamic light scattering anymore. In 
chapterr 2, we describe two new experimental techniques with which to over-
comee this limitation of traditional photon correlation spectroscopy: dynamic 
x-rayy scattering (DXS) and cross-correlated dynamic light scattering with 
aa single laser beam (CCDLS). Since the feasibility of these techniques has 
beenn demonstrated only on dilute systems or systems with slow dynamics, 
itt is essential to assess their potential in the case of dense interacting sus-
pensions.. In chapter 3, we first compare dynamic x-ray scattering with the 
well-establishedd technique of dynamic light scattering for an optically index 
matchedd sample, where multiple light scattering is absent. We show in this 
wayy that DXS yields accurate and reliable results on systems comparable to 
thosee conventionally studied with visible light. Then, having established the 
reliabilityy of DXS, we use this multiple-scattering free technique as a refer-
encee to examine the performance of CCDLS. We demonstrate that CCDLS 
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iss capable of efficiently suppressing the detection of multiply scattered light 
inn the case of concentrated dispersions. However, there are practical limits to 
CCDLS,, as becomes clear from a comparison with DXS for strongly multiply 

scatteringg samples. 
Inn chapter 4, we apply a new combination of multiple-scattering free tech-

niques,, dynamic x-ray scattering, cross-correlated dynamic light scattering, 
andd small-angle x-ray scattering, to dense suspensions of charged colloidal 
silicaa spheres. In this way, the wave-vector dependent diffusion coefficient as 
welll  as the static structure factor of the suspensions are determined purely ex-
perimentally,, without taking recourse to any theoretical model beforehand. 
Fromm the diffusion coefficient and the structure factor the ensemble aver-
agedd (effective) hydrodynamic interaction between the colloids, or hydrody-
namicc function, is obtained. We increase the range and strength of the direct 
electrostaticc repulsion between the silica particles for a series of samples by 
deionizingg the suspensions. The results on the hydrodynamic interaction are 
comparedd to the so-called fluctuation expansion theory, that successfully de-
scribess the behavior of hard spheres. For non-deionized systems, where the 
strengthh and range of the direct interaction is relatively small, we find rea-
sonablee agreement with the hard-sphere theory. As the range and strength of 
thee direct interaction increases, a flattening of the wave-vector dependence of 
thee hydrodynamic function with respect to the fluctuation expansion theory 
iss observed. We model this flattening by an effective hydrodynamic interac-
tionn that is partially screened, in analogy to porous media and suspensions 
withh (on average) fixed particles. The dominant term in the screened hy-
drodynamicc interaction falls off with the inverse of the interparticle distance 
cubed;; by contrast, it decays with the inverse of the interparticle distance in 
aa hard-sphere system. We conclude that the apparent hydrodynamic screen-
ingg is due to the strong direct interaction that prevents the particles from 
movingg freely in response to the hydrodynamic field. 

Inn chapter 5, we investigate another hydrodynamic mode of colloidal sil-
icaa suspensions, namely high-frequency longitudinal sound waves in the sus-
pendingg fluid. The attenuation and phase velocity of these sound waves is 
measuredd by means of Brillouin spectroscopy. The sound wavelength is com-
parablee to the radius of the silica spheres, such that strong scattering occurs. 
Thee volume fraction of colloids is varied. The sound velocity at large scat-
teringg vectors is found to fall below that of the pure fluid, whereas it is larger 
thann the velocity of the pure solvent at small wave vectors. The difference 
too the velocity of the pure solvent remains however small at all volume frac-
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tionss up to the random close packing limit . From the measurements of the 
soundd velocity we conclude that the sound wave propagates predominantly 
inn the fluid space in between the solid spheres, analogous to the slow sound 
modee in a porous medium. This behavior is attributed to the large acoustic 
contrastt between the colloids and the suspending fluid. The sound attenua-
tionn increases linearly with volume fraction at relatively low concentrations 
off  colloids, where the system is in a colloidal liquid state, but non-linearly at 
largee volume fractions, where a colloidal solid is present. The attenuation is 
muchh larger in the linear regime than in comparable systems of glass spheres 
inn water. We attribute this enhancement of the attenuation to viscous ef-
fects,, since the viscous penetration depth is comparable to the sphere radius. 
Consequently,, the non-linear dependence of the sound attenuation on volume 
fractionn at high concentrations, where the viscous penetration depth becomes 
comparablee to the separation between the sphere surfaces, is interpreted in 
termss of a viscous coupling of neighboring scatterers. 


